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1. INTRODUCTION.,

The following paper does not presume to be a monograph or a systematir revision of the
recent and fossil Viviparidae, but is the result of my examination of extensive collections
of the family and g careful scrutiny of the literature on the subject. The work was started
in connection with my studies on the development and formation of the sculpture on the
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shells of the differsnt members of the family. On working through the literature on the
subject it was found that the question of the nomenclature of the species of this family was
greatly confused, and that no attempt had hitherto been made to classify into groups, genera
or subgenera, the species which have similar types of shells and which are evidently related
to one another. Further, no author has so far considered the relationships of the recent
and the fossil species of the family, and I have not found any account of the evolution and
distribution of the family as a whole.

While working on the distribution of the family I was greatly struck by its peculiar and
restricted distribution, and the relationships of the various members found in different parts
of the world. It was not, however, till the sketch-map illustrating the distribution of the
family was prepared at the suggestion of Professor'J. H. Ashworth, that the full significance
of the facts about the distribution of the family became clear, and it was considered of
sufficient importance to go further into details. '

The latest monograph on the recent species of the family was completed by Kobelt *
in 1909, but this work, though based on extensive collections, most of which I have also
been able to examine, and copiously illustrated, is very faulty and difficult to use. The
author devoted himself mainly to the description of the species of the Old World, but did
not consider the relationships of the forms found in different areas, and paid no attention
to the question of the distribution of the family as a whole. In the case of the Palaearctic
species he casually referred to the distribution of the recent species and their relationship
to the ancestral fossil species, but he did not deal with the subject in any detail. In the
following account the recent species are treated in accordance with the countries, rather
than the zoo-geographical regions, in which they are found. The justification for this course
will be clear from my remarks on zoo-geographical regions (pp. 157-160). Detailed literature,
lists and synonymies are not included, but references to all important works, where earlier
literature will be found, are given as foot-notes. Kobelt’s work referred to above is through-
out cited as “ Kobelt’s Monograph.”

The literature on the fossil species is very scattered and it has entailed unremitting
labour for some months to get together the works on the forms of different areas. In this.
connection I have to acknowledge the great help I received from Dr. W. Wenz of Frankfurt
a. Main, Germany, and from the staff of the Geological Department of the British Museum
(Natural History), South Kensington, London, during the time that I was working in that
institution. Cossmann’s work 2 contains a review of the various fossil genera and subgenera
and a list of the main distinguishing forms of the different strata in different areas, but the
work is far from satisfactory.

As an introductory chapter I have included some remarks about the methods of dispersal
of the members of this family, while the question of the evolution of the family and its.
relationships are discussed at the end.

In view of the excellent figures of both recent and fossil Viviparidae that have been
published in recent works by most of the authors cited in the text, I have not thought it

! Kobelt, W., Martini and Chemnitz Conch.-Cab. (n. f.), Paluding Lam.—Viripara Montf., pp. 96-430, pls, xv-lxxvii (1906-09)s-
The exact dates of publication of this work are pp. 97-128, pis. xv-xix, xxi (1906), pp. 129.200 Pls. xx, xxii-xliv (1907), pp. 201-312
pls. xlv-lvii, Ix-Ixiv (1908), pp. 313-430, pls. lviii, Ixix and Ixv-Ixviii, (1909). , ’ ’ ’

*Cossmann, M., Essais Paléoconch. Comp. X1I, pp. 176-187 (Paris, 1921),
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necessary to give many figures. A plate showing the more interesting types of the members
of this family, and also the various types of sculpture is, however, published at the end of this
paper.

The work was mainly carried outin the Zoological Department of the Edinburgh
University, and I have to record here 1ty great indebtedness to Professor J. H. Ashworth
for his kind help and valuable criticisms. I am also indebted to Dr. F. A. Bather, Keeper
of the Department of Geology of the British Museum, London, Mr. L. R. Cox in charge
of fossil, and Mr. G. C. Robson in charge of the recent Mollusca in the same institution for the
facilities given me for examining the collections under their charge. Dr. F. Haas, Frankfurt
a. Main, and Professor Dr. F. Drevermann of the Senckenberg Museum, were also kind
enough to give me all facilities for examining the very rich collections in their Museum. I
am also indebted to Dr. Bryant Walker of Detroit, Michigan, Dr. P. Bartsch of the United
States National Museum, Washington, Dr. P. Dautzenberg of Paris, Dr. L. Germain of the
Natural History Museum, Paris, Dr. L. F. de Beaufort and Dr. T. van Benthem-Jutting of the
Natural History Museum, Amsterdam, Pr. J. Thiele of the Berlin Museum, and Mr. W. A.
Lindholm of the Zoological Museum, Ledingrad, for material and ,information regarding the
collections of Viviparidae. Last, but not least, I have to acknowledge the very great
courtesy of the authorities of the Universitets Zoologiske Museum, Copenhagen, for sending
me on loan some of the type-specimens out of the collection of O. F. Miiller.

2. DISTRIBUTION.

Before discussing the distribution of the Viviparidae it is necessary to consider the
methods of dispersal of these molluscs, as without a consideration of these facts it is impossible
to understand the various factors which have determined the past and the present distri-
bution of the family.

All the members of this family, with the exception of the estuarine genus Larina A.
Adams,! are freshwater forms, and none are found in marine or brackish-water areas. They
inhabit rivers, streams, lakes, ponds, pools, marshes, etc., and are particularly abundant in
areas where the right type of succulent aquatic vegetation is common. In this connection
it is of interest to note here that though V. bengalensis (Lam.) is quite common in the rice-
fields on the islands in the reclaimed area of the Gangetic Delta, I have never found any
living individuals of the species in the brackish-water streams which run in between these
islands. This may partly be due to the absence of the right type of food in these streams,
but the main factor inhibiting the occurrence of the species in these streams is, in my opinion,
the salt in the water.

The food of these animals consists mainly of succulent aquatic plants, algae, etc., but
occasionally they become carnivorous and feed on the dead carcasses of snails, etec.”

The respiration of the Viviparidae is entirely aquatic and is carried on by means of a
ctenidium. The mantle® also in some cases has been assigned as an accessory respiratory
organ, but the entire respiration must be aquatic, and save under very exceptionl circum-
stances, and then only temporarily (see Sewell, loc. cit. p. 285), the animals are not able to
breathe oxygen directly from the atmosphere. In this connectivn reference may be made

I As is discussed further on (p. 165), the genus Larina A. Adams is doubtfully included in the Viviparidae,
2 8ee Sewell, R, B. S., Rec. Ind. Mus. XXII, p. 287 (1921).
3See Annandule, N., Rec. Ind. Mus. XX1II, p. 349 (1921) and Proc. Roy. Soc. London (B) XCVL. p. 73 (1924).
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to the structure of the respiratory organ or ctenidium. The monopectinate ctenidium or
gill consists of a large number of roughly triangu lar lamellae hanging into the branchial
chamb er from its roof somewhat to the right of the middle line. Respiration is carried on
by a more or less continuous stream of water entering the branchial chamber over a channel
formed by the right pseudoepipodial lobe. The water after washing the branchial lamel ae
passes out over the left pseudoepipodial lobe.

The Viviparidae are operculate Gastropods, and are able to withdraw themselves entirely
within their shells, the aperture of the shell being closed by a tightly fitting horny or semi-
calcareous operculum. In this condition they are able to live for short periods. The only
definite observation on the subject, so far as I can find from the literature, is that of Christy,!
who kept V. viviparus (Linn.) dry for a period of over three weeks exposed on dry ground
without in any way injuring the animals. Under exceptional conditions of drought, tem-
perature, etc., species are capable of aestivating for varying periods.? At such times they
lie deeply embedded in the semi-dried mud at the bottom of pools, lakes, etc., with the ani-
mals withdrawn into the shells, but there can be no doubt that they cannot live in this
condition for very long periods.

Low temperature probably plays an important part in the distribution of the Viviparidae
but beyond the fact that they are not found in the polar regions, there are no definite observa-
tions available as to the exact influence of this factor.

The family, as the name suggests, is viviparous, but some authors have described it as
ovo-viviparous. The uterus of the female contains embryosin various stages of develop-
ment, and whereas the oldest embryos are fully developed, those in the upper part of the
uterus are still in the very early stages of development. There are no records of any obser-
vations regarding these very young embryos being shed at the same time as the fully develop-
ed young, and their ability, or otherwise, to develop further in the open. In the case of V.
vwiparus (Linn.) that were kept in aquaria I found that normally none of the young embryos
are shed at the time of the birth of the fully-developed ones, and those that were accidentally
extruded were unable to develop further and perished. The family, therefore, appears to be
entirely viviparous. The fully developed embryos differ from the adults in size and in having
the shell ornamented with three spiral rows of minute curved chaetae on the shells. These
curved chaetae are of the nature of protective organs, and can not possibly be of any use
in the dispersal of these snails. The only observations on the numbers of the embryos
in the uterus of the different members of the family are those of Swammerdam,® Sewell,*
Annandale® and Rao.® From these observations and the large number of forms examined
by me it is clear that, in species which live in streams and other areas where the struggle
for the perpetuation of the species is very keen owing to the chances of large numbers of the
embryos being destroyed by floods and other causes, the number of embryos is very large
and the latter are consequently of small size. In the case of the essentially lacustrine species,
on the other hand, as was noted by Annandale for Taia intha, and as I can confirm for

! Christy, R. M., Zoologist (3) V, p. 181 (1881), and Kew, H. W., The Dispersal of Shells, p. 28 (London, 1893).
®See Benson, W. H., (leanings in Science, I, pp. 363-365 (1829), and IT, pp- 125, 126 (1830).

3 Swammerdam, J., The Book of Nature (English translation by T. Flloyd), pp. 76-78 (London, 1758).
“Sewell, R. B. 8., Rec. Ind. Mus. XXII, p 235 (192]).

% Annandale, N., Proc. Rny. Soc London (B) XCVI, p. 70 (1924},

® Rao, H. S., Ker. Ind. Mus. XXVIL, pp. 129-135 (1925).
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Neothauma tanganyicense (Smith) and a number of species of the sub-genus Dactylochlamys
Rao from the Philipp'nes, the number of embryos is decreased in correspondence with the
increase in size of the full-grown embryos. With this great increase in size, which involves
a correspondingly longer period of gestation, the chaetae on the embryonic shells are also
reduced or even entirely lost before the young are born.

As is well known, the Viviparids are unisexual, and for these snails to be established in
any new area after transplantation it is essential that at least two individuals of a species,
a male and a female, or in exceptional cases a gravid female must be transported at the same
time.

With reference to the question of transportation, whether active or passive, by birds
and other animals, the difficulties in the case of these snails are too great to be surmounted.
The adult shells are too big to be carried sticking to the mud on the feet of the animals and
they do not possess any special organs of attachment.® The embryonic shells are too del:cate
to withstand long journeys, and would most probably be crushed by the drying up of the
mud during transportation. Further, the difficulty in the way of transplantation of the
species, unless males and females were carried at the same time, has already been referred-to.
The extinct reptiles, as suggested by Sollas,? could not have played any important part in
the distribution of the family.

From the above it is clear that the only factor for the dispersal of this family, therefore,
is the water-channels.

In flowing streams the snails could easily be carried by the current and spread throughout
the watersheds of the rivers. Floods are probably responsible for their occurrence in areas
at present cut off from the main streams. In this way many species of the family have
become established in areas where no Viviparids were found before.

Man is also responsible for the introduction of the snails of this family in certain areas,
where the conditions are suitable, but where no members of this family were found owing to
the areas being not connected with any of the river-basins in which the family flourished.
An example of this type is the introd uction of some Japanese species in various places along
the Pacific coast of North America within recent years by the Japanese labourers who use
the snails as articles of diet.?

3. ZOO-GEOGRAPHICAL REGIONS.

Various views have been held by different authorities as to the limits to be assigned to
zoo-geographical studies, and it is necessary, therefore, to outline the plan followed in this
paper. Older authorities like Wallace, Huxley, Sclater, Sharp and others mainly considered
the present-day distribution of the various groups of the Animal Kingdom with only a casual
reference to the geological history, and from the data obtained attempted to divide the
surface of the earth into zoo-geographical regions or realms. In fact, as Ortmann' has

1See Kew, H. W., The Dispersal of Shells, p. 86 (London, 1893), who rightly concluded that the operculate snails ean not for
any length of time become attached by entrapping any part of the animals between the 8perture and the operculum.

2Sollas, W. J., The Age of the Earth, pp. 183, 184 (London, 1905).

% See for example Hannibal, H., Nautilus, XXII, p. 33 (1908) and XXV, pp. 31, 32 (1911).  Also Walker, B., Univ. Michigan,
Yiscellan. Pub. VI, p. 126. (1918).

* Qrtmaun, A. E., Proc. dmer. Phil. Soc. XLI, p 271 (1902).
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rightly remarked, “ any research in this direction is deemed incomplete that is.s 1_1(_)1: finished
by the creation or discussion of ‘regions’ ” This method resulted in the division of the
earth’s surface into a varying number of realms or regions, 21 according to Schmarda,! 6
according to Sclater? and Wallace,? 2 according to Huxley,* 7 according to Blyth,* 9 accord-
ing to Gill,® 8 according to Blanford,” 4 according to Dahl,® and various others. The re-
gions were further sub-divided into subregions or provinces, and no two authors agreed as to
their number or limits. In most of these schemes the divisions were mainly based on the
distribution of mammals and birds, but even in these cases, as pointed out above, thelze‘ was
no agreement upon a uniform scheme. In spite of Wallace’s® stout defence of his slightly
modified scheme of Sclater as being applicable to all groups it is clear that no one scheme
will serve equally for all groups. A detailed history of the subject is to be found in the works
of Wallace (loc. cit.), Blanford (loc. cit.), Gadow,!0 Lydeklker,1! Ortmann,'? the Sclaters,13
the introductory pages of Bartholomew’s At'as!4 and Dahl (loc. cit.) and it is not necessary
to go into details here.

