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INTRODUCTION

WHILE the osmotic behaviour of marine polychztes has been studied by
several authors (Schlieper, 1929; Ellis, 1933, 1937; Beadle, 1934, 1937,
1943; Bethe, 1934; and Adolph, 1936), the osmotic properties of their eggs
and larvae have received no attention. McClendon (1910 g, b), R. S. Lillie
(1916, 18), Runnstrom (1925), Luke and McCutcheon (1925-26), Bialaszewicz
(1927), Needham (1930), Euphrussi and Rapkine (1928), Needham and
Needham (1930 a, b), Ranzi (1930) and Northrop (1926-27) have performed
experiments on the osmotic properties of the eggs of sea urchins and of Sepia
among the invertebrates, but have not investigated the behaviour of the
larvze and adults of these forms. ~An investigation of the osmotic properties
of the cggs of larve and of the adult of the same species may throw light
on the adaptations of species to different habitats during their whole life
cycle. In the present paper an account of the behaviour of eggs and larvae
of the brackish water polych;ste, Marphysa gravelyi Southern is given and
will be followed later by a study of the osmotic regulations of the adult.

MATERIAL AND METHODS

North of thé Zoology Laboratory (Madras University) where the
present investigations were carried on is the River Cooum. Except in the
monsoons the river does not flow inte the sea because of the formation of
a sand bar at its mouth. By virtue of the formation of the sand bar at the
mouth, about 100 yards up the river, the bed of the river is sandy and beyond
it, it becomes gradually soft and clayey. The salinity of the waters at the'
mouth is almost that of seawater and decreases as one travels up the river
into the imterior. In the vicinity of the clayey region the salinity of the water
ranges between 20 °/_, and 34°/__ in the different months of the year, it being
the minimum during the rainy season and highest in the hotter months.
Thus there are fluctuations in the degrees of salinity all the year round. Here
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may be seen during February to September, and in lesser numbers in the
months of December to February (Aiyar, 1931), numerous pear-shaped
masses of jelly which are the egg-cases of Marphysa gravelyi. Embedded
in this jelly are large numbers of eggs, distributed evenly throughout the
spawn. These egg-cases are firmly rooted in the soft mud by long stalks.
Since the soil is soft, they can, however, be dug out easily. Such egg-cases
were collected carefully and brought to the Laboratory along with the water.
They were left in glass tanks and samples of eggs were removed from the
cocoon from time to time for study. An account of the development has
already been given by Aiyar (1931). As an adaptation to its habitat, the
trochophore stage in the development of Marphysa is eliminated and even
the earlier stages of development are undergone within the jelly. It is only
when a stage which corresponds to the initial metatrochophore stage is reached,
after a period of 3% days, that the larve come out of the jelly and swim about
in the medium. Such larve were collected for experimentation.

The object of the present investigation being the determination of the
effects of different concentrations on the volume changes in the eggs and
larve, it was necessary to measure their volumes. The method suggested
by Weil and Pantin (1931 a, b) was followed in determining the diameter
and area of the eggs and larve respectively. The diameter was measured
direct by making use of an ordinary ocular-micrometer. Instead of a ghost-
micrometer a net-micrometer was used in the eye-piece and the areas of
the larve were directly read off. For every such determination eye-piece
% 5 and objective x40 were used and the magnification kept constant. Since
the eggs are spherical, the volumes of the eggs were calculated by making
use of the formula 1/6 22/7 d* as suggested by Krogh (1939). The volume
of each egg and larva recorded in this paper represents the mean volume
of six readings. For experimentation the eggs and larva from a single
spawn were used.

A. Experiments on Eggs

EXPERIMENT I.—Hypotonic Media and its Effect on Volume Changes in the
Eggs
(a) Increase in Volume in Different Hypotonic Media.—Six eggs of a
single spawn were isolated from the jelly and the diameter was first measured
and the volume calculated. They were transferred to petri dishes containing
sea water of a particular strength for 30 minutes. At the end of which the
diameter of each egg was read and the volume calculated.

In a similar way the experiment was repeated with different concentra-
tions of the medium. Graph 1 indicates that the increase in volume is
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proportional to the dilution of the medium used. This observation agrees
with the results of Lillie (1916) and Runnstrom (1925) on the eggs of Arbacia
and Paracentrotus lividus tespectively.

