XVI.—ON THE OCCURRENCE AND QUANTITY OF THE EGGS OF
SOME OF THE FISH OF THE BALTIC, ESPECIALLY THOSE OF
THE PLAICE (PLATESSA PLATESSA), THE FLOUNDER (PLATESSA
VULGARIS), AND THE COD (GADUS MORRHUA).*

By V. HENSEN.

[From the Fourth Report o ‘the Commission for the Investigation of the German
Seas. Berlin, 1883.]

BY orders of the Commission I have, for four years, endeavored to
make observations regarding the spawn of the above-mentioned fish.
As regards the spawning of the cod on the coasts of Norway, we are
well informed by Mr. &. O. Sarg’t admirable observations; and as re-
gards this fish the only problem to be solved was whether the spawning
of the Baltic cod took place in the same manner. The same, however,
cannot be said relative to the plaice (Platessa platessa). A circular of
inquiry, addressed by the Royal Government of Schleswig to the differ-
ent fishery associations, elicited the most contradictory statements, even
as regards the time of spawning, and it became evident that not a sin-
gle one of the numerous answers showed a knowledge of the actual con-
dition of the eggs after spawning.

In going over the literature on the subject, we find that Alex. Agas.
siz{ has seen floating eggs of the plaice, of which he gives a drawing;
and that Malm§ has artificially impregnated eggs of the plaice, without,
however, succeeding in hatching young fish. According to Malm, the
eggs slowly sink to the bottom. Only ata late stage in the course of
my investigations was my attention directed by Professor Metzger to
Malm’s observations. This fact probably has been the cause of reach-
ing my conclusions somewhat later than would otherwise have been the
case. :

The eggs of the plaice are, like those of the cod, transparent, have &

* ¢ Ucber das Vorkommen und die Menge der Eier einiger Ostseefische, insbesondere derje-
nigen der Scholle (Platessa platessa), der Flunder (Platessa vulgaris), und des Dorsches
(Gadus morrhua).” Translated from the German by HERMAN JACOBSON.

t Indberetninger til Departementet for det Indre, angaaende Torskefiskerict i Lofoden,” Chris-
tiania, 1869.—English translation in Report of U. S. Fish Commission, 1877. Sare’
work is one of the greatest achiovements in this field of soientific investigation.

t Alex. Agassiz:  Proceedings of the American Academy of Arts and Sciences,”
Vols, XIV and XVII, on the young stages of osseous fishes, IT and 111 ‘
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thin shell, and do not contain drops of fat. The shell of the egg, under
a powerful magnifying glass, has the appearance of fine wavy fibers,
crossing each other irregularly. There are, however, no real fibers, but
they are simply thicker portions of the egg shell. These thick places
vary greatly in different eggs; in some they are not found at all, but in
that case the porous channels appear very distinctly as numerous deli-
cate dots. In my opinion, this fibrous appearance is caused by a
shrinking of the contents of the egg, which givesless tension to the egg
shell, but does not hinder the development of the egg. The mature
eggs are not sticky. The eggs of the plaice are large, and those of the
flounder small; but the smallest of all (less than one millimeter) are those
of the Platessa limanda. I have not been able to observe any difference
between the eggs of the cod and of the plaice, excepting in the outer
structure of the shell, unless it be that in the egg of the plaice there is
by the side of the micropyle a dot, almost resembling a second micro-
pyle, which I did not see in the eggs of the cod. Impregnated eggs, -
which have not yet developed, can only be distinguished from other
eggs, with the naked eye, by the circumstance that the yolk of the cod
egg is decidedly yellowish, whilst in the plaice egg it is colorless.

When I received the first specimens of mature female plaice their de-
veloped eggs, when placed in water, sank to the bottom. Judging from
this observation it seemed possible that the eggs were piled up in holes
in the bottom or laid in nests, or that the fish simply scattered their
eggs on the bottom. The first question, therefore, was to find the place
where the fish deposited their spawn. I was informed that in March
(the spawning season of the plaice and flounder being in March and
April, and that of Platessa limanda in May) plaice had occasionally
been found lying close to the side of each other on the coast near Fried- .
richsort (bay of Kiel), just as if they had gathered in certain places
for the purpose of spawning.