The more recent trend of zoo-geographical studies, on the other hand, has been to work
out the present distribution of the various groups in different areas, and, so far as possible,
correlate it with the distribution of the allied forms in adjacent areas, collating it with the
geological history of the group with a view to elucidating the relationships and probable
lines of evolution and migration of the various members at different periods of the earth’s
history. This introduction of Palaeogeography into zoo-geographical studies has led to very
interesting results, and the zoo-geographical regions in these cases have been used merely
as a matter of convenience. Palaeogeography in its relation to zoo-geography has been dealt
with in detail for all groups of the Animal Kingdom by Arldt in his voluminous work,!5, and
reference may be made to it for the earlier literature.

As remarked in the introductory chapter, the distribution of the Viviparidae in the
following pages is treated according to the geographical rather than the zoo-geographical
regions. This course was found more satisfactory than proposing a new scheme for thig
family of molluscs ouly. As will be clear from the sketch-map the distribution .does not
correspond to any of the accepted schemes, nor do the relationships of the forms found in
adjacent areas justify the division into regions of the types hitherto accepted.

Except for the maps in the Atlas of Bartholomew referred to already, no maps of the
distribution of the various families of aquatic gastropods are available. The authors in this

1 Schmarda, K., Die geographische Verbreitung der Thiere. (Wien, 1853).

2 Sclater, P. L., Journ. Pree. Linn. Soc. (Zool.) I1, pp. 130-145 (1858).

3 Wallace, A. R., The Geegraphical Distribution of Animals, etc., Vols. I, II. (London, 1876).

¢ Huxley, T. H., Proc. Zool. Soc. London, pp. 294-319 (1868).

5 Blyth, E., Nature, ITI, pp. 427-429 (1871).

¢ Gill, T., Proc. Biol. S&. Washington, 11, pp. 1-39 (1884).

? Blanford, W. T., Proc. Geol. Soc. London, pp. 76, 77 (1890).

8 Dahl, F., Okologische Tiergengraphies 1, pp. 102-106 (1921).

® Wallace, A. R., Nature, XLLX, pp. 610-613 (1894).

10 Gadow, H., Vogel in Bronn’s Ki. & Od.-Thier-Reichs, 11, pp. 283-297 (1893).

11 Lydekker, R., 4 Geographical History of Mammals, pp. 25-27. (Cambridge, 1896)-

12 Ortmann, A. E., Grundzigt d& marinen Thiergeographie, pp. 1-14. (Jena, 1896).

13 Sclater, W. L., & P. L., The Geography of Mammals, pp. 7-15. (London, 1899).

14 Atlas of Zoo-geography 1a Bartholomew’s Physical Atlas, V, pp. 4, 5 (Edinburgh, 1911). See also Germain, L. 4nn Reogr,
Ppp. 20-28 (1912).

1% Arldt, T., Handbuck der Palaeogeographie, Vols. I, IL. (Leipzig, 1917-22).



1028.] B. Prasuap : Recent and Fossil Viviparidae. 159

atlas published a map of the distribution of the Viviparidae (pl. XXVIII, map i), but the
map is far from correct and does not ewen correspond to the authors’ account of the distri-
bution of the family (op. cit. p. 51). Far the maps illustrating the distribution of the family
in certain areas only, reference may be made to the map of North America by Call,! and the
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one illustrating the distribution, of certain forms only, in Africa by Germain.! In the present
paper only a single map illustrating the distribution of the family over the whole world is
published, while detailed accounts of the distribution of the various members in different
areas are included in the text. For want of sufficient information, separate maps for different

areas have not been prepared.

4. RECENT VIVIPARIDAE.

The name Viviparidae was proposed by Gray? in 1847 for a number of genera with the
genus Viviparus Montfort as the type of the family ; of the other genera assigned to the
family none is at the present day included in it. Some authors, namely von Martens and
certain others, however, objected to the name Viviparus, with a masculine ending, as being
inappropriate for a genus all the members of which bring forth living young ones, and adopted
either the name Vivipara Lamarck (1809, suggested as the French word * Vivipare,” and
hence not available) or Paludina Lamarck suggested by this author in 1812, two years after
Montfort’s name. Kobelt in his Monograph tried to get over the difficulty by suggesting
Vivipara Montfort emend. Kobelt, as the name for the genus, but that would lead to c¢onfu-
sion with Lamarck’s name which for a long time has been adopted by various authors.. The
masculine ending is not a serious difficulty as so many of the generic names are certainly
incorrect either etymologically or because of their incorrect genders. If changes were to be
made simply for the sake of emending the grammatical mistakes on the parts of the authors
who proposed generic names, many well known names would require modification.?
The generic name Viviparus and the family name Viviparidae have been adopted by most
of the workers in the British Isles and in America, and I propose to employ these designa.-
tions in this paper.

The question of the recent genera to be included in the family was discussed by Clessin 4
at length, and, basing his conclusions on the differences in the radula and in the form of the
shell and of the operculum he distinguished the genera Vivipara, Lamarck, Campeloma
Rafinesque T'ulotoma Haldeman, Lioplax Troschel and Cleopatra Troschel. Fischer’ among
the recent forms only recognised the genera Paludina Lamarck and. Lioplax Troschel, and
for the fossils also included the genus Tylop'oma Brusina. In the genus Paludina he included
as subgenera Paludina, Neothauma Smith, Cleopatra Troschel, Melantho Bowdich (=Campe-
loma Rafinesque) and Tulotoma Haldeman, but he changed the latter from its incorrect
tymology to T'ylotoma. In the subgenus Paludina he further recognised the sections Paly-
dina s.s., Mekongia Crosse and Fischer, ?Margarya Nevill, and Eyrisia Fischer.

Kobelt’s proposed emendation of the generic name Viviparus has been referred to above.
In his Monograph he considered Fischer’s sections Neothauma and Margarya and the sub-

! Germain, L., Res. Sci. Voy. G. Babault dans U Afrique Orient. Angl., Moll. Terr. et Flun. I, p. 231, fig. 111, (Paris, 1920).
Since this paper went to the press, I have received a reprint of Pilsbry & Bequaert’s valuable work on the Aquatioc Molluses of the

Belgian Congo (Bull. Amer. Mus. Nat. Hist. LIII, pp. 69-602, 1927), in which the authors have published & map showing the distri-
bution of the genus Viviparus in Africa (Map 1, p. 204).

2 Gray, J. E., Proc, Zool. Soc., Eondon, XV, p. 155 (1847).

3In this connection see also Dall, W. H., Trans. Wagner Inst. Philadelphia, 111, pp. 332-335 (1892) and Smith, E. A., Proc.
Zool. Soc. London, pp. 635, 636 (1893).

¢ Clessin, S., Malakozool, Blitt. (n. £.) 11, pp. 161:196 (1880).
8 Fischer, P., Man. Conchyliol., pp. 132-734. (Paris, 1885),
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genus Cleopatra as being of generic rank, but made no remarks about the others. He,
however, added that Heude’s genus Rivularia from China should be added to the list. Kobelt
does not mention the section Idiopoma which was proposed by Pilsbry! in 1901 for an
Indian species, but this, as is discussed further, is only a synonym of the Vivipari Dissimiles
Group.

Since the publication of Kobelt’s Monograph Hannibal 2 proposed the name Cipango-
paludina as a section of Idiopoma Pilsbry, for the Japanese species Paludina malleata Reeve.
This name, in spite of the incorrect relationships as understood by the author, will have
precedence over Lecythoconcha Annandale. Three other generic names Tata Annandale
Heterogen Annandale and Dactylochlamys Rao have since been proposed for the Asiaties
forms. ‘

Thiele 3 has recently removed Cleopatra Troschel to the sub-family Paludominae, but
the present state of our knowledge of the anatomy of this genus does not warrant this course.
In the family Viviparidae he includes only the genera Viviparus Montfort (=Paludina
Lamarck), Rivularia Heude, Margarya Nevill, Neothauma Smith, Campeloma Rafinesque
and Lioplax Troschel.

With the exception of the genera Cleopatra Troschel and Larina A. Adams, which I
include provisionally in the family, I am of opinion that all the other divisions are of the rank
.of subgenera only. The anatomical differences, so far as they are known, would not justify
their being considered as distinct genera. These subgenera with their distribution are as
follows :—

Viviparus Montfort.—Europe, Africa, Asia, Australia and North America.
Cvpangopaludina Hannibal.—Asia.

Dactylochlamys Rao.—Asia.

Taia Annandale.—Burma, Asia.

Margarya Nevill—Yunnan, China, Asia.

Riwvularia Heude.—China, Asia.

Heterogen Annandale.—Japan, Asia.

Mekongia Crosse & Fischer.— Siam, Cambodia, etc., Asia.
Neothauma Smith.— Africa.

Tulotoma Haldeman.— North America.

Campeloma Rafinesque.— North America.

Lioplax Troschel.— North America.

In the subgenus Viviparus s.s. it is possible to distinguish five groups of forms, (i) Euro-
“pean, (ii) Asiatic, (iii) Australian, (iv) African, and (v) North American. These groups differ
from one another in having different numbers of colour-bands on the shells. The European
:species have three colour bands, the Asiatic are uniformly coloured or with many bands
while there is a varying number of bands confined to above the periphery in the Australian,
the African forms are uniformly coloured, and the North American species have four bands.
Anatomically the five groups are very similar, and the shells also do not show any other

1 Pilsbry, H. A., Proc. Acad. Nat. Sci. Philadelphia, LIII, p. 189 (1901),
* Hannibal, H., Proc. Malacol. Soc. London, X, p. 194 (1912).
4 Thiele, J., In Kiikenthal & Krumbach Handbuck der Zoologie, V, p. 83, (Berlin, 1925).
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distinguishing characteristics. I have some doubts about the Australian forms being geneti-
cally connected with the Asiatic forms, but, as is discussed further on, the other three groups.
must have originated from separate ancestral forms, and the similarity in the form of the-
shells and the animals is only an example of parallel evolution, or in other words the genus,.
as hitherto understood, has arisen polyphyletically. For this reason it may later on be:
desirable to separate these groups into distinct genera or subgenera, but for the present I
propose considering them as all members of the heterogenous name Viviparus s.s.

The relationships and the evolution of the various subgenera are discussed later.

The distribution of the recent Viviparidae of different regions is considered in detail in.
the accounts of the various areas, but it may be noted here that no recent forms are known
from the whole of South America, New Zealand, Tasmania, Polynesia and various parts-
of the different continents mentioned in the detailed account further on.

I. Asia.

The Viviparidae, both recent and fossil, have a very peculiar distribution in Asia. As.
is shown in the sketch map, no Viviparids are found in the greater part of Asia Minor, Arabia,
Iraq, Persia, Afghanistan, Tibet, the whole of Central Asia, Mongolia, the greater part of
China and, with the exception of the Amur Basin, the whole of Asiatic Russia. Members.
of this family, however, form a very important element in the freshwater fauna of Eastern
Asia and India, and this region may be defined as forming a broad band starting from the:
Amur Basin in the north, and broadening down south to include the greater part of south-
eastern China including Yunnan, French Indo-China, Siam, the Malay Peninsula and Burma,
India and Baluchistan to the eastern frontiers of Persia. In the Indo-Pacific Islands the
family is well represented in the Japanese Islands with the exception of Sakhalin, Formosa.
(Taiwan), Hainan, the Philippine Islands, Celebes, the greater part of New Guinea, and most.
of the islands of the groups of Great and Small Sunda Islands.

India and Burma.

I propose treating the Viviparids of India and Burma? first, not because it is the central
region of the distribution of this family but because I am better acquainted with the forms.
of this region. Further, the species of this area are better known both in regard to their
anatomy and their distribution than those of any other country. Leaving aside the estuarine
genus Larina A. Adams, there are in addition to Viviparus s.s. three other sub-genera,
Cipangopaluding Hannibal, Dactylochlamys Rao and Taie Annandale, known from this.
region. In the genus Viviparus s. s., I recognise two groups for which I have adopted the-
names Vivipari Bengalenses and Vivipari Dissimiles as proposed by Annandale.?

Vwipart Bengalenses Group :—The central species of this group I consider tobe the
widely distributed Indo-Burmese species V  bengalensis (Lamarck) (pl. xix, fig. 1). It
seems to be a direct representative of the European species V wiviparus (Linn.)—the type
species of the genus, but there can be no question that the two species are not even remotely

. For literature on the Viviparids of this area see in addition to Kobelt’s Monograph, Hanley, S. & Theobold, W.,Conch. Indica,.
(London, 1870-76) ; Nevill, G., Hand-List Moll. Ind. Mus. II, pp. 18-31 (Calcutta, 1886); Preston, H. B., Faun. Brit, Ind. Freshw.
Moll. pp. 83-94 (London, 1915). ' '

* Annandale, N., Rec. Ind. Mus. XIX, p. 112 (1920) nnd XXT1, p. 543 (1921).
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.connected and certainly have not descended from the same ancestors. As is discussed
further (p. 245) these banded species found in such widely separated areas as North
America, Europe and Eastern Asia afford a very nice example of Parallel Evolution of
smooth-shelled species with varying numbers of colour-bands on the shells. With Annan-
dale * T include in this group all the Indo-Burmese species with a thin, more or less smooth
shell, and having a varying number of more than three colour-bands on the shells. The
-embryonic shell is delicate and thin, and has three primary rows of chaetae on low ridges
on the various whorls. Of the three ridges the lowest or the peripheral forms a regular
keel and is the best developed. Insome cases secondary ridges are also developed between
the primary ones and these also bear chaetae. In addition to the forms included by
Annandale in this group I assign to it V. nagaensis Preston.

