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Abstract  All ostracods that inhabit inland waters 
are osmoregulators. Freshwater ostracods must be 
hyperosmotic regulators while ostracods that live in 
hyperhaline water are hypoosmotic regulators. Some 
euryhaline species are hypoosmotic regulators in salini- 
ties above 8 g l - 1  and hyperosmotic below. Hyper- 
osmotic regulation in ostracods is partly dependent on 
salt consumed in the food but hypoosmotic regulation 
is dependent on the excretion of salt brought about by 
special cells located on the inside of the carapace. 
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Introduction 

The Ostracoda is an ancient and distinctive sub-class of 
crustaceans that first appeared in the Cambrian period 
and had radiated widely by the Ordovician (Maddocks 
1982). Nearly 3000 living and almost ten times as many 
extinct species have been described. Maddocks divides 
the ostracods into six orders of which three, the 
Myodocopida, the Platycopida and the Podocopida 
are extant. The majority of species are marine or fresh- 
water but some live in highly mineralized continental 
water bodies. Freshwater, hypersaline and even a 
few terrestrial species are found only in the Podocopida 
but they have developed independently in three 
different families, the Cyprididae, the Cytheridae and 
the Darwinulidae (Abele 1982). 
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The present study focusses on their salinity tolerance 
and on the morphology and physiology of their osmo- 
regulatory organs. It forms part of a more extensive 
study covering various aspects of the osmoregulatory 
biology of the Ostracoda and summarizes many earlier 
papers in Russian (Aladin 1983a, b, 1984a, b, 1985, 
1986a, b, c, 1987a, b, c, 1988a, b, c, 1989a, b, c; Aladin 
and Shornikov 1986a, b) as well as more readily avail- 
able works (Tones 1983 and other papers). 

Materials and methods 

Animals and water used were collected from the Barents, White, 
Baltic, Black, Azov and Japanese seas and from the large saIt lakes: 
the Caspian and Aral Seas. Freshwater samples and freshwater 
species were collected from lakes near St Petersburg and Moscow 
and from the Lithuanian, Ukrainian, Azerbaijanian, Kazakh and 
Uzbek Republics. Some Ostracoda were raised in the laboratory 
from resting eggs. Dried muds containing their eggs were collected in 
Canada, USA, Peru, Bolivia, Argentina, Italy, India, Seychelles and 
Australia. Freezing point depressions (A) of ostracod haemolymphs 
were measured by microcryoscopical methods. For morphological 
studies of osmoregulatory organs, both scanning and transmission 
electron micrographs were used. All the details of microcryoscopy 
and microscopy are given in Aladin (1983a). 

Results and Discussion 

Animals of 109 species from 20 families were studied by 
microcryoscopical methods. The results are sum- 
marised in Fig. 1. 

The Ostracoda include both osmoconformers and 
osmoregulators. The osmoconformers can be divided 
into three groups. Osmoconformers-I are stenohaline 
in the salinity range from about 30g-1-1 up to 
36 g. 1-1. In the present study 21 species of osmocon- 
formers-I were examined: Vargula norvegica, Euphilo- 
medes nipponica, Broecia borealis, Neonesidea mutsuensis, 
Cythere uranipponica, Cytherois sp. A, Paradoxostoma 
ussuricum, Paradoxostoma brunneum, Paradoxostoma 



