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ABSTRACT

COMMENTS ON SOME QUATERNARY OSTRACODE TAXA
FROM NORTHWEST INDIA

DEVINDER SINGH

GEOLOGY SECTION, G. N. ENGINEERING COLLEGE, LUDHIANA— 141006, inD1A

This paper elucidates aspects like ontogeny and ecology/palaeoecology of thirty eight fresh-water ostracode taxa collected from the Plio-
Pleistocene (Karewas) and Recent of the Kashmir valley. Besides contributing towards our existing information regarding behavicur cf these
interesting micro-organisms, this paper also incorporates brief comments on several of the aspects, viz., general morphologic characteristics,
diomor phism, taxonomy, palaeozoogeography, provenance and distribution etc.

INTRODUCTION

A rich and varied fresh-water ostracode fauna has been
recorded and studied from the Plio-Pleistocene deposits
(known as ‘Karewas’) and the Recent of the Kashmir
As accepted by most of
the workers, the Karewas, chiefly comprising silts and
clays, are of Plio- Pleistocene age and of fresh-water
origin, partly lacustrine and partly fluvial in nature.
Of these, the Lower Karewas which are unconformably
separated from the Upper Karewas, are generally
agreed to be of Plio-Pleistocene age, deposited chiefly
under fluvial conditions ; however, their lower age limit
is considered to be a controversial matter by Roy (1971)
and Singh (1973a). The Upper Karewas are accepted
to be of Pleistocene age, deposited chiefly under a
lacustrine environment.

For the present study, the fossil collections were made
from a number of representative sections of the Lower
as well as Upper Karewas, from all over the valley ;
while the recent collections were made from several lakes,
ponds, rice fields and spring waters of the valley. The
study of the living ostracode species was made in view
of usefulness of ecology in deciphering Plio-Pleistocene
palaeoecology.

As a matter of fact, the study of fresh-water ostracodes
of the Indian subcontinent is still in its infancy. Parti-
cularly, regarding the Quaternary ostracode fauna of
the Kashmir valley, a very little amount of work has,
so far, been done. The few contributions in this regard
are by Bhatia (1968 et seq.), Singh (1969 et seq.) and Bhatia
and Singh (1970a-c, 71b).

valley, in the past seven years.

The present paper deals mainly with ontogeny and
ecology/palaeoecology of the individual ostracode species.
The detailed information regarding their distribution in
the Kashmir valley can be had from the two of the
author’s earlier works, viz., Singh (1973d and 74b). Since
all the species discussed herein are already well known,
their synonymies have been omitted for the sake of
brevity. However, brief comments where necessary have
been incorporated under the sub-heading ‘Remarks’.
For the purpose of classification, the one given by Moore
(1961) in the treatise on ostracoda, has been followed
with slight modificatien.

CHECK-LIST

Cypris pubera Mueller

Cypris subglobosa Sowerby
Dolerogypris sp. cf. D. fasciata (Mueller)
Eucypris sp. cf. E. clavata (Baird)
Eucypris sp. cf. E. moguntiensis Triebel
FEucypris zenkert (Chyzer and Toth)
Herpetocypris  reptans (Baird)
Heterocypris incongruens (Ramdohr)
Isocypris priomena Mueller

Stenocypris major (Baird)

Lonocypris costata (Vavra)

Cypridopsis aculeata (Lilljeborg)
Cypridopsis vidua (Mueller)
Potamocypris minuta pairiciae Bhatia
Potamocypris smaragdina (Vavra)
Potamocypris (Cyprilla) arcuata (Sars)
Potamocypris (Cyprilla) humilis (Sars)
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Candona candida (Mueller)

Candona compressa (Koch)

Candona fabaeformis (Fischer)
Candona sp. cf. C. havanaensis Staplin
Candona lactea Baird

Candona marengoensis Klie

Candona neglecta Sars

Candona sp. cf. C. pearlensis Staplin
Candona rawsont Tressler

Candona sp. cf. C. stammeri Klie
Candonopsis Kingsleiv (Brady and Robertson)
Cyclocypris laevis (Mueller)
Cyclocypris ovum (Jurine)

Cypria ophthalmica (Jurine)

Ilyocypris bradyi Sars

Ilyocypris gibba (Ramdohr)

Llyocypris shawneetownensis Staplin
Darwinula stevensoni (Brady and Robertson)
Cytherissa lacustris (Sars)
Limnocythere blankenbergensis Diebel
Limnocythere franki Bhatia

SYSTEMATIC DESCRIPTION

Subclass Ostracoda latreille, 1806
Order Podocopida Mueller, 1894
Suborder Podocopina Sars, 1866
Superfamily Cypridacea Baird, 1845
Family Cyprididae Baird, 1845
Subfamily Cypridinae Baird, 1845
Genus Cypris Mueller, 1776

Cypris pubera Mueller, 1776
(Pl. I—1-11)

Remarks: This is a well-known holarctic species. The
species is the genotype, originally described from the
Recent of Europe by Mueller (1776). In the Kashmir
valley it ranges from the Pleistocene (Up. Karewas) to
the Recent.

Onlogeny : Seven-instars are present in the material
at hand ; the earliest being probably the II. Instars
IT to IV are more triangular in outline, while others,
in general, are more akin to the adult. The pits on the
shell surface of the juveniles are elongate, curved, zoned
in a concentric manner. The anterior and posterior
spines start developing in the IV instar. In the V instar,
six anterior and two posterior spines are noticeable.
The number of spines gradually increases in the sub-
sequent instars.

Ecology[Palacoecology : The species is characteristic
of ponds of different kinds and sizes (Klie, 1938b ;
Dobbin, 1941 ; and Diebel and Pietrzeniuk, 1969). It
is commonly found in swarms especially .in slightly
brackish-water pools and swamps (Stephanides, 1948).
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Besides, the species also inhabits the rice fields (Fox,
1965a).

In the Kashmir valley, the species occurs frequently
in the foul, stagnant pond waters with rich vegetation
matter, in association with large numbers of Eucppris
sp. cf. E. clavata (Baird), Heterocypris incongruens (Ramdohr),
Potamocypris smaragdina (Vavra) and Potamocypris (Cyprilla)
staplini Singh (Singh, 1973d).

The Pleistocene specimens occur in large numbers
in the lake deposits of the Karewas, with rich vegetation
matter, in association with shallow water species, mainly
Candona marengoensis Klie, Eucypris sp. cl. E. clavata (Baird),
Heterocypris incongruens (Ramdohr), Cypridopsis aculeata
(Liiljeborg) and Ilyocypris bradyi Sars.

Cypris subglobosa Sowerby, 1840
(Pl. 11—1-8)

This species is known from the Holarctic
as well as the Oriental provinces. It has been originally
described from India by Sowerby (1840) in Malcolmson).
However, its provenance has been discussed to a good
length by Bhatia (1968b). In the Kashmir valley, the
species is confined to the Pleistocene (Up. Karewas).

Ontogeny : Only five instars II to V and VII could
be recognised in the material. Instars IT to V are more
triangular in lateral outline while the instar VII is more
akin to the adult.
in the V instar, increasing to thirteen in the VII.

Ecology/Palacoecology : This species occurs abundantly
in the fresh-water ponds, pools and also sometimes in
lakes (Baird, 1859 ; Klie, 1933a and Tressler, 1959 in
Edmondson). Petkovski (1964) also records it from the
rice fields.

The Pleistocene specimens occur abundantly in the
fresh-water lake silts of the Karcwas in association with
specics of shallow depths, mainly Candona lactea Baird

Remarks :

Four to five posterior spines appear

and Candona neglecta Sars.

Genus Dolerocypris Kaufmann, 1900

Dolerocypris sp. cf. D. fasciata (Mueller, 1785)

(Pl. II—9-12)

Remarks : The species appears to be close to Dolero-
cypris fasciata (Mueller, 1785). In the Kashmir valley,
it is of a very restricted occurrence, being found only in
the Pleistocene (Up. Karewas).

Ontogeny : Only two late intermediate instars could
be collected, which in general outline are similar to the
adult.

Ecology|Palacoecology : This species is a good swimmer,
having a preference for ponds and small lakes with abund-
ant vegetation. In large lakes, it inhabits only the
marginal shallow parts. It also occurs in swamps,
temporary water bodies and in reeds (Klie, 1933a, 1938b;
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Jarvekulg, 1959 ; Akatova and Jarvekulg, 1965 and Fox,
1965b, 66b). It may also occur in polyhaline waters
(McKenzie, 1964).