Viwipart  Dissvmiles Group :(—With Annandale I consider V. dissimilis (Miiller)
(pl. xix, fig. 2) to be the central species of this group, but differ from him as to the forms
which are to be included in the group. His Vivipari Sindicae Group is also a synonym of
the Vivipari Dissimiles. From my examination of the Viviparids of all parts of Eastern Asia
I believe that the members of this group have migrated all over this area, and though the
type-species is confined to India and Burma only, nearly related species or forms derived
from it are found in China and Japan on the one hand and in the Malay Peninsula, Siam,
:Cambodia, Cochin-China, Annam and the East Indies on the other. The main distinguish-
ing feature of the group is the entire absence of colour-bands on the shell. The typical
forms have a smooth shell, but feebly ridged and even keeled forms are also found. The
three primary ridges bearing cheatae are developed on the embryonic shelis, and in addi-
tion a number of secondary ridges are also developed.2 Pilsbry’s® section Idiopoma, based
«on differences in the operculum, is only a synonym of this group.

In addition to V. dissimelis (Miiller) and its varieties assamensis Nevill and kutchensis
Nevill, I include in this group V. variatus (Frauenfeld) and its vars. pseudohelicina Kobelt
.and peguensis Kobelt, V. ceylanica (Dohrn), V. crassus (Benson), V. remoss: (Philippi), V.
henzadensis Pilsbry, V. micron Annandale, V. heliciformis (Frauenfeld) and its var. vuridis
(Reeve), and V. sindica Nevill.

It may also be noted that Swainson’s Paludina carinata ¢ is only a synonym of V. dissi-
malss.

Cipangopaludina Group :—The generic name Lecythoconcha was proposed by Annandale 5
for the species Paludina lecythis Benson (pl. xix, figs. 8-10) from Manipur, Assam. The
species belongs to the same subgenus as the Japanese Paluding malleata Reeve, and this
.species had earlier been separated under the subgeneric name Cipangopaludina by Hanm-
bal,® who, however, treated it as a section of Idiopoma Pilsbry. This latter conclusion is
.quite wrong, but Annandale’s name must be replaced by the earlier Cipangopaludina
Hannibal. The adult shell is large, globose, with broad swollen whorls. The shell is
smooth and without any trace of ridges or any other kind of sculpture. The colour of the

1 Annandale, N., Rec. Ind. Mus. XXII, pp. 267-278, pls. i, ii (1921).

2 Annandale, N., Rec. Ind. Mus. XXAI, p. 245, fig. 10 (1921).

8 Pilsbry, H. A., Proc. Acad. Nat. Sci. Philadelphia, LIII, p. 189 (1901).
4 Swainson, W., Zool. Illustra. Ser. I, pl. xciii (London, 1820-23).

5 Annandale, N., Rec. Ind. Mus. XIX, p. 114 (1920).

<6 Hannibal, H., Proc. Malacol. Sec. Londen, X, p 194 (1912).

c?
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shells is uniform and no colour-bands are to be seen either externally or inside the shell.
The embryonic shell, as Raol has recently described and I can confirm from my own
observations, is also unbanded. The very young shell has a well developed peripheral keel
and two faint ridges above it ; all the three ridges bear curved chaetae. In slightly older
shells the upper ridges become obsolete and the peripheral keel is also much less promi-
nent. I believe that the genus is closely allied to the Vivipari Dissimiles and is to be
derived from species of that group. It is represented by a single species, with a number
of phases, in India in the Manipur Valley, and in Upper Burma from near Tenasserim,
whence it was recorded by Nevill as Paludina siamensis var. burmamnica Nevill.2 The
Indian species and its phases have been fully discussed by Annandale? and I have
nothing to add to his account. The further range of the genus is interesting. It extends
through Burma, Siam, Cochin-China into China, Korea and Asiatic Russia in the Amur
region, and thence to Japan on the one hand, and through the Philippines into Java on
the other.

Dactylochlamys Group :—Rao * has recently proposed to separate the peculiar thin-
shelled and hollow-ridged species Paludina oxytropis Benson (pl. xix, fig. 11) from the
Loktak Lake, Manipur, Assam, into a new genus for which he has proposed the name
Dactylochlamys. The shell is of fair size, rather thin and delicate and ornamented with a
number of hollow, spiral ridges. The colour of the shell is uniform but the ridges appear
rather darker. As will be seen under the account of this subgenus (zn fra pp. 175, 176) I assign
a number of solid-ridged species also to this group, as I believe that they have been developed
by greater deposits of shell substance on the inner surface. The embryonic shell is rather
elongate and has a very well developed peripheral keel and, in very young embryonic shells,
only two more ridges above it ornamented with long curved chaetae. In older shells a
number of other ridges with chaetae are also formed. The subgenus is represented by
the type-species D. oxytropis (Benson) and D. microchaetophora (Annandale)® in the
Manipur Valley, Assam, and probably also extends into Burma. I believe that Dactylo-
chlamys is also allied to the Vivipari Dissimiles and is evolved from some thin-shelled
species of this group. The genus, if my interpretation of its development is correct, has a.
very wide range in the Malay Peninsula, Sumatra, Java, Celebes, the Philippines on the one
hand and in China and Japan on the other.

Taia Group :—The name Taia was proposed by Annandale’ for a very interesting
group with a peculiarly developed callus of recent and subfossil species of the family Vivi-
paridae from the Inlé Lake Basin, Southern Shan States, Burma. The species have been
fully discussed by Annandale ¢ and later by Annandale and Rao? and I will here include
only a few notes regarding the evolution of the sculptured species from smooth-shelled forms
and discuss the relationship of the subgenus.

! Rao, H. 8., Rec. Ind. Mus. XXVII, pp. 133, 134 (1925).
? Nevill, G., Hand-List Moll. Ind Mus. II, p. 26 (1885).
8 Annandale, N, Rec. Ind. Mus. XXII, pp. 552-557, pls. v, vi (1921).
‘Rao, H 8., Rec. Ind. Mus. XXVII, p. 132 (1925).
¢ Annandale, N., Rec, Ind. Mus. XX , pp. 546-548, fig. 4 (1921).
(192‘; )Annandale, N., Rec, Ind. Mus. XIV, pp. 123-137, pls, xv-xviii (1918), also see Proc. Roy. Soc. London (B) XCVI, pp. 68-72
7 Annandale, N. & Rao, H. 8., Rec. Ind. Mus. XXVII, pp. 118-126 (1925).
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The adult shell varies from conical-ovate to conoid or even conical in form, and is never-
very thick. The sculpture consists of spiral striae or ridges which may be broken up into.
nodular or squamous tubercles. The embryonic shell is variable according to the species
to which it belongs, but in all cases there are three primary ridges ornamented with chaetae ;
of the three ridges the peripheral keel representing the lowermost ridge is best developed.
Later in older embryos the ridges become obsolete or prominent and broken up into tubercles.
There are in all cases three colour-bands to be distinguished, these are present even on the.
embryonic shells. Taia is closely allied to the Vivipari Bengalenses and appears to have
been evolved from some species of this group.

In considering the evolution the sculpture (pl. xix, figs. 19-74) we may
begin with a species like 7. naticoides (Theobald). The shell of this species is not very
elongate and has three very distinct colour-bands, the sculpture consists of three low,
spiral ridges. In T. theobald: (Kobelt), which resembles 7'. naticoides, the spiral ridges on
the shell are a little more prominent. In 7. naticoides var. noetlingi (Kobelt) ! the shell is.
more elongate than in the typical form, and the spiral ridges, which are more prominent,
are often broken up into tubercles, particularly on the bodywhorl. The tubercles in some
specimens take the form of subspiniform scales. In 7. crassicallose Annandale and Rao-
the shell is rather squat and globose and the ridges are better developed ; sometimes they
are broken up into irregular, squamous tubercles. In 7. shanensis (Kobelt) the shell is
globose-conoidal and not very high. The ridges on the shells are better developed, and
the peripheral ridge consists of more or less regulaf and prominent subspiniform scales.
Above this ridge there are two spiral rows of tubercles and there are two rather low ridges.
below it. In 7. elitoralis Annandale the shell is much more elongate and slender than in
the forms hitherto considered, and the scaly tubercles are developed even on the penul-
timate whorl. Other ridges are also more tuberculate. The final stage in the evolution
of the sculpture in the species of this subgenus is found in ZTaia wntha Annandale. The
shell is more elongate than that of 7. shanensis, and the sculpture is also better developed
on the penultimate whorl. All the ridges are very tuberculate and the one corresponding
to the peripheral consists of squamous tubercles. On the bodywhorl the upper two
ridges are broken up into tubercles and sometimes the tubercles of the two rows become
confluent. The peripheral ridge is very prominent, and its projections are in * the form
of short spiniform processes, blunt at tip and concave outwards and forwards (Annandale).”
Below the peripheral there are two other ridges.

The evolution of the sculpture has taken place in the same way as in the Yunnanese
subgenus Margarya Nevill, but I do not think that the two subgenera are in any way related.
Further, I do not believe that Taia is in any way related to the North American Tulotoma
Haldeman or the Chinese Riwularia Heude with which Annandale also compared it.

Larina Group :—The genus Larina A. Adams, as is discussed further (p. 179), was propos-
ed by the author for an Australian species of doubtful relationships, and was later referred to
the family Viviparidae. Blanford? referred doubtfully to this genus the species L. burmana

1 Annandale’s Taia naticoides var. intermedia is, as I am able to confirm by examination of the types, identioal with V. (nati-
coides var. 1) noetlingi Kobelt (op. cit. pp. 204, 205, pl. xlii, figs. 1, 2) and should be called 7'. naticoides var. noetlingi (Kobelt).
2 For references to literature on the Indo-Burmese species of the genus Larina see Novill, G., Hand-List Moll. Ind. Mus. 1T

p- 18 (Calcutta, 1886).
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Blanford from the Irrawadi Delta, Burma, while H. Nevill described a species from Ceylon
—ceylanica—under the new name Robinsonia ; this was later rightly referred by the Nevills
to the genus Larina. Shells of L. burmana were later recorded by Nevill from Port Canning
in the Gangetic Delta, and a new species L. cincta was described from near Puri, Orissa-
The three species are all closely allied and are also undoubtedly related to the species found
in New Guinea and Australia. No forms of the genus are so far known from the intervening
area of the East Indies, but as is discussed further no great weight can be attached to the
distribution of the members of this estuarine genus for zoo-geographical conclusions.

Baluchistan and Seistan.

In this area there is an extension of a form of the Vivipari Dissimiles Group. The
species was described by Kobelt 1 as V. (dissimilis var. %) hilmendensts from the basin of
the Helmand River, Seistan, on the Western boundary of Baluchistan, but as Annandale 2
pointed out the specimens figured are out of the series of V. sindica Nevill, a form of Viviparus
dissimilis. The Seistan form is distinct and should be known as V. helmandica Annandale.
The species probably occurs in Baluchistan and may also have wandered into Afghanistan
through the Helmand River. This extension of an Indian Viviparid into Seistan is quite

similar to that of the Indian Unionid Lamellidens marginalis var. rhadineus Annandale and
Prashad (loc. cit. p. 59) into the same area.

So far as I can find from the available literature, no Viviparids have been described from
the Eastern half of Asia Minor, Arabia, Mesopotamia, Persia or Afghanistan. Issel’s record
of Paludina mamillata Kiister 3 from Palaeston, Imertia, coast of Asia Minor in his Memoir
.on the Mollusca of Persia has wrongly been included by Westerlund? as the record of a
Viviparid from Persia.

China.

In China® a relatively small-shelled, banded form of the type of V. viviparus or V.
-bengalensis ¢ does not seem to exist, and its place has been taken by a large number of forms
of the Vivipari dissimiles and the Lechythoconcha groups. I do not agree with Annandale ?
that the majority of the Chinese species of the subgenus Viviparus belong to a peculiar group
which we may call Vivipari Angulares. It is possible to distinguish five types among the
Chinese Viviparids which.I call as follows :—1. Vivipari Dissimiles Group ; 2. Cipangopalu.
dina Group; 3. Dactylochlamys Group ; 4. Rivularia Group; and 5. Margarya Group,
‘Of these the Rivularia and Margarya Groups are found only in China.

Vawipari Dissimiles Group. :—Authorities will probably differ as to whether the Chinese
‘Viviparids which I assign to this group are sa closely allied to the Indian species V. dissimilis

1 Kobelt, W., Op. cit. p. 285, pl. lix, figs. 9-12. See also Annandale, N. and Prashad, B., Rec. Ind. Mus. X VIII, ppi 27,28
(1919).

2 Annandale, N., Rec. Ind. Mus. XIX, p. 114 (1920).
8 Issel, A., Mem. Acad. Sci. Torino (i) XXIII, p. 18 (1865).

¢ Westerlund, C. A., Fauna Palaearct. Reg. leb. Binnenconch. VI, p. 8 (1886). The speoies is recorded under P. subfasciata Bgt.