AI Fig. 1 Types of osmoconforma- 
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Tanella supralittoraIis, 
Semicytherura nigrescens, 
Loxoconcha impressa, 
Loxoconcha aestuarii, 
Loxoconcha eIIiptica, Hir- 
schmannia viridis, Spinileberis 
pulchra, Xestoleberis aurantia; 
A I I  Confohyperosmotics-II, 
brackish water Ostracoda of 
marine origin: Cyprideis torosa 
torosa, Tanella sp. A; B I  Hy- 
perosmotics-I, fresh water Os- 
tracoda: Candona marchica, 
Candona schweyeri, Dolerocyp- 
ris fasciata, Cyclocypris ovum; 
BII Hyperosmotics-II (or sec- 
ondary confohyperosmotics-I), 
brackish water Ostracoda of 
fresh water origin: Limnocythere 
inopinata, Limnocythere 
stationis, Darwinula stevensoni, 
C ypris decaryi, C yprinotus ed- 
war di, H eter oc ypris ( C yprinotus) 
saIina, Heterocypris incongruens, 
AIboa worooa, CycIocypris 
laevis, Cypridopsis aculeata, 
Cypridopsis vidua, Plesiocyp- 
ridopsis newtoni; CI Amphios- 
motics-I, some Caspian and Aral 
brackish water Ostracoda of 
fresh water origin: Leptocythere 
bacuana, Amnicythere cymbula, 
Galolymnocythere aralensis, 
Loxoconcha Iepida, C ythero- 
morpha fuscata, T yrrhenocythere 
amnicola donetziensis; CI1 Am- 
phiosmotics-II, some Australian 
euryhaline Ostracoda of fresh 
water origin: Diacypris spinosa, 
Mytilocypris praenuncia; 
C I I I  Amphiosmotics-II], terres- 
trial and aquatic euryhaline 
Ostracoda of fresh water origin: 
Terrestricythere ivanovae, 
Terrestricythere pratensis, 
Potamocypris steueri; CIV Am- 
phiosmotics-IV, widely euryha- 
line Ostracoda of fresh water 
origin: Cyprideis torosa amphios- 
motica, Eucypris inflata; D Hy- 
poosmotics, secondary marine 
of fresh water origin: Aglaiocyp- 
ris complanata, Propontocypris 
maculata 
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sp. A, Paradoxostoma sp. B, Paracytheridea paulii, 
Semicytherura sp. A, Semicytherura sp. B, Hemicyth- 
erura sp. A, Loxoconcha trada, Loxoconcha sp. A, Hir- 
schmannia viridis, Xestoleberis sp. A, Pontocythere 
japonica, Callistocythere haymenensis, Coquimba sp. A; 
Osmoconformers-II are typically marine Ostracoda 
living in a broader salinity range from about 20 g. 1- 
up to 40g.1-1. Twenty-two species of osmocon- 
formers-II were examined: Philomedes brenda, 
Discoconchoecia elegans, Sclerochilus (Praesclerochilus) 
verecundus, Paradoxostoma sp. C, Cytheroma 
karadaginis, Leptocythere fabaeformis, Howeina cam- 
ptocytheroidea, Hemicytherura kajiyamai, Loxoconcha 
uranouchensis, Loxoconcha harimensis, Loxoconcha 
sp. B, Cytheromorpha acupunctata, Cytheromorpha 
japonica, Spinileberis quadriaculeata, Hemicythere 
emerginata, Urocythereis margaritifera , Robustaurilla 
assimilis, Pontocythere subjaponica, Xestoleberis bahai, 
Coquimba sp. B, Doratocythere tomokoae, Aspidoconcha 
sp. A; Osmoconformers-III are euryhaline marine 
Ostracoda living in salinities from about 8 g-l-1 up 
to 40 g- l -  1 In the present study 21 species of osmo- 
conformers-III were examined: Jonesia simplex, 
Paradoxostoma intermedium, Paradoxostoma sp. D, 
Acetobulastoma hyperboreum hyperboreum, Cythere 
lutea, Cytherura similis, Simecytherura undata, 
Hemicytherura bulgarica, Microcytherura nigrescens , 
Loxoconcha fragilis , Loxoconcha pontica, Loxoconcha 
bulgarica, Loxoconcha sp. C, Bicornucythere bisanensis, 
Carinocythereis rubra, Hemicythere villosa, Cytheridea 
papitlosa, Pontocythere bacescoi, Xestoleberis depressa, 
Xestoleberis decipiens, Callistocythere sp. A. The wider 
salinity ranges of these species must be associated with 
the development of cell volume regulatory mechanisms 
probably of the kind described by Gilles, Florkin and 
Schoffeniels [-rs: Gilles (1979); Beyenbach (1990)]. 