(b) Volume Changes in Hypotonic Media during Different Intervals.—
400 Eggs taken from a single spawn were left in a petri-dish containing hypo-
tonic medium of a known concentration. The volumes of six eggs were
determined for a period of 3% hours at intervals of every 15 minutes. The
figures recorded indicate that the volume increases in about 30 to 45 minutes
and decreases subsequently (Curve 3, Graph 2). The eggs reach their
original volumes irrespective of the strength of the medium within 3% hours.

(c) Volume Changes in Hypotonic Media during Different Intervals.—
Five to six hundred eggs were immersed in a medium of a particular con-
centration (16-65%,,) and the volumes of six eggs werc determined after an
interval of every 15 minutes for a period of 3 hours and later after intervals
of 4 hours for a period of 40 hoars. Curve 2 in Graph (2) shows the results
of such an experiment. They indicate that the eggs increase in volume
within the first half hour and then begin to decrease in volume. The volume
shrinks to the original level in 3% hours but the decrease continues for about
24 hours till the egg is 92-6; of the original size. There is no shrinkage
beyond this upto a period of 40 hours.

During this decrease in volume obviously due to loss of salts, nearly
41-2% of the eggs died within 24 hours and about 509, died in 40 hours.
It is quite probable that the initial increase in volume was due to the higher
concentration of the egg and later due to loss of salts as well as water there
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was shrinkage of volume. The differences in the rate and amounts in loss
of salts essential for normal well being, probably account for the mortality
of 50% of the eggs—for by 96 hours all the eggs died (vide infra).

(d) Volume Changes in Hypertonic Media during Different Intervals.—
200 Eggs were immersed in a hypertonic medium of 29-73%,, and the
volumes of six eggs were determined after an interval of every 15 minutes
for a period of 3 hours and later after intervals of 4 hours for a period of
32 hours. Curve 1, Graph (2) shows the results of such an experiment.
The readings recorded indicate that the volumes decrease at first and reach
the maximum in 45 minutes and subsequently the volumes increase. The
volume increases to the original level in 3 hours and the increase continues
for about 12 hours till the egg is 106-2% of the original size. There is no
increase in volume beyond this upte a period of 32 hours.

During this increase in volume, obviously due to uptake of salts and
water, nearly 41-6% of the eggs died within 12 hours and about 75% died
in 32 hours. It is quite probable that due to the higher concentration of
the external medium, there is an initial decrease in volume and later due
to uptake of water as well as salts from the medium there is an increase in
volume. The differences in the rates of diffusion of salts and water into
the egg probably account for the different percentages of mortality and also
the final volume being greater than the original.
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A comparison of the Curves 1 and 2 in Graph (2) suggests that as at
A and B the eggs may be isotonic with the two different media used, it is
probable that C gives the osmotic concentration of the egg.

ExPeRIMENT I1.—Effect of Hypotonic Media on the Development : Eggs

(@) On Eggs without Jelly.—Numerous eggs removed from the jelly were
exposed to different salinities. After every 24 hours of such exposure, 100
eggs from each lot were taken and the number of eggs that were dead* were
counted. Column A in Table T gives the results of such a series of experi-
ments. The figures indicate a rise in mortality correlated with a prolongation

TaBLE 1

Effect of Hypotonic Media on Development—On Eggs without jelly,
with jelly and larve

A B (i)
Concentration Egg—Without Jelly Egg—With Jelly Larva
of the medium
Joo
24 48 72 36 24 48 72 24 48 72 96
hrs. | hrs. hrs, hrs, | hrs. | hrs. | hrs. | hrs, | hrs. | hrs. | hrs.
I |
l
Distilled water-+ .. . < .. 5% | 7% | nil
11-40 . .. . e NS 3% | 6% | nil .. .. .. ..
14-45 il .. " e | ee || e [100% [100% [100% {1009
15-39 s b = o i 2% | 6% | nil o g v ia
15-65 = I s 5o ¥ i 3 s v 23;{3 g;://., 23:/}, 53:/o
16-82 i vE o ) . .. . i 4° y 2 %
17-50 . 5 e M as aw i o 2‘,’{: ni]o nil° nil.°
17-78 -+ 33-3%| 86.-6%| 88-3%| 100% ww - . wa o -
17-86 .o “a we .. “s 6% 7','{, nil LL] [
18-42 . 1000%| 83-3%| 84-3%| 100% .. e v . e .. .
20.63 . - .. . . 3% | 3% | nil é'/ | = .. i
20-65 - . . . & .. e ¥ ni nil nil
21-88 AN o i O I R D A T e T
29.18 . .. & .. - 4?/ 2, -:] 1% | nil nil nil
24-33 2 . i . . 3 ni e 53 at -~
30-12 | 6:6%| 66-6%(100-0% 100% ..°‘ 0 I (A DO I
31.05 2 . it U O O %‘ il | ail )| ab
3111 i s om - I . nil | nil nil - e - -
31-30 - o - T e = il nil nil nil nil
33.42 - .. = i ' i = o i nil ’ nil nil nil
I | ‘