& See Heude, R. P., Mem. Empite Chinois, I, pp. 172-179, pls. xxxix-xli (1890), and Kobelt’s Monograph. Reference to differ-
ent genera are given further.

¢ This idea will have to be modified if the species described as Paludina subcostata by Gray (Criffith’s Animal Kingdom pl.
xxvi, fig. 3) came from China. This species is undoubtedly of the Vivipari Bengalenses Group, but is based on a single worn
gpecimen, and no further material of the species has since come to hand.,

7 Annandale, N., Journ. As. Soc. Bengal (n. 8.) XIX p. 407 (1924).
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(Miiller) as to be included in this group. From my examination of a large number of speci.
mens of all ages from different parts of China, however, I am quite certain that they had an
ancestor closely resembling the Indian species and that they are all evolved from it. In this
group I include V. quadratus (Benson) (pl. xix, fig. 3) and a number of forms closely allied
to it.

The earlier authorities and even Kobelt in his Monograph have confused V. quadratus
with Miiller’s Nerita angularis, but Heude (loc. cit.) understood the species correctly and
figured it on plate xl (fig. 10) of his work cited already. Annandale recently (loc. cut. pl. xvii,
fig. 2) gave a good figure of the cotypes of Benson’s species in the Indian Museum, Calcutta,
and pointed out the differences from Miiller’s species. The shell of the typical form of the
species is elongate, subcylindrical, not greatly swollen, with the whorls flattened vertically,
The sculpture consists of three spiral ridges corresponding to the three primary ridges of the-
embryonic shell, with the peripheral keel rather more marked than the other ridges, and a
number of feebly-developed secondary ridges. The var. reevet (Dautzenberg and Fischer)
has a more elongate shell, but the ridges, though better developed, are not very prominent.
In var. aeruginosus (Reeve) the shell is a little more elongate, and the ridges, which are very
pronounced, appear to be quite solid. In var. heudes (Dautzenberg and Fischer) the shell
is not so elongate, but the spiral sculpture is a little better developed than in the typical
form.

There is some uncertainty about V. boettgers Kobelt ! (pl. xix, fig. 6) from the Island
of Hainan. The shell of this species is elongated, very thick and has 4-5 ridges above
the peripheral keel and 2 below it; the primary ridges are distinguished by being
more prominent than the secondary ones. All the ridges are raised and quite solid. In
spite of the very regular, solid ridges on the shell I believe that Kobelt was right in con-
sidering this species to be an insular form of V. quadrautus, which has become very highly
evolved and must be considered as a distinct species. It may also be noted that it has no
relationship with the solid-ridged species of the subgenus Dactylochlamys Rao (see p. 176).

The species V. delavayana (Heude), V. lapideus (Heude) and V. stelmaphora (Bourgui-
gnat) form a peculiarly modified group. The shell of all these species is very large and it
appears as if they were tending to converge to the large-shelled subgenus Cipangopaluding
Hannibal. As regards their sculpture the three species mentioned above show a gradual
degeneration of the ridges in a descending series. It would probably be more correct to
consider them in a reversed order and take V. stelmaphora, in which, except for the peri-
pheral keel, the other ridges are more or less obsolete and the shell appears nearly smooth,
as the least highly modified form of the group, and from an ancestor like which all the three
species have been evolved. In V. lapideus the ridges are better developed, but are not very
prominent, while V. delavayana is very distinctly ridged and has 2-3 secondary ridges in
addition to the three primary ones.

The group of species referred to above appears to be closely allied to the species which
may be next considered. These are V. lithophagus (Heude), V. demolitus (Heude), ¥. fonto
zianus (Heude), V. purificatus (Heude), V. lappilorum (Heude), ad ¥. magnacianus (Heude).

1 Kobelt refers this and a number of other species described and figured for tho first time to Méllendorf, but as the latter ausho r
never described the spescies his names are nothing more than nomena nude, and Kobelt must be considored as the author of all
these new speeres.
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'The shells of these species are small to medium sized, never very elongate like those of the
‘typical V quadratus, and with the whorls distinctly swollen. As to the sculpture the species
‘mentioned above show an ascending series in the development of ridged forms from a nearly
smooth-shelled species like ¥V lithophagus, in which there is only the trace of a peripheral keel
.and which in both form and sculpture is very near V dissimalis, to V magnacianus, in which
there are three well-developed ridges corresponding to the three primary ridges of the em-
bryonic shell ; traces of some of the secondary ridges are also to be seen in some cases.

Kobelt’s species V riwularis from Hunan is also to be referred to this group. It has a
‘thick, nearly smooth, uniformly brownish green shell. It appears to be one of the least
‘modified species of this group, and probably represents the ancestral form of the subgenus
_Riwvularia Heude. I do not agree with Kobelt (loc. cit. p. 216) that the species is in any way

related to Cipangopaludina limnophila (Mabille), which I consider to be the ancestral form of
-the subgenus Margarya Nevill.

It may also be noted here that the adults of all the Chinese species of this group have
‘uniformly coloured, unbanded shells which, as noted above, may be nearly smooth or provided
“with spiral ridges. In the case of all the species of which I have been able to examine the

animals the young embryonic shells were found to have the three primary ridges ornamented
“with minute curved chaetae.

Cipangopaludina Group —I1 have already discussed the reasons for adopting the name
‘Cipangopaludine Hannibal in preference to Lecythoconcha Annandale (p. 163), and it need
only be noted that the subgenus has reached its highest development in China where it
appears to replace the family Ampullariidae. The shells of the Chinese species are further
specialized in having an elongated spire and in this they differ from the species of the sub-
genus found in most other areas. Unfortunately, I have not had sufficient material at my
.disposal to decide the status of most of the species described from China, and in the following
list I follow Kobelt (op. cit. pp. 111-120) in considering most of them as varieties of the species
'C. chinensis (Gray). The varieties are cathayensis (Heude), compacta (Nevill), ventricosa
(Heude), fluminalis (Heude), hainanensis (Kobelt), diminuta (Heude), leucostoma (Heude),
-aubrayana (Heude), patris (Kobelt), lecythoides (Benson) and its form latissima (Dautzenberg
and Fischer), wingatei (Smith) and kaast Prashad (nom. nov. for longispira Heude which ig
pre-occupied for a Japanese species).! C. limmophila (Mabille) which I consider to be the
.ancestral form of the subgenus Margarya Nevill (infra, p. 171) is also a member of this group.
Dactylochlamys Growp :—The characters of the subgenus have already been noted

.(p. 164). In China it is represented by D. oxytropoides (Heude), which is found in Yunnan,
-and which, as the name indicates, is closely allied to the type-species of the subgenus. I also
believe that Miiller’s Nerita angularis 2 is to be referred to this group. The difficulty, however,
in this connection has been the uncertainty which has existed regarding Miiller’s species
-and its exact, provenance. Miiller gave the locality distinctly as China, but Kiisters
and other authorities, and more recently Bartsch? believed the species to have a wide dis-

1 See fmith, E. A.. Journ, anch.'vV, P- 37 (1886), where a Japanese species is desoribed under the same name. I dedicate this
foim to Dr. F. Haas of Frankfurt in recognition of the help he gave me in examining the collections under his charge,

¢ Miiller, O. F., Hist. Verm. pt. II, p. 187 (1774).

% Kister, H. C., Martini ind Chemn. Conch. Cab, Paludina, pp. 26, 37 (1852).

¢ Bartsch, P, Proc. U. 8. Nat. Mus. XXXII, pp. 135, 136 (1807).
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tribution and confused it with the East Indian D. costatus and the Philippine D. burroughiana.
Koblet, on the other hand, while recognising it as distinct from these species, confused it
with the other Chinese species V. quadratus (Benson), and used the two names indiscrimi-
nately both in his Monograph and on the labels of his collection. Walker * and Annandale 2
have discussed the whole question at length, and while the former author has discussed the
literature and synonomy of the species, the latter has given the distinguishing characters
of the two species. For figures of the two species reference may be made to Annandale
(pl. xvii, figs. 1, 2). Walker has also published good figures (pl. viii, figs. 1, 2) and the species
was correctly understood by Heude (pl. xl, fig. 7), while of Kobelt’s figures numbers 1, 2, on
pl. xxv represent the species most nearly. It is a thin-shelled species with three somewhat
hollow, spiral ridges on the bodywhorl, and with three ridges on each of the preceding whorls
as is mentioned by Miiller in the original description of the species. In my opinion D. angu-
laris is closely allied to the type-species of the subgenus D. ozytropis (Benson).

Of Paludina thersites (Hanley mss.) Reeve I have examined the type-specimens in the
British Museum (Natural History), London, and the specimens figured by Kobelt (pl. xxiv,
figs. 1-8) now in the Senckenberg Museum, Frankfurt a. Main, and I agree with Kobelt that
they are nothing more than abnormal specimens in which the spire has been depressed inwards
and the whole shell has become deformed in response to some peculiar environment.

I do not agree with Kobelt that the form he described as quangdugensis is a variety of
V. quadratus allied to var. heudes. It is a solid-ridged species of the subgenus Dactylochlamys
similar to the species found in the Philippines and in Celebes, and is, in my opinion, quite
distinct.

Rivularia Group :—Heude 3 separated the small, thick-shelled Viviparids, which are
found in the more or less clear waters of the hill-streams of Hunan and adjacent areas in China,
into a distinct genus under the name Rivularia. The species were at one time referred to
the American subgenus Melantho Bowdich (=Campeloma Rafinesque), and one of them
was described as a Paludomus.

The shells are elongate-ovoid to subglobose in outline and are comparatively very thick.
Some of the species are smooth, but in others, like R. auriculata (Martens) var. bicarinata
Kobelt (pl. xix, figs. 30-31), two spiral, low and solid ridges are present on the whorls ; these
are best marked on the bodywhorl. In young shells the traces of a third ridge are also to be
made out below the peripheral. Externally the shell is uniformly greenish, but on the inner
surface of the shell three brownish colour-bands are present on a white background. There
is a well-developed columellar callus, and the aperture next to the callus is drawn out
into a spout-shaped structure. This elongation of the aperture seems to be an adaptation
for life in hill-streams.

I have not been able to obtain any spirit material of this subgenus but I have examined
a large number of shells. The species are fully treated by Kobelt (op. cit. pp. 178-187, pls.
XXXV, XXXVI1).

1 Walker, B., Nautilus XXXTI, pp. 114-117, pls. viii, ix (1919).
2 Annandale, N., Journ. Proc. As. Soc. Bengal (n. 8.) XIX, p. 408 (1824).
3 Heude, R. P., Mém. Empire Chinots, I, no. 3, p. 179 (1890).
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The subgenus appears to have been evolved from a species like V. rivularis Kobelt
(0p. cit. pp. 215, 216, pl. xliv, figs. 1-4) from Hunan, which has a Rivularia-like shell but is a
true Viviparus of the group of Vivipari Dissimiles.

Margarya Group :—Nevill! called the very large, elongate and highly sculptured Vivi-
parids from the Lake Tali (Er-Hai), Yunnan, Margarya. Neumayr (loc. cit.) considered
it to be identical with the North America Twlotoma Haldeman, and included it as a sub-
genus of Viviparus. Other authors, however, have rightly considered the forms to be quite
distinct. The subgenus is apparently confined to Lake Tali, and the area round about it.
The various recent forms of the genus described by the authors referred to are only growth
stages of the type-species, M. melanoides Nevill. Neumayr’s var. carinata and Mabille’s
francheti may, however, be treated as distinct varieties.

Among the quaternary sub-fossil forms it is possible to distinguish a group of varieties
of which var. monod: Dautzenberg and Fischer may be taken as the central form. In this
variety the shell is similar to that of the type-species in shape, but instead of the tuberculate
ridges there are 4-5 solid, uniform, spiral ridges on the bodywhorl. On the upper whorls
also the ridges are similarly arranged. In var. mansuy: Dautzenberg and Fischer the shell
is narrower and more elongate and the ridges are fewer and less prominent. In var. obsoleta
Dautezenberg and Fischer the shell is still narrower and more or less smooth.

The sculpture of the type-species M. melanoides (pl. xix, figs. 25-29) may be considered
here in some detail and for this it will be best to begin with an account of the very young
shells. The youngest shell, which I.have examined, is more or less globose, and appears to
be a worn embryonic shell. It consists of 27 whorls. The first 1} whorls are rather
weathered, but the sculpture on the main whorl is well preserved. It consists of an upper
discontinuous ridge lying close to the suture and consisting of rounded tubercles. The
second or middle ridge similarly consists of rounded tubercles and is the most prominent
of the three ridges. The marginal ridge is the lowest and islike a distinct keel not broken
up into tubercles. Traces of two other feeble ridges are also to be seen below the marginal,

In an older shell consisting of 4} whorls the embryonic region of the shell has the same
type of sculpture as in the younger shell described above. On the penultimate whorl all
the ridges are tuberculate, and so are the ridges of the bodywhorl but on these the tubercles
are relatively larger. The uppermost ridge has further shifted close to the suture. Below
the marginal ridge the secondary ridges are very prominent and consist of more or less vertical
thickenings formed by the union of 4-5 rows of tubercles running into one another.

In a shell consisting of 53-6 whorls the sculpture on the first 34-4 whorls is similar to thag
of the shell of that age. The suture is, however, more impressed and the sculpture on the last
13-2 whorls is quite different. On the penultimate whorl there are only two more or less
continuous spiral ridges and the peripheral is covered up by the bodywhorl. On the body-
whorl the three ridges are seen distinctly, but the third is rather feeble and the secondary
ridges are also greatly reduced. The peripheral ridge on this whorl, corresponding to the
second of the three primary ridges, is broken up into elongate areas of varying lengths.