Several varieties of osmoregulators can be recog- 
nised including confohyperosmotics (Fig. 1AI, AII), hy- 
perosmotics (Fig. 1BI, BII), amphiosmotics (Fig. 1CI, 
CII, CIII, CIV) and hypoosmotics (Fig. 1D). Con- 
fohyperosmotics are primitive osmoregulators which 
combine osmoconformity at high salinities with hy- 
perosmotic regulation at low salinities. It is possible to 
distinguish two levels among the confohyperosmotics 
(Fig. 1AI, AII): confohyperosmotics-I (Fig. 1AI) are 
widely euryhaline marine Ostracoda living in the salin- 
ity range from about 2 g.1 1 to 50 g-l-1, while con- 
fohyperosmotics AII extend into fresh water. Twelve 
species of confohyperosmotics-I were examined: 
Cytherois cepa, Leptocythere pellucida, Leptocythere 
lacertosa, Leptocythere histriana, Tanella supraIit- 
toralis, Semicytherura nigrescens, Loxoconcha impressa, 
Loxoconcha aestuarii, Loxoconcha elliptica, Hirschman- 
nia viridis, Spinileberis pulchra, Xestoleberis aurantia. 
Confohyperosmotics-II (Fig. 1AII) are brackishwater 
Ostracoda of marine origin. They are isoosmotic at 
salinities from 30 g. 1-1 down to 8 g- 1 1, occasionally 
only to 14 g. 1-1, but are hyperosmotic at lower salinities. 

In the present study two species of confohyper- 
osmotics-II were examined: Cyprideis torosa torosa and 
Tanella sp. A. 

Two levels of hyperosmotic regulation can be distin- 
guished (Fig. 1BI, BII) : hyperosmotics-I (Fig. 1BI) are 
typical freshwater Ostracoda which are hyperosmotic 
to the external medium in the whole range from fresh 
water up to 8 g-1-1. In the present study four species of 
hyperosmotics-I were examined: Candona marchica, 
Candona schweyeri, Dolerocypris fasciata, Cyclocypris 
ovum. Hyperosomotics-II (Fig. 1BII), or, as they should 
be named, secondary confohyperosmotics-I, are prim- 
arily freshwater Ostracoda which can tolerate saline 
conditions or brackish water Ostracoda of freshwater 
origin. They are isoosmotic at salinities from 8 g ' l -1  
up to 14 g-1-1, occasionally to 20 g-1-1. At lower 
salinities they are hyperosmotic to the external me- 
dium. Twelve species of hyperosmotics-II have been 
examined: Limnocythere inopinata, Limnocythere 
stationis, Darwinula stevensoni, Cypris decaryi, 
Cyprinotus edwardi, Heterocypris (Cyprinotus) salina, 
Heterocypris incongruens , Alboa worooa, Cyclocypris 
laevis, Plesiocypridopsis (Cypridopsis) acuIeata, Cy- 
pridopsis vidua, Plesiocypridopsis newtoni. 

The amphiosmotics which combine hyperosmotic 
regulation at low salinities with hypoosmotic regula- 
tion at high salinities, can be divided into four groups: 
amphiosmotics-I (Fig. 1CI) are Caspian and Aral 
brackish water Ostracoda of freshwater origin. Their 
haemolymph is hyperosmotic in fresh water at salinities 
up to 8 g.1-1 but is hypoosmotic at salinities from 
8g-1-1 up to 14~16g.1-1 and in a few species to 
20 g-l-1. Six species of amphiosmotics-I were exam- 
ined: Leptocythere bacuana, Amnicythere cymbula, 
Galolimnocythere aralensis, Loxoconcha lepida, 
Cytheromorpha fuscata, Tyrrhenocythere amnicoIa 
donetziensis. Amphiosmotics-II (Fig. lCII) include 
some Australian euryhaline Ostracoda of freshwater 
origin. Their haemolymph is hyperosmotic from fresh 
water up to 8g- t  ~, isoosmotic from 8g-1 1 up to 
20-24 g. l -  1, and hypoosmotic from 20 24 g. 1 - 1 up to 
about 50 g. 1-1. Two species of amphiosmotics-II were 
examined: Diacypris spinosa and Mytilocypris praenun- 
cia. Amphiosmotics-III (Fig. 1CIII) are terrestrial 
and aquatic euryhaline species of freshwater origin 
which are hyperosmotic from fresh water up to 8 g" 1- i 
and hypoosmotic from 8 g- 1 - 1 up to 50 g- 1 - 1. Three 
species of amphiosmotics-III were examined: Ter- 
restricythere ivanovae, Terrestricythere pratensis, 
Potamocypris steueri. Amphiosmotics-IV (Fig. 1CIV) 
are the most euryhaline Ostracoda of freshwater origin. 
Most of these can survive in salinities up to 100 g- l -  1 
and some of them up to 200 g- 1-1 or more. Two species 
of amphiosmotics-IV were examined: Cyprideis torosa 
amphiosmotica and Eucypris inflata. These Ostracods 
are the most effective regulators ensuring a very 
wide euryhalinity while simultaneously keeping osmo- 
tic homeostasis. 



