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THE CHANGES IN SEA WATER AND
THEIR INFLUENCES UPON MARINE ANIMALS

I. Fertilization and Development of
Sea-Urchin Eggs in Artificial Sea Water
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Apart from the artificial factors, for instance the changes of osmotic pres-
sure, the changes of hydrogenion concentration etc. which check the fertiliza-
tion and development of the eggs of water inhabitants, there are some natural
factors yet unknown, which affect the eggs unfavorably. The fact that in nature
even the ripened egg sometimes never starts development by ordinary semi-
nétion, has long attracted the attention of investigators. The internal factors,
for example, the unripened or pathological germ cells which conditions the de-
velopment of an egg, are not considered in this paper.

In 1922 Osumma affirmed that by torturing the Arbacia for a long period
it is possible to get the animal to secrete some substances (called dermal se-
cretion by him) which hinder the fertilization of the eggs. The result is of
importance inasmuch as it deals with the general phenomenon of the problems.
As a matter of fact after a heavy storm it is very difficult to do any experi-
mental work in artificial fertilization until the sea water regains its normal
condition.

In order to determine whether any changes, either physical or chemical,

[Transact. Sapporo Nat. Hist. Soc., Vol. XI, Pt. 1, 1929]
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arising naturally in sea water, affect the animals, the writer has carried out
the following experiments in fertilization and development of the sea-urchin in
artificial sea water.

The problems might become simple if the artificial solution could be proved
to act on the organisms normally as in natural sea water.

The eggs employed as material were from Strongylocmtrotu‘s intermedius
and S. nudus which are abundant in the water by the Oshoro Marine Biolo-
gical Station. In Hokkaido the spawning of both species occurs from the end
of August and lasts about a month.

The eggs were obtained by removing the oral parts of the animals and
were stripped off into natural sea water in finger bowls. = Then one drop of
the water containing the germcells was placed in a hard glass vessel which
contained 20 cc. of artificial water.

The artificial sea water used in the experiment was prepared after KANDA

(1918), which is a modification of vaN'T HorF’s solution; namely

m/2 Na(Cl .......... N 100,0 cc.
m/2 KCl .couvenenennns cerrrereeeiiraane cieerecreenes 2.2 CC.
m/2 CaCly .eeerennene cvereseineeriesiseerecnsenniess 1.5 CC.
m/2 MgCl, ........... cerervererenreae verenrenenns 7.8 cc.
m/2 MgSoy «.eoeene R 7% . I o o

The alkalinity of the solution was regulated by adding m. NaHCO,. All

the observations were carried out under a room temperature of 19°C-20°C.

Experiment I

In this case the materials, S. #ntermedius and S. nudus, were collected
from the sea where the fertilization and the development were going on normally.

Two vesse]s, one of artificial sea water and the other of natural sea water,
containing the ripened eggs were inseminated with the normal germ cells. The
process of fertilization and development was observed and the results were ar-
ranged separately according to each species in Table I and II.  The figures
given in the tables show the total number of eggs observed in five different

fields under the microscope.
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Table T
Unferti- - .
: lized Fertili E
Time Eggs : ertilized Feg
2¢ | 4c. 8c. | 16 c. | 32 ¢. | Moru. | Blast. | Gast, | T.N. .

Arti. I 47 — - — ' — —_ _ —_ — 47
20 min.,

Cont. I (3 — — — | — —_ —_— — — 51

Arti. o 3 42 —_— — ‘ — -— —_— — _— 45

2 hrs.
Cont. I 2 50 — —_ l —_ — — —_— — 52
Arti. 2 —_ I 18 25 | 20 1 — —_— — 65
4 hrs.

Cont. 2 — — — —_ ‘ 73 2 — — — 75

Arti. 6 -— —_ —_ — | 6 20 —_ 1y I 142
10 hrs.