The Pleistocene specimens occur in lacustrine silt
deposits of the valley, with moderate vegetation matter,
associated with a shallow-water assemblage comprising
Candona marengoensis Klie, Candonopsis Fingsleii (Brady
and Robertson), Ilyocypris bradyi Sars, I. shawneetownensis

Staplin and Limnocythere franki Bhatia.
Genus Lycypris Vavra, 1891

Eucypris sp. cf. E. clavata (Baird,
(PL. III—1-3 ; PL. IV—1-5)

1938)

Remarks : This is a typical Palacarctic species, ranging
from the Pleistocene (Up. Karewas) to the Recent in the
Kashmir wvalley. The specimens arc close to Eucypris
clavata (Baird) originally described from the Recent of
Britain, except for the slight differences in outlines (fide
Dr. K. G. McKenzie, personal communication).

Ontogeny : Seven instars, viz., II to VIII were noted
in the present material.
to the adults. However, the posterior marginal spines
which appear to be worn out in the adults, are present in
all the instars.

In general outline all are akin

The number of these posterior spines is
two in the II instar, gradually increasing to as many as
fourteen to sixteen in the VII and VIII. The salvage
approaches the outer margin in the early intermediate
instars.

Ecology|Palacoecology : The species is commonly found
in temporary pools and pits with luxurious vegetation,
muddy bottoms and foul waters. Though it can un-
doubtedly swim, it prefers burrowing in the muddy
bottoms (Baird, 1838 ; Brady, 1868 ; Brady and Norman,
1889 ; Gurney, 1920 ; and Klie, 1938D).

In the Kashmir valley, it is found living in large
numbers in stagnant pond waters with rich vegetation,
mainly in association with Cypris pubera Mueller, Hetero-
¢ypris incongruens (Ramdohr) and Potamocypris smaragdina
(Vavra) (vide Singh, 1973d). In the Pleistocene fresh-
water lacustrine silt deposite with rich vegetation matter,
it occurs in association with a varied assemblage of
shallow-water species, comprising mainly Candona marengo-
ensis Klie, Cypris pubera Muecller, Heterocypris incongruens
(Ramdohr), Cypridopsis aculeata (Lilljeborg) and Ilyocypris
bradyi Sars.

Lucypris sp. cf. E. moguntiensis Triebel, 1963
(PL. TV—6)

Remarks : The species is close to Fucypris moguntiensis
Triebel (1963), originally described from the Lower
Miocene of the Mine Basin, Germany. In the Kashmir
valley, this species occurs in the Plio-Pleistocene being
common to both the Lower and the Upper Karewas,

DEVINDER SINGH

Palacoecology : Only fossil specimens were found in
the Kashmir valley in shallow lacustrine silt deposits
in association with a rich assemblage of candonids.

Eucypris zenkeri (Chyzer and Toth, 1858)
(PL. IV—7-14)

This is a well-known Palaearctic species.
It occurs only in the Pleistocene (Up. Karewas) of the
Kashmir valley.

Ontogeny : Only five instars, IV to VIII were recognised.
Their general outline is similar to that of the adult,
though in the IV to VII instars, the dorsal margin is
slightly sinuate. The marginal spines first appear in
V instar and progressively increase in number in the
later ones.

Ecology|Palaecoecology : This species is characteristic of
sluggishly flowing water rich in vegetation. However,
it also occurs in the lake waters (Brady, 1868, and Klie,
1938b).

In the Kashmir valley, the Pleistocene specimens
occur in the shallow fresh-water, lacustrine silt deposits
rich in vegetation matter, in association with Candona
lactea Baird, C. neglecta Sars, Cypria ophthalmica (Jurine),
Cypridopsts vidua (Mueller) and Ilyocypris bradyi Sars.

Remarks :

Genus Herpetocypris Brady and Norman, 1889
Herpetocypris reptans (Baird, 1835)
(Pl. V—1-4 ; Pl. VI—1-4)
Remarks : This well-known species, the genotype of

Herpetocypris Brady and Norman, was originally described
from the Recent, Great Britain, by Baird (1835). The
species occurs in both the Holarctic as well as the
Ethiopian provinces. In the Kashmir valley, the specics
occurs only in the Pleistocene (Up. Karewas). The
adductor muscle scars in this species, though well defined,
are brushy or fibrous in appearance.

Ontogeny : Six instars III to VIII were recognised in
the present material. The general outline of these instars
is similar to that of the adults. However, in the III to
VI instars, the greatest height is in the middle.

Ecology/Palacoecology : The species, incapable of swim-
ming creeps on the muddy and plant rich bottoms of shal:
low parts of lakes. It also occurs in springs, pools and
ponds (Baird, 1838 ; Gurney, 1920 ; Klie, 1938b ;
Stephanides, 1948 ; Coope et al., 1962, and Fox, 1965b).
Besides fresh-water habitat, also inhabits
brackish (oligo to polyhaline) environs (Jarvekulg, 1961
and McKenzie, 1964).

The Pleistocene specimens occur in the shallow,
fresh-water, lacustrine silts of the Karewas, with rich
vegetation, mainly associated with Gypris pubera Mueller,
Eucypris sp. cf. E. clavata (Baird), Candona lactea Baird,
C. neglecta Sars and Ilyocypris bradyi Sars,

the species
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Genus Heterocypris Claus, 1892

Heterocypris incongruens (Ramdohr, 1808)
(Pl. VI—5-13)

Remarks : This well-known species of the genus Hetero-
cypris Claus, originally described from Europe by Ramdohr
(1808), is a very characteristic one. In the Kashmir
valley, it extends from the Pleistocene (Up. Karewas)
to the Recent. Although the males of the species are
known (Klie, 1938b), the specimens in the author’s
collection are all females.

Ontogeny : Seven instars (II to VIII) have been re-
cognised. The lateral outline of the shell varies from
subtriangular in the early intermediate instars to sub-
ovate in the late intermediate instars. Similarly the
greatest height varies from the anterior half in the former
to the posterior half in the latter. The marginal pustules
are developed only in the last two instars.

Ecology[Palaeoecology :  This species is capable of
living in a varied habitat, and in general, is chara-
cteristic of small shallow-water bodies. It is found in
large numbers in temporary and permanent, natural
and artificial ponds, pools of all kinds, flowing muddy
ditches, marshes and springs (Gurney, 1920
1937 ; Klie, 1938b ; Jarvekulg, 1959 ; Stephanides,
1948, 60 ; and Hagerman, 1967). It is also reported
living in temporary and permanent running waters
(Holmes, 1937, and Hoff, 1942) and in the rice fields
(Fox, 1965a, and Moroni, 1967). Besides the fresh-
water environs, the species can also survive in slightly
brackish waters, though it is capable of reproducing
only in the fresh-water habitat (Klie, 1938b, and
Jarvekulg, 1961).

In the Kashmir valley, the species occurs in abundance
in stagnant waters of small ponds rich in vegetation,
along with Cypris pubera Mueller, Eucypris sp. cf. E. clavata
(Baird), Potamocypris smaragdina (Vavra), and in the rice
fields along with Stenocypris major (Baird) and [Ilyocypris
brady: Sars (Singh, 1973d).

The Pleistocene specimens are found to occur in the
lacustrine silt deposits of the valley, mainly in association
with Candona marengoensis Klie, Cypris pubera Mueller,
Eucypris sp. cf. E. clavata (Baird), Gupridopsis aculeata
(Lilljeborg) and Ilyocypris bradyi Sars.

Holmes,

Genus Isocypris Mueller, 1908

Isocypris  priomena Mueller, 1908

(Pl. VII—1-5)

Remarks : This typical Ethiopian species is the genotype
of the genus. It occurs only in the Pleistocene (Up.
Karewas) of the Kashmir valley. According to Sars
(1924) and Fox (1963), the adults measure up to
1.50 mm. in length. However, the largest specimens
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in the author’s collections which measure up to 1.20 mm.
in length are identified as the VII1 instars.

Ontogeny : Only four instars V to VIII have been
recognised. The general outline in all these is identical
with that of the adult, as illustrated and described by
Sars (1924). The finely reticulate structure on the surface,
however, is not developed in all the juveniles.

Ecology[Palaeoecology : The species, capable of swim-
ming, is known to inhabit ponds (Sars, 1924). In the
Pleistocene fresh-water lake silt deposits rich in vege-
tation matter, it occurs in association with shallow-water
species like Cypridopsis vidua (Mueller) and Ilyocypris
bradyi Sars.

Genus Stenocypris Sars, 1889

Stenocypris major (Baird, 1889)
(P1. VII—6-9)

Remarks : This cosmopolitan species occurs only as
living in the Kashmir valley. Typical specimens, measur-
ing up to 1.60 mm. in length and probably representing
the VIII instar, occur in the material at hand. Besides
its original description from India by Baird (1859),
the species has also been reported from other places in
India by Klie (1927), Brehm (1950), Hartmann (1964),
Bhatia and Khosla (1968), and Bhatia and Singh (1971a).
Triebel (1953) and Ferguson (1964, 67) discuss Iits
synonymy.