218 N.V. Aladin and W.T.W. Ports: The osmoregulatory capacity of the Ostracoda 

Fig. 2 Right carapace of Mytilocypris praenuncia seen from the 
inside. Raised in the laboratory in slightly brackish water, less than 
4 g. 1 - 1. The left carapace and the body of the organism removed in 
order to show the non-calcified zone of the inner carapace layer. 
Scale = 500 btm 

Fig. 3 High magnification of the anterior part of the non-calcified 
zone of the inner carapace layer of the same individual as in Fig. 2. 
Cells show clear borders and numerous depressions in the cuticle. 
Scale = 10 I-tin 

Among the hypoosmotic regulators it is possible to 
recognise only one level (Fig. 1D). These are euryhaline 
secondarily marine ostracods of freshwater origin, 
which are hypoosmotic to the external medium in the 
whole range from 8 g" 1-1 up to about 50 g-1-1. Two 
species of hypoosmotics were examined: Aglaiocypris 
complanata and Propontocypris maculata. Tigriopus 
californicus probably belongs here (McDonough and 
Stiffler 1981). Hypoosmotic regulators have a lower 
density and lower sinking rates than similar isoosmotic 
forms. Hypoosmotic cladocerans such as Podon and 
Evadne are usually found near the top of the water 
column (Potts and Durning 1980). Marine ostracods 
have diverse sinking rates [-discussion in Gooday and 
Maguileosky (1975)] but whether osmotic regulation is 
a factor remains to the confirmed. 

Hyperosmotic regulation in adult ostracods may be 
determined partly by the amount of salts consumed 
with the food (Belyaev 1950; Aladin 1984b), probably 
assisted by reabsorption of salts in the antennal glands. 
Hyperosmotic regulation in embryos is brought about 
by the absorption of salts by special cells located in the 
non-calcified zone of the inner shell layer (Aladin 
1988a). In addition, the egg will contain salt reserves in 
the yolk. After leaving the egg the young organism can 
feed and after the first postembryonic moult the 
mitochondria-rich cells on the inner shell disappear in 
freshwater ostracods, although they survive in eury- 
haline species (Aladin 1988a). However, their small size 

and correspondingly unfavourable surface-to-volume 
ratio must result in a high rate of salt loss in fresh water, 
which would seem to require some active uptake in 
compensation. Direct experiments are lacking but 
small marine copepods may exchange the equivalent of 
all their body sodium every 3 min (Ballaglia and Bryan 
1964), while even freshwater cladocerans still exchange 
15-30% of their total sodium every hour (Potts and 
Fryer 1979). Unless the permeability of ostracods to 
sodium ions is markedly lower than in other small 
crustaceans some form of active uptake seems essential. 
Permeable areas of intersegmental membranes have 
been identified in copepods (McDonough and Stiffter 
1981). These are likely sites of salt uptake but 
mitochondria-rich cells have not been described in 
freshwater copepods. 

Hypoosmotic regulation in ostracods, both in adults 
and embryos, is brought about mainly by the excretion 
of salts by mitochondria-rich cells located in the non- 
calcified zone of the inner shell layer (Aladin 1983a, 
1984a, 1987a, b, 1988a, b, c, 1989c). The full mechanism 
of salt excretion has not been described but all other 
hypoosmotic regulators so far examined, including 
fishes, copepods (Farmer 1980) and branchiopods 
(Croghan 1958a), excrete chloride ions, the negative 
potential produced maintaining the low concentration 
of the sodium in the plasma. Similarly, water balance 
in other hypoosmotic regulators is maintained by 
drinking the medium and excreting the salt, as first 
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demonstrated in fishes by Smith (1930) in branchiopods 
by Croghan (1958b) and in copepods by Farmer (1980). 