Cont, 7 — — — — | — — — 16 5 21

Arti. 2 —_ — —_ - ‘ — I — 15 15 31
14 hrs. -

Cont. o — —_ —_ _ | _— _ — 2 23 25

As is seen in the table, in the first twenty minutes after insemination,
47 out of 48 eggs were normally fertilized in the compound sea water, while
in the natural control sea water 51 out of 52 eggs were fertilized. After two
hours 42 eggs in the artificial sea water and 50 eggs in the control were ob-
served, divided into-two cells. In the next two hours, in the prepared sea water.
18 eggs reached the four-cell stage, 25 eggs the eight-cell stage and 20 eggs
the sixteen-cell stage and in the natural sea water 73 eggs showed the six-
teen-cell stage.  After ten hours most of the eggs observed in the artificial
series were in morula stage while in the control most of them were already
in the blastula stage. In the final observation taken 14 hours after the in-
semination, 15 blastule and 15 gastrule were observed in the experimental
series. By this time in the control there were only 2 blastule and all other
23 were gastrulee. _

The numbers of unfertilized eggs given in the first column of the first table,
have no significance. They may be simply the unripened eggs as they com-
monly occur in any case of artificial fertilization; nevertheless the smallness of
the numbers as compared to those of the fertilized eggs indicates the favorable

condition of the germ cells.
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After all, in this experiment the affect of the artifical sea water is not very
noticeable in the fertilization and development of the eggs. It is to be gener-
ally understood, that, even in normél circumstances, the artificial fertilization
and development of S. nudus usually takes place with more difficulty than in

S. ntermedius.

Table I7
Unferti-
) lized Fertilized Eggs
Time Fygs
» 1c. | 2¢ | 4c. | 8¢ [ 16c. | 32c. | Moru.| Blast. | Gast.| T.N.
Arti: 3 —_ 2 6 7 —_ — —_— — —_ 15
3 hrs.
Cont, 1 — 3 3 9 — — — — —_— 15
Arti. 2 — — — — —_ 6 8 2 —_ 16
8 hrs. -
Cont. 2 — —_ — i — —_ 29 4 —_— 33
Arti, 3 — - —_ —_ -— — I 6 20 27
24 hrs.
Cont. 2 —_ — — —_ — —_ — 8 16 24

A glance at the table shows that in this species there is no noticeable
difference with regard to the fertilization and develdpment in artificial sea water
and in natural sea water.

In the meantime, the proéesses of development were going along in parallel

in both series.

Experiment II
In this case the eggs were fertilized in sea water as usual and then after
twenty minutes submitted to the experiment, hence the influences of the arti-
ficial sea water upon the germcells and upon the fertilization is negligible.
Both species of the seaurchin were used as material. The. results thus ob-

tained are given in Table III for S. intermedius and in Table IV for S. nudus.

<
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Table 117
Unterti-
. lized : Fertilized Eggs
Time Eggs
1c | 2¢ | 4¢ | 8c. | 16¢c. | 32 ¢. | Moru.| Blast. | Gast. | T.N.

Arti. 8 48 — — - — — —_ —_ — 48

20 min.
Cont. 20 55 — — — _— — —_— — — 55
Arti. 9 5 34 1 — — — —_ — — 40

2 hrs,
Cont. 8 — 21 6 — — —_ — J— —_— 27
Arti. 9 — —_ 4 15 25 2 — — — 46

4 hrs.
Cont. 18 —_ —_— —_— 9 12 36 — —_— — 57
Arti. 8 —_ — — 1 1 7 28 —_ — 37

8 hrs.
Cont, 12 —— — —_ —_ — 1 2 43 —_ 46
Arti. 8 — —_— — - — I 20 15 — 36

12 hrs.
Cont, 7 -— —_ —_— —_— —_ — —_ 43 I 44

Table IV
Unferti-
lized . Fertilized Eggs
Time Eggs
Ic. | 2¢. | 4¢c. | 8¢ | 16c. | 32 c. | Moru.| Blast. l Gast. | T.N.

Arti. 4 — J— 2 8 3 — — — — 13

3 hrs.
Cont. o - —_ 2 1 b ¢ — —_ - —_ 4
Arti. 5 — — — 1 8 7 5 — ‘ — 21

8 hrs.
Cont. 3 — — — — 3 6 15 —_ —_ 24
Arti. 3 — — — — — —_ 5 13 2 20

24 hrs.
Cont. 2 — — — —_ — — — 18 2 20

From the above tables it is to be seen that the artificial sea water again
has little affect on the develop’nient- of the eggs. The results were almost the
same as in Table I and II and the relations were just repeated. = However,
it is worthy of note that many free swimming plutei were later obtained from

these experimental series of the artificial sea water.
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Experiment III

One day it happened that a heavy storm passed over the sea by the station
and the writer had the chance to try the following experiments with the eggs
of S. intermedius which were collected. out of the stormy water.

