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Pigment that had previously 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 frequently on the 13th to the 

15th myotomes (counting from the anus); in addition, a double 

row formed-on the lower edge of the tail and above the 

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

prolarval 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 16th, the 111.th to the 

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

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

After the absorption of the yolk sac the large melanophores 
• 	 /354  
passed to the lower surface of the  abdomen, .an the middle 

of which they formed a distinct pigment row that occasionally 

split in two. A few large, starry cells were located along 

both sides of this row. There was a i.ow of cells on the isthmus. 

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

of the tail disappearedl and in its place there remained single 

large eelanophores. Banded flounder larvae at this stage were 

fairly easily distinguished by a comparatively 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 -_-_- Linpttn claninlls  (Pallas) 

Information on the development of the arctic flounder is 

extremely meager. Reports on the reprodUction and egg sizes of 

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

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

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 prolaryae from 3.7 to 

6.6 nm long and twelve larvae from 6.53 to_7.89 mm,long, 

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

in Kara Bay. 

The above prolaryae and larvae have been described 

by L.A. Ponomareya (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%0 float in the open water. The 

membrane is thin and the yolk is colourless end transparent. 

The diameter of ripe White Sea arctic flounder eggs, 

according to Nikolaev, varies from 1.2 to 1.6 mm. The 

diameter ,of fixed eggs that we examined ranged from 1.54 to 

1.70  min.  

The periyitelline space in live-eggs represented a . 	_ 

narrow aperture, whose size after fixation.  increased as a result 
• 	. 

of the shrinking of the yolk. . • 

Prolaryae (evidently recently hatched) 3.7 min long 

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

straightened and separated from the yolk sac to the level 

of the forward edge  and middle of the auditory capsule, 
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The pigmentation of the body was of an embryonic. 

nature. Large melanophores were thickly scattered over the 

.entire body of the Prolarva„ and there was a small quantity 

on the intestineand the yolk sac. The eyes were dark. 

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

a fairly large yolk sac 0.90 to 1.29 mm long and 0.32 • 

to 0.42 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 length of the 

were small, and their ends reached 

body. The pectoral fins 

the fourth myotome. 

To judge from the base, 

were mobile. 

which was situated vertically, they 

• 	 in the body. 
There were 11 + 26 myotomesi A mesenchymal 

accumulation was noticeable under the urostyle, in the place 

of the - hypurals. The pigment lost its embryonic nature., 

and of it there remained a small number of cells scattered 

on the tail; the trunk was practically devoid of pigment. 

A somewhat indistinct accumulation of melanophores was 

noticeable on the tail around the 16th myotome, and there 

was a row of such melanophores on the lower edge of the 

tail. 

In older larvae 6.53 to 7.12 lulu long the yolk sac 

. had been absorbed. The pigmentation.  changed little in 

comparison with the preceding stage: the number of scattered 

melanophores decreased on the tail and increased on the lower 

portion of the forward half of the intestine. In older 

larvae 7.89 (7.58 to 7.71) mrn. long, caught on 30 August 	. 

1946 at Ustt-Kara, the myotomes were sigmoid. The-height of 
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the body represented 11.1 to 11.6% of its length. At the 

• base of the dorsal and anal fin folds there appeared the /355 

stripes of pterygiophores, from which there branched out fin 

rays, the length of most of which still _did not exceed 1/3 

.of the height of the fin folds. They rthe fin-rayg were 

best developed in the central area. Their mumber decreased 

progressively towards the front and the rear, and at the 

beginning and end of the fin folds they were entirely absent. 

Thera were 24 to 35 rays in the dorsal fin fold and 22 to 

27 in the anal fold. 

3 

Figure 51- Prolarvae and larvae of L. glacialis. 

1... 3.7 min (after Ponomareva); 2- 6.7 mm; 3- 7.1 mm 

• Thee  intestine formed a full loop, which was still 

small and situated in the rear portion of the abdominal cavity. 

The urostyle was curved slightly upwards, and under it were 

- outlined the hypurals and the tail fin rays. 

• Pigment was for the most part still of a larval 

• nature, with the difference that the number of'scattered 

melanophores decreased on the upper  portion  of the tail and 
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the pigmentary cells themoelves became much larger. The 

*melanophores which. had been under the urostyle extended alông 

the length of the outlined tail fin rays. - 

. 	In larvae 7.96 (6.98) mm long the height of the body 

increased 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 fins, were differentiated. Thèy 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  or 

nine 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 
1.■ 

asymmetrical. 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 larger starry cells 

- in Various areas of the tail. 
.- =- 

The first spot of the upper row of the tâil was 

outlined and 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 cells 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 proportions of the body in the 

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 L,r1Palal,i5  

Length, in mra 

	

I 	 1  	"1 	  / 

	

6 ,35-6 ,66 	2 	35 ,7-36 ,7 4 ,16-4 ,7 	13,75 	28 ,5-33 ,0 	16 ,4-16 ,6 

	

6 ,53-7 ,12 	9 	33 ,3-37 ,7 4 ,5-5 ,1 	1,3 ,25-14 ,6 27 ,1-27 ,6 	15 ,1-19 ,0 

	

6 ,93-7 ,89 	3 	37,4-41,0  11  ,i-18,3  18 ,45-23 ,2 19 ,74-22 ,1 	17 ,45-19 ,1 

■ 1 

Number of 
specimens 

aA 	H 	1C 	0 	 aa 
V 	//  

Percentage of length 	Percentage of length . 
	 of body 	 of head  

As may be seen from the data in Table 53, during 

the period of development the following changes take place 

in the parts of the bodies of larvae: the distance from the 

end of the snout to the insertion of the anal fin, the height 

of the body, the length of the head, and the length of the 

snout increase, and the eyes -decrease in size. 

In fingerlings 28 mm long, caught on 11 August 1945 

with a fingerling trawl in Baidarata Bay, both eyes were 

on the right side, and the fingerlings' metamorphosis had 

evidently long been completed. Juvenile fish 98 mm long 

had the appearance of adults. 

The Black Flounder -- Lluzettu_db_smana. (Herzenstein) 

. 	We have given a brief outline of the structure of 

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 

by 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 Anna Bay. A total of seven series with five 

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

54). 

Out of seven series of artificially fertilized eggs, 

development in four was cut short at the prolarva_ stage, 

larvae were obtained in three and in the remaining 4./..--group7 

the eggs died at the cleavage and gastruia stages. 	-7 

In addition to the  1arvae. -obtained -from artificial -- 

 fertilization, two larvae 8.23 to 8.67 (7.97 to 8.16)  mm  

long, caught on 3 and 4 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. 
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We have described the course of development mainly 

frdm the material in the second.  series of experiments, in • 

which the water temperature was nearest to that under 

natural conditions. 

Eggs fertilized on 2 March 1953 at 2:25 pm were 
o  

placed in sea water at a temperature of +1.2 ; temperatures 

subsequently fluctuated from -1.0 to +8.6 °  and averaged 

The water temperature in the sea in the spawning 

region was about -1.0 . 

The development of eggs in water of normal salinity 
o  

at a water temperature averaging +2.4 is shown in Table 

55, while abbreviated outlines of development at another 

temperature are given in Table 56. 

As may be seen, the first prolarvae hatched in 21 

days and 5 hours. The hatching process took place fairly_ 

slowly; 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 l _however, continued.: 

to hatch from isolated eggs in the course of the next /357 

• Several; day's, while some of the embryos whose membrane was 

covered with a thick bacterial film, never> could free 

themselves from it and subsequently died. 

r • 

; • 
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Prolarvae 
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• 
The Temperatures and Results c  -. -- ubation of Ei _ 

in Marc. 

Date CO CO 
O )  

•ri 

D ) 

CO VI 

5—s 
O crà 

• rd 
0 

IZ sçd 

Temperature, in -C 

from 

Period of incu-
bation of eggs 
until death or 
beginning of 
hatching  

days hours 

Results 
ber of of 
13 amp- 
les 

‘I \ i 	 /1 	• 
2 	I 	—0,2 	±5,6 ' 1 	—* , , 1 

In 	—0,4 	+9,2 • 23 • —• • 10 1 
2 	lia 	—1,0 	+6,2 	• 8 : — I .  

2 	. 
2 	Ug ' —0 ,6 	+15 	17 	— I.. ,z 

16 . III 	—0,8 	±8,6 	13 	18 1.. 28,1 
16 	lila • +1,4 	+20 	4 	—• 	., 1 
13 	IV —2,0 	±10,5 	14 	— I 32 
14 	V 	—1,8 	+9,0 	1 	181

N  
16 	VI 	+3,5 	+16,0 	14 	— 
19 • f VII  +3,8 	+16,0 • 12 	— 	19:N 

2 	116 	—0 ,6 	+3 ,0 	1 	• . 1 	1 -j  116 	—0 ,6 	+3 ,0 	1 • •—; ' 	1 --t 
' lir 	--1 ,G 	• +8 ,6 	21 	— 	, 20 

_ . 

Died at begin-
ning of clea-
vage 

Died prior to 
-- cleavage 

--Larvae obtained 

„Prolarvae ob-
-tained 

Larvae obtained - 

Died -at -gastrula-
jtage 

Larvae obtained 

Died at  blas-
tula stage 

Prolarvae ob-
tained 

S aine 

Total 
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Prolarvae that hatched at various times developed 

to differing degrees: the later they hatched, the more  they  

Cases were not infrequent 

in which late prolarvae hatched with pigmented eyes, pectoral 

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

and a noticeably shrunken yolk sac. 

As may be seen from the data in Table 56, at average 
o 

water temperatures of +5.5 to 7.7 — embryonic development 	• 

proceeded much more rapidly. 

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 Reibischis 

formula, we obtained_ a temperature threshold of -2.2 and 

a required number of -97 degree-days -. 

. The, figures obtained through calculation are evidently 

- close to trùe values, since at this temperature water changes 

were developed and vice versa. 

to  ice, and in nature, 

such conditions. 

eggs do not, of course, develop under 

Taking into 

natural conditions 

that the period of 

Consequently, from 

of March prolarvae 

beginning of May.  

account the fact that eggs develop under 

at an average temperature of 0 , we deduce 

embryonic development lasts for 42 days. 

eggs laid from the middle to  the end 

should hatch at the end of April and 
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Ripe, live unfertilized black flounder eggs are 

transparent and on the whole 

hue.! 

• . 	. 	_ 
are of a light.yellowish-greyish 

. 	 : 

Table 55 	• 

The Course of Enbryonic Development of 7,4 obscura at a 
o 

Water Tenperature Averaging +2.4 

Stage of development 
Age 

days 	hours Pigmentation 

'2 to 4 blastomeres 	- 

-8 blastomeres 	  

128 blastomeres 	  

;Blastorere blastula 	  

Spithelial blastula 	  

:Beginning of gastrula 	  

Slastoderm covers half of yolk 	 

Blastoderm covers 3/4 of yolk. 
-EMbryonic stripe 	8 	• 21 

-Blastopore closes.  Rudiments of 
:optic vesicles 	10 

Optic vesicles fully formed. 8 to 
9 myotomes in the body. Kupferts 
vesicle. Embryo envelops 2/3 of 
-the yolk 	11 

17 myotomes 	11 

- 1:11 bud-has formed. Eye cups. 20 
22 myotomes: Embryo envelops 	. 

3/4 of yolk 	  13 
f--=‘ 
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Beginning of separation of tail. 
.25 myotomes. - - Kupferts vesicle.. - . -  15 Same 

DM MI 19 I I 

I 

I I 

' I  

t 

1 

• 

• 
• 

; 

/35 8  

, 
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Table _55 (contld) 

Age '  

of development 	 days 	hours 	 Pigmentation 

End of tail almost touches head. 	 . 
10 to 12 myotomes in the tail 	 16 . 	-- 	• .' ' 	.Same 

19 to 21 myotomes in the tail. 	 . 
• Heart beats 	  17 	...-_ • 	Embryo heavily 

 - 	pigmented 

End of embryots tail proceeds 
beyond the head to the middle 
of the eye. Hatching glandulae.. 18 	 . Same 

End of tAil reaches auditory 
capsule. 

.End of tail reaches pectoral fins. 
11 to 12 myotomes in trunk and 
26 to 27 in tail . 	 4 	 19 	10 

Prolarvae begin to hatch 	 21 	5 
Massliatching 	  22 	5 
Mass hatching completed 	  23 

The membrane.of the egg was thick and sticky and 
_ 

gathered in a large number of folds intersecting in various 

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

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 development. The 

sizes of live and fixed eggs practically did not differ and 

.ranged in different àeries from 0.78 to 0.94 nut, averaging 

. 	 • 
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0.86 to 0.90 mm. The yolk was hdmogeneousj and after fixation 

shrank considerably, became hard and assumed à bright yellow • 

- -.colour. Its size  in  live eggs varied from 0.71 to 0.87 mm, 

and in fixed eggs, from 0.51 to 0.78 mm. The perivitelline 

.space, from measurements of live and fixed eggs, was small 

(see fig. 52), and in live specimens represented only 4.1 to 

7.6%, and an average of 5.5%, of the diameter of the egg. 

The corresponding percentage in fixed 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 viscous; because of this, the eggs not infrequently stuck 

together.in  lumps and adhered tb the wall and bottom of the 

• vessel. The adhesiveness of the membrane decreased in /360  

proportion to development, and the lumps separated into 

individual eggs, which came loose from the substrate. The 

blastodisc was high, and reache'd its greatest height at 

the morula stage.- Its base at this time completely covered the 

yolk from above, and its height represented  about  1/3 of the 

, diameter of the lattex;. -In_its_abundance of_plasma and the 

character of its blastodisc the black flounder egg approximated 

a type Of .pdlyplasmatic - egg:--  At -  the -epithelial- blastula - 

stage the height of the blastodisc decreased and reached its 

minimum at the beginning of gastrulation. The base of the 

1 

• gastrula completely covered the upper portion of the yolk 

surface. In the stage of development at which there were 20 

to 22 myotomes in the trunk, and the embryo enveloped more than 

3/4 of the yolk, on the body there appeared lemon-yellow - 

chromatophores and less noticeable dark chromatophores, single 
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- - — - - - - - - - 	— - 
The development of eggs of L. obscura  at 
an average water temperature of +2.4: 

• The figures under the illustrations designate hours 
of development 

Cells of which were visible in the postorbital region and 

were unevenly scatte-red on the body, and particularly 

thickly in its forward quarter. Yellow chromatophores 

bordered the eyes, were -_thickly scattered •on  the lead _ 

grouped noticeably behind the eyes. On the body they  were 

 situated in more :orfless . .regular.,..rowa_x _ol_which_there—were 
- 

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

a large number of scattered cells appeared  on the  forward 

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

middle' ofthe latter. The end of the tail was free from 

pigment. The melanophores were branched, and pale-coloured, • 

- and, in the same way as the yellow chromatophores, were 

scattered on the head and trunk and were arranged in an 

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

Figure 52- 

■•■•■••••• 



Formation of tail 
bud 	  

Tail almost touches 
head 	  

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

from Ito aver- 	days hours from to average 	days hours 
\ age\ 	 \ 	\  

L.  to 8 blastomeres 

Morula 

Blastula -- begin-
ning 	  

Blastula -- end 

Gastrula 

-4 
1-1  
vt • 

13 • 

•  
+44  +10,0 	+4 	7 	19 

- • 
±7,5  1. ••  +10,5 	+54 

 • 	8 	22 

Table 56 

The Course.of DeveloFrient of Eggs of T, obey:I -rut. 

• Temperature, 	 Age 	Temperature 	• 	,Age 
Stage of development 	in 0 C! 

• Blastopore closed, 
J 	 optic vesicles 1 

4 
 

have  appeared---- 

i 

\ 	\ (\ I \• 	\ 	\ F \ I \ r 
-2,0 	,0 	, 0 	- 	13 • 

	

,8 , +2,7 	0 . 	1 	• 	13 	4-6,0 	+6,0  

- +2 	*: +3,4 	+0,6 •1 	19 	-  •  

	

 

+64 	+1 ,3 	2 	13 	•. +6,0 	+10.0 	+8,0 	. 1 • .13  .  

• • .13 

	

+3,0  . +8,5 	+3 	5 	1 5  • 	+3.8 	+9 ,2 	+8,0 	4 	13 



Stage of development 
• Temperature, 

in '0 
Temperature Age Age 

ION 
• 

(,) 	 . 

Table 56  (contld) 

to aver- 
age age  

from 

Beginning of hatching 

. Mass hatching 

Yolk sac has been 
absorbed- 

days  • hours 

7 days 
after 
hatch-
ing , 

from 	to  • average 
/ 

days 
/ 

hours 

6 days 
after 
hatch-
ing 

13 	/ 15 

+3,8 +10,0 
• - 
+16,2 

1 

• •- 
+5,9 	13 / 	15 	+13,3 	+16,0 	+10,1 	'.11 	21.:; 

• , 

• . 	 - 	- 	
. 

+15,3 7 cr
/
ou 	— 	 +14,0 +16,4 +15,2 6 CyTOH  

II0C,110 	 . 	 . 	 *poem • 	. 1 .. 
• B!nele.P., 	-1 .. 

1 

• 

, 

• - 	 • - - 7" 
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were situated on the upper edge of the tail and two on the 

lower edge. These rows were  nt  always distinct, and their 

isolation was occasionally broken by individual cells located 

between the rows. There were a few melanophores on the 

intestine and the rectum. Neither the yolk nor the eyes 

were pigmented. Prior to hatching, the branched yellow • 

chroMatophores and dark melanophores formed an accumulation /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 

embryonic 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 prolarvae that had just hatched were 

smaller than corresponding banded flounder prolarvae (see 

Table 58 and Figure  53),  and at first stayed on the bottom. 

Only a few hours after hatching did they begin to rise to 

the upper 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., counterclockwise. Remaining_for a time at the 

* surface of the water, the prolarvae turned head downwardsi 

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

rest, sank passively to the bottom. 

The length of the first live,prolarvae that had just 

hatched, in various series obtaine.d from different brood stock, 

ranged from 2.55 to 3.4 riml  and averaged - 3.10 mm. According 

to Kuratats data (1956) the length of prolarvae that had 

just hatched was 3.5 mm. Their heads were inclined slightly 

;. 
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Figure 53- Prolarvae 
and larvae 
of L. 
&Ds-Jura  , 

— 2,5 boÀ; 2 — 3,0 mm; — 

3,5 )41.4; 	— 4,0 mrd; 6 — 4,1 1104; 

- 

.,:• 	 1 	 • 

, • 	 • 

' 	 : 	 . 

i. • 

• 	 • 

. 	t 

: 

t. 

downwards, And the forward ends of the:heàds were free. 

There was no mouth. The yolk sac was as transparent as 

glass, and in the shape of an elongated oval. In live 

prolarvae its length varied froni 0.69 to 0.87 mm and averaged 

0.81 nmu the height range was from 0.41 to 0.46 nm, averaging 

O.15  nm. The tail was short, but was relatively longer than 

in the banded flounder. 
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. 	There were 10 to 11 myotpmes in the trunk and 29 

to 30 in the tail. .The rectum was short and comparatively . 

wide.. The eyes were colourless or - slightly pigmented. The 

body was heavily pigmented-. Lemon-yellow chromatophores and 

dark melanophores were scattered on the head and back and 

on the upper edge of the tail. On the middle of the tail 

(on the 17th to thé 20th myotones) a group of such cells 

formed a sharply striking band-spot. The upper stripe 
- , 

bounding it was located on the 18th to the 22nd m,Ttomes, 

while the lower corresponding stripe was on the 18th to the 

25th myotomes, i.e., it went sonewhat further towards the 

end of the tail than the upper stripe. A few chromatophores 

entered the dorsal fin fold from the upper stripe. An 

indistinct spot was outlined on the middle 6f the forward 

half of the tail (on the 8th to the llth myotomes). In 

addition, a discontinuous double row of cells passed along 

the lower edge of the forward half of the tail, and there - 

were cells above the intestine, on the rectum i and on the 

lower half of the yolk. (see fig. 53, 1). 

Èrolarvae two days old (see fig. 53, 2) and those 
- 

that had just hatched were at this moment_at the same  stage 

of development. In both, the head separated from the yolk 

to the level of the rear edge of the eye. The oral cavity 

was outlined. The pectoral fins increased in size and moved 

slightly forward. They were still immobile. The eyes becare 

slightly dark. Yellow pigmentation changed little in com-

parison with that in the precedj,ng stage. There was a 

noticeably greater change in the melanin pigmentation. An 
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accumulation of melanophores appeared on the head, above 

thelbrain and oral  cavity; three' to four cells appeared 

.along the sides of the head behind the eyes, and between 

the auditory capsule and the pectoral -fins.--- 

As before, the band on the tail was distinct, and a 

forward band that had previously been only outlined on the 

8th to the llth myotomes stood.jout more sharply. Starry 

melanophores, 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 

and ardund the anus. A few scattered cells were retained 

on the sides of the trunk and on the tail. A large number 

of starry melanophores was visible on the lower and forward 

hall of the yolk. Three days after hatching, at water 

temperatures of 6 to.9.4 , averaging  8 . 1  0, the total length 

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

Alter fi‘fe days the-tôtall-ength-of-live-prolarvae--- - 

• varied from 4.07 to 4.19 mm, and averaged 4.12 mm (see 

fig. 53, 3). Their heads were freed from the yolk Sac 

to the level of the rear edge of the auditory capsule or to 

. the pectoral fins. The mouth and the intestine opened and 

intercommunicated. The pectoral fins grew to 0.24 mm and 

. became =bile. The rlidiments of two  pairs of gill arches were 

- zioticeable. The tail lengthened, so that the distance from /364 
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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 40% [in prolarvag that had just hatched. 
fin - 

' - A i'adiance appeared in the/fold around the anus. The 

prolarvae became noticeably more mobile; more and more 

frequently they rose from the bottom to the surface and moved 

prOgressively in a horizontal direction. The eyes darkened 

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

as before, were 

below the head, 

located on the 

above the oral 

head, around the eyes and 

cavity. A row of chromatophores 

was visible on the back, above 

lower edge of the tail, as well as 

accumulation of chromatophores was 

intestine, and on the 

on the rectum. An 

retained on the 8th to the 

the 

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

'77,7).  

. Melanin pigment was distributed in the saine  way as 

in the preceding stage, with the difference that scattered' 

cells on the head, trunk and tail completely disappeared. 

Cells were clearly visible on the upper and lower jaws, and 

in front of the bases of the pectoral fins, as were bands 

on the tail. 

After six days, only remnants were left of the yolk 

sac (see fig. 53, 4). Active feeding began. The prolarvae 

ingested small particles of raw or cookod chicken egg yolk 

placed in the aquarium. The intestine was curved. The 

pigmentation of the body, with the exception of the yolk sac, 

was similar to that in the preceqing stage. The melanophores 

of the yolk sac, as a result of the reduction in the latterls 

volume, converged and on the lower  surface of its remnants 

formed a dark, broad stripe. 

.7 

• 
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Percentage of length of body  
H 	.A 	 D 	10 

Percentage of length of head 
0 	 ad 

/ 

Prolarvae that have 
just hatched 	. 

Length 	 
Age, in days total 	bocsly 1 

• 

TO:IbliO 

unwell upevutium 
1 

2 

• 3. 

.5 .  

	

8,9 	8,9 	• 	15,79 	41,2 	15,1 
(7,9-10 ,2) (7 .2-0.0) (13,7&-17 ,7) (37 ,8-45 ,9) (13 ,3-I6 ,3) 
• .8 ,9 	8.2 	. 	14,8 	40,7 	14,9 
(7 	,7) 	(7 ,3-7-.8 ,8) (14 ,20-15 ,75) (38  ,4-43,7) (13,0-17 ,3) 

- 	-- 	(26 ,0-25 ,7) (21 ,1-21 ,4) 

(3 ,36-4 ,01)  (32,0-36 ,2) 
3,94 • 	34,4 	• 	. 3,5 

(3 ,5S-3 ,O9) (32 ,9-f-37 ,0) (3 ,2-4 ,8) 
3,91 	35,2 	3,7 

	

(3 ,71-4 ,10) (32,7-37 ,4) 	,5-3.,9) 
(7 97-8 46)  (32,6-36 ,1) (26 )8-27 ,0).  r • • •• 

rt.) 

• 

. 	 .. Table 57 

The Sizes and CorrelaÉiOn of the Body Parts of Prolarvae and  Larvae of L. Ob5curg. 

7 . (3 ,54-4 ,23) 
4,16 

(3 ,82-4 ;33) 
4 .r , 

• 
 

(3,92-4 ,33) 
- (8 ,23-8 ,67). 

	

2',67 	' 	i,56 	' 	39;4 	6 ,05 	5 ,8 . 	 " 	19 ,3 	3G ,0 	17 ,-1 
(2 ,32-3 ,21).L._. (2 46-3 ,10) (38 ,3- r 2 ,3) (5 ,2-7 ,2) (3 49-8 ,06) (2* 

4 
4 

,66-5 ,65) (17 ,8-2I ,3)  (33,3-42 ,9) (13 ,05-19 ,L5) 

	

2,79 , 	2,69 ' 	374 	6,1 	5,9 	4,8 	17,6 	38,3 	• 19 ,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) 

	

' . 3,14 	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 ,0-6 ,5)  (3,5-7 ,7) 	(2 ,6--.7 ,4) (15 ,05-19 ,5) (35 ,6-43 ,2) (15 ,9-21 ,4) 
• 3,53 	• 	3,39 	35,5 	4,6 	7,1 	6,4 	15,6 	40,2 	21,1 

• (3 ,20-3 ,70) (3 ,08-3 ,54) (34 ,2-36 ,6) (4 ,5-5 ,8) (6 ,1-9 ,4) 	(4 ,8-8 ,3) (14 3-16 ,2) (37 ,8-43 ,2) (18 ,2-23 ,8) 

	

3,22 	3,34 	37,2 	5,2 	8,5 	7,2 	16,9 	42,9 	. 	16,6 
• . (2 ,8p-.3 ,40) 	(2 ,75-3 ,20) (34 ,3-40 ,6) (5 ,0-6 ,0) (G ,4-10 ,3) 	(5,2-7 ,8) (15 ,50-f8 ,0) (36 ,7-46 ,5) (16 ,37-22 ,9) 
: 	• ,3 ,38 	3,22 	34,5 	. 5,2 	8,4 	• 6,9 	, 15,4 	41 ,9 	23,2 

(3,20-3 ,41)Ï (3 ,04-3 ,27) ' (32 ,8-35 ,7) (4 ,3-5 ,3) (7 ,9-11 ,0) 	(6 ,4-8 ,1) 	(15,0-15 ,7) (40 ,9-43 ,2) (15 ,9-23 ,8) 
' 

 

	

3,26 	3,10 	34,5 	4,8 	 - 	• 	• , 16,0 	- 	1- 
(3,24-3 ,29) ' (3 ,08-3 ,13) (33,1-30 ,3) (4 ,4-5 ,2) 	(8,2-10 ,3) (5 ,97-8 ,1) (15 ;44-16 ,5) (45 .2-46 ,5) (18 ,6---19 ,0) 

: • - 
 

347 • ' --. 	3,01 	35,6 	5,7 	8,5 	• 	6 ,8 . 	16,0 	45,9 	18,4 
(3 437.3 ,55) .. (2 ,97-3 ,38) (33 ,3-38 ,0) (4 ,0-5 ;2) (8 4-8 ,8) (6 ,2-7 ,4) (14 ,29-16 ,65) (45 ,2-45 ,4) (18 ,2-19 ,0) 

.• 	. 3 ,29 	y 	2,6 • 	34,0 • 	 4,5 	8,0 	6,2 	' 14,7 	46,0 	. 	• 	16,1 	• 
•(3 ,38-4 ,28) :. (3 ,24-4 ,07) (32 4-39 ,2) (4 4-4 ,9) (7 ,8-8 ,4) . (6 ,0-6 ;4) (14 ,2-15 ,25) (45 ,5-46 ,5) .  (15 ,9-7-16 ,3) 
2 	3,94 	• 	3,72 	-  34,9 	- 	

. .. -. 

	

14,4 	45,5 	15,9 
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I 

After seven days only traces remained of the yolk 

sac. The length of live prplarvaé averaged 4.37 mm. The 

curve in the intestine becaMe more pronounced. 
ri 

With the aid of their mobile pectoral fins and their.  

long tails e. the larvae swam rapidly in,all directions and very 

vigorously devoured grains of chicken egg yolk. In many 

larvae the intestine was literally filled to the limit with 

food. 

The larvae were phototropic; in vessels that were 

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

portion on the bOttom. 

There were no significant  changes in the structure 

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

After 11 days almost no trace remained of the yolk 

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

• 4.5 naul. 

In spite of the fact that they were fed with chicken 

egg yolk, the prolarvae grew very slowly. In fuur- days - 

they grew 0.12 lulu, whereas in the first days after hatching, 

their length in one day alone increased by 0.50 to 0.60 nuk. 

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

-assimilated and, passing through the intestinal tract, was 

eliminated. 
• 

The gill.apparatus was still not formed; five pairs 

of gill arches . appeared, but there  were  still neither gill 

filaments nor  rakers,  and the breathing was of an embryonic 

nature. No formed blood elements were .Visible. Yellow 
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chromatophores were situated in the same way as in younger 

prolarvae, but the cells themselves had becone less branched, 

and some'had acquired the appearanCe of dots. It was 

because of'this that . the yellow pigment pattern lost the 	• 

brightness that was peculiar to it in the early stages of 

development. As before, a small group of little yellow 

stars remained on the head, and a double row of sparsely 

scattered granules, on the back and on the forward portion 

bf the head. The intervals between the cells of these rows 

were not uniform. A few starry yellow  chromatophores  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 spot on the 

ventral fin fold. 

- 	At this stage, the melanophores were more distinctly 	• 

visible than previously, but as before, emerged Most clearly /385  

after fixation. Their distribution on the trunk and tail 

did not change. In connection with the disappearance of the_ 

yolk sac there appeared a short-row of- me-Uflophores on-the 	- . _  

isthmus, and on the lower surface of the abdomen, as well 

as many scattered cells on the abdoments lower lateral 

surface. In many specimens a row of melanophores was visible 

in the depth 	the body above the chord. 

Fifteen days after hatching, at an average water 
o  

temperature of +8.7 the growth of the larvae in our 

experiments almost ceased (see fig. 53, 
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(c) 
In Kuratals experiments (1956) 45 days after hatching 

o 
at a ,7,Etter temperature of about 6.8 the larvae reached a 

length of 6.6 mm. They were asymmetrical -- a third of the 

- left eye rose above the profile  of the  head, and the corner 

.of the mmath was located in front of the'eye (see fig. 5).). 

The rectum was bent and its end was directed towards the head, 

. but the abdominal cavity was still not closed. 

The height of the body represented about 20% of its 

length. The urostyle was sharply curved, and its end 

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 pigmentary pattern was of an entirely_different 

character as compared with that in younger 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 spot in the upper row; and three spots 

in the lowor row. Differently outlined stripes corresponding 

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

were two accumulations (spots) on the middle line of the rear _ 
half of  -the-  tail,-- along with a few more-91-- -lebs .oid.'stinctly - 

formed upper lateral spots and two lower lateral spots. 

Moreover, a group of melanophores was visible at the base 

of the tail fin rays, 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 middle, and the other, wide-spaced, on the 

corner of the lower jaw. 
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A larva 8.23 (7.97) . rmi long was asymmetrical 

(seeifig. 54, 2). Its left eye was much higher than'its right 

and rose for 1/3  [of  its diametej above the profile of the 

head. The larva was leaf-shaped, and the height of its body 

represented 26.7 re of its body length. The mouth was 

small, slanting, and slightly asymmetrical, and its corner 

was situated in front of the eye. The upper jaw was noticeably . 

eurved. 

i• 

• The urostyle was sharply curved, and its. end, as in 

the preceding larva, protruded outwards. Under it was 

situated an almost sylnuietrical tail fin, in which there were 

19 rays. The dorsal and anal fins were formed, and their 

rays, with the exception of the first two, were clearly visible. 

In the dorsal fin there were 66 rays together with those in 

front, and 46 to 47 rays in the anal fin. There were 37 to 

38 vertebrae. Small ventral fins appeared. The pectoral 

fins were surrounded by a fin fold; they were small and their 

peaks extended somewhat beyond the middle of the abdominal 

cavity. The gill appa.ratus was not fully formed, and the 

gill filaments and rakers were rudijuentary. 

- — • Pigmentation consisted of stripes and spots on the 

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 most distinct were the third and fourth (counting from the 

front); 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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row there were only three fully developed spots. They 

correàponded 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 addition, 

less developed intermediate spots were visible on the rays, 

between the third and fourth in the upper row and between /366 

all three 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 

 brain, in various areas of the gill cover, on the snout, in 

.the corner of the moilth, and between the branches of the lower 

jaw; on each hyomandibular there was one large cell. A com-

pact row of melanophores, accompanied in its rear portion 

by two short rows on each side, passed along the central line 

of the abdomen. Two short rows convergent in front were 

visible on the isthmus. 

In addition, the followingyere visible on the--  

surface-of the - trunk: surface melanophores-  behind the gill 
• 

cover; a spot of the middle lateral row ilumediately behind -- 

the centre of the tail; the rudiments of the upper lateral /367 

and lower lateral rows in the i'orward 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) nun  long  (see fig. 54e  3) looked 

older in its degree of development. The height of its body 
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Figure 54- Larvae of L. dbscura.-  _ 

1- 6.6 (after Kurata); 2- 8..23 ram; 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 the forward portion of the large brain and fell 

sonewhat short of the eye. There were 61 to 62 rays in the 

dorsal fin and 47 in the anal fin. As previously, the remnants 

of the enbryonic 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 

r - 7 
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entirely clear). 
• 

. In spite of the fact that the larva that we are - 

describing was caught in the upper layers'of the water, 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 ,nuuber.of 

spots in staggered rows. .The stripe-;spots on the upper and 

lower rows of the tail were more distinct at this stage. The 

• pigmentation of the head 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 

'Waters, as may be seen from the above, the metamorphosis of black, 

flounder larvae is completed at larger sizes,.evidently at about 

9  mm. 

The sizes and cor-i;élatidri—of 

parts of the larvae that have been described are given in Table 

59. The  change s  in the absolute sizes of individuallody parts 

and in the proportions of growing black flounder prolarvae 

and larvae are subject to the same regular patterns as in other 

flounders and particularly in the banded flounder, i.e., the 

distance from the end of the snout to the insertion of the anal 

fin gradually decreases, while the tail increases in size; after 

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

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

also decrease, and the eyes increaSe in size. Towards the 

moment of formation of the rays in the fins the head again 

increases in size, while the dimensions of the eyes greatly 

decrease. 

It should be noted that the eggs of the black flounder 

are of the bottom  type, and  that their membrane is fairly 

thick and slightly sticky. The adhesive, mucous layer 

ehhracteristic of Japanese flounder eggs is  absent.  The yolk 

is of a compact consistency and has an oily lustre. The 

blastodisc is large; according to this feature, black flounder 

eggs should be classed with the group of polyplasmatie eggs. 
o  

Embryonic development at a water temperature of 2.4 lasts 
o 

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

it continues for 42 days, and the prolarvae appear in plankton, 

evidently, at the end of April and beginning of May. 

. . 	Eggs in various stages of embryonic development withstand, 

with no interruption in development; being frozen in ice and 

dbove-zero temperatures of up to  70  in  later stages up to 

7 27-si.j, in stiIlTlater stages up-to 10o and, prior to 
_ _ 

hatching, briefly 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 pel4 iod 

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

ends when the temperature is above 0 . 

. 	As is the case with the banded . flounder, the period 

mOst sensitive to an increase in temperature is. that of'cleavage. 
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Cleavage takes place according to the usual pattern. 

Segmentation of the embryo begins'after the closing of the 

blastopore. The tail bud forms when there are 17 to 18 

myotomes, and separation of the tail occurs when there are 25.  

myotomes. 

Prior to hatching, the embryo makes almost a turn /368  

and a half around the yolk. The prolarvae hatch with their 

heads slightly separated from the yolk, without a mouth, and 

with rudimentary pectoral fins, unpigmented or slightly • 

pigmented eyes and a large 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 

first usually lie on the bottom, and then, using the oscillations 

of their tails and by rotating the body around its own axis, 

they frequently rise up. 

Absorption of the yolk sac at an average water 
0  

temperature  of 8.7  is completed in 15 days. The length of the 

larvae at this time varies from 3.92 to 4.33 (3.71 to 4.10) man. 

The passage of the left eye to the right side at a 
• • 
, ---, ,temperatureof 6-.-8-:begins 45 days after hatching, w4en the . 

larvae are abdut 6.6 amn long; metamorphosis is completed off 

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 

bands on the tail, which divide it into three almost equal 

portions. 
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• A Comparison of Species-of the Genus Liopsetta 

. 	As indicated above, the genus*Liopsetta  incorporates 

- four species ••••• L. glacialia, -Lpintifasciata,L.'putnami 

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

are the first three species (they reproduce in winter at a wa- 
o 

ter temperature of less than 0 ). The black flounder -- 

L. obscura -- occupies a special place. Morphologically 

and ecologically, it deviates noticeably from the pattern of the 

first three species and reproduces in the early spring at a 
o  

higher temperature (about 0 )dp L. glacialis  and L.Joinnifasciata, 

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

similar'in various stages of development. 

o 

The eggs of .the arctic and banded'flounder are 

pelagic and have a small petivitelline space. Theirunembrane 

is thin. Thesizes of the eggs are similar (1.20 to 1.60 

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

In both species embryonic pigment consists of 

thickly scattered, comparatively large cells, which upon 

further development group into a single band located on the 

dàfé'of the eail, and a row of Cells abolle the intestine - - 

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

Side by side with comman 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 larger than banded flounder prolarvae and larVae; 
. 	. 

towards the moment of absorption of the yolk sac the distance 

from the end of the snout to the insertion of the anal fin is 

shorter in arctic than in banded flounder ,  and the tail is 

longer. Embryonic pigmentation is extremely similar in both 
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species; Ln arCtic-flounder prolarvae it is retained longer, 

and the larval pigmentation (a band) accordingly appears 

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

less distinct and is shifted-somewhat 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 eua); 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 about 1/3 

of the diameter of the yolk, whereas in the banded flounder 

the relative sizes of the blastodisc are noticeably smaller. 

The embryos of these species also differ in their structure. 

The black flounder embryo is comparatively 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 

case of the banded flounder it is - thinner and _ makes  _ 

mid--  turn around the yolk before - hatching. - - 

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 in black flounder prolarvae is smaller 

than in the species under comparison and is resorbee when the 

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

is 3.71 to 4.10  mm, or an. average of 3.91 mm, long; in the 

banded flounder, at a length of 5.27 to 5.57 mm, or an average 
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of 5.42 mm,. and in the arctic flounder, when it is about 

6.3 mm long. 

Table 58 

	

3,59 	3,39 35,5 	4,58 7,15 6,41 15,29 	40,5  

	

5,11 	4,89 40,5-  4,67 7,85 7,74 13,54 30,83 

4,15 	3,91 35,2 3,73 8,98 8,26 14,94 40,76 
5,74 5,42 39,01 4,69 7,60 6 ,9 	14,3  31 ,7 

r 	• 

1 

Correlation of Sizes of Body-Parts of Prolarvae of 

pinrdfaseiat_a (in mm) 

Stage of development Species Length 	% of Length 	 % of 
of head 	e 	lergth 

total • body aA 	H - D 	zh 1C* of 
/ 	 ry  head  

Elead separated to i;he 
level of the middle 
of the rear edge of 
the eye 	  

/ 	 '77  

. 	. . 	// / 	

. 

. 

1* 	3 ,02 	2,94 37,63 5,32 6,02 5,17 17,33 36,5 j 
-----"----2** 489 4,66 41 ,77 4,62 7 ,82 7,00 17,17 37 ,8 t ■ 

a ad  separated to the 
avel of the rear edge 
C the auditory capsule 	

2 

Id the pectoral fins... 
2 

arvae are approaching 
ie_moment when the • 
jsorption of the yolk 
lc is completed  • I - L. obscura. 

** 2 - L. pinnifosciala. 

_ As may be seen from the data in Table 58, the relative 
_ 

- 	 • - 

SiZ03 of the distance from the end 6f . the - _Shbut to - the insertion 

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 L i.e., the arctic and banded 

flounde2 have only one band on the tail, and in both species. 

]k Translator's note: See Translator's note  on p. 691. 

of-the anal fin are less in the . bldck than in the banded 

flounder, while the tail is correspondingly longer, which is in 

direct relation to-the nature of movement. 
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it  is located on the middle or.almost on the middle. In.the 

black floUnder there are two such bandsl and they divide the 

tail into three almost equal portions. 

Thus the black flounder in all stages of its 

• development differs sharply in its Imrphology from the arctic 

and the banded flounder. These differences, moreover, 

are so marked that it is difficult to class 'these species 

with one tenus.  It is evident that the genus Liopsetta 

artificially unites two groups of far, and  perhaps even 

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

and L. putnami  on the one hand 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, 

1934) separates L. obscura  into the genus careus.  

- 	.1n the nature of the development of its eggs, prolarvae 

and larvae the black flounder is muCh closer to the Japanese 

flounder Pl. yokohamae s and  even closer to the winter  Pa.  

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

The eggs of these speçies are of the_bottom  type and  _ 
 

are  comparativeiyiSmall; - in the black and winterr flOunder; they 

are somewhat larger than in the 'Japanese flounder. The membrane 

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

it is covered with an adhesive, mucoUs layer; this layer is 	; 

absent in black and winter flounder eggsl and therefore the 

latterls adhesiveness, particularly.towards the close of 

embryonic develOpment, is much less evident. 	 • 

• In all of the 27-e ggA7  of the  species under comparison 
the yolk is compact; in accordance with the sizes of the 

eggs, it is larger in the black flounder. Hence black flounder 
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prolarvae that have just hatched-are longer than corresponding 

Japanhse flounder, but shorter than winter flounder rat the • 

same stage of developmeng (3.0 to 3.5 mm). The blastodisc 

is large; but in the black and winter flounders it is somewhat 

smaller than in the Japanese flounder. From their plasma 

content, the eggs .of  all:three species may be classed with the 

group of polyplasmatic eggs. 

The prolarvae of all species hatch with partially 

absorbed, but still large, yolk sacs; their heads are freed 

from the yolk to the level of the forward or rear edge of the 

eye. The smaller sizes of the Japanese flounder prolarvae 

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 relatively shorter 

than .in the Japanese flounder; the head is smaller at the 

hatching stage, .but subsequently adjustsj and towards the moment 

of resorption of the yolk_sac appears to be even somewhat 

In,brack flOunder_pi"olarvae that have just hatchiïà 

the eyes are relatively smaller than in the Japanese flounder, 

and in larvae towards the moment of absorption of the yolk 

sac they become almost identical. The prolarvae and larvae 

of the black and Japanese flounders are similar in pigmentation, 

and  -in this respect differ from the winter flounder. In the 

first two species there are two bands on the tail which divide 

it into three portions, while in the winter flounder there is 

one such band. • . 



Correlation of the Sizes 

f L. obscura 

Length 	% of length 	% of length 
of body    of head 

total body 
//  

aA lzh2 zh 3,0 

/ 	 // 

Prolarvae that have 
just hatched 	 

r 	I 
■/1. 1  ;// 	// 

1*. 2,67 2,56 39,40 29,32 14,92 19,30 36;00 
25,90.11,30 20,50 37,80I 

	

4,15 3,91 35,20 	- 	14,80 40,70! 

	

3,95_ 3,79 29,90 	- 	- 	14,60 41,50: 
• • 	• 

Larvae approaching 
the moment when 
absorption of the . 
yolk sac .is com-
pleted . 	  9 

2** 2,55 2,45 36,60 

J - •* — L. obscura. 
** 2 — Pa. yokobarnac. 

Stage of development Species 

. 	. 	 • • ... .. 

737. 

Table 59 

of Body Parts of Prolarvae and Larvae 

and Ps. yokohamne (in min)  

• 
..é. 

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

.flounders is generally similar, it nonetheless has features 

that are 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 sorewhat backwards. After the absorption of the 

yolk sac the number of melanophores on the  lower half of the 

abdomen in black flounder larvae is much greater than in the 

Japanese flounder. The single band of the winter flounder 

is continuous, is situated on the middle of the tail,  and  

corresponds to a similar band in the banded and arctic. 

flounders and to the rear band in the black flounder. 

• 	To sum up, it may be noted that in egg diameter, 

membrane structure and size of blastodisc the closest 

- resemblance exists between the black and winter flounders. /371  

In its type of pigmentation, and the relative sizes of the 

head and eyes of its prolarvae and larvae, the black flounder 

resembles ±k-exfe2-rannea the Japanese flounder; it differs 

somewhat from the latter, however, in the length of its tail 

In the ecology of its reproduction and development, 

as indicated above, the black flounder most resembles the 

winter flounder -- both species reproduce towards the end 

of winter and beginning of spring at a temperature close to 

oo
. 

We  are unfortunately unable to investigate and compare - 

full series relating 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 -difficUlt - tosay-whether_the.resemblance 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 developnent in similar ecological conditions) 

originated independently of each other, that is, parallelly. 

The following pairs of flounders had common ancestors: the 

blackand the banded, the winter and the smooth, 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 an additional adhesive layer and a large quantity of 

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

assumed that the eggs of the Japanese flounder are the most 

specialized and probably the oldesty and that the'y have deviated 

the - most from the original pelagic-type-of egg. 

- -:Another_species_ Morphologically and ecologically - 

close to the banded flounder is the smooth flounder L. putnani. 

This arcti.c-boreal form dwells off the Atlantic coast of North 

America (Bigelow and Schroeder, 19.53). Its distribution is 

confined to offshore shallow areas with severe hydrological 

conditions. The geographical distribution of the smooth 

flounder appears to be a continuation of the geographical range 

of the arctic flounder, and in many features resembles that 

of the banded flounder. The geographical ranges of the smooth 
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and banded flounders, owing: to the chilling action of the 

Labrador Current off the. American coast and of the Kamchatka 

Current off the Pacific coast of Asia, are characterized 

by winter conditions that ,are no less severe than those 

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 females in December and of 

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

eggs. These data permit us to assume that it ("presumably 

L. putnami7apawns  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. putnami,  and its eggs and larvae are unknown. Taking 

into consideration the morphological and ecological similarity 

of the species under comparison, it may be assumed that its 

mutnamils7  eggs are also pelagic and not as large as those 

of the arctic flounder, but closer to the eggs of the banded ' 

flounder. 

The great similarity of the'eggs, prolarvae and larvae 

--of the banded  and arctic , flounder-dndicat&-their , undoubted, _ 

genetic proximity. 

Reproduction and develdpment (in any case, the beginning) 

in all representatives of the genus Liopsetta,  with the 

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

year. This indicates that this genus was probably formed 

under severe arctic conditions, possibly in the Polar Basin 

itself. Of the four species of the genus Liopsetta  there 
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is only one that dwells in the Hrgh Arctic --  L. glacialis. 

Its geographical range is more extended than that of any 

of the other species of this genus. It is a euryhaline 

form, and spawns in December and January and partly in 
1 

rebruary, i.e., at the coldest time of the year , near 

coasts in slightly freshened water. It is possible that the /372 

original form of this entire genus was one resembling 

L. glacialis,  which evidently emerged at the beginning of the 

Quaternary Period. The periodic freshenings and salinifications 

that took place at this time could haveled to the formation 

of a euyhaline form which became adapted to living and 

reproducing under the severe hydrological conditions of the 

freshened zone. Having occupied the offshore shallow zone 

and found there virtually no competitors among the other 

flounder, it spread widely along the entire arctic coast 

of Asia, Europe, and America and, finding favourable 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 

become adapted to the local ecological conditions of the Arctic 
, ; 

as represented by the northwestern areas of the_Atlantic  and- 

Pacific Oceans, it formed three separate species: L. 	glacialis, 

off the arct5ec coasts of Asia, Europe and America; 

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

off the eastern coast of America. 

• The capacity for . reproducing at a below-zero temperature 

• proved to be so persistent and conservative that L. pinnifasciata 

1 
O.A. Avyagina (1953) disclosed sexually mature males in the 

•Laptev Sea in July. 
• 
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and L. putnami,  entering other conditions, continued to retain 

this peculiarity. 'Reproduction under these conditions 

during the period of formation of a genus or species was 

.a - necessity and, when climatic conditions changed, it was 

biologically advantageous. Of the fish 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 

L. glacialis  and L. pinnifasciata  dwell in Soviet Far Eastern 

waters evidently do not entirely answer the requirements 

of these species, since their numbers, in spite of their wide 

distribution, are relatively low. What we have stated permits 

us to assure that . the geographical distribution of species 

of the genus Liopsetta  is closely associated with the conditions 
t• 

under which they reproduce and develop. 

This genus populates waters with a severe winter- 

hydrological regime -- the - Pacific coast of Asia, the Arctic 

"coast of Asia and Europe, and the Atlantic coast of North 

America. 	 _ 

oef the-iitlantic - coast of Europe-  and the—Pa-el-n-6-  71fr - 

coast of North America, where the average teMperature in 

February resehes +2 , i.e., in places under the influence 

of warm currents, with a mild winter which is unfavourable 

for their reproduction and development, species of the genus 

Liopsetta  are absent. Having become adapted to reproduction 

and development at a below-zero temperature, their eggs du-

ring the cleavage period sustain a limited temperatilre range 

of only 3 to 4 , while a water temperature of about 3 is 
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nearly lethal, and the optimum for the initial stages of 

development (cleavage) is lower than 0 0 . The winter 

temperature of the geographical range occupied by the species 

of the genus under consideration corresponds exactly to that 

which is necessary for the development of eggs off the Atlantic' 

coast. of North Arerica. In winter this temperature extends 

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

as far as 42.5
o 
 . There i _where.-the winter temperature is 

close to 0 or above, the occurrence of representatives 

of.this .  genus ceases. 

The Genus Glyp,topephp.lus Gotsche 

The Long Flounder -- nyptocephglus stelleri (Schmidt) 

With the exception of the indications of P.V. 
• 

-Illina (1951) and P.A. Moiseev (1953) regarding the duration 

of the incubation period under experimental conditions at water 

temperatures of 15.1 to 16.1 , there is no information on the 
/373 

brief  description • of two 

work by T.S. Rass and M.V. Zheltenkova (1948). A more 

detailed djscription and illustrations of larvae -  15.5 ram long 

and juvenile fish 53 mra long have been given by T.V. Dekhnik 

(1959). 

. - 	We obtained material for artifIcial fertilization 

from sexually mature specimens caught with Danish seines during 

navigation in Ussuri Bay in the region of Askolld Island on the- 

development of the long flounder. Data on the structure and 

sizes of eggs developing in the sea are aVailable in studies 

by P.V. Il!ina (1951) and T.V. Dekhnik (1959). Avery  
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expeditionary ship ZooloE.  In contrast to the other flounder 

species with which we were concerned, and because of inter-

mittent spawning, usually-very-I-ittle-sperm was obtained from 

. one hale; therefore to fertilize the eggs taken from one 	• 

- 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. 	 • 

The most successful development took place in the 

first two series, the results of observations 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 160  and at an average 

temperature of 13.60 . In the second serieà the eggs devel-

oped at temperatures of 13 to 200 , averaging 16.6° . In the 

sea at this time the temperature of the surface water layers 

varied from 9.5 to 11.9
o

. The incubation period in the first 

series lasted for six to eight days, and in the second,  for  

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

Il'ina (1951) and P. A.- Moiseev (1953), the  embryonic devel-

oPheht of the- Iohg flounder at wat rer:teMperatures of 15.1 to 

16.10  lasts for about five days, and . at  an average tempera- . 
ture of 15.7 0 , 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 . 

large number of folds (see fig. 55.) and fits the yolk closely. 

Eggs . placed in water after fertilization floated to the upper 

• layers, where they remained until the end of their develop-

ment; when the water was •lightly freshened they dropped to 
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.the central layers, and some fell'to the bottom of the vessel. 

In the water the eggs quickly swelled, after which their di-

ameter increased to 1.23 to 1.47 mm and averaged as much as 

1.36 mm. The yolks were large, from 0.92 td 1.16 mm, and 

their average size was 1.06 mm. 

Long fldundei- eggs collected at sea had.the same 

appearance and structure as those which had been artificially 

fertilized. Their diameter, from the measurement of 1,09 

specimens-collected in various long flounder spawning areas, 

varied 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 conti,ast to those on Alaska plaice eggs, the folds 

of the membranes ran in various directions and caused it 

. rthe membrane _7 to have a reticulate, wavy structure. 

The perivitelline space in live eggs represented a 

- narrow aperture, 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 

T.drop. The blastoàiscwaS,low;,its -height r 'Wa-S - 0 ..14.,to 

xmn, which represented.about 1/5 of the height of the yolk, 

while the diameter of the base was 0.56 to 0.62 min, i.e., 

almost half of the diameter of the yolk. The blastomeres 

were considerably depressed / and rose only slightly above the 

surface of the yolk. The diameter of the embryonic disk was 

small; when viewed from above, it by no means covered the 

yolk. 	. 

The course of development of the eggs of the long 

flourider is given from the first series (see Table 60). 
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As may be seen from the data in Table 60, the first prolarvae 

hatchSd six days after .fertilization. The hatching process 

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

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

moment of hatching, more developed than the first and were 

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 4 • 9° , and the number 

374 

of degree-days necessary for embryonic development amounted 

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

1 • 
\‘') 

• • 

•••\;> 	‘)&e\.:7•• 

- Figure 55 - The development of eggs of Gl. stelleri  at a 
water temperature of 13.6 0 . 

a -  structure of membrane. The figures under the illustra-
tions designate the hours of development 
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Pigmentary cells in the form of scattered dots ap-

peared on the backs of tho embryos; they subsequently in-

creased in size, became branched and spread to the head and 

trilnk and the upper and lower edges of the tail. Two rows 

were visible in outline among' the scattered cells in the 

region of the auditory capsules and along the sides of the 

trunk. A small àroup 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'-ipands, of which one was located in the region of the 

pectoral fins, a second in the area of the anus and three 

at equal distanc'es 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 emerged bright lemon-

yellow chromatophores which disappeared after fixation. It 

is interesting to note that in contrast to the majority of 

other speciesof flounder the embryo of the long flounder- / 375 

layon the surface of one side of the yolk and did not sur- 

round it. 

-- 
LonÉ flounder prolarvae that hadjust hatched (see 

fig. -  56) were comparatively large. Their length varied from 

4.1 to 5.2 (3.50 to 5.10) mm and averaged 4.64 (4.51) 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 mm. 

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 to the insertion of the anal fin was short, shorter, in 

fact, than in all of the  other species, and represented only 
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• Table 60 

Course of Development of the Eggs of Gl. stelleri at 

Temperatures Ranging from 11 to 16.4 °  and Averaging 13.6°  

Stage of devèlopment 

Lastodisc accumulates 	 

to 8 blastomeres 	  

•astula 	 21 

g:inning of gastrula 	1 	6 

.astoderm covers half of yolk 	1 	17 

Ibryo with rudiments of optic 
vesicles 	2 

.astop-ore closes 	2 	6 

es have crystalline lenses. 
About 24 myotomes in body. 

- Kupferis vesicle 	2 	18 
ginning of formation of tail 
,bud 	  

Age in 

days hours 

i l 

5 

Pigmentation 

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

inning of separation of tail 
(beginning of third stage). 
Auditory capsules have two 
otoliths 	  

ryo enveldiSS-- f yolk. .- 'er;-  ' 
Heart beat7à,-Ment  ao- 
pears 	  

• 3 	18 	Pigmentary cells on the trunk, 
head and tail 

L. 	 Pigmentary cells scattered 

ryo completely envelops yolk 	4 	11 
iments of pectoral fins. 
Heart beats 59 to 60 times 
a minute. Hatching glanduz• 
lae aopear. End of embryo's 
tail goes beyond the head... 

inning of hatching 	 

of hatching 	8 

Same 

	

5 	17 	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

•  6 	 Same 



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

body. The body was thin, its height representing only 4.1 

to 4.9%, and an average of 4.4%, of its length. The eyes 

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 

melanophores on the head, above the pectoral fins and above 

the anus, and by three more compact bands situated at equal 

distances from each other on the tail. The last band, which 

sent branches  •into the fin folds, fell somewhat short of / 376  

the enE of the tail. Besides the accumulationsj scattered 

melanophores (residual from the embryonic pigmentation) were 

visible in various places on the trunk and the tail. Large, 

starry, pigmentary cells were also scattered on the yolk. 

In live prolarvae, among the melanophores, particularly in 

the places where they accumulated on the trunk and tail and 

on the adjacent parts of the fin folds, bright, lemon-yellow 

chromatophores stood out sharply. 

The prolarvae that hatched 12 hours later were larger 

and more-develoDed_than the-first (see fig. 56, 2). Their 

heads s-trargh:fdned-,-- arid -the volume of the yolk sac noticeably 

decreased. The length of such prolarvae ranged from 4.62 to 

5-.20 (4.46 to 5.06) mm and averaged 4.9 (4.74) 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 fin were shorter than in the pre- 

'ceding L.-specimens  J  and represented 30.8 to 32.5%, and an 

average of 31.7%, of the length of the body. 

A day after the beginning of hatching' at anwmtar av-
• 	water 

erageitemperature of 16.3° , the total length of the prolarvae 

.----..-,••••••••-••,,,,,,•-•••• •-••■•••-••■••••••••• •-•••••• ■• 	 • ••• 	 ••-•••-• 
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Figure 56 - Prolarvae and larvae of Gl. stelleri. 

i-  4.58 mm; 2 - 4.88 mm; 3 - 5.43  mm;  4 - 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 auditory capsule. There I./ere no'changes in pigmenta,- 
- 	 - 	 - 

- 

tion, with the exception of a reduction in the number of 

sCattered melanophores. 

After three days,  a1rnosi all of the reserves of the 

yolk sac had been used (see fig. 56). À 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%. 

. 	 . 	 . 	 . 	 • 

_• 

• 
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-The intestine curved even sooner than in the other /377  ; 

speciesj and formed a loop. Dark and yellow pigmentary cells' 

were for the most part arranged in the same way as in the, 

preceding stage, with the difference that their accumulations 

above the pectoral fins disappeared, the number of scattered 

cells decreased, and additional spots appeared on the lower 

edge of the tail, in the middle of the space between the anus 

and the first band, while the melanophores_of the bands them-

'selves as before sent branches in the direction 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 jaw. 

• 

- 	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 sanie  appearance as in the 

preOeding stage. 

Larvae-6-to 7.5 mm long, like the preceding specimens, 

wére long and thin,_with a considerab».  drawn-in abdomen. 

