Zool. Anz. 219 (1987) 1/2, 5.19-—24
VEB Gustav Fischer Verlag Jena

Occurrence of Resting Eggs in Macrostomum orthostylum
(M. Braun, 1885) (Turhellaria : Macrostomida)

By BaBax S. INGoLE

Biological Oceanogruphy Division National [nstitute of Oceanography,
Dona Paula, Goa (India)

With 2 Figures and 1 Table (Eingegangen am 24. September 1986G)

Key words; resting cags, salinity, terperature, Macrostomumn orthostylum, Turbellaria

Abstract

An eurvhaline macrostomid Turbellaria, Macrostomum orthestylum (Braun, 1833) laid two dif-
jerent types of eggs, subitaneous and resting, each of which produced in response to different en-
vrenmeuntal conditions especially temperature and salinity. Tndividually reared specimen produced
oaly subitancous eggs whereas, resting eggs were produced after mating. Production of resting eggs
ircreased with tncreasing salinity, and the greatest production of resting eggs (66%) was in the suli-
pity range of 18--21%,. Hatching of resting eggs was influenced by temperature and highest (559)
hatching success was achieved at 27°C, with a minimum incubation period (18.5 days). The relation-
snip Letween the hatching time (days) and temperature (°C) was caleulated us 1) = —0.5530
T-13-0) — 1.3249,

Introduction

Free-living Turbellaria are known to lay two kinds of eggs which differ in morphology
and physiology (Hymax 1951). The type of eggs produced depends upon environmental
sonditions. Subitaneous (non-resting) eggs are produced throughout the life span and
merease population size under normal environmental conditions. Dormant (resting) eggs
are produced during adverse environmental conditions and ensure survival of the
population over unfavourable periods.

The oceurrence of both types of eggs in the life cycle of rhabdocoelid turbellarians

has been reported by several workers (Lurtner 1963, KarstneEr 1965, Youws 1975,
NeoLy 1982, Smircur and Incork 1983). However there is still a lack of information
O the environmental factors which influence the type of egg produced and which
l'onuol their hatching.
E This paper reports on studies of egg-laying by Maucrostomum orthostylum (Braun) an
['lr\hdhne macrostomid species which has been reported from different localities in
‘Europe, East Africa, North America and India (Parr 1951, LuthEr 1960, Youxe 1976,
SwrruUr 1980). Particularly, observations were made on 1. the production of subitaneous
and resting eggs in different salinities, and 2. the effect of temperature on the hatching
of resting eggs.
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"~ Materials and Techniques

General Culture Technique

Egg-bearing specimens of M. orthostylum were coliected originally from the brackish-watc: fig
farm at Kakinada, India, and cultures were maintained at the Marine Biological Researeh Siatioy
(M.B.R.S.) at Ratnagiri, Indis (Sumaeur 1980). Live specimens were obtained from the M.RBRS,
Ratnagiri in 1981 and sub-cultures were established in the Aquaculture Laboratory of N.T1.O., (g
The methods used to culture the turbellarians involved the ‘phased fertilization’ technique, whig
has been described in detail by IneoLE (1982) and SmIRaUR et al. (1984).

Production of resting eggs

Mature specimens of M. orihostylum carrying eggs in their tail portion were introduced int,
scparate cavity blocks containing water of 15-—21%, salinity. Eggs were laid after 6—8 days, ang
509 of them were incubated, without drying, in a fresh culture medium of 9%/gg salinity. Hatchability
of the eggs was observed under a constant temperature (24°C — 1°C) and photoperiod (12h b
12 h r L). The remaining 50%), were carefully placed on glass slides and allowed to dry at room ter.
perature (24 = 1°C). After a dessication period of 30 days, 109 of the eggs (dried) were cultured iy
water of 99, salinity using the same temperature and photoperiod as above. The experiment wa
repeated twice.

Egg laying in different salinities

SRIRGUR (1980) and IxcoLE (1982) have reported that curyhaline M. orthostylurn can reproduce
in water salinities ranging from 0 to 21%,, though the optimum value for massculture is 8— 109,
In the present study, the egg-laying process was observed at different salinities within the range of
0—21%4, (Tab. 1). Animals were kept in glass petri-dishes of 5 ml capacity, and four petri-dishes
were used at each of the salinities, The experiments were conducted at 24 -1- 1°C with a photoperie
of 12hr D: 12 h r L. Two series of experiments were conducted. In the first, single mature specimens.
of uniform size and age, were introduced into each petri-dish and observations were made daily o
egg production, and any eggs produced were isolated from the dishes and eounted. Qbservations co:-
tinued till the death of the animal. 509 of the eggs produced were placed directly into water of a
optimum salinity of 99/4,. 509 were dried at 24 + 1°C on glass slides for 30 days before introduction
to the optimum salinity. All eggs were observed for hatching.

Table 1. The total number of eggs produced per animal and percéntages of subitanens
(S) and resting (R) eggs produced during three consecutive reproductive phases in the
life spun of Macrostomum orthostylum at each of the salinities

Range of Total Production of two types of eggs (%) during 04 of all stages
salinities number  three reproductive phases combined

of cggs

produced I 10 II3

S R B R b} R S R N R

0—46 13 05 83.33 16.66  66.66 33.33 066G.66 33.33 7221 2L
=11 16 03 8571 1498 8533 1467 - 83.33 16.66 8479  15.20
12—-17 12 06 60.00 40.00 80.00 20.00 57.14 4285 6571 5423
18-21 10 09 50.00 50.00 7142 2857 3333 66.66 5158 488
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1. the second experimental series, o pair of mature specimens were introduced into euch of the
linitics (0—21%q). Again, the occurrence of egg-laying was recorded in all salinities until the death
of the animals, when all resting eggs were isolated and dried for 30 days.