At first, the process of fertilization in the sea water was observed a day
after the storm.  Secondly the eggs were inseminated in the sea water and
then after twenty minutes were transferred into the artificial sea water, and
thirdly, the eggs were inseminated in the artificial sea water. The percenfage
values of the fertilization were calculated. The results thus obtained are given
in the following table.

Table VUV
Unfertilized Eggs Fertilized Eggs 9%
L 22 . 4 16
II. 9 9 50
I, 3 29 90

From the table it is evident that in the water from the stormy sea the
fertilization took place with great difficult, showing only 16 % in the value,
In the second series 50 % of the eggs were normally fertilized, while in the -
third series the value is approximately equal to that in the normal sea water
. as given in Table I and III.

Therefore, it is to be concluded that the causes of poor percentage in this
case did not rise from the interior of the eggs, but was introduced from.the
exterior by the surrounding waters, the affect of which can be improved by

artificial sea water.

Experiment IV

This experiment was undertaken two days after the storm. The material

and the method were as in. former experiments.
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Table VI
Unfertilized Eggs Fertilized Eggs %
L 12 22 66
1I. 3 22 88
III. 7 46 87

In this case the fertilization power in the sea water was not much improv-
ed, giving 66 in the percentage value; neverthless it is much higher than in
the former experiment. Accordingly the tendency to recover the normal con-
dition in regard to fertilization is evident.

Judging from the percentage values given in the table, in the second or
in the third series the solution is normal in this respect as in the other experi-

ments.

Summary

1. The fertilization and the development in sea water were carried out in
vaN'T HOFF’s artificial sea water modified by  KANDA.

2. In the artificial sea water the eggs of Strongylocentrotus were fertilized
normally as in the natural sea water.

3. In the artificial sea water the fertilized eggs were developed into free
swimming plutei.

4. In a storm sea water is changed from its normal condition and affects

" the fertilization of sea urchin unfavorably.
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(=) ATZHKPRAY 2V = 0BHBRUBE,

HAWABCEALLTS, BT s8boRy, BEBHIEFLIPELEY, 4H0oK
BLTAROBEYEL L s T, BARBE L3230 UAY Y, HoREKMLTE, KB
EXB3LDE L, BTREMHELAY = KB L 2B e MAF Y. Bil. HESHEEI Ly,
LB, HOBHLY CAFEMDIF Vo 2\ ZBWOKRRICE P~ IBLL LB
XD oo BRRC, ALBROEHCRITTHELRL, HFLEAVAKRK LA /R L
RFEFERMVELIL, REMEOMICKINEFEL 2L 0L Y 2 FTF, KOTHORECEE: 5
[v=0oRBERPNBECKEETREBETUONY.,

AEBRBUORIHRERRBIC TR (25930 =] (Strongylocentrotus intermedius)
B TRZy =] (S nudus) [ZLT, O [V =] OATZHECHR-TIHTE 85% HE 95%
DR RT Lo N ARLHEAE LALBERPIRTCLRASOZHELRE 20276 F,
ZHELBAROBAOEBLRAKK LT, BOATHAPCRTEED (747 v R | Bl
LORENY. LOMUTS [Urv kY 7| ROATHKIZEREDDOBIIHL., ARE
AKIZBLRENIEAERITsELMY Yo i3y Xy BEDQHERRKNRTIE [V = | OZHHE
WTELL, fic 16% 2RTCBIT3HLMYT12D°, WOBAL (V=] XVYB2HEAL
BWRCTEHELYT5(12, HMOZHBEERTERLBOT Yo XEDH AP, HAE N~
T8 20 5312 LT MOALHARB LT 2 301U, HOoZHERIREDHPRIIHY, &
BREEFBARRETY LBERBAVATHRCE AT T HUEHH B (EHBERALTV
115407,
RESEC Y LERNTIE, BAKARICTY SHIMREEE 552 ON Yo BCHbIHk
ViR EOB Lo AT 2 WA Yo