The height of the body represented 4.5 to 5.8%, and the dis-

tance from the end of the snout to the insertion of the anal 

fin, 27.5 to 28.3%, of the length 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 tip reached only to the rectum, which opened 

at the level of the seventh myotome. The urostyle was 

straight. A compact thickening of a mesenchyme was visible 

under the last band, in the place of the future hypurals. 

The body was surrounded by a high fin fold. 
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The pigment had the sàme 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 larva 15.2 (14.75) mm long (see fig. 56, 4) was 

symmetrical and as before was thin, with internal organs that 

were translucent. The body was surrounded by a high fin fold. 

The tail was long and the trunk was very short; the distance 

from the end of the snout to the insertion of the anal fin 

represented only 28 2  of the length of the body. There were 

9 43 myotomes. The loops of the intestine were extremely 

constricted,and extended in the direction of the back and the 

abdomen. Behind the intestine was locat.ed 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 small. 

The auditory capsule as before, was larger than the eye. A 

binocular [literally, double-chambered 7 heart was translucent 

in front of the intestine, under the gullet. A thin-walled 
=- 

- -- 
atriuml-cordis  [-auricle 7 was situated.above_and somewhat  

behind; under it was'a small muscular stomach, from which 

there branched forward, in the direction of the gills, a 

clearly outlined aortic bulb. The gill chamber was covered 

with a thin gill cover. The gill apparatus was not fully 

formed. The gill filaments were short and were not equally 

represented on all of the arches; they were least developed 

on the first arch, better dèvelloped on the second and even 

better developed on the third and fourth arches. The branch-

lets of the pseudobranchiae were visible behind the eyes, on 

the inner side of the gill covers. 
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The pectoral fins retained their larval character; 

they were long and fan-shaped and covered almost the entire 

intestine, and L7their_7 ends reached the level of the rear 

• 	 • edge of the.  rectum. 	" 

- 	The urostyle was slightly curved. Under it 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 anal fold. 

The pigment that was characteristiç 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 life. 

Metamorphosis in the long flounder is completed very 

late, later than in other representatives of the group of 

slime Csmall-mouthedj flounder. Unfortunately, we have 

not traced'the sequential COU'rlà'é-- 6f -MetamOrphdsis because- / 378  , 

of our lack of appropriate material. According to T. V. 

Dekhnik  (1959),  in a fingerling 53 mm long caught with a beam 

trawl on the bottome 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-

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. 
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Prolarva that has just 
hatched 	  

Prolarvae towards com-
pletion of absorp-
tion of yolk sac 	 

Larvae. Urostyle 
straight 	  

- • 	 28,8 	• 	234• 

16,6 	• 	 ,8.  
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The change in the sizei of the body and of the plastic 

features of its individual parts in the course of development 

is shown in Table 61. 

* Table 61 

Correlation of Body Parts of Prolarvae 

and Larvae of Gl. stelleri (in mm) 

., Stage of devélopment Length Percentage of lengthof head 

total body aA 	I 	H lc  

/ 	33,9 	 4 	• 	15;8 
4 ,1-5 ,2 3 ,5-4.5 ,1 (31 ,2-30 ,3)  (4,1-4  ,9) (14 ,3-17 ,7) .  

29,5 	..3,6 	 15,8 
5 ,2-5 ,4 (28 ,5-29 ,8) (3 ,4-4 ,0).  (15,3-16  ;1)'• 

	

. 7 ,38 	. 27,5 	, 5 ,81 	" 	15 ,9 , 
. 	 . 

	

: f4,75 	• '28 ,0 	5,2 	 ,9 	. 

5,4-5 ,5 

7 ,54 

, Trostyle slightly 
- 7 or. 8 rays under it.. 

Table 61 (continuation) 

'.Stage of deveIàpment 
Percentage of length_ 

of body 
Percentage of _length of 

head 

0 

Prolarva that has just 
hatched 	  

prolarvae towards com-
pletion of absorp-
tion of - yolk sac.. 

Larvae. Urostyle 
(-straight 	  

Urostyle slightly curved, 
7 or 8 rays under it 	 

J;  \ 	• : 	1. 	
,4 	36

1
,2 ' 	4 ,8 	 ... 	 15,2  

(3 ,1-6 ,3) 	(3 ,1-6 ,3) 	(28 ,5-36 M . . . (13 ,6-7-18 ,1) 

- 	 . 
. 

 

	

6,2 	5,8 	 28,4 	. 	.. 	15,5 ".. 
-  (5,7-7,0) 	(5 ,5-6 ,0) • (27 ,3-30 ,0) . (13 ',5-18) • 

I 	 -• I .. 	
/----- 
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The change in the sizes of the body and of the plastic 

features of its individual parts in the course of developmeni 

is shown.in  Table 61. 

To sum up, it should be noted that the long flounder's 

. eggs are'pelagic and that their diameter varies from 1.20 to 

1.61 mm. The perivitelline space repr;esents from 3 to 12% of 

the diameter of the eggs. The membrane is thick and wavy. 

At water temperatures ranging from 11_to 16.4 0  and 

averaging 13.6°  the first stage of development lasts for 

approXImately 1 day and 6 hours, the second stage, for two  

days, and the third stage, for 3 days. The prolarvae begin 

to hatch  alter sic and eight days. 

The lower "threshold" of development lies at about 

• 	Pigment in the form of dots scattered on the body 

appears in the middle of the second stage of development of 

the embryo. ',lip to  the end of the third Stage and the begin- 

ning of . th-e;fourth, the_pigment on-the body is scattered; 	/ 372 

Prior to hâtching it changes into five accliMulatidns 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 plaice, the pigmentary cells are situated over the 

entire surface of the yolk. The prolarvae are large; their 

body length varies from 4.1 to 5.2 (3.50 to 5.10) mm and on 

the average amounts to 4.64 (4.51) mm. At a water tempera-

ture of'13.6 °  theiolk sac is absorbed ih four days when 

[-the prolarvaj is 5.4 to 5.5 (5.2 to 5.4) mm long. The body 
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.is thin and extended. The trunk is short and the tail is 

•
• 
long.. A cavity situated behind the rectum, and a large 

urinary bladder, are highly characteristic of the larvae. 

Metamorphosis takes place very slowly. The appear-

ance of the 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 at a body length of about 

15 mm. Metamorphosis is evidently completed at a length of 

50 to 60 mm. 

The pigmentation of the larvae is of the spotted-

band type; it is represented by three main bands dividing 

the tail into equal portions, and by intermediate spots be-

tween these bands on the lower edge of the tail. In j11170- 

nile fish (Musienko, 1954) seven spots form on the upper 

edge, five on the lower, and four in the middle lateral rows. 

The vertical distributions of the spots of all of these rows 	
•  

correspond; hence the body of the fingerling appears inter- 

laced with pigment bands. : 	there—are faIntly 
• 

marked, uncharacteristic Tspots:.-.1in-. 3.theupperl-ateral_and_.;_-_ -  - 

--llower lateral -rows'.   ' I 	_ 	 

Comparison with Near Species 

As indicated above, the genus Glyptocephalus is 

amphiboreally distributed and incorporates three species, 

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

Pacific - Ocean and one, Gl. cynoglossus, in the Atlantic. 

Gl. stelleri  is distinguished from the two other species 

by smaller numbers of vertebrae and rays in the dorsal 

. and anal fins. • • 

r - 

• ■ 

_r 



Thera are no published Clata on the development and 

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

opment of the Atlantic Gl.  cynoElossus_has_been thoroughly 

studied (Cunningham, 1887; Macintosh and Prince, 1890; 

Petersen, 1894 and 190 ) ; Kyle, 1898; Ehrenbaum and others, 

1905; Schnakenbeck, 1928; Nybelin, 1935;  and others). 

The reproduction of Gl. cynoElossus  occurs at dif- 

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 thick, wavy membrane; their size, however, is notice- 

ably smaller and ranges from 1.07 to 1.3 mm. At a water - 

temperature of 8 to 90  the incubation period lasts for seven 

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

The data of different authors are at variance con- 

earning the nature of the pigmentation of embryos and larvae. 

	

_ _ ._ _ ___ 	_ 	• 	____ 	____ _________ 
According to Cunningham and Ehrenbaum, the embryo is charac- - 

	

---- 	 _ 
--terized by asïSlight 'Pigmentation consisting only of delicate . 

,,,,--,..7,-,-- 	
, • , „ , - 	

- - ___ 
edattered Melânophores and yeliow chromatophores. Pigment 

is retained 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. 

According to Nybelints data (1935) individual scat- 
. 

. tered melanophores and chromatophores which appeared'at the 

end of the second stage of development of the embryo regroup 

into the five pigmentary groups describe above much sooner, 

as early as towards the close of the embryonic period. The 
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-discrepancies noted in the descriptions Of pigmentation by 

Nybelin on the one hand and Ehrenbaum on the other probably' 

reeulted from different incubation .temperatures. It is 	/ 380 

 possible- that Cunningham and Ehrenbaum were concerned with 

- eggs and prolarvae developing at a higher temperature than 

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

well known from experiments that a reduced temperature (spe-

cific for each species) lengthens the embryonic period / and 

that the prolarvae hatch more developed both in structure 

and pigmentation. 

Gl. cynoglossus  and Gl. stelleri have much in common 

in the structure and pigmentation of their prolarvae and 

larvae. Both species have a very long 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 equal to the length of the body, and in older pro-

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

A large urinary bladder and a free 'space behind it are char- 
--- 

acteristic of the larvae of both species. There is also the 
, 	- 	- 

difference that.the - prolarvae . of G1. bg-lossus=-hatch=f- 

smaller than those of Gl stelleri,  this lag in tody length 

being retajined 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 
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anal fins). In addition, in Gl: cymoglossus  there are mela-

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

and the pigmentation of the lower jaw is more strongly de- 

veloped. 

All of the above indicates that at all stages of 

embryonic and postembryonic development the species under 

comparison are extremely similar, which points to their 

genetic proximity. The differences between them are unim-

portant and ara axpressed in a slight deviation in pigmenta-

tion and body sizes. 

The Genus Pleuronectes  L.  

The Starry Flounder -- Pleuronectes stellatus  Pallas 

-The development of the starry flounder off the coast 

of America has been studied by Orcutt (1950), and off the 

coast of Northern Japan, by Yusa (1957). On the basis of 

material obtained by artificial fertilization and incubation, 

Orcutt and Yusa give a description and detailed eries of - 

drawings on embryonic development, along with several  illus- 

trations of prolarvae and younger 

The above authors give no description whatever of 

the structure of older larvae.. Information on the structure 

and morphological features of individual stages of develop-

ment of the eggs of the starry flounder is available in keys 

that we have published to pelagic eggs of Peter the Great Bay 

(Pertseva-Ostroumova, 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 caught on 29 April 1951 in 
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Avacha Bay, which we incubated; from the prolarvae and larvae 

hatched from them, and partly from material collected at sea. 

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

Yusa(1957) are used in describing the course of development 

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

niles of the starry flounder. 

The embryonic development(see_figs.-57 and 58) of 

the starry flounder in our experiments took place at a water 

temperature of 7 to 80  and lasted for about seven days. The 

water temperature in the sea during the spawning period ranged 

.from 0.58 to 5.54°  

In Orcutt's experiments j the incubation period at a 

water temperature of 10.5
o 

lasted 4 days and 14 hours; at a 

temperature of 12.50 , 2 days and 18 hours, and in Yusals 

experiments at water temperatures of 2.0 to 5.4o , 14 days / 381  

and 17 hours. The speed with which individual stages elapsed 

at different - temperatures is shown in Table 62. 

In comparing_our data on-development with_those,of _ _ _ _ . _ _ 

.,,---"rusa, we-Made an.attempt_to calculate the temperature thresh-
_ 

ôld And the-quantity  of degree-hours required for the embry- 

onic development of the starry flounder. It was ascertained 

that the temperature threshold was approximately equal to 

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

• 51 degree-days.  

In comparing the results'of 'the development of the eggs 

of two series off the coast of California at water temperatures 

of 10.5 and 12.5° , we obtained a temperature threshold of 7.2o , 

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

onic development equalled 15 degree-days. 
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Figure 57 - The development of the eggs of Pl. stellatus 
at water temperatures of 
2.0 to 5.40 (after Yusa) 

The figures under the illustrations designate the 
hours of development 
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The temperature threshold that we calculated for the 

 starry flounder reproducing off the coast . of Asia was evi-

dently close to the real threshold, since the mass spawning 

and development of the eggs of the starry flounder off the 

Soviet coast takes place at a water temperature on the bottom 

of about 10 , and, off the coast of Hokkaido, at about 20 . 

Also, it is evident that the temperature threshold (7.2o ) 

. was nearly real that we calculated for a special stock of 

starry flounder, living off the coast of California, which "382 

has a preference  for  warmth and whose reproduction and de-

velopment, in accordance with the climatic conditions of 

its geographical range, take place at a high water tempera-

ture -- about 11!° . 	 • 

The diameter of ripe ovarian egis ranges from 0.89 to 

0.94 mm. The eggs, according to our data and Orcutt and 

Yusa, are round and pelagic. The membrane is very thini and 

in fully swollen eggs it is completely smooth. In fixed 

eggs it has a rosy-lilac colour. The diameter of starry 

flounder eggs in Soviet waters, from the measurement of 1,678 

specimens, ranges from - ( 0.92) 1.007_to 1.28 mm and averages 

1.04 to 1.22 mm. Thb—diameter of éggs off the coast of 

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 diameter 

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

plasma7 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). 

Kupferis vesicle and the embryos of the.eyes appear prior to 
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Figure 58 - Eggs of Pl. stellatus  after fixation. 

The figures under the illustrations are ordinal numerals (o-

riginal) 

the closing of the blastopore, and segmentation and crystal- 
. 	. 

line lenses, after this process. Pigment in the form of 
• 

scattered dots is disclosed simultaneously with the begin- 
, 

ning of the establishment of the tail bud; at the same time, 

Kupfer's vesicle shrinks and subsequently disappears. The 

embryO at this time-envelops more than.half of the yolk. 

Pigment that has appeared_in the-form of scattered-- - 

-dots in the forwardlhalf=oftthe - trunkiS -thi-Ck, and -in the'  

rear half is sparser and oriented in two rows situated par-

allel to the chord. Neither' the head of the embryo in the 

region of tha 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 t'o the region of the 

eyes and the rear half of the body, which proves to be just 

- as thickly pigmented as the forward half (see fig. 58). 

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

mentation on the trunk.fretains the . same thickly scattered 
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character as in the second stage, with the difference that 

• the pigmentary cells become larger and branched. The head, -  

the eyes, the tail and trunk are intensively pigmented, the 

pigmentary cells being distributed on the tail in sucha way 

that when it is examined from the side, on the upper edge 

their aggregate has the appearance of à regular compact row, 

and on the lower.edge they are sparsely scattered in some 

places and connivent in others. 

T. 

There are a few pigmentary cellscn the rear end of 

the intestine, on the anal pipe and in the region of the 

pecto'f.al 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, 4) the pigmentation has the same ap-

pearance as in the preceding stage, with the difference that 

the pigmentation on the fins, the rear end of the intestine 

and the anal pipe becomes more pronounced. As in precedihg 

stages, individual scattered cells go beyond to the eyes. 
, 

- 	comparing i the sizes of the eggscoIlected - in 	 

different regions (see Table 63) it may be seen that in the 

Sea of Okhgtsk, off the western coast of Kamchatka, the seggs 

/38L 
 

and especially their yolks are somewhat larger than in 

Peter the Great Bay or' in the Bering Sea.. 

The larger sizes of starry flounder eggs off the 

western coast of Kamchatka fully conform to the sizes of the 

specimens inhabiting this region. According to the data of . 

P. A. Moiseev (l953) and our own material, the starry floun- . 

der is noticeably larger (37.2 mm) off Western than off East-

ern (30 .4 mm) Kamchatka. 	 • 
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- 

	r7e  
• . 

' Stage' of development 

. - 4 

Blastula 

Gastrula (beginning) 

I 
1 9 

and periblast 

Embryonic ring has 
reached i of yolk 

Embryonic ring has 
reached of yolk 

Optic vesicles have 
appeared 	 

2 1 6 23 12 5 

518 	— 	_ 

1 
• 

r 

1>, 
cd o 
rci 4 

62  
83  
65  
6.-. 

 8 — 
3 — 

7 
18 — 

12 
12 ' 3 — 
— 4 — 
— 
- — 
- — — 

12 

3 23 	18 —• 

Notochord has ap-
peared _--------- 

Heart has appeared 

First movement 

Hatching 

N.' 

Duration of 
development in 

1 

1 

f 

1 

• i 	- 	- 	. 	. 	. 	• 	 . 	, 
The Speed  of DeVelopment of Pl. stellatus at Water Temperatures 

• and 	• 	 ' à 	' 	• ' of 2.0 to  .1.1. , 1.(after Yusa) /10.5o and  12.5°  (after 0-rcutt) 

Duration of development  in Stage of development 

tr) 
e-1 

t›-e 
cd 

. 	2 blastomeres 

• 4 blastomeres 

• 8 blastomeiies 

.16 blastomeres 

• 32 blastomeres 

11 
13 
16 

Pm 

cd 
ro. 

Cd 
rd 

17 — — 
7 18 — 
8 18 — 
9 8 — — 

110 	7' 

— — — 

—! 2 9.  1 10 
12 17: 2 20 	1 11 
13 .20 3 23 • 2 5 
14 17,, 4 14 	2 20 

1 1 

—7 

- 

—• 

ci 

! •1 

vt. 

Prior to closing of 
blastopore 	 

Blastopore closed 

10 to 16 somites 

18 to 20 somites 

25 somites---- 

Embryo envelops " 
about e; of yolk; 
30 to 32 somites 

1; 



,78(1-2) • • 0 ,75-0 ;82 
, 	. 
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(1-4) , (0 ,78-0 ,85) 
,86 	0 ,78-0 ,94 
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Table 63 

Size of Eggs of Pl. stellatus  (in mm) in Various Regions 

Month of 
Region where collected 

collection 

Egg sizes 

average range 

Yolk sizes 

average range 

Anadyr Gulf 	 June 

From Cape Navarin to 
Cape Olyutorskii 

Kamchatka Gulf 

Kronotskii Gulf 

Eastern Coast of 
Kamchatka 	 April 

Western coast of 
Kamchatka south of 
52° north latitude 	May 

Sam& 

May 

Same 

:1,04  

1,07 	0,92-1  ",13 

,05-1 ,08 1 ,01-1 ,22 
-.1 	,12 1 ,00-1 ,17 

1 ,09 .-1 ,12 - 1 ,01 .--1 ,24 

1 ,03(2) 	• 1 ,08(0 ,99) 

- 1 .,01-1 ,20 0 ,80-4 ,81 	,71-4,90 

Northern Kurile Islands . 
. (on Pacific side) . 	• June 

Off southern tip of 
Sakhalin 

•1 ,1 - 	• 

May  • ,09 

1 ,22 •••• 1,22 :  

,13 

Peter the Great Bay 

-Starry flounder prolarvae that have just hatched_ . (see 

small'and transpare"nt,and keep ti5 

the surface layers of the water. Their activity is low, they 

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

is lower than the tail. 

The total length of live prolarvae varies from 2.25 

to 2.35 mm -in Soviet waters, from 2.58 to 3.36 mm off the 

coast of Hokkaido and from 1..93 to 2.08 mm off the American 

coast. The yolk sac is in the shape of an elongated oval; it 

.is from 1.10 to 1.15 mm long, and in Yusais experiments its 

olength was approximately.1.51 mm. The height of the yolk sac 
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• Figure 59 - 
larvae of 	. 
Pl. stellatus  
(after Yusa). 

1 - 3.2 mm; has-just hatched; 
remaining figures indicate 
age in days; 3 - 3.6  mm; 5 
4.0 mm; 8 - 4.4 mm; 21 -4.2mm 

Prolarvae and 

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 49.3% of the length of 
_ 

v .  _ 	_ 
_ 

the body. There_are about_40_myotomesin •the body, which Is 	- 

heavily pigmented. Yellow chromatophores and dark melano-

phores ara 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_7 

this band consists of large, branched melanophores and is more 

--... 	distinctly marked.- On the same level a group of large 	L385 .  

•- . - 	- melanophores is visible on the fin fold; and .  a few others 	• . 	 , 
• that are shifted to the'rear, closer tO 1-1e, end of the tail, . _ 	. 

. 	« may be seen on the anal fin fold. . 	 ... 	, 
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Figure 60 - Prolarvae and larvae of 21,_ste1lat1!s 

(after 
fixed material) 

4 - 4.6 mm; 5 - 5.9 mm; 1 - 2.4 mm; 2 - 3.0 mm; 3 - 3.22 mm; 
6 - 6.6 mm (original) 

In the pigmentation of their tails and fin folds 

starry flounder prolarvae resemble Eopsetta grigorjewi,  but 

the chromatophore zone on the fins of prolarvae of the latter 

species has an arch-like shape open in front (see fig. 20). • 
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/ 386  ' 
Twelve hours after hatching, the prolarvae in Orcutt's 

• 
exPeriments reached a length of 2.58 mm, while the yolk  saC 

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

• After 24 hours the length of a larva reached - 2.99 mm. 

At this stage the larvae were very . active and swam vigorously 

in all directions. ' In the place of the future mouth there _ 

appeared a small depression; the pectoral fins grew noticeably 

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

.Àdifter two days the length of the larvae reached 3.15 

mm. The external 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 horizontal 

plane. 

- A-bright green pigment appeared on the head between 

the eyes. The edges of the eyes were amber-green in front and 

amber  in the  rear. The chromatophores of the fin folds formed 

_triangular accumulations whose wide base was directed towards _ 

the edge of the fin, and peak, towards.the body. 

- 	• 
The acciihïuration 'on'theldorsal fin was situated dome- 

what in front of the middle of the body, and on the anal fin, 

somewhat behind. A row of m'elanophores on the edge of the 

dorsal fold was directed forwards and extended to the level 

of the pectoral fins. In addition, individual rows of melano-

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

After three days, the larvae réached 3.20,mm in length, 

and in Yusais experiments, 3.40 to  3.8L. 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 

r 



770. 

the occiput. Dark green pigmeritary cells appeared behind 

•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. 

• After four days the larvae were 3.50 mm long and 

their bodies 0.19 mm high. The mouth and the jaws functioned. 

The yolk sac became quite small, its size ranging from 0.24 

to 0.29 mm. In Yusais experiments, the larvae reached this 

stage on the 16th day at a length of 4.55 mm. A fin fold ap-

peared in the pectoral fin. It rthe fin _7 was 0.29 mm long. 

The greenish pigmentation retained the same appearance as in 

the preceding stage. The eyes took on something of a dark 

blue hue. The pupil became darker. Larg.e starry melanophores 

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

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

The head took on angular contours. In Orcutt's experiments 

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

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

prolarvae were fed with copepod nauplii that had just hatched, 

seaurchin blastulas, diatoms and other small plankton collect- 

ed with-a planktonet-.-----The - larvae began -to ingest -food only 

on the fifth day after the yolk sac had been fully absorbed. 

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 irigestion of plankton,.the larvae 

at this stage revealed signs of starvation.' The overall lerigth 

of their bodies was only 3.4 mm and was less than that of 

• four-day-old larvae. 	 • 
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• On the tenth day in Yusals experiments,out of 466 

hatched prolarvae only 14 remained alive. The bodies of the. 

larvae became still shorter and.their length totalled only 

3.0 mm; the larvae themselves appeared extremely_emaciated. 

Corresponding larvae in Yusals experiments were 4.2 

mm long (see fig. 59, 21). On the eleventhAay in Orcuttts 

experiments all of the larvae died. 

The description  of .the  following pelagic stages, in / 387  

the course of which there took place both metamorphosis and 

the preparation for a bottom mode of life, is given after 

material collected in Soviet waters in various starry flounder 

spawning areas.(see Table 64). 

. , 
. 	• 1. 	 - 	Table 64 . 	. 1  

h  :- • -. 	Conditions under which Larvae of PI. stellatus  were Caught. 

. Region Date 

catch, in m total body 

35 

26: _ 46 

•26 	96 
July 

June 

135 

Surface 

Surface• 
	

--..."::: I-3 ' 62-4 ' 33 	 3,4e--4,29  

	

------........„' 4 ,35-5 ,47 	4 ,18--5 ,17 
- 	 6,59 	, 

I 
Same 	 4 ,26-8 ,00 	4 ,40-8 ,32 i 

	

- 6 ,30-6 ,87 	6,65-7 ,21 I 
Same 22 	135 	 Saine  — 

Larvae from 3.6 to 4.3 mm long were :thin and delicate ;  

.and had evidently lost their yolk sacs quite recently. The 

intestine was straight and considerably dllated in front'. 

The corner of the mouth was on the level of the forward edge • 

of the eye. The urostyle was straight, and a small mesenchymal 

thickening was noticeable in the place of the future hypurals. 
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Larvae 4.5 to 4.6 mm long looked somewhat older (see 

fig. 60, 4). The height of the body represented 6.1% of its- 

- length. A curve appeared in the intestine; in younger larvae 

it was only outlined, while in older-specimens (4.6  mm)  it 

formed almost a full loop. The urostyle was still straight, 

and the mesenchymal thickening 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 irregu-

lar row'of melanophores was visible in the depth of the body, 

above the chord of the tail. A fairly compact row of melano-

phores passed along the middle of the lower half of the abdo- 

men, and a few scattered, starry melanophores were visible 

along the sides of the abdomen, above the rear portion of the 

intestine. There were two or three fairly large, starry cells 

in front of the pectoral fin and on the lower jaw. 

In larvae 5.3 mm long the intestine-formed a small 
. 	_ 

lobp. The height of the body répreSented 8% Of . ità length:. 

The-urostyle was curved slightly upwards, and under it were 

visible the outlines 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), 1 the 

intestine grew to such an extent that its loop occupied the 

entire abdominal cavity and in.some specimens was adjacent 

to the excretory intestine. The pectoral fin was situated 

over.the extent of six myotomes, and its end almost reached 

the'rear edge of the intestinal loop. The height of the body 

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



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

anal fin folds there appeared the thickened stripes of future 

. pterygiophores that had still not been differentiated. 

Larvae whose length varied from 6.7 to 8.32 (from 

6.6 to 8.0) mm (see fig. 60, 6) appeared as flat, externally - 

symmetrical small fish whose body height 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-

ference intheir sizes, the development of the larvae that are 

. being described progressed considerably in comparison with / 388 

the preceding 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 27fins... ..,4 and the rudiments of 

fin rays appeared. The development of the latter was not uni-

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

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

able or entirely absent. Thirty rays were outlined in the 

anal fin, and in the dorsal fin, because-of injury to the-- - 

.they_wpre . difficult to count -._ Eight -or nine rays_were 

noticeable in the tail fin. The pectoral fin occupied six or 

seven myotomes. The gill cover did not entirely screen the 

• gill chamber. 

It should be noted that less developed larvae that 

• were of equal or even larger size were found in the same places 

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

developed.larvae were noticeably lower - and their urostyles less 

curved; although the pterygiophores were differentiated, there 

were still no rudiments of fin rays. 
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 The Pigmentation in the younger larvae : did not change; •

. in older specimens there was a clear tendency towards a re-

duction in the number of melanophores scattered on the surface 

of the tail and the abdomen, and a large pigmentary cell (the ' 

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

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

Comparison with the fluke -- Pl. flesus 

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

individual subspecies are described in the works of several 

authors (Malm, 1868; Cunningham, 1887; Holt, 1891 and 1893; 

Macintosh and Musterman, 1897; Heincke and Ehrenbaum, 1900; 

Petersen; 1906; Ehrenbaum, 1905-1909; Schnakenbeck, 1929; 

•T. A. ?ertseva, 1936; Kosyakina, 1938; Kazanova, 1952 and 

1953; Vodyanitskii and Kazanova, 1955; 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 structure 

and pigmenationI of the embryos of all subspecies of Pl. flesus ,  

and Pl-,stellatus__are_quite similar. Characteristic of all _ 

are  the comparatively large diameter of the embryo, which is 

only one-sixth to one-eighth that of the egg, and intensive 

pigmentation. Considerable similarity is also found among 

their prolarvae and larvae. All have a characteristic ac- /389  

cumulation of pigmentary cells on the middle of the tail and 

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

• its lower half and a smaller quantity on its upper half. A 

thickly scattered pigment on the fin folds is also character-

istic of ail  larvae of this.genus. 
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-LY) .. : 	 • 	 - f. 	 - Table 65 	. 
. 	 . 

. 	. 	 . _.----. 	 . 	 _ 
'.- The Sizes of Egs of Pl. flesus and Pl. stellatus in Different Regions 

Species Region 	 Egg sizes, 	Author 
in mm 

• seutentrionalis  Pechora 

	

	  0.96 to 1.05 Alekseeva,1949 
Pertseva, 1936 

.flesus 	 Barents Sea. Chesha Bay 	 0.78 to 1.03 Kazanova, 1949 

.  fi.  bogdanovi 	White Sea 	  0.74 to 1.05 Mukhacheva, 19.57 

North Sea 	  0.82 to 1.13 Ehrenbaum, 1905 

▪ fi,  trachurus 	Baltic Sea 	  0.83 to 1.43 Kazanova, 1952 

fi.  luscus 	Black Sea 	  1.10 to 1.25 Mmyakina, 1938 

. stellatus 	 Sea of Okhotsk 	  1.03 to 1.28 Ourselves 

Bering Se.a 	  0.92 to 1.22 Same 

Eastern coast of Kamchatka 	 1.01 to 1.24 	" 

Peter the Great Bay 	 1.01 to 1.20 	" 

Off the coast of Hokkaido 	 0.97 to 1.01 Yusa, 1957 

The formation of rays in the larvae of both species 

- and subspecies'of the fluke begins at different lengths in - 

different regions (see 

- 	 - - . 

- 	1. It may be seen from Table 66 that with the same body 

differentiation the larvae of Pl.  stellatus  lag . behind those 

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

rays appear increases from south to north. Pigmentation, 

however, to judge from the illustrations of the above authors , . 

intensifies from north to south. Prolarvae are most pigmented 

in the Black Sea, and to a notably lesser extent in the Baltic 

Sea. 

■ 
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eastern KEurichatka 

:oast of Hokkaido.. 

rrierican coast 

31ack Sea 	 

3.5 to 4.0 5.30to 5.90 • 

4.55 

3.5 

2.9 

-- 	Ourselves 

Same 

10 	Orcutt,1950. 

- IMP 

6.70 to 8.32 

■•• 

8. 39 

11••■ ••• 

7.37 

hesha Bay 	 - K 
1 
rKzanova, 
1949 

gm. 1••■ 9 .5 

OIM 1M ■ 8.9 echora Bay 	ca 5.0 Alekseeva, 
1949 

11» WM' 	 WO Mi. 

__ 	• 
- 

	

 itELSes. 	 6.6.  Mukhacheva, 
1957 .  . 	• 

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

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

_ 
Prolarvae to- Stripes of 	Rays have ap- All 
wards moment 	Dterygio- 	peered, but 	rays 

Region 	 of absorption 	phores have forward and 	formed ' 	Author 
of yolk sac 	appeared 	rear rays are ' 

underdevel- 	 . 
oped. Urxmtyle 

•• 	 protrudes 
outwards . 	 . 

f•I's the 	coast' of 

Table  66 

orth Sea 	4.0 	7.20 

altic Sea 	3.0 to 4.0 	7.39 

arents  Se 	 

6.9 , 	10.3 Ehrenbaura, 
1905-1909 

Kazanova, 
1952 

Rass, 1949 6..1 

8.59 %MI, «III 

9. 0 

Larvae collected in the White Sea and in Chesha Bay 

in Pechora  Bay. are of the same colour. According to Kazanova 

and Alekseeva (19)-i-9), there are fewer.melanophores on their 

tails, but these melanophores are much larger than in many 

flukes from the southern regions. 

In summing up the above, it should be noted that ' 

starry.flounder eggS are pelagic. Their diameter ranges from 

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

1r 
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lilac hue. At water temperatures of 2.0 to 5.4°  the first 

stage of development lasts for about 2 days and 12 hours;  thq 

secônd stage is completed in 10 -daYs and 17 hours, and the --  

third,-in 13 days and-20 hours. At water temperatures of,_ _ 

2.0 to 5.4o , the larvae hatch in -14 days and 17 hours, and 

at a water temperature of 12.5°  they 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 2.58 to 3.36 Mm long. Off the American 

coast, in Monterey Bay, the corresponding size range is much 

smaller -- from 1.93 to 2 .0 8  mm. 

At water temperatures of 10.5 to 12.5°  the yolk sac 

is absorbed on the 4th day, and at water temperatures of 2.0 

to 5.4°, on the 20th day. 

• 	In the first 'easel -towards the moment of absorption / 390  

of the - yolk  sac the  length of the larvae reaches 3.5 mm, and 

in the second case, 4.55 mm. 	 . 

The rays in the dorsal and anal fins are  outlined_ 

'When thé 7 -1-iirvae are from 6.7 to 8.32 - (1rom 6.6_ to 8.0) mm  long.  

Pigment in the form of scattered cells appears on the 

back of the embryo at the end of the, 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 

that have been shifted to the rear (nearer the end of the tail), 
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.on the anal fin fold. Towards.the moment that formation of 

the rays is completed, the pigmentation on the tail is trans-

formed into spots 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 

Two-coloured (Korean) Flounder -- Kareius  bicoloratus  

(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-

tion. The diameter of two-coloured flounder eggs, according 

to Kuragamils data, is 1.10 mm, and according to Okada, 1.013 

to 1:099 mm; at a water temperature of 13.5°  the incubation 

period lasts for about 4 days and 40 minutes. We have unfor-

tunately been unable to acquaint ourselveà with Kuragamits -

work and thereforer do not - know the_details,of-thestructure.,, 

--or morphology of the-Teggs,-prolarvae-or-larveW.- 

At the end of October and beginning of November 1951 

in the southwestern and southern parts of Peter the Gre4 Bay, 

at a depth of 62 m eggs were collected in the second to fourth 

stages 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 

mm and averaged 1.08 mm, i.e., it correCponded to the egg 

diameter indicated by Kuragami for the two -coloured flounder. 
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The eggs were round,and the yolks were large, their .sizes 

ranging from 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, 4 to 6) 

pigmentary cells were thickly scattered on the head, trunk 

and tail. Pigment'appeared on the yolk at first in only a 

small e%uantity; the 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 Okadals data (1955) live, two-coloured 

flounder prolarvae that had just hatched were approximately 

2.97 mm long. Their_bodies were pigmented with yellow chro-

matophores and dark melanophores evenly scattered from the 

head to the tail. 	. 

In Korea Bay in the first half of December_1949 we  

collected - eggs and -fineeriings L.O _ 

the same way as their eggs, were extremely siMilar to starry 

flounder fingerlings that were of equal size, but differed 

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

unmatched fins I and in a more intensive pigmentation. On the 

basis of these features we classed these larvae with the two-

coloured flounder. 

Larvae 4 to 4.5 mm long were externally completely / 391  

symmetrical. The urostyle was slightly curved, and future 

hypurals were outlined under it. The head was short and . 
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the snout smaller than the eye. 	pectoral fins were of 

medium size, and their ends reached the middle of the trunk. 

Pigmentation consisted of small, slightly branched, almost _ 

punctate melanophores, most of which were located on the tail, 

with a smaller quantity in the remaining portion of the body. 

A regular double row of melanophores ran along the upper and 

lower edges of the tail, and a thinner row 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 Cof the tailj 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 the latter. There were one or two cells on 

each side of the isthmu, and a small quantity scattered on 

the gill and auditory regions of the head. 

Figure 61 - Eggs of Kareius bicoloratus after fixation. 

The figures indicate ordinal numerals 
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In larvae 5.15 (4.93) mm long the urostyle was almost 

straight (see fig. 62, 1). The height of the body represented 

9.2% of its length. The myotomes were sigmoid, but their mar-' 

ginal branches were still very small. Thickened stripes with 

the rudiments of pterygiophores appeared at the base of the 

central portion of the future dorsal fin and in the forward 

portion of the anal fin. 

• 	Pigmentation had the same appearance as in the pre- 

ceding stage, with the differerice that the number of cells 

increased on the isthmus. 

In larvae from 8.6 to 8.9 (8.4 to 8.50) mm long the 

height of the body represented 12.4 to 18.3% of its length. 

The urostyle was curved. Nine or ten rays were outlined in 

the tail fin. Pterygiophores were defined in the forward and 

middle portions of the anal fin, but in the dorsal fin they 

were noticeable .only in the, central portion. 

. The head was rounded and the snout mas short. A-gill-- 

cover in the form of a skin fold covered the entire gill 
_ _ 

chamber. 	 • 

In larvae 9.08 mm long the height of the body repre-

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, numbering 38 (39), were clearly visible at 

this stage. Small ventral finlets appeared. The tail fin was 

nearly homocercal,and it contained nine to twelve rays. The /3931  

gill apparatus was not fully formed. The gill filaments were 

only slightly developed: they were best developed (and here 

not fully) on the third and fourth arches and most weakly 
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and had the appearance of tubercles. 

' 

•; 

developed on the first arch. The gill rakers were rudimentary, 

• Figure 62 - Larvae of Kareius bicoloratus. 

• 1 -.5.15 mm; 2 - 9.00 nffl; 3 - 1 .0 mm 

..there 

-To -the pigment that-existed-Im—the-younger-larvae 

was added a series of compact melanophores -- one for 

each segment, at the base of the neural arch, 

bone (which facilitated the vertebral count); 

of punctate melanophores was scattered on the 

and a few less, on the fin rays of the tail. 

above the back-

a large quantity 

anal fin fold, 

Pigment was 

completely absent at the end of the caudal ipeduncle. 

In larvae 14.17 (12.34) mm long (see fig.'62, 3) the 

heigIrt of the body represented 31.6% of its length. The rays 

of . the'anal and dorsal fins were fully formed. There were 18 

rays in the tali fin and 38 vertebrae in the body. The left 
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eye was noticeably higher than the right. Five rays formed 

,in  the .ventral fin, but none were as yet visible in the pec- 

toral fin. 

The head was short and rounded. The olfactory cap- , 
.- 	• 

suies  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. 



. 	Table  67  

The Sizes and Correlations of Body Parts of 2Ja:rvae of K. bicolortus 

Total length (L) 	 

Standard length (1) 	 

Distance from end of • 
snout to insertion 
of anal fin 	 

Distance from end of 
snout to insertion 
of dorsal fin 	 

7,23 8,00 8,95 9,50 10,26 14,17 

7,017  ,80 8,50 9,08 9,67 12,34 

	

- 2,693,06  3,44 3,93 3,72 4,54 	36,0 39,2 40,5 43,2 38,4 36,8 

- 	 -* 1,10 

0,65 1,07 1,56 1,65 1,59 	- 	9,0 13,7 18,3 18,2 16,4 - 

8,9 • 

35,4 31429,1  26,9 .24,4 22,0 

i5,5. 17,2 14,3 1.8 4 17,2'14,7  
• : • 

• 

- • - 

18,3 	21,4 23,7 . 23,3 24,3 
. 	• 	• 	- 	. 	• 

7- 11 ;9 • 
- 

. 	. 
!...1 	 • 

•. 
. 93,3 

• 0,46 0,44 0,53 0,58 0,55 0,66 

0,21 0,26 0,46 0,39 0,38 0,44 
• • . 

1 

I 	• 

- 

I.  

Dimension Sizes of larvae, in mm In per cent of 1 In per cent of Cl 

Height of body behind 
anus 	  

	

Diameter of eye 	 

	

Length of snout 	 

Length of head to pec-
toral fin.... 

Height of . head.. 

Length of caudal 
peduncle 	 

Height of caudal 
peduncle 	 

1,35 -7  1,90 2 45 2,25 3,00 

-4 2,80 

-7 

1,05 

CO 



A COMPARISON OF THE TAXONOMIC FEATURES AND THE 

INTERRELATION OF GENERA OF FAR EASTERN FLOUNDER 

To establish kinship among taxonomic groups is _a 

difficult problem which may be solved by only one method - 

that of comparison. At the same time, it is necessary to 

cover, at various stages of development, as large a quantity 

as possible of the features of the groups being studied. 

Without predetermining the result, we attempted to compare 

datu at our disposal on the embryonic and postembryonic de-

velopment of certain of the flounder forms examined above. 

Such a comparison was expedient for halibut (Atheresthes, 

Hippoglossus,  and Reinhardtius);  small large-mouthed flounder 

1 

(Cieisthenes,-and Hippoglossoides);  small . large-mouthed, 

'medium-mouthed and small-mouthed rgeneraj(Hippoglosslides, 

ACanthopsetta, - fti-manda);-the_most  important small-mouthed 

flounderaa a Whole-(Limanda,- Platessa, Liopsetta and 	- 

Pleuronectes), and  near genera.of'small-moUthed flounder in 

. -:,pairs . (LiManda.:,.:Pseudepleuronectes,'Liopsetta, and Pleuronectes).  

The Genera Atheresthes,  Hippoglossus and Reinhardtius  

.There is much in common in the reproduction of species 

of these - three genera of halibut. All reproduce at consider-

Aible‘depths, in,the'droP-off  zone.  -Spawning occurs mainly: 

in winter, in December and January" and probably in February,. 

at a lew, above-Zero › teMperature of 2 to 30 • - 	- 

There is reason - to : assume that the eggs,Hprolarvae 

and . larvae of the halibut ùnder cOmparieon are larger  than  

in all the remaining flounder that  'e 'have  studied. 



Their - eggs .  are bathypelagiC and develop  in the deep ' 

.leiels of the open water. The prolarvae and - larvae gradually 

•float lip to:higher layers of water and simultaneously shift 
•.‘• 	• 	• 	• 	 .• 	• 	• 	. 	• 	• 

to  the shore in such a-  way that theAuvenile'fish àriginating 

from'them in the end approach the'offshore'shallow'zone.'. - 

The ,halibut 'under comparison, in the structure.  and 

pigmentation of their prolarvae and larvae, fall into two 

sharply isolated groups, of which one embraces the species of 

arrowtoothed halibut, and the other, the true and Greenland 

halibuts. The heads of the larvae of arrow-toothed halibut 

are covered with spines; the pigmentary cells on the tail 

form two accumulations. The heads of true and Greenland hal- 

ibut larvae have no spines; the pigmentary cells on the tail 

are scattered and form no accumulations. 

The features of arrow-toothed halibut prolarvae and 

-larvaethat-we have indicated are highly significant and 
. 	. 

.-without.doubt refleCt the genetic remoteness - of this enus 

froni .  the •trtie and Greenland halibuts. 

The Greenland and true halibuts also differ in all /395  

stages of development. To begin with, the eggs of the Green-

land halibut are noticeably larger than those of the true 

•halibut (4.0 to 4.5 mm as against 3.0 to 3.8 mm), while pro- 
•larvae that have just hatched are accordingly larger. This 

correlation is also retained in all succeeding stages. Rays 

form in unmatched fins in the Greenland halibut, and the 
• 

latter itself lies on the bottom, at larger sizes than is 
• 

the case with the true halibut (see Table 68). 



13.0 to 17.8 	11.6 to 12.8 
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Table 68 

.The Sizes of. Halibut Larvae towards the Moment of Differentiation 

-= 	Pterygiophores and Rays in Unmatched Fins  (in .mm) 

Stage of development„ 	'.Greenland - True 	Arrow-too :thed 

Urostyle slightly curved,'8 to 	- 
• 10 rays outlined in the tail.. 

fin" 	- 	 20.0 
( 

Urostyle sharply curved, 14 to 
_. 16 rays in tail fin. -HPtery- 
giophores have appeared 	 19.0 to 24.2 15.0 to 17,0 - 	16 

First rays have appeared in .:"»'. 	
. 

the.dorsal. - and  anal fins  - 	 , 	22.7 to 27.0 14.1 to 17.3 

All rays. have'been established.-..:  . 	 . 

First'pigmentary spots have 	. -. - 	
. 	. • 

: - appeared on thé ,  dorsal' and --,-.. 	. 	 . . . 
- anal fins. 	 - 	32 	17.9 to 22 	. About 20 , 	. , 

The bodies of Greenland halibut are longer than those 

of true halibut. Their pectoral fins are small, their tips 

scarcely going beyond the middle of the abdomen, whereas in 

the true halibut the pectoral fins are large and cover the 

entire abdomen as far as the anus itself. In addition, the 

.true halibut's snout is pug-like, while that of the Greenland 

halibutisextended. Finally, the establishment and develop-
' 	 the 

ment of pterygiophores and rays in the fins odGreenland hal-

ibut proceeds from back to front, whereas in the true halibut 

these processes take place forwards and backwards from the 

middle. 

MDOM11 

-Both halibut, genera differ also in the'proportions 

of-their bodies. - %- The relative àizes of the.head and of the 

distance - from the.end of the snoUt_to the insertion of the 

anal fin, as well as body height, are at all stages of devel- 
. 

opment noticeably smaller in the Greenland than in the true 

halibut. 
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'It has been assumed that the genus Acanthopsetta is 

very Close to the flathead flounder (Norman, 193) ,.; Moiseev, 
, 	.• 	• 	 -•: 

1953;=and'others-).:-.A'study,'however, of the individual de- 

velopment of the above flounder does not confirm this assumption. 

•  

788. 

The pigmentation of true'and Greenland halibut .  larvae . 	_ . 	• 	• 	_ 	• 	. 

at the'prOlarvaLand larval stages is comparatively weaklY" 

developed: Finely- punctate, scattered melanophores • appear at 

first only on the surface and the distal edges of the rear 

portion of the dorsal and anal fins, and then spread forward. 

, In addition, the lower and lower lateral rows in their tails 

consist in both . cases of-obliquely situated, intermyomeric 

melanophores.- Although there is 

pigmentation, there 

a general similarity in the 

are also noticeable differ- character of 

ences.:..The:pigmentation of the fin folds in the true halibut 

is more intensive than i the case with the Greenland halibut. 

At  thesame time,the marginal melanophores of the fin folds . 

in Ga%eenland halibut larvae are concentrated only  in the'rear 

-true halibut larvae:they extend far forward 
•• 	, 

see:fig .s. .3-6): 	 : • , 	. . 	 • 

• 
The conversion of.larval to fingerling pigmentation 

in. Greenland halibut larvae coincides with the initial appear- 

..ance  of r ays . 	the:I-dorsal and . anal fins while in the triie 

halibut it occurs later, after the formation of rays. 

larvae 

The.differences indidated between the.prolarvae and 

of the Greenland,.true, and arrow-toothdd halibut are 

extremely significant. and evidently'reflect the genetic sepa7 

ration of these genera. 

I . The Genera Acanthonsetta, Hippoglossoides  and Limanda 



Corporated;:intoOne-groUp.. Upon attentive ,examination Acanthop-

.setta .  larvWCan be . fourid.tobe distinct both' in morphologiCal .  

and plastic featuresand . primarily in pigmentation. -  _ 

In the first place, the lower row of cells in Acanthon- 

The larvae of Acanthonsetta and, of the flathead flounders dif- 

feridharply in all stages of deVelopment both in plastic fea-

tures and in pigmentation. Nor are there less significant 

differences in pigmentation. In Hinpoglossoides  embryonic 

diffuse pigmentation is replaced by a sharply marked band-

spot pigmentation, whereas in Acanthousetta  it is replaced 

by a linear-row type of pigmentation. Similar features are 

a row of cells bordering the end of the urostyle. and, in 

older larvae, a lower lateral row of intermyomeric cells. 

The linear distribution of the pigment and particularly the 

lower lateral and lateral rows of cells in Acanthonsetta  lar-

vae bring the latter somewhat clower to halibut larvae, which 

evidently represents convergence. 

Acanthonsetta  larvae are, in the character of their 

pigmentation, outwardly similar to L. aspera larvae, and there 

are cases where, when material is being sorted, they are in- 

setta  larvae differs sharnly in its - structure from an analogous 

row in Limanda  larvae. In the former it consists of alternat- 

ing single and double melanophores, whereas in the latter it 

is composed  of  two almost parallel rows. Then, too, the end 

of the urostyle in Acanthonsetta  larvae is bordered by a row 

of cells, and the upper lateral row passes along almost the 

entire tail, while in Limanda  the end of the urostyle is not 

_pigmented,,and the upper:late-ral:roli'by no means reaches,the 
. 	„ . 	: 

thepectoral'-fins in Acanthopsetta 
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Diameter of eggs 
Yolk sizes- 

average 

Sizes of perivitel-
line snace 
range 	average range 

Species 

H 10,00-7i ,03 	. ..0 1 64.71.  0,87 	,714,80 3,0-48,0 7,0-41,0  

h 

 

2,00-3  ,67 •  0,82-1,53  •  O,00-i ,33  20 ,01.--33,0.' 27 ,0-32t,0 

• • 

• 

Sohachi flounder.. 

Flathead flounder. 

The species of both of the genera under comparison 

havé Pelagicegga,that differ aubstantiallyin their structure. 

Cleiathenes eggs are iminute,  with El.small perivitelline' 

mie eggs Of. all species of the genus Hippoglossoidés  

are large, with a large perivitelline space (see Table 69). 

A Comparison of the Sizes (in mm) of the Eggs 

Table 69  

of Cleisthenes 

• 

• 
with those of Hippoglossoides . 	 ••-•• 

.1 

.Smallersohachi flounder (éleisthenes) prolarvae and/398  

mOment mnm;nri.F...Ne of hatching and‘in 

. 	 ' 

larvae lag behind in size at the 

•• 	• 

• 

' 	 •- 	 . 

a long tail, an extended 

. are not pigmented and the ventral row has no additional  colis.  

• ACanthdpaetta . larvae,  as compared with Limanda larvae 

of equal size, have  -,à lower body, 

Snout and larger eyeS. 

The Genera'Cle'isthenea and Iti -Ono_iossoidea .  

- 	The genera [-sic 7 Cleisthenes are- Compared to the, • '-' 

genus Hi000glossoides (Norman,. 1954); a comparison, therefore, 

of the structure of their eggs and larvae at all stages of 

-development is . of, considerable interest. 	. 



Towards the moment of absorption of the york sac• 

*sohachi flounder larvae are shorter than 4 mm, while flatheed. 

flounder are longer lRays  begin to be established in-the H: 

sohachi flounder:at a length of 9.4.(8.4). mm, and in the flat-

head flounder, MuCh:later. 

two genera also differ in the proportions of T.hese 

Cleisthenes  and Hippoglossoides. 

The Genera Limand Platessa, Liopsetta and Pleuronectes -------- 

their bodies. The distance frbm the end of the snout to the 

insertion of the anal fin, the height of the body, and the 

length of the head of the larvae are, towards the moment of 

absorption of the yolk sac and the establishment of the rays 

in the fins, greater in the sohachi than in the flathead floun-

der, and the eyes are smaller (see Table 70). 

The prolarvae and larvae of the genera under compari-

differ to a very great extent in pigmentation. In 

Cleisthenes the embryonic pigment on the tail changes into 

two broad bands interrupted along the middle line, while in 

Hippoglossoides  it changes into three or four such bands. 

Thus a comparison of the structure of the eggs and larvae of 

these genera shows that in early stages of development they 

differ sharply, which confirms the dissociation of the genera 

P. Yu. Schmidt (1950) considered the three independent 

(according to :genera of small-mouthed flounders -- Plateesa 

Norman'; Pleuronéctes),.Pleuronectes  (according : to Norman and 

Schmidt,Platichthys)rand Liopsetta -- to be closely related, 

- and -incorporated them into the one genus Pleuronectes in the 

class'of.,subgenera. on the basie of the structure of jaw and 

pharyngeal.  teeth. . P. A. Moiseev (1953), too, follows the 



The  Sizes and Proportions of 'the'  Body Parts of PI;Oirvae'and Larvae o 
_ 	. . 

H.-dubiuà 

Percentage Oflength 
Stage. of development: 

Prolarvae that have just 
hatched 	  
Same 

• 

- 

:43 ,50-52 ,50 

46 ,40-:51 00 

• 19 ,10:-.23 
_ 

19 ,10-25 ,40 

-Larvae towards - moment of.- 
absorption of yolk  sac., 

•• 
Flathead - . Same 

iSohachi 	Establishment of«rays in 
,_unmatched fins, 

- 8,40 	*. 9,40 	40,100 - 	29,00 	21,00 
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-system›OfP.  Yu. Schmidt.  According to  A. 	Andriyashev 

-.(1954), the genus Platessa is closeto the gènera Limanda 

and Liopsetta,'occupying,:in several features, an_intermediary. 

• position between them, while the genus Liopsetta also resembles 

the genus Pleuronectes. The genera Platessa  and Liopsetta are 

closest in the quantity of myotomes in the trunk section. The 

same degree of resemblance is observed when bodily length and 

ù the proportions of individual body parts are compared. 

Towards the moment of absorption of thé yolk sac 

Platessa  differs sharply from Limanda  in the length of its 

bOdy  and  the distance from the end Of the snout to the inser- 

tion of the anal fin, and is much closer to Liopsetta. In 

the size.of'its eyes Platessa occiipies an intermediate posi-

tion between the above . genera (see Table 71). . 

Approximately the same correlations are retained 	/ 399  

in t he comparison of larvae that Closely resemble each other •  

in size (see Table 72). 

The eggs of - all of the speoies of'flounder under 

comparison are pelagic (not - counting the divergent form 
„ r 

'Liopsetta  obscur.),  and attain their greatest:size-in Platessà, 

a somewhat smaller siZe in Liopsetta, and'a still smaller .  ' 

size in Pleuronectes,  while Limanda has the smallest eggs. 

The membrane of Platessa eggs is thick, reticulate and wavy, 

and in the eggs of the remaining forms it is thin and almost 

smooth. .After fixation with a 2% formalin solution the mem-

brane of Platessa  eggs becomes a dark, brownish-lilac colour, 

and in PleUronectes, a rose-tinted lilac colour. 

A- In view  of  the absence - of data on'the body pro-Portions of 
-Atlantic Species, plastic features are compared only on the 

' ibasis of Far Eastern flounder. 



Percentage of length 
of body 	  

distance  from length of 
end of snout head 
.toirisertion 
of anal fin 

1Dody total 

Percentage of length 
of head 

diameter of eye 

Species 
Length 

\t\I 	rr- r--  
2 ,96-3 ,52 2 ,80-3 ,36 32 ,4-36 ,4  13,5-14  ,5  30,0-48,7  
6 ,34-7 ,16 5 ,58-6 ,94 37 ,0-39 ,0 13 ,5-16 ,4 31 ,4-41 ,8 . 
5,58-5,86  5,27-5,57 37 ,6-40 ,0 14 ,4-14 ,8  29,4-33,2  
3 ,50-4 ,55 3 ,25-4 ,29 38 ,4-39 ,2 16 ,8-18 ,1 28 ,62-31 ,1 

L. aspera . . 
• Pl. quadrituberculata 

L pinnifasciata . . . 
Pl. stellatus . . • • 

Pl. ouadrituberculata  1,..:pinflifasciata  and P1. - stellatus. 

Table 72 

(in mm) and Plastic Features of Larvae of L. aspera, Sizes 

diameter of eye 

Table 71  

Sizes (in rim) .and Plastic Features of Larvae of..Representatives of 
arid 

the'Frounder-Genera*Limanda, P1atessa,'Liopsetta,/717uronectes 

towards the Moment of Absorption of the Yolk Sac 

.-:Length. 
.SIDecies 

:Perbehtage of length, 
of body 

Percentage of length 
of head 

total length'of 
head 

body. 	from 
'end of snout 
to .insertion 
of anal fin 

. 	 I 1 	: 1 	l\ 	l --% 	I 	/ 	1 
L.. aspera 	  5 ,6-6 ,9 	- 	27 ,6-36 ,8 13 ,4-22 ,7 

I 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 ,07-5 ;83 4 ;84-5 ,55 36 ,8-38 ,2 13 ,0-15 ,3 28 ,2-36 ,8 : 
'Pl. stelIatus 	 '  5 ,26-5 ,90 5 ;02-5 ,60 38 ,2-41 ,7 16 ,0-20 ,0 26 ,9-35 ,7 	. 

disiribùtion of pigmentary cells on 

the body of the Platessa  embryo there is revealed a similarity 

n'the nature and 

to a lesser.degree, to Pleuronectes. 



Platessa  prolarvae.hatch with pigmented eyes, and 

ara only_slightly larger:than Lionbetta  prolarvae, much larger 

-than,those of Pleuronectes,  and Still larger ,than those of 

They strongly resemble.the_latterinpigmentation. 

Peatures common to these species include distribution 

meIanophores  and. the lack 'Of accumulations of pigmentary 

cells  on the'tail, .with, however,' the differenba that in- . 
_ 

PlateSaa  the middle'lateral row is ,longers and begins at the 

'.1evel'of the anus and not from-the-Second third .of the tail. 

In addition,Platessa larvae dlffer from these'ef Limanda:  in 

..a . shOrt'row'on.the.upper edge .of:the end of the tails and in 

absence of melanophores on the :pectoral  fins. 

The pigmentation of prolarvae and larvae of Liopsetta 

- and Pleuronectes, -as we saw above,, has a completely -different, 

charactèrs and'is  in  sharp oontrast to that of Plates sa and  

have been established in the fins, the 

occupies an intermediate position 

between that of Limanda and LioPsetta.  

length and the form develàpment of 

•  the larvae of the groups =der comparison take place in such 

a way that the larger sizes of Platessa  larvae towards the 

are retained only to,the 

Initial formation  Of the rays  in the  anal and dorsal fins. - 

thel_ength3of Platessa and Liopsetta  larvae.be-

equal .and Plate.ssa larvae lag in - length behind 

The smallest Limanda larvae towards the mo- 

'Mant - ,of.absorption of the_yolk Sac-and.the moment of formation, 

I nUnmatched.finst  outstrip, in ,length, the larvae»of:the spéCias 

moment of absorption of the yolk sac 



Liousetta  comes second in the speed with /400  . 

completed Platessa  is  in  third 

The  hietory Of development shows thatPlatessa,  in 

several features in the embryonic and later stages ., Is closer 

to LiosettathantoLimarida.  

s: The 'eénera LioUSetta  and Pleuronectes 

Eggs of species of the genus Liopsetta are larger 

of the prolarvae and larvae of Pleuronectes are also retained 

: in suceeding stages, that the'length of.their bodies at 

morphosis ends earlier than in 

comparison. The larvae that lag most in length:at this 

stage of development are those Their meta-

and at the 

than those of species 

that have hatched are 

dP the genuS . Pleuronectes,  and prolàrvae 

aCcordingly larger .  The:smaller sizes 

each stage -  of development than L-corresponding_7 body less 

lengths in Liousetta„ and at the same sizes, Pleuronectes  lar- 

Nae..àre Shorter in the body than those of Liousetta. The 

.character'of themelanOphores and:their  distribution 
 _ 
on thè 

similar. The pigmentary cells are 

The pigmentation of the larvae of the banded and starry 

flounders is especially similar. 