The external morphology of ostracod osmoregula- 
tory cells depends on the osmotic gradient between the 
haemolymph and the surrounding water. For example, 
in the Australian euryhaline species Mytilocypris 
praenuncia it is possible to recognise four different types 
of cells. When Mytilocypris was raised in the laboratory 
in fresh to brackish water of a salinity less than 4 g- 1-1, 
the cells had clear borders and there were numerous 
holes or depressions in the cuticle (Figs. 2, 3). In these 
salinities M. praenuncia is capable of strong hyper- 
osmotic regulation and the osmotic gradient between 
haemolymph and surrounding water is high. In salini- 
ties ranging from 4 to 8 g- 1-1, when the osmotic gradi- 
ent between the haemolymph and surrounding water is 
low, the cells had clear borders but lacked the holes or 
depressions in the cuticle (Fig. 4). When the ostracods 
were raised in the salinity range from 8-12 g.1-1 to 
20-24 g. 1-1 it was impossible to distinguish either the 
holes in the cuticle or even the borders of the cells 
(Fig. 5). In this salinity range M. praenuncia is unable to 
regulate and there is no osmotic gradient between 
haemolymph and surrounding water (Fig. 1CII). When 
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Fig. 5a, b General view of the anterior (a) and the posterior (b) of the 
non-calcified zone of the inner carapace layer of Mytilocypris 
praenuncia raised at a salinity of 8 24 g.1 1. No depressions visible 
in cuticle. Scale = 20 gm 

Fig. 4a, b General view of the anterior (a) and the posterior (b) of the 
non-calcified zone of the inner carapace layer of the Mytilocypris 
praenuncia. Raised in the laboratory at a salinity of 4-8 g. 1-1. Cells 
have clear borders but lack the depressions visible in Fig. 3. 
Scale = 20 gm 

M. praenuncia was raised in salinities from 20-34 g. 1-1 
to 44-48 g . l -1  the cells again had clear borders but 
lacked holes or depressions in the cuticle. In this range 
new features appeared: these structures were called 
'~ structures" and are probably salt glands 
(Fig. 6). In the range from 20-48 g. 1-1 M. praenuncia is 
a strong hypoosmotic regulator and the osmotic gradi- 
ent is high. 

The ultrastructures of these cells in the non-calcified 
zone of the inner carapace layer are very much alike. 
All have a dense cytoplasm with numerous mitochon- 
dria distributed throughout a lacunar system. The cu- 
ticle of the non-calcified zone of the inner shell layer is 
characterized by a high permeability to ions, in con- 
trast to the other parts of the organism (Aladin 1983a, 
1984a, 1987a, 1988a, 1989c). The ultrastructure of these 
cells in the podocopid Ostracoda has recently been 
carefully studied by Keyser (1990). Figure 7 may be 
compared with those of the neck organ of marine 
Cladocera and the nauplii of Artemia salina (Hootman 
and Conte 1975; Khlebovich and Aladin 1976; Potts 
and Durning 1980; Aladin 1982; 1991; Maurice and 
Goffenet 1982, 1983, 1990; Halcrow 1982). The caplike 
structure is evidently a salt gland that excretes salts 
from haemolymph to the medium. 
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Fig. 6 High magnification of a caplike structure. Cells of caplike 
structure have clear borders and numerous depression in cuticle. 
A cuticular ring is visible around the cap. Scale = 20 gm 

Fig. 7 The basal zone of ion-transporting cells of the caplike 
structure of Mytilocypris praenuncia, Numerous mitochondria 
distributed through a lacunar system. On the left side is a Gotgi 
complex. Scale = 4.0 gm 

It is important to emphasise that all changes in 
external morphology of these cells, including the ap- 
pearance or disappearance of the caplike structures, 
only takes place during moulting (Aladin 1987c, 1988a, 
1989c). Thus, in the ostracod the physiological changes 
from one to another level of osmoregulation - hyperos- 
motic, amphiosmotic, or hypoosmotic - can only be 
morphologically completed after a moult. Of course, 
when under experimental conditions Mytilocypris 
praenuncia were transferred from one salinity to an- 
other they reached and maintained new equilibria in 
a few hours, although no morphological changes were 
visible externally. 