Ontogeny : Only a few specimens of the late three
intermediate instars could be collected from the present
material. The latest probably indicating the VIII
instar. In general, these are similar to their adults.

Ecology : The species is commonly found in warm
shallow-water ponds and lakes (Baird, 1859 ; Klie, 1933a ;
Tressler, 1937 ; Brehm, 1950 and Bhatia and Khosla,
1968). However, it also inhabits clear running water
(Bold, 1958) and rice fields (Fox, 1965a, and Moroni,
1967).

In the Kashmir valley, the species is found to occur
infrequently in the rice fields in association with abundant
Heterocypris incongruens (Ramdchr) and Ilyocypris bradyi
Sars (Singh, 1973d).

Genus

Lonocypris Mueller, 1898

Lonocypris costata (Vavra, 1897)
(Pl. VII—10)

Remarks : This species, originally described from
East Africa, occurs only in the Plio-Pleistocene (Lr.
Karewas) of Kashmir. It has also been reported from
the Upper Siwaliks (Pleistocene) of India by Bhatia and
Khosla (1967).

Ecology[Palaeoecology : According to Klie (1933b, 39)
the species seems to inhabit small lakes. In the Kashmir
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valiley, the Pleistocene specimens occur in association with
Candona lactea Baird, C. candida (Mueller), C. marengo-
ensis Klie, and Darwinula stevensoni (Brady and Robert-

son).
Subfanmily Cypridopsinae Kaufmann, 1900
Genus Gypridopsis Brady, 1867
Cypridopsis aculeata (Lilljeborg, 1853)
(Pl. VII—11-16)
Remarks : This species of the genus Cypridopsis Brady

can be recognised by its outline, surface pattern and the
internal characters. The presence of reversed overlap,
however, distinctly distinguishes it from the other species
of the genus. It occurs in the Palaearctic as well as
Ethiopian zoo-geographical provinces. In the Kashmir
valley, the species is known only from the Pleistocene
(Up. Karewas).

Ontogeny : Only three instars, VI to VIII, were recog-
nised in the present material. As compared to the
adult, their general outline is more triangular, dorsal
angulation more conspicuous and the inner list of the
right valve closer to the inner margin.

Ecology|Palaeoecology : This species is characteristic of
mildly brackish waters, being capable of living even in
oligohaline to mesohaline environs. It also commonly
occurs in shallow water bodies like pools and marshes.
Though it is a good swimmer, it also lives on the bottom
sediments (Mueller, 1900 ; Alm, 1915 ; Klie, 1938b ;
Stephanides, 1948 ; Kruit, 1955 ; Jarvekulg, 1959 ; and
Petkovski, 1964).

In the Kashmir valley, the Pleistocene specimens
occur in the fresh-water lacustrine silt deposits rich in
vegetation matter, in association with Candona marengoensis
Klie, Cypris pubera Mueller, Eucypris sp. cf. E. clavata
(Baird), Heterocypris incongruens (Ramdohr), Ilyocypris bradyi
Sars and Limnocythere franki Bhatia.

Gypridopsis vidua (Mueller 1776)
(PL. VIII—1-5)

Remarks : This well-known cosmopolitan species was
originally described from the Recent of Europe. In the
Kashmir valley, it ranges from the Plio-Pleistocene to the
Recent.

Ontogeny : Only three instars, VI to VIII, were noted.
As compared to the adults, the general outline of these
instars is more triangular with greatest height in the
anterior half.

Ecology|Palacoecology : The species is known to inhabit
a wide variety of habitat. It is commonly found in
permanent still waters with rich aquatic vegetation, like
lakes, ponds and ditches. In the lakes, it shuns open
waters, prefering the marginal shallow zone with abund-
ant vegetation growth occurring up to depths of the order

of 70 metres with a temperature £ 20°C.
active and powerful swimmer, but prefers muddy bottoms
with rich vegetation (Baird, 1838 ; Brady and Norman,
1889 ; Sars, 1925 ; Lowndes, 1931 ; Holmess, 1937 ;
Klie, 1937, 38b ; Hoff, 1942, 43a, b ; Stephanides, 1948,
60 ; Kesling, 1951 ; Kruit, 1935 ; Patkovski, 1961 ;
Winkler, 1962 ; Staplin, 1963b, Marinov, 1964 ; Akatova
and Jarvekulg, 1965 ; and Fox, 1965b, 66b). However,
it also occurs commonly in running waters with rich
vegetation growth, like streams and canals and back
waters of the rivers where some current action persists
(Baird, 1838 ; Hoff, 1942 ; and Staplin, 1963b). Though
this species is characteristic of fresh water, it can also
survive in sub-brackish to brackish conditions (Brady
and Norman, 1889 ; Sars, 1925 ; Klie, 1938b ; Kesling,
1951 ; Kruit, 1955 ; and Marinov, 1964.

In the Kashmir valley, the species is reported from
clear fresh, slightly alkaline water of lakes with abundant
vegetation, mainly in association with candonids (Bhatia
and Singh, 1971b). The author has also found it in
small numbers in the rice fields (Singh, 1973d).

In the Pleistocene, fresh-water, lake silt deposits of
the valley, it occurs commonly in association with as-
semblages characteristic of shallow to moderate depths.

It 1a s very

Genus Potamocypris Brady, 1870

Potamocypris minuta pairiciae Bhatia, 1968
(Pl. VIII—6-9)

Remarks : This species has originally been described
from the Upper Karewas (Pleistocene) of Kashmir by
Bhatia (1968b). However, its range in the Kashmir
valley extends to the Recent.

Ontogeny : Only a vrey few specimens of a late inter-
mediate instar could be collected, which resembles with
the adult.

Ecology[Palacoecology : The species lives in lacustrine
environs with fresh, cool, slightly alkaline water and
abundant vegetation (Bhatia and Singh, 1970a, b, 71b ;
and Singh, 1973d). In the Karewas, it occurs abun-
dantly, in association with Candona lactea Baird, Gyclocypris
laevis (Mueller), Cypria ophthalmica (Jurine), Cypridopsis
vidua (Mueller), Ilyocypris bradyi Sars, and Darwinula
stevensoni (Brady and Robertson).

Potamocypris smaragdina (Vavra, 1891)
(Pl. VIII—I10-15)

This species has originally been described
1891. It ranges
to the Recent, in

Remarks :
from the Recent, Bohemia by Vavra,
from the Pleistocene (Up. Karewas)
the Kashmir valley.

Ontogeny : Only a few specimens of its late intermediate
instars could be traced. These are similar to the

adult.
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Ficology/Palacoecology : 'I'he species occurs commonly
in permanent water bodies like lakes and also in tem-
porary ponds. In lakes, the species shuns open waters
and is found abundantly in the vegetation rich shallower
marginal parts (Hofl, 1942, 43a, b and Staplin, 1963b).
However, it also lives in the streams (Hoff, 1943a and
Staplin, 1963b) and the rice fields (Moroni, 1967).

In the Pleistocene of Illinois, it is found in the shallow
lake deposits with moderatc vegetation (Staplin, 1963b).

In the Kashmir valley, the species lives in large num-
bers in foul and stagnant pond waters with rich vege-
tation growth, in association with Gypris pubera Mueller,
LEucypris sp. cf. . clavata (Baird), Helerocypris incongruens
(Ramdohr) and Potamocypris (Cyprilla) staplini  Singh
(Singh, 1973d). The Pleistocene specimens occur in
the shallow feesh water lacustrine silts of the Karewas,
with rich vegetation matter, mainly associated with
Llyocypris bradyi Sars.

Subgens Cyprilla Sars, 1924

Potamocypris (Cyprilla) arcuata (Sars, 1924)
(Pl. VIII—16-17)

Remarks : This typical Ethiopian species was originally
described as Cyprilla arcuata by Sars (1924), from the
Recent of South Africa. However, the author has pre-
ferred to assign a subgeneric status to this taxon (Singh,
1971b, 74¢). In the Kashmir valley, it occurs only in
the Pleistocene (Up. Karewas).

FEcology|Palacoecology : The species is devoid of swim-
ming power (Sars, 1924). In the Kashmir valley, it
occurs in the Pleistocene silt deposits rich in vegetation
matter, in association with Candona lactea Baird, C. marengo-
ensis Klie and Ilyocypris bradyi Sars.

Potamocypris (Cyprilla) humilis (Sars, 1924)
(Pl. VIII- 18-20)

Remarks : This species has been originally described
as Gyprilla humilis by Sars (1924) from the Recent of
South Africa. In the Kashmir vallev, it occurs only in
the Pleistocene (Up. Karewas).