The  iarvae -_of  the  - banded and 

stages of development differ in body 

similar 
starry flounders  at/ - 

ierigth,  but are similarly 

embryos of both species are 

fairly large and slightly b large :and slightly 

of  the embryo. After ,hatching, '•a more or lesa compact accumu- 
' 	, 

'latiOn of mèlanophores (a band) forms 'in like manner .on the 

branched, and thickly cover the body 

middÏo of thetail in prolarvae of both genera. 



Table 73  

The Sizes and Correlation of the BOdy Parts of Larvae of 

' pigmentedj and bear a close resembla.nce in the 'relative sizes 

of the distance from the end of the snout to the insertion • 

of the anal fin,and of their eyes (see Tables 73 and 74). 

ninnifascidta  and -Pl. stellatus  towards the Moment that 

Absorption of the Yolk Sac is Completed (in mm) 

Species 
Length - 

total body 

Percentage of le ngth 
of body 

H  

Percentage of length 
of head 

. 	• 	 I 	" I 	''1 	I- --- 	 ' . 1 	I 	V L. pinnifasci- 5 ,58-5 ,86 5 ,27-5 ,57  37,6--40  ,0 4 ,65-1-4 ,8 - 14 	,8 29 ,4-33 ,2 

Pl. steilatus 3 ,50-4 .,55 . 3 ,25-4 ,29 38 ,4-39 ,2 . 5 ,9-7 ,4 16 ,8L18 	,6-37 ,1 

Table 74 

The Sizes and Correl-a.tion of the «Body Parts of Larvae of 

L.  pinnifasciata  . and Pl.: stellatus  FlOunders ( in ram) 

Species 
Percentage of length 

of body . . 
Percentage of length 

of head 

lc total body 1 

• 	 1 
ecuita . . . 5 ,07-5 ,83 4 ,84-5 ,55 36  &-39,5 	4 ,8 	14 ,05 	28 ,2-

/ 
 36 ,8 

(4 ,3-5 ,8) (13 ,0-18 ,2) 
Pl. stellatus 5 ,26-5 ,90 5 ,02-5 ,60 38 	,7 10 ,23 , 	18 ,01 	26 ,4 -35 ,3 

(7  .8-13,3)  (16 ,0-20 ,0) 

In banded and starry flounder larvae that are equal 

in length but different in degree of develooment, body pro-

portions differ in that banded flounder larvae have a lower 

and more elongated body and tha.t . the distance from the end 

f . the'snouttOthe1  insertion of the anà.1 fin and the sizes 

L. pinnifa.s- 	t 
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ithe  eyes,disclose no sharp differences. The_similarity 

of the pigmentation and the plastic features of the larvae 

indicates the proximity of the genera Pleuronectes and 

Liopeetta  (without-L. obscura). 

The Genera Limànda, ,Pseudopleuronectes  and LepidoDsetta 
	/ 4.01  

-As'ia known, the species ofthe_genus Pseudopleuronectes  

up to 1934. were  not segregated from the genus Limanda s and up 

.bc) the present time are considered.as  taxonomically .  close. 

=Hence theircomparison is of greatinterest_in the -r-light of 

embryological data. 

As 

opment. the 

indicated abOve,  in.  their reproduction And devel- 

sPeciès'of thé genus PseudoDleuronectes fall into 

two ecological groups -- the early spring, including Ps. 

yokohamae:andPsiméricanus,  and  the spring-summer, with the 

Species 'Ps. •herzensteini. 

Ecologically, the genus Limanda resembles only the 

latter species. The reproduction and  development of the species 

of Limanda and Ps. herzensteini  take place at the same time 

under the same conditions: in the spring and summer, at a 

comparatively high surface. water temperature. No resemblance, 

however, is dieclosed in the structure of the eggs, or'partic-

-ularly of the prolarvae, or larvae.'. . 	 . 	 . • 	 . 

:.The'eggs'of all  of .the  speciesof-thesenera Limanda  

herzensteini'  are small and pelagic .  and are2_similar  in  

of  development. Identifying features at this 

:stage are the  -somewhat:farger.diameter Of the eggs:and the 

_size - and structUre-;oftheyolk in'Ps.  herzensteini. With the 

appearance  of the  embry(Y . and particularly the pigmentary.  cells 

the first stages 



• 

on the latter, the differences between the eggs of the species 

under comparison become more noticeable, and in the course of 

-
further development increase still more. The embryos of 

L. asoera  and L. punctatissima  are less pigmented; the lower 

edge of the tail is either not pigmented at all or has only 

one to three melanophores, whereas in Ps. herzensteini  there 

are many more melanophores, and prior to hatching they group 

into two or three accumulations. The differences in the Pig- 

rnentation of the tailwhich have appeared in the embryonic 

Stage after - hatching intensify- stillffurther. - 

The pigmentary cells on the tails of the prolarvae 

and larvae of L. asoera  are at first scattered l and then f-orm 

longitudinal rows; the pigmentary cells in all species of 

Pleuronectes  form accumulations in the shape of bands. In 

s. herzensteini  there are three such bands, in Ps. yokohamae, 

and Ps. americanus,  one. 

is observed in the pigmentation 

trunk, or particularly the lower surface of the abdomen 

or the head. The lower surface of the abdomen and head of all 

these species is heavily pigmented but, in contrast to L. as-

pera,  in FS. herzensteini the melanophores situated along the 

sides from the middle abdominal row separate into two groups 

-- forward and rear (see fig. 39). These differences are re-

tained in later stages of development. 

Towards the moment . that -  rays appear in the unmatched 

the.difference noted in the pigmentation of the tail 

begins to be obliterated.' Ae indicated previoùsly, in forMéd 

larvae -, accumulations in'the form of spots on the upper and' 

lower edges of the:tail also appear in species of Limanda, 



Ps. americanus  and Ps . yokoharme  

but at this time new identifying \ features are added which are 

related to the number of vertebrae and rays in unmatched fins,_ 

The prolarvae and larvae of the subgenus Myzopsetta  

L. nunctatissima punctatissima  and L. proboscidea)  and L. 

ferruginea  in the nature of their pigmentation are somewhat 

closer to species of the genus Pseudopleuronectes  in that the 

pigmentary cells on their tails form accumulations which in 

comparison with those of Pseudopleuronectes are much less 

clearly marked and are represented by a short upper stripe 

punctatissima nroboscidea)  or-a small group-of cells (L. 

punctatissima Punctatissima). 

Larvae of L. punctatissima punctatissima  and L. mine-

tatissima proboscidea, which have a slight similarity in the 

-pigmentation of the - tail, are.noticeàbly larger,than those of 

L. asPera,  and differ.from - Ps.  herzensteini in the pigmenta-

tion of.the lewersurfaCe of the abdomen.'. 

Cells.- - The speciea .  of , the early spring ecological group 

-- differ .  to an even greater 

extent::from Limanda.Their eggS  are  .of, the-bottom  type and  

compact and has a glassy lustre. Limanda  

eggs are pelagic. The melanophores on the tails of prolarvae 

of all  species of:Pseudopleuronectes  .form accumulations in the 

shape of bands  and . stripes which are absent in Limanda.  

Ps. herzensteini and L. aspera,  the 

lower surface of the abdomen in L. *punctatissima larvae is 

only slightly pigmented, and aside fram a middle row of 	/402 

melanophores, there either are no additional pigmentary cells 

along the sides from the abdomen, or  there are only one to three 

sticky; the yolk 



above important morphological distinctions between 

f -development of_species .  of the genera Limanda  

Pseudopleuronectes indicate :their undoubted generic inde- 

Ipendence. 

Like Limanda.  

Atthe same time, as indicated above, it is evident 

- that', the taxonomic.system of the genus Pseudopleuronectes - it-=  

self needs revision. 

The genus Lepidopsetta  (Norman, 1934) is also taxonom-

ically close to the geniis Limanda l and  differs.from it in the 

nature, of  itS'reproduction and In the structure of its eggs 
• 

in the same way as Ps. yokohamae and Ps. americanus  differ from 

yokohamae  and Ps. americanus,_species L: 

of the genus Lepidopsetta reproduce in winter and spring at a 

low temperature close to 0°. Species of Lepidopsetta, Ps. 

yokohamae  and  Ps. americanus,  which are wrmilar in the ecology 

of their reproduction, have many similar features in the struc-

ture of their eggs and larvae. A common characteristic feature 

• 

of .speciés - Of:..LepidOpSéttai Ps  yokohamae  and Ps. àmericanUs  is - 

represented_bY bottom:eggs' With an extremely compact yolk 'struc- 

ture, atypical for flounders. A no less important similarity 

between them is disclosed in the pigmentation of their prolar-

vae and larvae. The pigmentary cells on the bodies of the 

latter are grouped alike into two accumulations, of which the 

rear has the appearance of a band, while the forward  accumula- 

tion is represented by an upper stripe. It should be noted 

that the larvae of P5. americanus  deviate somewhat from this 

type: lin contrast to Ps. yokohamae and Leoidoosetta  they d 

velop only one band, situated on the middle of the tail. 

The  eggs, prolarvae and larvae of LepidouSetta and of 

species of the genus Pseudopleuronectes, however, which are 

generally similar, are at.the same time specifically different. 
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not have the adhesive layer that exists in the eggs of Ps. 

yokohamae, and in this respect is closer to that of Ps. ameri- 

canus.  The prolarvae and larvae of Lepidopsetta are more 

.heavily pigmented than are the species of Pseudopleuronectes  

in general and Ps. americanus in particular. They have many 

thickly scattered melanophores on the lower half of the abdo-

men and the head, a unique accumulation of these melanophores 

on the anal and dorsal fin folds, and a few cells, occasion-

ally blending into a solid stripe, on the lower edge of the 

•pectoral fins. 

subsequent development - the initial similarity__ 

•gradually decreases, and towards the moment of completion of 

metamorphosis,juveniles of Ps. yokohamae  differ from Lepidop-

setta in several plastic and meristic features. L. aspera 

which in its initial larval stages has a more primitive pig- 

mentation, occupies an intermediate position between the two 

foregoing species in the number of its vertebrae and rays. 

It is quite possible that Limanda aspera is closest 

the common initial form for all of these genera. -  The ah= 

cestors of the genera Lepidopsetta  and Pseudopleuronectes, 

which had disjoined from the latter [-presumably Limanda as-

pera  7 in the process of adapting to conditions of habitation, 

reproduction and development in various environments, pro-

ceeded by different routes in their evolutionary development 

and formed not only independent species, but genera as well. 



The  genus  Glyntocephalus  is close to the genera 

Tanakius .:and - MicrOstoMuwhobeSpeciea.have longjintermin- 
. _ 

gled.After the investigations of Hubbs1932),'however, / 403 

and 'especially.after thethoroughanalyals-Of the identifying 

featureS of-these flounders carried out .by T. S. Ràss (1950), 

-there is now no difficulty in determining the species to 

Glyptocephalusi Tanakius,  

Hinpoglossoides 

which the flounder of these genera belong. 

Hence it is expedient to compare the history of de- 
-7 

velopmentof the spebies of these genera. .Unfortunately, 

the -neCeSsary  information' on this problem relating to all 

of the'spediesthat-_interest us haS not -Seen publiShed, an 

we can make a comparison only with an Atlantic species -- 

M.  kitt,  the  history of whose deVelopment has been thoroughly 

studied (Cunningham, 18891 McIntosh, 1891; - Kyle, 1898 and 

.1923;.Petersen,'1904; .Ehrenbaum, 1905 .and 1909; Schnakenbeck, 

1928;..Nybelin, 1935;. ertseva',-1936,  and  others). 

The:eggs- of.Microstomus kitt,'like those Of the genus' 
_ ___•_ 	: 	_ 	. 

GlyptOcephalus,  are - pelagiband coMparativelY large - (their ' 
- 

;diameter ranges from:-  1.13 -to 1.46 mm), and in their'siZe are  

.closer to Gl.SteI1eri  than - to Gl. cynoglossus.  Their mom-

brane e -in contrast -to those'of other species of eggs, is thin 

and reticulate. 

Accordingto Ehrenbaum's 'data,larvae that have just. 

.hatched are usually:fairly large, their length ranging from 

sMaller,larvae.from 3:5 to 4.0  mm  long are, 

... 	 . 	 . , 
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■••■ 



the species under comparison appear similar, but upon—à1baé 
— 	. 	. 

examinationAmportant deviations-are'discloSed.' -_To begin 

f,withl  in  larVae of M.  kitt  the distanoe'from'the end of thé „ 
_ 	. 	. 

	

. 	. 	_ 
snout .  :.tothe anus represents  more  'than 1/3  of  th-e7length -of-

. 

	

_ 	. 	. 

the body (in both species of the genus Glyptocephalus  it is 

less than 1/3), and the body of the M. kitt  larva is much 

higher; the older the larva, the greater is this difference. 

In older M. kitt  larvae there are four transverse bands on 

the tail, while in Glyptocephalus  there are three. In 

M. kitt  these bands are discontinuous and consist of stripes 

and spots situated on the  upper_and.lower. 	edges; in 

Glyptocephalus  they are continuous and occupy the entire 

width of the tail. Moreover, in Glyptocephalus,  in addition 
— 

the main bands, the same quantity of loiaer spots and 

stripes exists in the space between .them: in M. kitt  there 

are slso spots on the edges of the fin folds that correspond 

to the transverse bands of the tail; in Gl stelleri  and Gl. 

cynoeossus  there are 'no such spots on the fins. • 

The  above differences increase more and more in 

'Glyptocephalus  larvae are thin and long, while. 

M. kitt  larvae . at  a similar stage are short and wide. Hy7 

purals begin to be established in M. kitt  when rthe larvaej 

are  6 mm long, whereas4n Glyptocephalus  this process takes 

place  at  lengths of 12 to1.5.5 mm.-.Metamorphosis is completed 

.proportiontourther-deVeloPmentand in late stages they'. 

are So great that 'they'.  are  'immediately evident.. 1 

.and in Glyptocephalus  at- 



In a comparison of the history of development of 

M. kitt  and of species of the genus Glyotocephalus  more or 

less similar features:are visible only in the most initial 

stages of development. In prolarvae this 'similarity' is • 

disrupted and the divergence in features subsequently in- 

creases to an ever greater extent. 

It may hence .be assumed that -the anceatorà Of the 

genera Microstomus  and Glyptocephalus,  which we are compar- 

ing, were at one - .time very-close but that their ancestors 

.lost this proximity  in the process of evolution and with-

. drew £t_-.omparatively.far.from each-other.  

In conclusion, we shall compare the larvae of the 

long flounder with prolarvae and larvae of flathead flounder 

(Hipuglossoides) that are found simultaneously. 

In long flounder prolarvae :there ara three main • 

continuous bands onH-the''tail; the•Mélanophores : ofthe last 
- • - 	- 	- 	. 	• 

of these.do:not - go  as far as the  velend of the . tail. In 

Érounder.prolarvae, four bands fOrm on the tail, 

and the melanophoreS-of the . last band surround the end of • 

the tail. In addition, the rectum of long flounder Drolar,— 

vae is . immédiately adjacent to the yolk sac, and in larvae, 

to the loop.of the intestine; in flathead flounder there is 

a space between theae organs that is filled with fin fold. 

-The . larvae of - small-mouthed L7slimej flounder are 

also•characterized by the-smaller sizes of their mouths and 

shorter trunk, whose - size•usually repreàents less than 

. 1/3 of the.length of_the-body. 

flathead 



The Genera Kareiu.s  and Pleuronectes  

As.is knownri Norman (1934) incorporates. the -genera - 

(Plat.ichthx)  and Kareius  intO'one genuS. :  

V.K. Soldatov and G.t. Lindberg (1930),  P.U.1. Schmidt11931) 

and L. S.':Seïig (1949) consider them to be independent... A 

- comparison, therefore,of the histories' of development of - 

Kareiuà  and Platichthys  ds of considerable interest. 

The eggs of the starry : and Korean flounders are very 

similar in their ,  external appearance and size. Both are 

periVitelline space, and are.larger • 

.in comparison with.eggsof species of the 'genus Limanda. 

 Differences between them appear from the moment of forma- 

The fin folds of the embryos, pro- 

. larvae and'younger: .larvaeof  the starryfibunder haveaccu- 
. 	- 

mulationsmelanOphores. -:Onthe,level ofthe middle of the 

are-absent in'the two-coloured - - 
I 

. flounder.'The:pigmentary.cellS of Korean flounder prolarvae 
. 	• 

that have just hatched are scattered evehly, and in the 

starry flounder form an :accuMulation in the'shape of a band 

on the middle of the tail. 

-Starryflounder:larvae appear similar to two-coloured, 

.flounder . larvaé, : but uponçareful examination' they, like the 

distinguiShISd - y :Certain featUi.és . (see 

tion of pigment. 

starry flounder the yolk, with the exception 

the pectoral fins, is not pigmented; 

it is dotted with a large quan- 

tail; these accumulations 



Thus the starry flounder differs from the two-coloured 

flounder at all stages of its development. 

The degree of difference between Pl. - stellatus  and 

bicoloratus  is. much more marked than that between Pl.' 

*Stellatus  and Pi flesus. —  

The:correctness, then,* of separating the two-coloured 

and starry'flounderà into different genera is confirmed by 
_ 

material)cn their ontogenetic deveiopment 

The foregoing permits us to isolate the taxonomic 

features of the  individual genera:and species of flounder 

in the attached keys. 

of the tail of both species is 

diffuse and finely punctate but in the Korean flounder 

'it -  is - more strongly marked than in the starry flounder. 

An  important distinction in the larvae of the starry floun-
-- 	_ 
a: dOuble row of melanophores on the -:upper edge of . 

'the- trunk and the tàil„and a more' regular row of deep'cells 

(one for each segment) along the middle . lind of the body at 

the base  of:the neural-,arches of the lackbone. In addition,: 

two-coloured:flounder larvae are distinguished by a larger 

»number of myotomes, vertebrae, anà'rays -;ih- iihMà'tched - fins; ---  



developing under optimum conditions from the 
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'  THE  INFLUENCE OF WATER TEMPERATURE_AND SALINITY  
... 

ON  THE DEVELOPMENT OF CERTAIN SPECIES OF FLOUNDER 	. 

Of the entire complex of factors influencing the 
. 	. 	 _ 
: - developMent of eggs 'and -larvae we were able tO' concern our 

selves only with teMperature and, -tà à Much lesser' extent, 

_ 	salinity. A great deal of attention has been directed, both 

• in the Soviet Union and abroad, to studying the effect of 
- 

reduced and increased temperature. A vast number of experi- 

ments has been set up and analyzed, and many articles have 

been written, most of which have originated from Soviet, 

and mainly Leningrad, investigators (Vernidub, 1940 and 

1941; Detlaf and - Ginzburg, 1945; Korovina, 1952 and 1953; 

Nikiforov, 1939; Lozino-Lozinskii and Lyubitskaya, 1940; 

Olifan, 1940 and 1945; Morozova and Karakash, 1939; Privoltnev, 

1939, 1941 1949 and 1953; Privollnev and Razumovskii, 

1939;.:Trifonova*and.popov._, 1937; Trifonov, Vernidub  and  

. Filippov1939;Strogpmov 1939; TrofonoV, 1949,'and • others). 

hese investigations have reached an especially high 

leve3,1 of;:development the last 15 tO 20 years: because of 

praCtice caused by the construc- 

tion of hydroelectric power stations, the necessity for ar-

tificial reproduction of many species of valuable commercial 

fish -- perch, bream, pike-perch, and certain species of 

whitefish, salmon, smelts, herring, sturgeon etc. 

Placing individual portions of eggs from one series, 

momentof fer-, 

- tilization,'for,thè:same -..length'Of time into : conditions of 

high Or.low temperature,'a'shortage or Complete absence of: 



An idea was at first obtained as to the non- 

specificity of the response reaction of the embryo to var-- — 

oxygen, and into solutions of poisons that suppressed 

brleathing, the investigators established that the' survival . 

and physical condition of the embryo vary in different 

stages. The term "susceptibility" has been adopted for 

designating the stage or period of greatest mortality or 

deepest disruption of normal development resulting from 

the action of various factors on the developing eggs of 

fish. This conception is not related to the acceleration 

in development that occurs when the temperature increases._ 

external',influencea.: 

(1952 and 1953), however, 'established 
. 	_ 
that f-i'sh embryos at'va .rious stages of development have 

différentlresistance to 'all of the influences that were 

The  above investigator's have established the bounda- 

ry  values of the fluctuations of.varidus conditions Cas'they . 	 . . 	 . 	• 	 - 	. 
affectj the deVelopmént Of embrybs; me,.however, have been' 

IntereSted In the:possibility of dev.elopment only under the 

fluctuations of natural conditions. 

r. m. Korovina 

/06  - The Effect of Fluctuations in Salinity on FRK- 
. . 	 . lieveloomnt  

Developnient in Fresh Water..  

:Banded and black flounder.  As indicated above, the 

laanded - floünder keePS:::to the shallow roffshore-zone, - where-- 

it prefers freshened water and even:enters the lOwer courses 

of'riversi.e.,'completelyfresh water (Berg, - -1948-1949);:: 
 _ 

Schmidt, 1950,  Mdiseev, 1953). It was hence.neceSsary -  to 
_ 	 . 	. 

. solve the problem of . whether or not the development and 



1- in - 

Experiments were then set up on the effect of fresh 

Water on eggs in Various stages of deVelopmentthat had pre- 

viously developed in salt water. 

The  results the experiments showed that the de- 

velopment of banded flounder eggs in fresh water is impos- 

since under these conditions cleavage takes place 

impropèrly:(fig. Twenti-four hoUrs after  the  beginning 

of the experiment all of .the eggs died. 

81o. 

reproduction_of . the e gs of this flounder were possible in 

'fresh orfresherled:water.- In order to_clearup this prob 

leM, : tW0 

tilization in_fresh water. Artificial fertilization how- _ 	- 	- 	- 
did not'take place, since the sperm that was released 

the fresh water coagulated into flakes that dropped to 

were set up involving artificial fer- 

.the -bottom. The eggs,'::too, dropped to thebottomirithe.  

same way.  A blastodisc formed parthogenetically in the 

course of 24 hours in the eggs that remained in the fresh 

water, but no cleavage occurred in either the first or the 

suc.ceeding periods 

Cleavage in an egg of L. pinnifasciata. 



Figure 64 - Egg of L. obscura  in fresh water 

It follows from, our experiments that not only the 

Experiments to ascertain the possibility of devel- 

oping blaCk-flounder y egge in fresh water aleo yielded nega- 
•• 	 • 

tive results.lack flounder egge that . had just been  fer-. 

'tilized swelled greatly after baing_transferred to fresh. 

water; consequently,-a large periVitelline .  space formed be- 

.r - tween'the'egg membrane and  the yOlk, and the eggs themselves 

tOok  on an•uppearance. that was notcharacteristic  of this  

flounder (see fig. 64). The swollen eggs stayed on the bot- 

tom, and their diameter in our experiments varied frOm 1.1 

1.20 mm, averaging 1.15 mm, whereas the size of the con-

trol eggs did not.exceed 0.94 mm. No cleavage was disclosed 

in egge.that 
- _ 

had been placed in fresh water, and the eggs 

fertilization, but the development of already fertilized 

bamded flounder eggs is impossible in fresh water, and that 

black flounder eggs cannot develop in fresh water either. 

I:•: 



-Development in Brackish Water  

(seaw'ater of lesa than full- salinity)-: J .  

812. 
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.. 	. 
'Banded floundér... , Two experiments mere carried  out 

 - 	_,- 
investigAe the possibility of the development ' of floun- 

r'eggs'in brackish water. ' 	• . , . 	. . 	• 	. . . 	. . 	. 

- Developing banded flounder eggs,-fertilized - dn.nor- 

1,àea water, were transferred to seawater that had been 

half diluted with fresh water ,(5 was  about  16%). The eggs 

immediately'dropped to the bottom:and lay there until the 

.end of embryônic development. - Moàt :  of the  eggs developed 

abnormally; hence we disclosed many malformed specimens 

which had no eyes. The hatching of both normal and deformed 

larvae took'placeHveri.sluggishland some embryos which 

did not free:theMselves from the membrane, died. The pro-

larvae that_ hatched Were, in their general appearance and 

:Pigmentation,'.similar to prolarvae that had developed in 
. 	 . 

' normal seaWater, but many of them lay on the bottom, and 

moved very languidly or were entirely motionless. 

The state of the prolarvae did not improve subse-

quently; they continued to lie on the bottom, their tails 

were bent and their appearance was clearly nonviable. In 

spite of the fact that the larvae were transferred to salt 

water, they died in a few days. From the control eggs, 

which developed under the same temperature conditions in 

brackish water, there hatched fully viable, normally devel-

oping prolarvae, which kept to the upper layers of the water 

and swam well. The experiment demonstrated that a salinity 

reduced to half the normal revel inhibits embryonic develop- 

ment, as a result of which many deformed specimens appear,  and  

nonviable prolarvae hatch. ' 
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-Black flounder. Simila_r exPeriments conducted with _ _ 	_ 

biak flounder eggs showed tha.t :fertilized. -eggs in freshened 

-wa.ter at first developed normally. In certain eggs, however, 
_ - 	 - 

alter the formation of -:-32 blastomeres the middle blastorieres 

were observedto fuse into one solid mass, and at the blastula 

stage there began a mass breakdown of the blastomeres. None-
. 

theless-  some  eggs, which safely- passed- this__stagel  continve 

to develop further. ' - - 	_ 

The further development of the eggs was complicated 

by the formation on their  membranes of a thick bacterial 
- 	_ 

coating, which caused a slowing in rates of development, 

mass mortality and delay in hatching. After the eggs were 

immersed for a few minutes in a weak solution of potassium 

permanganate, development improved, and on the whole the 

• prolarvae hatched, but as compared with that in other series, 

the  hatching process began with some delay and was extremely 

lengthy, Which indicated poor development conditions. The 

prolarvae in the  series' that we .are -describing hatched, at 

an average:temperature of 3.4°, 'a.fter only 23 days, whereaS 

n another series a.t a lOwer temp .erature of 2.4°, the pro- 

. larvae :hatCheC3. 'after .' 21 - : 'daY-s.- .. 

Our experiment indicates (admittedly only very 

approx.imately) the -Possibility of developing only the most 

plastic eggs in freshened water, while the bulk of eggs 

dies at the very begi.nning of development in the cleavage 

stage (morulae - blastulas). 	 • 

The  aohachi flounder. Experiments were'..àlso 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 	- 



was placed in fresh water, another, in sea water, 

and the third, in a mixture of equal parts of__fresh and_ sea _ 

water (S about 	The eggs placed in fresh water, as 

to be expected, died very rapidly.' „Development in un- 

diluted ("sea] water .  took place normally1 and thuerved.._ 

as a control. In semisalt water all of the eggs also de- 

veloped normally; moreover, the prolarvae that ha.tched from_ /408  _ 

them did not, at any of the stages that we traced, differ 

morphologically in a.ny way from the larvae that were in sea 

water. 

ly related to the conditions•under which the eggs of these 

fish are naturally spawned and develop. 

lay their eggs àt a 

Japanese  and  sohachi :-  

salinity may be explained 
- 

by the reproduction and development of their .  eggs during the 

spring and 'summer period under conditions of intermittent 

The banded and black flounders 

flounder eggs and. larvae 'to flounder eggs and. larvae 'to 1'0 duce d 

. 	Since the control group in pure sea water developed 

at the  sanie  speed, and the prolarvae that hatched were of 

the same appearance and size, it may be stated that a certain 

freshening does not harm soha.chi flounder larva.° in the stages 

Since the 

of development that we have traced. 

The Japanese flounder. According to Yamamoto's 

experiments (1939), Japanese flounder 

at salinitiee- of 20.90 to 40.1.1%0, an 

of :14..34 to 33.74-%0...-A salinity lows 

the  deforMation of the larvae. 

salinity lower than 7.83%oleads to 

eggs develop normally 

and larvae, at salinities 

judge .frori -,our obserVatiOns', - the::different reac,- 

tion Of eggs .of the above species to semisalt water . is  close- 



in somewhat freshened water is of immense biological signifi-

duration - of  incubation  Of ,eggs of this species at 

eraturesin the'sea 'in February and March (-1.8 to 1.00 ) 
. 	• 	- 	• 

-is- about One and:one-half'to'two.•MonthS. ConseqUently, during' 
• 

the  -ice-melting'period the eggs are under conditions of fair7 

ly heavy freshening and drop to pelagic depths. Here they 

815. 

fluctuations in salinity. 

The resUlts that we have obtained are Only very 

- approximate  and  need flirther investigation, 

Development in Slightly Freshened Water 

The banded flounder. Some  of the developing eggs 	• 

(of series XI) were transferred td- à11-ghtly freàhened water ---  

taken from an ice hole during the melting period. The eggs 

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 developed nor-

mally, and from them there hatched fully viable prolarvae, 

which did not differ either morphologically or in their be- 

haviour from'larvae that had developed  in  normally salt water. 

an interesting fact that the hatching process took 

- place more harMonionsly in the experiment than in the control. 

The prolarvae that hatched in slightly freshened water kept 

o'. :the'.Surfaée layers:and àwam:animatedly.' : This - experiment: 

indicated the possibility of the development and, probably, 

place 

spawning,of:banded'flounder 

'near the - outflow of rivers 
• . 	. 	. 	. 	_ 	. 	. 	. 

under.natural conditions. 

in a slightly freshened , 

.which'evidently'does take 

Thus atthetiMe•of our 

Studies, sexually mature bliecimen's of-banded flounder were 
- 	- 	----- 

caught at shallow depths of 10 to '15 m at various  places 'in  

•Amur Bay. The capacity of banded flounder eggs to develop 
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continue to develop safely, having avoided harmful mechanical 

action  from  ice breaking up ‘ and: sh.ifting in the upper layers- 

The Effect of Different Temperatures  

on the Development of Eggs  

The rock sole.  As indicated above, rock sole eggs 

have de-v—elciped 'successfully in series where the water tem-

perature-  at the beginning of cleavage did not eicceed 

. A  température increase to 7.2 to 10.20  caused abnormal cleav-

age, breakdown of  the  blastomeres and the subsequent death 

of the eggs. 

The Jaoanese eounder.  Yamamoto s experiments (1939) /14.09  

n -  the effect of temperature on the development of 'Japanese 

flounder eggs and larvae showed that the eggs developed nor 

mally at water temperatures of 6 to 160 . The optimum tem- 

:perature .-  was about 

A temperature range of 7.7 to 19.7° is favourable 

for the normal development of larvae. 

In our experiments, which were conducted at the end 

of April and the beginning of May 1952, artificially ferti-

lized eggs developed normally at temperatures of 14. to 120  

(an average of 8.4° ). At 20 to 25° the eggs died rapidly. 

. 	In 1953, in ezgs obtained on 6 April in Anna Bay 

also through artifiCial fertilization, cleavage bega n  at 

water.  temperatures of 14..8 ,to 180  and went as far as the 

blastula stage. The cells subsequently slipped from the 

_blastodiscs and the eggs died. 



n Individual stages under various temperature conditions, 

The  effect of - temperartliré-Onthej-coursbof,:.4eveloPment . 	_ 	_ 
of the banded flounder has been studied in more detail. 

'.The. banded flOunder. As indicated _above , temperatures 

of - -2.0 to  +2.  60  are favour 
- 	" 

of this flounder during the 

tO +3. 

aré Tavourable  for the embryonic , development_ 
- 	- 

during the cleavage period, as are those of 

' during the period of formation , and growth - 60 - (5) during the 

Development in the last two periods can also of the 

take place at:higher temperatures of up 

thiS teMperature may bè :considered as being close to lethal, 

since it 'causes mass' mortality-among - thé , eMbryos and the pret 
- 	 - 	 • 	 , 	 . 

. 	 , 	 . 	 . 	 . 

-mature :hatching of underdeveloped . and 'clearly nonviable _ 

6.2°(8) - -, but f ' 

- .mature 

'larvae: 

The'eoUrSe  of , ,deVelopment 
_ 

of band  flounder eggs in 

experiments at different water temperatures is shown in Table 

and in fig. 65,  whence it may be 'seen that in our experi- 
, 

rnents:_the eggs,were subjeeted - td the effect of , above-normall 

temperature at various stages of development , beginning with 

. the moment of  fertilization and ending  with  the last 

before hatching. -,  
stage ; 

n analyzing the nature-  of development- Of - the eggs 1 

the following conclusions may be made.- Water temperatures 

takeS place,  a 

ranging from -2 to +2.30  are favourable for the period imme- 

iatelyfollowing fertilization and the beginning of cleavageb 

temPerature  of  t 3°,  S bx:t the disoo- 
, 

à t ion .->of the :='bias tome re à that haVe forme d deviate s a little ' 

Subsequent favourable  conditions,  many  

We considered the norm to be the demersal terriperature  of  
to -2.0ô existing. during the spawning period. 

■ e, 



^7.-7 

this temperature. 

Because of the absence of precise data, nothing defi- 

stated regarding the period of gastrulation. A 

of +3.60  in Series XI (see Table 54) appeared to 

nite can be 

temperature 

have no inhibitory_effect. Lower temperatures of 3.2 to 3.50  

during the period of formation of the embryo caused the devel- 

and nOnviable embryos, most of 

which died after the establishment of optic vesicles. Mass 

mortality in these stages was also observed in other series. 

opmentof deformed specimens 

The death of some embryos and the very sluggish hatch- /410  

ing of others was also observed in the stage preceding hatch- 

eggs 	 normally. 	water teMperature in exCesà or 

3. .00  cleavage takes place abnoimally, andthe_ egg_quickly_dies. 

e""••■ 

The period- from 16 to 128 blastomeres progresses nor- 

mally at water temperatures_ranging from -2-to +2.3° At _water 

'temperatures froM-+2.4 -to 3 • 00  cleavage .  proceeds normally, but 

shortlY after the formatiàn'of . 128 blastomeres, signs'of the:, 

disintegration and---,Slipping:-ofblastomeree apPear, and at the - 

blastula stage the eggs  die.  

The  period of the blastula and the beginning of the . _ . 

ePithelial ,  blastula progresses  normally at water temperatures 

'.of 	to +3'.2° ,--àrldno:lnjurious effect is noticeable from 

ing. It .may be seen from the above that the blastula stage 

of formation of the  embryo, at 16 to 128 blastomeres, and La .- 
_ 	, 	• 	 - 	- 	- 

Mediately - Prior to-hatching, is the most susceptible. 

the banded flounder begins to re- 

produce in WinterunderT7the -ice,.-at-a:WaterMPerature of 

about 720 . :As- may-be seen from ourlexperimentS, the eggs can 

As indicated above 



Imp eill• .1.IR 

to 16 (8) blastomeres 20 	. Cleavage irregular, 
blastomeres different 

mu. •M• 

2 

.0 

+7.0 

+4.6 

45.7 

Transition to blastula.. 

it 

Preparation for cleavage 

Prior to beginning of 
cleavage 

8 to 16 blastomeres 	 7 7  -- 	7 20 

alma PM 

Cleavage irregular, blas-
tomeres different 

+4.0 

MO OM 

819. 

also develop at a. higher temperature. The -range, -however, 

of -temperature fluctuationsa« which-the development-,T:of 

Table 7 

The Effect of Temperature Fluctuations on the Development of Eggs  

L. D i nn ifasciata 

• Tempera-
ture, in 

Stage of. development __Age Condition of eggs 

days hours _ 

Series II 

.0 	Preparation for cleavage 

.0 	Prior to beginning o 

glue 

6 

7 

18 

8 to 16 blastomeres 	 

8 to 16 and 32 blastorneres 

32 to 64  

Morula 	  

Same 

Disintegration of morula 
begins 	 777 	

7 

Same 

_ Morula has disintegrated 

Eggs have died 

Series III 



2.9 

1-1.0 

-2.0 

Same 

1 	18 It 

+0.2 

+2..0 

+2.3 It 	 1 	 £. 

	

.0 	. 	More than 8 

	

.0 	About 64- 

More than  t  blastomères 	 214 . Normal 

'+2.7 . 	_ 	Morula.:...... .. . .... . . . Blastomeres begin to 
slip and morula, to 
disintegrate 

• :• • ,•••• '• 	• : •  

ea. el& 

Mass disintegration 

Mass mortality 

Gastrula.tion. 

3.0 	Overgrowing 	  

banded flounder  eggsr is possible the cleavage stage, //4.11  at 

'different. After gastrulation 

ess sensitive to an increase 

, banded flound.er eggs become 

in temperature; the farther the 

development of the eggs has gone, the wider are the temperature,; . :: 

fluctuations they withstand.. The period of development from 

beginning of overgrowing to the closing of the blastopore the 

820. 

Transition  'to' epithelial 
blastula 	 2 	6 	All have died 

Series Ilia 

Preparation for cleavage 

Sanie.  .. • . 	.... . ... . 

2 to 4. biastomeres....... 

NorMal . 

 Sarae 

18 	On the night of 10 
February water was 
covered with ice. 
Normal 

+0.6 	• ''" Transition to blastula... 	2 	6 	Slipping of blastomeres 
z 	- 	 - 	and disintegration  of 

blastodisc (see fig.66) 

extremely liraited and varies ,frora -2.5 to +3.00 , the latter 

temperature being essentially close to lethal. The reaction 

›f the eggs in later stages towards increased temperature is 



least sensitive to incre 

PeriOd-Ofgrowth, withstanding'at thls time 

tO.'+.50* - ( =See Table 54). Prolarvae 
_ 	. 

that:had'hatched'i-and particularly larvae, endured an 
increase 

of up to - Tand 100 .. in'teMperaturà 

eggs in the cleavage stages to with- 

fluCtuations in temperature.(stenothermy) - 	_ 

the natural conditions at the places where they 

ALS,hi/s:already been mentioned , Mor6 than once,. 



'Thus  in the development of the banded flounder we dis- 

closed sharply outlined stages characterized by different de- 

mands made of the' envirànment. 

.:The 'sharp .flùctuations-in temperature; which could not 
_ 	. 

be . avoided in oUr experikents, - had a very'iMportant effect on 

Spawnind,of the' banded flounder is _confined . to the coldest 

seasàn and takes  place  under the icei-a_t an almost Constant; • 

steady teMperature; during the ice-melting pét,iOd the tempera-2412  

is 'either Very low dr - rises - 7onlyTy'eivhegligibly.Thilà. 
_ 

for:example, On 13 February in Amur Bai:at a'idePth'Of - abOUt 

:10'm We noted a temperatiire 

ice-melting season the temperature rose 

Consequently, eggs that had been laid were, 

of their, development,.at an almost constant 

21 days during 

to 

at the beginning 
-- 	- 

temperature that •  

the 

ranged .frOm 	to_71P, and did not:undergo daily fluctuations.- 

Matters were different with respect to eggs in late 

stages, and particularly prolarvae and larvae, » which appeared 

coincidentally with the spring period, when-the water was 

being freed from ice, and the spring sun considerably warmed 

the surface 1 ayers of the water, increasing its temperature 

Because of the diurnal warming of the surface layers 

of the water and their cooling at night, there appeared fairly 

perceptible daily fluctuations in temperature; to which were 

su.bjected the eggs in late stages of development and the pro- 

:larvae, both located in:the .upper_layers; for both eggs_and_: 

larvae theSe'fluctuatiOnSflecame the norm. Sharp fluctuations 

in temperature during the early embryonic stages:(cleavage and 

2 géstrulation) do:not take'place_under natural conditions,  and  

.the species=is not adapted to them. ' 	- 	: 



natural conditions. 

.developing in nature has a 

fig. 66,  each species 

latent (potential) possibility of 

As may be .seen .from 

rock sole, frord. 27.1 .to ,44.29, 

the Alaska plaice, to +1 

, 	 • • 	 • , 	 - 

-À;; 	 • 

823. 

' the course ' and results of development. , This went counter to 

natural 'conditions- under-the -ice-- where,--: --as -indiCated 
. ' 

the:temperature  for a long  time remained almost 'cons' tant; and  

if it rose in the spring/  did so very slowly and gradually. 

.itHisinteresting to compare the experimental: . Conditions. 

under development of the eggs with circu_mstances observed 

devel °Ping': within wi de r teMperature - fluctuations,  the_range o 

these fluctuationa corresponding-directly.to the fluctuation 

of the natUrai'COnditions 
. 	 . 

developing within wider 

these fluctuations corr 

of development of the eggs of a given 

species. Thùs.,  1 for , exaMple - the banded flounder, which develops 

in winter in a stable 
. . 	_ 	. 

envirenment, is almost stenotherMic.  The  

development of its esgs in the cleavage stage as we saw. abOVe , 

normally within. very narrow liraits of temperature 

roxu  -2  tO -+2.- 60 ; at -  later- stages the  upper limit 

nt', 2shifte :,to46 to  _80 .  The  - following secies are 

takes - place 'no 

fluctuation; _17 

of develoPMent shifts 

less sensitive in a cleaVage - stage and are -capable of devel- 

oping within the limits of temperature fluctuations as given: 

the 

and 

d.ers 

the black  - flounder; to ,478° 

Thanéseands tarryfloun  

which develop - in the readily warmed offshore zone, sub7 

ject to daily fluctuations withstand an even wider range  -- 

fromO to 129, and up tO +1.6° off ithe coast - of :japan. -7- .Thecip.- 

tirriUm temperature for development lies  at  about' +8.4 to 9.60 .- 
 . 	- 

A yiighly marked plasticity in respect to teMperature is dis7 

played in the developrient  of  spring- and summer-spawning forras 

the japanese fla.thead flotindeii, the yellowfin sole and the 

yellow- striped and longsnout- flounders , which are capable of 



boundaries and 

lower, and the 

82L..  

Unfortuna.tely .  WeHdo nôt  have a:t_our„disposal : .any- 

, experimental dataon the development of northern  '.population 

of yellowfin sole, or Starry or other flounders. To judge, 

:however, from:the  conditions ofdevelopment-of the:starry .  flbun- 

der off the Asiatic coast and the coast of America, in the re- 

gion  of  Monterey it - may be assumed that the. : temperatUre, 

the::!'threshold n  ofovelopment in the North' are 

amplitude of teMperature:fluctuationà, muCh. 

Smaller,-thanin'thé south. - - Thus,  for exaMPie»the -n threshole 

ofdevelopment of:the-starry flounder off the.Ambrican coast, 

in  Mdilterey Bay,is 47.20 , while off the:Asiatic coast, in the 

region 

and is 

at the 

of Hokkaido and southeastern Kamchatka, it is much lower/414  

equal approximately to 0.2 ° . It is quite possible that 

sanie  temperature the rates of development of northern 

populations are different (probably faster) than those of south- 

ern populations.  'Phis problem is of great practical and theore- 

tical interest, and special research is needed to solve it. 

é-DeVélopment of s DefOrmitieS 

connection with the effect of temperature on egg. 

Interesting to note - that among- banded floun-y': 
- 	1 

g under'laboratoy conditions there originated, 

development, it iS interes 

der eggs cieveloping under 

at various'stages offitheir developMent,:a large number (from:32 

to 62%) 1  Of'defOrmities, ,expresSedi in the absence of différen- 
- - 

:tiation.in the forWardpart of the neural tube and its unevén 

in the underdevelopment or absence of eyes. In some 

sMaller thth'nbrma1,andin  

there were many in which the 

eyes were entirely absent (see fig. 67). In the trunk and tail 

AmOng eggs that.'we immersed'in the:sea for development the 
- .number : of deforMedspecimens represented only  6% of the total. 
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.Figure 661-Temperature:conditions under which flounder eggsdevelop,. 

- under natüral Conditions; 2 - in experiments; 3 asaumed in nature 



Figure 67 Abnormal embryos of L. pinnifasciata 

:sectionà.differentiation still took  place, and  in, most-cases, 

fairiy distinctly. Deformed proiarvae that had hatched kept 

to the surface of the water, like normal specimens, and sub-

sequently developed at almost equal rates. The resorption of 

the yolk sac occurred normally, the mouth opening appeared on 

time, the tail lengthened and pectoral fins grew. The two 

groups were also similar in the character of their pigmenta- 
_ 

tion. Deformed prolarvae, however, were at once distinguished 

from normal specimens by a crooked or simply curved tail and 

abnormally distended mouth and gill cavities (see fig. 68). 

They also differed in the nature of their movement, this dif-____ 

being particularly sharply manifested in late larval 

stages. Whereas normal prolarvae and larvae moved freely in 

all directions, eyeless or one-eyed specimens as a rule re-

volved around their own axis, most frequently  in  :a  spiral, and 

their forward motions were extremely faint. In general, they 

had no reaction to light. Deformed larvae, placed together 

with normal larvae in a vessel of water darkened on one side, 

remained in the same place as at the beginning of the experi- 

ment; normal larvae, as indicated above, left the darkened 

portion of the vessel and collected in its illuminated part. 

Subsequently, after the yolk sac had been absorbed, the deformed 

larvae usually died more rapidly than normal larvae. 



under:natural conditions (Kryzhanovskii and others, -  1953) oven 

827. 

fish has been noted by 1:)oth 

Soviet and foreign researchers; different deformities have__ 

emerged upon the action of the most diverse factors on the 

Thus Stocchard (1921) obtained -  deformities through 

action of chemical irritants; Hata (1929) and Stroganov 

(1939b),'by the : influence of  mechariical ,effeets, and 'Kelli 

(1916), thrdugh the action. of low 'temperature and increased 

Nikolyukin and A. Longinov 

Kryzhanovskii, N.N. Disler. and Smirnova_ (1953),.obtp.ined 

cl.eformities under, the 'influence of low temperature and in. 

hybridization. T.I.. Privai inev (1935) , Et.r Vernidub (1940, li4.15 

S .G 

and , 1949) Trifonova and ,c)thers caused abnormal 

develop.ment through the action of high temperatures. Giinther 

and Hertwig noted the 

hybridization. G.A. 

formation of deformed specimens in._._ 

Detlaf and- A.S. Ginzburg observed.- a' large 

àmbryos when •they •incubated stUrgeôneggS 

Vasillev (1957) noted that differentiation. of the 

pink salmon exnbryo was disrupted when there was a reduced oxygen 

content  (3 - to milligrams per litre). 

Vernidub (1940 and 1941) shoWed 

that high- teraperature  and  reduced oxygen content cause the -  most' 

profound disruptions in the organism in early stages of develop.  Ment 

at the time of clea.vage. 

. Cases' aro alSo known where deformities havO developed- 

-collected in j 1914.7 we found a two-headed sohachi 

69), 'whiie -in 1952 an eyeless and a 

•■•■••• 



Figure 6 

by sharp temperature fluctuations 

asphyxia), since the character 

experiments by  the  above authors.  As  may be seen frora Table 
= - = 

54, in the experiments with Series -XI the temperiature was 
, 

increase d  three times: 

fertilization, during the 

for cleavage; next, up to 

blastomeres; on the third 

period of preparation of the embrY0 
o 

+ 2.6 , at the stage of 16 to 32 

occasion, an increased temperature 

Maintained. for_._raore than two days at the  stages 

the beginning of the gastrula. 
' - - 	- 

the ::first increa -se7 -in, -temperature-,--the -EupPear.ance of many 

eggà was not quite normal. The second temperature increase 



't 

XI another 

(asphykia), 

on thé". one .hand  and as a result  of crowding 6f the eggs; on 

possible'that under natural Conditions 

de formi ties may 'have resulted from the aCtion of heavy swells 

factor had an important effect -- lack of oxygen. 

which could. develop with . increased.teMperature. 

of the flounder that we 

To 'sum up, it .  shoUld be:noted hould be noted that the eggs and larvae _ 

have investigated develop well in sea 

develop -  inost,.successfully :in water : that' has been slightly fresh7- 

ur observations of the development of the eggs 

semisalt and slightly , freshened-waterTindicate the -Sharply: - 

 'e:kpressed negative:  reaction of the eggs  of  these flounder species 

near-negative reaction of banded and black 

829. 

caused disruption of the b astoaisc and the  su secuent death 

of the eggs, 'while .the third and Inost- prolonged increase in •- -- 

temperatüre caused  the  process of differentiation of the 

embryos tà be suppressed, resulting in the -- formation- of a large 
- 	- 	 - numbiar of deformed specimens. In our -eXperiments on Series 

in stormy weather. 

Various authors offer different explanations for the 

developMent of deformed specimens . Many ( Privol Inev, ' 1935; 

Trifonova and others, 1939; Svetlov, 1934) 

the action of high temperature and oth,er harmful factors /4.16  

there is a disruption in the coordination of the speeds of 	- 

development of individual rudiments of the embryo, which causes 

a disproportion in the growth speed of various tissues. • 

believe that under 

water of nor2nal salinity. The, eggs of the banded flounder 
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. flot nder eggS to samisen  waters  and the high resistance 

of sohachi flounder eggs. 

and -1a7rve are  '-:adapt-ed'tb -development 

in certain - :teMperatUreS .that7-  differ 'Tôr, different species. 

This Is CioSelY' •related'to the-: geOgraphiCal distribution of 

and the  temperature  conditions prevailin iz3. the areaS in which-

the eggs Of each species are laid and develop. 	 . 

Within .certain limits for each species an increase 

in tempàrature accelerates developMent , while a reduction 
, _ 	 • 	•  : 

-- ' in tèMpertUre :  PrOducés '. the 7oPpOsie effect ., When temperature . 	.. 	_ ., 	,... 	.• 	- .. 	,,, 
fluctuations ,exCeed the 'boundaries- of the  upper and lower 

. 	. 
thresholds  of  development, they inhibit developMent  and cause 

the ' formation of • deformed specimens and the death of eggs 

and làrVae.. 	• 	. 	 - 	 ' 

Figure 69 - Two-headed embryo of Cl. herzensteini 

The , eggs:  of flounder that reprodc nhe cold seasOn 

thè year (the banded' ‘ and black floUnders and the rock sole ) 

easily endUre a reduction in temperatUre -to .;-2 , and even being 

-frOzen into the lce , • and l'eithstand:a temperature higher than - 
0 

•tsO 4 -  .1i.131- i'D'oprlyThè eggs of flounder' ,that reproduce in _ 	_ 

the spring and summer (the yellowf in sole and the yellow-striped 

Flounder eggs 

of the year 

_ 	„., 	, 
flathead, long and longsnout flounders 

_  
under conditions 0f 1.  

periodic fluctuations in temperature, sustain temperatures of 



- 
the environment differs.= 

The_relationship of the various stages of development 

n each species-the most—sensitivEC 

atage::is:that  of  cleavage. Numerous experimental investigations 

have Shown thatthis -phenomenon ds coMmoninbiology and ià 

laidespread,not only among-fish, but àlso . among invertebrate: 

a.nimals (Thorson, 194_6) :Underthe influence  -of unfavOurable 

.conditions„ .during :theperiod of . cleavage . the . regUlarity  of  

the latter is'disrupted,. the blastodisc Which has formed 

.disintegrates and the eggs subSequentlydie prior to gastrulation. 

All species display increased sensitivity at the stage that 

precedes hatching; unfavourable conditions delay hatching, 

which not infrequently leads to death. The larvae are more 

eurythermal and can exist under conditions in which the-

fertilization and cleavage of eggs is impossible. Tlus, for 

. ,example .starry flounder larVae enter_fresh water .and there 

- ',11comparison of experimentally obtained data on the 

evelop norMaily. 

effect:of temperature on development with data on the course 

of development:at thè.teMberature s prevailing under natural 

possibility 

than those 

time, the 

conditions shows that 

that 'usually'exiàt for it'in  nature. .At the 'same 
- — 

amplitudes of these  fluctuations  are sPeCific for 4.  

that 

develoPing 

ea.ch:,species  bas a latent (potential) 

Within wider temperature . fluctuations 

speciea .  and in the final analysis are determined )Dy.  the 

environment. 



.Sea:o .f Japan.. 1  -Peter . the-Great B The -bottom of 

- 	 = 

GENERAL REVIEW' AND THE_REGULAR PATTERNS OF REPRODUCTION 

AND DEVELOPMENT OF FLOUNDER 

Reproduction, 

Our material permits an Idea to be gained concerning / 417 

.;the individual regions of Soviet Far Eastern watersfrom the 

'viewpoint of their'value to the reproduction and deVelopment 
_ 	- 

of •flounder (see Table 76). 

Peter the Great Bay is-a-vast -, -slightly 	inclined continental 

plateau occupying, according to K. M. Deryugin (1939) an area 

of approximately 10,000 square kilometres. Beyond the 200- 

metre isobath there follows the slope of the continental 

plateau or bathyal region, in places with a steepness of up 

240 . Peter the Great Bay runs deep inland and has many in- - 

lets and small bays. 

llydrôlogical .fconditions In the inlets are - characterized 

by  a considerable annUal:-amplitude of fluctuations in tempera- 
- 

- tura and « salinityDuring - the winter  the  inlets are-COV-ered__ 
, - . 

with 'solid:icé, and the"bays, with floating Ice.. The below-

zero temperature'at the surface of the water and at depths of H 

15 to'20 metres lasts from - the end of December and the begin-

ning  of  January almost to the end of March. The end of January 

and the month'of. February represent the coldest time of the 

year. At this time, the temperature of the surface layers of 

water drops t de.p. thà of '15 tO 20 m, to -1.89 . 

Warming begins in April, the temperature of the water rises 

rapidly, and in  summer the surface layers are warmed to more 

1 



r.- 

while those 

ummer thermal  conditions are nearly subtropica: 

in winter suggest arctic conditions. 

of: oxygen. 

The area-  with the - warmeât -  Ï.ter is  - Pos et - Bay. The 

winter monsoons, blowing from the ma.inland, early and quickly 

chill the offshore waters of the northern area. In the south-

ern ax.ea their effect is softened by the streams of the warm 

Tsushima Current which extend to this region, and virtually 

ern 

no ice formation is observed in the winter. 

The bottom fauna of -  Peter-  the Great Bay, particularly 

in its eastern area, is rich and varied. During the period 

of flounder development it yields vast quantities of larvae, 

which swim in the tipper layer.s of the water and are excellent 

food for  flounder. larVa.e. 

Because 6f  the diverse conditions in different seasons 

of the year,  the mOst widely diverse groups of flounders live 

and develop here.  

In the eastern area of Peter the Great Bay, which we 	9  
- 

investigated out of 20 flounder species dwelling in the region 

we noted 14 reproducing (see Table 77). 

The bulk (eight species ) reproduces in summer, a much 

smaller n.umber,\ (three species ) in spring, two species in 
_ 

autumn, one in winter, and-One in the wiriter--sp-  ring period 

s ee 7 Table -77). 
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_Spawning Seasons of Flounder in Peter the Great Barn  

	

I 	\•\ I .\ • I .  I / 	V'.  I 1(1 .;• 7;f7: 
1 1 '. hip. stnnolopus . . 	+++ : • .; 	• 	• • • ' ' 	• . 	+++++ 
L. pinnifasciatn 	 'X X X X 	 • ' •-• 	 " 	• ,• 	 , 

• L. - obscur 	 x 	
7 	• 

L. bil mochigarel ç.• 	• 	>eX X X X X:X X++. • 	.-* 	 • 
dubius . . . 	 x.x xxxxx 	'-'"; • 	. 	: 	' Irlit • 
stellatus 	. . • 	""7 -  I: 7 	X X X•X X X " 	' • 	 • . 	' 

: Ps: yokohamno . • 	 X 	 • 	'. • 
Pb. harzensteini 	 . . 	,X X X X + 	--- • : 

	

herzensteini 	 ".": 	X XX X X : 	'7 	. 	, 
L'punct. punctatissima 	 7 	 X X X -F-1-± 

. 	L. 'as*pera 	. . 	. 	. • • 	" 	X X X + . 	 . 	• 

	

. . 	 ***-- * 	•*. 	'..X X X X • ' 	' 	 -/ 
, 	GI: stelleri. 	. . 	. 	• 	• 	'.• 	. ' .X•X X X X 	- • , • - 

P. oiivaceus . . . . . . 	• 	• 	 X X X X 	' , 	• • 	E 

" 	  e In this and succeedang tables x indiçates spariiiig that has been 
noted , and  +, as sullied 'Sp alming 

. 	 Table 76 is on p 835 

A temperate-boreal Sea of Japan species -- the banded 

flounder. -- reproduces a -b the coldest time of the year (Januar3 

and Februa.ry) at below-zero Surface a 
. 	 , 

of about -2.0°. 'Spawning takes place 

the sublittoral, at de.:pths of about 10 to 15 m. A southern-

boreal Sea of Japan species,-the black flounder, reproduces 

the year (January 

takes place in the upper. levels of 

in the winter and spring period (frora the end of February to 

the beginning of April in the upper layers of the sublittoral, 

at depths of abà'ut 10 tO 

A teMperateboreal 

m and at a temperature of about 

species.-- the - southern rock sole -- 

conditions in the lower levels of 

the sublittoral„ A southern-boreal Sea of Japan species -- 

the Japanese flounder 

May) at a. low above-zero temperature mostly of about +20  and 

reproduces in spring (from March to 
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The Reproduction  Periods of_FlPunder in Different RegiOnS. :  

Region'. 

Species 'Peter, the 
Great ,Bay 

Tatar 
Strait 

Aniva 
Gulf 

:SoUth' 
Kuril'ea: ; 

. gokkaide 

Terpenie 
Gulf 

Western 
Coast., 
of KaM-
phatka 

Shelekhov 
Gulf 

Eastern 
coast 
of Kam-
chatka 

Korfo-
kara-
ginskii 
Bay.  

Olyutorskii Anadyr 
Gulf , 	Gulf 

' . 1 

blissodon . .". . 
11...dubius 	. 	. . 
1I.f .ro.bustus . 	. 
A. 1.1ndesbnyi . 	• 
Cl.berzensteini . . . . 
E.  grigorjewi . . . . . 
L.-bil. bilineata . . . 
L...bil. rnochigarei . 
L. asEiera 

L.,.punct. punctatissinin • . 	. 
L.-punct. proboscidea . 

: Ps.- berzensteini . • . 	. 
;, Ps. yokobarnae . 	. . 

Pl. ,quadrituberctil'ata . 
CI. stelleri 	 
L. obscura . 	 

L.. 	• pumn asciata . . . . 
L. glacialis . . . 
Pl.,. stellatus 
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_ t :depths.-of _approx?.mately-, pre doininantly_ bore al - 

: ' In the central 

round Askol ' d Island ,  

central' land outflowing zones of the Bay and 

Island only  the  Sea of Japan flathead flounder . 

836. 

SPeclea 	the starryflCunder 	réproduc es  at  a:somewhat 

*deeper 'level. A temperate-boreal Sea of Japan species -- the . 	 “ 	 _ . 	- 
Japan Sea flatheadi:floiu-ïder 	:reproduces at depths-of- 20 to  

70 in and at temperatures ranging mainly from +1 to +30 . 

The group of summer spawning species is the richest - 	- 

and most diverse in respect to zoogeocraphical categories. 