of exposure, till all the eggs died after 96 hours. The table also indicates
that the mortality increases in media of lower salinity.

(b) On Eggs with Jelly.—A single, complete and uninjured egg case was
allowed to develop in each of the different media of known salinities. After

*+ Complete cessation of the setting movement of the yolk indicated the outset of death,
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a duration of every 24 hours the number of eggs that were dead were counted.
It is evident from Column B in Table (I) that the rate of mortality is compa-
ratively low and at the end of 72 hours all the eggs hatched out into larvae
irrespective of the salinity of the outside media in which they were left.

B. Experiments on Larve (Initial Metatrochophore)
EXPERIMENT I.—Hypotonic Media and Its Effect on Volume Changes

(a) Increase in Volume in Different Hypotonic Media.—The volumes of
the larve hatched in the laboratory were first determined. Six of them
were left in each of the seven petri dishes containing different concentrations
of brackish water of the natural habitat of the worm. The volumes of these
larve were measured after 30 minutes in each case so as to determine the
effect of the different media on the volumes of the larve. Table II shows
that in and beyond a salinity of 14-43°/__ the larve swell and disintegrate.

Concentration ofl Laivae
the medium Initial mean volume
9 AY 72C u %

|
Distilled water DISINTEGRATES
7+43
9-43
10-83
13-31
14-43

“ .

‘ DISINTEGRATES
16-72 '.:‘

|

T

DISINTEGRATES
17-76 9] 33 24-0
1920
21-10
26.01
96-10
34-14

88-33 227

B4.50 174
8166 13-4

(b) Volume Changes in Hypotonic Media during Different Intervals.—A
number of larve were exposed to hypotonic media of different concentra-
tions graded from 33-52°/_  to 22°/ _ in order to determine their behaviour
at different intervals. They were exposed for 3% hours and the volume
measured at an interval of every 15 minutes. Graph (3) shows that in all
cases the original volume was regained after a duration of 3% hours and
that the larvae are capable of reaching osmotic equilibrium in the different
concentrations of the media.

ExPERIMENT II.—Hypotonic Media and Their Effects on Development : Larve

A number of larva of same age were allowed to continue their develop-
ment in nine different grades of hypotonic media of known salinities in order
to test their effect on the development of the larve. Controls were also
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maintained. After every 24 hours the rate of mortality was calculated and
Column C in Table I shows the readings of such a series of experiments.
The experiments were continued for a period of 96 hours at the end of which
period all the larva developed into the next stage. . The low rate of mortality
bears testimony to the fact that the larve continued their development irres-
pective of the low salinity of the media in which they were allowed to develop.
It is further evident that larva are not able to tolerate a medium which falls
below a salinity of 14-45°/_ .

DiscussioN

The investigations of Loeb and Westeneys (1915) on the eggs of Fundulus
heteroclitus are of interest since they found that the eggs of this marine fish
can develop and hatch in distilled water. They conclude that the proto-
plasmic membrane of these eggs is impermeable to salts and almost imper-
meable to water, Ramult (1925) who studied the influence of salt solutions
upon the development of Daphnia eggs, Gray (1920, 1932) and Krogh and
Ussing (1937) who studied the eggs of Salmo, a fresh water trout, have come
to a similar conclusion since they found a normal and healthy development
in all of them due to the impermeable membrane,. conserving and protecting
the internal concentration. The envelopes of the eggs of the present form
show that they are permeable both to water and salts and exposure for about
24 hours to a hypotonic medium of 17-78 °/_ proves harmful for the normal
development of about 33-3% of the eggs. If the exposure is for 48 hours
the percentage of mortality of the eggs rises to 86-6%, until at the end of
96 hours all are dead. In a state of nature, however, the eggs are covered
with jelly and changes in salinity through long periods of exposure do not
affect the development of eggs. Therefore it can be concluded that the
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envelop of jelly protects the eggs and serves the same purboses as the non-
permeable egg coats of animals without jelly.

