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FIGURE 1. Mes os toma ehrenbergii

Reproduced with permission from Hickman, Cleveland P .: 
Biology of the Invertebrates, ed. 2, 1973; copyrighted
by The C.V. Mosby Co., St. Louis, Mo.
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FIGURE 2. WINTER EGGS

The eggs appear as dark, circular objects. The white 
material is the disintegrated body1of the parent.
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INTRODUCTIONI .

Flatworms are the simplest of the triploblastic, 

bilaterally symmetrical protos tomes . As a group , they 

are worm-shaped with the body usually dorso-ventrally 

flattened. The epidermis is ciliated.

Most members of the class Turb ellaria are free- 

living. Although planarians have frequently been used 

as models of the turbellarian type, Ruebush (1940) and 

other authors advocate the use of Mes os toma ehrenbergii 

for such studies. Individuals of this species are very 

cosmopolitan, and have been recorded from a variety of 

aquatic habitats. These include saline lakes (Bayly, 

1971), transitory environments such as ponds, and even 

puddles. In recent years, the trend has been to study 

these organisms from other biological aspects rather 

than from a purely taxonomic point of view.

Although turbellarians are hermaphroditic, copu

lation with mutual insemination is the rule (Hyman, 

1951). Development of M. ehrenb ergii is rapid, and 

eggs which are formed are of two types: (1) thin-

shelled, or subitaneous, eggs also known as summer 

eggs, and (2) thick-shelled, or dormant, eggs also 

known as winter eggs.

Subitaneous eggs have a thin, albuminoid capsule,
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and few yolk cells. These eggs develop immediately 

without passing through a dormant period. Summer eggs 

are most commonly produced by young Mes os toma.

Before the genitalia have formed, young worms, by 

a process of self-fertilization, rapidly produce a 

large number - 24 to 30 - of thin-shelled eggs with 

only 40 yolk cells per egg (Kaestner, 1967). After a 

period of from two to four weeks, the young escape 

through the body wall of the parent (Hickman, 1967; 

Jones, 1973, personal communication). This egg-type

appears to be an adaptation for rapid population 

increase throughout the summer.

After mating, the same parent produces yolk-rich, 

dormant ova which accumulate in the paired uteri and 

are freed only after the death and disintegration of 

the parent. Kerkut (1961) stated that the term 

"winter" egg is actually a misnomer. "Winter" eggs 

are often found in mid-summer. The "winter" egg is a 

means of carrying the species through unfavorable 

conditions which may develop in winter or summer.

Fiore (1971) showed that the production of summer 

eggs by young worms in cultures is inhibited by the 

presence of adults. No contact is needed, and pro

duction did not occur in water previosuly inhabited by
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adults. The author postulated that a chemical mediator 

was responsible for the effect. Furthermore, sensitiv

ity to inhibition occurs during the first five days 

following birth, with a maximum on the second to third 

day. In 1963, Maguire also proposed a population- 

regulation mechanism for the triclad Cura formanii 

which involved an ectocrine substance. Heitkamp (1972) 

found that four populations of Me s o s t om a lin gu1a react 

in different ways to certain environmental factors.

He found that the production of the two egg—types was 

related to temperature change and crowding.

Embryos in newly laid winter eggs show a marked 

degree of development. That is, eyes pots and a 

compact, vermiform body are apparent. The young con

tained within subitaneous eggs show these character

istics prior to hatching, but are much more active in 

—P e r ?_ than those in winter eggs (personal observation). 

Newly hatched young from summer eggs almost immediately 

become active predators. They are able to capture and 

consume larger animals such as the cladoceran 

S_i mo cephalus se r rulatus . Those which hatch from winter 

eggs are not so well endowed, and appear to subsist on 

the much smaller ciliates and flagellates (pers. ob .) .



II. PURPOSE

Many researchers have reported that winter eggs 

are capable of remaining dormant for long periods of 

time. However, none of these investigators has 

recorded a successful technique for breaking that 

dormancy. With these facts in mind, experiments were 

begun in 1973 in an effort to terminate this quiescence. 

The laboratory treatments were chosen on the basis that 

the factors involved must have a reasonable chance of 
occurring in a natural ecosystem.