The spawning of a temperat e-boreal Sea of Japan species -- 

the yellow-striped flounder -- begins in the second half of 

May at depths of 10 to 25 m. At the end of May and beginning 

_ of June it is joined by the longsnout -and sohachi flounders , 

as well as by a temperate-boreal Pacific species -- the yellow- . 

fin sole. Thé long flounder spawns somewhat later and further 

from the shore and at a considerable depth, for the most part 

in excess of 30 m, while the spiny flounder spawns in the open 

area of the Bay, at a depth mostly in excess of 5o m. The 
spawning of subtropical-boreal species -- the bastard flounder /420 

and  the twb-coloured ':floundér -- has been notéd in -addition 

tOthat of thé above mass forms . In Peter the Great Bay, .to 

judge from the quantIty 'of7 eggs there form : large' spaWning 

accumulations of flounder, in which  the yellowfin sole forms 

the largest proportion. 

chiefl 

The Spawning  stock - concentrates Mainly in Ussuri Bay,, 

in the latter' s eastern and western offshore 'areas. 

and  long :flounder :.ën-dagïn,-MaS- reproduction. VoSt-àk' and 

:Amerika, Bays - :a.eof less :Spawning : importance for all  species. 

The duration -  Of developMent: of the eggs :laid by dif-

'-ferent sppciéà .fluctuates depending -  UpOn thermal conditions. 

Amerika Bays are 

feren 



consequently, the prolarvae appear 	plankton no earlier 

than the end of March • an-d -  beginning of April and _the larvae 

in the middle and at the end of April. Somewha.t later, at 

there appear the first black flounder•larvae, 

__Starry. flounder' and..flathead .  flounder 1the -Japanese 

The developmen.t_ of, the _eggs_ of surnmer7sp awning spe cies la.rvae. 

of the prolarvae 

Towards this time, most of the larvae- of the winter 

and early-spring-spawning- flounders sink to the lower levels .of 

the water or lie on the bottom. The mass appearance of larvae 

n plankton - coinçides with the peak .of the spring development 

of plankton. 

data from A. Ps Kusniorskaya-  (1949), an - ccording 

abundance of phytoplankton is observed in Peter the Great Bay 

Toward's  May  its biomass is reduced, and the quantity in March. 

zooplankton increases. K. A. Brodskii (1937) noted two 

brief sharp increases, of -uneven extent, in zooplankton in the 

northwestern Sea of Japa.n. The greater of the two was confined 

the less or,  to November. He did, however, note 

comparatively large biomass figures in June 

of mass ap -eearance of flounder larvae. 

during the period 

On the basis of egg collections we have attempted to 

assess approXima.tely the state of the flounder stock in Pater 

the Great Bay. 

837. 

most prolonged is the eMbryonic deve165mént -O 

banded flOunder eggs, 'which are laid in winter at below-. 

zero:Water -  terdperatures (about -1.7 tô 	.  As  our ex- - - - 

perimental  observations have shown, the incubation period 	- 

eggs at this temperature lasts for about two months and, 

The 

incubation peried--- 

9f 



fishing in Peter the Great Bay, 
• 

which began from 1929 to 1930, has brought about a decrease 

in the flounder  population and has been reflected in the 

s species composition. Yellowfin sole and sohachi 

flounder, which had previously predominated, forming up to 

85% of the catch when fishing began, have begun to yield 

to other forms previously found only in the most negligible 

quantities. The slime and spiny flounders, which  in the  

first years of fishing had been caught in insignificant 

. amounts, towards 1939 began to acquire an independent value 

in the catches. Towards 1950 this process intensified even 

further (Moiseev,1953). 

species:(see'Table 18).- 

data given indicate that in 1952 the The  yellowfin 

sole population in.creased, while 

the quantities of eggs 

for all flounders and:separately for  each  both as a whole 

in 1957 a notable decrease 

permit us to.analyze the 'changes in 

the'samè:time,there.was an increase in #103 longsnout 
flounder population. 

df 'Tatar Strait:at the beginning of May,' in July, and in- part' 

part of the Sea 

Strait there dw there dwell 14 flounder species. 

nvestigations 

japan 

were' Conducted mainly in the southern 

off , the Maritime Coast and in Tatar. 

Great 

:Studies .ona , qtiantitive éstimate - of eggs in Peter the 

Bay in  .19491 and particularly'fin 1951, 1952 and 1957 

again occurred . There 

irrationally organized 

is reason to fear that if fishing is 

a further, and even greater, reduc- 

tion in the population of this important commercial fish will 

take ,place in Peter the Great Bay. 

.• 

Tatar' Strait. This area is characterized by a larg o . 

annual  amplitude of  temperature  fluctuations. In the northern' 

August. In this region thei.c reproduces the same complex of 



: 7- 	- 	 Table 78  

2Averab.1,é Catches and the'Correlation of,the-NuMbers of:EggS  

2 .- -,6f -Different Ploùhder Species ln Ùssuri Bay 'at' the - 

., 	 Time of :Mass SpawninQ , 

SPecies 
1949 ; 	. 1951. 	 _1952 - -. 	 1957 

In surface 	In - surface 	Pern surfa( 
fishing 	% fishing 	e square % ishing 

	

, 	metre' 	- 

aurface 
%. rishing 

.1 	/-1-----/T 	71 	/1- 
'85 0 	885 . 39,3 	1737 	: 42,6 73,0 29,0 1014 

• — 	330 	14,8 	1215 	29,8 54,0 21,4 649 
• 267 	' 554 	24 , 9 	651 - 	16,0 	32,0 12,7 	800 

365 	414 	18,7 	432 	-10,6 30,0 11,9 552 
8 	48 	2,3 	35 	0,9 11,0 4,4 	48 

in the eastern part of Peter the Great Bay, with the 

difference that here the subtropical-boreal species are absent 

and a subarctic-boreal species is Ëdded -- the Alaska plaice. 

flàùnderàreproducing in abundance:in Peter the 

.
.Great.,Ba.y'(the southern'flatheàd,  the sohaChi, the Japanese,' 

or mOst -of the 

yellow7striped and the longsnout ) Tatar Strait is the J 

boUndary .  of the 1.region of reproduction,. and therefore ern the- 

nuMber of eggs of these'flounders is hero small, 

from the end of March to the 

beginning of Mayine  the southern part of Tatar Strait. The 

large 	elutin“ty be eggs has beeh nOted off .  the western  coast 

f: Sakhalin and in the: region from' Iitinsk to Kholmsk. The 

JaDanese'floundor reprOduCes .  here. in May and June,: and the 

s:soUtherh'flathead . flounder,1:probably from2the beginning of May 



, 

840. 

June. The yellowfin _sole, and the yellow-striped sohachii 
_ 

longanout , spiny 	 s ) and long  (Korean) flounders -  ; 

haye, .been noted: aPaWning in, June and August along-  the  western 
- 

coast of Sakhalin. 

Sine' e the/id:have been hosystematic collections : during 

the periodof mass apaWning :  of the .abOve flounders,, it is 	I 
- 	. _ 	 - 

dIfficult' to evalUate  the SPawning grounds  of the  -southern__ 

area of Tatar Strait , but to judge from the relief of the 

mainland shoal, the spawning significance of Tatar Strait is-

less than that of Peter the Great Bay. At the same time, the 

broad, slightly warmed shoal of the northen par't -o-f- T-atar 

Strait' is favourable for the mass spawning of the yellowf in 

sole , the Alaska plaice and the flathead. flounder. 

. 	_ 
:Thé:'spawhing of :flounder' in Tatar Strait takès place 

withirithà limits of the  '..50-me treisobath'; only  the spiny 

floUnder.::réproduCes 	à*depth of -al:)OUt 100 M.  The  calendar _ 	_ _ . „ 

periods of spawning are later than those in Peter  the  Great 

Bay ,( see giable 

Sea Of . :.0khOtsk., Aniva Gulf is comparatively shallow; 

the maximum de -ath does not exceed 100 fa. The isobaths in the 

- eastern part are contig-uous, and in the western area they are 

extended fairly far :aPart.- Thermal conditions are characterized 

by wide annual temperature fluctuations. 

is known, is transitional 

- Southern boreal.',  The 

specieà) andConaists- of 

In the - perià4 that we 

beginning: of- , September 

Table 84 ); . 

fauna - of Aniva ' Gulf , ,::as 

l'between' i the  northern boreal and,the 

only five were ribted 

studied (May, and 

diverse (21 

warm-water species. 

from July to the 

spawning (see 
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- - Table 79. 
• , 

, The''Spawnine :SeaSonsof Flounder ih Tatar Strait  

Speçies 
1›-e 

>> 
■41 	N 

'  

IL hip. stenolepis . .•;+++++ 	• 
II.. pinnifasciata . . . . 	+++++++ 	: 	.• : 

obscure *  
L. bil.mochigarei . • 	' X X ++++++++ 	 • 

•. PI. quadrituberculata 	 XXXXXXX 	' 
dubius  

Ps. yokoharnae . . . . . 	 XXXXX 
PI. stellatus * . . . . 	• 	+++++++ 

	

herzensteini . . . . . 	 +++X X X X 
Cl. herzensteini  	 ++ X X X • . 
L. punct. punctatissima 	- 	' 	XXXXXX X' 

. Lapera 	 . 	 XXXXXXXXXX 
' •*.K. nadesbnyi 	. . . 	. 	 • 	XXX XXXX 

stelleri . . . 	. . . 	 . 	 XXXXXXX 

.SpaWning seaSbn . notestabTfsiied 

• ' 

• 1-4 

•-0 
en 	 • ce 

. 

•cr) 

cp 

•o 

o 

r-1 

a) 

The northern flathead flounder reproduces at the end 

of April and in May and the starry_ flounder., in May and, 

probably, in June. There is reason to assume that the southern 

rock sole also' reprôduces here in the winter-spring period, 

and -the .Alaska iplillice,- 4n:the :spring. -  :The yellowfin› sole and 
H 

the longsnoùt, :long, 

 

and  evidently, the . sohachi, yelloW-striped 

and spinyflounders reproduce from.the . end of June .to the 
„ 	. 

beginning 9f SSeptember in the 'northwestern and northeastern 	. 

and the Alaska plaice, in 

the longsnout long 

and 

parts of tho Gulf, on a slightly warmed shoal. Mass'spawning 

by the yellowfin sole and the longsnput flounder'.is confined 

to the end of July and the beginning of August. The spawning 
- 	• 

ellowfin:  sole are fairly  large, 	catches 

up to -1,659 eggà in surface fishing.  and up to 70 

per square metre. The quantity of longsnout flounder 

accumulations of 

have yielded up 

specimens per sq 

much  les  than -.that yellowfin sole: egg catches of the 



, 

MOiseev:, 16 species 

warm-water, flounder 

842. 

former did not éxceed 10 specimens per square meter and 262 
_ 	 

_ 
specimens in  .surfacé fishint,-, . The bulk of 'both specieb lays . 

its eggs -  at bottom temperatures of about +30 . - - 

• . 	_ 	_ 

• Terpenie  Gulf._ The:-.SOutheastern Coast 'of Sakhalin 
• „ •„ 	_ 

the boxindary lregiOri  of cold 7-water northernboreal. and S2' 

: 

southern-boreal fauna. According to P.A. 

of flounder dwell in this region.' 

.. 	 • 	 • 

InTerpenieGulf, which is characterized - by a lproad:- 
• - 

d shoal, thestarry flounder spawns 'in' May : and  June,, 

from the end of July to the beginning 

mainland shoal, the st 

and the yellowf in sole 

of - SepteMber.' - The largest accumulations of the latter species 

are Concentrated irither -  northérn-part -ofTerpenie  Gulf,  where - 

disCoveries have, ibeen made of up to 1,878 eggs in Surface : 

fishing  ana. as many ' as 1,000  eggs per square metre. 	bulk _- or these flOunder. reproduces , at  depths of 20 to 50 M and at 
" 	 . 	• 	," 

water - temperattlrea' :ranging from 1.0 :tà .  4.0°  at the bottom  and  

from: 10. The spiny flounder re- thé._SUrfacé. 

produces froM JUlj- ,td -Septexilber In the central 

sublittoral at depths of 100 m and more. 

zone of the 

The Soilth:Kurile islanda're----- a -region of Ybroad shoals 

•adjoining - .the, northerri . coast of . Hokkaido and the i South  Kurile 

Islands and  populated:by a diverse and,  to  a, very' great ' extent 

fauna ConSisting of 21 species in the 

first region and 20 in thea second. 

number Of yellowf in sole and .aohachi 1423 
_ _ „ 	 • 	 _ 

:.flouhder.'-sPeciméns havebaeri notedépawning' in July: and 

'Auguat,  as  have  a small niumber Of long flounder_ froni July: 

The western coast of Kamchatka  represents a broad 

shoal and is characterized by a high biomass of food 
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-A. evermanni 	. • • • 4-•++++ 	• 	•'•• 
R. Ihip. rnatsuurao . e +++++ 	. 	• 	- 
H. hip. stenolopis  
L. glacialis . . . . . • . +++++++ 	 . 
Lep. bil.hilineata 	. . 	' +X XXXX X+ • 
Pl. quadrituberculata . . 	XXXXXX X++ 

olassodon • . 	 XXXXXXX 
PL stellatus • . . 	' 	 • 	- X XX X X 

punct. proboscides . . 	•• 	XXXXXXX 
L. aspora 	 •  •- •XXXXXXX 

•.A. nadesbnyi . . . 	. . 	• • 	' 	+++4_4_ 
Gl. stoner' 	 • 	 • 	• 	X X+++ 

- 

ct.) 
C)  

. 

• -  •1•••,••.: ••••■■■•••••••■■••■.. 

843. 

invertebrates which reaches particularly large proportions 
, 

in the southern regions.  The  annual amplitUde of temperatune - 
I 	 . 	 . , 

fluctuations is small.  
- 	- 

-- During the winter 

Warming'begins  in  March and April. In the sOuthern Part of 

the *coast towards the end of May the surface temperature - 

the shoal is covered with ice. 

reacheS +3i': and the demersal temperature,- +2°  

from ,Tuneto Aùgust thé water warms at the Surfaco 

.100 , and,'in - ,places, to 139 , at the bottom:_to_+2 

In - summer,-- .  

o 

to 5 and . 	_ 

and 

to  +so . and in  October to .+89.. 
" 	 - 

the .temperature at the :surface  drops to 

,. northern regiàns, to 0 and 10 . 

in August Towards December 

2° , and in the 

: Sandy bottomS are widespread over the entire mainland 

Twelve flOunder specias dwell here. Of - these, four . 

belong to stl-Wintèr ---spr'ing and 'spring .  groUps , three (five?), 

to tije..  àtinuTiéi■ group ,andthree.. to the fall and 1.einter group . 

see Table:1,80). 

Table 80  

The Srawning Seasons  of FlOunder 'off tlie -: IdebterriTiCbàà'ti-Hof'Ka-rricSa:tka 

_Species 
›-› 

›• 
F.-1 	cd 

0 

crJ 	 cd 

e--I 

;-• 
— 

' ›-› 

-1-› — 

U)  
g.• 

0 	0 o. 

/r.  
r .1 	1 1 	e 

++41 ++ 
.• +++++ 

:±+++.1-• 

- • 	I 

..• • 	• 

. • L11 
. 	 . . 	 . 

• ... 



about 0° thebottàm of  

Bering Sea 

'reproduces 

species -- the Okhotsk flathea-d flounder --- 

somewhat later, from the middle of April to the 

spawning forms are: la.rge and are Of great commercial importance; 

'1J A nôrthern-boreal; Sea of Okhotsk_ and.: Bering Sea. 

species -- the northern rock  sole 	reproduces in spring,- . 

in Idarch and April., in the lower levels of the sublittoral, 

depths of about 100 150 m and at a water ,  temperature 

Subarctià-boreal -Spe-Cles 

the Alaska plaice -- la-ys its eggs in April and May, for 

the most part_at a depth_ of about 100 m and at water tem-

pera.tures of 0 to  +10 . A northern-boreal, Sea of Okhotsk- 

beginning of June, closer to the shore, at depths of 50 to 

150 m and at water temperatures of 0 to +20  at the bottom. 
. 	 _ 

A pre-eminently boreal s-pecies 	the starry flounder -- 

reproduces from the end of April and the beginning of May 

to:June at• depths of 75 m and less and at water temperatures 

of 0 to +30  at the bottom. 	 - 

: 	« Of the flounders tha.t spawn  in  summer, the yellowfin 

sole and a northern-boreal, Sea  of Okhotsk and Bering Sea 

species -- the snout sole 	reproduce from the end of May 

to the beginnin.g of September, for "the most part at a depth 

of 50 m and water temperatues at the bottom of 2 to -5 --. 

Spawning  by  the long floun.der has been noted in Augu.st. The 

spawning periods of the tuberculate Cliteral translation; 

possibly an oblique reference to the Alaska  plaiceJ  and slime 

flounders have not been established. Pacific Ocean boreal 

species -- the arrow-toothed, Greenland and true halibuts -- 

reproduce  in the autumn and winter on the edge of the mainland 

- 

he spawning accumulations of springL and suramerL /1.42k 



the density of these 

towards the north. 

accumulations decreases considerably .  

845. 

they are concentrated mainly in the southern area of the 

in the :region from Cape Lopatka to Ust -Bol sheretsk 
. 	 - 

First in the number of eggs per square;- metre is the -- 

yellowfin sole, which during the mass spawnirig period yields 

up to 1,000 eggs at the mouth—of the Ozernaya River. Next 

is the starry flounder, which in May in the region of Cape 

Kambaltnyi yields up to 757 eggs. In third - place are the 

Alaska plaice :which in_April —in- the region northwest  of  

Cape  Kamballnyi ,yields i,355 eggs , and the flathead flounder, 

which in May of-f- Cape Ozernoi -yields—Lip-to 372 eggs. 

: Northeastern  -Oart of the Sea. of Okhotsk.  The , thermal 

„ conditions - of the:.water are characterized by .a 

: amplitude of fluctuations;  'inost of the year, however; a  low 
. 	. 	 . 	• 	 • 	 . 	 • 	 • 	 . 

prevail s. 	in the region of' ShélekhOV 

(÷ one?) flounder species (see Table 76). Of these, 

three spring-spawning species _reproduce in Penzhins. Bay in 

May and June. These species include the northern flathead 

. flounder, yielding up to 100 eggs per square metre, the starry 
_ 

flounder ., giving 'up to - 30 eggs per square metre, and, in much 

smaller quantity, the Alaska pla.icei-  yielc3.ing only two egg-3'7 

per square metre.. 	 ' 

Spawning by the summer-spawning yellowfin and snout 

soles has been noted in August. The spawning period 

spiny flounder has not  been established. 

- Mainly springspaWning forms-  reproduce  in the 

 Tauiskii Bay region.; their spawning periods, however, are 

shifteci 	the summer months. 

dwell six 

shifteci tà 



20  per  metre) and of  the Star-r- y -flounder from 

„ 
Gulf -contained water at a below-zero 

art from 0 to +O. d only a large part of Kronotskii 

ero temPerature. In April 

+0.5 to 2.5° and in May t 6 '1 .1 0°  the . regiOn -: frOm Cape In 

of Okhotsk, 1955). Eleven +3? species Bering Sea and the Sea 

region. The vast majority belongs to the dwell in this 

see Table fig. 81). The northern 

rock sole reproduces in spring, 

Alaska plaice, in April and May; 

in March and April; the 

the Sea of Okhotsk flathead 

middle of April to the beginning flounder, frOM  the  

„. 

846. 

ggS of the northern flathea'd flounder (from 

12 par square metre) hava been disclosed in small quantities 

in:this area from 29 June to 14_ July. 

- 	- 
,Summer-spawning species evidently do not reproduce 

in the region between. Iona 'and Elizaveta Islands, since in 

su.ramer (21 to 22 July) eggs of only the spring-spawning 

starry flounder have been discovered. 

Eastern c6ast of Kamchatka.  "The offshore - zone of-: 

eastern :Kamchatkals characterized_by a very narrow mainland, 

shoal that is close to the coast and widens _somewhat in _the 

latter's southernMost area. 

, Capes ShipunSkii, Kronotskii and Kamchatskii are replaced by . 

Sandy bottoms, which only off 

hard and frequ.ently even rocky, bottoms, are widespread 

over the entire mainland shoal. " Hydrological  conditions,  

as  off .::th  

the ,water à 

western coast 

. the surface in 'April 1951 varied for the most 

Yare evere •• stern coast, are severe. "The temperature of 

, 	 . 
1951 the  ,demerSalteMperature, ranged- --on the average'..froM 

Lopatka. to Cane Shipunskii, and further .  in KronotSkii Gulf, • 

the temperature . at the bottom rangeil from 1 to 3 0  " (Atlas 

of Charts of Oceanographic Data on Pishing Regions in the 
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.The'conditions under which the above 

off the  Coast of Kamchatka. 

species reproduce 

/42.5 'reSemble those 

spawning accumulations of all species of flounder 

extensive shalloWs  of  the mainland shoal-- 

inland.' Among such places are Kronotskii 
. 	. 

and 

.aréConfined.  to the 

and to . bays running 

' 

and the  Starry flounder; .from:the - end  of  April and beginning 

of  May - to the beginning of 'June - . -7 0f  the summer-spawning-. 

forms, the. yellowfin and snout soles reproduce, evidently, 

from.the . end of:May . to:the'beginning of September. 

spawning period of the spiny flounder has not 	' 

been established. Halibut reproduce in the autumn and winter, 

while a pre-eminently Pacific Arctic species -- the arctic 

flounder -- probably reproduces - in the winter. 

Table 81 
- 

.The Spawning SeasOn of Flounders off the Eastern Coast  

of Kamchatka' 	- 

'Species 

A. evermanni ." 	. 	.  
. R. hip. matsuurao . . +++++ ' 

- II. hip. stenolopis . .•  
L. glacialis 	.... . . 	 * 

hi!. bilineata .. . 	• +X XXXX 
Pl. quadrituberculata 
H.  clasoodon . . . . 
PI. steIlatus 	. 
L punct. proboscidea . 
L aspen. 	. . . 
A. nadeshnyi . . . 
Gl. stelleri . . . . 

xxx xxx++ 
xx x xx+4. 
X X+++++ 

X X + -1- 
XXXXXXXX ' 

--1-++++ 
+++X X x 
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and Avacha Gulfs and.Avacha Bay  and the  southernmost part of 
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the eastern coast, where the 50- to 100-metre isobaths 

diverge from the coast and go far out to sea. 

Extremely large commercial accumulations have been 

- noted inKronôtskii GU.12 (in its northern part -- Khrapkova, . 

: :.1e)59),'and Avacha Gulfs, which  in May yield up to 277 starry' 

flounder eggs and 1.j.p "to 102 flathead flounder eggs per 

square metre. In addition, .mass spawning by theflathead 

flounder takes place off the southern area - of the coaat, 

' -where up to 134 eggs per square metre of ocean surface have 

1Deen noted in . May. 

We have not traced the course of Alaska plaice • 

spawning. There is, however, reason to assume that the 

Alaska plaice spawns in no less quantity than the flathead 

flounder, since at the very beginnine of spawning up to 100 

eggs per square metre have been noted in the central area 

of Kronotskii Gulf, and up to 65 eggs,in the southern part. - 

As regards the yellowfin sole, our investigations 

covered only the beginning and end of spawning; an assessment, 

therefore, of the comparative intensity of spawning has been 

hampered. The 34 eggs per square metre that were noted at 

the beginning of spawning, and the large accumulations of 

prespawning specimens indicate the presence of large spawning 

populations of.this flounder off the coast of Eastern 

Kamchatka, particularly in Kronotskii Gulf. 

Kamchatka Gulf, which is characterized by a very 

narrow shoal, where the 50- to 100-metre isobaths approach 

and the accumulations of spawning specimens here' are small. . ‘ 

. 	 . 
. 	 • 	• 	. 
the shore,  is'of:no great importance'to flounder  reproduction,  



x x x ++ 
• +++++ 

1 / 1 / 1 ,.4... 11 '1r-cr . ?"'  

. • 	;+:1771-  
. •rt 

Off the eastern-coast,  note  should be made of Avacha 

Bay t 
1 
(Gulf), which runs deep into the peninsula. The fauna 

of the Bay, according to the data of A. M. Popov, (1935) is 

of a subarctic character, with a small admixture of boreal 

forms on the one hand, and arctic forms on the other. The 

i  Arctic flounder1  reproduces here in winter, while the north- - 	1 

ern flathead and starry flounders, yielding 64 and 277 eggs /426  

per square metre respectively, reproduce  •in the spring, from 

.the end.of April to:the beginning of June, at a depth of 

about 25 metres. 'Reproduction  by the yellowfin - sole in this 

'Bay,in a:0ring haSfnôt been noted, and it.must be assumed -

that - dt oectirs:4n summer, from June to August. 

The Bering Sea (see Table 82) has many gulfs and 

bays running into the mainland. The mainland shoal is charac-

terized by sandy bottoms, particularly in the northern area, 

and in places is well developed. Hydrological conditions, 

particularly in the north, are severe. 

Table 82 
_ 

The Spawning.Seasonsof Flounders in the Bering Sea 

;-8 
1›b • 	0  

Species 	›› 	;.-. 	 P 	g-t 	(1.) 	0 
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W 	0 	W 	p... 	-1 	 0 	0 	0 	0 
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A. everrnanni 

i L. -1;11. - bilineata . 
Pl. quadrituberculata 
H. robustus . . • ' 
H. elassodon . . . 
Pl.stellatus . . . 

; L. punct. proboscidea 
L aspora 	 

IA. nadeshnyi . . . 	 

-1 

• xxxxx+ " 
•+XX X X X + 

• X X X X+ • 

X X X XX + 
++X X X ++ 
xxxxx++++ 

+X X X + 
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11. hip. matsuurao 
1-1. hip. stenolopis . 

glacialis . 

• 

. 	1 

1  A. M. PoPovls -indications concerning the presence of the 
banded flounder in AVacha Bay,need . confirmation. 

•••., 



flathead and spiny flounders 

Gulf area (see Table 82). 

reproduce in the Olyutorskii 

Thé narrow band of shallows extending from Cape 

Olyutorskii to'Cape -Navarin is of far less spawning significance. 

1I‘en_(pius one?) flounder 

850. 

species dwell in the Korfo- 

Karaginskiifishing-egion.-  • Mass spawning by the summer-

Spawning'yellowfin sole, yielding up to 1,700 eggs per square 

metre ofcoceansurface, has been noted in August and at the 

beginnind.Of-September. It should be assumed that the arctic 

floundér spawns'hdre - in . winter . and that  the rock  sole, the 

Alaska plaice, and the Sea of Okhotsk, northern flathead, 

and starry flounders spawn in the spring and summer_months. 

The snout sole and the sPiny flounder, in addition to the 

yellowfin solé,reproduce in summer (see Table 82). 

Olyutorskii Gulf  is wide open and characterized by 

a comparatively narrow mainland shoal with a predominance 

of sandy bottoms with pebbles and a abrupt drop-off-in-depth. 

At the beginning of summer (June) he Water tempera-' 

ture atthe.bottom varies from 1.5 to 39; in the surface 

layers, .the water is warmed to /4...and 50  in the open part and 
. 	. 	. 	. _ . 	- - 

up to. 109 nearthe  shore'.  

- 
Here, .at the end' of June, within the ,  limits of the 

50-metre isobath, mass spawning by the yellowfin sole has 

been noted wherein this species has yielded up to 807 eggs 

per square metre in the region of Somneniya artd Lavrov Bays; 

single specimens of snout sole reggs2 have also been 

observed. To judge from the occurrence of specimens approaching 

spawning, as well as of larvae and juvenile fish, the rock 

sole, the Alaska plaice, and the starry, Sea of Okhotsk, 
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Here the same spring-spawning species reproduce as in 

Olyutorskii Gulf; of the summer-spawning species, only the 

yellowfin :sole and:longsnout flounder, whose spawning 

aceumulations here are:very smaliascend to  this  area. — „ 

/42 7*  A special distinction should be made for the 

shallows extending in a southeasterly direction from Cape 

Navarin, where large accumulations of the eggs of the - 

following spring-spawning species have been noted: the 

Alaska plaice (up to 107 eggs per square metre) and the 

flathead flounder (up to 34 eggs per square metre). 

- Anadyr Gulf  is characterized by a shallow.depth, 

even'bOttom:relief- and very severe hydrological:conditions'. 

Thecentrà1 and eastern parts of the Gulf.'are considerably 

chilled,-and .  their -temperature throughout the greater part 

year is low. The area with the warmest water is the 

:in 'Which sandy bottoms are widespread. 

In.:June:the greater part of :the  Gulf .  is ' covered with 

temperature  in  thEysurface layer 

at this time is observed in the Cape Navarin region (from 

0 to +3'), and the minimum, in the southeastern part of the 

Gulf and near the edge of the ice (-0.5 and -1.5° ). 

- 	. The surface temperature of the water in Anadyr Gulf 

at -the'end Of August and in'the- first half of September 1950 

stayed mainly within the liMits of 7.to  8.5°,  and  only in 

' the region of Çape'Chukotka dropped tO 3°. 

n the first half of October the temperature of the 

everywhere 4 to 50 ,- with the exception of the 
areasaround-CapeNavarin and Cape Chukotka, where it dropped 

an 

western region 



In Jun..952:the demersaltemperatureifluCtuated.7_: 

to 1.5iitheSolithwestern:part and7from:u0:5 to  

- . 71.50 in the region-of St.. Lawrence-:Island;A:n Augusb and 

-.September 19504emerSal:temPerature rangedfrom0to 

and in the western - part-Of the Gulf, from the mouth or the 

nadyr:.Estuaryto±Cape . Navarin, it fluctuated from 3 to 

.and  in  Oétober  19S1,  frOm 1 to 30  (Atlas of Charts Of .  

.0ceanographic Data on Commercial Fishing Regions in the  _ 7  
ISering . .Sea and  the Sea of Okhotsk,  1955). 

In Anadyr,:Gulf in:J-une 17:We . noted the reproduction-

of onlyifive speciéS:of spring-spawning flounder: the. 
„. . 	_ 

flath'ead flounderSed or Okhotsk and northern), the Alaska 

. plaice, the  • tarry flounder and the rock sole. Spawning 
- 

was confined almoSt exclusively to the western part with 

the  warmest-water; no. reproduction whatever took place  in  

the.centre -.of theSulf, , .and , only  single  specimens repro- 

duced  in thenorthéabternpart. -;North  of Anadyr  Gulf, in 

the'ChukChiSeai , there: reMained only a winter-spawning . 	_ 

.speciethearctic:flounder '.-1-'and . one'spring-spawning 

the -nc■rthern flathead flOunder. The Spawning 

of thelatterSadahifted to theauMmer months. 

Of the five flounder species reproducing in Anadyr 

Gulf, those forming the largest spawning accumulations of 

commercial importance were the Alaska plaice, which yielded 

up to 217 eggs per square metre, and the northern flathead 

flounder, which yielded up to 71 eggs per square metre. 

The remaining species were of•no commercial importance. 

a large and diverse group of flounders 

dwelling in Soviet Far Eastern waters reproduces throughout 

Studies . were conducted in June and August-September. 
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the emtire_yearibut . differént species* reproduce and develop 

-1-tat -.different.:t1Mea,under:different temperatilre conditions •- 	• 	- 	 . 

and lat different salinities .. 

Aecôrding to their spawning-times-and,1Conditions,- --,-- _ 	 • 

flounder ..ma -Y -be -divided into -fiVe seasohally-apawriing grotips .. 	. 	... 	„ __ 	........_ 	.._ 	. 	.. 	.. 	..„ 	. 
. 	 , 	 •• 	 ■ • 	 ' 	 ' - 	 , 	 ;' 	 . 	 , 	 - 	 - 	 ,. 	 : 	. 	. 	. 	 . _ 
..which again'fall -'into bathymetriC'subgroups; reprodUcing 	_ 

. 	 . 	 . 	. - 
in different >layers of-water on the mainland shoal(see Table-- 

, . 	 . , 
8 3). 	-:: 	. 	-• 	- 	

. 
•

. 
. 	-.__ 	.• 	. 	: 

Larvae, too, appear in plankton in accordance with 

the time of spawning. The earliest to appear are the larvae 

winter-and spring-spawning species, while those of 

the summer-s -oawning species appear later. The larvae of the 

,first group=of speCies:are larger than - those of the second 

'group.  The laulk of the larvae in the pelagic region appears 

in the_spring and summer and, asis known, is the richest /428 

&.nlimberof reproducing flounder species declines 

from:south.tonorth.- :.‘The largest number of species dwells 

in'Tar -Eastern waters, off the Coast of ' 

Japan, in Peter the Great.Bay and Aniva Gulf, and off 

. and reproduces 

Hokkaido and -the South Kurile Islands. Far fewer speaies 

'laytheir . eggs offthe coast of Kamchatka, and.even fewer 

in the Bering Sea and in the s'outhwestern par2t: ...Of 7.the - -Sea- --2 

of Okhotsk. At the'saMe time, the further north one goos e , 

 in. addition.to ,a-decreaSe inthe tôtal number of species, . 

there is a decroase primarily in the number of summer- . 

spawning species, which in the northwestern part of the Sea 

of. Okhotsk, in Anadyr Gulf and in the Chukchi Sea almost 

entirely disanpaar. 



_ 
Conditions of Mass Flounder  Reproduction' 

-  Table  3--- 

Species 

to 
to 
tO 
to 

10 
70' 
100 
100 

From the middle 
of May to the 
beginning of 
September to 4 
May-August (?)- 

OM, IMII■ 

matsuurae' 	  R. hip. 
H,„ hip. stenolepis  

. 	. 
•Near-the 
drop-off 
7(MO-r-6--T 
than;150 
to 200) 

November-.  
February ,  
March T- 

854. 

, Group 
Water tom- , 

-:SpaWning"seaadh . perature, 
in 00 

Depth, in 

10 ' to 1 rdlinter 	L. glacialis 	  
L. pinnmisciata 	  • . 	. 

- From the end of-' 
.December to 	About 

--February 

t o  150  From the  'end' 
of  February 
to April , 
mainly in 

• -March 

Winter- L. obscura 	  100 
spring 	  

: 	L. bil. mochigarei 	 

:Spring - Pa.. yokohamPe, 	- 
Pl. 	 . 

:Pl. cuadrituberculata...H.:... 
Hippoglossoides spp. 	 

Summer 

•L. aspera '(population  off y  
the coast of Kamchatka and 
In 01yutorskii Gulf) -  

Cl. herzensteini...... . . . . . 
Ps. herzensteini 	 
1. 	aspera  (in Peter the 
Great Bay)... . ........... 
L. punctatissima nunc-. 
tatissima  
Ac. 	nadoshnvi..... . . ... 
Gl. stelleri 	 
L. aspera  ..e • • • 

5 
10 
50 
50 

About 0 - 

From the end 
of March -to 
'May,•mdinly 
in April - (Sea 
of•Japan); 

7'---May-June (in - 
the Sea of , 

- Okhotsk off 
Kamchatka and 
in the Bering 
Sea) 

à'une'-July (in' 
Peter.the 
•Great Bay): 

0 to 2 

-FroM the middle 
and end of June 
Hto the beginning 
,of September 
(Kurile-Sakhalin 
region)" . 

20 to 50 
.20 to 30 

20 'to.30: 

20 to'30 
AboutA.00 - 7 
About 50. 
20 to 50>=. : 

‘• 

L. ounctatissima Proboscidea  Up 

A. e ve rmanni 	 



year. 

The  

.temperature 

■ 

855. 

f 

, 
With•regard:-. to temperature during the period  of  

reliroduction and development, the croup of flounders in 

Soviet Far Eastern waters, in conformity with their spawning 

pei.iods and the ,geogr-dphical position - of—their spawning - 

grounds, is fairly diverse. The majority of the representa-

tives (14) have however, a Preference for cold and reproduce 

in the winter and spring for the mpst part at water tempera-

tures of -2 to +4°  at the bottom. 

• 

• 

Ambhg the species with -a preference for cold there -: - : 

shoUld alsoibe Included thé yellowfin sole pOpulationdwelling 

.,off:the coast of KaMchatka and in the Bering ,Spa, whose 

-4°. 
as. a whole, :the •groUp rof'..flounders  in  Far Eastern waters is /429 

eurytherMal grouPlof fish reproducing . within an extremely 

"wide Water temperture'range, from' -20 . to 20 and '22°.'- The 

spawning takes . place at watertemDeratures pf-lt Taken' - 

a eurythermal groure of fish 

wide water temperature rang 

, 	. , 	•... 	, 	 - _ 	• 

within temperaturerange which the reproduction and development 

f individual species 

geographical position 

takeS, place . is  clesely related .to the 

of the Spawning  grounds and the tiMe 

offshore  summer-SpaWningorms  have the  widest 

range;:fUrthermore,' the nearer the  shore the  

Spawning grolindsare ituated, the greater is the thermal 

'range s of the speCieàthat spawn'there. 

n-northérri.  regions floUnder spawn later and at . a 

of the  ilongér winter ' and the  severe 

An  e);taMple7is_thei,yellowfin Sole, 

twO -:fOrms differing in respectf-à télliture 

which reproduces in the Sea of Japan at a water 

which has tw 

the southern 

emperature ranging for the moàt part froM 6to  129, and the 
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northern'sa-pobulationwhich has  à preference for cold and • 
, 

.whieh reproduces off the shores of Kamchatka and in the 

.Bering Sea', mainly at water temperatures of 1 to 40. _ 

The  spawning places -Cf floù -nderà-- , - in aaifiàñtó 

 of halibut, are locat.-.d. within the limits of the 

mainland shoal, for the most part no deeper than the 100- 

and 150-metre isobaths. The greatest number of specimens 

• reproduces'where there is a broad continental plateau with 

gradUallyfalling-bottom, in gulfsand : bayswith masses 

of .mater'that'Move little,- : that are outàide the zone of the 
--- 

Ocean ôUrrent,streams and that are_rich in food reSources. 

The bulk-of hatched-prolarvae and larvae keeps to'this zone.- 
. 	, 
The'localiZationof .flounder spawning.grounds under the • 

conditions:of Waters that are little subjeCt to motion is e • 

as P. A. Moiseev has previously noted, - an extremely favour7 

able factorin - flounder reproduction: the  eggs that - are 
_ 

laid -and'the,prolarvae that hatCh:from them'are not carried 

away, butSratherremainwherethey are, in the.conditions -
' • 	' 	— 	• 	- 

necesSaryfortheirHfurthér developMent -_and:fattening. 

1Regionscharacterized by a narrow mainland shoal 

with sharply altéringdepths'are .  not/much spa*ning importance 

for flounder. 
• 

ldithin the limits of the mainland shoal the spawning 

grounds of the various species are for the most part demar-

cated and situated in a strictly defined order, 13 flounder 

species laying their eggs in the 5- to  75-notre  zone closest 

the shore, 5 species mainly at depths of 50 to 150 m, and 

species of halibut, on the 'slope of the mainland shoal at 

depths In excess of 150 . to.200 m. 



n analysis of our material permits i 

into the following bathymetric groups. 

. The offshore species, reproducing in the upper 

layers of the sublittoral, mainly within the limits of 5 

15 In. This zone is characterized by sharp fluctuations 

in temperature; in the winter it is almost entirely covered 

with ice, and in the summer its upper layers are'subjected 

These include the rock sole (northern and southern) and, 

the arrow-toothed, Greenland -  and-- true--- - - in the  drop-off  zone 

halibuts. 

nôted that the distribution It  should, however 

..apawning groundalpy depths varies Somewhat depending upon 

:theseason and . the geographical region; 'Thus, fôr example, 

to Considerable warming. .The arctic ,and bandedflounders 

reproduceinthis - zonein winter under stable conditions; 

reProduces.in the winter and spring_period, the black - flounder 

and ql._e Japanes e.  flounder, in the spring. 

Species reproducing within the rimits of the 

upper-middle area of the sublittoral zone, at depths of up 

and  for the  most part at - 20 to 50 M. These 

the.jellowfin'sole, and the longsnout,'. --- 

'aohaChi, longyellow-striped,.starry',' Sea ofJapan:and - 

:flathead flounders and the -:snout 

to 50 and 75 my 

species include 

zone, wMch 

include the 

flounders, 

the middle •-lower area  of the  sublittoral 

SpaWn;:moStly at  depths of 50 to 100 :m.. These. 

Alaska plaice and the Sea of Okhotsk flathead 

as well as the spiny flounder. 

Species 

• Semi-deeDwater species, reproducing in .the lower 

zone of the mainland shoal, at depths of 100 to  200m. 	L430 



depth of about 30 m in Terpenie Gulf, at depths of 50 to 
• _ . „ 

and in the  Korfo-Karaginskii. and Olyutorskii:Gulfs, 

adepth of—about 50 M. The long and Séa_Of Japan 

flathead flounders at the beginning'of - spàWnihglaï -t..hëii 

eggs in shallower places and, as the water warms, they 

move to greater depths. 

differ inyariousgeographical - regionS. In most species, 

-spawningcontinues mainly'for a month and a half to two 
t • 

mnths. -  In Peter the Great Bay, because of the rapidly 

. 	 . 

Thus during the period of reproduction and development 

flounders occupy different ecological niches; a .large quantity 

cf species can therefore exist within the limits of the overall 

geographical ranze. The demarcation of spawning by time and 

space has great biological significance. -  Each new group of 

larvae begins feeding actively when the preceding group has 

converted to a new form of food. Of no less importance is 

the distribution of spawning grounds in an area, which reduces 

the competition for food among the larvae of individual 

species and results in the  most  expédient use of food.. 

- 
Allflotinder, even a eurythermal form such as the 

btarry'flounder, reproduce  in  seawater of normal salinity - 

(30 to 33%c). Exceptions are the al;ctic and banded flounders, 

which reproduce in somewhat freshened water with a salinity 

of about 28*. It should be added that the development of the 

eggs of the banded flounder, according to our observations, 

proceeds best in slightly freshened water. 

The duration of the spawning seasons of ihdividual 

species depends upon favourable conditions for reproduction 

and development. At the same time, the food habits of larvae 



changing hydrological conditions and the intensive increase- . 

in water temperature in the spring and summer, the spawning 

season of the sohachi flounder and yellowfin sole lasts  for 

 about a month and a-half to two months, that of the flathead _ 

flounder, three months, and that of the long flounder, about 

The more prolonged spawning period of the latter two 

.species is explained by the fact that-their spawning-begins _ 	_ _ 	_ 

in the offshore zone and, as the temperature rises, shifts 

to greater depths, where a water temperature favourable for 

the reproduction and development of eggs and larvae lasts 

longer than at"the shore. In the southwestern part of the 

Sea of Okhotsk and mainly off the coast of Kamchatka and in 

the Bering Sea, in spite of the later onset of biological 

spring, the spawning of the yellowfin sole, as indicated _  

above, begins and attains considerable development in the 

same calendar.periOds_aa'ihPàter. the Great Bay. H In  contrast, 
. 	•, 	. 	• 
the latter, because, of the slow  and  limited . 

warming  of :the  Water  in sumzuer , favourable: conditicna  for  
. 	. 	 • 	• 	; 	• „. 

the reproduction and develOpMént, of egga:and ',larvae are H 

.,retained in the former> areas until September; accôrdingly, 

the spawning-periodof:the yellowfin sole in these region's 

:lasts for about  three and a half to four months. 

The observations of P. A. Moiseev (1953), and our 
- 	 _ 

hav 

‘Within. .whiCh males are  found with ripe sex products is, - ;, 	• 	.• 	•.„ 	• 	. 	•- 
greater._ than  the  corresponding .space of tim.e: in females ; 

, 

. 	 • 	 - 
;males with ripe sek products are:the'first to appear at the , 

..beginhingof spawhing and are the last to disappear at the 
. 	. 



As Moibee.V hae2 nOted previously, this-lphenomenon-:--is 

of great biological signiricance, since it makes it possible' 

to fertilize the eggs of early- and late-maturing females. 

he Zoning_ of the  Reproduction A.reas of Different  

•Spawning-Ecological  FlounderComplexes 

During the>period 

flounders, particularly_ in 

their reproduction and development, 

and*larval phase, have an 

increaSed,sensitivity to changes* in their envirOnment and 
- 	- 	, 	• 

.primarily to :fiuCtuations in temperature. -HenCe  w. have 

attempted to zone the spawning-ecological complexes of flounders 

and  to compare the results with known zoogeographical*regionà,; 

At thé basis of zoning - is the predominance -of one or 

seasonally:spawning group relative to other flounder 
. 	. 

j,groups, expressed in percentages of—the.totarpumber of floun7 

der species reproducing in a given region. 

n conformity with the geographical distribution of 

flOunder 

'USSR (see 

spawning 

Table84) 

grounds-in:the Far Eastern waters Of. the: 

the following areas and regions are out- 

The  Reproduction  Zone of the  Winter 

and Spring  Spawning  Saecies 

The  Chukchi Sea -- Chukchi (temperate-arctic 

Under,thisheading* are,included two northern species 

. glaeialis),  and a spring-spawning species winter-spawning 

L. G. Vinogradov, (1948) 

lined which coincide with the geographical regions accepted 

by A. P. Aildriyàshev (1935 and 1939) 

and P. A. Moiseev (1953). 



14.: Sea of Okhotsk. *TheSèâtern Kamchatka NOrthern- 

Boreal Region. 

the most Part,--Of- northern species,- 

PredOMinance7of winter-spawning spe6ies. 

-=Shelekhov Gulf. Insufficient data.. Tauiskaya 

Sea  of Okhotsk  Glacial 'Region (Vinogradov). 

, 	 . 
• 

A Russian word meaning "district". 

H. robustuà 	which Tactually.  :7 spawns_._ in.. the.,, summer,: months 

The Reproduction Zone  -of  -the 

Anadyr .  Gulf. -- the northern . Bering Sea Region 

of a subarctic character) (Andriyashev). 

ReproductiOn of_predominantlynorthern Spring-spawning .  

species.-:The spring-spawning species ..reproduci- 	_ 

• 
-months of Spring and the - firSt months of summer.. 

. .K..oryak . .Coast:.7-. Eastern Kamchatka (boreal) - 

province 
_ 	. 2r '.and ..the .Koryak:'(northern7boreal), Okrug_ (Andriyashev..).„— 

' 

Reproduction of northern, predominantly spring- 

spawning species. Spring-spawning species reproduce in the - 

spring months and the first months of summer. 

and Korfo-Karaginskii Gulfs and the 

northern portion) -- Eastern 

Kamchatka.  PrOvince'andthe AVacha (temperate-boreal) 

Spawhing 	irldrthern, predominantly. Spring-spawning 

specieà. The Spring-spawning species reproduce in the spring 

and at . the beginnihg of the first month of summer. 	• 



, 	 . 

Group and species 

. 	 • 

, 	 . 

• 
Table . 81.k (continued on next page) 

Correlation of Flounder Species Reproducing in Different Regions 	 • 	 • 	• • . 
. 	 • 	

• 

Chukchi Sea Anadyr Gulf Koryak Coast 

Numb ér . of % 
species 

Olyu.torskii and Korfo- 	• 
Karaginskii Gulfà and i • 
eastern coast of Kamchatka.: 

Number of 	% 	: • Number of ,% Number oft % 
species 	'à--peëiés 

Winter 

L.  lacialis 	 
. 	.• 	. 	 •• 	. 

tfiat a  
• _ . 	. _ 

: - Winterbbring _ . _ .  

L. obscura 
L.  13-3.1in—eata bilineata 
L. bilineata. mochigarei 	 

Spring: 

H.  elassodon 
H. robustus  - 
H..dubius - 
P.  yok6hamae 	  
Pl. quadrituberculata 

t e 	a...Firs"--  

• • 
Sumnier ..1:r • 	,; I. 

Cl.' herzensteini 	 
•L. aspera 	  
L. _punc-tatiss,ima_punctatissima 

Ac . nadeshny_ii 
i 

K. 	c-o- - 1.6"f;a—Eus 
P.  olivaceus 

I; 

• ' 

SO 	1 • 14 ,3-16 ,6 . 1 	12,5 	1 	11,1  

1 

771: 

100 6--7 	. 100 1, 	8 	100 	. 9 	100 

50 

1 
1 

. 	 • 

1 1 	1 
I 	 I 1  - 	1  

• 

- 

; 1 - 	1 
• 

	

'! 	. 1 25 ,0 	1 	33 ,3 
- • - 

_ 

I -• 

	

- 	 • . 	 . 

• - 

1 . • 

1 
1 

14 ,3-j16 ,6 , •• 1 	12,5 	I • • 

• - •• .1 	- • 

57.1 	• 	50 ,0 • 	•" 

• 

- -• 

44,5  

11 ,1 

• • 	 • 

••••.. 

• ''!"•"•''••,' 	 CD 

1-  • 	 , 

• u•, 

," 

• I.  
 ' 

; 

. 	 . 	 . 	 . 

. 	 . 

. • 	 .• 

• : 	 • 

•
• 

- Ffer 
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. 	 Table 8/1 (cont 1  d) . 	. 
. 	 • 	 • _____ _ 

Correlation of Flounder Species Reproducing in Different Regions 

• • 	 ••• 	 • 	 .1: 

• 

• 

. 	 • 

7,4 	1 	7,1 

- I 
14,3 14,3 

 - . 1 - 

■■••••• 

11 - 

44,5 

.1 	- 	1 57 ;2 
1 

.1 - 
? - 1 - 

f 

• 

Cr• 

• 

Peter the 
Great Bay 	 
Number of % 
species 

100 3-4 100 	14- 100 14 100 

—.GrOup ; .and,species.:.: 
Western Coast 
of Kamchatka _ 	_ . . . 

-,Number:ofl 
species 

Tauiskaya.Bay 

NuMber'of 

Tatar': Strait and 
Maritime Coast 
_Number' Of % 
'SPeciés •• r 

L. nfririffdiCia.fii-- 
, 
- 	Winter-sprinQ - . _ . . 	_ 

L. obscura 	' 
L.  bilineata..bllineata.-

Spr 

Winter. 

. 

1 

1 

1 

. 	. 

	

H. elassodon 	  
"117 -i;é7i.7171-S-Eüà- 

dubiuà---  
- 	_.y:61.- ofiamae 
P1.  quadrituberculata  

15-1 . s.tïffàfiidl---:===== 

•Summer 	• 	• 

•bi. herzensteir -
L.• aspera 
L.  punctatissinia punctatissima 
L.  pUriCTUâtIgiiiiiî probosciaJd% 
71..herzénsteini 
Ac  

K.  bicoloratus 
 P..  olivaceus  

	

T

- 

otal 	 

. 	. 	. 
. 	, 

- • - 	
. 

1 	 . . 25? 

1 44;5 - 

1 

- - - - 
75-100 	1  28,6  1 

- - 
« 1 - I-  - 

ï: 	1 
•1 - 	1 

t 50 	1 

21 ,4 . 



:-Spawning of.northern, almost.exclusively spring 
_ 	. _ 

.spawning speciés,• for  the  most part during the summer months 

froM - the end of : May to 'July. 

Sakhalin Ba.y Re 

Transitional Zone 

Tatar Strait. Maritime Coast (northern-boreal region). 

Spawning_of northern  and  southern species. The quantities  of  
- 	- 

winter-Spring and summer-spawning species mm equal. 
• 	• 	 . 

Zone of PredoMinantly Summer-Spawning Species 
: 

Peter:the.Great Bay, according to.L.G. Vinogradov, 

is a southern .-bdreal, and according to P. A. Moiseev, a 

transitional, but mainly.northern-boreal, region. 

species. 

Spawning 

We have 

northern and southern chiefly summer 

not as yet established the reproduction of 

01;- asoèrrimum, V. Verie.gatus, V. .moseri or M. achne,  but  it _ . 	_ . _ _ 	 _ 

'is'2 nonetheleas-evident'that, as in other .  Southern sPecies, 

it takeS'place'in:summer.'.:Without bur:taking these  speciès. 

into account, Peter the Great Bay, in its -zoogeographical 

characteristics, approaches the pattern ouitlined by P. A. 

Moiseev. 

2. Aniva Gulf. The spawning periods  •of some species 

have 

here 

not been established, but there is reason to assume that 

the Summer-spawning species prevail;  27% are  species* . 

whose reproduction - hàs -lnot been'established  (P  clivaceus,  

M. a.chne,  C. asp_elmum, - Ver. Varieetus and"-K.:iboloratUs):- ; 

YThe  region of the South Kurile Islands and the northern 

Coast of Hokkaido.  The spawning periodà of  many species have 

not been- established, but again there are grounds for assuming 



grotips in the S'a of Japah). Only a single winter-spawning 

species p.iea cialis reproduces in the Laptev Sea. - 	 - 

865. 

that summer-spawning Species prevail here. 

The eastern coast of Hokkaido and further to 

the south, along the Pacific coast of Japan. 

Here the winter-Si:pawning banded flounder disappears ,- 

the number of spring spawning species d.ecreases, and that of 

summer-spawning species increases; at the same time, the 
t 

- - reproduction periods of the spring-spawning species shift to 

the winter and:winter-spring -  month-si  and thos-er of :the. -summer-

:spawning spéCies, to the spring and early, slimmer months. f .  

n-analysiS. of written material-shows  that  there  is  _ 

''direct link between the >amplitude of seasonal fluctuations 

in water temperature and the diversity of 'flounder species 

reprodUcing in one: region or .anotherw The greater. the  
. 	• 	• 

gradients-9f-jeasonaleluctuations in.water temperature 

being equal), the ecologically richer and (other conditions 

more diverse is the complex of flounder species reproducing 

in Peter the Great Bay the-reproduction 

has been noted of five seasonal-ecological groups with a large 

-.the Chukchi' 'Sea and the southern area 
- 	• 

the  Sea of Japan, where the seasonall-water_ temperature 

, gradients are *extremely' low, the reproduction of two such 

groups has been noted ( the winter -and spring-spawning groups 

in 'the Chukchi .Sea, .and the spring- and summer-spawning _ 	_ 

number of species. 



water. 

The Quantitative Dist-ributiOn  of Eggs  as an 

Indicator of the Size of:Spawning Stocks 

Beforé'.proceeding to an assessment of the quantitative 

. distribution of.egga and larvae, me_shall_ pause to c.onsider: 

i.their vertical distribution. 

Àn'analysis of thé Vertical-:distribution of:Pelagic .  

'floundereggs and larvae, is soMewhat -hindered by the fact 

thatiat - many stations only thr rough (continuoUsi7fishing - has 
_ 	 . 

been carried out from the . bottotb—the-ailrfade, CThe -results - 

ofj vertical' series fishing in a horizontal direction, which 

has .been more-or Iess.adequate for the-analysis-of-egg.distri . 	. 	 . 
bution, are available for only three species. (H. elassodon,' _ 	. _ . 
Pl.'quadrituberculata.and  Pi.  stellatua).  We have borrowed 

data for ii'.'aSPerafrom,publishedsources . (Polutov and 	' 

Tripoltskaya 

A large quantity of eggs in surface horizontal fishing 

and research on their vertical distribution, show that pelagic 

L43  I flounder eggs develop in the surface layers of the 

It'may be.Seen froM -the_dataAm' 

that the bulk cf pelagic eggs keepg to the .upper 0- to 25-metre 

level of the water. .A large number of.eggs, however, of the 

Seà of Okhotsk:flathead'flounder and of the Alaska plaice have 

been noted  in the  25:to 50metre..layer., 	_ 

have-not_ succeeded'in:makinglayer-to-layer' 

to:25metre levels 

of the starry. flounder. 

• 	. 	I 	- 	• 
n.water layers 'deeper than 25 r% the number of eggs - 

decreases considerably. Deeper than 100 m eggs are either 
. 	• 	. 	. 

caught in'negligible •.quantities or are entirely absent. 

We  

differentiation for the 0- 

in respect .  to . the eg:gs 



Figure .70 - The vertical distribution of  flounder_eggs. 

L. aspera;  .- H. elassodon; 3.- Pl. quandrituberculata04.. - -- 

quadrituberculata  (later stages) 

In late stages cif:development the-aggs-become'heavier 

sand - sink somewhat deeper. :  ThesreateSt quantity. , -of flathead 

. :flounder eggs stays at the 10- to  25-m  layer,  where - the number 

c)feggs:,in the:first and second stages, taken together, drops-7- 
- 	- 

:from.97 to  85“ncoMParison with quantitiee7inthe . 0- - to 

'while - the  number:of eggs ,  in thé third and fourth 

An amaiysiS 	sampleS . (see 

containirig. Table 8 Alaska plaice eggs in late stages of 

clevélopment 

at the CD't 

showed thatthe'largest quantity ofaggs staye d .  

at  the  257.to 20-m level, considerably fewer, 

10-m layer, and almost the same quantity rsic  7 , in the 25- 

to 50-m layer. In comparison with the vertical distribution 

of S  eggs in the first stages, the quantity of eggs in late 

stages decreased in the 0- to 25 m layer (from 71.5 to 65%), 

and increased in the 25- to 50-m layer (from 16.5 to 23.9%). 

The  large'catches:Of eggs_of  the  Southern, flathead, sohaéhi, 

longsnoUt, yelloWstriped and long flounder'_in the upper 
• 

layers -of . the WaterandHthe'developing.eggs observed in . . 

our experiments at the very surface of the water, indicate 

that the development of the eggs, of these species also takes 

•'• 	 ,■ -•••■,•-• 	 ,•••••■•■•• 



-‘ 	 • 

yellowf  in "  sole the Alaska plaice and the starry flouridér,-  

it shOuld be  assumed thatthe:bulk of the eggs- stays in the  

0- to 25-m layer, and that in deeper layers their quantity 

-decreases considerably.'. 

'Theivertical'distribution of halibut eggs'in Soviet'. _ 

waters -C-a:nnot beeStablished because cf à labk of 

Off - the'coattlof Americs. according -to Thompson-and -Van- Cleve-- 

,(1936),.the larzest :quantity Ofi-true halibuteggs,(68e -stays: 

within a- stratuMof-water between 85 and 212.m; considerably 

are , at .  depths of 212 to 425 m, and an even 

depths of 425 to'580 

n view of the small quantity of . material taken-

according to individual levels of the open watei., it is 

almost impossible to give a description of the vertical 

distribution of the larvae of the majority of species. An 

analysis of our samples taken at various water levels shows 

ythat' larvae are:found indifferent layers c)f  water depending 

Recently hatched prolarvaeld-larvae-uSUallystay- 

• near their spawning areas at different depths corresponding 

to  •the structure and specific gravity of their eggs.. --Thus 

the bulk of the prolarvae and early. larvae of the flathead, 

spiny, long and starry flounders and the  Alaska plaice keep 

to the surface layers of the water. Similar prolarvae and 

larvae : of the sohachi and longsnout -:-flounders rand 

sole keep to lower _ depths eviden-bly in the-  5-.  -to---.71.0= and 5- _ 

- 25-m layer 

horizontal fishing. 

theyare'usually not caught in surface,, 
. 	. 



e 

Later on,.at about the time that the fins form, the 

of ail flounders'gradùally sink to the . lowerlayers of 

the . water., - and,at . theend - of.  metamorphosis or after itI convert 

.bo,a bottom mode. -Of life. 