 In the light of the observations made by August Krogh, Agnes Krogh
and Wernstedt (1938) on the osmotic behaviour of the eggs of Pleuronectes
flesus and Crenilabrus exoletus, teleosteon fish, the conclusion that the eggs
of the present form are permeable both to salts and water seems to be justi-
fiable. The behaviour of the eggs, which these authors studied, show that
they decrease in diameter in water of 25-34°/_ at first, but increased to the
original later. The eggs of the Polych®te, Marphysa gravelyi, also decreased
in diameter in water of 29-73°/__ in the first 45 minutes but increased to the
original in 3 hours, suggesting that they are permeable both to salts and
water. Needham (1930), Ephrussi and Rapkine (1928) who studied the
osmotic behaviour of the eggs of Strongylocentrotus lividus during their deve-
lopment stress the fact that they absorb large amounts of salts from the
surrounding water. Ranzi (1930) observes that the eggs of Sepia officinalis
increase in weight, ash content and water content during development. But
in the present form shrinkage in volume due to loss of water and salts is seen.
It is quite probable that due to the loss of salts and water which are quite
essential for a normal and healthy development the eggs die and the rise in
the percentage of mortality is directly proportional to the length of exposure.
But the initial increase in volume in the eggs of the present form is probably
due to the fact that the rate of inflow of water is greater than the rate of loss
of salts, which indicates that the eggs must have had a greater concentration
at the beginning. Similar conclusions were arrived at by Lillie (1916, 1918),
Northrop (1926-27) and Runnstrom (1925) who observed an increase in
the volumes of the eggs of echinoderms when they were subjected to the
effect of different hypotonic media.

The experiments regarding the effect of different hypotonic media on
the volume .changes of the larve suggest that when they are exposed to
different diluted media there is an inflow of water through the skin. But
when they are exposed for a long time, they show a recovery of
the original volume, indicating loss of water probably through the excretory
organs. Since nephredia of the protonephridial type are already developed
at this stage of the larva, it can be supposed that the excretory organs are
responsible for osmo-regulation. Westblad (1922) who came to a similar
conclusion, emphasises the fact that the flame cell system in the turbellaria
is mainly concerned with osmo-regulation. Herfs (1922) by observing the
rate of pulsation of flame cell system in rotifers and trematodes in solutions of
different osmotic pressure, has obtained more direct evidence cf their osmo-
regulatory action. In the light of the above observations it is justifiable to
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conclude that the recovery of the original volume, through the excretion of
the water taken up during swelling, and the maintanance of a constant
internal concentration, must be due to the activity of the protonephridial
organs in the larve.

Krogh and Ussing (1937) further observe that the production of im-
permeable plasma membranes is probably a general mechanism for the
protection of eggs in fresh water against osmotic swelling, a protection which
can be dispensed with when mechanisms for the excretion of water become
functional in the embryo. The observations of Ikeda (1937 a) on the eggs of
Oryzias latipes, a fish living in fresh water and brackish waters of Japan,
furnish another example of this kind. Since in the present form there is
already a larval kidney (of the type of protonephredia) functioning, the '
larvee seem to have dispensed with the protection afforded by the jelly. The
almost insignificant low rate of mortality of the larve when they are exposed
to different hypotonic media further strengthens the conclusion that the larvza
at this stage are able to maintain a steady internal concentration due to the
presence of the functional kidneys which begin to actively excrete water.

The different modes of behaviour as exhibited by the eggs and larve -
when they are exposed to the effects of similar hypotonic media, further
suggest that the eggs can scarcely be supposed to possess mechanisms specially
adapted for invasion of water with fluctuating salinities, whereas the larve
are endowed with well-developed excretory organs which serve as the osmo-
regulatory mechanism, as evidenced by the present investigations.

SUMMARY

1. Experiments regarding the effects of the hypotonic and hypertonic
media on the volume changes are described and the conclusion that the eggs

are passive as far as the transport of the salts and water are concerned is
arrived at.

2. 'The rate of mortality observed when eggs with jelly and without
jelly were subjected to hypotonic media is recorded and the conclusion
that the envelop of jelly acts in the same way as an impermeable membrane
in the case cf eggs of other animals is drawn.

3. The effects of hypotonic media on the volume cf larva is described

and the role played by the excretory organs and their importance in osmo-
regulation is indicated.
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