1 Nevill, G., Journ. As. Sac. Bengal, XLVT, p. 30 (1877), and op. cit. L, p- 155, pl. v, fig. 1 (1881). Also see Mabille, J., Bulr
Soc. Malacol. France, 111, pp. 65-76, p. ii (1886) ; Neumayr, M:, Wiss. Ergebn. Reise Bela Szechenyi in Ost-Asien, II, pp. 649-651°
pl. iii (1898) ; Dautzenberg, P. & Fischer, P., Journ. Conchyliol. LIII, pp. 420-425, 1 pl. (1906) ; Kobelt, W., loc. cit. pp. 187-193
pls. xxxvil-xxxix (1907) ; Mansuy, H., 2ull. Serv. Geol. Indo-Chine, V, fasc. iii, pp. 1-15, pls. i, ii (1918) ; and Annandale, N., Proo.»
Roy. Saec. London (B) XCVI, pp. 60-76 (1924).
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In full-grown shells the only part needing description is the bodywhorl, as the other
whorls either resemble the young shells or the sculpture becomes worn and indistinct. The
uppermost or first ridge lies just next to the suture and is not very prominent ; it consists of
a low, more or less continuous ridge which in some places shows traces of small tubercular
thickenings. The peripheral ridge, which here also represents the second of the primary
ridges, consists of elongated ridged areas of varying lengths ending in scaly tubercles of an
inverted V-shaped appearance directed towards the aperture of the shell. These remind one
of the subspiniform scales of some species of the subgenus Taia (p. 165). Insome specimens
such scaly tubercles are also found on the penultimate whorl.

Annandale (op. cit. pp. 65, 66) considered Margarya to have been evolved from a smooth-
shelled elongate Viviparid which he called V. margaryoides. From a careful comparison
of the descriptions and figures of Mabille’s species Paludina limnophila and P. secernendus
(op. cit. pp. 72, 74, pl. 1, figs. 5, 4) from Lake Tali, the area from whence Annandale’s specieS
was described, I have no doubt that they all represent growth stages of the same species.
The species belongs to the subgenus Cipangopaludinag Hannibal, and the name of the species
must be limnophila. Mansuy’s Viviparus margaraeformis found fossil at Chi-li-pou-tang
in the lacustrine basin of Mong-Tseu, Yunnan, is undoubtedly very closely allied to C. limno-
phila, and is probably only a variety of it.

It may also be noted here that the shells of the species of Margarya are all uniformly
coloured, and that there are no colour bands to be seen either inside or on the outer surface

of the shells.

Korea.

The only Viviparid so far known from the Korean Peninsula is a form of Cipangopaludina
chinensis (Gray).! It undoubtedly has wandered from China, and probably represents the
route along which the species of the subgenus wandered from China into Japan.

Asiatic Russia.

In the whole area of Asiatic Russia there are no Viviparids except in the extreme south-
east in the basin of the Amur River and its tributaries, and these are apparently an exten-
sion of the Chinese forms which have become established in this area.? There are only two
species and they belong respectively to the Cipangopaludina Group and the Dactylochlamys
Group. Through the kind offices of Mr. W. A. Lindholm of the Zoological Museum, Lenin-
grad, Russia, I have been able to examine both the species preserved in alcohol, and am
therefore able to assign the two forms with confidence to their respective groups.?

Cipangopaluding Group .—Gerstfeldt’s species praerosa is closely allied to C. abbreviata
(Reeve), and like that species is undoubtedly a member of the subgenus Cipangopaludina.

Dactylochlamys Group :—This group is represented by the species D. ussuriensis (Gerst-
feldt), which differs very slightly from the Japanese species D. wwakawae (Pilsbry), and is

1 See von Martens, E., Zool. Jakrb. Suppl. VIII, p. 25 (1905). ) ‘
2See Dall, W. H., Land and Freshw. Moll. Alaska, p. 11 (1905), who considers the Amur Villey Vivipatids as * probab ly
variants of the Chinese forms.”
3 Gerstfeldt, G., Mem. Acad. Imp. St. Petersbourg IX, pp. 3-6, pl. i (1859) ; Schrenck, L. V., Reise und Forsck in Amur-Lands,
Zool. 11, pp. 605-619, pl. xxvi (1859-67) ; and Kobelt, W., op. cit. pp. 108-111, pl. xviii, figs. 1-4 (1906).
D2
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closely related to the Chinese D. angularis (Miiller). The shell is larger than the Chinese
species and the ridges are less hollow, but there can be no doubt as to their affinity.

Japan.

In the Japanese Archipelago the family is represented in all the islands with the
exception of Sakhalin! The Viviparids of this area? show a very distinct affinity to those
of China, and are divisible into four groups. The peculiar lacustrine subgenus Margarya
Nevill and the paludine Ruwwularia Heude are absent, but another lacustrine subgenus
Heterogen Annandale has been evolved in Lake Biwa. The groups found in Japan are :—
1. Vivipari Dissimiles Group ; 2. Heterogen Group; 3. Cipangopaludina Group; and 4.
Dactylochlamys Group.

Vivipari Dissimiles Group :—The two species V sclateri (Frauenfeld) (pl. xix, fig. 5)
and V histricus (Gould), which I assign to this group, are closely allied to the Chinese V
quadratus (Benson). On the embryonic shell there are three spiral rows of chaetae, while the
adult shell has two faint spiral ridges and a well-developed peripheral keel.

Heterogen Group :—Annandale (loc. cit. p. 399) described a new species of his monotypic
genus from Lake Biwa under the name H. turris. The species had, however, been described
many years before by Smith® under the name Paludina longispira in a paper which seems
to have escaped the notice of all later workers on the Japanese forms. The name of the
species will, therefore, be H. longispira (Smith) (pl. xix, fig. 7). The form was previously
confused with V ngalsiana (Lea) and V sclateri (Frauenfeld). In this peculiar Viviparid
the embryonic shell is different from that of any other known species in having a very
obtuse blunt apex, while the whorls, which are smooth, have two smooth spiral ridges
separated by a broad deeply concave area. The apex of the adult shell is similarly blunt,
as is very well shown in Annandale’s figures. Annandale compared the young shell with
that of Rivularia Heude, and added that it has a superficial resemblance to that of the young
shell of Margarya Nevill. The relationship of the subgenus is uncertain, but it appears to
have been evolved from the Vivipari Dissimiles Group, as the adult shells resemble in form
and the sculpture is only slightly different.

Cipangopaludina Group :—Annandale (loc. cit. p. 401) provisionally assigned the species
malleata of Reeve, sclateri of Frauenfeld and japonica of von Martens to his genus Lecytho-
concha in ignorance of the work of Hannibal, who as noted already (p. 163) had established
the subgenus Cipangopaludina for Reeve’s malleata. 1 have examined extensive material
of the Japanese species and have compared it with Viviparids from adjacent areas, and find
that Annandale’s conclusions except for V sclateri are correct. It may also be noted that
Paludina malleata of Reeve, as was believed by Pilsbry, is not the same as Paludina lacta
of von Martens. On the other hand Reeve’s Paludina abbreviata is synonymous with von
Martens’s species P. laeta, which latter owing to its having been described three years earlier,*

1 For details as to the distribution of the species see Iwekawa T., Cat. Japan. Moll. Nat. Hist. Dept. Tokyo Imp. Mus. pp. 68-72
(Tokyo, 1919).
3 Kobelt., W., Abhandl. Senckenberg Nat. Ges. XT, pp. 120-127, pl. xi (1879) ; Iwakawa, T., Annot. Zool. Japon. I, pp. 83-92,

pl. i (1897) ; Pilsbry, H. A., Proc. Acad. Nat. Sci. Philadelphia, pp. 116-119, pl. ix (1902) ; and Annandale N., Mem. As. Soc. Bengal,
VI, p. 46 (1916) and pp. 399 401 (1921).

3 Smith, E. A., Journ. Conck. V, p. 57 (1886).
¢ von Martens, E., Malakozool. Blitt, VII, p. 45 (1860).
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has priority over Reeve’s name. The sculpture of the Japanese species, like that of the other
species of the genus, is feeble, and only in exceptional cases obsolete spiral ridges are to be
distinguished. In half-grown individuals there is a prominent peripheral keel, but this
disappears in older shells. In C. laeta (von Martens), according to Pilsbry, short bristles
are to be distinguished on punctured spiral ridges in well preserved adult shells.

Dactylochlamys Group —1 have examined full-grown specimens of Vivipara japonica
var. wwakawae Pilsbry (pl. xix, fig. 12) from Nippon and find that the shells have no rela-
tionship with L. japonica. They belong to a distinct species of the genus Dactylo-
chlamys Rao, and are undoubtedly allied to the species D. oxytropts (Benson) from Manipur
India, and D. oxytropordes (Heude) from China. The species should be known as D.
twakowae (Pilsbry). There are three somewhat hollow ridges on all the whorls, but the
peripheral lies next to the suture and in the upper whorls is covered over by the adjacent
whorls. The shell for the size of the species is very thin and fragile.

Malay Peninsula, Siam, Cambodia, Cochin-China and Annam.

For the sake of convenience I propose treating the Viviparids of these countries!
together. In this area there are five groups of Viviparids. Of these the sub-genus Mekongia
Crosse and Fischeris truly endemic in the area and is not found elsewhere ; the other four
types are common to adjacent countries. Following the nomenclature adopted for the
Indo-Burmese Viviparids with which the forms of the area under consideration show distinct
affinities, the species may be grouped as follows:—1. Vivipari Bengalenses Group; 2.
Vivipari Dissimiles Group ; 3. Cipangopaludina Group ; 4. Dactylochlamys Group; and
5. Mekongia Group.

Vivipari Bengalenses Group :—The forms from this region which I assign to this group
have a more or less smooth shell with colour-bands like that of the typical V. bengalensis
(Lam.), and the form of the shell is also very similar. The species are V. filosus (Reeve)s
V. polygrammus (Martens) and its various varieties, V. penangensis Martens and V. martens;
(Frauenfeld) from Siam, V. thomson: (Morlet), V. chalangensis (Deshayes), V. obscuratus
(Deshayes) and V. speciosus (Deshayes) from Cambodia.

Vivipare Dissvmiles Group :—The characteristics of this group have already been
considered (p. 163). In some of the more highly differentiated species, as in V. ingalsiana
(Lea), the remains of the embryoni¢ primary and secondary ridges persist on the bodywhorl
of the adult shell, while the peripheral ridge is quite prominent as a keel. 1 assign the
following species to this group :—V. ingalsiana (Lea), V. sabinae (Morlet) and V. subciliatus
Kobelt from Siam, V. kelantensis Kobelt and V. perakensis Kobelt from Perak, V. speciosus
(Deshayes), V. vignest (Jullien), V. tiranti (Morlet), V. cambodjensis (Mab. & Mes.). V.
danieli (Morlet), V. paviei (Morlet), V. simonis (Bavay), V. fulvus (Reeve) and V. luridus
(Morlet) from Cambodia, V. basicarinatus Kobelt from Annam and V. cockinchinensis
(Morlet) from Cochin-China.

V. ciliatus (Reeve) from Siam, with a number of low, feebly ciliated ridges, is also to be
referred to this group. The large number of ridges represent the primary, secondary and

1See Fischer, P., Cat. Distrib. Geog. Moll. Terr.-Fluv. & Mar. Indo-Ohine (Autin, 1891) ; and Fisoher, P. & Dautzenberg, P.,
Mission Pavie Indo-Chine, III, pp. 390-450 (Paris, 1904).
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tertiary ridges all of which are more or less equally developed and on which the cilia have
persisted.

I refer V polyzonatus (Frauenfeld) from French Indo-China also to this group. Its
shell with low solid and rather darker ridges appears to have been evolved in a manner similar
to that of ¥V boettgeri Kobelt from Hainan, but the ridges are less regular and not: so strongly
developed.

Cipangopaludina Group :—The only species which can definitely be assigned to this
group is C. laosiensis (Morlet) from the Mekong Valley, Laos and Tonking. The shell in
form and sculpture closely resembles that of C. chinensis (Gray), and probably represents a
southward extension of the species of that group from China.

Dactylochlamys Group :—With some hesitation I assign the species Paludina fischeriana
Mabille and Le Mesle and P. largrandiert Bavay to the subgenus Dactylocklamys Rao. Both
the species are of small size, greatly compressed from above downwards, and have rather
thick, solid shells. The ridges on the whorls are similar in arrangement to those of the hollow-
ridged species of the subgenus, and it is probable that they have been derived from the
more primitive species by the shells becoming thick and the ridges becoming solid. Probably
D. umbilicatus (Reeve), D. trochoides (von Martens) and D. occultus (Fulton)! are also species
of this subgenus, but in these species only the sutural and the peripheral ridges have per-
sisted and the median is quite obsolete. The shells are solid and uniformly coloured.

Mekongia Group :—Crosse and Fischer? proposed the generic name Mekongia for the
species Paludina turbinata Deshayes from Cambodia. Kobelt included a number of other
species in this subgenus, but did not believe that the subgenus was in any way different from
the other Viviparids from the same area. From my examination of a large number of species
of this group I am of opinion that the species enumerated below form a separate group.
They are paludine forms, and probably a number of the so-called species are based only on
Shells which were found in rapid or sluggish streams. The shell is usually thick and has a
Neritoid facies (pl. xix, fig. 32). In specimens from rapid streams the margin of the
aperture is thickened all round and it appears as if there was a thick callus extending all
round. In young shells the remains of the three primary ridges are to be distinguished but
the adult shells are quite smooth. The shells are uniformly coloured and no colour-bands
can be distinguished. The subgenus Mekongia is to be derived from a species like V
lurida (Morelet) of the Vivipari Dissimiles Group; the rather small, thick-shelled species
are an adaptation to the peculiar type of environment in which these forms live.