Young plaice are, in autumn, found in great numbers among the sea-
weed, and in shallow places near the coast. I have found them partic-
ularly near Eckrenforde; but similar reports havealso reached me from
Flensburg and from Stein on the bay of Kiel. In summer Professor
Mobius bas also caught young fish floating about freelyin the inner
bay of Kiel; but we have not yet succeeded in catching very young
fish. Therefore, it seemed proper to commence the investigation by
endeavoring to obtain some of these fish. '

Tor a number of years but very few plaice have been canght in the
inner part of the bay of Kiel. Onlyin 1882, when the saltness of the
water was unusually marked, and when a number of marine animals
from the North Sea—otherwisenot found in these waters—had madetheir
appearance, and then but temporarily, did the plaice fisheries flourish in
the inner bay. For this reason the attempt to catch young fish had to
be made near the mouth of the bay. I could not take part in these ex-
periments, and the fishermen whom I had engaged for the purpose only
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succeeded on the 14th of May in getting a few specimens of young fish.
These had already lost their symmetrical shape, and measured about 12
centimeters in length. They had been found among the alge a short dis-
tance beyond the mouth of the bay. If nothing else was gained, we had
at any rate discovered a place where search for such fish might be made.
_ The experiments in developing eggs did not succeed. The vessels in
which I had placed them were attached to poles and sunk in the bay,
but the motion of the waves had thrown the eggs too violently against
the sides of the vessels, and from this cause probably they had perished.

Therefore, the following year it was our purpose to obtain the eggs
which might be freely scattered over the bottom. The eggs will slip
through the meshes of a common dredge, and by a net with narrow
meshes the bottom cannot be sufficiently scoured, because the net will
be filled with particles of mud from the bottom as soon as it becomes
the least embedded in the ground, or is dragged over a soft bottom.
It is important that the eggs should, if possible, be obtained by small
quantities at a time, For this purpose we used the contrivance shown
in the accompanying illustration.

¥F10. 1.—Dredges for collecting fish eggs.

At the distance of about a foot from the bag of a common dredge (A),
a second light dredge with very narrow meshes (B) is fastened to the
first by three cords; it rests on a bent piece of thin tin (b), in such a
manner that the opening of the net is entirely raised from the bottom,
and does not touch it at all. Any light objects stirred up from the bot-
tom by the preceding dred ge, if small enough to pass through its meshes,
are caught by the tight bag of the second net, whilst heavy objects,
such as sand and small stones, fall to the ground before the opening of
the second net. This contrivance has been found exceedingly practical
in fishing lower forms of animals.

In 1851 only dead eggs were caught in the inner bay, which probably
came from the numerous plaice and cod caught during that year.

It was not until we reached buoy No. 1, outside the mouth of the bay,
at a distance of 18 kilometers from the city of Kiel, that at every haul,
going to a depth of 18 and less meters, we caught, close to the deep
channel of the Kiel bay, which begins here, a number of eggs which
floated about freely and did not adhere to any objects. Sometimes we
found them singly, and occasionally in clusters of 30 to 50. From this
circumstance we concluded that these eggs, which first were found on
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the 23d of April, and for the last time on the 11th of May, were scat-
tered freely over the bottom and did not adhere to any objects.

We found large and small eggs of different kinds mixed. Some of
the small eggs, having a diameter of about 0.93 millimeter, contained
in their inside a yellow or yellowish-brown drop of fat; but we also
found some larger eggs, measuring as much as 1.3 millimeters in diam-
eter, seemingly of the same lLind, and probably belonging to a species
closely related to the former. Occasionally we found in these eggs sev-
eral drops of fat instead of one. Other eggs, as to their size, homogene-
ity of contents, tibrous appearance of the shell, and colorless appear-
ance of the yolk, strongly resembled the eggs of the plaice. We finally
found small colorless eggs, without fat, measuring 1.16-1.27 millimeters,
which proved to be eggs of the flounder. As I ascertained at a later
date, similar eggs, having a diameter of 0.85 and 0.9 millimeter, and
the considerable specific gravity of 1.020, are found in May; these are
the eggs of Platessa limanda.