Rock sole  prolarvae have been found in the 50-;t6 

:
200-m,layer,-and halibu:prolarvae, even deepér. The older 

:iprolarvae,of - theséflounder rise to the upiper layers of the 

'the' shore, to shallow depths. 

behaviour by prolarvae and larvae is also 

• Table -85 - 
----- 

Vertical Distribution of Pelagic Flounder  Egf- s 

Flathead 'Yellowfin 	Alaska_ 	 Starry 
flounder 	sole 	 1 flounder 

firststagesllaststages 

•g 	Nos k 	Nos.  1% 	Nos. 
I 7:77-  - Nos .  _ 

• -*.1 

1 -\ 	.1 	.1.- . 1. I. L7 j •/J 	A* 	-777771/17. 

	

0-10 	366 	50 ,2 	1125.  29,8 468 	71,5 	117 	40,9 . . 22567,4 ..:! 

	

10-25 	• 174 	23,9 -1550 - 41,1 	— 	. 69 _24 4 	 , 

	

95-50 	140 	18,3 •1087 • 28,8 	108 	16,5 - ' 68 	23,9 ' 104 .. 31,1 

	

50--100 	44 	sa _ — 	— 	78 	12,0 " 25 	8,7, 	5  

	

100-200 	 0.5 	9  ' 7. .. 	 . 	2,4 
Total 

	

. . IlTo ro: 728 	100 	3771 . 100 	654 • 100: . 	287. ' . : 100 . : 	.334 	100 

lk According., to data from I. A - . Polutov and V. N. Tri2o1skaya  

-- observéd in,the AmeriCan , true halibut. Accordink-to . the'datà 

•Of Thompson and Van Cleve -  (1936), hatched prolarvae:7.8 to 
_ 

.15.0 mm long keep mainly to depths in:excess of 750 M in a _.• 

stratuM of,water:exténding from 170 to 95 0 .  m in depth; older 

prolarVaé fromI9.8to 17.8 Mm long atay : at_depth of_425 to  

935 m ln 

_ 
- 

a:water:Iayer .  extending from70_to.950_m_ .,inde.-0.th  

The largest quantity Of7both . 4inds T _of prolarvae.has.,been _ 

noted in a layer of water extending froM 400 to 700 ni in 

clepth. Younger larvae fom-11.2 to 18.5 mm long stay in a 
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870. 

layer of water extending from 0 to 70m. Large larvae from 

17.9-to26.8.mM long,'half- of whose left eye .r1Ses abOve the 

. profile of the head. 
- 

trawl at depths of 10 to 25 m. 

have been taken from the bottom with a 
, 	 - - 

water from 25 to 700 m deep until their unmatched 

700 - ,.400 - to 450- .and 150- to 200-m layers. 

Older larvae from 15.0 to 19.9 mm long in various stages of 

formation of unmatched fins rise to the upper ,  layers of water, 

•from•170 m to:the Surface; andHmove towards Shallower depths: . 	. 
• 

.The largestaCcumulatiOn of larvae has_been noted in the 

indicated previ-ous-ly, the extent of the spawning 

grounds of each species almost coincides with its geographical 

range. Accordingly, the starry flounder and the yellowfin 

sole, whose geographical ranges in Soviet waters are situated 

from Peter the Great Bay :in the south to the Bering Sea and 

of Okhotsk, have the largest 

«Spawning.  grOilnd: area:. :FirSt in 

yelloWfin'SOlethe 'quantity.  Of the'clilantit.y.  Of whose eggS runsaS high as 

intensity-Of Spawning'is the 

1,700 specimens per square metre of ocean surface and 14,570 
• 

in 10 minutes of surface fishing. The places of intensive 

spawning, corresponding to the accumulations df spawning /436 

stock, have been traced in June in Peter the Great Bay (up 

to 500 per square metre and as  many as ) 4,570 in 10 minutes _ 

of surface fishing); in July and August in Terpeniya Gulf 

up to 1,000 eggs per square metre); in June and August off 

of Kamchatka (up to 1,000 eggs per square 

-metre-In the Ozernoi River region); off the eastern coast _ 

CofrKaMchatkajT-(Avacha Bay. :and_KrOnotSkii -Gulf);'.inOlyutorpl 
•- 	• 	. 	.• 	. 	. 

' -Gulf(up't6 - 80(lèggs per square .metre), and in the Korfo-

Karaginskii:region (Up.to1,700 eggs per square metre). The 



. Note should also be made of the 

sele,•a , leading- form in flounder fishing; undoubtedly . 

b iolonc ally --orogre s s ive form. It has a large 

geographical range, greater numbers, a prolonged-spawning-

periCid,and high fecundity,fand with.standsa wide range of 
" 

temperature fluctuations durino-the'period ofits :reproduction  _ 

and  development: 

All of this promotes a considerable- survival of 

progeny under different hydrological conditions. A favourable 

factor in this respect is represented by  the-food habits of - 

this flounder. The yellowfin sole is a benthopolyphage 

(Mikulich, 1954), has a broad feeding spectrum and consumes 

various and numerous representatives of the basic population 

of the -benthos. 

• 

Nextin - the number.of eggs at their Spawning . grounds 

are the starry flounder and the «Alaska plaice. Their largest 

spawning stocks are situated off the western coast of Kamchatka 

see figs. 53 and 59) and yield up to 757 and 355 eggs 

.réSPectivelYPer,square'metre:of . ocean:eurface,than off :the 

: eastern cOast Of-KamC'hatkainthe region of Kronotskii Gulf 

and 'Avachà Baiip: .to277 . and'100 eggs respeCtiVely at  the  

beginning of_spawning 

spawning grounds  of  thiS:_flounder in_the'southwestern-area 

of Anadyr Gulf (up to 217 eggs )1 .  

Catches of flathead flounder eggs run as high  as 372  

per square  metre off the southwestern coast of Kamchatka. A 

-somewhat SMaller - accuMulation . of eggs has.been noted off the 

in Avàcha È-ay . .(ùp -to 102 - eggs).  and 
•. 

1.00 -eggs) 

Translator's note: This word, of obvious meaning and Greek 
origin, has been  taken directly from the Russian. 

1 To judge from catches of prolarvae and larvae, there are 
commercial accumulations of rock sole in these regions 
and Olyutorskii Gulf. 	 • 

For flounder laying bottom eggs, catches of recently hatched 

eastern coast, 

Kronotskii Gulf 

1. 



In research work 

For flounder laying bottom eggs, catches of recently hatched 
prolarvae. 

M1 

872. 

In Peter the Great Bay, in addition to yellowfin sole 

(up to 505 eggs per square metre) in June- theé commercial' 

accumulations of .longsnôùt, - yellow-striped and sohachi flounder 
. 	. 	• 

'yielding a total of up to 325 eggs  per square  metre. . 

. 	• The apawning.grounds : of - the arroW-toothed, Greenland • 	• 

and trué . halibüti-which are . Situated on the slope of the • 

-:western and,centralepressions of the Bering Se-a, at depths 

in excesa Of 160  to 200m, 'are Worthy ofattention. 

large quantity of flounder eggs collected  in  

.Ussuri Bay:fandin Terpenie, Korfo,-Karaginskii and Olyutorskii 

. Gulfa . and_off both Coasts of KaMchatka .  is characteristic_of 

the concentration in these places of . shoals .. of mature pre-. _ 

apawning and spawning specimens. 

egg catches2  permit a rapid and 

simple estimation of:thereaervea of lobal . flounder stocks. 

litheseoperatipha do: . nOtHrequire_much_efrort:andmayeasily 

jie' ..carried.OUt-on : ahips - Of -2àny:size.t_ia neceasary . to — 	 -- 

:knowtheidentifying .:_featurea of,,flounder eggs. We are 

supplying the appropriate egg key (see Appendix). 

Our research . has -phOwn that the : pelagic eggs of ' 

flounders keeP for the most part to .the u r  (O 	: 

levels  of the  water; therefore, for a quantitativeegg 

estimate, fishing only from this upper layer is quite adequate. 

:It should be noted that we havébeen - far'frOM complete 

in•our : treatment  of the course of  flounder spawning.  Our  

Of the coursé of spawning by all flOunder in the 

western  aréà Of Peter  the Great Bay, in Tatar Strilt : and 

Terpenie Gulf, off the coast of Kamchatka,•in the Bering Sea 
•• 

knowledge 



area of the Sea of Okhotsk. For fuller treatment of this 

necessary to make,régular catches of .  

mature spècimens an&of eggs.and'larvaedeveioping in the sea 

. throughout*theyear. --,:The abence of syStematic Observations 

y'ears -precludes the s011ition'of the problem of.' . 

fluctuation in the numbers  of laid and develCping eggs and, 

•question it will 

the 
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Figure 71-  Diagram of test cross sections. 

7 . :42 May, b 	in ,TunS;  II - off the 

,coast of Sakhalin;". -III:-:off:the coast of Southern Kamchatka; 

Bay. and : Kronotskii'Gulf. Stations are marked 

and other, reàions, - is insufficlent.-,-Data-are-completely 

lacking on.thereproduction Of * flounder in the northwestern 



population in individual-yeails1,,Inrder to - resolve - this 

problem it will be necessary to arrange a yearly estimate 

the quantity gs that are being laid per unit of ce an : 
 

. 	 - 
surface. For this it will be sufficient to establish  several .  

series of regular cross sections on which catches should be 

made : 	eggs  of one:_species : or --another= -OnCeortwice-aH- 
- 

month durinethe period of mass spawning. Since1927:detailed 

studies have been made of halibut off the coast of North 

America and of sardine off the coast of-Japan. 

cross sec ti on.s - that -iwe :recommend oreche eking " /438 

theA.ntensity of 'reproduction in basic spawning regions are 

Catches of flounder eggs in these regions will enable 

.us - to eStimate the .comparative intensity of spawning in the 

aturea Of the StrUctilreef Flounder Eggs 

Relation té) Ecological Factors_ 

Many'scientists , haVe .  believed that all - flounder, lath, 

the exception of . Ps.  americanus,  have pelagic eggs that develop 

in the surface layers or in the main body of  -the water (Norman, 

1954; Nikollskii, 1954; Shelbourne; 1956, and others). Our . 

data2cOmpeI - a reconsideratiOn'of . the 7-coneepts that have accu-, 

mulated. Of the 23 flounder species and subspecies that we 

have investigated, 4 species and subspecies (Ps.  yokohamae,  _ 
L. obscura, L. bilineata bilineata  and L. bilineata  mochigarei) 

have bottom eggs that dev.elop either at or on the bottom, in 

contrast to the pelagic eggs, typical of flounder, that float 

in the surface layers or in the main body of the water. 



äthave  :ai  

etruCture Ofpelagic eggs7in,different groups ,  

eront geographical distributioh,7is-nO . 	- 	_ . - _ 

Tropical and subtropical species have for the mos 
' 

part small eggs with a fat drop; in the eggs of the family 

Bothidae  there is one fat drop, and in those of the family 

Soleidae, several small drops, while in Rombosoleidae  their 

number varies. As one moves further north, because of the 

increased density of the water, species that have eggs with 

a fat drop are replaced by those having eggs without a. fat 
. 	 _ 

drop . . The eggs of species . of .the family Pleuronectidae,  

•prevalent for the most 

have no fat dropl temPerate zone, 

part in the northern area of the 

Orton and Limbaugh (1953) have found.that the eggs 

all epecies àf Pleuronectidae  are devoid of a fat drop.  

eggs , e'Hypeopsetta guttulata  (faMily PleurOnectidae)  

they discoVered - a clearly vieible - fat drop, representing a:. 	• 

priMitive-feature  of  flounder  eggs  of the  family Pleuronectidae.  

the fat drop preyiously existed in all 

species of 

almost ent entirely disappeared, being 

thisfamily,but Upon:subseqUentevolutibn it 

retained uP to the present 

some - speCies •,...,  for_example 

H.  gpttulataThus'the -èggàof this:primitive flOunder 

'represént a connecting link between the initial eggs of 

.ancestorsOf the family Pleuronectidae, containing a fat 

drop, and the modern eggs that have none.: 

• , The.pelagic,eggs of Soviet Far Eastern flounder of 

the family - Pleuronectidae 	devofd 

eggà-ofa=single-rrePresentative-Of-the: , 
 . 	_ 

the:baetard halibUt 	olivaceus),  Which 

'The feature of the presence  or 	absence of a fat drop:, 
•isincluded in the diagnostics of'.families (Norman, 1934; 
RasS,I.947.and1953) 

exists only in the 

family Bothidae  



primitive, since they are not  protectedby  the parents and 

are, as a rule, laid in large riUmbers. 

Since most flounder have pelagic eggs, it is to be 

• E37 .6. - 

time - in-:,theaouthern,regiona-of-Sovle 

The pelarric - eggs of flounder in Far 

Eastern waters have a characteristic thin membrane and contain 

quantity of plasma. The base of-  the-  blastodisc, 

which yields material for the establishment of the embryo, 

is smaller than the diameter of the yolk, and its height 

represents no more than one quarter of that of the latter. 

Following the terminology of S. G. Kryzhanovskii, we class 

them with the group of oligoplasmatic eggs. 

- 	- 
In contrast to pelagic eggs, bottom eggs have a 

thick,.:StiCkY7Membrane consisting of several layers; hence _ 

they adhère to all objects with which -they cOme—in  contact 

Their yolk is very compact and after  fixation becomes_almost 

hard. There is a great deal of plasma. The blastodisc is  

large as compared with that of pelagic eggs; its height 

about half - represents f the diameter of the yolk, and the A-I-39.  

base completely covers the yolk from above. These eggs are 

polyplasmatic. Neither the reasons for the formation of 

pelacic or bottom eggs in various fish nor the link between 

the mode of life of the fish  and the  charactee-of the èggs 

has been established. Some  pelage' fish, such as herring, 

capelin and others, have demersal eggs, while others, like 

tiulka, mackerel, anchovy and mullet, have pelagic eggs. 

It has been customarily assumed that Pelagic eggs are 

assumédthatbottom , flOunder eggs are of secondary origin and 

that their initial L7forms2 were pelagic eggs. The'evolution 

.of bottom , eggs involved thickening of the'membrane, condensation 



and intenSive'fCurrenté,.the demersal character of the  eggs • 

harmful effect of- floating ice. Moiseev is substantially 

EurOpe,'Where UnfaVoUrable teMpératUresào not usually 

occur,' haVe'onlY-Pelagic eggs. 

;•:>;,*.  tçe 

and partial dehydrationfthe-yalkand-an:-increasé:the 

:quantity -Of:formative  plasma, In the:27-eggsjof_the:Japanese 

flounder ..(Ps  'yokohamae) there formed 'an -additional thick': 

.layer . of : gelatinOUs:;slibstance, whichwasprobablya-protective -- . 

thé - development of the eggs-of this spedies 
/----.--- 

cOnditions:of7-the shallow - zone, which is affected 

bywater:-distrubances7broùght -about - bywinds and tides. 

_Why do pelagic flounder eggs change into bottom eggs? 

Mois  eev (1953) has  put  forward.  the  hypothesis - 

that:tbe adhesive bottom eggs Of flounder and cod in Far • 
„ - . 	_ 	 . 

Eastern  waters  were formed under  the influence of constant--  

"ensuring limited rsion by currents and development at the 

leveis with-the most:favourable temperatures. - In addition, 

the ,demersal:charaCter:ofthe egg-à - Protected them from th-e - 

..corredt,':but -in  addition, attention  should "b 

.foliowing" facts:. ,lYby no`'Means all species that have-bottom 

be directed to the 

eggs reproduce in regions with strong currents;:2) bottom:eggs 

have been "formed only in -those flounder species which reproduce 

. and develop:during'  'the  winter and spring, at , the time that the 

ice breaks up, and in the spring-spawning species that lays 

its eggs near the shore, in the zone of iritensive water movement. 

These species of Far Eastern flounder include L. obscura, 

L. bilineata bilineata,  L. bilineata mochigarei  and Ps.  yokohamae,  

and, of the Altantic flounder living off the eastern coast of 

\ North America, àmériOanus -3)_flounders off the Atlantic 



13ePending'.uPOn their size, the eggs of flounder in 

Far Eastern waters maY be divtded.into three main groups: 
• 

large -- from 1.7 rt o  4-.0  mm;  medium 	 from .1.1_ td 1.7 mrn• • 

sMall 	0.7 to  1.1  Mm. 

formation of bottom eggs in Atlantic_and in 

winter-spaning species is doubtless related _ 

similar ecological conditions that have favoured this process. 

It may assumed that the formation of  bottom eggs in the winter- 

- spring:flounder occurred  as la redult of these Species' adapta- 

tiàn to reproduction during,the.:period of the breakup and 

.shifting Pf.ice . undei,  eonditiona where high current speeds 

prevailed. The movement  •of the ice and the extreme freshening 

-of the upper layers of»the water furthered- the'sinking -of-the -7-. 

	

-'eggs'to . lower, denser layers of water; moreover,,the heavyl 	_ 
• „. 	, 

eggs sank:,down 	 eggs_were probably,broken 

..-upfand perished,  

The sinking of the eggs to the bottom, the thickening 

of the membrane, the condensation of the yolk and the increase 

in the quantity of plasma proved to be biologically advantageous. 

Conditions for development in the new environment were favour- - 

When the ice melted, the upper layer of the water freshened 

greatly; this layer, because of its lighter specific gravity, 

did not participate in the convection currents and did not fall 

to-the bottom. Hence the eggs located on the bottom remained 

under favourable conditions of salinity and oxygen. According 

to  the data of K. A. Gomoyunov (1[926 and 1928) the oxygen 	/440 

content in early spring in the demersal layer of Peter the 

Great Bay is close to normal, and in this respect the demersal 

water layers differ little from the surface layers. 
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Of the large '.r3i;gs, note should be made of eggs with _ _ 	. .. 

a large _perivitelline :apace .  Large 	_usually-66ntàih an.- -‘.  

even -larger yolk.-  , - The:gr6up -  of large- eggs-with-a  

perivitelline space includes the eggs of the Greenland and - 

true halibut. , -as wàll as of trie  Alaaka-:plaiceii-7-The eggs- 
- 	 _ 

all  flathead flounder •constitute the groilp of - large - eggs - 

with a large : perivitélline space.. The  group.of medium eggs 
_ 

-includea those lof:_the : long,''banded,--axid-arctidflounde -rs. 

Most'Far:Eastern flàunders have small-eggs. Among 
- 	. 

-fthe  latter are the egga : of:the sohaChi, long-snout and:yellow- 

strilied:flounders - .and;the yellowfin and.shout soles, and all 

floUnd&r having bottom eggs -- the rock sole, and the Japanese 

The diameter and structure  of. the  pelagic eggs, and. 2 

-:: their- yolk sizes,.vary. greatly depending upon the geographical . 	. 
- 

position .c,f  the  spawning grounds, and  reproduction conditions,  

and reveal a regular.:Connection with the time  and  tho,condï- 

tions under Which -theye  laid. The  largest r eggs are proper:.. 

to the apeciés::. thateprodUCe -  in the winter and  in the  winter' • 

and autumnlae“ig..i72).' - . .Smaller.eggs are -to - be_found among 

species reproducing in spring (see fig. 73), and the smallest 

:eggs, in species that repi;od-b.ce in Summer in high temperatures 

see fig. 74). 

area 

The eggs of flounder reproducing.in the open, deepest - 
- 	. 

of the sea are eapecially- distinguishable by their size.t 

Of :eggsofthe..winterspawhing species,the largest_ure those 

'of the 	
_ 	. 

spring-spawaing group:, those -of 

Sea of Okhotsk flathead:flounder,- 

in the most open area,' 'ha s  the largest eggs; 

of the halibuts, and 

.the. flathead flounder. 

which reproduces 

the golip'of.summer7.spawning pecies,ethe long flounder has 

the largest eggs. . 
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4.èhoU1db -e' :note 

ogical group the. eggs of the :Iarge-MoUt1ei-d-fl6ianders are3, 

as a rule , noticeably larger than those of the small-mouthed 

flounders . Th.us halibut eggs are larger -than those -of--he 	• 

banded and arctic flOunders .; the eggs of 1-1:aithèàd- fflounders: 

- 	- • are :  than those of the A19. ska plaice , and the eggs o 

sohachi and ,spiny' -flounders are -larger-thanœthos-e:of-the--. .--  

llowf in sole ,or of the longsnout and yellow-striped- flounders', 

all three of which reproduce simultaneously. All large- 

the 

Ye 

moUthed flounder, with the exception of the sohachi flounder, 

reproduce in areas of the sea that are relatively open and 

chilled in comparison with -  the shallow offshore zone. The 

same regular pattern is observed in the analysis of egg sizes 

in series of close species or within the limits of the same 

species ; depending upon the geographical distribution of the 

spawning grounds .The 'further mirth the spawning grounds are 

situated, the larger are the eggs, and vice versa. A different 

situation - is observed-  in th-e. Widelï distribUted 

species - and in flathead flounders . ' The eggs  of the yellowf in - 

•  sole,  which reproduces ' - inthe northern area  of itSHgeographical 

yellowfin sole 

range,' 'in Shelekhov:Gulf 'are no larger, - and-  are on the average —: 

even: srialler, than in the south. Approximately the:same _ 	 _ 	. , 	- 	 • 	 _ 
.,Phenomencin is'..observed  in Olyut -orskil::Guif-,--  -Where  the  eggs 

:the. yellowfin . sole, aàide .from differences in s izè as indicated 
, 

:abCve, also 'diifer . morphOlogically. It is eVident that this 	H 

f.  is associated with the presence of :a special form yellowfin 

possible that eggs from Shelekhov 

and ,Olyutorskii Gulfs, which deviate' from the typical egg's of 

the yellowfinn sole, belong to special forms of thià species. 

The sari  e is observed within the limits of the genus of flathead 

flounders and: the  Sea of Okhotsk flathead flounders 



881. 

the same regular pattern as other flounder species, 

the 6-gg -s ofisthb„,,â6uthern spedaeS  are  smallerthan  
- 

the more northerly species. 
(•) 

flounder, which  reproduces 	/444 

under severe arc -tic conditions, lias smaller eggs than the 

Sea of Okhotsk species; at the same time, the eggs of the 

flathead_flounder are almost equal in dia.meter to_those 

the southern species. The reason for this is, evidently, the . 

*fact . that mature'speciMens the northern species are smaller 

than their southern counterparts  and  reproduce in a'shallOwer- 

- offshore :zone.  

egg size in series of near species 

o north - and from shallow to deep water is also 

among bottom: eggs  that areHltypicà1 of flounder. - 

n increase 

from south 

observed ex 

The eggs of both representatives of the genus Lepidopsetta,  

open area of the sea, are larger 

. yokohamae,»  while the eggs of 

the northern roCksolearelarger than those:of . ,the southern 

rock . sole.' We  have  dlSo-noted  the  saMè regùlar pattern among 
- 	• 	. - 	- - 	- _ 

Caspian shad. (Pert .sevaOstroumoval95fl.. 

The regular patterns which have been observed coincide 

with the rules established by Hess (1924) for invertebrates 

and by T. S. Rass (1941) for fish: "The sizes of the eggs 

of water animals correspond to the temperatures at which re-

production occurs. In series of closely related species the 

egg'sizes are inversely proportional to the temperatures 

:the:. environment at  the moments  when-the eggs. are laid the . 	_ 	 . 
_•. 	 _ 

nearer' tO the pole the  gedgraphical . range of - the-SpécieS is 

situated, the larger are the eggs"(Rass, 1941). The size of 

the. eggs,...:,in our Opinion,.depends not only upon the temperattir6 
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which_they ares,spawned, but.also upon—the temperature - at 

which the eggs grow and mature. At a low temperature,  the  

process of egg maturing is retarded, and during the period 

yolk 'formation, :the nutrient-substances eze_received over 

a more  : 

	• -,. 	_ 
extended:length of time;'large egga, therefore, with 

a large ycilk' -,.develop. 

A comparison of egz sizes with fecundity shows an 

inverse relationship between fecundity and egg sizes. Flounder 

that have small eggs are characterized by great fecundity. 

The only exception is the small longsnout flounder, whose 

absorate fecundity, in spite of its very small eggs, is a 

little over one-third that the yellowfin sole. 

P. A. Moiseev (1953) indicates that the incubation 

period  lin most species lasts for only two or three, or, . 

rarely, five days. According to our observations, the incu-

bation period of the various species differs sharply, is 

directly related to the sizes of the eggs (or more correctly, 

of the yolk) and of hatching prolarvae and is in inverse 

relation 

lower thewatérteMpe 

to the temberaturehe larger—the .eggs and the  

ature at which development occurs, the 

longer is the period of embryonic development, and vice versa. 

P. A. Moiseevls statements concerning the higher rates of 

development of Pacific, as compared with Atlantic, flounder, 

are not confirmed. The duration of the incubation periods 

of both Atlantic and Pacific flounder, temperature and other 

conditions being equal, is more or less the same (see Tables 

Both the:pelagic - and the bottom eggs ofyar Eastern 

floulider develoP under good breathing oonditions in water 
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• . containing-a sufficient qUantity .  of oxygen. In'embryos, 
_ 

throughout--the.whole'-,of - the -  embryonic. period..of life .no - _ 	 - 	- 	. _ 	. 
sPecial. .breathing.organs develop, erythrocytes are absent, 

and the  beatind:heartdriVes onlY a homogeneous plasma devOid 

of blood corpuscles 
- 	 . 	• 	 - 

• - - - 	- • 	- 	• 	- - - 	 , 	 " • 

	

. 	„ 
The'sizes of prolarvae that have just hatched correspond 

to.  the  siz.e-a  of their eggarid.in_thia:.may-repea-t -7,theHregular 	- 

patterns observed for_eggs.- It.should be noted that noticeably 	• 

amaller prôlarvae:hatch froM -PelagiC'eïgs-that are of-  the---SaM -
_ 

size  as  bOttom,;.eggS;7 . -thiejjheriomenbhis:reIated to the larger j447-,  

amount of formative material in bottom eggs. The prolarvae 

and -larvae of  :Wintér„minter,epring _and_autumnwinter _species 
. 	. .. 	 ___ 
' are'larger than the urolarvae Of Spring and summer species,  

.and, in turn,-the . prolarvae of species that spawn in the open _ 	 . 	_ 
areas Of the sea are larger than those that are proper  to  

• 
offshore areas. In addition,,it should be noted that the 

majority of orolarvae of the first three groups and of the _ 

open partSof:thér.'Seàhatch -notonly .! larger,'but also morpho- - . 	. „ . 	. 

Klaska plaice prolarvae -, › for example, 

hatch with*an'.6pein Mputhigmented eyés,:s. head..seParated 	: 

from  the  • yolk.sactothe-levelôf_the rear edgeof_the auditory 

'cap-SilIe  or of the  Pectoral.fins,:and with small and'probably 

. a.lready. Mobile  pectoral fins  whose - bases are'situated vertically. 
_ 

The orolarvae of the Sea  of 	flathead flounder hatches 

at an earlier stage of development (but at a later stage than 

• .the prolarvae of summerspawning species). 

The:Prolarvaeof Winterspring species which have , 	 . 	. 

bdttom eggs, Ài.nder.natUral conditions hatch :less developed _I - . 	. 	.••_ 
;than -the prolarvae;ofthe -Alaska.plaice'anethe typical flathead 

:flounde•,but'more develàped than summer species. The forWard 
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L. obscura . . . . 
L bil. bilineâta . 

L.  bu.  mochiarei . 
Ps. yokohitinae . . 

Prior . to mass hatching 

'The Correlation between Egg  Sizes, Duration  of Incubation Period and the Length 

of Hatched Prolarvae of Far Eastern  Flounder 

DeCieS Egg diaretér, In ram Yolk sizes, in inin ° Water temp&rature 
du'ring incubation, 

,range averagé range average average hours range average 

7,8-15  1 11 3,0  

5,85  

• • I ,j  2 ,6-3 ,13 	3.,0 
4 ;64 
3 1,25' 

	

1 ,32-1 ,73  4,8-9  ,2 	6 
1,03 	9,8-12,1 	10 ,8 
1,1'! 	11 ,6-16 ,4 	13 ,6 
1,35 	-2,0---5,0 +1,3:  

	

2,0-5,4 	3,7  

H. hip. atenolîpis . . 

pi.:  quadrituberculata 1 1  
H. dubi 
Gl. stellori. 
L pinnifaciata 
PL stellatus 

Tor  

'Seen 

2 O- • - 	11 ,3-14 ,8  10,5 
 0 ,71-0 ,80 16,4-19 ,0 , 13,1 

0 ,71-0,80  15 ,4-19 ,4 17 ,6 
0,74 	11,0-15,2  16,6 

0 ,64-0 ,73 15 ,9--19 ,0  13,1  
0,59 	-- 	17,6  
- -1 ,0-+8 ,6  20,4  

0,63.-0,2-+8,2 +2,4  
0,85 +4,8-+7,8  ,5 

0,62 	• 4-12 	+5,6  19 
' 0,57  

athé 
It ' 

it 

0 ,64-0,87 
 0 ,64-0 ,87 

0 ,64-0 ,79 
0 ,57-0 ,76 
0 ,51-0 ,69 
0 ,71-0,81  
0,55-0,8  
0 ,76-0,94  

o ,54-0 ,65 
,44-9,64 

2 ,9-3 ,8 	3,25  

1 ,9-2 ,05 0,97-1,01 1 ,26-1 ,84 
2 ,02-2 ,34 	2,27  0 ,97-1 ,1 
1 ,23-4 ,49 	1,36  0 ,80-1 ,19 
1 ,45-7 1 ,61 	1 ,54  1,20-1,43  
0,97-1,01 	- 

• 
0 ,89-9,94 
0 ,9-1 ,00 	0,03  
0 ,9-1,00 	0,93  

0 ,81-1 ,00 	0,88  
0,83  
0,74 

Our  own 
2  

2 j,16t.• 
2,24 . 
2,,08 

: 4 ,1-5 ,2 
24 I.  • ---L 	3 ;07-3 ,34 
14 	17;  2,58-3,36  

14: 1 ,93-2 ;08 

	

9 	- 
2 	18 2 ,17--2 ,59 
2 j .16 2 ,05-2 ,29 
4 	14 1,87-2,44  
2 I, 14 	1 ,79-2 ,21 
2 4 1 ,14-2 ,27 

22 ; 5 .2 ,32-- 3  
22 .; 15 3 ,60-4 ,ÔO 

3 ,26-3 ,84 
8,4 • 8 	10 	2,4-2,7  

Cl. berzensteini . . . 
Tor we. 	 • „ 
Ps. beriensteini  

aspera . . . 	. 	. 1 . 	0 ,76-0 ,88 
• punCt. pnnctatissiina 0.71-0.80  .1 
P. olivaceus 11 j 	 0,93-1  ,03 

0 ,81-0 ,94 '1 0,87 

	

1,02-1  ,09 	107 

0,87-0 ,95  I 9 ,93 

	

,73-4,83 	,78 
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17- 1 ,07---;-1 ,25 . 	• • 7  ,7-9 ,4  

,91-1 ,03 	_ 
r  0,81--0,92 • • 	' 7-11 

2$-3,1  

Q,e-: 0,91 	10 10-it ,1 

Ocean (plaice 

Same. 

I t 

Fiatheaçi floiinder 

, 

3 ,0-3 ,8 

, 	 ■ 	• 

Cunningham, 
• - • 

Ehrenbaum,'. 1897 ■ I 

' 	 • 	.1 	, 	. 
I 

1 

6,0 ;. 

10,0 • 

• .12 ,0 , 
7,0 ;. 

•.  10,0  

3,9  

16 
21 

181/4  

12 

10i/ 2  • 
-16 ,j2-18i/ 2  

12.  

' 11-14 

7-8 ' 
; 

10,0 	5 	. 2,23-3,29  

- - 	 7 	• 2 46-2 67 
• 

15-18 	• 1, 	3 .0-3 ;5•.... 

• 

1 
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The Côrrelation between Egg Diameter, DurationOf. Incubation  Period' and 

,• ■ • 	; Length of Hatched Prolarvae of Atlantic Flounder •  • 	' 

Species 
Diameter of 
eggs, in mm 

Water t emPeraturé 
›during  incubation, 

range: 

Duration Of in- 
: cubatiça periàd, 
• - in day. • ,  

Length of , 
hatched - 
pro  larvae, 

in ; mm 
average' 

; Data 

,Taning; ;1936; ■ 

DanneVig, 1895 

.;DannéVig-,: 1 , 

1 ;1 

True halibut 

Long flounder-H---- 

Fluke 

Yellowtail flounder 

Winter flourider 

Rus • , 	■ 	■  

	' - 	Hun t s ma nn , • 1918;.' 
+-1-+Eihrenbat.IM,-  '1905 and 1909 
:Bigelow .  and,,ileilelShi 1925 

Cunningham,  
_ 

7 CunninghaM,:1887; 
Ehrenbaull41_897 _ , 

Brider, 1924- 
•■ :■ 
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_ 
usually separated from thef,yolk'sac,  and  . 

Finally-,T1-the--ibrolarvae 

of:flounder that .reProduce in summer hàtch podrlydeveloped: 
• 

their heads :a:re2;tightlY appressed to the ,yolk :sap;:_there_ 

,ilo-mouth;:and  the pectoralfins have  the:.appearanàè:,of minute, 

vertically standing laminae whose bases are situated parallel 

.to the Iongitudinal,:a>tis:of,,.the'body.Theeyes are unpigmented.'- 

Long flounder prôlarvae froM:thè:oPen  part of the sea hatch- __ 

more developed, a.phenomenon:related_toltbmperature_conditions. 

It  is known -,..from .,perimd observations in 
 _ 

, 	 ex.• 	• ..ent •san_ 

nature_that the higher:the incubation temperature (within 

limits possible for the development of-each species), the 

and less developed the prolarvae hatch. An 

-example:bonfirmingToUr assumption is to  be  found in the larvae 

theAtiantic winter flounder .(1's àmericanUs), which hatch 

More:deVéloped thanthe'.1arvaez of the dab'end othér summer-' , 	• 

spawningformS. The-prOlarvae  of the  flathead•sole and the, 

North'Sea'are.smaller and hatch less developed - 

han.  in Barents Sea. On the basis of the foregoing 

matérialithe»follbwing aSsumptionkay be  formulated  the  sizeS 
- 

and•thedegree -of-deyelOpment Of flOUnder : prolarvae:that - have • 	. 	•.. 

juet'hatchedcorrespOnd to the temperature at which the . .eggs,: 
- 	 _ - 	- _ 	- 	• 	. 

- :develop. In series -of Closely related species, the degree p 

development of prolarvae that have „just hatched is inversely - 

proportional.to 'the temperature during the period of development 

of the  eggs and hatching; 

degree,ofdevelopment ofolosely 1-.elated forms in 
_. 	• 	• 	.._. 	 _ 

dhereaseb -from - Sbuth- to north- and from shaIlOw to deep 

..Prolarvae..feed differently and'have different body 

.proportions in accordance with their sizé and degree of • 



short distance from 

of the anal fin. 

the end of the snout to the insertion  

As indicated above, species that lay large eggs are 

of a comparatively low fecundity..TheirniàÏIütit of y - 

eggs rà compensated by the large sizes of more developed 

to the insertion of long distance from the end 

Because of their limited mobility, the prolarvae, as 

large number die from .various unfavourable conditions and _ 

fall prey to their enemies. Their high  mortality is compensated 

by a high fecundity. (All species reproducing in summer in 

, 

the offshore zone have a greater fecundity in comparison with 

winter- and spring-spawning species.) :Also of no little 
. 	• 	- 

importance in maintaining the numbers of the species is the 

890. 

de ve lopment. 
_ 

Large  and more  develOped prolariab - the winter- 
_ 

.spring forms, shortly after hatchirig 	 p1^-obably-, 

immediately after hatching), side by side with their endogenous 

feeding, convert, on the  oasis of -the-yolk—that -they - contain 

to active feeding and thus have Mixed food habits. They  are 

very mobile, and have a. long tail and, correspondingly, 

hatching prolarvae. A high degree of mobility and active 
_ 

procu.rement of food give them a definite advantage in the 
- 

'struggle for. existence. . This reduces the mortality and 

maintains the numbers of the species. The - feeding-  Of-  j-ust-

hatched prolarvae Of the summer ecological-morphological 

tes place  exclusively on the basis of 

the reserves of the yolk sa.c. Consequently, they are of 

group of flounders 

. limited mobility and have a short tail  and a correspondingly /14.48  

compared with the larger and more mobile prolarvae of the 

winter-spring groups, are subjected to greater danger: 



Special ékperimental observations are required for the final 

solutïon . of-this - qUestion. :  

The - prolarvaé. Of'the:arrowtoothed»Gréenland and trile 

halibuts, whiCh,  as  is kriown e.hatch—Ut- great - depti 

the higher (but not the surface) layers of the water. 

• 

shorter .peribicLfor which .  the prolarvae and larvae of the 

summer-spawningforms-stay-'-inL-pelagic depths 

- pr6larvae ; that . have hatched from pelagic 'eggs lead 

which they hatch. Nor do prolarvae of the black, and Japanese 

_flounders or 'Of -the rOck sole that  have-  just hatched from 

ibottom eggs,rema.in on the bottom. ,,,-Performing:pe-culiar - 1 

movements, they gradually rise ùp. They swim upwards alm6st 

in a straight 'line and evenly, alternately resting for periods 

which they_àink passively. Since the length of the path 

'covered in ascent . 

ascent in turn-the 

ascentds greater than that during sinking, in each 

prolarva is higher and higher and in the 

end rises to the upper layers of the water. Prolarvae that 

have risen up lead the same pelagic mode of life as larvae 

hatched from pelagic eggs. 

connection it is interesting to note that, 

according to our observations, prolarvae and larvae hatching 

both from pelagic and bottom eggs have a positive phototaxis — 

towards scattered light and behave negatively.towards direct 

have not studied the behaviour of older larvae 

but by analogy with the larvae of bottom 
I 

l'-inVertebrates--:(Thorson,- . 1946)-it may be assumed that as larVab 

Hgrow, the pbsitiveness of.phototaxis diminishes, and towards_ 

the completion of metamorphosis they become photonegative. 



The distribution oflarvae_ in the upper_layers  o 
_ 	 . 

-••.• 

the-water c o incides:, :with that  of plunkton -ii -1 f 

prolarvae 

opens and communicates with the oral cavity. 

• 

892. 

also stays within the upper levels. 
' 	t 

- The  Metamorphosis  of Flounder -Larvae - 

. As indicated above, -  the  development . of 
- 

: generally proceeds  in the samè way as in 1111 - Other fish: 

us the yolk sac is absorbed, the mouth apparatus is formed, 

and the intestine 

At the  same time . , - :the pectoral fins increase in size and 

acquire 'nobility, the tail lengthens and, in addition, the 

mobility of the prolarvae increases , a necessary condition 

When  flounder larvae dev.elop , they -undergo , very 

coMplex 'changes" _ (metamOrPhosis ), . in the process of :which .the 

entire organism=  of the larvae as a whole adapts to a certain 

grouP Of ' external- conditions in' a definite ecological niche -- 

in this  case,  to dwelling on the bottom. 

It has been known for a long time since the beginning 

the , second .  halfofthe nineteenth -:century, . that floUnder 

prolarvae , when they hatch, are fully symmetrical,. with eyes 

situated, as in normal fish, on both_ sides of their- heads -.- 	- - -- 

It was previously believed that the flat body shape of flat- 

fishes resulted from sinking to the bottom and that it 

oriL:inated from a demersal mode of life. Actually, not only 

asymmetry, but all the -features of- family, _ genus ancL species 

develop in the Course of life under pelagic  conditions.  An 

external visible feature of asymmetry is the beginning of 

shift of the eye of the future lower side to the other 

side. ' This external Propess of metamorphosis of flounder 

larvae was noted very long ago, and its internal development 

studied much later in detail (Kyle , 1923) . 
• . 	 • 



The...,Pr'ocess - of 	 1aceatdferent at_- , 

rates of speed in different species. Hence even the sizes of 

greatly. The largest larvae are those of the 

long flounder of the genus Glt6cerfria7lus"-Ead the - srae.11edt; 

.thào:6iP 	amèricanus  and L. obscure.-  (see :  Table 8 8 ). 

The duration of the pelagic -period of life of larvae,. 

which is of 1 , reat importance in the preservation and settlement 

of a species, is closely r6IaTted tà-  the envinzinme-rit. If larvae 

in all stages of metaanorphosis. are grouped by sizes, it will 

found  that metamorphisis takes place most rapidly in offshore 

forms, whldh: develop at high temperatures , and that this process_ 

is slowèr in species living - in -  th-g-open sea; 

We have not established the reasons for the more rapid 

rates of metamorphosis of • larvae of the genus Platessa, as 

compared with .species of the genus Limanda. 

f La-r>val P  

in individual stages of develop- 

and  of mature speciMenS; has interested many_ scientists. _ 

To this question has been devoted an enormous number - of Stiàdies, 
ri 

which Bronn_ (1927) collated and generalized. Of later. 

mention should be made of research by V. V. Vasnetsov (1934) 

devoted .to the evolution in_the_oolour_ of-bony. fishes. _ . - 	 . 	_ 

1/asnetsov, .1.n -  the introduction to his article, writes: "The 

.problem .of the:-.phylôgpiratilatip4shipa of_groups of bony _ 	 _ _ 	_ . _ 	. 
fishes cannot be considered _to__-have been adequately- treated ., ---/450 -  

neither in relation to small-taxonomic-units-such-as-families-

nor in relation to suborders or, as they are 

now understood orders. Therefore an interest in solving the 

this feature (colouring) is highly desirable..." 

:genera, 

problem of 



Table 

le Sizes of Flounder Larvae Towa.rds  the Moment 

Passage  of the Eyes _ to the  „Other Side, 

Species 

28.8 

Gl.  cynoglossus 	  

Gl. stelleri 	  

hip_ppeossoides... 

. h. stenolepis  

Petersen, 1904 

Our own 

jensen, 1935 

Thompson and Van Cleve, 1936 

About 4.0 

4.0 to-50 _ 

More than 30 

22.3 to 

Schmidt,-.-1904; 'Taningî - 1936 H. h.  hioDoglossus 	 

H. Dlatessoid ,-s  	30 

22_1imandoides 	30 

H. elassodon OOOOO • .• • • • • • 0 	30  

A. nadeshnyi  OO . ... 'About 20 

L. bilineata  bilineata..... 

Pl.  stellatus 	 

Pl. flesus... 

Ps. americanus 	 

L. 	obscu-a 	  

.• aspera 	- 	• 

platessa.T., 

..... 	0 

‘ 11.4..to 15. 

About 10 

1?  

S 8 to 9 

8  t 9  

Petersen, 19014. 

Our own. 

Same 

Same 

.Schnakenbeck, 1928 

Our own 

Ehrenbaum, 1905-1909 

, Ehrenbaum, 1905 -1909 

Orcutt, 1950 —  

Bigelow and Schreider; -. 1953 

Our own and Kuratals, 1956 
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_ 
-n understanding,the_evolution of colouring is 

moreover - necessaryfOringat-ing the regular patternS, 

of taw :eVOlutionary-process. Vasnetsov writes fur(ther that: 

'"COlburinion the:One hand is 'highly 'variable_underthe: 

direct influence of en.vironment, and on the other hand it 

.constantly being deterrained by hereditary factors, while 

definite_ character is proper to whole  groups of animals • 

to genera and families..." 

- :.An'analysiS of :flounder pigmentation at different' 

stages of development-has permitted us to establish, as for 

(Rass, 1949), three basic types of pattern -- 
_ 

'scattered, row, and.that which has__the.appearance of stripes 

(in the sense of the distribution 

othef-, fish 

°Vex,' the bodies of embryos 'andlarvae)', 

which or by a combination of which the whole 

the'ontogensis of flounder the first to appear ls 

scattered, then the row,  and  last, the spot-band type of 

p igmentation.  , The  labt two types the beginning 'of their:- 

.in the fins, these differences even out somewhat, and towards 

are usually Combineâ with scattered cellà 

-c•illiCh - sUbsequently become part of the  accumulations,  while,- 

Others disappear entirely., 

Pigment which has appeared is, in the character and 

distribution of the cells that COMIDOse it, generally similar 

in_all species, but as early as the time of embryonic develop- 

Some of 

ment specific features are'outlined which subsequently appear 

more-and more distinctly. .It is in larvae that have not been 

formed that the specific characteristic of pigmentation  

attains its greatest prominence. Aftey rays are established 



metamorphosis the 

specificity, in the majority of:species acquires. 

igmentary pattern, losing 
- - 

common'featUres (upper,_lower, -  and'lateral rows of spots)  

transition to similar dwelling conditions on 

pigment 'patterns of 'the flounder_ larvae 

:that we have studiecL are'compared', 'common characteristic • 

featilres ara eeen, -. ' on 'the one hand for 'a group_ as 'a whole 1  

'and on the other.; for genera and individual species'. 

is characteristic of larvae of all species as a 

the lower portion of the body is more intensively 

I - pigmented:than :the upper; -  portion; and:that the trunk, head 
- 

. 	, 

scattered and unformed accutulation'of - cells is charac- 

tant feature is the pigmentation of 

. 	_ 

exaMinethe group and'generie,features.. 

the tail. 

of the SPeCies that: We have examined..  of larvae of  the  groUp of • _ 	, 	 . 	. 
- - 

large-mouthed floiinder, with the exception -  of the arrow-toothed 

halibut, the end of the urostyle is surrounded with a row of 

pigmentary cells (see fig. 75, 1-6). This is observed not 

urostylel_May'_.,be ._considereda_feature_ of  the  :entire_group.:_ 

the _ end of -the =urostyle—ischaracteri -stic='- '-' 

of smalI-mouthe d -flounders 

The - prolarvae and larvae of the . Greenland and true 
• • 

halibut areCharacterized by a 'very' poor development of pigment; 

and abdomen are coloured differently from the tail. A row- 

' :.teristic of . the lower portion of the body. "The'  corresponding 

Charadteristic feature of the trunk'is a row-type, transverse-: 

: orientedacelimulation that :intersects: the body- in - the forrifof,  

bands. In establishing the species of *larvae , the most impor • 

only in, Far 'Eastern flounder, but to 'an equal extent 'in Atlantic 

floilnder. The pigmentation, therefore, of the end of the 



The larvae of- the vast majbrity of small-mouthed 

. :flounderspecies'haVe• a Spot-band pigmentation in the metameric- . 	_ 	. •_, 	. 
portion of the tail; only in species of the genera Limanda  

..and.Platessa_is arow: :_arrangement_of_Pigmentary  cells observed.. 
_ 

a distinct double row of 

: .pigmentarycells on the loWer edge of the tail', and an incomplete , 

deep row of melanophores above the chord,' beginning far behind : 

. 	 • 
,•• 	 -..,••  

also characteristic is.a primitive scattered-row type of 

genus Hiopol 	üsdiffrs-  rom- he—geniis, , 

in an_extensive development of scattered row 

lpigMentation: on the dorsal and  anal .finfolds .( see .figS. 

-:andand  75,.2 and • 	A ràw -  distribution-Ofpigmenta-ry 

characteristic or the genUs Acanthopsetta  •(see _ 
19 -  and 75, 5);' in this respect,> it rèsembles the .Greenland 

and true halibuts. Larvae of - the:.genera:Atheresthes; - - 	/452 

Cleisthenes  and Llillabglossoides' have a-H.pigmentary pattern 

which differs sharply:fromthatof_,thegenera Reinhardtius, 

 .1iiPPOlbssua.:andAcahthbpsetta. The pigmentary c e lla - on the 

metameric Portion bf .  the 'tails - of these flounders form bands. 

'In-larvileof2the- genus Cleisthenes_there_are two - such bands, , 

whilè the stripes that compose them are Separate along the 

tail;and are extended along the_lèngthef 

foür:_pigment:bands= , (Seé_fig .S.: 

in*the:prolarvae and larVae of the genus. _ 
tShoUld be noted that in Atlantic flounders 

the larvae. There 

11, 13, 15  and  75) 

Hippoglossoides.  

are  three.  or  

the:forWardjpand: s rudimentary and represented by a small 

cell's': on thélàWer edge Of: the-tail.  In the  -southern 

whiChhaS a , moUth .  of averag&1ze, the end of7the - 
- - 	 - - 

urostyle ,is not . pigmented', and the entirè body ià thiékly 

covered with melanophores, among whiCli. two tiands St-arid --oüt- 

weakly on the tail. 



n larvae with 

the middle of the tail (see figs. 48 49 , 51,  and 75).  

the anus (see-figs.  30 and  75) 	In.:larvae  of  tiManda‘:.'..:: - 	 . - 
(ylioPs'àttarthe row  arrangement  is disruptedby ima s  , 
latioh or ,melanophores on the tail at the beginning of its 

7.51. rear third or near the middle (see figs  .I.32 ,  3 

Larvae of the:genus-Platessa have a less distinct' 

row on the lower edge:Of'.the tail, à ,short row on thé upper' 

edge . of the endof-the-tail,-.and a long;r6W of deep  melano- 

phores above the chord, beginning, as a rule, at- thé -ieve177-  

number. of bands  varies. - In'species of the genusLioDsetta„,_ 

(L. pinnifaaCiata  and L. glacialis)  there_is_on&:band on 

The 

of the anus -(see figs. :43 and 75,'3)*.. 

band typeofpigmentation the 

species L. obscura  stands apart; its larvae have a forward 

band in addition to a band in the middle. The urolarvae 

and early larvae of species of the genus Pleuronectes  (P. 

stellatus and Pl  flesus  with all of their subspecies) in 

the character o the pigmentation of their tails display a 

great similarity to the prolarvae and larvae of L. glacialis  

and:Liinnifasdiata 	only one band formsat'first on the 

middle Of:their tailà (see figs.'57  and 75,  17). Subsequently. 

older:larvae of - both genera, the band type of pigmentation 

is replacdd by a Secondary, scattered-row type. . Older larvae 

of.the.species Kareiùs bicoloratusi which resembles the genus 

Pleuronectes, also have a scattered-row type of pigmentation. 
- 

P.i.olarvae  and 	of species  of: 	genus Lepidopsetta-:  _. 	_. _. . 	. 	 _ . 	, 
. have:at first - two  distinct bands and .a rudimentary third band; 

. 	 . 
older prolarvae and larVaé haveafull .  second band and an upper 

stripe Of.a'partiàlly . reduced forward-  band .(see' figs 22, 23, 

The pigmentation of  prolarvae and larvae Of 



• 
Figure 75 - Diagram of the arrangement of pigmentary Cells 

on the tails of flounder larvae.  

17-i-7--xfthes; 2 — Relnhardthis; 3 — }..11pPoi,;foksiïST-7=711TP.P6-didik- f 
— Cletsthencs; 7 — Verasper;  S  — Lepiclopsetta; 9 7- Limanda; 10 — Llmanda (Myzopsatta);  ii-

Pseudopleuronectes herz m-nste2n1; 	yokohamac; 13 --7,Platessan — O1yptoccphalus;15 — Ltop- 
setta pthnlfasclata  L  glacialls: .16 — obscure; 17 — Plottrotteetes; 18 — aaeic (oGoGuacnnutill • 

• - — 	  

8 riserling (generalized) 



the larvae of all flounder leads without exception to the 

(—yr. 
i. 

e genua-',2eolidopleuronectesis not monotypié_7-__thp. number 
- 

of  pigmentary cells Varies: in the typical Ps. herzensteini. - ‘ 

: there aré three, in Ps.  yokohàmàé'thére'are two, and in the 

Atlantic species Ps. americanus, .there ià only one (see figs. 
-- 

10-11, 38 , 
 41, 

 and - 

lOngflounderH f._the genus Gly.ptocéphalus_there, 

short bands,  Of which the - last ls—situated near 7 

of the uroatyle:, bût not at'its very  end, as  we have 

thelargemouthe -d . flounders-.  . -•. 	-.. 	• 	. 	• 	- 	_ 	 .siiall _ 

:pigment spotSlocated:on the middleTof - thespaces between  the 
 

bands : -_(see figs. 13,.;.56,-_and._75):_arecharacteristicof_apecies:' 

The prolarvae and larvae of the genus Microstomus  

have four transverse bands. 

basisOf.  the foregoing it maY be assumed : that: 

flounders, those with the most primitive 

halibuts Reinhardtius 
. 	_ 

andHippOglOssus,'-while among the small-mouthed flOunders,_ 

the same applies . to,U.:- limanda - and..L. aspera. .•The.colouring. • 	- .. . 	 . 	_ 

of L. punctatissima_punctatissima, L. punctatissima proboscidea 

and L. fel-ruginea has deviated somewhat from this type. 	- /453 

Lepidopsetta and Pseudopleuronectes,  which are close to the 

genus-7 Limanda,.have deviated even more in respect to colouring. 

Incidentally,_atypidal (bottom);egga,—and prolarvae and larvae' 

that are unique in their structure and character of movemen _  	 _ 

are, together with a change in colour, characteristic of these 

highly-specialized forms, with the exception of Ps.-herzensteini. 
. 	 • 

'The process of the further devel.opment of colour in 



-convergent fàrmation7of-the - Spots.of the upper and lower-rows 

the tail, the completion cf which coincides with  the:  

moMentof:.COMpIetion. of metamorphosis -and the transition of 

Where:.thereis_ a:bancl 

type of'pigmentation,the  formation of  spots takes  place

mainly through the transforMation of the upper and lower 

the larvaà to a bOttom mode of 

stripes which diVerged when - the body- grew-in height y-and 

life. 

cance and is 

.to an insignificant degree throùgh the formation of.new 
- 

pigmentary cells. In larvae with row or. scatt6red-row ,type 

pigmentation the formation of spots takes place exclusively 

on the basis of the regrouping and new formation of pigmentary 

cells, and always in-a strictly de-termined order -- from 

back to front. 

juveniles have lain on the -bOttom7, -- in the. 

to the latter's colouring, pigment 

intensified on the eye side, since there 

làteral,and than of the upper 
- 	 . 	- 

.''lateral and lowerlaterarrows, and  in the end there develops 

-a . spôtty--checkered_Pigment pattern_;_subseqbently made complex: 

process of adaptation 

_markings become 

appear the spots ., of . the. middle 

(and at the same time losing its sharp definition) by a large 

quantity of melanophoreS scattered among its components. . In 

some species rows of spots are also frequently observed on 

the dorsal ànd anal fins. The form, quantity and arrangement 

of individual pigment spots are different in the fingerlings 

of different species, and in the same way as in prolarvae and 

larvae they are of great importance for identification. - 

non in the live 

entirely blear. 

. 	. 
signifiCanCë-.Of cOlouring as a biOlogical phenome- 

embryos", prolarvae.ana-farVae is not 	 

In  adult flounder - it has.an  adaptive  signifi- 

rnanufestéd  in different waYs under different 



conditions, 

-1937). 

demonstrated for fish of the herring family (Rass, 

Let us see-whether there is any:kind  of  link with'. 
_ 

as_has been 

Matàuurae  and 	stenolepis), a scattered-row 

spring group 
. 	• . 	 • 	. 

ei and L, obscura) and 
• . 	. 

,.. 	_ 

one:species.of-thespring -group . - 

develops from bottom eggs -- all, without exception, have ' 

a band-type pigmentation. 

e genus and species of the winter 

yokohamae), which 

t 'et, 

The-:amaiingcapacity4offloundero ,- alterthei , 

 coldUring in relation  to  the colour' -and pattern of.thebottpm 

. Is.well known;'in experiments, flounder have reproduced  the  

-appearance-of the bottom so completeiy - that they  have become: -  

almost , imperceptible (Luktyanova, 1936; . 0sborn, 19 )41 and 1948; 

Parker, 1948.;• Broder,  1955, and others).. 

Yble have not'aS yet established the adaptive signifi, - 

cancej,sdecific for flounder prolarvae and larvaee of colouring_ 

:the -ecological conditions under which prolarvae and larvae 

The larvae of winter-spawnin7-offshore 'species 

:(L.S.lacia_lisland L. d-innifasciata) have a band typa of. . 	.- _ 	. _ _ 	. .. 	. 	. 	_ 	. 	. 	• 	 . . 	. 	 • 	. 
-pigmentation,  and,thetWo winter-au-b.:min species 

' dwell. 

of the open 

Among the - spring forms, the offshore species 

stellatus and .1P1-flesus)  have a band type of pigmentation -,- 

represented by one band, - while the forms that.dwell - in-the- -, 

. more  open e,,reas:(Hi -oPoglOSsoides)' haréfburfbands. The 

of the.bnus PlateSsa,',which develop 

arecharacterized  bÿ  a row'àrrangement of: 

prolarv'ae ancrthelarvaei 

at the saMe - tiffie 

pigmentary cells. 

in,the group of summer-spawning fish in the offshore 

-zone some species' (Limandà)  hava a row arrangement of pigmentary 



903. 

cells, while others (C1. -her-Z-Chsteini-and Ps. herzensteini) 

have a spotty-band arrangement. 

the twp specieà - developing7iri the-more open areas of-, 

gulfs, 2. :stelleri .  has:a spotty-and 'type of pigmentation, 

and A. nadeshnyi,  a row type. 

Thus within the limits that we have established- /Le_ 

for ecological groupings no distinct relation is disclosed 

between pigmentation and ecological conditions during the 

period of development. The prolarvae and larvae of the winter-

spring, ecological group, as well as those of one species of 

the spring group, which hatch from bottom eggs, are an exception. 

•Here there distinctly emerges a curious parallelism in the 

In precisely the same way, . 

developMent of:-the pigMentary pattern (highly similar in all), 

on.:::theOne hand, and in the Character of movement, on the 

The fact is that all prolarvae that have hatched from 

:bottom eggs, on'riaingup.perform -,moyementsof the same tyPe, 
. 	.• 

their tails.  Wé. da.not observe such . 

movements in any other groups. In spite of the fact that the 

majority of suecies included in this group differ in details 

of pigmentation, two bands develop on their tails. Thus two 

peculiarities of prolarvae and larvae prove to be linked. 

Where they have bottom eggs, they differ from all flounder 

developing from pelagic eggs in 'Ehe unique movement of their 

tails and in the no less unique pigment on the latter. It 

should moreover be noted that the prolarve of the banded and 

flbundershich have:a similar-pIgmentation :(a band 

described a.bove, with 

middle of the tail) Perform-  identical movements with 
_• 

t the sarrie time, their yolk sacs are turned 

uowards. It is possible  that  it is in just this that the 

Causal dependence consists, but it is difficult to decide 

what its nature is without the application of the experimental 



_ 
is -probably.  that-  such a conformity . is_no 

an-d-that the development of the pigment  pattern - 
:- • 	. 	_ 

- on-the .ta.ildepends directly upon the character of moVement.i 

In this connection it is'interesting to note that 

spotty-row pigmentation is usually on the tail, whose length 

in pelagic flounder prolarvae with different types of pigment 

varies towards the moment of absorption of the yolk sac. In 

most of the species that have a linear-row arrangement of 

'their pigmentary cells, the tail is shorter, while in species 

with a spotty-band type of pigmentation it is longer; among 

the latter, those •with the longest tails are forms (Hippoglossoides 

•
aneGlyptoceohaluS) -with-three -or-four bands (see Table 88). 