During moulting the osmotic concentration of the 
haemolymph temporarily decreases or increases de- 
pending on the medium. In fresh or slightly brackish 
water, the osmotic concentration of the haemolymph 
decreases in direct proportion to the voIume increase at 
moulting (Fig. 8a), while in hypoosmotic regulators the 
concentration of the haemolymph increases in direct 
proportion to the volume increase (Fig. 8b). This sug- 
gests that fresh water or sea water are taken up to 

inflate the body volume without immediate ionic com- 
pensation. In osmoconformers in brackish water or sea 
water the osmotic concentration of the haemolymph 
always decreases slightly at moulting and there is no 
correlation with the volume increase. After moulting 
the osmotic concentration of the haemolymph quickIy 
returns to the previous level. The time taken to reach 
equilibrium depends on the osmotic change in the 
haemolymph.. The shortest time for osmotic stabiliz- 
ation to occur was less than 2 h and the longest 26 h. 

A very complicated form of osmotic regulation was 
found in the ectoparasitic ostracoda Acetab~dastoma 
hyperboreum hyperboreum. This ostracod is an osmo- 
conformer-III, but only when it was not in contact with 
its host amphipod Gammarus oceanicus (Aladin 1986a). 
When A. hyperboreum hyperboreum was in contact with 
its host the organism was confohyperosmotic (Fig. 1A). 
The salinity tolerance range of this ectoparasite when 
in contact with G. oceanicus extended from less than 
4 g- 1-1 to more than 32 g- 1 - 1, but without the host the 
range was only from 16 to 32g-1-1. A study of the 
anatomy of A. hyperboreurn hyperboreUm shows that 
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Fig. 8 a Changes of freezing point depression of haemolymph of 
a freshwater ostracod before, during and after moulting. Ver t i ca l  
ax i s  - freezing point depression of haemolymph, ~ hor izonta l  
a x i s - t i m e  in hours, h. D o t t e d  line - freezing point depression of 
surrounding fresh water. Curve  line - freezing point depression of 
haemolymph before (A), during (B) and after (C) moulting, b Cha- 
nges of freezing point depression of haemolymph before, during and 
after moulting in a hypoosmotic ostracod in brackish water or sea 
water. Ver t i ca l  ax is  freezing point depression of heamolymph ~ 
Hor i zon ta l  ax i s  - time in hours, - h; D o t t e d  l ine-freezing point 
depression of water with a salinity 22 g-1 1. Curve  Ii~e - freezing 
point depression of haemolymph before (A), during (B) and after (C) 
moulting. 

The sensilla are surrounded by a small window of very 
thin cuticle (Okada 1982). 

There has been a great deal of parallel evolution 
within the ostracods. Of the three families which have 
developed the ability to osmoregulate, one family, the 
Darwinulidae, is represented by only a single fresh- 
water genus Darwinula but both the Cytheridae and 
Cyprididae contain a wide range of osmoregulators 
including confohyperosmotics, hyperosmotics (fresh- 
water) and amphiosmotics. However, the most power- 
ful regulators so far identified, amphiosmotics IV, are 
Cyprideis torosa and Eucypris inflata both belonging to 
the Cyprididae. 

Acknowledgement This study was supported by a grant from the 
Russian Fund for Fundamental Investigation (RFFI), project 
N11736-a. 

References 

the haemocoelic cavity of the ectoparasite is in close 
contact with haemocoelic cavity of its host amphipod 
through three holes in the attachment disc. G. oceanicus 
belongs to confohyperosmotic-I and the haemolymph 
of the ectoparasite and those of the host are in 
equilibrium. 

The outer surface of some ostracod carapaces are 
perforated by structures termed sieve-pores, through 
which innervated sensilla protrude into the medium. In 
the amphiosmotic Cyprideis torosa the structure of the 
sieve pores varies with the salinity of the medium, the 
proportion of round pores being inversely highly corre- 
lated with the salinity (Fig. 9) (Rosenfeld and Vesper 
1977). Examination of Pleistocene specimens offers the 
opportunity to estimate palaeosalinities. This correla- 
tion of the structure of what appears to be a sense 
organ with salinity raises the possibility that some 
adjacent cells may be involved in osmotic regulation. 