III. MATERIALS AND METHODS

A. FIELD MATERIALS AND METHODS. Samples of M.

ehrenbergii were obtained from a pond located one- 

quarter mile southeast of Offutt Air Force Base in 

Bellevue, Nebraska. The method involved sweep samples 

through submerged vegetation and the substratum with a 

plankton net. Water was also collected for use in 

laboratory cultures. Organisms and water samples were 

transported back to the laboratory in five-gallon 
buckets.

In the laboratory, all samples were filtered 

through a fine-mesh net and the resulting concentrated 

suspensions of worms were placed in finger bowls, 

filled with pond water, for further sorting. The water 

was refiltered through bolting cloth and stored at 2°C.

Collections were made at two-week intervals from 

May through September. At the end of September, no 

more worms could be found in the samples. Only a few 

trips were made thereafter to replenish the supply of 
pond water.

B. LABORATORY MATERIALS AND METHODS. The water was 

analyzed for chemical content using colorimetric ana

lytical procedures. Analyses were based upon methods 

suggested by the American Water Works Association
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(APHA, 1965). Results were recorded in parts per 

million (ppm).
Collected worms were placed in large, aerated 

finger bowls filled with pond water, containing sprigs 

of Elodea. Worms were fed a number of S_. serrulatus 

every two days. The worms were allowed to mature, 

develop winter eggs, and die in the bowls. When they 

died, the dormant eggs were deposited on the bottom 

of the bowl. In this way, all eggs were randomized 

as to parentage and clutch age.

Eggs were removed from these culture dishes and 

placed in either small finger bowls or Stender dishes. 

These containers were then used in the ensuing experi

ments .

COLD EXPOSURE. Twenty bowls, containing 20 eggs each, 

were divided into groups of four. Treatments for each 

group are summarized in Table 1. The "A" group was 

selected as the control. In addition, ten other 

control bowls, each containing twenty eggs, were 

prepared and kept at room temperature (21°C.) . These 

bowls provided controls for most of the following 

expo rimen t s .

PHOTOPERIOD. Five groups of winter eggs were prepared

according to the experimental design given in Table 2.
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Group____________ A________B________C________D________E

2 0^ati°n at none 1 wk. 2 wks . 3 wks. 4 wks .

duration at 
2 1 ° C . 4 nos. 3 mos. 3 mos. 3 mos. 3 mos .

3 wks . 2 wks . 1 w k .

no. eggs/group 80 80 80 80 80

TABLE 1. COLD EXPOSURE DESIGN.
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Group A B C D E
hours of 
light

24 0 8 12 16

hours of 
darkness

0 24 16 12 8

no. eggs/group 40 40 40 40 40

TABLE 2. PHOTOPERIOD DESIGN.
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Sixty-watt bulbs, controlled by house timers, were 

used as sources of illumination. Each group was draped 

with black plastic to exclude any external light. The 

water level in the bowIs was maintained by periodic 

filling with pond water.

IODINATION. Twenty eggs were placed in a bowl con

taining stock Lugol's solution diluted 1 part/100 parts 

with pond water. The water level was maintained at 

100 ml. by the periodic addition of fresh pond water. 

OSMOTIC SHOCK A. Two groups, each consisting of twenty 

eggs, were allowed to dry at room temperature. One 

group was kept in this dessicated condition for three 

days, the other for one week . At the ends of these 

respective time periods, pond water was added to the 

dishes to rehydrate the eggs.

OSMOTIC CLINES. Eleven S tender dishes were prepared 

following the procedure presented in Table 3. Dis

tilled water was used to maintain the water levels.

0SMOTIC SHOCK B_. Fifteen eggs were placed in a S tender 

dish containing 100 ml. of pond water. At the end of 

one week, these eggs were placed in a dish containing 

50 ml. of pond water and 50 ml. of distilled water. 

Control groups consisted of two groups of eggs, fifteen 

eggs per group. One group was kept in 100 ml. of pond
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water and the other in a 1/1 mixture of pond-to- 

distilled water. Levels of water in these cultures 

were maintained by the periodic addition of distilled 

water.
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Dish No . 1 2 3 4 5 6 7 8 9 10 11

ml. pond water 0 10 20 30 40 50 60 70 80 90 100

ml. dis tilled 100 90 80 70 60 50 40 30 20 10 0
water

no . eggs/group 15 15 15 15 15 15 15 15 15 15 15

TABLE 3. OSMOTIC CLINES DESIGN.