Fischer’s section Eyriesia 3 with Paludina eyriesi Morelet as type is only a synonym of
Mekongia.

I assign the following species to this group :—M. turbinata (Deshayes), M. jullient
(Deshayes), M. sphaericula (Deshayes), M. moreleti (Deshayes), M. eyriesi (Morelet), M.
rattes (Crosse and Fischer) and its var. elongata (Dautzenberg and Fischer) from Cambodia,
V lamarckii (Deshayes) from Ca-Lyniou Island, and M. siamensis (Frauenfeld), M. moreleti
var. fruhstorferi (Kobelt), M. hainesiana (Lea), M. swainsoniana (Lea), M. brauer:

* Fulton, H. C., Proc. Malacol. S8oc. London, XII, p. 241, fig. (1917).
% Crosse, H. & Fischer, P., Journ, Conchyliol. XXIV, p. 316 (1876).
¢ Fischer, P., Man. Conchyliol. p. 733 (Paris, 1885).
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(Kobelt) from Siam. Probably Paludina kmerianus Morelet is also allied to the subgenus
Mekongia and should be referred here.

East Indies.

In the Kast Indies ! the Viviparids are found in all the islands of the Greater Sunda
Islands group, and in the Smaller Sunda Islands they are known from as far east as Lombok
and Sumbawa, but none have so far been recorded from Timor. The species found in these
islands show a marked affinity with the Viviparids of the Malay Peninsula and India, and are
apparently to be derived from them. I am able to distinguish the following four groups :—
1, Vivipari Bengalenses Group ; 2. Vivipari Dissimiles Group ; 3. Cipangopaludina Group ;
and 4. Dactylochlamys Group.

Vivipari Bengalenses Growp :—This group is represented in the islands by V. sumatrensis
(Dunker), V. hamiltons (Metcalfe) and V. hendrici Prashad. All the species are banded and
only rarely, as in V. sumatrensis, is there a trace of fine spiral ridges on the shell.

Vivipari Dissimiles Growp :—7V . javanica (v. d. Busch) and its various forms, V. deliensts
Kobelt, and V. hortulanus Kobelt are to be included in this group. The ridges on the surface
are feeble, but the shell is unbanded and apparently is very near the ancestral type from
which the more highly evolved species have been derived. V. rouyer:i Bullen is also a member
of this group, but is more highly evolved and has a well-developed peripheral keel, and
resembles V. ceylanica (Dohrn) from Ceylon and the unicarinate forms of V. unicolor (Olivier)
of Africa.

Cipangopaluding Group :—Paluding semmenlinki Schepmann from Borneo is un-
doubtedly a member of this subgenus. The shell is large, without bands, and except for
being rather thick is similar to that of the Indo-Chinese species of the subgenus. The young
shells have a peripheral keel, but this disappears in the adults. I have not been able to
examine any preserved material of the species.

Dactylochlamys Group :—Quoy and Gaimard’s species Paludina costata is closely allied
to D. angularis (Miiller), and should be referred to the subgenus Dactylochlamys Rao. The
shell of D. costatus is medium sized, thin and rather fragile. There are a varying number
3-5, of hollow or channelled ridges above the peripheral keel, and two fairly prominent ridgeé
of the same type below it. The species occurs in Java, Borneo and the Celebes.

Vivipara grossicostata von Martens is, in my opinion, also to be referred to the sub-
genus Dactylochlamys. It has evolved from a species like D. costatus by the shell becoming
thicker and the ridges solid and more prominent.

Celebes.

The Viviparids of Celebes % are similar to those of the adjacent islands of Sumatra,
Java and Borneo, but the group of Vivipari Bengalensesis apparently not represented.
They are divided into three main groups :—1. Vivipari Dissimiles Group ; 2. Cipangopaludina
Group ; and 3. Dactylochlamys Group.

1 See Mousson, J. R. A., Land u. Sissw. Moll. Java, pp. 61-63, pl. viii (Zurick, 1849) ; von Martens, E., In Weber’s Zool, Ergebn,
Niederland Ost. Indien, IV, pp. 19-25, pl. ii (Leyden, 1897) ; and Prashad, B., Rec. Ind. Mus. XXII, pp. 479-483 (1921).
2Tn addition to Kobelt’s Monograph see P. & F. Sarasin, Sisswasser-Mollusken von Celebes, pp 59-67, pl. x (Wiesbaden,

1898).
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Vivipari Disstmiles Group -—V javanica (v. d. Busch), as vars. wirescens (Reeve),
celebensis Martens, macassarica Martens, and laevior Martens, is found in Celebes, and this
species as already shown (p. 175) is a member of this group. V gratiosus (von Martens)
V rudipellis P. and F. Sarasin, and V- lutulentis P. and F. Sarasin are also to be referred to
this group.

Cipangopaludina Group :—The species described by P. and F. Sarasin as Vivipara crassi-
bucca is undoubtedly a Cipangopaludina. The very open umbilicus and the recurved aper-
ture are distinctive, but the shell otherwise is like other species of the subgenus.

Dactylochlamys Group :—The question of including Quoy and Gaimard’s species in the
subgenus Dactylochlamys Rao has already been discussed (p. 175). The typical form of the
species occurs in Celebes ; it is only slightly modified and has three channelled ridges on the
bodywhorl.

I also consider that the species Vivipara persculpta P. and F. Sarasin (pl. xix, fig. 16)
from Lake Posso, is, like D. grossicostatus from Sumatra, to be referred to this genus. In
young shells of this species the shell is not very thick and the ridges are hollow. In adults,
however, the shells are very thick and the ridges are filled up and in some shells are quite
solid. The number of ridges varies, being 2-3 above and an equal number below the
peripheral keel.

I have examined some shells of D. costatus from Tondanao in the Amsterdam Museum,
and these are undoubtedly like the ancestral type from which D. persculptus (P. and F.
Sarasin) has been evolved.

Aru Islands and New Guinea.

The Viviparids of the Aru Islands and New Guinea are undoubtedly an extension of
the forms found in the Celebes. The only exception is that of the peculiar species of the
genus Larina A. Adams, which has certainly come over from Australia during the time
when Australia and New Guinea were connected with each other.

The various forms from these islands are divisible into the following three groups :—
1. Vivipari Dissimiles Group ; 2. Dactylochlamys Group ; and 8. Larina Group.

Vivipar: Dissimiles Group':—The species of this group in the islands under consideration
are undoubtedly related to Viviparus javanica (v. d. Busch), and represent the eastermost
extension of the species of this group. The species are V decipiens (Tapp.-Can.), V cons-
tantina Kobelt, V kowiaensis (Brazier), V laevigatus (Bavay) and V novoguineensis Leschke
from New Guinea, and V. decipiens var. aruana Boettger from the Aru islands.

Dactylochlamys Group :—Bavay from an examination of the unique type of Lesson’s
species tricostatus described in 1830 (Voy. de la Coquille, Zool. 11, p. 349, Paris) was able to
decide that the species is quite distinct from D. costatus (Quoy and Gaimard), but there is
no doubt that it is allied to it and belongs to the same group. The species is unfortunately
based on a young shell, which shows three faint ridges on the whorls. The two varieties of
D. tricostatus described by Bavay, multifuniculatus and elegans, show a great variation as

1 In addijtion to Kobelt’s Mofiograph see Tapparone-Canefri, C., Ann. Mus. Civ. Stor. Nat. Genova, XIX, pp. 20, 21, pl.i
(1883) ; Brazier, J., Proc. Linn. Soc. N. S. Wales, X, p. 483 (1886); Bavay, A., Nova GQuinea (Zool.), V, pp. 209-292, pl. xiv
(Leiden, 1908) ; Leschke, M., Jahrb. wiss. Anstal. Hamburg, XXIX, Beiheft ii, p. 130 (1911) ; Preston, H. B., Proc. Malacol. Soc.
London, 1X, p. 113, fig. (1910) and Boettger, C., Abkandl. Senckenberg. Nat. Ges. XXXV, p. 135, pl. viii, fig. 7 (1915).
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regards the development of the ridges on the shell. I have examined the types of these
varieties in the Zoological Museum, Amsterdam, and have no doubt as to their relationship.
D. fragilis (Preston) from Lake Manswon Bien, Central Arfak Mountains, Dutch New Guinea,
also appears to be allied to D. costatus.

Larina Growp :—Tapparone-Canefri’s species Pa ludina paulciana, from the Fly River
New Guinea, was from the characters of the operculum assigned to the Viviparidae. Kobelt
was doubtful as to whether the species had rightly been assigned to the family.

I have examined only dry shells, but have no doubt that the species is closely allied to
the Australian Larina stranget A. Adams (vide infra p. 179). It is a small sized Viviparid
with a Neritoid facies, and has apparently been evolved in response to its paludine habitat.

Philvppine Islands.

Our knowledge of the Viviparidae of the Philippine Islands, in spite of the two detailed
papers of Bartsch, is in a very confused state. Kobelt cleared up the confusion to some
extent, and Walker® has elucidated the synonymy of some of the species, but the species
as a whole still need a careful revision. I do not propose attempting this here, and will only,
asin the case of the Viviparidae of adjacent areas, group the species into sub-genera or groups*

The Viviparidae of the Philippines are similar to those of the Great Sunda Islands and
Celebes, and are divisible into the following three groups:—1. Vivipari Dissimiles Group ;
2. Cipangopaludina Group; and 3. Dactylochlamys Group. The subgenus Cipango-
paludina appears to be dominant in the area, and is represented by a large number of forms.

Vivipari Dissimiles Group :—1 am not absolutely certain about the species which I
assign to this group as the material at my disposal was not enough to enable me to decide
satisfactorily the status of the several species. All of them are more or less smooth-shelled
and unbanded forms, and appear to be allied to V. javanica (v. d. Bucsh). The species are :-—
V. javanica var. luzonica Kobelt, V. cebuensis Bartsch, V. mindanensis Bartsch and its
varieties bangangensis Bartsch and mamanua Bartsch, and V. zamboangensis Bartsch with
the varieties tubayensis Bartsch, danaoensis Bartsch and surigensis Bartsch.

Cipangopaludina Group :—This group is very poorly represented in the Philippines.
I refer to it C. pseudocarinatus Walker (= Paludina carinata Reeve), C. bartschi Walker (=
V. carinata Bartsch nec Reeve), C. buluanensis (Bartsch) and its variety boholensis (Kobelt)
and C. cumingianus Walker(= P. cumingii Hanley mss. Reeve).

Dactylochlamys Group :—The question of the identity of Miiller’s species Nerita angularia
has already been discussed (p. 168). Itisa Chinese species and is not found in the Philippines.
The species described as such by Bartsch from the Philippines is, as Kobelt .(loc. cit. p.231)
pointed out, a form very different from the Chinese species, but is closgly allied to D. costatus
(Q. & G.). The species is characteristic of the Philippines, and, with Wz?lker, 'I.cal'l it D
burroughiana (Lea). Other forms to be referred t» this group are the V&I‘letl(.as ph.zh.ppme'nsas
(Nevill), ecarinatus {Kobelt), samarensis (Kobelt), lagunensis (Kobett) and trinominis Walker

-

1 Bartsch, P., Proc. U. 8. Nat. Mus. XXXII, pp. 135-150, pls. x, xi (1907), and Vol. XXXVII, pp. 365-367, pl. xxxiy

(1909). -
% Walker, B., Nautilus, XXXII, pp. 109-124, pls. viii, ix (1919). .



178 Memotrs of the Indian Museum. [ Vor. VIII,

(=Paludina carinata Val.) of D. burroughiana, D. mearnsi var. misamiensis (Bartsch)l, D.
gilliana (Bartsch), D. clemensi (Bartsch), D. lanaonis (Bartsch) and its varieties alpha to
lambda, D. pagodula (Bartsch) (pl. xix, figs. 14, 15) and D. tricarinatus (Anton).

The Philippine species of the subgenus Dactylochlamys are very interesting from the
point of view of the great development of the hollow, channelled ridges of the shell on the
one hand, and continuous solid ridges or solid ridges broken up into scaly tubercles on the
other.

The exact relationship of D. partelloi (Bartsch) (pl. xix, fig. 18) is not clear, but I
believe that it has been evolved from the more primitive species of the sub-genus Dactylo-
chlamys by the reduction of all the ridges except the third or the peripheral keel. This
sidge, further, instead of remaining uniform and continuous is, owing to uneven develop-
ment, broken up into scaly tubercles similar to those found in some species of the Byrmese
subgenus Tata Annandale and in the Yunnanese Margarya Nevill.

D. mainitensis Bartsch(= Vivipara multisulcata Moellendorf mss.) (pl. xix, fig. 17) and
D, mearnsy (Bartsch) are also more highly evolved forms of this group. In D. mearnsi the
shell is not so thick and the ridges not very prominent, but in D. mainitensis the shell is very
thick and the ridges very solid, prominent and regularly running spirally on the whorls
This latter species lives with D. burroughiana var. ecarinatus (Kobelt) in Lake Mainit
Mindanao, and probably represents the ancestral form of D. mainitensis (Bartsch).