Ontogeny : Only a few specimens of a late intermediate
instar were noticed in the present material. The general
outline in these is similar to that of the adult. However,
they bear small pustules and spiny nodes all over their
lateral surface, which are absent in the adults. This
feature has also been mentioned by Purasjoki (1948).

Fcology|Palaeoecology : 'This species occurs commonly
in brackish-water environment (Purasjoki, 1948 and
Hagerman, 1967). It was reported inhabiting rocky
pools on the sea shore, with profuse algal vegetation
growth, in association with Limnocythere inopinata Baird
and Cypridopsis aculeata (Lilljeborg) (Purasjoki, 1948).

In the Kashmir valley, it occurs in very small numbers
in the Pleistocene, fresh-water, lacustrine silt deposits
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rich in vegetation matter, in association with Candona
lactea Baird, C. neglecta Sars, Gyclocypris laevis (Mueller),
Cypriaopsis vidua (Mueller), Ilyocypris bradyi Sars and Iso-
cypris priomena Mueller.
Subfamily

Genus

Candoninac Daday, 1900
Candona Baird, 1845
Candona candida (Mueller, 1776)

(Pl. VIII—21-25)

Remarks : This is a well-known cosmopolitan species.
In the Kashmir valley, it is of abundant and wide spread
occurrence, ranging from the Plio-Pleistocene to the Rcent.
The males are very rare in the material. Some of the fe-
male specimens show a distinct reticulation in the posterior
half, within the shell structure, caused by a fine reticulate
chitinous integument (vide etiam Sylvester-Bradley, 1941).

Ontogeny : Four instars, V to VIII, were noted. In
general outline, they are akin to the adults. However,
the dorsal margin of the instars is less prominently raised.
In the V instar, the dorsal margin is almost parallel
to the ventral margin.

Ecology|Palaeoecology : Though this species is capable
of living in highly varied habitats, it prefers clear, fresh,
permanent, shallow water bodies with moderate vegeta-
tion. It isfound commonly in lakes, ponds, pools, ditches,
swamps, bogs, and marshes (Brady, 1910 ; Lowndes,
1931 ; Holmes, 1937 ; Klie, 1938b ; Coope et al., 1962 ;
Winkler, 1962 ; Staplin, 1963a ; Akatova and Jirvekiilg,
1965 ; and Fox, 1965b, 66a) ; in springs and streams
(Brady, 1910 and Klie, 1938b) ; and in the rice fields
(Fox, 1965a). According to Klie, (1938b), Jarvekulg
(1961) and Staplin (1963a), it can also live in slightly
brackish waters. It can tolerate a wide temperature
variation ranging from arctic to subtropical (Winkler,
1962), and a depth variation from less than | metre to as
much as 29.5 metres (Akatova and Jarvekulg, 1965).

In the Pleistocene of Illinois, it occurs in the fresh-
water lacustrine deposits of shallow depths with moderate
vegetation (Staplin, 1963a).

In the Kashmir valley, the species was found living
in large numbers in lakes with clear, fresh, cool and
slightly alkaline water with rich vegetation and also in
the flowing channel waters (Bhatia and Singh, 1970a-c,
71b, and Singh 1973d). A single specimen was also
collected fromi the stagnant waters of a small rocky pond
(Singh, 1973d). The Pleistocene specimeiis occur in large
numbers in the fresh-water lacustrine silts of the Karewas
in a varied association of other species.

Candona compressa (Koch, 1838)
(Pl. VIII--26-28)

Remarks : This typical Holarctic species was originally
described from Germany by Koch (1838). In the Kashmir
valley it ranges from the Plio-Pleistocene to the Recent: -
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Ontogeny : Since only two instars were recognised, not
much can be said about the ontogeny. However, in
general outline, they are all similar to the adult.

Ecology/Palaecoecology : The :pecies lives in the
sweet, fresh, permanent waters of lakes prefering sandy
bottoms ; occasionally it is also found in the sublittoral
parts. It can also live in slightly brackish environment
(Klie, 1938b ; Wagner, 1957).

In the Kashmir valley, the species was found only in
lacustrine environment (Bhatia and Singh, 1970b, 71b).
In the Pleistocene lacustrine silts, it occurs abundantly
in association with Candona marengoensis Klie, Cypridopsis
aculeata (Lilljeborg), and Ilyocypris brady: Sars.

Candona fabaeformis (Fischer, 1854)
(Pl. IX—1-5)

Remarks : This typical Holarctic species has been ori-
ginally described as Gypris fabaeformis by Fischer (1854).
It occurs in the Plio-Pleistocene of the Kashmir valley,
being common to both the Lower and the Upper Karewas.
Although the males of the species having a different
outline than the females are known (vide Brady and
Norman, 1889 ; Mueller, 1900 ; and Klie, 1938b), all
the specimens in the author’s collection are females.

Ontogeny : Only four instars, V to VIII, were notice-
able in the material. This general outline is similar to
that of the adult, except for the dorsal margin which is
more straight and parallel to the ventral.

Ecology|Palaeoecoloy : The species is known to inhabit
shallow waters, being common in muddy pools, ditches,
marshes, swamps and in the shallower marginal parts
of the lakes (Lowndes, 1931 ; Klie, 1933a, 38b ; and
Stephanides, 1948). It can also live in brackish waters
(Jarvekiilg, 1961), and in the rice fields (Moroni, 1967).

In the Kashmir valley, it occurs in the Pleistocene,
fresh-water, lacustrine silts of the Karewas containing
abundant molluscan fauna and vegetation matter, in
association with Candona lactza Baird, C. canaida (Mueller),
C. marengoensis Klie, Ilyocypris bradyi Sars and 1. gibba
(Ramdohr).

Candona sp. cf. C. havanaensis Staplin, 1963
(Pl. IX—6-7)

Remarks : Except for the slight differences in lateral
outline, the species is close to the female of Candona
havanaensis Staplin ( fide Dr. F.L. Staplin, personal commu-
nication). It is of a very restricted cccurrence in the
Kashmir valley being found only in the Pleistocene (Up.
Karewas).

Palaeoecology : The species was originally described
from the permanent, cool, alkaline, lake deposits of
Illinois, U.S.A. (Staplin, 1963a). In the Kashmir valley,
it occurs in the Pleistocene fresh-water lacustrine silts,
in association with large numbers of Candona lactea Baird,
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C. marengoensis Klie, C. neglecta Savs, Ilyocypris bradyi Sars
and small numbers of Darwinula stevensoni (Brady and
Robertson) and Cytherissa lacustris (Sars).

Candona lactea Baird, 1850
(PL. 1X—8-10)

Remarks : This species, originally described by Baird
(1850) from England, is characterised by its subreniform
or been-shaped lateral outline. The species secems very
close to the juveniles of Candona candida (Mueller) of
similar size range ; it can, however, be distinguished
by its cvenly rounded anterior and posterior margins.
It 1s of abundant and wide-spread occurrence in the
Kashmir valley, ranging from the Plio-Pleistocene to the
Recent.

Ontogeny : Only two instars, VII and VIII, were
recognised. In gencral outline they are similar to the
adult. In the absence of the remaining instars, nothing

further can be said about the ontogeny of this species.

Ecology|Palaeoecology : Candona lactea Baird is in general
a cold-hardy species (Staplin, 1963a). Though it is a
fresh-water species, it is also reported from polyhaline
waters (McKenzie, 1964).

In the Kashmir valley, it has been reported living in
the fresh, clear, alkaline waters of the lakes (Bhatia and
Singh, 1970a-c, 71b and Singh, 1973d). It is of a wide-
spread occurrence in the Pleistocene, fresh-water, lacu-
strine silts of the valley, in a varied association of other
ostracode species.

Candona marengoensis Klie, 1931
(Pl. IX—11-15)

Remarks : This Nearctic species originally described
by Klie (1931) from U.S.A. can be easily identified by
its characteristic subquadrate lateral outline, pitted,
reticulate surface and narrow to moderately wide inner
lamella. The species shows closeness to Candona rostrata
Brady and Norman (1889), but differs from it by its smaller
size and slightly different lateral and dorsal outlines. It
is of a wide-spread occurrence in the Kashmir valley,
ranging from the Plio-Pleistocene to the Recent.

Ontogeny : Only four instars, V to VIII, were noted.
Their outline is similar to that of the adults, except for the
dorsal margin which is straight and horizontal.

Ecology[Palaeoecology : Although the species can tole-
rate a wide range of environments, it is characteristic of
shallow depths in permanent still waters with moderate
vegetation (Staplin, 1963a). In the Kashmir valley, the
species was reported, though in small numbers, from
the clear, fresh, cool, alkaline lake waters with rich vege-
tation growth, occurring in association with large numbers
of Candona canaida (Mueller), C. lactea Baird, C. neglecta
Sars and Cypridopsis vidua (Mueller) (Bhatia and Singh
1970b, 71b). The Pleistocene specimens occur in the
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fresh-water, lacustrine silts of the Karewas with rich
vegetation matter.