IV. RESULTS AND DISCUSSION 

Andrewartha and Birch ( 19 5 4) mentioned that, in 

the case of poikilothermic animals, temperature and 

moisture are two of the important components which 

influence longevity and fecundity, and therefore the 

innate capacity for increase. In 1 9 4 6 , Edmondson 

stated that, in rotifer populations, temperature is 

the master control. It affects rates of feeding, 

reproduction, and the length of life and rate of 

development of eggs. According to Finesinger (1 9 2 6 ), 

the length of life of his test rotifers tended to 

become shorter as temperature increased. However, 

there was an optimum for egg production. Success of 

broods of harpacticoid copepods might be attributable 

to temperature conditions on the mudflat studied 

(Harris, 1 9 7 2 ). Tressler and Smith (1 9 4 8) indicated 

that temperature and oxygen seem to be the most im

portant parameters defining population density in 

certain species of Ostracoda. The over-wintering pupae 

of the large silk moths Platys amia and Telea enter 

diapause immediately after pupation . Diapause is 

brought to an end by exposure at 3-5 ° C . for one or 

two months (Wigglesworth, 1 9 5 4). It therefore seems

possible that cold exposure was necessary to break the
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dormancy apparent in winter eggs of M. ehrenb ergii.

The factors involved might be similar to those 

suggested by Wigglesworth (1956), namely, that the 

metabolic processes which must occur before diapause 

is terminated, at least in silkworm eggs, have a 

curiously low optimum temperature.

A summary of the experimental results is presented 

in Table 4. The data indicate that cold exposure was 

unsuccessful in terminating quiescence. It is in

teresting to note that nine young worms were found 

in the control group. Of the fourteen control bowls, 

ten received the same treatment. They were not peri

odically filled with pond water to counteract evapor

ation. They were all located in the middle of stacks 

of bowls where evaporation was not a problem. The 

worms were all hatched in the same bowl while no 

hatching occurred in the other nine . The probability 

value for nine eggs hatching in one bowl versus no 

hatching in the other nine bowls was calculated by 

means of the Poisson Distribution. The value - P(9), 

and 95% confidence limit - was found to be 4.13x10“ .̂ 

This indicates that chance alone was not responsible.

It is therefore postulated that, once one worm hatched, 

there was a contiguous effect which initiated hatching



Cold Osmotic Osmotic Osmotic
Experiment Control Exposure Photoperiod Iodinat ion Shock A Clines Shock B

No. Eggs 
Used

2 80 320 200 20 40 165 30

No. Eggs 
Hatched

9 0 0 0 0 0 0

No. Worms 9 0 0 0 0 0 0
Recovered -

TABLE 4. EXPERIMENTAL RESULTS.
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in the other eight eggs. The stimulatory factor could 

have been a metabolite of the first hatchling. It 

would be difficult to explain this result on the basis 

of a time factor. If such a time factor were involved, 

hatching could have been expected in the other control 

bowls. This was not seen. A metabolite hypothesis is 

tenable on at least one other basis: the disinte

grating parent tends to drop the eggs in a closely 

spaced group. If one hatchling were to produce a 

labile, inductive substance, its greatest effect would 

be on its nearest neighbors, its clutch-mates.

Earner (1961) stated:

"It appears that most annual 
physiologic cycles are either con
trolled, or at least monitored in 
phase and periodicity, by periodic 
environmental functions. An en
vironmental variable which has such 
a timing effect or phasing function 
has been designated as a Ze‘i tgeb er.

"Short daily photoperiods have 
been shown to induce diapause among 
groups of insects . . .  In Aedes 
t riseriatus, it appears that the 
shortening days in autumn cause the 
production of a type of egg whose 
larvae will pupate only in long 
daily photoperiods thus providing 
a winter larva by means of which 
the species overwinters."

Two sensitive periods occur in the light phase. If an 

insect sees light at these two periods, diapause is 

averted; if not, it is assumed (Adkiss on, 1963).
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Wallace and Sullivan (1972) indicated that, because of 

a photoperiodic control of diapause, it is unlikely 

that the insect Neodiprion swainei Midd. can develop 

under natural conditions without a prepupal diapause. 

Diapause induction in the larvae of Calliphora vicina 

is under maternal control and is determined by a 

maternally operated photoperiod (Vinogradova and 

Zinovjeva, 1972). A quantitative relationship between 

diapuse duration and daylength was demonstrated in the 

green lacewing by Tauber and Tauber (1973). As days 

shortened, diapause development slowed and vice versa.