At the same time that we investigated the bottom, which only yielded
any result outside of the bay, we scoured the surface. During the same
period we here found two kinds of eggs, one with yellow drops of fat,
not distinguishable from the larger eggs of the same kind found at the
bottom, and a second kind, having a diameter of 1.24 millimeters, and
without drops of fat, but characterized by the circumstance that the
yolk appeared broken by even planes crossing each other almost at right
angles.

These different eggs were hatched, with the following results From
the two kinds of eggs containing drops of fat there slipped small fish
having a deep black pigment, and measuring at most 2.43 millimeters in
length. The large yolk-bladder projected somewhat beyond the head,
the eyes were pigmentous, the sphincter was close to the yolk-bag, and
the chorda consisted of several rays.

The young plaice, after slipping out of the egg, remained alive 11
days. Their eyes showed some pigment. The length of the body was
5.26 millimeters. The yolk-bag was large, and the sphincter close to it.
The chorda cells consisted of several links; the arch of the gills and the
lower jaw were not yet developed. The young fish hatched from the
flounder eggs were but little developed. Their eyes showed no trace of
pigment; their length was abount 3.6 millimeters. The sphincter, lying
close to the yolk, was connected with the intestinal canal only by a thin
cord, and the chorda had several rays. From the eggs whose yolks
appeared broken there came narrow fish 3.7 millimeters in length. They
werenot much developed; theireyeshad nopigment; theydistinguished
themselves from the young fish mentioned before by the construction of
the chorda, which had only one ray, and also by the circumstance that
the sphincter is not close to the yolk, but opens very far back, and only
about 0.5 millimeter from the tip end of the tail. In this particular as
well as in their form and shape, after the yolk had been absorbed, these
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fish closely resembled the herring. The intestinal canal, back of the
stomach, however, takes a somewhat ditferent and more crooked course.
They also somewhat resemble the small fish called by Apgassiz Osmerus
mordaz. Nothing is said, however, about the construction of the chorda
in this last-mentioned fish. Both the herring and the Osmerus have
bubbly yolk, and therefore differ very noticeably from the fish ob-

"served by me. In 1882 I caught large numbers of eggs, whose yolks
had a broken appearance, near the Diinenkathe, opposite Friedrichsort,
and between Jiigersberg and Koriigen, therefore near the mouth of the
bay. All the fish mentioned so far did not have red blood, prior to the
absorption of the yolk.

Other eggs observed by me were those of the Cottus scorpio, which
adbered to piles in the bay in large numbers (during January to April),
and of Cyclopterus lumpus (April). These last-mentioned eggs Professor
Mobius obtained from Eckernforde, where they were found adhering to
a pile in such a large lump as to render it improbable that they were
laid by one fish, The eggs of the Cottus showed numerous protuber- .
ances and measured 1.4 millimeters, whilst the young fish measured 5.4
millimeters. The eggs of both these fish contain drops of fat, which,
especially in those of the Cyclopterus, are very large and almost color-
less. The young of both these kinds of fish, when leaving the egg,
show a complete circulation of red blood, and are exceedingly lively and
well developed. The Cottus forms a beautiful object under the micro-
scope, whilst the Oyclopterus is opaque, with a thick-set body and a
small tail. The suction disk makes its appearance a few days after the
fish are hatched, and is put to frequent use. The protuberances on the
bead and dorsal fin do not develop until the yolk has been absorbed.
Numerous older specimens of Cyclopterus were, in May, found among
the sea-weeds outside of the bay. In both these fish the chorda has
geveral rays, and the sphincter is close to the yolk, The only fish
whose sphincter was midway between the yolk and the end of the tail
(similar to the Ctenolabrus ceruleus® according to Agassiz) was a small
Qobius, whose eggs were found adhering to sea-weeds.

The object in view, to find spawn of the plaice and the flounder dis-
charged in a natural way, seemed to be attained. The eggs were found
scattered and lying loosely on the bottom in decp places of the sea near
the coast, in places where plaice fisheries were carried on. This agreed
with Malm’s statement, that the impregnated eggs gradually sink to
the bottom, but not with Agassiz’s statement, that he had found eggs
of flat-fish (Pseudorhombus oblongus Stein) floating about near the surface.
Strictly speaking, the object in view could only be considered as at-
tained so far as the year 1881 was concerned, as became evident later,

*(, Sundewall: *‘Om Fiskyngels utveckling.” Kgl. Svenska Vetensk. Akad,
Handlinger, N. F., Vol. I, 1855, gives drawings of young fresh-water fish, according
to which the sphincter ocoupies & position in the middle in Perca, Esox (very far
back), Cyprinus rutilus and {dus, .
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It seemed very surprising that no floating cod eggs had been found,
although at that period some of these fish had not finished spawning.
When I took some cod-eggs and impregnated them, it appeared that they
did not float either, but sank to the bottom like the eggs of the plaice.