Candona neglecta Sars, 1887
(Pl. IX—16-20; Pl. X—1-2)

Remarks : This is a well-known Palaearctic species.
It occurs abundantly in the Kashmir valley, ranging from
the Plio-Pleistocenc to the Recent.

Ontogeny : Four instars, V to VIII, were recognised.
In general outline, the instars VII and VIII are akin to
the adults and even the males and females can be easily
distinguished. Some female specimens of the VIII instar
show a distinct reticulate pattern in the anterior, posterior
and ventral parts. The V and VI instars are reniform
or bean shaped with anterior and posterior margins more
or less equally rounded.

Ecology[Palacoecology : The species is found in varying
habitats being common in shallow parts of lakes, muddy
ponds, pools, ditches and spring waters (Lowndes, 1931 ;
Holmes, 1937 ; Stephanides, 1948 ; Akatova and Jarve-
kulg, 1965 ; I'ox, 1965b ; and Hagerman, 1967). Though
it is a fresh-water species, it also extends into slightly
brackish waters (Klie, 19381 ; Elofson, 1943 ; Marinov,
1964) and even polyhaline waters (McKenzie, 1964).

In the Kashmir valley, the species was found to be
living in the clear, cool, fresh alkaline lake waters with
abundant vegetation, mainly in association with other
candonids (Bhatia and Singh 1970a-c, 71b and Singh,
1973d). 1In addition, it is also observed to be inhabiting
abundantly the flowing clear, cold, spring water and the
rice fields ; and scarcely a permanent stagnant rocky pond
(Singh, 1973d). The Pleistocene specimens occur in
varying associations, indicating diverse habitats.

Candona sn. cf. C. pearlensis Staplin, 1963
(Pl. X—3)

Remarks : The specimens in the present material
are close to the females of Candona pearlensis Staplin,
originally described from the Pleistocene of U.S.A. It
is found to occur only in the Pleistocene (Up. Karewas)
of the Kashmir valley.

Palacoecology : The species is inferred to inhabit per-
manent lakes with alkaline waters and moderate vege-
tation (Staplin, 1963a). In the Pleistocene, lacustrine,
fresh-water silts of the Karewas, it occurs in association
with Candona lactea Baird and Candona neglecta Sars.

Candona rawsoni Tressler, 1957
(Pl. X—4-5)

Remaiks : This is a typical Holarctic species. Though
the female left valve is very characteristic because of the
posterior truncation, the right valve, however, is close
to the female of Candona candida (Mueller), from which,
liowever, it can be distinguished by its slightly different
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lateral and dorsal outlines. A distinct dimorphism in
the species is known (Delorme, 1968), however, only
females were found in the author’s collections. Regarding
distribution in the Kashmir valley, the species is of a
restricted occurrence, found only in the Pleistocene (Up.
Karewas).

Ecology|Palaeoecology : The species occurs in Jakes with
fresh, alkaline, cold waters, commonly at depths varying
from 11 to 37 metres (Tressler, 1957 ; Staplin, 1963a ;
and Delorme, 1967). The species also lives in permanent
and temporary mountainous ponds, at depths of the
order of 5 feet, with T.D.S. varying from 165 to 6805 ppm;
in the bigger lakes it may occur at depths as high as 104
metres (Delorme, 1969). It can also survive a torpid
state (Delorme and Donald, 1969). In the Pleistocene
of U.S.A., it occurs in abundance in the terrace silts, lake
silts and clays and in deposits formed by ice damming,
in association with cold water species. In the Pleistocene
deposits of Canada, it occurs below the Gytherissa lacustris
zone (Delorme, 1968).

In the Pleistocene, fresh-water lacustrine silts of the
Karewas, it occurs in association with Candona lactea
Baird, C. neglecta Sars, Herpetocypris reptans (Baird) ,and
Ilyocypris bradyi Sars.

Candona sp. cf. C. stammeri Klie, 1938
(Pl. X—6)

Remarks : This species is comparable with Candona
stammeri Klie, originally described from the Recent of
Italy ; however, differing by its slightly larger size. In
the Kashmir valley, the species occurs only in the Pleisto-
cene (Up. Karewas).

Ecology|Palaeoecology : Very little is known about the
ecology/Palacoecology of this species, since it is of a very
limited distribution. It was originally described from
the subterranean water bodies like caves and wells with
slightly brackish-waters (Klie, 1938a). It occurs, though
very scarcely, in the fresh-water lacustrine silts of the
Upper Karewas of the Kashmir valley, in association with
moderate to deep water assemblage comprising Candona
candida (Mueller), C. compressa (Koch), C. lactea (Baird),
C. marengoensis (Klie), C. neglecta Sars, Cypridopsis vidua
(Mueller), Darwinula stevensoni (Brady and Robertson),
Ilyocypris  bradyi Sars, I. shawneetownensis Staplin and
Potamocypris minuta patriciae Bhatia.

Genus Candonopsis Vavra, 1891
Candonopsis kingsleii (Brady and Robertson, 1870)
(PL. X—7-10)
Remarks : This species, the genotype for the genus,
was originally described from the Recent, England. It
is a well-known Palaearctic species. In the Kashmir

valley, it ranges from the Pleistocene (Up. Karewas)
to the Recent.
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Ontogeny : Three instars, VI to VIII, were recognised
in the present material. The VIII instar is akin to the
adult in general outline and inner features. However,
the VI and VII instars are more reniform or bean-
shaped with inner lamella curved anteriorly, instead
of being partly straight as in the VIII instar and the
adult.

Ecology|Palacoecology : This species is commonly found
in permanent, small, fresh-water bodies and lakes with
tich vegetation, in the weedy margin of shallow, boggy
ponds and marshes (Lowndes, 1931 ; Klie, 1938b ;
Stephanides, 1948 ; and Fox, 1965b, 66b). It also occurs
in brackish waters (Marinov, 1964).

In Kashmir valley, it was found in deecp water
Manasbal lake, in association with large numbers of
Candona candida (Mueller), C. lactea Baird and Cypridopsis
vidua (Mueller) (Bhatia and Singh, 1971b and Singh
(1973d).

The Pleistocene specimens occur in fresh-water lake
silts of the Karewas, in association with Candona candida
(Mueller), C. lactea Baird, C. neglecta Sars, Ilyocypris bradyi
Sars and Darwinula stevensoni (Brady and Robertson).

Family Cyclocyprididae Kaufmann, 1900
Genus Cyclocypris Brady and Norman, 1889

Cyclogypris laevis (Mueller, 1785)
(Pl. X-—11-12)

Remarks : This typical Holarctic species is similar to
Cyclogypris laevis (Mueller) in all respects but for the
presence of a reversed overlap. In the present material,
right valve is the larger valve whereas normally the left
valve is larger (Wagner, 1957 and Staplin, 1963h). It
is another example of reversal of overlap within the same
species. In the Kashmir valley the species ranges from
the Plio-Pleistocene to the Recent.

Ecology|Palacoecology : This species, an active swimmer,
i1s capable of living in a varied habitat. It is found
commonly in shallow weedy ponds, pools and also lakes
(Lewndes, 1931 ; Holmes, 1937 ; Staplin, 1963b ; and
Hagerman, 1967). It can stand even freezing tempera-
tures (Korschelt, 1914 in Kesling, 1951). Though it
is commonly a fresh-water species, it can also live in
brackish-waters of low salinity (Klie, 1938Db ; Jarvekulg,
1961 ; Staplin, 1963b and Hagerman, 1967).

In the Kashmir valley, it occurs in the shallow, fresh,
slightly alkaline, lake and channcl waters with rich
vegetation (Bhatia and Singh (1970a-c, 71b). However,
it also occurs in small numbers in flowing, cold, fresh
spring water with abundant vegetation, in assocliation
with large numbers of Candona neglecta Sars and Para-
stenocypris delormei Singh (Singh, 1973d).

The Pleistocene specimens occur in the silty lake
deposits of the Karewas, in association with Candona lactea
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Baird, C. neglecta Sars, Cypridopsis vidua (Mueller), Cypria
ophthalmica (Jurine) and Ilyocypris bradyi Sars.

Gyclocypris ovum (Jurine, 1820)
(Pl. X—13)

Remarks : This Holarctic species is close to Cyclocypris
laevis (Mueller) ; however, differing from it by iis shorter
height and a more ovate lateral outline. In the
Kashmir valley, it occurs orly in the Pleistocene (Up.
Karewas).