Abele LG (1982) Biogeography in the biology of Crustacea i. 
Academic Press, New York 

Aladin NV (1982) Salinity adaptations and osmoregulation abilities 
of the Cladocera (in Russian). Forms from open seas and oceans. 
Zool Z 61:341-351 

Aladin NV (1983a) Salinity adaptations and osmoregulatory 
abilities of the Ostracoda from the Caspian and Aral seas and 
the Brachiopoda and Ostracoda from the Caspian and Aral seas 
(in Russian). Zool Z 62:51-57 

Aladin NV (1983b) On displacement of the critical salinity barrier in 
the Caspian and Aral seas, the Branchiopoda and Ostracoda 
taken as examples (in Russian). Zool Z 62:689-694 

Aladin NV (1984a) Salinity adaptations and osmoregulation 
abilities of Ostracoda from Black and Azov seas (in Russian). 
Zool Z 63:185 190 

Aladin NV (1984b) The influence of temperature on the osmo- 
regulatory abilities of the Branchiopoda and Ostracoda (in 
Russian). Zool Z 63:1158-1163 

Aladin NV (1985) Salinity adaptations and osmoregulatory abilities 
of the Ostracoda from the Barents and the White seas. The 
evolution of osmoregulation in the subclass Ostracoda (in 
Russian) Zool Z 64:368 376 



222 N.V. Aladin and W.T.W. Potts: The osmoregulatory capacity of the Ostracoda 

AIadin NV (1986a) Some pecuIarities of osmoregulation and host- 
parasite relations of the ectoparasitic ostracod AcetobuIastona 
hyperboreum hyperboreum (Ostracoda: Paradoxostomatidae) 
(in Russian) Parasitology 20:145 147 

Aladin NV (1986b) Hemolymph osmoregulatory pecularities in 
Ostracoda and Branchiopoda from thalassic and athalassic 
brackish waters (in Russian). Proc Zool Inst 141:75 97 

Aladin NV (1986c) Qualitative and quantitative prognostication of 
Ostracoda and Branchiopoda faunas composition in thalassic 
and athalassic water of fluctuating salinity (in Russian). Proc 
Zool Inst 141:98-113 

Aladin NV (1987a) Salinity adaptations and osmoregulatory 
abilities of Ostracoda from the sea of Japan, part 2 (in Russian). 
Zool Z 66:820-825 

Aladin NV (1987b) Salinity adaptations and the evolution of 
osmoregulation in the classes Ostracoda and Branchiopoda 
(in Russian). Proc Zool Inst 160:106-126 

Aladin NV (1987c) Salinity adaptations and osmoregulation in 
Ostraetoda and Cladocera from continental water bodies of 
Australia and from the Seychelles islands (in Russian). Zool Z 66: 
1822-1828 

Aladin NV (1988a) Reproductive salinity adaptations and salinity 
dependent features of the embryonic development in the 
Ostracoda and Branchiopoda (in Russian). Zool Z 67: 
974-982 

Aladin NV (1988b) Osmoregulation in the Ostracoda. How the 
Ostracoda invaded freshwater and subsequently recolonised 
the sea. Ostracoda and global events. Proc 10th Int Syrup 
Ostracoda. p 21 

Aladin NV (1988c) Osmoregulation in the Ostracoda and 
Branchiopoda. Proc 2nd Int Congr Comp Physiot Biochem. 
p 534 

Aladin NV (198%) Role of preadaptation, parallelism and 
convergence in evolution of osmoregulation in Ostracoda 
and Branchiopoda (in Russian). Proc USSR Paleontol Soc. 
XXXV session, p 6-7 

Aladin NV (1989b) Osmoregulation in Cyprideis torosa from various 
seas of the USSR (in Russian). Zool Z 68:40-50 

Aladin NV (t989c) Ostracoda of Kaynozoa (in Russian). Practical 
handbook of microfauna of USSR 3:26-28 

Aladin NV (1991) Salinity tolerance and morphology of the osmo- 
reguiatory organs of Cladocera from the Aral sea. Hydrobiologia 
225:2291-2299 

Aladin NV, Shornikov EI (1986a) Pecularities of osmoregulation in 
the ostracod Terrestricythere from terrestrial biotopes (in 
Russian) Ecologia 4:4442-4445 

Aladin NV, Shornikov EI (1986b) Salinity adaptations and osmo- 
regulatory abilities in the Ostracoda from the sea of Japan, 
part 1 (in Russian). Zool J 65:829-836 