II. AUSTRALIA.

I have not been able to obtain any material preserved in alcohol of thé Viviparidae from
Australia, and my notes are mainly based on the collections in the British Museum (Nat. Hist.),
London. The Viviparids of this region have, so far as can be judged from the literature,?
a very peculiar distribution. They are, as is shown in the sketch-map, found to about
longitude 120° E. in the West and their area of distribution is a band-shaped region
above latitude 20°S. in the northern parts of Australia, while they are also known to
occur in Queensland and East Australia. The distribution of the family in Australia,
however, needs further investigation.

So far as is known the Australian species can be distinguished into three groups :—
1. Vivipari Sublineati Group ; 2. Vivipari Ampullaroides Group ; and 3. Larina Group.

Vivipari Sublineats Group :—This group appears to be closely allied to the Vivipari
Dissimiles, and may actually be synonymous with it. The species which I include in it are
V sublineata (Conrad) from various parts of Queensland, V intermedia (Reeve) and V alisons
(Brazier) from Dalmatia River, Queensland. These species resemble V dissimalis (Miill.)
in being uniformly coloured, and in a large series show evenly rounded to uni-or even
bicarinate forms.

Vivipary Ampullaroides Group :—The group to which I refer V ampullaroides (Reeve),
V waterhouses Adams and Angas, V kingi Adams and Angas, V tricinctus Smith and V
dimidatus Smith has medium sized to large shells with colour-bands. The bands, however,

11 ugree with Kobelt (Monograph p. 224) that it is impossible to understand Bartsch’s reasons for describing misamiensis as
a variety of his species mearnsi. It does not appear to have any relationship with mearnsi, and for the present I propose leaving
it as a distinct species allied to D. burroughiana.

2 For literature see Smith, E. A. Journ, Linn. Soc. London (Zool.), XVI, pp, 262-266, pl. vii (1882).
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as Smith (loc. cit. pp. 262, 263) pointed out are not found below the periphery. The group
appears to be confined to North Australia, and probably is to be derived from the banded
shells of the Indo-Malayan Archipelago through the former connection along the Smaller
Sunda Islands.

Larina Group :—The genus Larina was proposed by A. Adams ? for L. strangei A. Adams
from Moreton Bay, Queensland. In his original description A. Adams believed the genus
to be a marine form of uncertain position, but later the brothers Adams 2 referred it to the
Viviparidae, and were of opinion that the species must have come from the freshwater streams
or water-courses from the vicinity of Moreton Bay. The species is very similar to the New
Guinea form L. paulciana (Tapp.-Can.), which I also refer to this genus, and from the latter
species being found in freshwater streams, it is possible that the Adams were right in their
conclusion. The genus, as has already been remarked, is a very peculiar paludine type,
and so far is only known from Australia, India and New Guinea.

II1. Arrica.

The distribution of the family Viviparidae in Africa is very peculiar, but the question,
except for the publication of a chart showing the distribution of some species of the genus
Viviparus by Germain,® has not been dealt with by any author. The family is distributed
along the course of the river Nile not extending beyond the longitude 25° E. to the west,
and not above latitude 15° N. in the Sudan. The fantily is not represented in the whole of
north-west Africa except for the basin of the river Senegal, where a species of the genus
Viviparus and probably some species of the genus Cleopatra are found in a rather triangular
area including Senegal, Guinea, Sierra Leone and Liberia. In Central Africa its range of
distribution is along a rather broad band-like region along the basin of the river Niger, but
there are no records of any species having been found below latitude 8°N. Further to the
east the family is well represented in a part of French Africa, Belgian Congo, Anglo-Egyptian
Sudan and in Uganda. In Abyssinia Viviparidae are only found in the south-western part
of the country, while none are known from Italian Somaliland, except for species of the
genus Cleopatra recently described by Connolly.* The Kenya Colony and Tanganyika
Territory have a very rich fauna so far as the Viviparidae are concerned, and a large number
of species are known from the lakes in this area. There are no records of any members
of the family ever having been found in British South Africa or South-west Africa, and
apparently the family is not found to the west of longitude 20°E.

The family is represented in Africa by the subgenera Viviparus s.s., Neothaume
Smith, and Cleopatra Troschel. Of these Cleopatra and Viviparus are found all through
the area detailed above, and some species of the genus Cleopatra are also found in Madagascar.
The subgenus Viviparus is not represented in Madagascar, and Kobelt’s® record of V.

1 Adams, A., Proc. Zool. Soc. London, p. 41, pl. xxvii, fig. 3 (1854).

2 Adams, H. and A., The Genera of Recent Mollusca, 11, p. 624 (London, 1858).

8 Germain, L., Res. Sci. Voy. G. Babault d. L’ Afrique Orient. Angl. Moll. Terr. et Flur. I, » 231, fig. 111 (Paris, 1920).
As has been noted already (p. 160 footnote 1) Pilshry and Bequaert have recently published a sketch-map showing the distri-
bution of the genus Viviparus in Africa. This map slightly differs from the map roproduced in this papor (p. 159).

4 Connolly, M., Ann. Mag. Nat. Hist. (9th ser.), XVI, pp. 244, 245 (1925).

5 Kobelt, W., Abkandl. Senckenberg. Nat. Ges, XXXII, p. 91 (1909).

E
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madagascarensis Smith is undoubtedly wrong, as no such species was ever described by the
late Mr. E. A. Smith of the British Museum (Nat. Hist.), London. The peculiar lacustrine
subgenus Neothauma Smith is confined to the lakes Tanganyika and Mweru in Central Africa.

The African forms of the family may be distinguished as:—I. Vivipari Unicolores
Group; 2. Neothauma Group ; and 3. Cleopatra Group?!

Vivipari Unicolores Group :—1 agree with Germain (loc. cit. pp. 51, 52, 229) that V
umacolor (Olivier) is the central species of all the African species of the sub-genus Viviparus.
It probably represents the ancestral species from which all the recent African species have
been derived. Kiister,2 and following him most of the earlier palaeontologists, considered
V unicolor to be identical with the French Tertiary species V semicarinatus (Brard), but
there is no true relationship between the two species, and all recent authors have rightly
separated the two. On the other hand, as was hinted by Jickeli,® V unicolor appears®o be
very closely allied to the Indian V dussimiles and the two species appear to be genetically
connected and have probably migrated from the same centre. All the African species
including V' wumnicolor have uniformly coloured shells like those of the Indian species, and
no colour-bands are to be found either in the young or the adult shells. Further, the
various forms and varieties of V wunicolor, and the other species derived from it, show an
evolution of keeled and ridged species from evenly rounded forms similar to that of the
Indian species. This condition has been considered by Germain to be a polymorphism of
the sculpture, and in view of its great interest a few notes on some of the species and their
forms are included here.

Considering first the species V unicolor, we find that the typical form of it, which Germain
calls ““ normalis,” has the shells perfectly smooth and neither on any of the upper whorls
nor on the bodywhorls is there the slightest trace of any carination. This form corresponds
to the typical V. dissimilis (Miiller) of India. In the “ unicarinate ” form there is a well
developed keel about the middle of the bodywhorl and traces of it are also to be seen on the
penultimate and upper whorls. The keel corresponds to the lowermost of the three primary
rows of ornamented ridges of the embryonic shell, and following Annandale’s terminology* it
may be called the third primary ridge or the peripheral keel. The keel is equally marked
in the young and the adult shells. In some specimens both the young and the adult shells
show traces of a second keel which from its position most probably corresponds to the first
primary ridge. Similar forms are found in the case of the Indian V. dissimils and the Chinese
V. quadratus (Benson). The form ‘ bicarinata,” or the V biangulata (Kiister) of most
authors, has two well developed keels. Of these the inferior corresponding to the peripheral
keel of the unicarinate form is the more prominent of the two, and the upper or the first is
also more highly developed than in that form. The form ‘ bicarinata ” is fairly common
and is found living with the unicarinate form. In certain localities, as for example certain
regions of Lake Chad according to Germain, the bicarinate form is more abundant. The

1 For literature on the African species of the family see Kiister’s Monograph in Martin; & Chemnitz Conch.-Cab. (1852), Kobelt’s
Monograph (op. cit.) pp. 162-177, l\gartens, E. von., Beschalte Weichthiere Deutsch-Ost-Afrikas, pp. 173-188 (1897), Connolly,
M., Ann. S. African Mus. XI, pp. 260-262 (1912), Dautzenberg, Ph. and Germain, L., Rev. Zool. Afric. IV, pp. 52-60, pl. iv
(1914) and Germain, loc. cit. (1920).

2 Kiister, C. H., op. cit. pp. 21, 22 (1852).

3 Jickeli, C., Nov. Act. K. Leopl. Carol. Deutsch. Akad. Naturf. XXXVII, p. 237 (1874).

4 Annandale, N., Rec. Ind. Mus. XXII, pp. 244-246, fig. 10 (1921), and Proc. Roy. Soc. London (B), XCVI, p. 61 (1924).
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last form of this series, which is the rarest of all and which Germain calls ¢ tricarinata,”
has a much less prominent third keel corresponding to the second primary ridge, intercalat-
ed between the first and the third ridge.

We will next consider some well marked varieties and also some species closely allied
to and evolved from V wnicolor. In the var. conoidea von Martens, a subfossil from near
Lake Albert Edward, the shell is more elongate than in the typical form, but without
any keel and resembles the forma normalis. The var. elatior von Martens from Lake Victo-
ria Nyanza also has a more elongate shell and shows traces of a peripheral keel; it thus
leads on to the forma unicarinata. Germain’s var. lefamti from Lake Chad resembles
forma bicarinata in having two ridges. - Frauenfeld’s species jefferysi and robertsoni from the
basin of Lake Nyassa are, as von Martens (loc. cit. pp. 177, 178) and Germain (loc. cit.
pp. 218-222) have shown, only forms or varieties of V' un¢ olor. The shell of these forms
is not so elongate, but is more ovoidal and has a relatively broader bodywhorl. As regards
their sculpture they represent a form nearly allied to_the unicarinate form. V spekes (Smith),
from between Latitude 6° and 7° South of the equator along the eastern coast of Africa, is
peculiar in that it has a large number of low, spiral rows, as many as 30 on the bodywhorl,
with slightly marked tubercles. These ridges represent a large number of secondary and
tertiary ridges of Annandale’s nomenclature, all of which are more or less equally develop-
ed. The condition is somewhat similar to that of V polyzonatus (Frauenfeld) from French
Indo-China, and that of V quadratus var. heude: (Dautzenberg & Fischer) from China. V.
cepoides Smith is, except for its very large size and certain differences in the proportions of
the whorls and aperture, similar to the forma unicarinata ; in some fully grown individuals,
however, the peripheral keel is obsolete. V abyssinica (von Martens) from Lake Dembea
and other localities in Abyssinia is, as Germain (loc. cit. p. 223) has pointed out, nothing
more than a form of V' wunicolor. Its shell has a well developed peripheral keel on the body-
whorl and resembles the unicarinate form. V rubicundus (von Martens) and its var. sub-
turritus von Martens from Lake Victoria Nyanza and other localities are only slightly
modified forms of V wunicolor. The embryonic shell of these forms has traces of the peri-
pheral keel but the adults resemble the forma normalis. V meta von Martens from the
same area as V rubicundus is nearly allied to it and resembles it in the type of sculpture.
V constrictus (von Martens) from Lake Victoria Nyanza has a prominent peripheral keel
and a low one corresponding to the first primary ridge next to the suture ; sometimes traces
of a third intercalated between the two are also to be seen. It apparently is in an evolu-
tionary stage intermediate between the bi- and the tricarinate forms of V' unicolor referred
to above. In var. phthinotropis von Martens, from the same locality as the typical spacies,
the ridges except for the peripheral keel are much less prominent. As to the var. ¢rochlearss
von Martens, the author (op. ¢it. p. 181, pl. vi, figs. 19-21) did not differentiate between
the various forms. He figured and described one form with two ridges apparently repre-
senting the first and the third primary ridges, and a second one which has only the peri-
pheral keel or the third ridge ; they respectively represent the bi- and the unicarinate forms,
In var. pagodella von Martens (pl. xix, fig. 33) the peripheral keel unly has persisted, but
it is very highly developed and owing to the greatly impressed suture and the flattened
sloping nature of the whorls it appears as if the keel is a different structure from the
peripheral keel of the other forms. There can be no doubt, however, that the ridge is
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certainly the third primary ridge and that the form pagodella has evolved from an ancestor
like trochlearis (pl. xix, fig. 34).

E. von Martens remarked (op. cit. p. 182) that full-grown embryos of var. trochlearss
taken out of the uterus are devoid of any hairs or chaetae on the shells similar to those found
on the shells of the common European species. The case is very similar to that of Neoth-
auma tanganyicense (Smith), (vide infra, p. 184), in which the fully developed embryos are
without chaetae, but the younger ones, which lie higher up in the uterus, were found to
have chaetae on their shells. The long period of gestation, as is clearly indicated from the
enormous size to which the embryos grow in these forms, is probably responsible for the
loss of the chaetae during the uterine period of their existence.

V duponti de Rochebrune, which Bourguignat considered to be a Cleopatra, and for
which Jousseaume had created a new genus Bellamya, has been considered by Dautzenberg
and following him by Germain (loc. cit. pp. 209-217) to be a variety of V wnicolor. It would,
however, appear to be a well characterised species found in the basin of the River Niger in
Senegal, Guines, etc., and is considered as a distinct species in the following account.
The species is very common and is found in streams, rivers, ponds, etc. Like V wunicolor
the species has forms with uni-, bi- and tricarinate shells, and appears to have followed
the same line of evolution. V leopoldvillensis (Putzeys) from the Belgian Congo is closely
allied to V duponti and is probably only a variety of it.