This discovery made new investigations necessary, but these could not
be made till the spring of 1882. I impregnated the eggs of cod, plaice,
and flounder ; and by keeping, by means of ice, the temperature of the
water at 40—8° Celsius, and by keeping the water in motion through a
glass funnel drawn up and down, I succeeded in batching a number of
young fish. At some future time I intend to give a.full report of their
development; and so I will only state here that plaice and cod were
hatclied in about fourteen days and flounders in eight days. My diag-
nosis of the previous year was, therefore, entirely confirmed. It ap-
peared, however, that the capacity of the eggs of these three kinds of
fish for floating in the water is limited and varies very much. Inconsid-
erable fluctuations in the saltness of the water are sufficient to cause the
" fresh-laid eggs either to rise or sink. Moreover, when the saltness of the
water is not very great, many impregnated and developed eggs sink to
the bottom after a short time; whilst all eggs which have either not be-
come impregnated, or which have ultimately died, always sink to the
bottom. :

The way the eggs would act could not be stated beforehand with such
certainty.as people will be inclined to suppose. There was no fact
to indicate that the capacity for floating of the eggs, which frequently
contained a great deal of oil, was very small, and adapted itself so little
to external conditions. As matters stood, a more thorough examination
of this subject appeared to be of practical and scientific interest. I
therefore deem it proper to give exhaustive statements relative to the
weight and number of the eggs—statements which for the present may
appear, perhaps, too detailed. -

R. E. Earll* has given us an excellent treatise containing full data
relative to the cod, the plaice, and the Gadus pollachius. Irom his ex-
periments in impregnating fish-eggs it appears that invariably only a
certain quota of the total number of eggs contained in a fish could
be successfully preserved. Thus, for instance, of a fish containing
2,700,000 eggs, only 400,000 eggs, or one-seventh of the entire quantity,
could be preserved ; the remainder matured later and were discharged
in the hollow of the ovarium. Earll comes to the conclusion that, in
such a fish, about 337,500 eggs matured per week, and that its spawn-
ing period lasts two mounths. He also shows that all fish ultimately
discharge all their eggs. The mature éggs of a cod weighing 7§
pounds would weigh about 456 pounds ; and it is impossible that any fish
could at one and the same time contain this quantity.

I have no objection to these important observations, as all my ob-

* United States Commission, Fish and Fisheries. Report of the Commissioner, 1878,
Part VI, p. 685,
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servations tend to confirm them; but I must state that, according to
my observations, the eggs in the ovarium show five very distinct stages:
(1) free, (2) mature, (3) clear, (4) large muddy, and (5) small muddy
eggs. Even in the immature ovarium three distinct stages can be dis-
tinguished, and this whole matter will have to be studied more closely.

“Earll ascertained the number of eggs by weighing first the entire
ovariuin, then pieces of it, and by counting the number of eggs in some
of these. This proceeding may be considered as leading to reliable re-
sults, as, according to my observations, the character of the ovarium is
very much the same in its different parts, and as it would almost be im-
Possible to count the. eggs in any other way. It is, of course, possible
that some of the small eggs do not reach maturity, but are, especially
towards the end of the period, again absorbed. My observations relative
to this matter, however, have, so far at least, only yielded a negative
Tesult.

Earll makes the following calculations:

Eggs.