Ballaglia B, Bryan GW (1984) Some aspects of ionic and osmotic 
regulation in Tisbe (Copepoda: Harpacticoidea) in relation to 
polymorphism and geographical distribution. J Mar Blot Assoc 
UK 44:17-31 

Bayenbach KW (1990) Cell volume regulation. Karger 
Belyaev GM (1950) Osmoregulatory abilities of lower Crustacea 

from inland waters (in Russian). Trans all-union. Hydrobiol Soc 
2:194-213 

Croghan O (1958a) The osmotic and ionic regulation of Artemia 
salina L., J Exp Biol 35:219-233 

Croghan P (1958b) The mechanism of osmotic regulation in Artemia 
salina L. The physiology of the gut. J Exp Biol 35:243-249 

Farmer C (1980) Evidence for hyporegulation in the calanoid 
copepod Acartia tonsa, Comp Biochem Physiol 65A: 359-362 

Gilles R (1980) Maintenance of cell volume: mechanisms of osmo- 
regulation in animals. Wiley, Chichester 

Gooday AJ, Moguilevsky A (1975) The sinking velocities of some 
halocyprid ostracods, J Exp Mar Biol Ecol 19:105 116 

Halcrow K (1982) Some ultrastructural features of nuchal organ of 
Daphnia magna Straus (Crustacea: Branchiopoda). Can J Zool 
60:1257 1264 

Hootman SR, Conte FP (1975) Ultrastructure of Artemia larval neck 
organ. J Morphol 145:371-385 

Keyser DA (1990) Morphological changes and function of the inner 
lamella layer of podocopid Ostracoda. Ostracoda and global 
events. Proc 10th Int Syrup Ostracoda. pp 401-410 

Khlebovich VV, Aladin NV (1976) Hypotonic regulation in marine 
Cladocerans Evadne nordmanni and Potion Ieuckarti (in Russian). 
J Comp Biochem Physiol 12:591-592 

McDonough PM, Stifler DF (1981) Sodium regulation in the 
tidepool copepod Tigriopsis californicus. Comp Biochem Physiol 
69A: 273-277 

Maddocks RF (1982) Evolution within Crustacea, Part 4. 
Ostracoda. In: Abele LG (ed) The biology of Crustacea I. 
Academic Press, New York, pp 221539 

Mantel LH, Farmer LL (1983) Osmotic and ionic regulation. The 
Biology of Crustacea 5:153-162 

Meurice JC1, Goffinet G (1982) Structure et function de l'organe 
nucal des Cladoceres marins gymnomeres. CR Acad Sci Paris 
29D: 693-695 

Meurice JC1, Goflnet G (1983) Ultrastructural evidence of the ion 
transporting role of the adult and larval neck organ of the marine 
gymnomeran Cladocera (Crustacea, Branchiopoda). Cell Tissue 
Res 234:361-363 

Meurice JC1, Goffenet G (1990) Etude preliminare de l'orgaue nucal 
de Penilia avirostris, cladocera marin calyptomere (Crustacea, 
Branchiopoda). Bull Soc Roy Sci 59:83 88 

Okada Y (1982) Ultrastructure and pattern of the carapace of 
Bicornucythere bisanensis (Ostracoda, Crustacea). In: Hanai 
T (ed) Studies in Japanese Ostracoda. Bull Univ Mus Tokyo 20: 
229-255 

Potts WTW, Durning CT (1980) Physiological evolution in the 
Branchiopoda. Comp Biochem Physiol 67B: 475-484 

Potts WTW, Fryer G (1979) The effects of pH and salt content 
on sodium balance in Daphnia magna and Acantholeberis 
curvirostris (Crustacean: Cladocera). J Comp Physiol 129: 
289-294 

Rosenfeld A, Vesper B (1977) The variability of the seive pores in 
recent fossil species of Cypridies torosa (Jones 1850) as an indi- 
cator for salinity and paleosalinity. Proc.6th.Int Ostracod Syrup, 
Saalfelden, pp 55-67 

Smith HW (1930) The absorption and excretion of water by marine 
teleosts. Am J Physiol 93:480-505 

Tones P (1983) Megatocypris ingens Delorme (Ostracoda) in 
Saskatchewan saline lakes: osmoregulation and abundance. 
Hydrobiologia 105:133-136 

Communicated by H. Huddart 


