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It has been known that many organisms evolved to survive in temporary or ephemeral inland waters. 
Many of them have dry-resistant eggs against desiccation. The structural feature of egg shell is important 
because only this will ensure to survive the dry period. Structural features of egg shell in the parthenoge-
netic Heterocypris incongruens (Ramdohr, 1808) was investigated by scanning electron microscope. 
Results showed that egg shell structure consists of two distinct layers; an outer layer with holes or alve-
oli and an inner layer consisting of two dense sublayers. Also, structural similarities in egg-shell of  
H. incongruens and some other crustaceans which combat desiccation problem will be discussed.
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INTRODUCTION

Ostracods are bivalved small crustaceans that can live almost every type habitats like 
lakes, rivers, marine ecosystems and underground waters. The most common and 
cosmopolitan species, Heterocypris incongruens, occurs in every continent. Not only 
H. incongruens but also many non-marine Cypridoidea are very successful in dispers-
ing throughout various habitats. The success of geographical distribution is closely 
linked to their parthenogenetic reproduction and desiccation–resistant eggs [10]. In 
contrast to the ephippium, the resting eggs of parthenogenetic H. incongruens are not 
fertilized. It can be said that resting eggs function as the key factor of evolutionary 
and distributed success of non-marine Cypridoidea. This resting eggs allowing them 
to adapt to temporary or ephemeral habitats and facilitating passive dispersal [10].

Many studies appeared on the diapausing eggs or egg-shell. Some of those were 
performed to understand the mechanisms of the dormancy [1, 2, 15, 16]. Some others 
interested in the surface morphology of the egg shell in taxonomic purposes [3, 4, 6, 
7, 14]. However, the number of studies on the structural traits of dormant or dry-re-
sistant eggs is very limited [4, 5, 8, 9]. 
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This study focused on the detailed structure of the dry-resistant eggs because the 
structural features have a big role to resist seasonal desiccation. The structure of egg 
shell of the parthenogenetic H. incongruens was investigated using scanning electron 
microscope (SEM) and studied how it can support the isolation during the desicca-
tion.

MATERIALS AND METHODS

Dry sediment was obtained from a small temporary pool at the garden of Biology 
Department of Istanbul University and water was added at 26 June 2008. Juvenile 
specimens of H. incongruens were observed in a week and adult specimens cultured 
in 6-well tissue culture plates (each container in 37 mm diameter and 20 mm deep) at 
the 21 July 2008. During the growth, specimens were fed with very small parts of 
hard boiled chicken egg yolk (ones in three days). New eggs appeared at the 23th, 
29th, 31th of July and mass of eggs collected and fixed in 3% glutaraldehyde (pH 7.2, 
phosphate buffered) at +4 °C for two weeks. Then, rinsed twice with phosphate 
buffer. This was followed by dehydration in a graded series of ethanol (from 70% to 
100%). Eggs were then passed through amyl acetate. The sample was next dried at 
the critical point with CO2 (Polaron, CPD 7501). They were mounted with double-
sided adhesive tape on SEM stubs, coated with gold in Polaron SC 502 Sputter 
coater and examined with Jeol JSM 6060 LV SEM at 15 kV in Gazi University, 
Faculty of Science, Electron microscopy unit.

RESULTS

H. incongruens deposited the eggs in different numbers. Eggs were found as adhered 
on the surface of the culture containers’ wall and bottom. Maximum 41 eggs were 
counted in the mass. The eggs were generally well cemented to each other; it was 
possible to take 41 eggs at a time by a needle from the container (Fig. 1a, b). Eggs 
had wrinkled appearance and their sizes varied between 136–168 μm in diameter. The 
surfaces of the eggs were very rough (Fig. 1c) and many bacteria adhered on the egg 
surface (Fig. 1d) and the print that has originated from adhesion surface was observed 
(Fig. 1e). Some collapsed, cracked or hatching eggs were selected to study the detail 
structure and shape of egg shell.