• 
The  sPots-Of'the upper,and lower rows that form upon further : . 

development:are -  also related to-the'peculiarMovement:of. the 
• 

:anal and dorSal-edges  of thebodyHand the'lfins.- An accumu- 

lation of melanin - pigment is Usilally - aCcompanied,by a corre 
„ . 	_ 	 - 	. 	- 	• 	• 	.... 	, 	 _ 	_ , 	. _ 	. 

spônding - accumulation.of - lemon7yello,;fxanthophores, nich 

participate in oxidizing processes. In connection with our 

discussions it may be assumed that the arrangement of spots 

on the tail is associated with the zone of themost intensive 

oxidizing processes, which.take place when the myotomes_ 

contract and which determine the bending and unbending of 

the tail. This assumption appears to agree fully with the 

data of physiologists, which have shown that the consumption 

of oxygen - in the muscles, and, consequently, the oxidation 

processes, increase when a muscre passes from rest to work. 

p roblem involving the relation of 

tail to the characte-r-  'Of its 

:Movenientp;née4 -additional obServationsspecially arranged 

both in . .natureand' tinder experimental conditions. The posai 

bilitY is not excluded - of an association:oetween pigmentation 

The final solution of th 



and-the geographical 

S. Rass (1935) has noted thatthe pigmentation 

of the embryos of arctic forms appears at a later stage of 
- 	_ 

'development than in the embryos 6f related boreal forms. 

Larvae . and fingerlings in'colder waters are usually less-- 

pigMented.. These regularities -,-- which -have -  been established .— 

for the eggs and larvae' cods, are only partially observed 

in 	
— 

Far Eastern  flounder-in corresponding-stagés:7Of-development-. ---  

In . observing the:time at which pigmentation appears, 

and its intensity, within the-limits of the same species or _ 	_ 	_ 	_ 	_ 

.6r the related suebiés ofone tenus we have noticed thatin _ _ 

different regions of a geographical range pigment appears . in  
-.• 

embryOs at the same'stages of development'-- the beginning 

formation of the'tail bud. Subsequently, however, it is L455 

ac:CIearly expressed in embryos:in.northern  as in  southern 

regions. For example, the 

less highly Coloured in the 

prolarvae and larvae -of the the northern rock sole are noticeably 

larvae of the yellowfin sole are 

north than in the south. The 

_ 
less Coloured,thanthoseofthe'southerntemperate -7.boreal-, 

, variety:Thèl'arvae of  the subtropical -boreal t,àocolourieà 

flOunderHard.fart more intensively .pietmented than - those of EL_: 

.mainly.boreal species ---the starry flounder. Unfortunately, 

we  cannot  compare the  nigmentation  of  the.prolarvae.and_larvae 

of H. robustus and the southern form H. dubius.  No  noticeable 

found'. in the pigmentation oçembryoc .prior to 

The embryos,-  prolarvae and- larvae-of H. elassodon, 

are appreciably more intensivélyebloured 

DubiUs,Which accords fully with the obsér•- 

.vationSiof Petersen .(1904. ):. . "JuVeniles of the same species . . 

in different waters, and the larvae of 

'- hatching. -:The „ 
, 	. 

- as indicated abcive-

than those of -H. - DI 

are of different sizes 



_ 

_ 

different from those in the offshore area. Their pigmentation 

frequently more sharply . expressed."_ The moreintensive 

rpigmentation'of:southern forms:isevidently associated.with 
, 	- 	 • 	 • 	. 	. 

i an adaptation Protecting the - nervous syStem of embryos and _ 

:larvae freMthe bright sunlight of'thersouth (Rasà,1935) 

is interesting to note that the 

pigMentation of flounderTprolaryae - and lavaeof-:the:same 

age and_developing under artificial conditions is_usually1: : 

darker__ than that'-efspecimens collècted.at sea. We have .• 	. 	• 	•  	. 

•noted -thiSbhenomenon'in - 'Caspian.herrin'u (Pertseva, 1939), - - 
. 	. 	_ 	. 

ICyzhanovskii_in perch and other fish - (1949  and 

 ,Thereasons:for .  the mcre abundant pigmentation of 

orolarva&and larvae.under•artificial conditions,according 

to - Kryzhanovaklionsist in the peculiaritiea . ofillumination, 

any huMber:of other - conditions perceptible_ 

difÈiCult :Yï.intheaquariUm, with whieh we can agree 
. 	_ 	_ 	_ 

omparison-of-Far-Easternand. Atlantic 

Flounder; SpeciéS • • 	- 

As .indicated above, ten species of Pacific Ocean 

flounder hàve'their analogues in the Atlantic. These ,species. 

are mainly those With a preference-for cold: the subarctic- 

n conclusion -, 

boreal species Pl. quadrituberculata; the mainly boreal species 

Pl. stellatus .  the Pacific-boreal species R. hippoglossoides  
. 	 , 

matauurae, H. hippoglossus_stenolepis, L. asoera„_and_the 

northernboreal Sea - of_Okhotsk-Bering - Sea species H. elassodon. 
_ 	• 	• 

The.only..:dxceptions.are ;.the tbmperate-boreal Sea of  apan 

._ 	. .sDeciesGl.' stelleri and the southern-boreal Sea of Japan -__ _ _ _ _ . _ _ 
• . 	, 	. 	 . 	 • 	. . 	 . 

species Ps. yokohamae . L.  rrlacialis is circumpolar. 
_ 	. ___ 	. _____t.... 	 .  
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,reproduees . in the North Sea fromjanUary to May, and in the  _ 

Barents Sea7fromthebeginninr-of-ApriltO-the_end ..-of-June..— 

what has been described above for,similar• 

Àltantic flounder.lay their eggs within the limits of- 

the mainland shoal, at approximately the same depth as Pacific 

beginning of  December-tô'the-.beginning of•June 

Cor the most part at 5 to 60, a.nd "-in the Barents - Sea from 

February to the middle of June at 1 to 3v. Pl. flesus 

:Novemberand 

e1itlantic:f1ounder of the above''species are 

extremelj* 	milar to their --Pacific counterparts -  and -differ 

most frequently only in insnificant meristic features and 

in the structure of their scale, while 

some (the species Reinhardtius  and Hippoglossus) are  -so _ 

unimportant that their  taxonomie value does not extend beyond 

the limits of subspecies (Vernidub, 1936; Vernidub and Panin, 

1937). 

The flounder-Speblesof the Atlantio- and-Pa&ific 

.6ceans thatare aimiiar:_taxonomicallydisplay corresponding- 

biology. --  Both dwell, reproduce - 

eColZfi6à1- ohditIOnS - and- have - a-77 --  . 	•• 

*similar latitUdinal*Change_in_spawning'perieds and conditions.  

H. platessoides_platessoides reproducbs in Men Gulf 

from the beginnino. of March to the middle of July at water - 

temperatures of 2.8 to 401  and in the Gulf of St. Lawrence 

in May .and July at water temperatures ranging from -1.7 to 

O. H. platessoides limandoides spawns in the North Sea from 

the middle of January to May, and in the Barents Sea from 

L..limanda spawns  in  the  North - Sea from the 

enddf:January to July, andHin  the Barents  Sea fromiMay to- 
. 

_AugUst.P.-plateSsaspaWns:in -the North Sea from the end of 

the difference between. 

.March '.to-June. 



tiu1àrlyTuarked-resemblariOais reveald.the. _ 	- 

biology of related flounder ' the Asiatic and A_merican 

Atlantic•ooasts, 
_ 	. 

. 	_ 
- 

where_winter- and springàpawning species 

reproduce under . extremely s imilar severe conditions . Flounders 
- 

off the European coast, because of the peculiarities of the 

hydrological conditions of this region, have a greater prefer- 

ence for warMth; the water temperature at which they and 

The s -Oecific -  features of the floundera under com-Parison 
i 	• 

appear Most distinctly only aft'èrthe-formation-  of rays -in - 

unmatched fins', in the number of which  they  differ mainly 

that of bed, 

Pacific .  Opean7fauna - Schmidt,: -194-8 - '.and 1950). 

of Pacific' Ocean flounder, like that 

of  other:species with , an amphiboeal 'distribution, according - 
_ - 

T.JS. :Berg .(1934, -  1947 and 1953) and A. P, Andriyashev 

• 	• 
(19144), Occurred mainly  in the  Pliecenei when a sea existe d .  

area of what is now Berinff Strait, and the average 

undoubtedly 'originated from the richer - 

in the 

ràproduCe in the north and Barents Seas is one or..  two degrees 
_ . 	. 	

---------- 	 • 	 . ____._ 	___  
' higher thaal in Far Eastern waters.  . : - It -should also-  be rioted-- 	. 

that the temperature range Of -the -.--stirriter-spa.wning 

waters. 	ITTTZ  

Great similarity is also observed in all analogous 

stages of develooment, beginning with egge that have just 

been fertilized and ending with juvenile fish with a completed 

- SoViét Soviet waters is much wider -than-in-European 

 

waters is much 

metamorphosis. 

similar in size 

TheYboth-have eggs:and larvae that are 

and 2 . struCture, 'the: same type of pigmentation ,  and struCture 

and othe .r  conditions  being  

The oomplex processeà of met 	occur 
- - 	_ 	- 	- , 

in them:at siMilar *sizes,  

equal,' equal rates of «development. 

amei.Phosis ocCur. and are completed 

77 	-7 

when  they are - -adults-. Atlantic flounder fauna, in contrast 



genera are especially similar at early- stages-- shown', these 

of development. The arctic f,lounder prolarvae and larvae 

from :the'Içara Gulf . that -are in our possession, from_the _moment_ 

that absorption of the yolk sac is ' completed to the appearance 

,z,e rays, in .linmatchad:„fins.,res embleanalogous-fluke-larvae 7_to 

âilch ari:ext ent_that : the ir 'speOieS can - be -detérkihéd Only With 

Hence there arises the question as to whether 

the genera Liopsetta  and Pleuronectes are near kindred and 

rivatives of an ancestor common to both. 

. 	 . 

annual temperature in the su'rface layers of the water in this. . 

than.  now. The-transition- of thebe - - 
- 

region was 5 to 10 

yflounder probably tOok-  place along  the  northern coast of Asia 
. 	. 

and_America -..When  the environmentsubsequently -got .-coldér 

( during thé 
_ 

all flounders (with the possible excep- 

tion  of the › ancestor of L.' .:glaCialis ) in the central-  area' of 

: the -Polar' Basin disapteared: some were forcedsouth, and . 	_...- , . 

the Others became extinct. . In the warm p-eriod of . time that' 

. succeeded  the  ice agesj  the flounder that had migrated to the 

South advanced  back- closer -to the-  north, but not one spread 

as  widely. ( around the pole, in the  Arctic  Basin,. as L. glacialis. 

.The distribution of the genus Liopsetta, which is limited to 

regions where the water in winter freezes to below-zero tem-

peratures, and the spawning of all of its species at the 

of- the year at below-zero temperatures, point 

of this species for cold. Since reproduction 
_ 

serve as an indirect indication of origin 

(Appel8f,  , 1912), it may be stated that the genus Liopsetta  

_ 
The genus Liopsetta  closeiy resembles the genus 

Pleuronectes (Platichthys ) but, as our investigations have 



- 
e arctic /4: 7 ounder becarae adapted unde-r 

_ 
reproduction and developffient at Îë 

this capacity became consolidated in heredity 

wasrétained,in the:period of Warffith -that-TtUenTSét:iria-
, 

Was.transmitted to L. pinnifas&rata and L:cptitnami,  whieh 

settled far to the'south, as far ass-Peter  the Great 

inclusive. in the Pacific Oce-a-a-  ànd-  MaSsaChu-Setts Bay-'-in -  the -- 

_Eastern 

ancient 

Atlantic. 

boundaries 

PrOductioa 

Both of .these Species -, in spite of the far southern:- 
___•- 

of  their geograPhibal ranges, - '1ave,- "in't1eir 

and development, fully retainid—taé element - of. 

their nature a' d,.:Similar - to  the  initial form, reproduce  in • 

winter at the coldest time anà-  Water7tekperatures- 

than od. Moreover, as indicated - above, their-geographical 

ranges are limited to regions where such à temperature is 

Hestablished; off the western'eoasta  of Europe and America, 

an above-zerotemperature that is Unfavourablefor- 

•their reproduction-and development.exists the year round,' . _  
_ 

there are ,no representatives whatever of the genus Lioosetta. 

n conclusion should like to touch, in the most 

approximate way upon the age cf certain species of Far 

flounder. Among the phylogenetioally relatively 
_ 	• 

species it i s .  evident that - alt:those shbUld be-included__ 

which were formed towards the Pliocene epoch and which yielded 

eMigrants to the Atlantic Ocean. . -lhese--Ure 

'Inatsuurae, F.-hippoP;iossus stencleniS,..H. elassodon,  L.  aspera,  

P1'..:4uadrituberculata,P1. 

All-  of these - retained .the'roelat-, ic eggs that are typical 

of flounders. It is evident that the phylogenetically younger, 
- 

species are those that have bottom eggs. These include the 
- 

.Japanese . Ps.'yokohamae, the dark  L.  obscura, the southern rock 



'.* 	 , 	 • 

sole L.  bilineata  

1. In the Atlantic Ocean, with the exception 

2. Most of:the'floUnder - , ,that lay- bottom eggS are 

concentrated in a'comparative .ly_young_water area -- the Sea 

.of Japan, Which originatedr-(Jabe,1929)..in_.the Pleistocene. 

The possibility of the conversion of pelagic eggs 

bottom eggs in-a subsequent segment of time (after the 
• 

,-. 	 • 

settlement of amphiboreally distributed genera) is confirmed 

by thelparallel appearance* (during the same . period) of bottom 

éggsHinfthe:descendentà of an Atlantic anceStor*-- the  Pacific 

cod.' 

• 



ConClusiory 

rIx  the . Pacific Ocean, -ae Norman demonstrated, of 

the floundera.of  the  horthern'hémisphere,. : that-which-  for 

the - most =Dart developed and .was.:forméd,.was , the sUbfamily _ 
„ 

'PleUronectinaS-Of  the faMily_Pleuronectidae 	It has:28 

: •generà with 4_8 :species', whereas'in  the  Atlantic Ocean there 

are 9nly 10 genera with  Il ôies.: 

The research  into the reproduction and development-

Of - PacifiCOcean -  flounder that we conducted from 1949 to 

1957MbraCed 24:species -- all the commercial flounder - 

the - northern'and-temperaW-Seae'Off-the Asiatic'  species o 

Coast.: 

Research on Pacific flounder has permitted us to 

trace biographical and ecological regularities in the  re-

production and development of this subfaMily, to expose 

important factors of taxonomy and to outline the biological 

n':theprocess of .historical development  and the 
- 	 j - 

formation Of.species, - Far Eastern flounder, ;xi conformity . 	. 	. 	. 

with the vat  extent of their geographical range and its 

diversity of hydrophysical conditions, became adapted to 

reproduction and develoPment at different .seasons of the 

year, in-environments that,were . sPecific for each species. -  

of the most important environmental factors 

beginning and the course of flounder 

temperature of the water. The relationship 

separately to this factor in large measure 

determines the species' geographical distribution. 

fOundationS:of'the possibilities for..practical use of these 

valuable'Far,.Eastern cOmmarcial fish. 

that détermine the 

spawning is the 

:of;.each-Species 



the main;_ithe following 7seaSonally spawn-  in-eg- r- -Ou- ps 

are distinguished: the winter-spawning (Liopsetta 	glacialrs, 

Liopsetta pinnifasciata);  the winter-spring spawning 
- 

(Lepidopsetta bilineata bilineata, Lepidopsetta bilineata 

mochigarei,  and Liopsetta obscura);  the spring-spawning 

(Hipnoglossoides, Platessa quadrituberculata,  Pleuronectes  

stellatuà,  and Pseudopleuronectes jokohamae);  the summer-

spawning (Cleisthenes herzensteini, Limanda aspera, Limanda 

punctatissima punctatissima, Limanda punctatissima proboscidea, 

Glyptocephalus stelleri, and Acanthopsetta nadeshnyi), and the 

autumnwinter spawning (Atheresthes--evermanni, Reinhardtius  

- hippoglossoides matSuurae,  and Hippoglossus hippoglossus  

of the seasons in which flounder species 

the amplitude of seasonal fluctuations 

temperature. The greater are the gradients in such 

fluctuations --the richer and more. . diverse . are the- 'seasonally- 
- 

spaWningComplexes  of species: -reproducing 

'-Comparison of Spawning - seasons. in northern (Anadyr - 

-Gulf) and southern (Peter the Great Bay) regions "reveals 	7--  

thecalendar' periods-of spawning -become-regularly -later . -- 

• . from'soUth; - to'nàrth.- In -conformity with- the -general pattern ., 

the:number . of sP éc ie a-  of -spawning flounder decreases , and ' 

there is a dedrease primarily- in the number of summer-spawning 

sPecies. 

The reproduction of flounder takes place within  the  

limits of their geographical range, in the region- of the - 

mainland shoal, for the most part , atdepths of no more than  

100 .to 150 :m .; :  only halibut reproduce in the drop-off zone. - ./11.59 

Themass spawning of many species' is confined to areas with 

I relativelY calm water ,or a _local_cirCular_current. . 



16under : occupy_different nichesduring theirperiod -' _ 	. 

reproduction-and< development.-Their_spawning. ià 

in timé.and'sPaceThe arcti6 and - banded flounderà reproduce 

- 
or in summer_(the : YeilOwfin_and_Snout soles, and the soha61---7 

longsnout,-;yellow-Striped and long flounders). The Alaàka _  
-plaice-and théSea  of Okhotsk  flathead flounder reproduce 	in 

_ 	---7-- .  

spring at'depths ranging for the moat part froM 50 to 100 M. 

We have for the first time succeeded in dealing 

iader species: fully with the develomraent of 15 flounder species: 

Himmoglossoides dubius, Hippoglossoides 	elassodon, Cleisthenes 

herzensteini, Acanthomsetta nadeshnyi, Lepidopsetta bilineata  - .-- 

bilineata, Lemidopsetta bilineata mochigarei, Limanda asmera, 

Limandà Munctatissima punctatissima, Pseudomleuronectes 

_ 
nearthe_éhor,:at.:depths of 5- t45 -15.m in winter:under étable': 

.conditiOns;.the7blaCk'-ànd -.Japaneséflounders reproduce- -in trxe- 
- _ 

- winter-spring'and . spring - periods respeàtively, in the'same 

enVironmenThe vast majority of flounder reproduce at- 
-- 

depths extending for the most part from 20 to 50 rn in spring 

(the starrY,Sea of ,Tapan,and_northern flathead flounders),- 

The:SPaWningof rock Sole in.thewinter-Spring,'period and of 

,thé éPiny:f16Underin éummér - i.s._69nfiried to the lower zone 

of the  mainland shoal(100t67200 m).-Halibut_reproduce in = 

the  drop-off zone in the fall  and winter period.  

-A , CompariSon of thé spawning - seasons and 6f-the 

geographical distribution of the spawning grounds of various 

seasonally spawning groups enables us to outline the bio- _ 

graphical  regioriT  of flounder spawning grounds, which are 

clOsely related -  to en.Vironme,ntal-  =factors. - :. Thes-e- regions . 

coincide , with the schemes -of ioogeographiCal'regionaliïatiOn- 
. _ 

of Andriyashev - ( 1939),  Vinogradov (19L.8),  and Moiseev(1953). 



upon environment.The development of the eggs and larvae- 
• 	- ----------- 	-------- 

of a group-of flounders as a whole takes place within wide 

fluctuations:of- temperature ranging-from -29 .to' -i. 21 and 229 
_ 	 - 	- 	• 	• 	. 

. 	. „ 
The development, on the other. hand; of  individual 

takes place at different tempera-tilreb - depending upon 

the geographical position of the spawning grounds and the time 

of the spawning itself. All transitions, from the stenôthermy 

yOkohaMae -i PeelidoPleuronectes -herzenete'ini 
- 

quadrituberculata j -Liopsetta-pinni.easciaicipsetta 

Glyptocephalus stelleri, Pleuronectes  stellatus 

partially, Atheresthes stomies-,1-Athereâthes evermanni;—  

Reinhardtius hipuoglossoides mafsuurae, Hippoglossus -
. 

hippoglossus stenoleuis, Hiouoglossoides robustus, Limanda  

punctatissima proboscidea,  and Kareius bicoloratus. 

_ 
On some of the above species, Ps. yokohamae,  L. 

_ 
obscura,  L. bilineata mochigarei,  and Pl. stellatus,  there 

are only fragmentary , observàtions of:Japanese 'scientistb . , 

carried - outinreceht years. It has been_ascertained that 
— 

.the - eges'of'a whoie:gràUu .of 
_ 	. 

L. bilineata mochigarei,  Ps. yokohamae and L. obscura  are 

of thei:bottori-variety and adhesive, Whereas pelagic eggs 
. 	, 	_ 	• 	- 
aVe been'Considered characteristic of all flounders. 

Bottom flounder eggs are of secondary origin and 

eggs as a result of the adaptation 

reproduction and  - development in 'a zone of 

.PsyokOhamae),  during the period of 

breakUp .andmovement'of.4ce combined_with heavy'currents 

the species L. bilineata bilineata, 

. 	• 
obseura'and Lepidbpsetta sup.). 

DeveloPing 'eggs 'and larvae of different species - and' 

at different stages-of development_ maka_different demands ' 



of winter-spawning groups developing under the ice at 

eMperatüre ranging .  roM _ 	 _ - 

:and'banded'floundera.„and, at_cOnsiderable depths . and .  

temperatUres varying .  from-+2--to -39_, halibut),_totha__ . 	. 	• 	. 	, 	• 	 . 	•__ 	_ 	• 	- 	•-_ 	• 

eurytherMY:bfjpring--and sumMer-sPawning':groups, which 

reproduca: Under conditions of periodic temperature  fluc- 

tuations, are being traced in relation to the temperature 
. 	 . 

during the period of embryonic development. - Within the limits 

'of eaCh species,the cleaVagé stages are related to narroWerH _ 

:teMperature:.boundariés-_-__than . are-the .later stages_Larvae./460  

are more eurythermal and  can exist under conditions in which 

fertflization and cleavage-are not-always possible. 

Experimental data have enabled us to reveal a latent 

opportunity for flàunder eggs to develop within' 

.temperature range than under natural conditions. . 

amplitude- - offtemperature  fluctuations withinsuch a range . 	- 	- 

and 'is dlosely related to the environment; at 

the more.stablé are the natural conditions of 

devalOpment'„the-narrower*are.the potential opportunities of 

essential importance in deter- 

acclimatizing flounder to other 

The . duration of the incubation  period of eggs is 

determined by the'énvironment,and-depende - upon-ths-sizes-of: 

the_eggs, the structure of their yolks and the temperature 

of ther•water.' 

The stages that are 	st sensitive  to external _ 

:1nfltiencea . haVe boen 

prior to hatching). 

eatablished (cleavage a d the period 



Thesizes:of_eggsand larvae. are - determine.0 .  

heriditary factors%and-environment,- while the degree ,  of:. 

A taxonomy has' been developed.for and a key prepared 

the eggs and. larvae of -the following:IflOunder- .sp e c ies - 	- -  and- 

Family Bothidae 

Bastard  halibut -- Paralichthys olivaceus  (Temminck 

prolarvae is determined mainly by 

ecological regular geographical, seasonal and 

pattern has been disciosédin flàunder -development. 

The sizes of eggs and larvae, as well as the degree 

development of hatching prolarvae, or among series of 

closely related species, increase from south to north, 

decreaa-  from winter:to --summer., -a:nd incre as e_; from. the'. cOast-----, 
_ 

to the open" sea=in.accordancé with  changes, parallel in 

'these ca.ses,  in the:teMperatureS that determine a different' 

correlation of the rates of growth and differentiation of 

biotic 

'There'da - : aclose . relationship between egg ,sizes'and 

enVironMènt.': Larvae of various sizes are. :adapted. to 

feeding:ôn --variOus.species of plankton and.:tothe process  of- 

obtaining the latter. Small larvae of limited mobility that 

shore,:summer-spawning groups are adapted to 

neritio plarikton,.whilà .large, more mobile larvae of the 	. 

witer-spring_sPawning groups and in  the open sea ara adapted 
_ 

to feeding on relatively large items of ocean plankton. 

are found in 



Schmidt 

Spiny flounder (Nadezhny's -7 Acanthopsettà nadeshnyi, 

Variable verasper 

Schlegél)' 

- Véra.sner variegatus (Temminck 

of Okhotsk flathead flounder -- Hippoglossoides  

elassodon,  Jordan et-Gilbert- 

Sea 

Northern flathead flounder -- Hippoglossoides 

•robustus, Gill et Townsend 

Southern :rock sole .  -- Lenidopsetta bilineata mochigarei, 

'Edmanda aspera(Pallas) 

flounder -- Limanda punctatissima 

_punctatissima'-(Steindachner ... _ _ 	. 

- (Ayres) 

Family Pleuroneetidae 
•_ 

- 

• . 	 • 	 . 

Arrow-toothed halibut (Asiatic) -- .Atheresthes  
• 

evermanni-(Jordan et. Stai-;kb-) ._ 

Greenland halibut 

'matsUuraeordan  et Snyder 

Reinhardtius hinpoglossoides  

True halibut-- Hippoglossus hippoglossusstenOlepiS -, 

Sea of Japan flathead flounder -- Hippoglossoides  

dubius, Schmidt 

Northern rock sole -- Lepidonsetta bilineata bilineata 
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nout : _so è - .:Limaridà-punctati -Saimprobosc-idea.,  

' Black  flounder' Liopsetta -obSoura7,(Herzentein). 

structure 

• 

Gilbert 

f.';-::::.--'YellOwatriped -rloun-dér----Rseudopleuronectes  
. 	• 	__ 	• 

hérzensteinir  .( Jordan.. et  ; Snyder) 

apanese flounder-= - Psetidopleuronectes yokohamaè  

-:-..(Gunther 

*Alaska plaice -- - Platessa quadrituberculata  Linnaus 

•Long' (smallmouthed) 	 Glyptocephalus  

stelleri  (Schmidt) 

Arctic=flounder,:7 _ _ 	. 	. 
- - 	. 

Banded flounder:- 

Starry floUnder - 

Liopsetta glacialis  (Pallas) 

- Liopsetta pinnifasciata  (Kner) 

- Pléuronectes stellatus  (Pallas) 

Two-coloured flounder 	Kareius b'icoloratus  (Basilewsky) 

An analysis of data that'we have :obtained.shows:that, 

,all . spéciàs in almost all stages, - espedially larVar stages, ' 

diffe • -sufficiently well in their morphOlOgidal featUres, 

these_.differences -being'èxpressed far more -distinCtlY - ïn - cer-- 

 'tain -species:than in adult specimens (an example may be seen _ 

in the differences - between the Japanese - and-black flounder's). 

The Most important features -of - the eggs- are-_the 

presence" or absence of a:fat:drop .in - the - yolk, , which -:charac-

flounder families; the 	o .size of the  eggs; 	 _ 	- - 
of : the meMbrane,.whiCh changes from thin and- 

terizes different 

sMooth:,'thin and wavy, thick and wavy,, and thick with a . 

reticulate-wavy Cstructurej to adhesive, thick and wavY, 



pigmentation:of the tail being o 

El 

. 	 ' . 

structure eggs-:and.larvae : offlOunders of. the Pacific -the 

•■•;.■■• 

/ , 	 • 

920. 

and-thickandeoVered::withHa-,mucous. - -idyer;.:_e_MOS 
. 	 _ 

Important features'include the :Sizes - Of the Yolk,-Iplastodisc, 
,  

. 	 . 	 ... 	. 	
. , 	 - _ 

and perivitelline spade.. :4:)f essential-imPOrtance  are the 
, 	 . 	 . 

-- 	 -, 

structure and character  of distribution of the pi-mentary 

cells on the body of the eMbryd and on the yolk. 

_ 

- 	.The Most 1Mportant features 	prOlarvae 	larvae': 
" 	 , 	• 

are the shape,and Sizes'of the body and thê .  distribution of 
• .••..,, • 	" _ 

the pigMentary-cellS; 

,paramountaignificanoe.. 

Characteristic features of pigmentation have been 

-ciatabliShedfor a groupasa whole on the one hand, and for:_, 

, -generaand.indiVidual species on the other. Many features' 
• 

.• 	• 	 . 

:of-genus; :-:Und OccaSionally:of species as-welre  are,disclosed - 

s early as the embryonic period, while features  of  closely 

related species, as a rule, become apparent only prior  to  

and in:sOnWspecies, eVén- . afterhatching.'7 

n thè "iardcess of: formation of a SPecietà the character 

of pigmentation is to a certain extent determined by the 

character ,  of, tail movement. The disposition of pigment s ots 

on the tail is related to the zonelof the most intensive 

oxydizing:processes taking place.upon the contraction of  the_: 
---T- 

;hyotoines that cause the flexion and extension.of_the_tail. -± 7F 

A comparison 
- „ 

of the reprOduction, development and 

and Atlantic Oceans has disclosed similar regular patterns, 

with this different aspect, that in conformity with climatic 

iaost conditions Par_EasteraffoUnder - reproduCia and develop 

'under:haraher  conditions and in a  wider temperatUre'range. , 

The_eggS:and larvaeOf Species_of similar generadn the 2' 

-Atlantic and PacifiCiOceans  have  an identical structura and 

the bate nature of pigmentation.. 



_ - 	 . flounder fauna,-)..n-contraat to cods,_- 

Originated frOM the "rich.er- Pacific OCean 'fatna. 

The -.relatively -small- seasOnal fluctuations in the 

conditions  of Atlantic waters-have -  determined -the-•:--retentibn-_ 

'of flounder fauna that has penetrated frOM the PacifiO Ocean. 

The great diversity . of. the more or less'land-locked ocean 	- 

basins with their complex hydrological conditions and different 

histories, and Particularly the_appearance of the -Sea of Japan 
_ 

in the Pleistocene, have led to the formation, in Far Eastern 

a whole series of new species, including those 

possessing bottom eggs, which are'n6t- characteristic of the 

majority of flounder. 

The most important factor_that haS determined the /14.62  

new formation of species is adaptation to reproduction and 

development in differen-b environmentS. The flounder species - 

that were formed in the P15.ocene and at this time yielded 

emigrants to  the Atlantic .0c 

ancient., The speCies that are concentrated (and were formed) 
_ 

in a comparatively young -  body of water --  the • Sea of Japan -- 
 	_ 

are phylogenetica.11y younger. AmOng —these are H. dubius„  - 	- 

L. punctatissima puncta.tissima,  L. Pinnifasciata i and  specidà 

With bottom eggs 	yokohamae„-- 	obscura,- -  and L. bil-ineata.___ 

The taxonomy of flounders, as of all fish in general, 

based on the comparative morphology of adult fish; the 
- 	- 

structural -features -bf--th-e-i-r-7eggs--,- ' proIarvae--and—larvae-- ar'e, -- 

uies 

 

• 	- 	- 
not used, whereas their use can in a number of 

sub-itantially facilitate the building of -a natural-  --- 

taxonomiè :system. » : The results of o-Ûr investigations are 
- 	 . 
helping -üa-  tà clarify questions of phylogeny, the species of _ 	 „ 

the genera 1..,imanda, Pseudopleuronectes,  and Liopsetta,  as 

well as of the genera Pleuronectes  - and Kareius.  



other, and the 

to being aeparated into- an_independent 

The::divergenCe of the anceStora- 'of L. aspera and ' 

' punctatissima  eVidently occurred_prior to  the  Pliocene, 

after 'which'the ancestorà ofL. aspera .  in the eastern Atlantic 

yielded . L:  limanda,  and the ancestors of L. punctatissima  in 

the western Atlanticyielded  L. ferruginea. 

we 

&Thjsto  r.  of - the develOpment 	 ive 

genus Atheresthes is remarkable in that the larvae of this 

,gehUs:are .pérch-shaped,'with' a low body and spines. on the . 	_ 	- 

gill COVer and:abbve the  eye ,. which confirMs the descent 

of floilnders':frOm ribbon fishes of the Perciformes  type 

Three species-of :the _genua- .1112poi5lossoides- are :  

: - clearly discernible from eggs and larvae: in Far  Eastern_ 

waters, which excludes -:their_being considered -  as- subspecies. 	- 
_ 

Of  these, the closest-  _ecOlogically 

sole is H. elassodon, Whose ancestors  were  evidently the 

, parents:of:. all _ currently,Texis t ing—s-Pec le s of 2-flathe ad --floUnder.7711  

Substantial differences in the structure of the eggs 

of'Ps.. yOkohamae,  Ps. herzensteini,,L: Obscura 
- 	_ 
species : Of Llopsetta (oinnifasciata  and glacialia)  

correctness_with which the taxonomic 

anct.larliae 

and:Other.  

these species has been interpreted, which indicates 

taxonomy..-:. 

character of the pigmentation of its prolarvae 

genus Limanda clearly separates into  two _ 

groups,:àf whiChy dne- incorporates L.  limanda  and L. aspera,. 

L.ounctatissima  and L. ferruginea, which _ 
..- 

confirmsthe expediency of incorpOrating the latter two,species 
_ 

intb the subgenus Myzopsetta, which is evidently on the-Way---  



à . featà re-  S of the egge and 	of_-_spe_cies of „ 

genera Pieu---r- o.neCtes  and Kareius  -cônfirm - the correctness- 

of  separating them into individual genera. 

is e.knOwn---.fatt thatthe conditions of -reproduction - 
- 

can serve a# an indirect indicator of origin. 

Hence flounder should be Considered às fibh of ocean - 
, 

spawning .  areas , . 
_ 

•premise''fôr 'determining:the vàlUnie ôf-a:Spawning  stock  

This is an indisputable 

qualitative and quantitative record of eggs ithe:methodOf 

importance are the distributionsand size 

of'the::SPaWning shbals of various species." The spawning 

of flounder,,,,are represented by stockswhich are isolated 
_ 
shoals 

rerwteness  of mass  

origin, which wereffàrmed under the moàt diverse environMents. 
_ 

SpecieS that reproduce in summer are -undoubtedly of warm- 

water drigin, while those.that . reprci-duCe- in - the 	autüMn-Winter--  
. 	_ 

.-periqd,are . :of cold-water origin,. those with:•the greatest • 
•,:.preference-fOr..cold being'species of -thTetehUS=Libpsetta  

- " _ 
(exCept - L. - -obscura),WhiCh reproducat_the - coldest time of 

at:jaeloWero . ..water temperatures and under the ice, 

indicating their origin under arctic conditions. The ancestral 

evidently that which was most widespread in the 

. glacialis,  which. settled to the south and yielded 

Dinnifasciata  off the coast of Asia and L. putnami off thé 

coast of North America. 

. 	.,.. 	_ 
direct  qualitative and. quanti ative.association 1463 

• ...- . 	.-- 	. 	.. 	-. 	• 	.. 	. 	, 	. 	______ . 	. 	_ _ 	. 	. 	_ 	__. 	__________. 	:•- • 
nkton, the hasrbeen.revealed -between eggs:floating in Hpla. ' . 	 _ 	. 

à - spawning stoCkan&theicorreiation_of_individUal 

at the same time, accumulations of eggs+ _ 
- 	- 

coincide with mass spawning, while single eggs indicate the 
_ 

species in the latter; 



and relative  - determined,  by- 

as well- as- by th-ezi-  'Configuration 

a' 

_ 
and - dimensions of:the Mainland shallows .. - The -  effectiveness 

of-floilnder reproduction is . determined bY the size of_the .  
_ - 

spawning stOck,.the_state of the  weatherand.- . of the surface _ 	. _ 
layers of Water, and the presence of food and predators that 

consume both eggs and larvae. The.most favourableyearà•for ,:. 

the development of eggS - and - larvae. are thase with77relatively 
„ 

stable  hydrological  conditions, and  Calmj-storm-freà weather 
• .• 	• 	,.- 	• 

throughout the .4pi-irie-and .summerï.-, -ensuring- the- normal _déVel 
• 

opmeit_of all laid and fertilized eggs -. Heavy swells and 

sharp  changes in temperature caUse eggs 'to die in .  the'-c-léaVage -- 

Stages and in. the period prior to hatching. 	• 

he - largest Spawning  accumulations  of -the main 

commercialflounders.are . situated in relatively shallow' _ 

-sectOrà -of thé - mainland shoal..(at :depths of up -  ta 100 and 

d of  _ 
	,,,-„• 	_ 
gUlfS  and  bays rùnning inland.HSuch regioàs 

includePeter.the Grèat and Avacha Bays.and Aniva, Terpenie, 
, 

' KronotskidorfaraginSkii, Olyutorskii, and Anadyr Gulfs, 

and the broad : ShalloWs, Off eaStern:_and7western'KaMchatka ï-- 
• - 

The Most numerbus . speCies-of.the .--aboVe:regions (excluding 

Anadyr Gulf) is the yellowfin sole. Mass spawning accumula-

tions of this fish have been traced in June in Peter  the: 

 Great Bay (lap to 500 eggs per square metre); in July and August, 

- off the western coast of-Kamchatka in the 	Yavino-Ozernoi _  

region, and off the eastern coast, in Avacha Bay and -Kronotskii -

Olyutorskii Gulfs (up to 8o0  eggs per square metre) and 
- 	 - 

in the-Korfo-Karaginskii region (up  to 1,700 eggS par square 

shoUld be vary large accumulations - on the 

shoals 'in'horthern Tatar Strait andin the Chekhov-Illinsk 

region. 



spawning  accumulations  of.flounder in the above The 

Bering Sea off the Koryak---Coasf 

regions .re_evidently of great commercial importance and can 

ineach . region, Taking into consideration,_ 

sizes and local nature of.individual.., however, the limited 

the . quick reaction of flolinders to  the  
. 	. 	, • . 

influence of . commercial . fishing,such fisning should be 
. 	. 	. 	• 	• 

cOnduCted .  in various regions in.conformity,with the sizes /4_64  

of . spawningsrounds and the extent of the spawning stocks 

ext 

Alaska plaice 1 
accumulations 

numbers -of -eggs -at. spawning . grounds„--ap_se 
- 	_ 

spaWning 

of these fish have been noted off the western 

have yielded up to 

370>eggSpersquare metre in April.- Smaller epawning'acciimu .- 

lationà . .have bee/I:observed off the eastern coast:of. Kamchatka, 

mainly in AVacha Bay and Kronotskii.Gulf:(Yièlding upifto 100' 

per square metre at the beginning of_spawning in April). 
• 

- 
worthy Of  note  ar. :the 	 accumulations  e:.the snawning accumula 	of Alaska 

	

_ 	
. 

. 	-  . 	.  . 	. 

eggs 

Also 

plaicein southwestern_Anadyr Gulf- whichyield up:to 217 eggs 

'Mass -snawningTaCcumillations have-been-revealed of_:'• 

flathead flounder in the open area of Peter . the 

-- Great.Bay.(yielding up  to 185 eggs per square metre in May), _ 	. 	-•.• 	. 	. 	. 
yellow-striped:and Sohachi.flounder (yielding 

eggs Iper - squaremetrein.the offshore 

Sea  of  Japan 

evidently represented spawning halibut are 

-.Cc5s.st Of KaMchatka.':' These . concentrations  



theMselves . In  order- to. :avoid overfishing and to mairitaiii 

means .of regular:cfuantitative -removals of floating. eggs at 

the 0-  to 25-metre level in conformity with the scheme that 

s have-developed for individual regions, while the species 
. 	_ 

composition of the eggs should be determined from. the special 

•keys that we have prepared. 

Systematic work embracing all seasons and all of the_ 

regions inhabited by these fish makes it possible to charac-

terize individual spawning grounds, the size of a spawning 

stock and thé population  dynaMicà ofthe› .Stock from catches.  : 

, 	 . • 

926: 

the  numberà of generations of à given year, - àtrict control' 
_ 

shoulcUbe exercised_: ,over fishing invOlving the main 6ommer- :  
_ 	. 

'clal fi6underSduring the perioçl of masà.  spawning. _ 

:flOunder 

• 
n assessment of the Size:Of.spawning  stocks of  - 

.the 6orrelation.of individual_spe6ies:.in.the_stock s-- 

and a.récord of fluctuations in reserves and Of the.effect 
_ 

Of ,commercial fishing on .them can and_must be carried out-by_:  
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9q 	 OF AND KEYS:TO'THE - EGGS, 

7PROLARVAE.AND LARVAE OF FAR EASTERN FLOUNDER 

• 	 - 
These keys -are--intended for -identifying eggs prolarvae 

and la 

are :used for fixation. All measurements of eggs are made with 

the aid  of  a micrometer eyepiece. 

--- The main taxOnomi-c-featûres of flounder Pr- olarvae---  and 

Shape of,  the body, .the structure Of_the eXcretory 

t/unk to  that of the 

tail, the number of myotomes and the dimensions o the pectoral 

. fin. - :01-highly essential importance is  the  character of the  . 	_ 	. 

distribution of,pigmentary cells  on the  body ., especially  on  

the tail. 	 - 

formalin„ The identification of live. eggs _and 'larvae  that  _ 

have just been collected is almost_ impossible_ under expeditionar: 

- conditions -  in Far 
. 	. 

keys has ..inclUded eggs ..prolarvae  and larVae_ which we and TINRO 

workers -collected , in Far Eastern. -.,wati.i.sfrQm l91.1.8 to 

Jrnfortunately,' - the collections Of ichthyoplankton were made 

irregularlytherefore the keys that we offer will in all . 

Eastern waters. Material for preparing the 

- 
probability be _supplemented and detailed, 

The fundamentals of the taxonomy. of eggs include their 

the presence or absence of 

of the Derivitelline space _ 

and the  structure  of .the anus of the 

pigment. , melanin (black) Pigment is 

'taken into consideration; it is the most important for iden-

tifying fixed material , since other types of pigment fade in 

The eggs are fixed and preserved in a 2% formalin 

Soiution. in seawater.  In  this kind of fixation,  the diameter 

of- thé 	lese than where -other preserving .fluids - : 

fat drop, the diameter of 

the char- 

fixation. 



Shape of the bod±. Flounder prOlarvae and 'larvae are 

7.•••••••-•-•-•,. 

distinguished from the corresponding—stages of other fish_by---_ ___ • 

the -fact that their bodies are "never" thiCkened and are -con-- 

stricted from the sides, always to a lesser--extent in_ prolarvae 

and a greater extent in larvae. In  prolarvae the excretory 
. 	• • 

intestine has the appearance of a narrow -conical-tube; in 

larvae , - it is more - or -  less dilated and. opens on _the edge_ of 

the anal fin fold. Th.-e--dis-tan-c-e--from the end of-the snout to 

the insertion of the anal fin is always less than half the 

the-'body.." -In prolarvae and_ earlY larvae_ the  r intes7._ 

s the appearance or-a -Straight:tube, and in older 

it forms loops; the rear intestine usually adjoins the 

preceding section. The pectoral fins are' fan-shaped. The 

tail is at first difficercal and then heterocercal, while in 

fully-formed larvae it i 

seasons - in whiCh eggs are found ,-- as indicated 

are  given from  data  obtained for the most part 

Terminology arid Methods of Measurement  

The diameter of an egg (measured crèSswise under 

a' microscope with the aid  of a micrometer eyepiece); the 

figures obtained are converted to miliMetres. • 

The diameter of the yolk (measured -in the- ---same 

Way ia.S the -diameter of the egg) 

nieaaured in the 



where P is the Derivitelline space; D is the diameter of the 

the attached diagram (see fig. 1). 
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..The perlyitelline . .space.-- the aperture between 

the yolk and the egg membrane which is visible in an optical 

seCtion 	isCalculated. using the following formula; 

egg; d is the diameter of the yolk 4- the blastodisc; in cases 

where the yolk has an elongated form, it is taken as the . 

arithmetical mean of the greatest length and width. 

.5. The membrane of the  egg.. In some species the 

.membrane has'a spécific.strUcturà (the 'structure is viewed. 

with a.surfaCe adjustment Of -a  microscope or a binoctilar lens). 

The length of larvae is measured from the tip of the 

snout (where the mouth is closed) to the end of the urostyle. 

The total length of•larvae is from the 'tip of the snout to 

the end of the fin fold that surrounds the tail. Measurement 

of the remaining parts of the body is made in accordance with 

In describing pigment, in the same way as in the case 

of eggs, only the black pigmentary cells -- the melanophores 
1 

-- are taken into  considération.  Several types of melanophore 

accumulations are distinguished: rows, spots, stripes and 

bands. Depending upon their arrangement on the tail, several 

characteristic rows may be distinguished -- the upper, the 

middle' lateral,'and the lower, between which are situated the 

Upper lateràlandthe lewerIateral. 



Keyito thePelagic Eggs of  Flounder of the Far Eastern - 

SeaS of the 'USSR 

The numbers of the illustrations are taken from Part II of 

this monograph) 

The.egg,yOlk.containa:afat'drop.. The diameter 

The fat drop Is • 

:.smaIler than 0.22 mm (0.18 to 0.21 Mm):, The bastard halibut 

Paralichthys olivaceus (fig. 2) • 

2(1) The egg yolk contains no fat drop  -- 

3(6) .  The eggs hava a large perivitelline space, 

consisting of more than 20% of the diameter of the egg. ,The 

diameter of the eggs varies from 2.02 to 3.67  mm  -- 

.Yolk . sizes'frOm 0.82 to'1.1 mm..' The diameter 

of the :eggs .varies froM 2.02 to 2.94  mm.  Peter the Great Bay, 

Tatar Strait,.HipDoglossoides - dubius  (fig. 9). Southeastern 

coast of . Sakhaliri,'ISeaof Okhotsk, Bering Sea HiPDOgiossoides  

robustu -s1 

5(4) Yolk sizes from 1.1 to 1.5 mm. Diameter of eggs 

to 3.67 mm, Hipooglossoides elassodon (fig. 12) 

- 6 (4):Eggs . have asma11 perivitelline space,. consisting 

• of less than 20% of the diameter of the egg -- 7 • 

. 	 • 

• 7(10) Large eggs from 3.0 to 4.5.  mm  -- 9 

of the egg varies from 0.93 to 1.03 mm. 

L.  

- • 
varies from 2.45 

8(9):-Diameter - of eggs varies from 4.0 to 4..5  mm.  • 

. Greenland halibUt - -- - Reinhardtius hippoglossoidés matàuurae 

9(8) :=_Diameter of egYgs varies from 2.9 to 3.8 mm. 

-Hippoglossus hippogloSsus stenoleDis (fig. 6) The true' halibut 



10(15) Medium eggs, diameter from 1.2 to 2.6 nun /467  

11(14) Membrane thick and wavy-reticulate -- 12 

12(13) Diameter of eggd varies from:1.67 to 2.21 mm. 

HMembrane  of ,  a  rose-tintedlilac colour. 

. third and fourth stages of development the pigment fàrms no 

bands on the tail. are large, starry cells on the There 

In an embryo in the 

15(10) Small eggs, diameter less than 1.2 mm -- 16 . 	. 

16(19) Diameter of eggs varies from 1.00 to 1.2 mm 

surfaCe_of.the yolk.. The Alaska plaice, Platessa quadrituber- 

culata fig • 43) 

The diameter of the eggs varies from 1.2 to 

- 1.61 xrni. Th&Membrane is colourless . . In an embryo at the 

end of the'. ..third and in . the fourth :stage the pigment forms 

-bands on the tail'. There are starry piàmentary cells on the 

entire surface 

stelleri  (fig. 

of the'yolk The long flounder -- Glyutoceàhalus  

14(11) The membrane is thin and colourless and is 

occasionally slightly wavy. The diameter of the eggs varies 

from 1.2 to 2.6 mm. The yolk is of a loose consistency and 

slightly coloured. The entire body is thickly pigmented, and 

there are no isolated accumulations of pigment on the tail. 

The anus is of the flounder type, January to March rsic 7. 
Béring  Sea and Sea of Okhotsk. The arctic flounder -- 

Liopsetta glacialis.  The Spas of Okhotsk and Japan. The banded 

flounder -- Liopsetta pinnifasciata  (fig. )48) 
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: 17,(18) ÇolOurless membrane 	Diameter of eggs varies 

frOk 1 ..03-to1.15 mm. Prom'the second stage of development 

of the embryo onwards, the pigmentary cells are scattered 

throughout the entire yolk. October and November. The two- 

and in thenorth,.: 

_PleuroneCtés:stellatus: (fig. 59) 

region of the pectoral fins. 

(1.28 ), . -  There  are  pigmentary cells on the yolk - only in the 

In the south in April and May, 

Mayand June. : The . etarry flounder 

. 	. 	. . 	 . 	. . 	 . _ 	. 
coloured,frounder -,Kareius . bicoloratus  (fik.,62); 

18(17) The membrane is Of a rose-tinted-lilac 

colour. The diameter of the eggs varies from 1.05 to 1.2 mm 

19(16) Diameter of the eggs does not exceed 1.03 mm 

20(25) Diameter of the eggs varies from 0.87 o  1. 03 . 

the embryo is not pigmented 

àuditory , capeules 'and:the eYes at the end Of the 

second stage* The'contour.of the . rear . half of the body  and - 

subsequently of the lower edge of the tail in the second and 

at the beginning of the third stage is slightly pigmented 

(no more than three cells). At the beginning of the third 

stage the head of the embryo in the region of the eyes is 

either not pigmented at all, or only 1 to 3 cells enter upon 

and the upper edge'-of  the  tail of ' 

'the embryoare pigmented.: There is-nodistinct row of cells 
- 

at  the 	the: tail of_an'embrWin the fourth stage Of ' 

There is no . pigment at the end of the intestine 

- either before:or above the anal pipe; not - infrequently, one 

develoPMent:: 



the .end of the .intestine in front. of or above  the anal pipe. 

The yellow-etriped flounder -- Pseudooleuronectes herzènsteini  

. (fig. 38 ).. 

25(20) The diameter of eggs, as a rule, is less than 

26(27) Thé lbwer edge of the -tail and the contour of 

the rear half of.the_body are pigmènted. 'There are 1 to 4 

cells).-There are 1 

933. 

visible behind—theintestineThe sohachi, 

- -'..Cleietheries'herzenSteini (fig.18) 

melanophorà,is 

fl I  otinder 

23 ( 22) Neither the back nor the lower edge of the  tail 

of the embryo is pigmented. The end of the tail of an embryo 

inthe fourth etage'dà bordered by a distinct row of Cells. 

The spiny flounder 	Acanthopsetta nadeshnyi  (fig. 16) .  

- 	 r.• 

214.(21) The head > of .an embryo in the second stage is 

.pigmented between the auditory capsules and the eyes. The 

'contour of'therear half Of the body and, 'consequently, of 

thé tail, is intensively:pigmented'(more than three - 'or four 

and more fr;equently,'2, melanophores 

and more frequently 2, melahophores at the end-of  the .intestine 
H 

either:above or in front* of the anal'piPe. The  yellow-striped 

flounder 7 - PseudooleuronecteS herzensteini  (fig. 37) 

27(26)"The 1oWer edge of the tail and the contour of - 

the  rear half of thebody are either not pigmented at all or 

only very slightly pigmented (there are .1 to 2 melanophores 

28(31) A middle row of cells distinctly isolated /ha, 

'é:.mong.the scattered pigment 'on the'trunkHof . an embryo in the 



edge of the 

on-the 

29(30) There'iS à1ways - pigmentAl-to2 - melanophores) 

lower edge. of the trunk  (more  .frequently:its rear half) 
. 	 . 	 . 	 . 	 . 	 . 

. 	

. 	 . . 	 . 	 . 
. 	 . 

. 	 . 	 . 	 . 	 . 	 . 	
3 	 . 	 . 

in the second and third  stages, in the third and fourth 

stages there is also pigment On .the rear end of the intestine 

above the anal pipe or in front of it. Thé lower edge of 

the tail is either entirely devoid of pigment, or has one, 

or rarely  two  cells at the end of thé third and fourth 

--stages. The diameter of the eggs varies from 0.66 to 0.87 

and  averageS  0.77  nm.  The  • longsnout flounder -- Limanda 

punctatissima - oUnctatissima'(fig.  32) 

30(29) There 'are no Digmentary cells on the lower 

trunk_in thé second and third ,  stages, nor are • 

there any:on  the  rear end of the intestine above the anal 

pipein the third and fourth stages The snout sole 
. 	_ 

:.LiManda punctatissima - Droboscidea  (fig. 3) ) 

_ 	. 
.31(28) -  Theredsnodistinctly.iSolated middle row  on 
 • 	

• 	 , 

: the trùnk Of :.:anT eMbryo  in the second stage ." .A No , pigmentary 
, 	 • 	. 

cells are visiblé on -,the,.lower edge:of ,  the 'trunk. H:Pigment  • 
. 	 . _ 	. 

end of' the intestine both above and in 

the anal  pipe. The  lower edge Of the tail  is  either 

entirely deprived  of  pigment or has'One Or'two, and rarely 

three; meletn-ophores.  The  diameter of the egg's - varies frOm.. 2  

0.72 to 0.98 ram - and amounts bri the average to 0.79 to 0.82 mm. 

The yellowfin sole -- Limanda aspera (fig. 28) 

'Key  to Prolarvae ànd -Larvae 	_ 

Prolarva without'auth and with Unoigmented Eyes 

yolk sac contains a fat drop, and the fin 

-folcÈib'intensively pigmented.. The bastard halibut -- 

Paralichthys oIivacéUs  (fig. 2).. June to August. Peter the 

Great  Ba. and  further.  south. 

cm  
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2(1) The yolk sac contains no fat drop -- 3 

_.3(4) The melanophores on the tail are small, almost 

pùnctate and are sparsely scattered; there are no accumula- 

' tions  in the  form of spots or lands, nor are they outlined. . 

The yellowfin sole 	LiManda aspera  (fig. 31) 

• 4(5) The melanophores are either branched and more 

or less thickly scattered, or they form accumulations -- 5 

5(14) The . melanophores are . scattered, and on the: 

tails of older prolarvae there is a tendency:towards  the 

 -formation of accumulations in the fàrm of spots or bands 

- 7. 6  

6(9) The prOIarvae are small,. and:their length does 

m.ot exceed.3.0 mm. The melanophores on the tail'are either 

scattered unevenlyror 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 melanophores on the yolk are 

situated under the pectoral fins. In older prolarvae a band 

is outlined Çlear the middle of the tail. The starry flounder 

-- Pleuronectes 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 

0 	' 1 	- on the tail. The sohachi flounder -- Cleisthenes herzensteini  ' 

c 	 (fig. 19) 

9(6) Prolarvae from 3.5 mm and larger. The melanophores 

of the younn. er prolarvab are usually arranged more or less 

• 'evenly -- 10 
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10(11) The melanophores are large-branched, and 

.there ara four bands outlined in older prolarvae. The 

flathead flounder -- Hiopoglossoides dubius  (fig. 11) 

• 11(10) The melanophores are small-branched, and 

in older prolarvae there is one band outlined that is 

situated on the middle of the tail. 

12(13) Prolarv•  caught in the northern Èering  Seà 

or Sea of Okhotsk. The arctic floUnder 	Liopsetta glacialis  

• (fig. 51). 

13(12) Prolarva caught off the coast of Sakhalin or 

in the Sea of JaPan. The banded flounder -- Liopsetta  

- pinnifasciata  (fig. 49) 

•4(5) Melanophores form  more orles noticeable 	/469 

accUmulations on the -tails of younger larvae -- 15 

15(22) Melanophores on the tail fork a single band- 

accumulation on or near the middle of the tail -- 16 

16(19) Length of prolarvae is less than 4 mm 	17 

17(18) The fin fold is pigmented in the region of 

the rear portion of the tail. In addition to a band, there 

are thickly scattered melanophores on almost the entire surface 

of the tail. The starry flounder -- Pleuronectes stellatus  

(fig. 60) 

13(17) The fin fold ip unpigmented. Melanophores on 

the lower edge of the tail are either entirely absent or are 

very sparse. The accumulations do not form a solid band. 

There is a dark spot abolze the anus. •The longsnout flounder 

Limanda punctatissima  punctatissima  (fig. 33) 
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19(16) The .length of a prolarva is more than  L.  mm. 

The fin fold is not pigMented in the region  of the central - 

_portion  of the tail H-7- 20 

20(21) Prolarva caught in the northern Sea of Okhotsk 

or Bering Sea. The arctic flounder -- Liopsetta glacialis 

• (fig. 51)' 

21(20) Prolarva caught Off the coast of Sakhalin 

or in the Sea of Japan. The banded fleunder 	Liopsetta 

pinnifasciata  (fig. 49) 

22(15) Melanophores on the segmented portion of the 

tail - form two and more band-accumulations -- 23 

-. 	- - 23(24) Melanophores on the tail form twO  band-accumu- 

lations -- 24 	 , 
• _ 

24(27) There are no melanophores on .the fin folds; . 	• 

if there are, : they .are sparsely scattered --:25 

25(26) AccumUlations of melanophores are indistinct 

and faintly outlined;, a marked rear accumulation is situated 

far beyond the middle of the-tail.. The Japanese flounder 

• Pseudooleuronectes yokohamae  (fig. 41) 

26(25) The band-accumulations are clear; the last 

accumulation is located near the middle of the tail. • The 

black flounder -- Liopsetta obecura  (fig. 53) 

27(24) The fin folds are:pigmented, and the melano-

phores on them form-accumulations -- . 28 

28(29) Only the anal fin fold is pigmented. The 

northern rock sole -- . LeDido-osetta bilirreata bilineata  (fig. 231 

. 	. 
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29(28) Both fin folds, the dorsal and the anal, are 

pigmented. The southern rock sole -- Leoidopsetta bilineata- 
,-, 

mochigarei .(fig. 26) . 

30(24) The.melanophores on the tail fOrm more band- 

accumulations --. 31  

31(34) Melanophores on the tail form three bands -- 32 

32(33) In addition to accumulations 6n the tail, there 

are  accumulations on thé trunk above the anus and  above the 

peCtOral - fins.- The.prolarvae are large; their length exceeds 

3.5 	The long flounder -- Glyptocephalus stelleri  (fig. 56) 

33(32) There' are no accumulations on the trunk. The 

prolarvae are =ail; 'their length is less 3.5 mm. The yellow-

striped flounder 	Pseudooleuronectes herzensteini  (fig. 38) 

34(31) Ilelanophores on the tail form four bands, of . 

which the : last - surrounds the end • of the urostyle.. The flathead 

sole -- Hippoglossoides'  (figs. II:and:13) 	• 

•. 