To assume that the same physiological mechanisms 

function in both Arthropoda and Platyhelminthes is, at 

the very least, foolhardy. However, similar mechanisms 

may be involved. The very presence of eyespots in 

embryos within winter eggs indicates that they could 

possibly function in photoreception at this stage of 

development. Whether or not the brain elaborates some 

product as a result of optic nerve impingement has not 

been investigated. The summarized results show that 

the experimental photoperiodic fluctuations are not 

effective in terminating dormancy. It is very possible 

that subjection to light regimes did not occur at an 

early enough stage of development.
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Iodoproteins are of general occurrence in nature, 

and in some invertebrate species these iodoproteins 

contain thyroid hormones even in the absence of a 

thyroid gland. Thyroid hormones (thyroxine, triiodo

thyronine) were available as accidental protein 

iodination products long before they were eventually 

incorporated into metabolic schemes in a regulatory 

role (Gorbman, 1963). Therefore, it would not be too 

surprising if M . ehrenb ergii made use of iodinated 

compounds even though they themselves could not produce 

such substances. Thyroxine could have been used in 

the experimental design. However, this procedure was 

questioned on the basis of whether or not it would be 

ethical to introduce a purified, vertebrate compound 

into an invertebrate organism. Lugo 1 1s solution was 

ineffective as a treatment. Perhaps a different iodine 

source would have proven effective.

One apparent reason for the failure of both iodin

ation and photoperiodism experiments to induce hatching 

was the addition of pond water to counteract evapora

tion. As the pond water evaporated, the amount left 

behind retained the ions. Therefore, evaporation in

creased the chemical content of the medium. When more

water was added, the concentration was further elevated.
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A cycle ensued in which the original chemical concen

trations could never be duplicated. The osmotic ex

periments included the addition of distilled water to 

alleviate the problem.

Experiments with the estuarine triclad Gunda ulvae 

showed that when the organism was transferred from pure 

sea water to dilutions with distilled water the 

animal's body would swell. In natural stream water 

(containing 1.6 mM. calcium) or in corresponding 

solutions of CaCI2, the animal will survive, swelling 

rapidly and then decreasing slowly in volume. It was 

suggested that the Ca++ acts primarily by lowering 

the permeability of the worm to water (Krogh, 1965).

A few experiments on the freshwater rhabdocoel 

Stenos tomum indicated that this animal requires a 

certain amount of salt, possibly calcium, since it 

will swell in distilled water while increasing proto- 

nephridial discharge (Krogh, 1965). The eggs of many 

insects contain hydrop olar cells. These cells function 

in water absorption. Increased activity of these cells 

and the concomitant increase in internal water content 

of the egg has been known to terminate diapause in 

certain species of insects.

Although hydropolar cells are not known to occur
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i-n M . ehrenbergii, the above mechanisms provide 

attractive hypotheses regarding the mechanisms of 

egg~shell rupture. The results of various water 

quality analyses are summarized in Table 5. From the 

few samples analyzed, one can see a trend towards 

increasing chemical concentrations during the winter 

months. It would seem that in spring, the combination 

rain and run-off could dilute the pond water and 

affect the osmotic gradient between embryo and environ

ment. This hypothesis seems plausible because embryo 

movement was noted in preliminary osmotic treatments. 

However, negative results were obtained in all three 

osmotic investigations. Of course, all the ions 

present in the water were not tested singly as to 

their effect due to the lack of time. This area 

provides promise for further research.
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TABLE 5.

WATER QUALITY ANALYSIS

TEST SEPTEMBER OCTOBER JANUARY
pH 7. 75 8.20 7.50
Turbi di ty 
(JTU) *

7.00 — 10.00

TDS **
(ppm CaCO2)

24.40 — 12.20

N as NO 3 
(ppm)

15.40 3.30 28.59

N as NO2 
(ppm)

.06 .09 .01

Phosphates 
Ortho+Meta 
(ppm)

.18 ,.24 . 32

= Jackson Turbidity Units 
= Total Dissolved Solids

* JTU 
** TDS



V. SUMMARY

A series of different laboratory procedures 

to terminate dormancy of winter eggs of 

Mesostoma ehrenbergii. However, nine hatchlings were 

observed in one control culture. On the basis of 

statistical analyses, a chemical mediator produced 

by the first hatchling which stimulates hatching in 

other eggs is postulated. Factors initiating hatching 

of the first egg have yet to be determined.
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