Fcology|Palaeoecology : The species can tolerate a varied
habitat exeept for very deep or acidic waters. It com-
monly lives in ponds, and Jakes with rich vegetation and
marshes (Furtes, 1933 ; Stephanides, 1948 ; Straub,
1952 ; and Akatova and Jirvekiilg, 1965). Tt is also
found occasionally living in cold streams (I'urtos, 1933).
Besides fresh waters it also occurs in Dbrackish waters
(Straub, 1952).

In the fresh-water lake silts of the Karewas, 1t occurs
in small numbers in association with Candona lactea Baird,
C. neglecta Sars, Ilyocypris bradyi Sars and Darwinula ste-
vensoni (Brady and Robertson).

Genus Cvpria Zenker, 1854

Cypria ophthalmica (Jurine, 1820)
(Pl. X—14-20)

Remarks : This is a cosmopolitan species, originally
described from the Central Europe. In the Kashmir
valley, it ranges from the Pleistocene (Up. Karewas) to
the Recent.

Ontogeny : Only three instars, VI to VIII, could be
recognised in the present material. In general outline,
they are similar to the adult, except for the greatest height
being more distinctly in the anterior half.

Ecology|Palaeoecology : This species s a fast swimmer and
lives in a highly varied environment. It is of common
occurrence in still; shallow waters of pools, ponds, ditches,
wells, lakes, bogs, swamps and marshes (Baird, 1838 ;
Brady and Norman, 1889 ; Lowndes. 1931 : Holmes,
1937 ; Klie, 1938h ; Wagner, 1957 ; Dobbin, 1941 ;
Hofl, 1942 ; Stephanides, 1948 ; Straub, 1952; and Fox,
1965b, 66b). Besides the fresh waters, the species is also
very conimon in mild to oligohaline waters (Brady and
Norman, 1889 ; Hagerman, 1967 ; Klic, 1938 ; Straub.
1952 and Wagner, 1957).

In the Kashmir valley, the species was [ound in small
numbers in fresh-water lakes, at depths ranging up to
25 feet (Bhatia and Singh, 1971b and Singh, 1973d) and
also in the ccld.fresh, spring water, where only a single
specimen of a juvenile could be collected (Singh, 1973d).

The Pleistocene specimens occur in the fresh-water
lacustrine, silts of the Karewas, in large numbers, mainly

in association with Candona lactea Baird, (. neglecta Sars,
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Cyclocypris  laevis (Mueller), Cypridopsis vidua (Mueller)

and Ilyocypris bradyi Sars.

Famuly Ilyocyprididac Kaufmann, 1900
Subfamily Ilyocypridinae Kaufmann, 1900,
Genus Ilyocypris Brady and Norman, 1889

Hyocypres Braay: Sars, 1890
(Pl. XT -1-8)

Remarks : This species has originally been described

by Sars (1890, [rom Norway. It shows considerable

variation in ils surface ornamentation {intensity of pitting),

and in the number and location of pustules. Tt is interest-
ing to ncte that a number of specimens [rom the -ame
sample, from the Karcewas, show nodes of varving in-
tensity. These specimens show a  gradation iowards
Ilyocypris  gibba  (Ramdohri. This indicates that the
two species, viz., Hyocypris hradyi Sarvs and I. gibba (Ram-
dohr) may be conspecific. 'The species ranges [rom the
Pleistocene (Up. Karewas) to the Recent in the Kashmir
valley.

Onlogeny : Six instars, 111 to VIII, were recognised
The general outline ol these
instars is same as in (he adults.  In the ITT -V instars,
ventral margin is gently convex and the anterior margin
much broader than the posterior ; also the number of
The shell surface in
these early intermediate instars and also in the highly
matured adults is faintly pitted,

Ecology|Palaeoecology : ‘T'his species, incapable ol swim-
temporary  and  permanent

in the material at hand.

marginal pustules is very lew.

ming, 1is characteristic of
running waters with rich vegetation (Holmes, 1937 ;
Hofl, 1942 ; Pctkovski, 1958 and Staplin, 1963h). How-
ever, it also commonly occurs in shallow water bodies
like pools, ponds, ditches, springs, marshes and  less
commonly in lakes (Gurney. 1920 Holimes, 1937 ; Hof,
1942 ;  Stephanides, 1948 ; Petkovski, 1958 : Coope
et al. 1962 ; Staplin, 1963b and Tox, 1967).
the above given habitats, it ix also found inhabiting the
rice fields (Mcroni, 1967;. 'Though it is a [resh-water
species, it also occurs in brackish waters (Marinov, 1964).

BBasides

It is a very common associate ol Jlyocypris gibba (Ramdohr
and Heterocypris incongruens (Ramdolr).

Staplin (1963h) reports the occurrence ol the species
in the Pleistocene, slack-water deposits where current
action 1s indicated.

In the Kashmir valley, the species was found in very
large numbers in the rice fields in association with large
numbers ol [Helerocypris incongruens (Ramdohr) and rave
in the sluggishly flowing cold spring waters (Singh,
1973d).

The Pleistocene specimens occur widely in the fresh-

water, lake deposits of the Karewas ol the  valley.
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occurring frequently in association with Ilyocypris gibba

(Ramdohr).
Ilyvocypris gibba (Ramdohr 1808)
(Pl. X1—9-14)
Remarks : This species, genotype for the genus, was

originallv described by Ramdohr (1808) from Iurope.
I'xcept for the presence of two distinct nodes on the
lateral surface. the species, in all other respects, is similar
to Ilyocvpris bradyi Sars. It ranges from the Plio-
Pleistocene to the Recent in the Kashmir valley.

In all, five instars, IV to VIII, were re-
cognised in the present material. In general outline
these arce akin to the adult. Howcever, in the IV and
V instars, the anterior is much broader than the posterior
In the IV—VI
The number

Onlogen; :

and the dorsal margin more straight.
instars, the shell surface is faintly pitted.
of spines is fewer in the early intermediate instars, in-
creasing gralually in the later ones.
Iicology/Palaeoecology : The species s
ol temporary and permanent running waters with suffi-
cient current action (Hoff, 1942 ; Staplin, 1963b). How-
ever, it also inhabits shallow water bodies like rain water
pools, permanent ponds, ditches with muddy bottoms
and lakes (Holmes, 1937 ; Klic, 1938b; Hoff. 1942 ;
Stephanides, 1948, 60 ; Straub, 1952 ; Pctkovski, 1958,
61 ; Coope el al., 1962 ; Staplin, 1963D ; and Fox, 1966b).
The species has also been reported frem the rice fields
(Fox, 1965a, 66b and Moroni, 1967). Though it is a
[resh water species, it also extends into mildly Dbrackish
(Klie, 1938h, I'ox, 1967) and at times even in polyhaline
walters (McKenzie, 1964). The species commonly lives
at temperatures varving [rom 3°C to 25°C, but can also
(—107C o 43°C)

lives in association

characteristic

survive extremes  of
(Margalef, 1947). It
with yocypris bradyi and Helerocypris incongruens (Ramdohr)
(Holmes, 1937 ard Hofl, 1942).

In the Pleistocene. fresh-water lake
Kashmir valley, it commonly occurs in small numbers.
Wherever abundant, it occurs in association with large
numbers ol Candona lactea Baivd. C. neglecta Sars, Ilyocypris
bradyi Sav-, and small nmmbers of Darwinula stevensoni
Robertson) and  Cvtherissa  lacusiris {Sars).

temperatures
commonly

deposits of the

{Bracdy and
[yacypris shawneetownensis Staplin, 1963
(Pl. XTI -15-21)

Remarks : "T'his species, originallv described by Staplin
(1963b} [rom the Pleistocene of Illinois, U.S. AL, is a very
characteristic one because of its typical surface features.
Kempl (1967 described a similar species, [lyocypris steegeri
Kempf, from the Holocene-Interglacials of Tonisherg,
Germany, which 1s here considered o be conspecific
with' Hyocvpris shawneetownensis Staplin (nide etiam Kempl,
1967, p. 133).

The species  {lyocypris  shawnee loienensis



576

Staplin ranges from the Pleistocene (Up. Karewas) to
the Recent, in the Kashmir valley.

Ontogeny : In all, five instars, III, V to VIII, were
noticeable in the material. These, in gencral outline,
are similar to the adults. The postero-dorsal lobe in
the III and V to VII instars, bears a small node which
is absent in the adult. 'The number of spines in the carly
intermediate instars is fewer. gradually increasing in the
later ones.

Iscology|Palaeoecology : Staplin (1963b; opined that the
species is characteristic of slack-water deposits, perhaps
in an environment of a sluggish, weedy tributary bounded
at frequent intervals.

In the Kashmir valley, Bhatia and Singh (1971D)
reported this species from the Dal lake, with fresh, shallow,
slightly alkaline waters and abundant vegetation growth.
The presence of this species in the northern part of this
lake is attributed to the presence of a small sluggish tri-
butary flowing into the lake from the north.