Cod, 75* pounds, 9,000,000 eggs, per 500 grams.............. 160, 750
Cod, 51 pounds, 8,489,094 eggs, per 500 grams ............ 236, 150
Cod, 30 pounds, 3,715,687 eggs, per 500 grams. ......... .. 165, 950
Cod, 27 pounds, 4,095,000 eggs, per 500 grams... ......... 203, 200
Cod, 223 pounds, 3,229,388 eggs, per 500 grams. .. ......... 190, 200
Cod, 21 pounds, 2,732,237 eggs, per 500 grams........ ooe.- 174,300

) - 188, 425
Plaice, 9 pounds ............ Cereeiteeeaararae e 1, 834, 581
Plaice, 63 pounds - ... eveeniiiiii ittt ciiaeee ... . 849,315
Plaice, 4 pounds . ....cooiviiiniii i iiii e 403,132
Plaice, 3% pounds - - .. cevneei ittt 298, 976
Gadus pollachius, 23k pounds .............. oo ceun...... 4,029,200
Gadus pollachiug, 13 pounds........coceueeeueeenennenn o.o. 2,769, 753

The following are the dimensions of the eggs: Those of the largest
cod 15 millimeters, and those of the smallest cod 1.34 millimeters in
diameter; Gadus pollachius, 1 millimeter. No measurement is given of
the plaice. The specific gravity is given as varying between 1.020 and
1.025; but I presume that this is only an estimate based on the specific
g;‘)avity of the sea, for otherwise these figures would be very remark-
able,

The period consumed in hatching the eggs of the cod was: At 7.5°
C,13 days; 5° 0., 16 days; at 3° C., 20 days; at 2.20 O., 24 days;
at 0.6° O., 34 days j—1.20 C,, 50 days; when the temperature is lower
the eggs perish. Some eggs develop the young fish slower; those fish
Wwhich are hatched first and last are not very strong.
~ With a view to distinguishing with greater certainty the eggs of dif-

* This seems to be Troy weight, therefore only 373,2 grams per pound.
8. Mis. 46——28
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ferent species, and to comparing them with each other, I have endeav-
ored to obtain average figures relative to the measurements, but in doing
this I encountered innumerable difficulties. By measuring eggs which
had not yet been impregnated, I found that as a rule they are ellip-
soids, and not globes. In measuring such eggs, it is not absolutely cer-
tain whether one measures the long or short axis. Moreover it is nec-
essary to measure a considerable number of free eggs, which is a very
tiresome process. It would be better if the average diameter could be
gained from the weight, numbers, and specific gravity ; but the exceed-
ingly tender nature of the eggs became an insurmountable obstacle
when I attempted to measure in this manner eggs which had not yet
been impregnated.

The freshly laid eggs lie in a liquid which may well be designated as
Liquor folliculi, as it probably originates in Graf’s follicles. This liquid
has less specific gravity than the eggs, and has, therefore, to be exam-
ined separately. As the shell of fresh eggs when exposed to the air is
very apt to burst, partly through the weight of the eggs, no method
could be found to weigh the eggs in a dry condition. The liquid would
have to be removed by washing the eggs, which would cause them to
swell and possibly produce transudation, thus changing the original
character of the eggs. The eggs, after having been laid in salt water
undergo very considerable changes. After a while they become so hard
that they can be rolled between the fingers, and their presence among
other matter brought up from the water can easily be ascertained by
the touch. Eggs which have not been impregnated do not become so
hard, because after awhile they begin to dissolve. For 14 days, how-
ever, and even longer, their shape remains well preserved, and, com-
pared with fresh eggs, they seem hard. The hardening process, in or-
der to become perfect, requires one day. But I have not followed this
process closely, and must mention this circumstance because afterwards
my attention was directed to a very striking observation made by Mr.
Earll. He says, on page 721:

¢ It was found desirable to leave the eggs for fully half an hour to-
gether with the milt; and sometimes a longer time was required to make
them quite hard.”

Earll, therefore, seems to assume, as a well known fact, that fish-eggs
harden in consequence of impregnation. If there are any facts relative
to this subject in literature, they must have escaped me. Hitherto 1
have considered the hardening process as owing to the effect of the water,
and the gases contained in it; which is undoubtedly correct as regards
the hard crust found on many eggs. Ifimpregnation by itself cause a
hardening of the eggs, this must be considered as a fact not yet suffi-
ciently noted and examined by science. '

As regards eggs which had not yet been impregnated I have, in the
following manner, endeavored to obtain approximately correct data: I
first determined the specific gravity of the liquid, then that of the eggs
in the liquid. Thereupon the weight of a certain known number of eggs