Effeet of temperature on hatehing of resting eggs
Eatching suceess was investigated at seven different temperatures. Experimental temperatures
core obtained using thermostatically controlled water baths. Resting eggs were incubated in water
of u salinity of 9%7gg, at each of the temperatures 15, 18, 21, 24, 27, 30°C(.21°C). Ateach temperature,
Ffty oggs were placed in batches of ten in cavity blocks containing 2 ml of the eulture medium. All
the czgs were exposed to room temperature (24°C) for about 24 hours before incubation.

Results

Production of resting epgs

The animals cultured at a salinity of 15—21%., produced hoth subitaneous and
resting eggs. During the laying of resting cggs, the posterior region of the flatworm elon-
gated and finally ruptured (Fig. 1). The subitaneous eggs were hatched within 48 hours
without drving, whereas resting eggs could not be hatched without drying. When de-
siccated for a period of 30 days, hatching took place in a salinity of 8%, after 25 days
at room temperature (24°C), and only one hatchling emerged from each egg.

Igg laying in different salinities

In single-animal cultures, thin-shelled subitancous eggs were produced after 6—8
days in all salinities. Only this type of egg was produced throughout the life span with
a single egg being laid at intervals of 3—4 days. The numher of eggs produced was
greatest in the salinity of 7—11%/ o with a maximum of 94 eggs per individual being re-
corded.

In cultures using two animals, thin-shelled subituneous eggs were produced and
after 6—8 days resting eggs were produced individually. This is the first reproductive
phase in 1. orthostylum. After 30— 35 days, thick-shelled, oval-shaped eggs were ob-
served in all salinivies, as well as subitaneous eggs. This was the second reproductive
phase. The production of both types of eggs was reduced after 75 days which is the third
reproductive phase,

Subitaneous and resting eggs were produced in each of the three reproductive phase.
The ratio of subitancous to resting cgg was highest for all phases, at a salinity of 7— 119/,
Relatively more resting eggs were produced at lower and higher salinities (Tab. 1).

Effect of temperature on the hatching of resting eggs

Hatching of resting eggs occurred over a wide range of temperatures. Hatching
. success was greatest at 27 to 30°C and poorest at 15 to 18°C. Hatching rate increased
_with increasing temperature (Fig. 2). The relationship between hatching time (days)
- #nd temperature (0°C) can be expressed, using the best fit Belehradek equation (McLa-
i BEX 1966), as follows:

D = —0.5530 (T — 15.0)~1:3280
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Fig. 1. Macrostomum orthostylum (Ventral view; L. 0.9 mm) — B, eyes; T, testes; R,
rhabdites; SE. Subitaneous egg; H, Huaftpapillen

Discussion

The euryhaline, harmaphrodite, turbellarian Macrsstomum orthostylum tolerates 2
very wide range of salinities from 0 to 47%  (IncorE 1082). The present study revealed
that thin-shelled subitaneous and dark, thick-shelled, dormant eggs are ulso produce
within the salinivy range of 0 10 2%, At all salinities, the production of subitaneous
eggs was found to be greater than the production of resting eggs. At an optimum salinit;
of 7—11%, relatively more subitancous eggs than resting eggs are produced thun =
lower or higher salinities. In other words, non-optimum salinities, low and high, stinw-
late the production of more resting eggs. The subitaneous eggs are similar in diametr
to resting eggs (0.0610 mm). However, subitancous cggs are thin-shelled, dark-coloures
and filled with germplasm whilst resting eggs have oniy a compact mass in their centre.



3.8. INGOLE: Resting Eggs in Mucrostomid Turbellaria 23

407

D=-0-5530(T-15-0)" 3249

DAYS

T T L E— T T T
15 8 2 24 27 30 33
TEMPERATURE ‘C

Fig. 2. Showing the relationship between hatchingtime and temperature in resting eggs
of M. orthostylum

Individually reared specimens of M. orthostylum produced only snbitancous eggs
shroughout their life span, whilst subitaneous and resting eggs were produced by in-
dividuals when mated. Maximum number of eggs were produced in the second and third
reproductive phases. KAESTNER (1965) has stated that a young Mesostoma chrenbergi
‘rapidly produced about 400 thin-shelled, subitancous eggs but after mating the same
ranimal produced normal hard shelled dormant eggs. Reporting on reproductive behay-
tiour in rotifers, KNG and SHELL (1977) have suggested that resting eggs were the pro-
“duct of true sexual reproduction. In freshwater animals, photoperiod and temperature
‘are the most. universal factors known to induce diapause (CLuTrER 1978). However, the
ipresent study revealed that salinity can also play an important role in inducing a resting
{stage in brackishwater Turbellaria. Temperature is one of the most important factors
:affecting the rate of development of resting eggs in Macrostomum orthostylum.
© Yinally, it is pertinent to stress that these flatworms have potential as live food for
{:he larval stages of commercially-important prawns and fishes reared in mass cultures.
lTr ansport of “‘seeding” material is easy due to the occurrence of resting eggs in the
illfe cycle,
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