Prolarva with . a- Mouth Opening and Pigmented Eyes, 

•. -and an Unformed Larva 

.1(2) The body is thickly pigMented and almost dark. 

Two spots 'stand out lightly on each of the upper and lower 

edges of the tail. The verasper 	Verasper variegatus  

- (fig. 20, B) 	 • • 

0 	 2(1) Body is not thickly pigmented -- 3 

3(17) The melanophores are Scattered or situated in 

rows; there are no accumulations in the form of spots or 
• 

• bands H—  L.  
• 

4(7) The prolarva.e rareJ  large, from 5 rara and up -- 
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5(6) The melanophores of the distal edges of the anal 

and dorsal fin folds are concentrated in the rear half 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 

prolarvae and in the rear half of larvae. The tips of the 

pectoral  fins • of the larvae do not go beyond -the middle of 

the.gbdomen. The dreenland - halibut 	Reinhardtius  

hippoglossoides matsuurae  (fig. 4) 

• 7.(4)Prolarvae smaller than 8 mm -- 8 

8(9) The end of the urostyle is bordered by'a row 

of  melanophores. The-pigmentary cells On the lower edge of 

the tail do not form a regular double row. There is a lower 

lateral row. ThcHepiny flounder 	Acanthopsetta nadeshnyi 

(fig. 17) 

- 	9(8) The end .of the urostyle is  not-bordered by a 

• j 	 . 
roW of melanopnores -- 10  • 

10*(13) A row arrangement of pigmentary cells 

predominates on the tails of prolarvae and larvae -- 11 

11(12) The prolarvae arà small,smaller than 4 mm.  

The middle lateral row of the tail is short and does not 

reach the level of the anus. There are no melanophores on 

the upper:edge of the end of the tail. There are pigmentary 

cells on the pectoral fins. .The yellowfin sole -- Limanda 
. 	• 

• aspera  (fig. 30) 
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12(11) The prolarvae are large, larger than 4 mm. 

The middle lateral row, is long l 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. The Alaska Dlaice 	Platessa quadrituberculata 

( fig. 43) 

13(10) A scattered arrangement of pigmentary cells 

predominates on the tail '-- 14 

14(15) Scattered melanophores are Concentrated mainly 

in the central.third and the  lower half, of the tail. There 

is, no upper ràw on the tail. The starry flounder -- 

' Pleuronectes Stellàtus  (fig. 60) .  

I5(14)'Me1anophores are Scattered over the entire 

surface of, the tail. There is an upper row on the tail. 

The two-coldured flounder 	Kareius bicoloratus  (fig. 62) 

• 16(3) On the tail, in addition to melanophores both 

scattered .and arranged in rows, there are accumulations in 

the  form:of spots' and . bandE..-- 17 

.17( 26 ) The melanOphores on the tail form a single 

accumulation which is Situated either near the tail or on' 

the middle of it -- 18 . 

18(23) Proiarvae are small, smaller than  L.  mm -- 19 

• 19(22) The anal fin fold is not pigmented, and there 

•are eluher no scattered melanophores on the tail, or they ara. 
• 

'very . sparse.'- 20 	• 

20(21) In addition to an accumulation of melanophores 
- 

•around the middle of the tail there is a well-marked compact 

spot above the excretory intestine or immediately behind.it. 
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The longsnout flounder -- Limanda punctatissima nunctatissima 

(fig. 33) 

21(20) There is no compact spot above the excretory 

intestine, and in 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 sole 

Limanda •unctatissima proboscidea  (fig. 35) 

22(19) The-anal - fin fold of the larvae is pigmented. 

Scattered melanophores are Possible.' There is no compact, 
are 

spot above the exeretory intestine, and there/â—rew melanophores 

ecattered on the latter.. The starry flounder -- pleuronectes  

stellatus  (fig. -59) . :. 

-23(18) A prolarva .  larger than 4 mm - 24 

24(25) A prolarva or larva caught in the northern 

Sea of Okhotsk -or Bering Sea. The arctic flounder -  -- 

.Lionsetta glacialis  - (fig. 51) 

; 	25(26) Prolarva or.làrva caught off the  coast of 

Sakhalin and in the- Sea of Japan. • The banded flounder -- 

, .Liopsetta'pinnifasciata  (fig. 4'9) 

26(17) The melanophores On the segmented portion of /471  

the tail form two and more accumulations -- 27 

27(42) The end of the urostyle is not surrounded by 

• a 1.;ow of melanophores -- . 28' 

.28(39) The melanophores on the tail form two accumula- 

tions 	29 

29(36) There are usilally no melanophores on the fin 

folds, and if there are, they are sparsely scattered -- 30 
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/ 
; 30(31) The prolarvae are large and about.7 to 9 mm 

- long. The arrow-toothed halibut -- Atheresthes evermanni 

(fig.! 3) 	. 

31(30) The prolarvae are small; their length is less 

than 7 to 9 mm -- 32 	 ' 

32(33) A rear:accumulation (in the form of a compact 

_ band) is.located near the middle of the - tail.  The black 

. flounder --. Liopsetta obscura  (fig. 54) 

33(32) The rear accumulation does not have the 

appearance oi" a compact band and is located far beyond the 

'middle of the taii 	(fig. 41) 

. -34(35)HThe middle ventral row has additional _ 	. 

melano5hores (fig. 41 -- 4)., The Japanese flounder>— . 	. 	,•. 
"Pseudopleuronectes - yokohamae  (fig.- 41). 

• 	35(34)  Ha s no middle ventral row of additional 

melanophores (fig. 20a -- I). The sohachi flounder -- 

Cleisthenes herzensteini  (fig. 19, 20a -- 1.2) 36 (29). 

Melanophores form accumulations on the fin folds. In some 

specimens there is a rear, third embryonic band -- 37  

37(38) Melanophores form accumulations mainly on 

tshe anal fin fold. The northern rock sole -- Lenidopsetta' 

bilineata billneata  (fig. 23) 

38(37) Melanophores form accumulations on the dorsal 

and anal fin folds. -  The southern rock sole --,Lepidopsetta 

bilineata mochigarei  (fig. 26) 
- 

39(28) The melanophores on the tail form three band- - 

accumulations -- 40 
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40(41) Small prolarvae from 3.5 mm in length; there 

are no additional Pigmentary cells on the lower edge of the 

tail between the main bands. The yellow-striped flounder -- 

Pseudopleuronectes herzensteini  (fig. 38) 

• 41 (40 ) Large prolarvae fi.om 5.0 mm in length.. There • 

are additional Pigmentary . spots  on the lower edge of the tail 

between the main bands.: The long flounder -- GIyptocephalus  

stelleri  (fig. 56)' 

42(21) The 'end of the urostyle is surrounded by a 

row of melanophores -- 43 

43(44) Thera are scattered melanophores on the surface 

of the fin folds surrounding the end of the tail. HiPpoglossoides 

>elassodon  (fig. 13) 

, 	4 11(43) There are no scattered melanophores on the 

•surface of the fin folds surrounding  the end of the tail. 

Hippeglossoides dubius  (fig. 11) 



BIBGIOGRAPnY 

Alekseeva, S. P. 1949. 
1 

Andriyashev, A. P. 1935. 

Ikrinki i maltki ryb iz Pechorskogo 

zaliva. Trudy Vsesoyuznogo 

Instituta Morskogo Rybnogo 

Kliozyaistva  I Okeanografii, tom 18. 

(The eggs and fingerlings of fish 

of Pechora Bay. The All-Union . 

Scientific Research Institute of 

Ocean Fisheries and Oceanography, 

Vol. 18) 

Geograficheskoe rasprostraneniermrsIdith 

promyslovykh ryb 'Beringova morya i 

svyazannye s etim voprosy. 

Issledovanie morei SSSR, vypusk 22. 

(The geographical distribution of 

commercial ocean fish of the 

Bering Sea and related questions. 

'Research on Ses of the USSR, No. 22) 

•Andriyashev, A. P. 1937. 	K poznaniyu ikhtiofauny Beringova i 

Chukotskogo rnorei. Issledovanie 

morel SSSR, vypusk 25. 

(A contribution to the knowledge of 

the ichthyofauna of the Bering and 

• Chukchi Seas. Research on Seas of 
• 

the USSR, No. 25) 

Andriyashev, A. P. 1939. Ocherki zoogeografii i proiskhoir-deniya 

ryb Beringova morya i sopredelldnkh 

vod. Leningrad. 

(Outlines of the zoogeography and 

origin of fish of the Bering Sea and 

adjacent waters. Leningrad) 



94.5. 
• 

Andriyashev, A. P. 1 954. 	,Ryby sovernykh morei SSSR. 

Izdatel , stvo Akademii Nauk SSSR. 

(Fish of the northern seas of 

the USSR. . Publishing House of 

the AOademy of Sciences of the USSR) 

• Atlas kart okeanograficheskikh 

dannykh promyslovykh raionov 

•Beringova i Okhotskogo morel. 1955. 

• (Atlas of maps containing oceano-- 

graphic data on the commercial 

fishing regions of the Bering Sea 

and the Sea of Okhotsk. 1955) 

Atlas okeanograficheskikh osnov 

rybopoiskovoi karty yuzhnogo 

Sakhalina j Yuzhnykh Kurillskikh 

ostrovov. Leningrad, 1955. 

•(Atlas of oceanographic fundamentals 

of a fish exploration map of 

Southern Sakhalin and the South 

Kurile Islands. Leningrad, 1955) 

BarsukoV, . v. i958 Ryby bukhty Provideniya i 

sopredellnykh vod Chukotskogo 

poluostrova. Trudy Zoologicheskogo 

Instituta, tom 25. 

(Fish of Providenie Bay and adjacent 

waters off the Chukchi Peninsula. 

Proceedings of the Zoological 

Institute, Vol. 25) 



Berg, L. S. 1934. 

Berg', L. 

Berg, L. S. 1934b. 

946
. 

Ob amfiborealinom (preryvistom) 

rasprostranenii morskoi fauny v 

severnom polusharii. Izvestiya 

Geograficheskogo Obshchestva, 

tom 66, vypusk 1. 

(The amphiboreal (discontinuous) 

distribution of ocean fauna in the 

northern hemisphere. Journal of 

the Geographical Society, Vol. 66, 

No. 1) 

0 prichinakh . skhodstva severnykh 

chastei Atlanticheskogo i Tikhogo 

Okeanàv.: IzVestiyaAkadeMii Nauk 

SSSR, tom 16. — • 

(The reasons for the similarity of 

.the northern Atlantic and Pacific 

Oceans. Journal of the_Academy of 

Sciences of the•USSR*, Vol. 16) 

Nedavnie klimaticheskie kolebaniya 

i ikh vliyanie na migratsii ryb. 

Problemy fiziheskoi geografii, 11. 

(Recent climatic fluctuations and 

their effect on fish migrations. 

Problems of physical geography, 11) 

Berg, L. S. 1948-1949. 	Ryby presnykh vod SSSR i sopredellnykh 

stran.. Izdatellstvo Akademii Nauk _ 	. 

SSSR. 	- 	- 	. 	• 	- 

- 

	

	 (Freshwater fish of the USSR and 

adjacent countries. ,,Publishing 
. 	, 

- House of the Academy of Sciences 

of the USSR) 



Berg, L. . 1 955. 

1 

1 

1 

Sheltenkova, M. V., 

and Kulikova, 

[-Translator's note: 

No date given. 7 

B . 

Betesheva, E. i•j- 

Vasillev, I. S. 1957. 

Brodskii, K. 1937. 

i 

1 
r 	• 

9117. 

Sistema ryboobraznykh  i ryb, nyne 

zhivushchikh i iskopaemykh. 

Izdanie 2. 

(Thé taxonomic system of fieh-like 

animals And fish, both modern and 

extinct. Second-edition) 

Biologiya.i promysel rechnoi 

kambaly srednei chasti Baltiiskogo 

morya. Pishchepromizdat. 

(The biology of the fluke and its 

role in commercial fishing in the 

central Baltic Sea. State 

Scientific and Technical Publishing 

House for '1.1e Food Industry) 

Planktonnye issledovaniya v severo-

zapàdnoi chasti Yàponskogo morya. 

.Izvestiya TINRO, tom 12. 

:(Plankton research in.the north- 

11. estern 'Sea of Japan... 

the PaCific Scientific 

Institute ...of Fisheries 

graphy, Vol. 12) , 

0 kislorodnom rezhime pri iskusstvenno 

razvedenii lososei. Rybnoe 

khozyaistvo, No. 9. 

(Oxygen conditions in the artificial 

culture of sa]:mon. Fishing Industry, 

No. 9) 

K evolyutsii okraski kostistykh ryb. 

Bulletin of 

Research 

and Oceano- 

Trudy Laboratorii evolyutsii i 



948. 

morfogeneza Akademii Nauk SSSR, 

11 L-1_7. 
.(A contribution-to the study or . 

•  the evolution of colour in bony • 

Proceedingsof the 

Laboratory of Evôlution and 

Morphogensis of the Academy . of 

Sciences of the USSR, 11 /-1 7) 

. Vasnetsov, V. V. 1946. . Divergentsiya i adaptatsiya v 

ontogeneze. Zoologicheskii zhurnal, 

tom 25, vy .pusk 3. 

(Divergence and adaptation in 

ontogensis. Zoological Journal, 

Vol. 25, No.'3) 

Vasnetsov, V. V. 1953. 	 EtaPy razvitiya kostistykh ryb. 

Vedenskii, A. P. 1954- 

Ocherki po obshchim voprosam 

ikhtiologii. Izdatelistvo 

Akademii Nauk SSSR. 

(Stages in the development of bony 

fish. Outlines of general problems 

of ichthyology. Publishing House 

of the Academy of Sciences of the 

USSR) 

Nekotorye nablyudeniya nad 

ostrogolovoi kambaloi. Izvestiya 

Tikhookeanskogo nauchnoissladovatelt- 
. 
skogo instituta morskogo rybnogo 

khozyaistva i okeanografii, tom 39. 

(Certain observations on the sohachi 

flounder. Bulletin of the Pacific 

Scientific Research Institute of 

Ocean fisheries and Oceanography, 
, 



Vernidub, M. F. 1938. 

1 	949. 

Vernidub, M. F. 1936. Material k poznaniyu tikhookeanskogo 

belokorogo paltusa. Trudy. 	. 

Leningradskogo obshchestva 

estestvoispytatelei, Otdel 

zoologii, tom 65, vypusk 2. 

(Material on the Pacific true 

halibut. Publications of the 

Leningrad Naturalists Society, 

65, No. 2) 

Strelozubye paltusy dallnevostochnykh 

morei. Trudy Petergofskogo 

biologicheskogo instituta, No, 16. 

(Arrow-toothed halibuts of the Far , 

Eastern.Seas. Publications of the 

Peterhof .  Biological Institute, No. 16) 

Obmen razvivayushchegosya embriona 

ryb pri povrezhdenii. Vliyanie 

vysokoi temperatury na razvitie i 

glikoliz palii . ( Salmo fontinalis) 

i foreli (Salmo trutta fario). 

Arkhiv anatomii gistologiii i 

embriologii, tom 25, No. 1. 

(The metabolism of the developing 

embryos of fish when they are 

injured. The effect of high 

temperature on the development and 

glycolysis of the char (Salmo  

fontinalis) and the trout (Salmo  

trutta fario).  The Archives of 

Anatomy,.Histology and Embriology, 

Vol. 25, No. 1) 



St  

Yernidub, M. F. 1949. 

Vernidub,  M. F., and 

Guzeva, M. I. 1950. 

'Vernidub,  M. F., and 

Panin, K. I. 1937. 

950. 

i , 	- 
*Verhidub, , M .F. 1941. 
• i 

•Kritichoskie periody  •v embrionarnom 

razvitii palii (Salmo fontinal-is) 

ikh fiziologicheskaya kharakteristika. 

Doklady Akademii Nauk SSSR, tom 32, 

No. 4. 

(Critical periods in the embryonic 

development of the char (Salmo 

fontinalis)  and their physiologiàal 

characteristics. Reports of the 

Academy of Sciences of the USSR, 

Vol. 32, No. 4) 

Kriticheskie periody v razvitii 

yaits i lichinok ryb i ikh 

prakticheskoe znachenie. Vestnik 

Leninradskogo Gosudarstvennogo 

Universiteta, tom 4, No. 4. 

(Critical periods in the development 

of fish eggs and larvae and their 

practical significance. Leningrad 

State University Newsletter, 

Vol. 4, No. 4) 

0 morfofiziologicheskikh etapakh v 

razvitii lichinok ryb. Doklady 

Akademii Nauk SSSR,. tom 71, No. 3 - 

(Morphophysiological stages in the 

:development of fish larvae. Reports 

of the Academy of Sciences of the 

USSR, Vol. 71, No. 3) ' 

Nekotorye dannye o sistematicheskom 

polozhenii i bioloEii tikhookeanskogo 

predstavitelya paltusov iz roda 



Vinogradov, K. A. 1947. 

Vinogradov, L. :.. 1948. 

951. 

Reinhardtius.  -Uchenye-zapiski 

Leningradskogo Gosudarstvennogo 

Universiteta, No. 15. 

(Some data on the taxonomic position 

and biolôgy of a Pacific representa- 

tive of halibut of the genus 

Reinhardtius.  Scientific Journal ot 

Leningrad State University, No. 15) 

Fauna prikamchatskikh vod Tikhogo 

okeana. Rukopisl. Zoologicheskii 

Institut Akademii Nauk SSSR. 

(The fauna of Pacific waters off 

the Kamchatka doast. Manuscript. 

Zoological Institute of the 

Academy of *Sciences of the USSR) 

0 zoogeograficheskom raionirovanii 

dallnevostochnykh morei. Izvestiya 

Tikhookeanskogo nauchno-issledovatel , 

 skogo instituta morskogo rybnogo 

khozyaistva i okeanografii, tom 28. 

(The zoogeographical zoning of the 

Far Eastern seas. .Bulletin of the 

Pacific Scientific Research Insti-

tute of Ocoan Fisheries and 

Ocoanoirraphy, Vol. 23) 

Vodyanitskii, V. A. 1930. Pelagicheskie yaitsa i lichinki 

• ryb v raione Novorossiiskoi bukhty. 

Raboty Novorossiiskoi bioloEicheskoi 

• stantsii, tom  L.  

(Pelagic eggs and larvae of fish in 

the region of Novosibirsk Bay. 



I 	. VodyanItskii, V.A. 1936. 

952. 

Papers of the Novorossiisk 

Biological Station, Vol. 4) . 

Nablyudeniya nad pelagicheskimi 

yaitsami ryb Chernogo morya. 

' Trudy Sevastopoltskoi biologicheskoi 

stantsii, tom 5. 

(Observations on the pelagic eggs 

of fish of the Black Sea. Publi-

cations of the Sevastopol , 

 Biological Station, Vol. 5) 

Vodyanitskii, V. A., and 	Opredelitel ,  pelagicheskikh ikrinok 

Kazanova, I. I. 1954. 	i lichinok ryb Chernogo morya. 

Trudy Vsesoyuznogo instituta 

morskogo rybnogo khozyaistva i 

okeanografii, tom 28. 

(Key to the pelagic eggs and larvae 

of fish of the Black Sea. Publi-

cations of the All-Union Institute 

of Ocean Fisheries and Oceanography, 

Vol. 28) 

, Vrasskii, V. P. 1859. 
, 

Izvlechenie iz perepiski c V. P. 

Brasskim. Zapiski Komiteta 

akklimatizatsii zhivotnykh pri 

Moskovskom obshchestve seltskogo 

khozyaistva. 

(Résumé of correspondence with 

V. P. Vrasskii. Proceedings of the 

Animal Acclimatization Committee 

attached to.  the  Moscow Agricultural 

Society) 

• 



' 	953. 

Gomoyunov, K. 11 . 1926. 	Gidrologicheskii ocherk Amurskogo 

zaliva i reki Suifuna. Trudy. 

Dallnevostochnogo gosudarstvennogo 

Universiteta, seriya 3. 	. 

(Hydrological outline of Amur Bay 

and the Suifun River. Publications 

of Far Eastern State University, 

Series 3) 

. Gomoyunov, K. A. 1928. 	Gidrologicheskii rezhim bukhty 

Patrokl v svyazi s meteorologicheskimi 

usloviyami. Izvestiya Tikhookean-

skogo nauchno-Dromyslovoi stantsii, 

vypusk 1, 2. 

(Hydrological conditions of Patrckl 

Bay in relation to meteorological 

conditions. Bulletin of the Pacific 

Scientific and Commercial Station, 

No. 1, 2) 	 ' 

- ' 
Gordeeva,. K T.l95L. 	Pitanie paltusov v .  Beringovom more. 

Izvestiya Tikhookeanskogo nauchno-

issledovatellskogo instituta 

morskogo rybnogo khozyaistva i 

'okeanografii, tom 39. 

(The feeding of halibut in the 

Bering Sea. Bulletin of the 

Pacific Scientific Research Insti-

tute of Ocean Fisheries and 

Oceanop:raphy, Vol. 39) 

Dementleva, T. F. 1939. 	Raspredelenie i migratsii vobly v 

more. Trudy Vsesoyuznogo nauchno-

issledovateliskogo instituta 



I
t 

Demidova, M. T. 1939. 

Ilryugin, K. M. 1939. 

Dekhnik, T. V. 1950. 

954. 

morskogo rybnogo khozyaistva 

okeanografii, tom 10. 

(The distribution and migration 

of the roach in the sea. Publi- 

cations of the All-Union Scientific 

Research Institute of Ocean 

Fisheries and Oceanography, Vol. 10) 
1 1 

Materialy po biologii zheltopolosoi 

j kambaly. Vestnik Dallnevostochnogo 

Chiala Akademii Nauk SSSR, tom 33. 

(Material on the biology of the 

yellow-striped flounder. Newsletter 

of the Par Eastern Branch of the 

Academy of Sciences of the USSR, 	- 

Vol. 33) 	_ 

Zony i biotsenozy zaliva Petra 

Velikogo (Yaponskoe more). Sbornik, 

posvyashchennyi N. M. Knopovichu. 

(Zones and biocoenoses of Peter the 

Great Bay (Sea of Japan). Symposium 

dedicated to N. M. Knipovich) 

Materialy po razmnozheniyu i 

•razvitiyu nekotorykh ryb 

•nevostochnykh morel— Avtoreferat 

kandidatskoi dissertatsii, Leningrad. 

(Materigl on the reproduction and 

development of some fish of the 

Far Eastern seas. Author's 

Abstract, Candidate's Dissertation. 

Leningrad) 



. 	. 

Dekhnik, T. V.1959. Materialy po razmnozheniyu i 

razvitiyu nekotorykh 

Delchnik, T. V., and 

Pavlovskaya,• R. M. 1950. 

Druzhinin, A. D. 1954. 

955. 

nevostochnykh kambal. Sbornik: 

"Issledovaniya dalinevostochnykh 

morel", Izdael , stvo Akademii 

Nauk SSSR.' 

(Material on the reproduction and 

developMent of SoMe Far Eastern 

floùnderà. In the symposium 

Research on Far Eastern Seas, 

Publishing House-6f the Academy 

of Sciences of the USSR) 

Raspredelenie ikry i lichinok 

nekotorykh ryb Chernogo morya. 

Trudy Azovo-Chernomorskogo nauchno-

issledovatellskogo instituta 

morskogo rybnogo khozyaistva i 

okeanografii, vypusk 14. 

(The distribution of the eggs and 

larvae of certain fish of the Black I 

Sea. Publications of the Azov- 

Black Sea Scientific Research 

Institute of Ocean Fisheries and 

Oceanography, No. 14) 

Materialy o kambalakh zaliva Aniva. 

Izvestiya Tikhookeanskogo 

nauchno-issledovatel , skogo instituta 

rybnogo - khozyaistva i okeanograf  ii, 

tom 41. 

(Material on the flounders of Aniva 

Gulf. Bulletin of the Pacific 



Esipov, V. K. 1949. 

Dryagin, P. A. 1949. 

'Esipov, V. K. 1937. 

Esipov, V. K., and 

Slastnikov, G. S. 1932. 

956. 

Scientific Research Institute of 

Fisheries and Oceanography, Vpl. 41) ; 

Polovye tsykly  1 nerest ryb. 

Izvestiya VNIORKh, tom 28. 

(The sexual cycles and spawning 	' 

of fish. Bulletin of the All-

Union Scientific Research Institùte 

of Lake and River Fisheries, Vol. 28) 

Promyslovye ryby Barentsova morya. 

.Pishchepremizdat. 

(Commercial fish of the Barents 

Sea. 'State Scientific and Technical 

Publishing House for the Food 

Industry) 	 . 	• 

Morskaya kambala 	Platessa nlatessa. 

Promyslovye ryby SSSR. 

(The plaice -- Platessa nlatessa. 

Commercial Fishes of the USSR) 

Kambala Pleuronectes Limanda  

Barentsova morya. Sbornik nauchn6- 

Promyslovykh rabot na Murmane. 

' (The flounder Pleuronectes Limanda  

of the  Barents Sea. A collection 

of scientific and commercial studies 

on the Murman Coast) 

Zaitsev, G. N. 1 935. Geograficheskii metod interpolyatsii: 

Zapiski po gidrografii', tom 3. 

(The geographical method of inter-

polation. Notes on hydrography, 

Vol. 3) 



-Zernov,  S. A. 1 934. 

. P. 1937 . 

957.. 

Zenkevich, L. A. 1933. 
e 

Nekotorye momenty zoografii 

severnogo polyarnogo basseina.v 

svyazi s voprosame o ego 

paleograficheskom proshiom. 

Zoologicheskii zhurnal, tom 12, 

vypusk 4. 
(Certain factors of the zoography 

of the Northern Polar Basin in 

relation to questions of its 

paleographic past,. Zoological 

Journal,Vol. 12, No. 4) 

Zenkevich, L. A. - 1947. - 	Fauna i biologicheskaya produktivnost! 

morya. 

(The fauna and biological produc-

tivity of the sea) 

Obshchaya gidrobiologiya. 

(General hydrobiology) 

Obshchaya i sravniteltnaya 

-embriologiya. 

(General  and. comparative  embryology) 

C)  

• -1 
P. V. 1951. 	 Ikrinki i lichinki ryb, sobrannye v 

Ussuriiskom zalive. Izvestiya 

Tikhookeanskogo nauchno-issledovatelt 

skogo instituta morskogo rybnogo 

khozyaistva i okeanografii, tom 35. 

(Eggs and larvae of fish collected 

in Ussuri Bay. Bulletin of the 

Pacific Scientific Research Institute 

of Ocean.Fisheries and Oceanography, 

Vol. 35) 



moryà. Trudy Vsesoyuznogo 

. 	• 'instituta •••S 

• 

.1 
Kazanova, . I. 1953. 

958. 

• 1 	• 	' 	• 	. 	• 	. 
•azanova, I. I..194.9. - 	Nerest, ikrinki i maltki ryb :  

i 
yugo-vostochnoi chasti Barentsova 

morskogo rybnogo khozyatva i 
* 

okeanografii, tom 18. 

(The spawning, eggs and fingerlings 

of fish of the southeastern Barents 

Sea. Publications of the All-Union 

Scientific Research Institute of ' 

Ocean Fisheries and Oceanography, 

Vol. 18) 

Kazanova, I. I. 1952. 	Materialy po razmnozheniyu ryb 

Baltiiskogo morya. Doklady 

Vsesoyuznogo nauchno-issledovatelt-

skogo instituta morskogo rybnogo 

khozyaistva i okeanografii, vypusk 1. 

(Material on the reproduction of 

fish of the Baltic Sea. Reports of 

the All-Union Institute of Ocean 
• - 	 . 	. 

Fisheries and•Oceanography, No. 1) 

Opredelitelt ikry. 1 lichinok ryb 

Baltiiskogo morya i ego zalivov. 

Trudy Vsesoyuznogo nauchno-

isàledovateltskogo instituta 

rybnogo khozyaistva i okeanograf  ii, 

tom 26. 

(A key to the eggs and larvae of 

fiSh of the Baltic Sea and its 

t) cull's. Publications of the Ali- 
. 

Union SCientific Research Institute 

of Ocean Fisheries and Oceanography 

Vol. 26) 



Knipovich, N. 

Knipovich, N. M. 1926. 

Korovina, V. M. 1952. 

•- 

959. 

Ekspeditsiya dlya nauchno-

promyslovykh issledovanii u beregov 

Mtirmana (ENPIM), tom I (otchet za 

1899-1900 gg.), tom II, chastt 1 

(otchet za 1901, 1902, 1903 gg). . 

(An expedition for scientific and 

commercial research off the Murman 

. Coast, Vol. I (accoUnt for 1899- • 

1900), Vol. II,  Parti  (account for 

1901, 1902, and 1903) 

Opredelitel ,  ryb Barentsova morya. 

(A key to the fish of the Barents 

Sea) 

Vliyanie nekotorykh faktorov . 

vneshnei sredy na razvivayushchiisya 

zarodysh vlyuna (Misgurnus fossilis  

(L.) v razlichnykh stadiyakh ego 

razvitiya. Uchenye zapiski Karelo-

Finskogo universiteta; biologicheskie 

nauki, tom 4, vypusk 3. 

(The effect of certain environmental 

factors on the developing embryo of 

the loach (Misgurnus fossilis  (L.) 

in various stages of its development. 

Scientific Journal of the Karelo-

-Finnish , University Biological 

Sciences, Vol. 4,-  No. 3) 

Koi,ovina, V. M. 1953. Izmenenie reaktsii zarodysha nizshikh 

pozvonochnykh zhivotnykh v protsesse 

embrionaltnogo razvitiya na deistvie 

nekotorykh vneshnykh faktorov. 



960. 

- 1Coroleva, V. A., and 

:Fedorova,.G. V. 1952. 

I 

Avtoreferat doktorskoi 

dissertatsii. Leningrad. 

(The change in the reaction of the 

embryos of lower vertebrates, in 

the process of embryonic develoD-. 

ment, to the effect of certain 

external factors. 'Author's 

abstract of Doctor's Dissertation, 

Leningrad) 

Kriticheskie periody v razvitii 

yaits i lichinok donskogo osetra 

(AciDenser güldenstadti colchicus  

M.) i ikh morfologichesko-

fiziologicheskaya kharakteristika. 

Uchenye zapiski Leningradskogo 

Gosudarstvennogo Universiteta, 

No. 142, vypusk 29. 

(Critical periods in the develop-

ment of the eggs and larvae of the 

Don sturgeon (Acipenser 

gdldenstadti colchicus M.) and 

their morphological and physiolog-

ical characteristics. Scientific 

'Journal of Leningrad State 

University, No. 142, No. 29) 

Kosyakina, E. G. 1938. Pelagicheskaya ikra ryb v raione 

Novorossiiskoi bukhty. Trudy 

Novorossiiskoi biologicheskoi 

stantsii, tom 2, vypuàk 2. 

(Pelagic eggs of fish in the region 



Krivobok,'14. N. 1931. 

Kryzhanovskii, S. G. 1939. 

Kryzhanovskii, S. 

961. 

of Novorossiisk Bay. Publications 

of the Novorossiisk Biological. 

Station, Vol. 2, No. 2) 

Nekotorye dannye o tralovom 

promysle v zalive Petra Velikogo. 

Sotsialisticheskaya rekonstruktsiya 

rybnogo khozyaistva, No. 11-12 	• 

(Some data on commercial  trawling 

in Peter the Great Bay. Socialist 

Reconstruction of the Fishing 

Industry, No. 11-12) 

Printsiuy rekapitulyatsii. Sbornik, 

posvayshchennyi Severtsovu. 

(Principles of recapitulation. 

Symposium dedicated to Severtsov) 

.0 znachenii raZmerov poverkhnosti 

zheltochhogomeshka yaits 

kaspiiskikh ryb dlya organogeneza. 

Zoolbgicheskii zhurnal, tom 19, 

vyousk 3. 	. 

(The significance for organogensis 

of surface dimensions of the yolk 

sac in the eggs Of Caspian fish. 

Zoological Journal, Vol. 19, No. 3) 

• Kryzhanovskii, S. G. 1949. 	Ekologo-morfologicheskie 

zakonomernosti razvitiya karpovykh, 

vtyunovykh i somovykh ryb 

(Cyorinoidei, Siluroidei).  Trudy 

Instituta morfologii zhivotnykh, 

vypusk 1. 



Kryzhanovskii, S. G., 

Disler, N. N., - and 

Smirvona, E. N. 19,53. 

Kryzhanovskii, 

962. 

(Ecological and morphological 

regular patterns in the development 

of carps, loaches, and catfishes 

(Cyorinoidei  and Siluroidei). 

Publications of the'Institute of 

Animal Morphology, No. 1) 

Ekologo-morfologicheskie 

zakonomernosti razvitiya okunevidnykh 

ryb (Percoidei).  Trudy Instituta 

morfologii zhivotnykh, vypusk 10. 

(Ecological and morphological 

regular patterns in the development 
_ 

of fishes of the suborder Percoidei. 

Publication à of the Institute of 

Animal Morphology, No. 10) 

Materialy po razmnozheniyu 

seltdevykh ryb. Trudy Instituta 

morfologii zhivotnykh, vypusk 17. 

(Material on the reproduction of 

. fish of the herring family. 

Publicationsi  of the Institute of 

Animal Morphology, No. 17) 

Kusmorskaya, A. P. 1940." 

o.  

Sezonnye izmeneniya planktona 

Okhotskogà mOrya. ByUlleteni 

Moskovskogo obshchestva ispytatelei 

, prirody, tom 9, No. 3-4. 

• (Seasonalchanges in the plankton 

'of the'Sea of Okhotsk.. Bulletin 

of the Moscow Naturalists  Society, 

Vol. 9, No. 3-4) 



t 

Lindberg, G. U. 1 947- 

963. 

Kusmorskaya, A. P. 1 949. 

Lindberg, G. U. 1937. 

Lindberg, G. U„and 

Okhryankih., D. I. 1936. 

0 vesennem planktone severo- 

zapadnoi chasti Yaponskogo morya. 

Izvestiya Akademii Nauk SSSR, 

seriya biologicheskaya, No. 3. . 

(The spring plankton of the 

northwestern Sea of Japan. Journal 

of the Academy of Sciences of the 

USSR, Biological Series, No. 3) 

Fauna ryb Yaponskogo morya 

istoriya ee proiskhozhdeniya. 

Izvestiya Akademii Nauk SSSR. 

(The fish fauna of the Sea of 

Japan and the history of its origin. 

Journal of the Academy of Sciences 

of the USSR) 

Predvaritel'nyi spisok ryb 

Yaponskogo morya. Izvestiya 

Tikhookeanskogo 

nauchno-issledovatel'skogo instituta 

rybnogo khozyaistva i okeanograf  ii, 

tom 25. 

(Preliminary list of fishes of the 

Sea of Japan. Bulletin of the 

Pacific Scientific Research Institute 

of Ocean Fisheries and Oceanography, 

Vol. 25) 

. 0 ktImbalakh.Yaponskogo morya . 

Liopetta obscura  (Herzenstein) 

1",imanda Schreneki  (Schmidt). 



. Luklyanoya,  V. S. 1936. 	- 6. 

.1 

Lysenko, T. D. 1948. 

'.CT) 

964. 

Doklady Akademii Nauk SSSR, 

tom 4 (13), No.  

. (The Sea of Japan flounders 

Liopsetta obscura  (Herzenstein) 

and Limanda schrencki  (Schmidt). 

. Reports of the Academy of Sciences 

of .the USSR, Vol. 4 (13), No.  L. 

 (108), 

Lozino-Lozinskii, L. K., 	Chuvstvitellnostt ikry foreli i 

and Lyubitskaya, A. I. 1940. okunya k temperature nizhe nulya. 

Izdanie Instituta imeni Lesgafta, 

XXIII. 

(The sensitivity of trout and 

perch eggs tiy below-zero tempera-

tures. Publications of the 

Lesgaft Institute, XXIII) 

Fizicheskie kharakteristiki 

mimikrii ryby Solea nasuta, 

Doklady Akademii Nauk SSSR, tom 3 

(12), No. 2. 

(Physical characteristics of the 

mimicry of the fish Solca nasuta, 

Reports of the Academy of Sciences 

of the USSR, Vol. 3 (12), No. 2) 

Agrobiologiya. Sellkhozgiz. 

(Agrobiology,- .State Publishing House.  

*for•Agricultural Literature) 

Matveev, B. S. 1940. 	• 	K voprosu o raskhozhednii priznakov 

v ontogenéze kostistykh ryb. 



965. 

Mikelsaar, N. F. 1957. 

Sbornik, posvyashchennyi akademiku 

A. N. Severtsovu, 11 (1). 

Zoologicheskii zhurnal, tom 9, 

No. 4. 

(The question of the divergence of 

features in the ontogensis of bony 

fish. Symposium dedicated to 

Academician A. N. Severtsov, 11 

(1). ZoolOgical Journal, Vol. 9, 

No. 4) 

0 biologii razmnozheniya rechnoi 

kambaly v vostochnoi chasti 

Baltiiskogo morya, Izvestiya 

Akademii Nauk Estonskoi SSR, Tom 6, 

seriya biologicheskaya, No. 3. 

• (The biology of the reproduction of 

• the fluke in the Eastern Baltic Sea. 

Journal of the Academy of Sciences 

of the Estonian SSR, Vol. 6, 

Biological Series, No. 3) 

Mikulich, L. V. 1954. 	Pitanie kambal u beregov Yuzhnogo 

Sakhalina i Yuzhnykh Kurirskikh 

ostrovov. Izvestiya 

Tikhookeanskogo nauchno-issledovatell 

skogo instituta morskogo rybnogo 

khozyaistva  j okeanografii, tom 39. 

(The feeding of flounder  of the 

coast of Southern Sakhalin and the 

Southern Kurile Islands. Journal 

of the Pacific Scientific Research 

Institute of Ocean Fisheries and 

OceanoP.raphy, Vol. 39) 



morskogo rybnogo khozyaistva i • 

Milinskii 

966. 

Mikulich, L. V. 19e. Ikrinki i lichinki ryb iz severnoi 

chasti Okhotskogo morya. RukoiDisl, 

Arkhivy Tikhookeanskogo 

nauchno-issledovatellskogo instituta 

okeanograf  ii. 

(The eggs and larvae of fish of the 

northern Sea of Okhotsk. Manuscript, 

Archives of the Pacific Scientific 

Research Institute of Ocean 

Fisheries and Oceanography) 

	

.. 	. . 	. 
• .Milinskii,G. .1. - 1938'. . 	,. Biologiya i promysel morskoi kambaly 

. 	 . 	. 	' 

 

(Pleuronectes platessa)  Barentsova •_ . 	.. . 	 . „ 

	

.. 	. 	 . 	. . 	. 
morya. Trudy Polyarnogo 

nauchno-issledovatel , skogo instituta 

morskogo rybnogo khozyaistva i 

okeanografii, tom 2. 

•(The biology of the plaice 

•(Pleuronectes platessa)  and commer-

cial plaice fishing in the Barents 

Sea. Publications of the Polar 

Scientific Research Institute of 

Ocean Fisheries and Oceanography, 

Vol. 2) 

G. I. 19114a. 	Biologiya i promysel paltusa 

Norvezhskogo i Barentsova morel. 
• 
Tarn zhe, tom 8. 

(The biology of the halibuti and 

commercial fishing for this species 

• in the Norwegian and Barents Seas. 

Ibid,  Vol. 8) 



p.  

Mishchenk.o, A. I. 1938. 

Moiseev, P. A. 1936. 

	 -S■14.a...+.:+stiSes.:‘..- eie...e.s...f" -  Se' bisbLr.i.e,S, 

967. 

Milinskii, G. I. 194)0D. 
I 

Materialy po biologii . i promyslu 

kambaly-ersha Barentsova morya. 

. Tam zhe, tom 8. 

(Material on the bioloEy of the 

long  rough dab and commercial . 

fishing for this species in the 

Barents Sea. Ibid,  Vol. 8) 

Milinskii, G. I. 19)v. 	Materialy po biologii i promyslu 

paltusa Barentsova morya. Tam 

zhe, tom 8. 

(Material on the biology of the 

halibut and commercial fishing 

for this species in the Barents 

Sea. IbId,  Vol. 8) 

û .  

Nekotorye nablyudeniya nad 

razvitiem ikry i lichinok kambal. 

Izvestiya Tikhookeanskogo 

nauchno-issledovatelfskogo instituta 

morskogo rybnogo khozyaistva i 

— okeanografii, tom 14. 

(Some observations on theidevelop-

ment of flounder eggs and larvae. 

Bulletin of the Pacific Scientific 

Research Institute of Ocean 

Fisheries and Oceanography, Vol. 14) 

Sostav ikhtiofauny reki Sedanki v • 

svyazi s postroikoi Vladivostokskogo 

vodoprovoda. Vestni Dallnevostochn 

filiala Akademii Nauk SSSR, tom 1. 

• 



,• Moiseev, P. A. 1946a. 

• Moiseev, P. A. 1-946b. 

Moiseev, P. A. 1946v. 

968. 

(The composition of the ichthyofauna 

of the Sedanka 'River in relation to 

the construction of the Vladivostok* 

Water Supply Line. Newsletter of 

the Far Eastern Branch of the 

Academy . of Sciences of the USSR,-  

• Vol. 1) 

Promyslovye kambaly Daltnego Vostoka. 

PromiZdat. 

(Commercial flounders  of the Far , 

East. Industrial Publishing House) 

Nekotorye dannye o vliyanii 

promysla na sostoyanie stada kambal 

zaliva Petra Velikogo. Zoologicheskii 

zhurnal,Dtom 25, vypusk 5. 
(Some data on the effect of commer-

cial  fishing on the condition of the 

flounder stock of Peter the Great Bay. 

Zoological Journal, Vol. 25, No. 5) 

Nekototye dannye po biologii i 

promyslu kambal zaliva Petra Velikogo. 

Izvestiya Tikhookeanskogo 

nauchno-issledovateltskogo instituta 

morskogo rybnogo khozyaistva i 

okeanograf  ii, tom 22. 

(Some data on flounder biology and 

commercial flounder fishing in 

Peter the Great Bay. Bulletin of 

the Pacific Scientific Research 

Institute of Ocean Fisheries and 

Oceanography, Vol. 22) 



Moiseev, P. A. 1952. 

Moiseev, P. A. 1955b. 

'Moiseev, P. A. 1953. 

Moiseev, P. A. 1955a. 

96 9. 

Nekotorye spetsificheskie cherty 

raspredeleniya donnykh i pridonnykh 

ryb v dalinevostochnykh moryakh. 

Tarn zhe, tom 27. 

(Certain specific 'features Of the 

distribution of bottom and demersal 

fish in the seas of the Far East. 

Ibid,  Vol. 27) 

Treska i kambaly daltnevostochnykh 

morei.  Tarn zhe, tom 11. 

(Cod and flounder of the Far 'Eastern 

seas. :Ibid .,,  Vol. 11) 

Novye dannye o rasprostranenii 
• 

belokorogo paltusa. Doklady 

Akademii Nauk, SSSR, tom 105, No. 2. 

(Fresh data on the 'occurrence of the 

trlie hnlibut. Reports of the 

Academy.  of  Sciences, Vol. 105, No. 2)- 

-- Belokoryi paltus. Sbornik 

"Geograficheskoe' ra:Sprostraninie rYb 

I drugikh promyslovykh'zhivotnykh. 

OkhOtskogo i Beringova morei." 

• Izdateltstvo Akademii Nauk SSSR. 

(The true halibut. In the sylaposium 

The Geosraphical Distribution of  

Fish and other Commercial Animais  

in the Sea of Okhotsk and the  

Bering Sea.  Publishing House of 

the Academy of Sciences of the USSR) 



Morozova, T. E., and 

Karakash, N. M. 1939. 

970. 

Monastyrskii, G. P. 1939. 	Nerestovyi khod v reki, razmnozhenie 

skat vobly. Trudy Vsesoyuzgogo 

nc-uchno-i3s1edovate1ls1toi:0 instituta 

morskogo i rybnogo khozyaistva i 

okpanografii, tom XI. 

(The roach: its spawning migra :tion 

into rivers, reproduction and 

downstream migration. Publications 

of the All'Union Scientific 

Research Institut e of Ocean Fisheries 

•  and Oceanography, Vol. XI) 

-Monich, A. A. 1954. Izmenenie zony temperaturnoi 	• 

adaptatsii u embrionov vlyuna putem 

soderzhanfya samok v razlichnykh 

temperaturnykh usloviyakh. Doklady 

Akademii Nauk SSSR, tom 94, No. 2. 

(The change in the temperature zone 

of adaptation in loach embryos 

through keeping females under 

different temperature conditions. 

Reports of the Academy of Sciences 

of the USSR, Vol. 94, No. 2) 

Kharakter chuvstvitellnosti stadii 

embrionallnogo razvitiya azovskogo 

anchousa (Engraulis  encras icholus 

maeoticus)  v svyazi s izmeneniyami 

solenosti morskoi vody. Zoologichesk 

zhurnal, tom 18, No. 2. 

(The nature of the sensitivity of the 

stages of embryonic development of 



Musienkb, L. N. 1 954... 

Mukhacheva, V. A. 1957: 

Mukhacheva, V. A. 1959. 

971. 

the Azov  anchovy (Enrraulis  

•encrasicholus maeoticus)  in relation 

tO changes in the salinity of sea 

water. Zoological 'Journal, Vol. 18, 

Molod ,  kambal  (sen.  Pleuronectidae) 

 daltnevostochnykh morei SSSR. Trudy 

Instituta okeanologii Akademii Nauk 

SSSR, tom 11. 

(Juvenile flounder (family 

Pleuronectidae)  of the Far Eastern 

Seas of the USSR. Publications of 

the Institute of Oceanology of the 

Academy  o• 	of the USSR, 

Vol. 11) 

Ikrinki i maltki ryb Onezhskogo 

zaliva Belogo morya. Sbornik 

"Materialy po kompleksnomu 

izucheniyu Beloào morya".Izdatellstvo 

Akademii Nauk SSSR. 

(The eggs and fingerlings of fiish 

of Onega Bay in the White Sea. In 

the symposium Material on a Complex 

Study of the White Sea.  Publishing 

House of the Academy of Sciences of 

, the USSR) 

Nereatovye àkopleniya promyslovykh 

ryb v raione Severnykh Kuril i 

-Yuzhnoi Kamchatki po dannym lova 

ikry i lichinok. Trudy Instituta 



l'.1ukhacheva, -  V. A., and 

Zvyadina, O. A. 1955. 

Navozov-Lavrov1927, 

972. 

okeanologii Akademii Nauk SSSR, 

tom 36. 

(Spawning accumulations of commer-

cial fish in the region of the 

Northern Kuriles and Southern 

Kamchatka from data on catches of 

eggs and larvae. Publications of 

the Institute of Oceanology of the 

Abademy 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 

prespawning accumulations of floun-

ders in Kronotskii Gulf. Fishing 

-:Industry, No. 6) 

Kratkie svedeniya o treske i 

paltusakh v.  vodakh Dail/leg° Vostoka, 

Byulleteni rybnogo khozyaistva, No. 

11-12. 

(Brief data on cod and halibut in 

the waters of the Far East. Fishing 

Industry Bulletin, No. 11-12) 

Nikiforov, - N. D. 1939. Vliyanie temperatur i mekhanicheskikh 

vozdeistvii na embrionallnoe razvitie 

ryb. Izdatelistvo Leningradskogo 

• Gosudarstvennogo Universiteta. 

(The effect of temperature and 



Nikolaev, A. . 1949. 

5. 

973. 

• 

mechanical action an the embryonic 

development of fish. Leningrad -

State University Publishing House) 

Materialy po biologii rechnoi 

kambaly Kuz-guby. Izvestiya 

Karelo-Finskogo filiala Akademii 

Nauk SSSR, No. 4. 

(Material on the biology of the 

Kuz Bay fluke. Journal of the 

Karelo-Finnish Branch of the 

Academy of Sciences of the USSR, 

No. 4) 

Nikolaev, A. P. 19 

Nikoliskii, G. V. 1953. 

• 

Nikoliskii, G. V. 

Polyarnaya kambala Onezhskogo . 

.zaliva Belogo morya. Voprosy 

ikhtiolopii, vyausk 5. 
(The'arct1c flounder of Onega Bay 

in the , White Sea. 'Problems. of 

Ichthyology, No .. 5) 

0 nekotorykh zakonomernostyakh 

dinamiki plodovitosti ryb. Ocherki' 

po obshchim voprosam ikhtiologii. 

, (Some regular patterns in the 

fecundity dynamics of fish. Outlines 

on general  questions of ichthyology) 

Chastnaya ikhtiologiya, 1 954. 

(Particular iQhthyology) 

Nikolyukin, 1,1, and 	 Materialy po iskusstvennomu 

Langinava,,A. 1936. 	 oplodotvoreniyu ikry i razvitiyu 



Novikov, N. P. 1960. 

-t 

974. 

lichinok nekotorykh kostistykh 'ryb. 

Trudy nauchno-issledovateliskago 

instituta pri Voronezhskom 

gosudarstvennom universitete, No. 4. 
(Material on the artificial 	. 

fertilization of eggs and on the 

development of the larvae of 

certain bony fish. Publications . 

of the Scientific Research 

Institute attached to Voronezh 

State University, No. 4) 

Paltusy Beringova morya. Rybnoe 

khozyaistvo; No. 1. 
:-! 	• 

(Halibuts df the.Bering Sea. 

Fishing Industry, No. 1) 

Eksperimentalinye ekologo-fiziologich- 

eskie issledovaniya nad ikroi 

lichinkami ryb. I. Vliyane solenosti 

•na rannie stadii razvitiya azovskogo 

leshcha, sudaka i volzhskoi solidi. 

•Zoologicheskii zhunal, tom 19, 

vypusk 1. 	 • 

(Experimental ecological and 

Physiological research into fish 

eggs and larvae. I. The effect of 

salinity on the early,  stages of 

development.of the Azov bream, the 

European pike-perch and the Volga 

shad. .Zoological Journal,,Vol. 19, 

NO. 1) 	 • 



. 	. 
,Parker . - Tsitirovano - po Suvorovu, E. K. . 

7 

• •  

.975. 

•Olifan, V. I. 1945. 	 Periodichnostf i kriticheskie 

stadii lichinochnogo razvitiya' 

baikaltskogo omulya. Doklady 

Akademii Nauk SSSR, tom 46. 

(The periodicity and critical 

stages in the larval development 

of the Baikal omul. Reports of 

the Academy of Sciences of the 

USSR, Vol. 46) 

' Okhryarakin, D. I. 1936. 

. 	 . 	 • 

•f• 

i; 

, . 	. 	. 	. 
. Pavlenko,SM. N. 1910.: • 

K sistematike Limanda herzensteini  

- -,(Jordan et Snyder). Vestnik 

• Daltnevostochnogo Filiale Akademii 

Nauk SSSR, 120. 

(A contriutibn to the taxonomy of 

Limanda  herzensteini  (Jordan et 

Snyder). Newsletter of the Far 

' . Eastern Branch of the Academy of 

Sciences of the USSR, 120) 

Ryby zaliva Petra Velikogo. Trudy 

Obshchestva estestvoispytatelei 

Kazanskogo universiteta, tom 12, 

No. 2. 	 - 

(The fish of Peter the Great Bay. 

Publications of the Naturalists 

Society of Kazan University Vol. 12, 

0 	 No. 2) 

Osnovy'ikhtiologii,  1948. 

(Cited from . Suvorov, E. K. The 

fundaMentals of ichthyology, 1948) 



Pertseva, A. 1939a. 

976. 

Pertseva, T. A. 1936. 	Opredeliter pelagicheskikh ikrinok 

ryb . Barentsova morya. Pishcheromiz-

dat. 	. 

(Key to the pelagic eggs of fish of 

the .Barents Sea. State Scientific 

and Technical Publishing House for 

the Food Industry) 	. 

Nerest, ikrinki i malfki ryb 

Motovskogo zaliva. Trudy 

Vsesoyuznogo nauchno-issledovatel'- 

skogo instituta morskogo rybnogo 

khozyaistva i okeanografii, tom 4. 

(The spawning, eggs and fingerlings 

of fish of Motovka Gulf. Publica-

tions of the All-Union Scientific 

Research Institute of Ocean Fisheries 

and Oceanography, Vol. 4) 

•Pertseva,T. A. .1939b. 	. , Materialy - po razvitiyu kaspiiskogo 

puzanka (Casoia losacaspia Eichw.). 

• Trudy Vsesoyuznogo 

nauchnb-issledovatellskogo instituta 

rybnogo khozyaistva i okeanografii, 

tom VIII. 

(Material on the development of the 

Caspian shad (Caspia Losacaspia  

Eichw.). Publications of the All-

Union Scientific Research Institute 

of Ocean Fisheries and Oceanography, 

Vol. VIII) 



.1951. 

Novye dannye  o razvitii kambal (sein. 

Pleuronectidae). Doklady Akademii 

• Nauk.SSSR, tom 91, No. L. 

, (New data on the development of 

• 'flounder (family Pleuronectidae). 

Reports of the Academy of Sciences 

.of the IISSR,.Vol". 91, No. • 4) 

Pertseva-Ostroumova, T. 'A. . 

19>3. 

- 	 _ 

977. 

Pertseva, T. A. 1940. Nerest kaspiiskikh selIdei v 

• Severnom Kaspii po raspredeleniyu 

• ikh ikry i lichinok.  Tarn zhe, tompŒV. ' 

(The spawning of Caspian shad in the 

•Ndrthern Caspian from the distribution 

of their eggs and larvae. Ibid, Vol. 

- XIV) 

\ 
Pertseva-Ostroumova, T. A. 	0 razmnozhenii 1 razvitii kefalei, 

vselennykh v.Kaspiiskoe more. Tam 

• zhe, tom 18. 

.(The reproduction and development of. 

• mullet that have settled in the 

Caspian Sea. Ibid, Vol. 18) 

Pertseva-Ostroumova, T. A. 	Materialy po razvitiyu 

1954. • 	 dalinevostochnykh kambal (Pleuronec- . 

tidae).  I. Razvitie zheltoperoi 

kambaly (Limanda aspera Pallas). 

Trudy Instituta okeanologii 

Akademii Nauk SSSR, tom 11. 

, 	 (Material on the development of 

Far Eastern flounder '(P1euronectida0 

I. Development of the yellowfin sole 



978. 

1956. 

.-Pertseva-Ostroumova, T. I. 
. 	. 

1955. f_ 

(Limanda aspera  Pallas). Publica-

tions of the Institute of Oceanology 

of the Academy of Sciences of the 

USSR, Vol. 11) 

Opi.edelitellnye tablitsy 

pelagicheskoi ikry ryb zaliva 

Petra Velikogo. Izvestiya 

Tikhookeanskogo nauchno-issledovatelt 

skogo instituta morskogo rybnogo 

khozyaistva i okeanograf  ii, tom 43. 

(Keys to the pelagic eggs of fish 

of Peter the Great Bay. Bulletin 

of the Pacific . Scientific Research 

Institute of.tcean Fisheries and 

Oceanography, Vol. 43) 

.• 	 s•• 	. 	. 
. Pertseva-Ostroumova,..T. A. 	Issledovaniya razmnozheniya i 

razvitiya kambal Primorlya. Trûdy 

problemnykh i tematicheskikh 

soveshchanii Zoologicheskogo 

instituta Akademii Nauk SSSR, 

vypusk 4. 

(Research into Ithe 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, 

No. 4) 

• PetrovaTychkova, M. A. 	Nekotorye dannye po biologii 

,1952.. 	- 	- 	 zheltoperoi kambaly iz bukhty Nagaevo. 



Petrova-Tychkova, it A. 

1954a. 

979. 

Izvestiya Tikhookeanskogo 

nauchno-issledovatellskogo  instituts. 

.rmrskogo rybnogo khozyaistva 

• okeanografii, .tom 37. 

(Some data on the biology- of.the 

yeliowfin sole from Nagaevo Bay: - 

Bulletin of the Pac.ific Scientific 

• Research Institute of Ocean, 

.Fisheries and Oceanography,  Vol. 37) 

K biologii zheltoperoi kambaly iz 

Olyutorskogo zaliva. Tam zhe, 

tom 41. 

(A contribution to the biology of 

the yellowfin sole from 

Olyutorskii Gulf. Ibid, Vol. 41) 

Petrova-Tychkova,.M.K. 	K biologii dvukhtsvetnoi kambaly. 

1-954b. 	-• 	 • 	TaM - zhé, tom 42. 

. (A contribution • to the biology of 

•the two-coloured flounder. Ibid,  

* Vol': 42) 

Petrova-Tychkova, M. A. 	Belokoryi paltus iz zaliva Petra 

1955. 	 Velikogo. Tam zhe, tom 11, III. 

(The true halibut of Peter the 

Great Bay. Ibid,  Vol. 11, III) 

Polutov, I. A. 1960. Morskie promyslovye ryby Kamchatki. 

(Commercial ocean fish of Kamchatka) 

POlutov,. I...A.; and 	. 	Pelagicheskaya ikra i lichinki 

Tripol!skaya, V. N. 1954. 	morskikh ryb  u  beregov . Kamchatki. 

:  Tan zhe, tom 41. 



•• 

980. ' 

(Pelagic eggs and larvae of ocean 

fish off the coaat of Kamchatk.a. 

Ibid,  Vol. 41) 

Polutov, I. A • , and 	 Tralovyi promysel kambal u beregov 

Shashkeev,.E. I. 1955. 	Ka-tiehatki. Tam zhe, tom 11, III. 

(Commercial trawling for flounder 

• ' 	• , 

	

.• 	• 	Off the coast of Kamchatka. Ibid ., 
• 

• - • 	 Vol. 11, III) 	• 

.Polutov, I.  A., and 

Tikhonov, V. i.,1957. . 

Ponomareva, L. A. 1949.  

Novye dannye o rasprostranenii 

strelozubogo paltusa Atheresthes  

stomias  v vodakh Kamchatki. 

Izvestiya Tikhookeanskogo 

nauchno-issledovatellskogo instituta 

rybnogo khozyaistva i okeanografii, 

tom 45. 
(New data on the occurrence of the 

arrow-toothed halibut Atheresthes 

stomias  in the waters off Kamchatka. 

Bulletin of the Pacific Scientific 

Reseàrch Institute of Ocean 

Fisheries and Oceanography, Vol. 45) 

Ikrinki i maltki ryb iz Karskogo 

'morya. Trudy Vsesoyuznogo instituta 

morskogo rybnogo khozyaistva i 

okeanografii, tom 18. 

(Eggs and fingerlings of fish of 

the Kara Sea.Publications of the 

All-Union Scientific Research 

Institute of Ocean Fisheries and 

Oceanography, Vol. 18) 



981. 

Popov, A. M. 1935.. " 	 0 faune Avachinskoi guby i 60 

raspredelenie po biotsenozam. . 