Two distinct layers were observed in egg shell. An inner and an outer layer which 
overlies the embryonic cuticle could be easily distinguished (Fig. 2a, b). The outer 
surface of outer layer was not smooth. The structure of outer layer consists of big and 
small holes therefore it seems to be spongy. The holes were of different size (Fig. 3a, 
b and Fig. 5c). The thickness of the outer layer varied from place to place around the 
eggs depending on hole sizes. The heights of the holes were measured in 2–28.4 μm 
and generally the sizes increased at the contact points with each other (Fig. 3a).
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Fig. 1. The egg mass of H. incongruens with 32 eggs (a) and 41 eggs (b). Single egg with rough surface 
that bacteria are adherent (c–d). Adhesion shape and the etch of adhesion surface on the egg surface (e)
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Fig. 2. Cracked egg with two layers (inner and outer layers) that are surrounding the embryonic cuticle 
(a). In detail, egg shell with inner and outer layers and embryonic cuticle (b). EC: Embryonic cuticle, 

inner layer with two sublayers (marked with arrow), OL: Outer layer
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Fig. 3. The shape and thickness of the outer layer of egg shell (a) and the holes 
of outer layer supported with walls (b)
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Fig. 4. The egg after hatching (a) and two sublayers of inner layer that are separated from
 each other (b)



The dry-resistant egg of Heterocypris incongruens 339

Acta Biologica Hungarica 63, 2012

Inner layer was very compact and consisted of two sublayers (Fig. 2b, Fig. 4a, b). 
The thickness of the sublayers varied between 0.4–0.6 μm and the thickness of the 
full inner layer was approximately 1–1.2 μm. Inner and outer layers of egg shell were 
coupled and connected with each other with canals (Fig. 5a). Furthermore different 
sized openings at the egg surface (Fig. 5b) and pores at the relict of broken walls of 
holes were observed (Fig. 5c). 

Fig. 5. Inner and outer layers that are separated each other and the connections between two layers 
(marked with arrow) (a). Surface openings (marked with arrow) are in different size (b). The pores that 

are located at the relict of broken walls of holes (c)
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DISCUSSION

According to Angell & Hancock [2], H. incongruens cements its eggs to any substrate 
that it seems suitable like as segments of grass stems. Similar situation was observed 
in our study. Most of the eggs were found as egg mass that cemented to the bottom 
of the tissue culture wells. 

According to Kesling [12], the layers are in very close contact while the eggs pass 
the uterus and do not separate until those expelled. After expelling, the outer layer 
fills with water [12] and also hardens. The cementation glue which form the outer 
layer hardened after the eggs were expelled therefore the template of adhesion surface 
can be easily distinguished on the surface of the eggs (Fig. 1e). 

The detailed structures of the layers, especially the outer layer with holes, are very 
peculiar. The size of holes generally increased at the central circle where eggs touch 
each other (Fig. 3a) and holes were supported with walls that provide the inter com-
munications (Fig. 5c). All that traits imply a mechanism that has evolved for the 
purpose of insulation. It could be said that the outer layer has big roles such as pro-
tecting the eggs and keeping them together and providing the resistance against the 
unfavorable environmental conditions that appeared during desiccation period.

Studies concerning to the features of ostracods are scarce [11–13]. Generally  
H. incongruens was used to understand the mechanisms of diapausing or resting eggs’ 
phenology [2, 15, 16]. There is only one study on the egg cyst of H. incongruens, but 
details of structural features are not clear [6].

When the egg-shell of H. incongruens was compared with other crustacean species 
which combat desiccation for long periods, remarkable similarity can be seen. 
According to Gilchrist [8], tertiary shell of examined Notostraca and Anostoracan 
species (Triops cancriformis, Branchipus stagnalis, Branchinecta packardi, Chiro-
cephalus diaphanous, Artemia salina) was found to be a double layered structure 
consisting of an inner alveolar layer and an outer, generally more dense, cortex which 
forms the external surface of eggs. In contrast the Notostracan and Anostracan spe-
cies, H. incongruens has a dense inner layer which is formed by two sublayers on the 
embryonic cuticle and outer layer appears as a structure that is formed by different 
sized holes or alveoli. The formation of alveolar layer in H. incongruens is unstable 
(vs. stable alveolar layer in Notostraca and Anostraca). The numbers, sizes and exist-
ence of holes show much variability from egg to egg. In many eggs of H. incongru-
ens, there are small alveoli instead of the holes in outer layer. In addition, eggs of  
H. incongruens have surface openings (Fig. 5b) that differ from the Triops concri-
formis, Cyrocephalus diaphanalus and Branchinecta packardi’s eggs. Also, the sub-
cortical space which was mentioned in Gilchrist’s [8] publication has not noticed in 
H. incongruens. Either in inner layer or outer layer, alveolar structure is a common 
feature of the species that combat dry period, which are mentioned in the studies done 
so far.

During the desiccation physico-chemical parameters of water medium (pH, dis-
solved oxygen, concentration of minerals, pressure and temperature) will change. 
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Desiccation resistant eggs should have some physical features to resist against the 
changes of environmental conditions. Egg shell structure might provide protection 
against evaporation and alveolar layer is used especially as a barrier. 
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