In the Karewa silts, the species was found to be occur-
ring in association with large numbers of Candona candida
(Mueller), C. lactea Baird. C. neglecta Sars, Cytherissa
lacustris (Sars), and Ilyocypris bradyi Sars. which probably
arc indicative of shallow to moderately deep lacustrine
environment with current action.

Superfamily Darwinulacea Brady and Nerman, 1889
Iranuly Darwinulidae Brady and Norman, 1889
Genits Darwinula Brady and Robertson, 1885

Darwinnla stevenson: (Brady and Robertson, 1870)
(Pl. XI- 22-25

Remarks : 'T'his cosmopolitan specics, genotype for
the genus. has originally been described from the Recent
of the British Isls. Theough dimorphisim in this species
is known (zide Brady and Robertson. 1870 ; Brady and
Norman, 1889 ; and Turncr, 1895), there is no evidence
of it in the material at hand, all the specimens being
apparently females. In the Kashmir valley, the snecies
ranges from the Plio-Pleistocene to the Recent.
Ontogeny : Onrly three instars, VI to VIIT, could be
noticed, which in general outline are similar to the adult.
Since the other intermediate instars could not be collected,
much can not be said about its ontogeny.
Iscology|Palaeoecology : The specics is known to inhabit
varying habitats. Though it is chiefly found in large
permanent lakes at depths 410 metres, it also occurs in
the shallow permanent water pools ; being incapable
to swim. it crawls on the muddy and sandy bottom sedi-
ment- with rich vegetation matter (Bradv and Robertson.
1870 ; Brady and Nevman. 1869 5 Turner. 1895 1 Sars,
1925 ; Lowndes. 1931 ; Klie, 1933a, 38b ; Holmes, 1937 :
Hofl. 1942 : Straub, 1952 ; [Jirvekiilg, 1939 1 Petkovski,
1961 ; 19650, 66h.  Although Hofl™ (1912)

and  Ifox.

DEVINDER SINGH

states that it is a characteristic species of still waters with
absolutely no current action, there are, however, reports
of the species from rivers, streams and canals (Brady and
Norman, 1889 ; Straub, 1952 ; and Bold, 1958). Be-
sides being found in sweet fresh-waters, it is also capable
of living in brackish (Obligo to mesohaline) waters (Sars,
1925; Marinov, 1964 ; and Hagerman, 1967). According
to Delorme (1964) the species can tolerate total dis-
solved solids up to a maximum of 175 ppm.

Regarding its palaeoccology, the species has been
reported from the brackish-water molasse (Post-Tertiary)
Staplin (1963b), reporting the species from
the Pleistocene, lacustrine deposits of Illinois, U.S.A.,
remarks about its presence in large lake and shallow
water deposits, commonly associated with Candona swaini
(= Candona rawsoni Tressler), Cytherissa lacustris (Sars
and several species of Limnocythere Brady.

In the Recent of Kashmir valley, the species is ex-
ceedingly rarc in the deep-water Manasbal lake (vide
Bhatia and Singh, 1971b).

The Pleistocene specimens occur in the fresh-water,
lacustrine silts of the Karewas, with abundant vegetation
matter, associated with Candona lactea Baird, C. neglecta
Sars, Cytherissa lacustris (Sars) and Limnocythere franki
Bhatia.

of Germany.

Superfamily Cytheracea Baird, 1850
Lramily Cytherideidae Sars, 1925
Subfamily Neocytherideidinae Puri, 1957
Genus Cytherissa Sars, 1925

Cytherissa lacustris (Sars, 1863)
(Pl. XI--26-29)

Remarks : Only juveniles of this typical Holarctic
spectes, originally described from the Recent of Norway,
by Sars (1863), could be collected. The largest specimens
in the author’s collection, measuring in length from 0.70
to 0.78 mum., are the higher juveniles and typical of the
species (fide Dr. L. D. Delorme, personal communica-
tion). The adults measure as much as 0.89 to 0.94 mm. in
length ( fide Staplin, 1963b, and Delorme, 1968). The
presence of nodes of varying size and number, is a pheno-
tvpic character, which is controlled by the variations,
in temperature (vide Sylvester-Bradley, 1965, in Shotton
and Osborne).  In the Kashmir valley, the species occurs
in the Plio-Pleistocene, being common to both the Lower
and the Upper Karewas.

Onlogeny : Only four instars, V to VIII, were recognised
in the present material, which in general outline are akin
to the adult.  In the instars V to VII, besides the pro-
minent nodes on cither side of the dorsal sulcus, a number
ol additional nodes and lobes of varving sizes are also

developed.,
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Ecology|Palacoecology : Cytherissa lacustris (Sars) is genc-
rally characteristic of large and deep fresh-water lakes,
though it may also sometimes be found in the shallow
littoral zones (Klie, 1938b ; Staplin, 1963b ; Akatova and
Jirvekiilg, 1965 ; and Sylvester-Bradley, 1965 in Shotton
and Osbornc). However, therc are also records of this
species from canal waters (Brady, 1868). Besides fresh-
water, the species can also live in lakes of low salinity
(Delorme, 1969). In the lakes of U.S.S.R., it has been
reported living even at depths as low as 2.8 metres and
as much as 105 metres (Akatova and Jirvekiilg, 1935).

In the Pleistocene deposits of the Lake Michigan
Basin, U.S.A., it occurs in association with Candona rawson:
Tressler, C. sp. cf. C. lactea Baird, and Limnocythere friabilis
Benson and MacDonald (Staplin, 1963b).

In the Pleistocene of the Kashmir valley, it occurs in
the fresh-water lake silts of the Karewas in association
with Candona lactea Baird, C. neglecta Sars, Darwinula
stevensoni  (Brady and Robertson) and Ilyocypris brady:
Sars.

Limnocytheridae Klie, 1938
Limnocythere Brady, 1868

Famuly

Genus

Limnocythere blankenbergensis Diebel, 1968
(Pl XII—1-3)

Remarks : This species has, originally, been described
from the Pleistocene of Germany, by Dicbel (1968). In
the Kashmir valley also, it occurs only in the Pleistocenc
(Up. Karewas).

Ontogeny : Since only two late intermediate instars
were noticeable in the material, much about the onto-
geny can not be said. Their general outline is similar
to that of the adult, but for the slightly sinuate dorsal
margin. Moreover, the earlier instar shows the deve-
lopment of a prominent postcro-median curved lobc
extending into the ventromedian and mid-ventral areas.
These instars also lack the reticulate pitting present in
the adult.

Palaeoecology : The species occurs in the Pleistocene,
fresh-water, lacustrine silts of the Karewas, in association
with species of shallower depths, mainly Candona candida
(Mueller), C. lactea Baird, C. neglecta Sars, Ilyocypris bradyi
Sars and Limnocythere franki Bhatia.

Limnocythere franki Bhatia, 1968
(Pl. XII—4-11)

Remarks : This distinctive species was originally des-
cribed from the Upper Karewas by Bhatia (1968b). There
is no doubt that specimens figured as Limnocythere sp. by
Bhatia (1968b), are the males of this species. Besides
the specimens with a distinct, large hollow postero-ventral
spine, those with smooth surface are also noticed in the

present material. The species occurs in the Plio-Pleisto-
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cene of the Kashmir valley, being common to both the
Lower as well as the Upper Karcwas.

Ontogeny : Tour instars, V to VIII, were recognised
in the material. In general outline, the instars VII to
VIII are akin to the adult and the males and females
are distinguishable. However, in the V to VI instars,
it is difficult to determine dimorphism.

Palaeoecology : The species occurs widely in the Pleisto-
cene, fresh-watcr lake silts with abundant vegetation mat-
ter, in association with species of shallow to moderate
depths, mainly Candona Baird, €. neglecta Sars,
Cypridopsis vidua (Mueller), Darwinula stevensoni (Brady and
Robertson), Ilyocypris bradyi Sars and  fsocypris priomena
Mueller.

lactea
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EXPLANATION TO PLATES 1-12

Prate 1
(All figures X 60)

1—11 Cypris pubera Mueller. 1—adult R.V., int. view ; 2—Juvenile R.V., ext. view ; 3—juvenile L.V., ext. view ; 4—juvenile R.V.,,
ext. view ; 5—juvenile R.V., ext. view ; 6—juvenile L.V, ext. view ; 7—juvenile L.V., ext. view ; 8—juvenile R.V., ext. view ;
9—juvenile R.V., ext. view ; 10—juvenile L.V., ext. view ; 11—juvenile R.V., ext. view.

Prate II
All figures x 60)

1-8 Cypris subglobosa Sowerby. 1—adult L.V., int. view ; 2—adult R.V., int. view ;3—juvenile L.V., ext. view ; 4—juvenile R.V., ext.
view ; 5—juvenile R.V., ext. view ; 6—juvenile L.V., ext. view ; 7—juvenile L.V., ext. view ; 8——juvenile L.V., ext. view.