Doklady Akademii Nauk SSSR, 

t:Dm 4 (9), No. 8-9 (77). 

(The fauna of Avacha Bay and its 

distribution according to bio-

coenoses. Reports of the Academy 

of Sciences of the USSR, Vol. 4 
(9), No. 8-9 (77)) 

Popova, V. P. 1955.1 	: Kharakteristika sostoyaniya zapasa 

kambaly Chernogo morya v 1955g. i 

,vozmozhnyivYlov na 1956 g. Sbornik 

VNIRO. 

(A descriptj:on of the state of the 

•flounder stock of the Black Sea in • 

1955 and the possible catch for 

1956. Symposium of the All-Union 

•Scientific Research Institute of 

Ocean Fisheries and Oceanography) 

Privollnev, T. I. 1935. Vliyanie vysokoi temperatury na 

raznoi stadii razvitiya ikry okunya 

(Perca fluviatilis).  Trudy 

Petergofskogo biologicheskogo 

instituta, No. 13-14. 

(The effect of high temperature on 

various stages in the development 

.of Vne eggs of the perch (rerca 

fluviatilis).  Publications of the 

Petergof Biological Institute, 

No. 13-14) 



982. 

Privollnev, T. I. 1939. Izmenenie okisliternykh protsessov 

u embrionov ryb (okunya) posle 

vozdeistviya ponizhennymi 

temperaturami. Arkhiv anatomii, 

gistologii i embriologii, tom 22, 

• vypusk 1. 	• 

(The change in oxydizing processes 

in fish (perch) embryes after the 

action of reduced temperatures. 

The Archive of Anatomy, Histology, 

and Embryology, Vol. 22, No. 1) 

Privollnev, T. I. 1941. 

Privol , nev,  T. I.  1949. 

Periody razlichnoi chuvstvitellnosti 

v embrionalinom razvitii sibirskogo 

siga i lososya i dykhanie ikry siga. 

Izvestiya VNIORKH, tom 24, 1. 

(Periods of , different sensitivity 

in the embryonic development of the 

Siberian whitefish and sa1mon 9 and 

the respiration of the eus of the 

whitefish. Cournal of the A11-Union 

Scientific Research institute of 

Lake and River Fisheries, Vol. 2)4., 1) 

Kriticheskie periody pri 

postembrionarnom razvitii ryb. 

Izvestiya Vsesoyuznogo instituta . 

 ozernogo i rechnogo rybnogo 

khozyaistva (VNIORKh), tom 29. 

(Critical periods in the postembry-

onic development of fish. Journal 

of the All-.Union Institute of Lake 

and River Fisheries, Vol. 29) 



Razumovskii, A. M. 1939. 

9 83. 

Privollnev, T. I. 1953. Kriticheskie periody v razvitii i 

ikh znachenie pri akklimatizatsii. 

Akklimatizatsiya ryb vo vnutrennykh 

vodoemakh SSSR. Izvestiya 

Vse.soyuznogo nauchno-issledovatel , 

 skogo instituta ozernogo i rechnogo 

rybnogo khozyaistva, tom 32. 

(Critical periods in development 

and their significance in acclima-
The acclimatization 

tizationlof fish in internal bodies 

of water in the USSR. Journal of 

the All-Union Scientific Research 

Institute of Lake and River 

Fisheries, Vol. 32) 

• Privol'nev, T. I., and 	Vliyanie ponizhennoi temperatury na 

raznye stadii razvitiya leshcha. 

Doklady Akademii Nauk SSSR, tom 23, 

No. 6. 

(The effect of reduced temperature 

on the -various stages of development• 

of the bream. Reports of the 

Academy of Sciences of the USSR, 	i 

Vol. 23, No. 6) 

Probatov, A. N. 1940. 	Polyarnaya kambala Karskoi guby. 

Trudy Novorossiiskoi biologicheskoi 

stantsii, tom 11, No. 3. 

(The artic flounder of Kara Bay. 

Publications of the Novorossiisk 

Biological Station, Vol. 11, No. 3) 



9814.. 

. M. 1940. 

Rass, T. S. 1 934- 

Rass, T. S. 1929. 

Lichinki  i mallki ryb v raione 

Novorossiiskoi bukhty. Tarn zhe, 

tom 11, vypusk 3. 

(Larvae and fingerlings of fish 

in—the region of Novorossiisk Bay. 

Ibid,  Vol. 11, No. 3) 

Obzor ryb, sobrannykh Murmanskoi • 

biologicheskoi stantsiei letom 

1926 g. Raboty Murmanskoi 

biologicheskoi stantsii, tom 3. 

(A survey of fish collected by the 

Murmansk Biological Station in the 

summer of 1926. Studies of the 

Murmansk Biological Station, Vol. 3) 

e- 

Raboty gruopy po izucheniyu ikry i 

malTkov (ikhtioplankton). Doklad 

Pervoi sessii Okeanograficheskogo 

instituta, No. 5, Moskva. 

_(The work of a group on studying 

eggs and fingerlingsliChthyoplanktom) 

• Report of .the First Session of the 

Oceanographic Institute, No. 5, 
Mospow) 

•Nerest, ikra i maliki promyslovykh 

ryb Barentsova morya. Karelo-

Murmanskii krai, No. 3-4. 

(The spawning, eggs and fingerlings 

of commercial fish of the Barents 

Sea. Karelo-Murmansk Krai, No. 3-4) 



• 

Rass, T. S., 1937. 

Rass, T. • 1941. 

985. 

Pigmentatsiya . embrionov i lichiAok 

selidevykh (sem. Clupeidae),  kàk 

prisposoblenie k pelagicheskomu 

obrazu zhizni. Byulletent 

Moskovskogo obshchestva ispytatelei 

prirody, tom 1, VI (3). 

(The pigmentation of herring 

(FaMily Clupeidae)  embryos 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. 

(Geographid parallelisms in the 

structure and development of bony 

•fish of the  northern seas. Moscow). 

Rass,  T.  Ikhtioplanktony iz Vostochno-

Sibirskogo i Chukotskogo morei. 

Problemy Arktiki, No. 1. 

(Ichthyoplankton from the East 

Siberian Sea and the Chukchi Sea. 

Arctic Problems, No. 1) 

Rass, T. S. 1946. 	 Stupeni ontogeneza kostistykh ryb 

(Teleostei).  Zoologicheskii zhurnal, 

tom 25, vyplisk 2. 

(Stages of ontogensis in bony fish 

(Teleostei).  Zoological Journal, 

Vol. 25, No. 2) 

Rass, T. S..1959. 	 Issledovaniya ikhtioplanktona, 

prbizvédennye Kurilo-Sakhalinskoi 



Ras s, • S.  1948. 

- 

. 	 ; 

986. 

ekspeditsiei. Issledovaniya 

dallnevostochnykh morei SSSR,- 

vypusk IV. 

(Ichthyoplankton research by the 

KUrile-Sakhalin Expedition. 

Research on the Far Eastern Seas 

of the.USSR,'No. IV) 
• • 

.0.periOdakh zhiini i zakonomernostyakh 

ratvitiya i rosta ryb. Izvestiya 

kademii Nauk SSSR, seriya 

biologicheskaya, No. 3. 

(The periods of life and the regular 

patterns in the development and 

growth of fish. Journal of the 

Academy of Sciences, Biological 

Series, No. 3) 

Sostav ikhtiofauny Barentsova morya 

i sistematicheskie priznaki ikrinok 

i lichinok ryb etogo vodoema. 'Trudy 

Vsesoyugnogo nauchno-issledovateltsko 

institlita morskogo rybnogo khozyaistv 

i okeanografii, tom 18. 

' (The composition of the ichthyofauna 

of the Barents Sea,and the taxonomic 

features of the eggs and larvae of 

the fish in this region. Publica-

tions of the A11-Union  Scientific 

Research institute of Ocean Fisheries 

and Oceanography, Vol. 18) 



Rass, T. S. 1950 . 

L-' 

. Rass, T. S. 1953. 

Rass, T. S., and 

0 "dlinnykh" kambalakh 

daltnevostochnykh morel SSSR.. 

Doklady Akademii Nauk SSSR. • 

(The nlong"  flounder of the Far 

Eastern seas of the USSR, «Reports 

or the Academy of Sciences of the 

 USSR) 

Znachenie stroeniya ikrinok i 

lichinok dlya sistematiki ryb. 

Ocherki po obshchim voprosam 

ikhtiologii. Izdatellstvo Akademii 

Nauk SSSR. 

(The significance of the structure 

of eggs and . larvae  for fish taxonomy. 

Outlines on general questions of 

ichthyology. Publishing House of 

the Academy of Sciences of the USSR) 

Vozmozhnosti znachitellnogo 

uvelicheniya ulovov ryby na Dalinem 

Vostoke. Rybnoe khozyaistvo, No. 9. 

(The possibilities of a significant 

increase in catches of fish in the 

Far East. Fishing Industry, No. 9) 

Nekotorye dannye ob ikhtioplanktone 

Zheltenkova, M. V. 1948. 	Zapadnoi Kamchatki. Izvestiya 

Tikhookeanskogo 

nauchno-issledovatellskogo instituta 

morskogo rybnogo khozyaistvà i 

okeanografii, tom 28. 



Rasà, 

Pertseva-Ostroumova, T. A., 

%rbunoVa, N. N., and 

Kulikova, E. B.  156. 

G.  E. 1937. Rotmanov 

,Rumyantsev, A.  I. 1947- 

zhurnal, tom 26, 

988. 

(Some data on the ichthyoplankton 

of Western Kamchatka. Bulletin • 

of the Pacific Scientific Research 

Institute of Ocean Fisheries and 

Oceanography, Vol. 28) 

Raiony razmnozheniya nekotorykh 

vesennenerestuyushchikh ryb 

dalenevostochnykh morei. Trudy 

problemnykh i tematicheskikh 

sove'shchanii Zoologicheskogo 

instituta Akademii Nauk SSSR, 

vypusk 4. 
(The regions of reproduction of 

some spring-spawning fish of the 

Far Eastern seas. Publications 

of the Problem and Thematic 

Conferences of the Zoological 

Institute of the Academy of Sciences 

of the USSR,. No. 4) 

K.edrologii Beringova  1 Chukotskogo 

morel. :Issledovaniya dalenevostochnykh 

morei,:vypusk 5. 
(The'hydrology of the Bering an 

• Chukchi Seas. Research on Far 

Eastern Seas, No. 5) 

Ob izmeneniyakh v sostave teplovodnoi 

..j•khtiofauny primorskikh vod 

Yaponskogo Morya. -ZoOlogicheskii 



. 	 • 	 . 
• 

Symposium, 1952. 

SeVertsoy, A. N. 1939. 

Selitskaya, E. . 1957. 

989. 

(The changes in the . composition • of 

warm-water ichthyofauna of the 

,waters of the Sea of Japan off the 

Maritime Coast. .Zoological Journal, 

Vol. 26, I) 

"Promyslovye ryby Barentsova i 

Belogo morei". Murmansk. 

.(Commercial Fish of the Barents and 

White Seas. Murmansk) 

Morfologicheskie zakonomernosti 

evolyutsii. Izdatel , stvo Akademii 

Nauk SSSR. 

(Regular morohological patterns of 

evolution. Publishing House of the 

Academy of Sciences of the USSR) 

' 	 . 

Osnovnye cherty gidrologicheskogo 

rezhima Severnogo morya. Trudy 

Gosudarstvennoto okeanoEraficheskogo 

instituta, vypusk 39. 

(The basic features of the hydrolo-

gical conditions of the North Sea. 

Publications of the State 

• 

. OCeanograohic Institute, No. .39) . 

Semenov-Tyanshanskii,  A  P. 	Taksonomicheskie granitsy vida i ego 

1910. 	 podrazdelenii. Zapiski Akademii 

•Nauk SSSR, seriya VIII, tom 25, 

No. 1. 

(The taxonomic boundaries of a 

' 	species and its subdivisions. 

Journal of the Academy of Sciences 



9 90. 

of the USSR, Series VIII, Vol. 25, 

No. 1) 

Soldatov, V. K., and 

Lindberg, G. U. 1930. 

Stroganov . , N. S. 1939a. 

Obzor ryb daltnevostochnykh morei. 

Izvestiya Tikhookeanskogo 

nauchno-issledovatellskogo  institua 

morskorro rybnoijo khozyaistva i 

Okeanografii, tom 5. 

(A survey of fish of the Far Eastern 

se,as. Bulletin of the Pacific 

Scientific Research Institute of 

Ocean Fisheries and Oceanography, 

Vol. 5) 

Deistvie ponizhennoi temperatury na 

razvitie oplodotvorennoi ikry 

volzhskoi selidi (Casnialosa  

volgensis).  Uchenye zapiski MGU, 

Vypusk 33. 

(The action of reduced temperature 

on the development of fertilized 

eggs of the Volga shad (Caspialosa 

volf;ensis).  Scientific Journal of 

Ebscow State University, No. 33) 

Stroganov, N. S. 1939b. ReZistentnost ,  ikry vOlzhskoi 

sel 'di. Uchenye zapiski MGU, 

vypusk 33. 

(The resistance of,the eggs of - the 
• 

Volga shad. Scientific Journal of 

Moscow State University, No. 33) 



Suvorov, E. K., and 

others, 1937. 

Suvorov, È. K. 1951. 

991. 

Suvorov, E. K. 1927. 	 K biologii murmanskoi Pleuronectes  

• flesus.  Trudy Instituta po - 

izucheniyu Severa, vypusk 38. 

(A c.smtribution to the biology of 

the Murmansk Pleuronectes flesus. 

. 

	

	Publications of the Institute for 

the Study of the North, No. 38) 

Suvorov, E. K. 1929. K ikhtiofaune Cheshskoi guby. 

Trudy Instituta po izucheniyu 

Severa, No. 43. _ _ 

(The ichthyofauna of Chesha Bay. 

Publications of the Institute for 

the Study of the North, No. 43) 

Materialy po vozrastnomu sostavu - 

kambal zapadnoi Kamchatki. Uchonye 

zapiski LGU, No. 15. 	- 

(Material on the age commosition of 

flounders of eastern Kamchatka. 

Scientific Journal of Leningrad 

State University, No. 15) 

Suvorov, E. K. 1948. 	 Osnovy ikhtiologii. 

(Fundamentals of ichthyology) 

Problemy sovremennoi organizatsii 

mromysla kambaly Dal!nego Vostoka. 

Trudy Karelo-Finskogo otdeleniya 

•VNIORKh, tom III. -  

(The problems of the .modern 

organization of c6ilimercial flounder 

fishing in the Far East. Publica- 

tions of the Karelo-Pinnish Divin 



Taranets, A. Ya. 1937. 

992. 

of the All-Union Scientific 

Research. Institute of Lake and  

River Fisheries, Vol. III) 

Sych-Avèrintsiva, N. O. 	Pleuronectes flesus Barentsova i 

1930. 	 Belogo morei. Trudy Vsesoyuznogo 

• • nauchno-issledovatellskogo instituta 

morskoo i rybnogo khozyaistva i 

okeanografii, tom 5, vypusk 4. 

(Pleuronectus flesus  of the Barents 

and White Seas. Publications of 

the All-Union Scientific Research 

. 

	

	 Institute of Ocean Fisheries and 

Oceanography, Vol. 5, No. 4) 

• 

Kratkii ooredelitell ryb Sovetskogo 

Dalfnego Vostoka i prilegayushchikh 

vod. •Izvestiya Tikhookeanskogo 

nauchno-issledovatellskogo instituta 

morskogo rybnoso khozyaistva i 

okeanografii, tom 5. 

(Short key to the fish of the Soviet 

Far East and adjacent waters. 

Bulletin of the Pacific Scientific 

Research Institute of Ocean Fisheries 

and Oceanography, Vol. 5) 

	

Tarasov,..N., 1. 1931.. 	• Rabota.na zapadnom Murmane v 
• .. 	• 	. 	. 	. 	• 

Motovskorn zalive vesnoi. 1928 g. 
• 

• • .Trudy Instituta po izucheniyu 

Severa, vypusk 48. 	• 
. 	. 

(Work on the eastern Murman Coa7e • 

in Motovka Gulf in the spring of 

1928. Publications of the Institute 



993. 

for the Study of the North, No. 4 3 ) 

Pelagicheskaya ikra i lichinki ryb 

Motovskogo zaliva Barentsova morya 

1 
*•Trifonova, 

Kriticheskie periody embrionalinogo 
••• 

Vernidub, M... F., and  

Filippov, 1939.  

vesnoi 1929 g. "Sbornik 

nauchno-promyslovykh rabot na 

Murmane." Moskva-Leningrad, . 

Snabtekhizdat. 

(The pelagic eggs and larvae of 

fish of Motovka Gulf in the Barents 

Sea in the spring of 1929. Symposium 

of Scientific and Commercial  Studies  

on the Murman Coast.  Moscow and 

Leningrad, Technical Supply 

Publishing House) 

razvitiya. Uspekhi sovremennoi 

biologii, tom 28, No. 1. 

(Critical periods of embryonic 

development. The Advances of. Modern 

Biology, Vol. 28, No. 1) 	 . 

Tsitirovano po Privollnevu, T. E., 

1953. Kriticheskie periody v 

razvitii  i ikh znachenie pri 

akklimatizatsii. Akklimatizatsiya 

ryb vo vnutrennikh vodoemakh SSSR. 

Izvestiya VNIORKH,, tom 32. 

(Cited from Privol'nev, T. I. 1953. 

Critical periods in deVeloDment and 

their significance in acclimatization. 

The Acclimatization of Fish in': 



(I) 

Tychkova, M. A. 1 946 - 

Fadeev, N. S. 1954- 

Fadeev, N. S. 1955. 

994. 

Internal Bodies of Water in the 

USSR. Journal of the All-Union 

Scientific Research Institute of 

Lake and River Fisheries, Vol. 32) 

K sostoyaniyu zapasa kambal zaliva 

Petra Velikogo. Izvestiya 

Tikhookeanskogo 

nauchno-issledovateliskogo instituta 

morskogo i rybnogo khozyaistva i 

okeanografii, tom 22. 

(The state of the flounder stock 

of Peter the Great Bay. Bulletin 

the Pacific Scientific Research 

Institute of Ocean Fisheries and . 

Oceanography, Vol. 22) 

Portsionnoe ikrometanie zvezdchatoi 

kambaly v zalive Terpeniya. Tam 

zhe, tom 42. 

(Intermittent spawning of the 

starry flounder in Terpenie Gulf. 

Ibid,  Vol. 42) 

Novyi raion promysla kambal. 

Rybnoe khozyaistvo, No. 8. 

(A. new region for commercia)'flounde 

fishing. Fishing Industry, No. 3) 

• 0.tipe ikrometaniya i plodovitosti 

nekotorykh promyslovykh kambal 

Sakhalina. Zoologicheskii zhurnal, 

tom 36, vypusk 12. 

(The type of spawning and fecundity 



9 95. 

of some.commercial floundor of 

Sakhalin. Zoological Journal; 

.Vol. 36, No. 12) 

Fadeev, N. S. 1958. 	1 	0 chislennosti"kambal v vodakh 

Sakhalina. Tezisy dokladov na 

Vsesoyuznom soveshchanii 

biologicheskim osnovam 

okeanicheskogo rybolovstva. 

:Moskva. 

(The numbers of flounders in the 

waters off Sakhalin. 

of Reports at the All-Union 

Conference.on the Biological.- 

Fundamentalb of .0cean Fishing. 

Moscow) 

po 

Summaries 

Khrapkova, N. V. 1956. 

Khrapkova, N. V. 1957. 

Khrapkova, N. V. 1959. 

Skoplenie promyslovykh ryb i 

i ikhtioplanktona v Kamchatskom 

zalive. Rukomisi. 

(The accumulation of commercial 

fish and ichthyoplankton in 

Kamchatka,Gulf. Manuscript) 

Skoplenie promyslovykh ryb i 

ikhtioplanktona v Korfo-Karaginskom 

raione. Rukopist. 

(The accumulation of commercial fish 

and ichthyoplankton in the Korfo- 
. 

Karaginskii region. Manuscript) 

Nerestovye skopleniya promyslovykh 

• 	ryb v Kronotskom zalive. Trudy- 

Instituta okeanologii Akademii Nauk 



Shmidt, P. Yu. 1904. 

Shmidt, P. Yu. 1933. 

Shmidt, P. Yu. 1949. Yaoonskaya kambala. Promyslovye 

ryby SSSR. 

996. 

SSSR, tom 36. 

.(Spawning accumulations of . commer-

cial. fish in Kronotskii Gulf. 

Publications of the Institute of. 

OceanOgraphy of the Academy of. . 

Sciences of the USSR, Vol. 36) 

Shmidt, P. Yu. 1935. 

• Ryby vostOchnykh morei. -  SPb. 

(F.ish of the eastern seas. 

St. Petersburg) 

0 zoogeograficheskom rasprostranenii 

glavneishikh promyslovykh ryb v 

zapadnoi chasti severnogo Tikhogo 

okeana. Byulleten' Tikhookeanskogo 

komiteta Akademii Nauk SSSR, vypusk 3. 

(The zoogeographical distribution •• 

f the chief commercial fish in the 

western North Pacific. Bulletin of 

the Pacific Committee of the Àcademy 

of Sciences cif the USSR, No. 3) 

Okhotskoe more i ego fauna ryb. - • 

Vestnik Akademii NaUk SSSR, tom 5. -  
(The Sea of Okhotsk and its fish . 

fauna... Newsletter of the Academy, 

of Sciences of the USSR, Vol. 5) 

Shmidt, P. Yu. 1948. 	 Ryby Tikhogo okeana. 

(Fish of the Pacific Ocean)- 

(The Japanese flounder..  Commercial 

fishes of the USSR) 



997. 

Shmidt, P. Yu. 1950. 	 Ryby Okhotskogo morya. Trudy 

Tikhookeanskogo komiteta Akademii 

Nauk SSSR, tom L.  

(;Fish of the Sea of Okhotsk. 

Publications of the Pacific Ocean 

Committee of the Academy of 

Sciences of the USSR, Vol. 4) 

- -- 
A g a s .; i z A. t111 the young St,tg•s of osseus Fishes 11. Development of the }limn- 
- • 	de•s.,-- Prot.: American Acad. Arts..Sci., v. XIV, 1878. 	. 	. 	 ' 
A pirre 1 o• f A. .1912. Ober -  Ifeziechungen zwischen Fortpflanzung und Verbreitunrr ma- • 	. 

•. rifler. Tierformen. - Verliandl. V111. Int. Zoologen Kongress zu Graz, 10-15.V111, 	- 

	

.. 	
. 

' . '• 1910, -Jena. 	 . 	 . 
A.p s.t e i•n K. Die 13estimmung des  Alt  ers pelagisch lebender Fischeier Mitt. Deutsch. 

.Seefischerei - I - ereins. V. 25, N 12, 1909. 
A p s 1.. e i n K.. Die Verbreitung 1. pelagischen Fischeier u. Larven in der Beltsee und 

(1. angrelinenden Meeresteilen 1908-1900. Wiss. .MeereSunters. Abt. Kiel N. F., . 
• Bd. 12, 1:111. Kiel. 

13 a I 1). 19 ■ 3. A Sttidy of Fisch Eg.gs and Larvae from  Maux  Waters.- J. of the Uni- 
•ersity of Bombay, V. X1. 	 • . • : 	 • 

13 a 1 i n s k y B. 1948. On the development of specific characters in cyprinid fishes.- 
. •.. Zoo!. Soc. London, Proc., V. 118,, • 	. 	 . 
13 a r n h a r d t P. 1932. .Notes on the-habits, egg 	ng s and you 	of ttlite fisln-s of southern •.  

California. Bull. Scripps. Inst. Oceanogr. Unit. Calif. Ter1111.,  sr. 3. 	• 	
. 

.11 i g 01 0 w 11..a. IV el s 11 IV.' 1925. Fishes of the Gulf of Maine.- Bull. t:. S. Bur. 
. Fish., 	v..30. 	p. 	1. . 	- 	• 	• ' 	.. 	 . 	. 	 ' 

.13 i g ( 1 o w II. a. S e•Is r o e d C•r W. -.1953. Fishes of the Gulf of Maine.- Fishery 
Bull. of -  the Fish a. 'Wildlife Service. v. 53. 	. 

	•  B o p n e t 1). 19:39.-  Ittrtztlit y of the eggs in relation to t emperature.- Biol. Bull., N 7, 
• - \winds. Dole. 	- 	. 

11  1) . w.111 a it. 1914. The distribution of plaice eg:p in the northern North Sea. Fisheries,' 	. 
. •Scotland, Sci. lovest, N 2. 	 . 	. 	. 	. 

13 o w ni a • I.. 1:123. The distribution of plaice eggs in the northern North Sea: Fisheries, 
. Scotland,  Si.  I nv•st„ N. 11. . 	 . 

13 r• e (Le r C. - 1923. -Some embrionic and htrval st ages of the win' er Flounder.- Bul l. 	• 
... 	U..S. Bir.• Fish., v. 38. 	' 
B r 0 n n 11.•*0 1940. Klassen ties Tier4leichs, II. 0. Leipzig. • 
11 u 11 cl P. 1940. Development. of the CL,:C8 and early lar...t• of Six Liao., l it ., 	Fishes*.. 

- 0. Calif. Div. - Fish:  a. Game, Fish Bull., N 5h. 	 . 
- 11 . 11 cii a n a n - IV o 1 1 a.s t o n IL 	1:123. The spa ■Alon.: - .: pid.ce in the southern 

.
0 ;•  part, of ow North Sea in 1913-1914.- Ct. lirit. Min. Agrie. - Fish. Investig., ser. 11, . 

- v. 5, N - 2.- , 	 . 	 • 
13 u c 11 a.  n a n - -IV.o 1 I a s t, o n' 11. 	1920. Plaice egg production in 1920-1921, 	' 

1 reated as a statistical problent, with comparison between the data froin 1911, 1914a. 
' 1921.- Ct. Brit. Min. Agric. Fish. Invest ig., ser. 11,-v. 9, N 2. 	 . 

• 1.1. ti e k in a ti.n A., - 11 e in p e I 'G. a. M e s t o r f f J. 1955. On the abundence and 	.. 
• distribution of Fish Fry in the Southern North Sea during .March. Intern. Counc. f.• 

. the Exploration of the Sea. 	 • 	 0 . • • 
13 o u 1 e n g e r F. 1902. Notes - on the Classification of Teleostean Fishes. On the • 

Systematic Position of the Pleuronectidae.- Ann. 'Ing., Nat. Iiist. (7) v. X. 
- C a n u E. 1893. Poitte, oeuf et  larves, des poissons utiles observes clans la Manche.- 

Ann. de la .stata) agicole de Boulogne, v. 1.. 
. C h•a h à it a u d P.. 1934. Ileterogeneite .des 'rele.osteens dyssymetriques.- 131111. Soc. 	. ' 

Zool. France, v. 1.1 X. 	. 
C 11 a b a n a 11 d P. 1930. Le neurocrane OSSCUX des Teleosteens dyssymetriques.- Ann. ' * 

.11tst. Oceanogr., v. XVI, Paris. . . 	 . 	 . 	. . 
. C 11 0 a b a n a u d P. 1940. bull. 	Mii.s. Nat. Ilist. Paris •(2). 	 • 

• C II a b a n a u d P. 1939. I.e problenie de la phylogenese des lieterosomata. Bull. Inst.. 	. 
Oceanogr., Monaco N 950. • 	 . 

-• CI e in ens W. a. W i .1 b y G. 1946.• Fishes of the Pacific coast of Canada. Fisheries 
research Board of Canada 131111. N 08, Ottawa. 

'C o p e E. 1871. Contribution to the Ichtltiology of the Lesser Antilles. Trans. Amer. 
Phil. Soc. (2) v.' XIV, . • 	- 	- - 	 . 

C o x e P. 1024. I.arvae of the Halibut (Hippoglossus •hippoglossus L.) on the Atlantic' 
. . 	coast of Nova Scotia. Contrib. to Canadian Biology. New. ser., v. 1, N 21 
C u n n i n rrh a ni J. 1887. The eggs a. larvae of teleosteans. Trans. of the Royal 
.- :. sociely of Edinburg., v. XXXVIII. 

' C u n n i n g 11 a ni .1. :1889-1890. - Studies on the reproduction a. de ■ elopment of 
-Teleost eau fishc-s occuring in 1 he 'Lei gh hourbo".1 of 'Plymouth.- I. of the marine 
biological association ;  v. 1, nor. ser. 

C u v i e r G. 1817. Le Regne Anitnal, Ed. 1. Fishes, II. 	 . 

D a lc i n W. 1910-1911. Notes on the biology of fish-eggs a. larvae. Intern. Rev. 	. 
Ilydrobiologie a. 	liydrogr., v, III. 

D a n n e v i g IL 1804. The influence of temperature of the development of the eggs of 0,  

fishes.- 13-th Ann. Rep. Fish Board f. Scotland, pt. Ill. 	
0 

0 



998. 

.,• 

• 

D a n n e v i g-  II. 1897. On the rearing of larval and postlarval plaice' and other plat-
fishes. 15-th Ann.  Hep.  Fish. Board. f. Sc.otland. 	 . 

D a n,n e v.i g A. 1914-1915. Canadian Fish eggs a. larvae. Canad. Fish. Exped. 
D a n n e y i g A. 1918. Canadian Fish eggs a. larvae. Canadian Fish. a. -Mar. Investig. 

V.  III, N 5. . 	 . 

	

. 	 • 

	

. 	 .  
D a n n e v i g A... a. 11,a n s e n S. 1952. Factors invoived in Hatching a. Rearing 

Fish eggs a. larval, 'lep. on Norvegian Fish a Mar. Investig., v. X. 
. E h r e n b a u in E.'. 1897. .Eier und Larven von Eischen der Deutschen Bucht. Wis-.  

sensch . Meeresunters. - A ht.. 11 el gol and , 13d.  II.  
•-E, h r e n b a 1., in E. 19 5-1909: .Eier end. Larven• von Fishen Nord. Plancton. Bd. IV 

' 	n X. 	- • 	• - 	 • 
E la r e n b a u m E. - 1910. Eier und Larven von Pleurnnectiden der Nordsee und Benach-

- 	bart Gewesser.- Rapp. Proces Verb. Reunions, v. XII. 	 - 
E la r e n b a u in E. 1911..1)ie plattfischlarven der Nordsee u benachbart. - Gewasser.-- 

Rapp. Prôc. \'erb. des Betinions, v. X111. 	• 	 . 
E h r e n b a'n in  E. 1936. 11 andbUch der •Seefisch ;  Nordeuropas, 'Bd. II. St utitgart 
E h r e n b a ttili E. u. M i el c k. 	1910. Die Laichverclialtnisse von . Scholle unit 	• 

	

. . Flunder.- Wissensch 	 LL Meeresunters. A 	Helgoland, Bd. IX, 11. 2. 
E h r e n b a u in E. u. S .1. -1 -o d I -In a n n S. 1904. Eier tind Jugendforrnen der Ost • 

seefish.- Wissensch. Nleerestinters., Ali..• liel .goland N 7 Bd. VI. 	 .1 
E k  ru a n S. 1953. Tiergeographie des 'Meeres. 	. 	 . 
F o r s t. e r G. 1053. The Spawning behaviour of plaice. J. mar. biol. Assoc. U. K. v. 3'..' 
F r. a n z V. 1910. Die Eiproduction der Scholie (Pleuronectes platessa L.) Wissenschaftl 

àleeresuntersuch., N. F., 	Bd. IX. 	 . 
F u I 1 a r t o n J. . - 1891. The development of the plaice. 9th. ann. report of the -Fi• 	, 
. ,, schpry Board f. Scotland. 	 • 
F U I-t o n  T. 1891. On the spawining and fecundity of the plaice (Pleuroneetespla 

iesSa) 24 -th Ann. Rept. Fish.• Board f. Scotland • 	. 
le n j i t a T. p.)()5. On the artificial hatching of hirame eParaliclitys olivaceus) ..• Report 	. 

of the, fisheries Institute. v. III. 	. 	 . . 
G .6'o.d é'G. '1884. Natural history of ,•useful aquatic animals. Fisheries a. fisher ■ _ , 	industr. the U.S., sec. I. 	•• 	 . 	. 	. 	- 
G û n t h e r  A. 1862. Catalogue of the fishes in the British-  Museum. v. IV. PI euronect t- •- 

. 	dae. 	. 	- 	. 	. 	• 	, 	. 	- 	. ,. 	 . 
H a t a- K.-1027. On the influons  of foie kinds of vibration Ppontiie -  eggs of Oncorhyncloe. 

reason J ourn. • Imp. Fish. .Inst. -  v. XXIII.- N..3. 	_ 	. 	. . ..._ 	• 	__ 	. 	 _. 
I-1 e i n c k e F. u. E h r e n b a ii in E. • 1900. Eier .und Larven -von Deutsche,' Bucht . 

Wiss. Meeresluiters. Abt.. Helgoland.-  1.3d. III. 	• • 
II e n s e  ri Ii - 1912.1'her die Best immung des Fisc-hbestandes im ,Ieer. Wiss. Meerestiii- • 

tersiich •' A ht ' K iel. 	• 	. 	 .. . 	 . 
H e n s e n B. u. A p s t• e i n C. 1897. Cher die Eimenge .der min \Vinter Lachendeu 

Fische. Wiss. Meeresuntersuch. N. F. Abt. Kiel,  II. II -. Il. -  2. , 	 • . 
Ii e s s It. 1924. Tiergeographie ad oekolooischer Grundlage. 	. 	 . 	• • 
II i k i t a . •% 1934. lat. -  fishes found- in Northen .  japan. Bull: of the Seoolfish. 111.1. - 

kaido Imp-, Lnivers., -V.• IV -: 	• 	. 	. 	. 	 . 
11 I k i t a T. ' 1952. On the - development  of  'Amanda . Schrepki (Schmidt). Scient it 

report of the Hokkaido Fi.sh Hatchery v. 7, N 1,, 2.. „ 
H. o -1 t. E. 1891. On the eg.rs and larvae of teleosteans. Scientif. Transactions of 1 h. 

. 	Royal D 	 . ublin. v. IV, ser. '2. 	. 	 . 	. 	 . 
'H o 1 t E. - 1893. On the eg ,rs and larval and postlarval stages of Teleosteans Scient i. 

Transact. Royal Dublin Soc. v. V. ser. 2., 
H u b b s C. -1032. The Japanese Rounders of . the genus Tanakitis, Microstomus al. 

Giyptocephalus. Occas. Pap. Mus. Zonal. 'Univ. Michigan N 240. 
II u b h s C.'. 1943. Termihology of early stages of fishes. Copeia, N 4. 
II u b h s -C. a. K dr o n u m a V. 1042. ilybridizat ion in nature between two genet.. 

of flounders in Japan. Pap.-Nlich. Acad. Sci., v. 27. 
H u n t s m a n n A. 1918. historie of new food fishes. 1. The Canadian plaice. Bull 

Biol. Board Canada N. 1. 	 . 
1 a c o b s e n I. J, o h a n s e n .  A. 100S. Remarks on the chenges in specific gravity ..! 

' pelagic Fish-eggs  and  the transportation of Sit -rite - in -  Danish  waters.  - leild. f. Roui  
' miss. ,f. Havund..Ser. Fiskeri, Bd. III, N 2. 

J e n s e - ii A. 1926. Investigations of the «Danaq in \Vest Greenland Waters, 1925 Rapp 
. - e. Proces-\'erb; du Cons-. Intern. Explor. Mer V. X XXIX. 	. 

J e n s e n A. .1935. The Greenland Halibut (Ileinhardtius hippoglossoides (Wall' 1 
its development and migrations..Mem. de I 'Academic Royale Sciens Danmark, ser •,9. 

. 	v. 	VI, •N 4.. 	. 	 • . . 	 . 	 . 
1 e n s e n A. 1954. On the life IIis-torN of Halibut in Faroe waters. Medd. Daninarlok 

fiskeri-og Havunclersogelser ser: FIskeri, • N 5. • 	. 
.1 e s p  ers  e n 0. 	1917. 	Contributions •to the life-hislory of 'the North Atlantic 

Halibut (Ilippoglossus vulgaris Flem.), v. 5. 	 • 
. 	. 	 . 



999. 

• 

of hansen A. HBO. liericht über die pier, Larven untralterect st tidier' der Pleurone-
' ctiden  j  der Ostsee tiach Zahl, Grosse, Alter und Geschlecht. Itapp. Prue. 	Verbaux

•  Reunions. v. XII. 	. 
Johansen A. 1927. On the fluctuations in the  quant  ity  of young fry atnong plaice 

• and certain other species of fishes and causes ,f the some. Rep. Dan. Biol. 
. v.•33. • 	 • 

JohanS c. ti A. a. Krog 11- A. 1 9 14. The influens. of temperature and certain other 
factors upon the rate of « developmen t  of the c.g;el of fishes. P ubl ic . de circonstance 
N. 68. 

.J ones S. •  •950. A note on the terminology of the early developmental stages of fishes. 
Journ. of the Zoological .Society of India, v. 2, N  I.  
rd  a n D. a. Evermann B. 1818. The fishes of Middle a. North America. 
Bull. I'. S. Nat. Mus. V.  47 (3). Washington. 

• Kandler It. a. W. Pir wit z \V. 1957. Cher die Frucht barkeit der Flattfisehe 
int Nordsee- Ost see Haunt. Kieler Meeresforschungen B. XIII, 11..1. 

. Kariya T. a. Shiracha t, a S. 1955. On the grow •of the ovum of the Flatfish, 
• !Amanda yokohamae (Gunther). Bull.  of  the Japanese Smiley of Selma,.  Fisheri  es.  

V.  21, N 7. 
K ell icot \V. 1916. The effects of low temperatures upon the development of Fundulus. 

Atueric. Journ. of anatomy,  V.  20, N 3. 
K et Chen E. 1947. Studies on Lemon Sole development, and egg production. Pro• gress 

Report of the Pacific Coast Station, y. 73. 
K nettled E. 1907.  Poissons.  Duc d'Orlean Croisiere Oceanograph de la Mer du Grim-

. 	land. 	• • 
• Kur at a • .. 1956. On the rearing, of larvae of the flatfish, Liopsetta obscura, in small 

aquaria, 'Bull. of the Hokkaido . 11egional Fish Research Labor. Fish Agency 
IN• 13. 	, 	. 	. 	' 	• 

- • • K.• 1 e H. 1898. The postlarvae stages of the Plaice, Dab, Flounder, Long Rough Dah a. 
'Lemon Dab. 16-th Ann. Rep. Fish Board f. Scotland. 

K yle H. 1921. The Asinunetry. 	amorphosis a. Origin of Flat • Fishes. Philosophical 
• - Transactions of the Royal Society of London, ser. -  B., v.  ((XI.  
K y 1 e H. 1923: The classification -  • and  phylogenynf he Tel 	c•i ant eriorcs. Wiss 

leerestinter.,- • Alit. Helgoland, v. XIV •  \ 
Ky I e  II. u.• Ehrenbaom E. 	- 	 ice 	immung 	■ Hiseher 

Eier der NiIrdsee• 	und hen:cc-1,1.8ft 	c.. as...LI 	t 	-1er Nord u. ost see. 
. 	Leipzig. 	. 

K yle H., - E 	reeba u ità i. 	Mid It it n cker G. 1929. Die Fische der Nord 
und, Ostsee..-Tier..eit *der Nord  und ustsee, Lief ;  

M a l• in: A.. 181:8. Itidrag till kannedom of Pleuronectoidernas utveckling oclibyggnacl. 
•.. Kongl. S • enska \ et ens Kaps-Akaderniens II andlingar. ltd. 7, 'N 4. 

• • M c I .11 t o s 11 \V. 1891-1893. Contributions the life-histories 'a. development, of the 
• . food a. other Fishes Ann.  Hep.  Fishery Board fc'd. Scotland. v. 10, 11. 

- M el nt osh W. a. Mast erman A. 1897. The life-history of the British Marine • 
Food FisheS. London. 	• 

• McInt. o s h \V. a. P r i n' C e E.  I  890. On the development. ami life-histories of the 
• • 

	

	'felecisteatt food and other Fishes, Transact. of the Royal-Society of Edinburgh, 
-.v. . XX XV. • - 

Mielek %V. .1919. Ergehnisse einer Tint ersuehungsfahrt des. Iteiclisfoischungsdampfer 
4PoseitIon» in das Itarentsineur juuu Juni IJflul J iul i 1913. •\Viss. Meeresunters. 13. 13, 
11. 1. • • 

M o ri T. 1952., Check list of the fishes of • Korea. Mem.  of the Ilyogn University 
of agriculture, v. 1(3) 	ser. N 1). 

Muller J. 1846. Ober den Ban und die Grenzen der Ganoiden und über das naturliche 
System der Fische. Ablt. K. Akad. Wiss. Berlin. 

N at anaka M. ,a. 1 w  as  h i - S. 195:3. Studies on the populations of the 
sites in Sendai Bay III. 'flue hiologY of Limianda yokohatnae. • 

N or dgar d O. 1927. Notes on fisches. Spawning of Ilippoglossus hippoglossus. 
K. Norsk° Viclensk. Selsk. Forh. B. 1, N 7. 

• Norman J. 1934. A systematic monograph  of • the Flatfishes (licterosomata). y. 1, 
Psettoclidae.-  Itothiclae, Pleuronectidae. London. 

N orman J., Wilimowsk y. 1954. List qf the Fishes of Alaska. Stanford Ichtyol. 
Bull. y. 4.  N 5. 	 • 

N ybelin O. 1935. licher Eier und Larven der Rotzunge (Pleuronect cynoglossus 
L.) Svenska Hydrogr. biolog. konun. Skrifter, N. ser, Biol. ltd. I. H. 7. 

O kada Y. a. M at subara K. 1938. Keys to the fisIas and fish-like  animais  of 
Japan including Kuril Islands, Southern Sakhalin, Bonin Island, Ryukyu usiand, 
Korea and Formosa. Tokyo a. Osaka, y. XL, 

O kada Y. 1955. Fishes of Japan. Tokyo. 
O rcutt II. 1950.  The  life history of the Starry Flounder-Platichtys stellatits (Pal- 

las). Fish. Bull. N 78. 

■ 



	  • • 1 

• 
• 

I 	• 

O 

1, 000 . 

Orton G. 1053. The systematics of vertebrate larvae.Syst. Zool., v. 2; N 2. 
O rt on G. 1957. Embryology and Evolution of. the pelagic fish egg. Copoia, N 1. 
O rton a. Lim hang h.1953. Occurens of oil•.elobule in eggs of Pleuronectid Flat-

fish. Copeia. N. 2. 	 . '5  , 
• Osborn C. 1941. Studies on the. growth of integumentary pigment. in the lower 

vertebrates. 1 The-origin of arLiiiciJiy developed melanophorea on the normally 
. unpigmented ventral surface Of the summer flounder (Paralychtbys dentatus) Coll. 

epr. Woods Hole Inst N 	 - 
O sborn  C.  1948. • Factors influencing the growth of integ,umentary pigment in fishes 

I. The role of light. Proceedings of the Society for 2.xperirnental Biology and  Medi-
cine, v. 67, N. 4. 	- 

P er tsev a-  O str ou m o  y a T. 1957 Spawning and development of the Flatfishes 
- . 	(Pleuronectidae) of the Far-Eaetern s•eas. Ninth Pacifie Scioacs Congres. Pacif. Scienea 

Associatioa. I3ankok Thailand. 
• Petersen  C.  1893. Pelagic eggs of 1:she:a in the Lu....ser Belt /891-1892. Reporta 

the 'Danish • Biolog. Station. , v. III. 
Pet ersen C. 1894. On the biology of our flat fishes. Report of the .Danish Biolog. 

Station:, v: IV.- 
P et ersen  C.  1904. • On the larval and postlarVal stages of Long Rough Dab and the 

germ Pleuronectes. Meddelelser f. rionirnissionen f. Havundersogelsor s. Fiskeri 
Bd. 	I. 	- 	• 	• • 	.• 	 . 

P etersen  C.  1.906. On the larvae a. post-larvae stages of some Pleuronectidae (Pleu-
ronectes, Zeugopterus) Meddelelser f. Kommissionen 1..Havundersogelser s. Fiskeri 
Bd. 2. _N '1.. 	. 

P rince  E.  . 1914-1915.. Notes on the eggs and larval stages of the Halibut. Con-
, 	tribut. Canadian Biology, , 

It a s s  T.  Spawning, eggs and fry of the  Food-fishes of the Barents-Sea. Breeding a. 
development of fish subarctic. Internat. Revue gcsannen Hydrobiologie u. Ilyd-

. 	rographie, -33, 1936. 
Redeke H. u. Br e em  en P. _1.908. Die Verbreitung der piankton. Eier und Larven 

einig,er Nutzfische in der- Sudlichen Nordsee. Verhandelingen uit  hot. Itijksinstituut 
- 

 
V.  h. Onderzoek der Zeek  V. II. 

11 e g a n• C. 1910. The origin and evolution oi the Teleosteàn Fishes of the order  ll 
•. terosotnata. Ann. Mag.  Nat.  Ilist. (8) v. VI. 
egan C. 1929: Fishes. Art:cle.in Encyclopedia Britannica, 14-th Ed. IX (Hetere 

somata). . • 
R e i hi s c h J. '1902. . Cher  den *Einfluss der Temperate auf die Entwicklung %ell 

•.• 	• Fischeiern. ‘Viss. Meeresunt: N. F. lid. VI, Aht. Kiel. • 
lefSe ti G. 1934. The eggs' and .the larvae of the Halibut (Ilippoglossus vul-

- • garis). 	Norsk° Vidensk Selsk.,. v. 7, N 7.• • 
'Houle L. a. Angel F.•1930.  Larves  et Alevins des Poissons provenant des Croisiers 

du Prince Albert 1 de. Monacto; . ..v.. XX XI X.._. . • 
•s c h  in i d I. - 1; 1904. Oit  pelagic post-larval Halibut, (11ippo,glossus vtilgaris netn. and 

: IlippoglosSoides Walb). Meddelelser riOrnmissionen liavundersogelSer, s. Fislceri, 
. 	13d.. I, N 3. 

.S •c hmidt J. -  1905. •The pelagic  post-larval steels of the Atlantic coasts of Europe 
. 	Meddelelser 1.• Kommissioilen 	Ilavundersogi-Iser set.. Fiskeri IL •1.•.N1- 8. 

S c h in i d t J. 1908. Un the post-larval stages of the John Doty (Zeus Fah& L.) and 
some othce Acanthepterygian Fishes. Meddelelser f. kornmissionen  1.  Fiskeriow 
Havunderstigelser  II. 11. - N:-  9. 	; 	• . 

S ch n a k en beck W. 1925; Tel eostei Physoclisti to II eterosontata. Die Tien% el' 
Nord und ùstsee. Lief. II. 	 -j 

Sch n ak en h eck  W.  1928: • lieltrag zur Kenntnis der Ent wieklung Einiger 
rcsfishe I lierichte der Deutschen Wissenschaftlichen komission f. rueercsforschtm:. 
N. Folge B. IV, II. 4. 	 • 

Sehea eenbeek W. 1029. Ileterosontata. Tierwelt Nord und Ostsee. 
. Schultz L. a. I) el a c y C. 1935. Fishee; of theAmerican North West. Journ. Pail-Pa-

cific Research Inst., v. - X, N. 4. 
.Scott W: 1929. A note on the effect of temperature and salinity on the hatchine 

the eggs the winter flounder (Pseudopleuronect es atnericanus). Contributions to  Ca t..' 
 dian Biology and Fisheries, v. IV. 

Scott I). 1954. A comparative study of the yellowt  ail  flounder from three Adam tt - • 
fishing areas. . loura. Fish. Research Board of Canada. y.  XI (3). . 

S impson A. 1959. The Spawning  of  the plaice .in the North sea. Fishery  Investi 
 gations Ser. II V.  XXII. N .7. 

,Strndt.  in an n S. 1907 	Eier und larron  der itti Winter laiehenden Fische I ■■■ ---- 
Meercsuntersuch ALL Helgoland, Bd. VIII. • 	• 

• :S t r•ct dt ma nn S. 1915. Die Anpa:tsuitg der Schwinimenden FaScheier an  •Schwaceef. 
. 	Sal zgeh al te. Fischertlote.,. N 5, (i. ••• 	• 	• • 	• 

Tambs -.L y c h H. 1955. The biology of sonie marketable Fishes of Xort burn Eur,ipe 



. 	' 	•• T  " 1  

• 

• 

tt. 

1 001 : 

_ 	. • . 	 - - 

"" - • 

• 

••.ol fi n  ip:a. ‘1.1 -. "r3.6.. P()I iel uirloi telicellysandcolttlitni. . Z,00logic. 	Itig., v. 44; N 524. 

stages o 	H f the alibut. Medd 	m el. Koni • 
•. .Datunarl:s Fiskeri- ()g Havundersogelser, Ser. Fiskeri, v. 10, N 4. 	 • 

•T h la ni p s - o n W.. a. V a n C 1 e v e R. 19:t6. Life-history • of  the Pacific lialibut 
Rept. Int. Fish.- Coinin. N 9. 

T h o r•s 0 n G. 13. - 1946. Reproduction and larval development of Danish marine 

	

. bottom invertebrates. l ethi. Koltun. Damn. Fiskeri-og llavundersogelser.. Ser. 	. 
• Plancton, 4. 	 t. 	• 

T o w n S e n d L. ' 1937. Geographical variation and correlation in Pacific. flounders. 
Copeia. 	, 	 . 

Li b i s c h L. • 1950.. Undersiikolser over .•Pleuronectider I. Embryonalutviklingen 
Pleuronectes platessa, Pl. flesus', - og. deres resiproke bastarder...Fiskeridire,ktoratets 

' 	sifter, son Havundersugelser,• v. IX, N 10.. 	• 

U c h i d a K. 1932. Studies on the metamorphosis stages of  the HeterOsornalous fishes. 
- 	• 	. 

 

. 	. . 	 U c h i d a. K. 1933. Studies on the early life-history of japanese Ileterosomata. 11. 

	

. 	. 
.  , 	.. 	. 	. 	. • 	Verasper variegatus. 	Zoalog. Mag., vol. 45. 	 . - 	. 	. 	, 

•. Y a b e H. . 1929. The latest. land connection uf the Japanese. Islands' to the Asiatic 	- . 	. .. 	. 	- continent. Proc. 114 Acad. Sc. Tokyo, v. 4. 	 . 
. Y a in a in o t, o T: 1939. Effects of temperature and salinity on the etnbrional develop- 

. 

. 	. . .. • 	inent of the eggs of Pseudopleuronectes yokoharnae (Gth.) BUB. Ta --ji.---Sob.-Ser.-- FiSh...-----  - - 
. 	• • 	N 8. 	 . 

Y a m a m 0 1 0 K. 1953, Studies on the cycle in the spermary of the flounder, Liop- 
. 	. 

	

. 	 sotto, obscura. Bull. of Hokkaido region. Fish. Research. Laborat. N 8. 
. 	. 

• 
. .. 	Y a•rn a in,o t. 0 K. . 1954. Studies on t.lie maturity -of marine- fishes. 2. 'Maturity of 

.. .  

	

. 	• 	- 	the female Bah in the fie:wilder, Liopsetta Obscura. Bull. liokkai.  do • Reg. Fish Res. . 	. - 
. 	 , 	•Labortit.,' II.' ,-• 	. 	. 	 . 	 . . 	. 
. 	. 

	

,• 	. 	' - Y b s a T. 1953. 'Embryonic development of the Limande airrustirostris Kitahara. Bap. 	- • 
.. 	. 	-.'of the Sury.' of Fisheries _res. f. .the Hokkaido' Reg. Fiseii. Res. Laboratory, N 6. - 	. 

. 	. 	: 	• • Y u s a T. ' 1954. Embryonic develOpment •of the stone flounder, Kareius bicoloratus 
. 	' lia.silewsky, Bel). of the .Surv. of•Fiiheries res. r: the _Hokkaido Reg. Fish. Res. . 

	

	 . • 
. 	. 	- 	. 	• - Laboratory. N. 9. 	. 	. 	• 	._ 	, . 	• 	 . , 	 . 	. 

. 

• - .• .. '.. . . 	- Y u s a T..: •1957a: •Eggs and larvae, of flatfishes in the Coastal Waters of Ilokkaido , I 

	

. 	
. , 

. 	 . 	. 	• • • - Embryonic development of the St'arry Flounder.Pleitctithys stellat us (Pallas) Bull. . • 
.  • 	. 	. Hokkaido Beg. Fish. lies. Laboratory N 15. 	• 	. 

. 
•  

. 	- 	.• 	• Y u s a - T. 1957b. Eggs and larvae of Flatfishc-s in the coastal' v.ateis of  Hokkaido 11. 	• 
. 	

. . 	.. 	Early Development of the flat Bah Lepidopsetta mochigtu•ei Snyder. Bull. Hokkaido 	
. . 	. 

. 	. . 	 Reg.' Fi. . Res. Labor.•:, N 15. • 	. 	- 	 . 
. 	. 	• 	Y u s a 1'. 1958.. Eggs and larvae. Of - flatfishes in the coastal waters of Hokkaido III. 

Past-embryonic development. and larvae of the fla' tfish Lepidopselta mochigarei • 
. 	 . 	Snyd r. Bull..of the Hokkaido neg. Fish. lies. Labor. N 18. 	. . 	.. 	. 

. 	 V a n C I e V o It. a. S e y in o u r A. 1053. The productitin of Halibut eggs on the • . 	. 
. 	, 

.. 	. 	 -. cape St. James spawning Bank off the Coast of British•Columbia 1935-1936. Iteport 
. 	. 	 intern. Fisheries Conlin iSS10II, N . 19. 	• 	 . • . 

. 	 W a I t e r s V. 1955. Fishes of Western Arctic America and Eastern Arctic Siberia. 
.. 

. 	 Bull. Amer. Mus. Nat. History. v. 106, art. 5. -- ' 
. . . . • • W a  11 o r d 1..? 1938. Bull. Bureau Fish., XLIX. . . 

• ' . 	: 	W e 1 a n d e r  A. D a y t o n L. 13 e r g ni a n A. 1957. Rare fishes from the Eastern.. 
- 	North Pacific Ocean. Fisheries lit..:-:. Papers  2(1). G Washington. • 
W.i 1 I 1 a m s o n  H. 1895. On the variation in size of certain pelagic ova. 13-th  Annual 

	

. 	 . Report, of the Fishery Board f., Scotland, pt. III. 

	

. 	W i  111  a in s o n II. 1911. Notes on the eggs of the Augier (Lophins piscatorius). - . 	. 	. 	• 

	

i 	Halibut (Ilippoglossus vulgaris) etc, Ann.  Hep.  Fishery Board f. Scotland, pt. 3. 
. 	•. 	j - W u, H. • 1932. Contribution a I 'etude morphologique, biologique et, systematique  des 

	

; 	- 	poisons Heterusomes (Pisces Ileterosomata) de la Chine. Paris, 
. 	 .. 	_. 	.. 	.. 	 • 	. 	.._ . 	..,... 	... 	_. 	. 	- 	. . 	. 	• . 	 - 

. 	 . 
.._:} 	

. 	. 	.. 	. 	 . 	. 	• 	. 	 . 



1,002. 

„Fr).  
›..E. te". 1. ..,„:- 	 4 	Y. 	h. 	'3- 	, 	› L  .1,2.7:-; i e ••*" —.I,—  - -- ' •-•'; 7- "•,...:'-'''rel,-•  ` . . ...• . . 4  : . .. .. 5,-,■• - -.7,-  : • • : e . • • . , - -.............,,,, .,-.• —.,..„5„. -. ...___..,,._.....ir,r______,....„,..:,>;,..:,,,-.1r,,=____24„;_-_,...;:.-z_•...-..  a"......-....'-...f...•.:1----:____acmtr- 	, 

•efr.,... '-' ;•:.:....::...,::,2',1}e'çi" .`,....2.2,'...".:•• ••' ••■....4e' 	
_ . 	 -..,,,rixt.w......--w--,*--..-=,..‘.....--- 

• - -,----__-... 7": - 	 ` *•.." ` .\ 

2 
• *.e: 

•ske• •  0..••■■ 
e1 

• .•••• 	• ›. 	«e' • 	* 	• 	• 	• 	• 	• • " : .•■ 	.. . • t 	f.;' • e•.■ 	. t .. 	- 	- - - 

-- 	 ; i sy• 	 • • A..»,>1.:„.. 	 . 	 . 2 .. . 

-‘-••••• 	.... • . 	• 	 e•-•- 	• •  1-.."-,-.2---Y_C.L"_;•••  • •11«.-s. • 	' 
. 	 ' 	 • 	 _ 

, 

• 

2  — H.  dubius; 3-3— L. Wilma:a bilIncata; — t—: L. aspera 

•••■ -■••• 

Figure 76 - llounder prolarvae and larve 

• ■ 



••■• 

. 	 . 

	

; 	

. 	 . 	 . 	 . 	. .. . . 	.. . - • 

	

--: 	_---,--,__—,- —. -" Ti - 1 *- • _—■------*---' 

	

0. 	 • '• • " ,-,.,. ..-AL—'-'---e-j  . - .;,..e•-er.21.------'-----\----,-,i; .. ■:-.--, :;;;,i-..?" 
 ---- ...: - 

I , 
- 4 

•• 

(2)  D 

1 

• i 
•; 

! 

._,---- 2- --- ---- --" 	 L 	 -: -,' ‘ -; -' ' 7' r t 	. . 	• Î'''' ... ..' e  .:,-, •, , ' -' .....•••••: ^ ----- i'-''' .---"--  'e"-  c—t: 

	

	' 	' 	: 	; 	: 	; 	• 	: 	: . : 	. 	• 	. ..............•• - ••,. -, - =, -,,.':e2.,•:', .-1:--_--- —. ç  ''- c7 \--. — %•••••• - •.-- •: -- •:.-1...-- •-- - - - ' 	. 	 --.■-•.-- • • • — '• 	c • 	 .. ,r. 	• k---!-------- --7---:-:-. --i-- -c: - y_•,C7:4----1,-e."--.4  \ \ 
i 	. ‘‘. ' \ . 	' 	Y 	e' 

. 

'1 ..7r7:7•7:•,-,rt-..  

• • 	

.) 

r..p_•:;/. .  

—3  — L. pLinctatissIrna puactatlEstma; J — —  P.  herzenstelni;  J  — C — L. pInnlInsclata; 7 — 8 — 	
obseura; s — OL. sulleri 

	  •t" 4-  J.: 	 • - 	  -•-%••.-•-••• 

r  le 	 • 	
e 	 `‘« 

I 	

• 

e • . 

\ I 



Cat. No. 23-233-003 ' 	Printea in U.S.A. .; 

4 	 •  	■ 	  

BRODART, CO. 