9-12 Dolerocypris sp. of D. fasciata (Mueller). 9—adult R.V. (broken), ext. view ; 10-11—juvenile R.V., 10—ext. view, 11—int. view:
12—juvenile R.V., ext. view.

Prate III
(All figures X60)
1—3 Euzypris sp. cf. E. clavata (Baird). 1—adult R.V., int. view ; 2—juvenile R.V., int. view ; 3—juvenile, R.V., int. view
Prate IV
(All figures X 60)

1—5 Eucypris sp. cf. E. clavata (Baird). 1—juvenile R.V.,int.view ; 2—juvenile R.V.,int. view ; 3—juvenile R.\"., int. view ;4— juve-
nile, R.V., int. view ; 5—juvenile R.V., int. view,

6 Eucypris sp. cf. E. moguntiensis Triebel —adult L.V., int. view. ‘

7—14 Eucypris zenkeri (Chyzer and Toth). 7—adult L.V., int. view ; 8—juvenile R.V., int. view ; 9—juvenile L.V., int. view ; 10—
juvenile L.V., int. view ; 11—juvenile R.V., int. view ; 12—juvenile, L.V., int. view ; 13—juvenile L.V, int. view ; 14—juvenile
L.V., int. view.

PraTE V
(All figures X 60)

1—1% Herpetocypris reptans (Baird). 1—adultL.V.,int. view ; 2—juvenile R.V., int. ¥iew ; 3—juvenile R.V., int.view ; 4—juvenile L.V,
int. view.

Prate VI
(Allfigures X 60)

1—¢% Herpetocypris reptans (Baird). l—juvenile R.V., int. view ; 2-—juvenile L.V, int. view ; 3—juvenile R.V., int. view ; 4—juvenile
L.V., int. view.

5—13 Heterocypris incongruens (Ramdohr). 5—adult L.V., int. view ; 6—adult R.V., int. view ; 7—juvenile R.V., ext. view ; 8—juvenile
R.V., ext. view ; 9—juvenile R.V., ext. view ; 10—juvenile L.V., ext. view ; 11—juvenile R.V., ext. view ; 12—juvenile R.V.,
ext. view ; 13—juvenile R.V., ext. view.

PraTe VII
All figures X 60

1—-5 Isocypris priomenaMueller. 1—juvenile LV.,int.view;—juvenile R.V.,int.view; 3—juvenile L.V., int. view ;4—juvenile R.V.,
int. view ;5—juvenile L.V., int. view.

6—9 Stenocypris major (Baird). 6—juvenile L.V., int. view ; 7—juvenile L.V., int. view ; 8—juvenile R.V., int. view ; 9—juvenile R.V.
int. view. )

10 KLonocypris costata (Vavra). adult R.V., ext. view.

11—16 Gypridopsis aculeata (Lilljeborg). 11—adult L.V., int. view ; 12—adult R.V., int. view ; 13—juvenile L.V., int. view ; 14—juvenile

R.V., int. view ; 15—juvenile L.V, int. view ; 16—juvenile R.V., int. view.
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PraTe VIII
(All figures x60)

Cypridopsis vidua (Mueller). 1—adult L.V.,ext.view;2—juvenile L.V.,ext.view ; 3—juvenile R.V., ext. view j;4—juvenile L.V.,
ext view ; 5—juvenile L.V., ext. view.

Potamocypris minuta patriciae Bhatia. 6—adult L. V., int. view ; 7—adult R.V., int. view ; 8—juvenile L.V., ext. view ; 9—juvenile
R.V., ext. view.

Potamocypris smaragdina (Vavra)., 10—adultR.V.,int.view ; 11—adult L.V.,int. view ; 12—juvenile L.V.,int. view ; 13—juvenile
L.V., int. view ; 14—juvenile R.V., int view ; 15—juvenile R.V., int. view.

Potamocypris (Cyprilla) arcuata (Sars). 16—adult L.V., int. view ; 17—adult R.V., int. view.

Potamocypris (Cyprilla ) humilis (Sars). 18—adult L.V., int view ; 19-—adult R.V., int. view ; 20—juvenile L.V., ext. view.
Candona candida (Mueller). 21—adult L.V., int. view ; 22—juvenile L.V., int. view,; 23—juvenile L.V., int view ; 24—juvenile
L.V., int. view ; 25—Juvenile L.V., int. view.

Candona compressa (Koch). 26—adult R.V., int. view ; 27—juvenile R.V., int. view ; 28—JuvenileR.V., int. view.

PraTe IX
(All figures X 60)

Candona fabaeformis (Fischer). 1—adult L.V, int view ; 2—juvenile L.V, int. view ; 3—juvenile L.V., int.view ; 4—juvenile L.V.
int. view ; 5—Juvenile L.V., int. view.

Candona sp. of C. havanaensis Staplin. 6—adult L.V., int. view ; 7—adult R.V., int. view.

Candona lactea Baird. 8—adult L.V, ext. view ; 9—juvenile L.V, int. view ; 10—juvenile L.V., int view.
CandonamarengoensisKlie. 1l-adultR.V.,int.view ; 12—juvenileR.V., ext.view ; 13—juvenileR.V., ext.view ; 14—juvenileR.V.,
ext. view ; l3—juvenile L.V., ext. view.

Candona neglecta Sars. 16—adult male R.V., int. view ; 17—juvenile male L.V., int. view ; 18—juvenile female L.V., int. view ; 19—
juvenile female R.V., int. view ; 20—juvenile L.V., int. view.

PraTE X
(All figures X 60)

Candona neglecta Sars. 1-—juvenile R.V., int. view ; 2—adult female ..V, int. view.

Cantona sp. cf. C. pearlensis Staplin. adult R.V., int. view.

Candona rawsoni Tressler. 4—adult 1.V, int. view ; 5—adult R.V., int. view.

Candona sp. cf. C. Stammeri Klie. adult R.V., int. view.

Candonopsis kingsleii (Brady and Robertson). 7—adult R.V., int. view ; 8—juvenile R.V., int. view ; 9—juvenile L.V., int. view
10—juvenile L.V., int. view.

Cyclocypris lasvis (Mueller) 11—adult L.V., int. view ; 12—adult R.V., int. view.

Cyclocypris ovum (Jurine). adult R.V., int. view

Cypria ophthalmica (Jurine) 14—adult L.V., int. view ; 15—juvenile L.V., int. view ; 16—juvenile R.V., int. view ; 17—juvenile
R.V., int. view ; 18—juvenile L.V., int. view ; 19—juvenile L.V., int. view ; 20—juvenile R.V., int. view.

Prate XI
(All figures x 60)

Llyogypris bradyi Sars. 1—adult L.V., ext. view ; 2—juvenile L.V., ext. view ; 3—juvenile L.V., ext. view ; 4—juvenile L.V., ext.
view ; 5—juvenile L.V, ext. view ; 6—juvenile L.V, ext. view ; 7—juvenile L.V., ext. view ; 8—juvenile L.V., ext. view.

Ilyocypris gibba (Ramdohr). 9—adult R.V., ext. view ; 10—juvenile L.V., ext. view ; 11—juvenile R.V., ext. view ; 12—juvenile
R.V. ext. view ; 13—juvenile L.V., ext. view ; 14—juvenile L.V, ext. view ;

Ilyocypris shawneetownensis Staplin. 15—adult L.V., ext. view ; 16—juvenile R.V., ext. view ; 17—juvenile L.V., ext. view ;18—
juvenile L.V, ext. view : 19—juvenile L.V., ext. view ; 20—juvenile R.V., ext. view ; 21—juvenile L.V., ext. view.
Darwinulastevensoni (Brady and Robertson). 22—adult L.V.,int.view ; 23—juvenileL.V., ext. view ; 24—juvenileR.V.,ext. view ;
25—juvenile R.V., ext. view.

Cytherissa lacustris (Sars). 26—juvenile R.V., ext. view ; 27—juvenile L.V., ext view ; 28—juvenile R.V. ext view ; 29—juvenile
R.V., ext. view.

Prate XII
(All figures % 60)

Limnocythere blankenbergensis Diebel. 1—adultL.V., ext.view ; 2—juvenile R.V., ext. view ; 3—juvenile L.V., ext. view.
Limnocythere franki Bhatia. 4—adult male L.V, ext. view ; 5—adult female R.V., ext view ; 6—juvenile male R.V., ext. view ; 7-
Jjuvenilemale R.V., extview ; 8—juvenile female R.V., ext view ; 9—juvenile female L.V., ext. view ; 10—juvenileR.V., ext. view ;
Il—juvenile L.V., ext view.
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