The group of forms of the type of V capillatus (Frauenfeld) is the last to be considered
here. They have a wide distribution in the basin of the River Zambesi, Zanzibar, Rho-
desia and Lorenzo-M arques in East Africa. The typical form of this group, V capillatus,
was considered to be only a synonym of ¥V wunicolor by Newton !. Germain (loc. cit. pp. 224-
229) considered it as a representative species of V wunicolor from which it is evolved, but
believed that in the basin of the Zambesi it forms a distinct local race or what he terms
““ especé géographique.” Germain did not clearly differentiate between the various forms
of this group, and only considered them to represent different stages in the development
of the sculpture of the shell corresponding to the different degrees of the development of
the animal. The form sambesiensis Sturany of the group of V capillatus has shells with
perfectly rounded whorls, and with a moderately developed but very reticulate type of
sculpture ; there are, however, no ridges on the shell. It corresponds to the forma nor-
malss of V unicolor. In the species V capillatus the whorls have in addition to the three
primary ridges a number of secondary and tertiary ridges with low, curved chaetae on them.
In this case all the ridges are more or less equally developed and the presence of the chaetae
is only a retention of the larval character of the shell. The shell whorls are also somewhat
angulate and resemble those of the biangulate form of V wunicolor. In the var. densistriata
Preston the sculpture resembles that of V capillatus but the ridges are less well developed
and there are no chaetae on them. This group of forms represents a parallel evolution of
the shell sculpture to that of some forms of ¥ wunicolor and also some of the Asiatic species
of the Vivipari Dissimiles"Group, but the main point of difference is the more or less equal
development of all the ridges and the retention of the chaetae on them ; this last is nothing

} Newton, R, B., Quart. Journ. Geol. Soc. London, LXVI, p. 240 (1910).
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more than the persistence of one of the larval characters and is not to be confused with the
formation of the tubercles or nodules on the shells of some forms.

In summing up this review of the various forms of the African species of the genus Vivs-
parus, it may be noted that they are not very highly specialized forms, and are apparently
all to be derived from the central species V. unicolor. The more highly sculptured forms
are all found in lakes or other big areas of water in which the conditions of life are uniform,
and where almost always species of different families and genera become specialised. In
the case of the group of V. capillatus the shells retain embryonic characters in the adult stage,
and as was confirmed by examination of the soft-parts of the var. sambestensts this is cor-
related with the specialised structure of the mantle edge of these species.

Neothauma Group.—Smith! from the peculiarities of the shell alone originally consider-
ed Neothauma to be a highly specialised Viviparid quite distinct from the genus Viviparus,
but in a later paper,? agreeing with Pelseneer,® united it with the latter genus. Moore?
on anatomical grounds again separated it from Viviparus, and I believe that the differences
in the shell and the soft-parts are quite enough to justify the separation of the form as a
distinct sub-genus. The sub-genus was originally believed to be confined to Lake Tangan-
yika, but the discovery of a species, N. mweruensis® (Smith), in Lake Mweru, has con-
siderably extended the range. N. mweruensts further throws a great deal of light on the
origin of the sub-genus Neothauma. The Lake Mweru species is derived from a form like
V. crawshay: Smith, also found in the same lake, in which the shell is rimate-carinate, but
is tending to have the umbilicus reflected and the posterior angle drawn out into a canal-
shaped structure. The shell itself does not differ in shape from that of the unicarinate forms
of V. unicolor, but the peripheral keel is more pronounced. The evolution is further ad-
vanced in the form described as var. pagodiformas of V. mweruensis by Smith (loc. cit. p. 638,
pl. lix, fig. 7), which I consider to be a separate species of the sub-genus Viviparus. In
this species the suture is much more impressed and lies next to the peripheral keel. The
peripheral keel is well developed and is quite sharp ; there are also traces of two other spiral
ridges above the peripheral. The canal-shaped prolongation of the mouth is also more mark-
ed. In N.mweruensis the shell is not so thick as in N. tanganyicense (Smith) and only the
peripheral keel is well developed, while the sutural ridge, which is quite marked in N. tan-
ganyicense, is very feeble. The aperture is similar to that of N. tanganyicense (pl. xix, fig. 38)
but the canal is less marked. It may also be noted that a similar though Iess highly
developed condition of the aperture has also been observed by Germain® in the case of
Viviparus duponti de Rocheburne, from Senegal.

In view of the differences in the form of the shells of the two species and their occurrence
in different lakes I believe that they evolved independently in the two areas.

The embryonic shell (pl. xix, fig. 39) is similar to that of the various species of the
sub-genus Viviparus, and bears on the young shells the three rows of chaetae on low ridges.

1 Smith, E. A., Proc. Zool. Soc. London, p. 349 (1880).

2 Smith, E. A., Proc. Zool. Soc. London, p. 635 (1893).

3 Pelseneer, P., Bull. Mus. Roy. d’Hist. Nat. Belgique, IV, p. 105 (1886).

4 Moore, J. E. S., Proc. Zool. Soc. London, p. 466, pls. xxv, xxvi (1901) and Zunganyika Problem, pp. 264, 265, figs. 41-48

(London, 1903).

¥ 8mith, B. A., Proc. Zool. Soc. London, p. 638, pl. lix (1893).
¢ Germain, L., Res. Sci. Voy. G. Babault d. L' Afrique Orient. Angl. Moll. Terr. et Fluv. I, p. 214 (Paris, 1920),
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The full-grown embryonic shell loses the chaetae while still within the uterus, and is
of exceptionally large size, one specimen taken out of a gravid female measured 16'5 mm.
% 161 mm. The shell shows traces of the three colour bands, but these disappear
with age. The adult shell has a very marked peripheral keel, and there is a second ridge
corresponding to the sutural ridge lying next to the suture.

Bourguignat! described a number of the species from the Tanganyika Lake, but they
are all based on individual variations of the type-species N. tanganyicense. The second
species from Lake Mweru has been mentioned above.

Cleopatra Group.—Like the sub-genus Neothauma, Cleopatra Troschel is endemic in
Africa, and with the exception of Madagascar has not been found anywhere else.

The genus at the present day is most abundant in the coastal region of Eastern Africa
extending in the north to Egypt and in the south to the mouth of the Zambezi river, while
species have also been recorded from West Africa and from Madagascar. Kobelt (loc. cit.
p. 164) considers the genus Cleopatra to have been evolved in Europe in the Mediterannean
basin and to have wandered into Africa. Among the Creataceous Viviparids the species
Paludina deshayesiana (Matheron) from Provenance, South France, has been believed by
Oppenheim? to be a species of the genus Cleopatra, and apparently it was this record which
led Kobelt to consider Europe as the region in which Cleopatra had originated. The shell
of the fossil V deshayesiana superficially resembles the shells of C. bulimoides (Olivier), but
there is no justification for assigning the fossil species to the genus Cleopatra. It is only a-
small shelled species of the genus Viviparus. "1 do not believe that Cleopatra wandered to
Africa from Europe, but am of opinion that it must, as is discussed below, have been
evolved in Africa itself.

The genus has often been referred to the Melaniidae and Paludominae, and Thiele 3
has recently again placed it with the latter subfamily. Until, however, its anatomy has
been fully compared with that of Paludomus and its inclusion in that subfamily justified,
I propose leaving it with the Viviparidae.

A large number of species! of this genus have been described by various authors, but
many of them appear to be only varieties or even to be based on individual variations, and
the genus needs revision. Like other Viviparids Cleopatra shows a parallel evolution of keeled
and ridged species from more or less smooth shelled forms (pl. xix, figs. 35-37). C. guillemets
Bourguignat shows faint traces of ridges on the bodywhorl; of these spiral ridges the
peripheral is the most prominent. The same condition is to be observedin C. broecks Putzeys
and C. hargeri Smith. In C. johnstons Smith and C. emins Smith there are two ridges on
the bodywhorl and traces of these are also to be seen on the other whorls. In C. soleillet;
Bourguignat and C. percarinata Bourguignat the shell is more elongate and the ridges are
wide apart. In C. mweruensis Smith the upper whorls have three ridges, while the body-

Dr. L. Germain, who has examined the types of Bourguignat’s species of Neothauma in the Paris Museum, was kind enough to
inform me that my surmise about all these species from Lake Tanganyika being synonyms of N. tanganyicense (Smith) is corrects
In the western area of the lake, however, between Pambété and Kibanga, the form bicarinata with two carinae has become fixed
as a distinct local form.

2 Oppenheim, P., Palaentographica XLII, pp. 328-331, pl. xvi, figs. 22, 24 (1895).

3 Thiele, J., Kiikenthal and Krumbach, Handbuck der Zoologie, V, p. 83, (Berlin, 1925).

* See Kobelt, W., loc. cit. pp. 382-409, pls. Ixxv-Ixxvii (1909).
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whorl has as many as seven; of these the three primary ones are more prominent.

C. grandidieri (Crosse & Fischer) and C. exarata (Martens) and a number of other species
were referred by the authors to the genus Paludomus, but they are true Cleopatras, and
Kobelt has rightly referred them to this genus. The shell in these species has a large
number of ridges closely placed in the same way as in D. mainitensis (Bartsch) from the
Philippines (see antea p. 178). Reference may also be made here to the extraordinary
forms with well developed sculpture described by Dautzenberg and Germain (loc. cit.)
from the branches Lualaha and Luapala of the River Congo in Belgian Congo. The
ridges are solid and the shells appear somewhat cancellated. The species similarly vary
with reference to colour bands. Some of them, like C. brincatianus (Bourguignat)
and C. bulimoides (Olivier), are banded while others like O. aurocincia Martens and most
of the ridged species are uniformly coloured.

IV. Eurork.

In treating the Viviparids of Europe I include with them the Western border of the
Palaearctic Region. In this area the family at the present day is represented by a single
genus—Vwiparus Montfort, and all the forms are smooth-shelled species belonging to
what I term Viviparus s. s.

As is shown in the sketch-map, the distribution of the species in this area is very inter-
esting. In the British Isles there are no Viviparids in Scotland, Irveland and the greater
part of Wales. In England proper the area of distribution may be roughly taken as the
drainage system of the Thames, from whence the Viviparids have spread by connecting
canals northwards to York and westwards to Montgomery, Glamorgan and Devonshire.!

In France the Pyren ees basin to the south-west and the greater part of the Mediterra-
nean coastal area is without any representatives of the family, and so is the whole of the
Iberian Peninsula. With the exception of V. viviparus var. isseli (Bourguignat),? which
has been found at Pisa, no species are found south of the Apennine Mountains in Italy.

In Belgium and Holland the two common species of the European fauna are found in
rivers, streams, and other freshwater areas beyond the tidal range, and the same appears
to be the case with Denmark. In Scandinavia3 the range does not appear to extend beyond
latitude 58° N., and this seems to be the northern limit even for Russia. In the east the
Ural Mountain chain and River Volga form the boundary line of their eastern limit of exten-
sion, while in the south-east they are found in the Trans-Caucasian region and Asia Minor
to about 30° East. In Central and Eastern Europe they are well represented.

In spite of the great amount of work that has been done on the European Viviparidae
our knowledge of these forms is in a very confused state. Bourguignat* divided the species

1 See Roebuck Mem. Number in Journ. Conch. XVI, p, 178, pl. vii (1921).
2 See Kobelt, loc. cit. p. 306 (1908).
8 See Westerlund, C. A., Faun, Moll. Terr. Fluv. Sveciae Norv. Dan. pp. 445-455 (Stockholm, 1871.73) and Land.dch Sotvait.
Moll. Exkurs. pp. 56, 57 (Stockholm, 1884}.
Bourguignat, J. R., Recen. Vivipara systéme Europ. pp. 1-52 (Paris, 1880).
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of the area into seven sub-groups and recognised no less than 50 species. Westerlund?! dis-
tinguished 20 good species and an equal number of varieties. Kobelt? originally distin-
guished 5 “ Formenkreise ’ or geographical groups, but later,® apparently following Cles-
sin,® he distinguished two main types of forms, 1. Vivipara contecta Millet, and 2. Viwvi-
para fasciote Miiller. He is not quite definite about the range of the former, but stated
that it is found over the whole of the European area, though the forms included under it,
and for which he employed a trinomial nomenclature, do not extend east of the Volga and
certainly not into Greece and Turkey. The group of V. fasciata he divided into 4 sub-groups
which according to him correspond to the ““ Hauptflussgebieten ”” or the main river-basins.
These according to the regions of their distribution are -—1. Nérdliche, occupying the whole
of the area north of the Alps, except for the regions mentioned already, and running from
the Pyrenees basin to the Trans-Caucasian area with V fasciata as the central type; but
becoming gradually replaced to the east by the species V' okaensis Clessin and V duboisiana
Mousson ; 2. Siidliche in the region of the southern Alpine lakes and in the basin of the river
Po, with V pyramidalis (Jan.) Rossméssler as the central form ; 3. Isterkreis or the Do-
nauformen in the Lower Danube and probably extending through the Balkans to the Dar-
denelles and reminding one of the probable course of the Danube in the late Tertiary or the
Old-Diluvian times. The central form of the group is ¥V danubialis Bourguignat ; and 4.
Dinarische Kreis in the lakes and streams of the eastern part of the Balkan Peninsula with
V mammilata Kiister as the central species.

The above system of Kobelt is not very satisfactory, and the species of the European
area need a thorough revision. It may also be noted that the names given to the two main
groups by Kobelt can not be upheld owing to the fact that his V contecta (non Millet?) is
what should be called V wviviparus (Linn.) and his V. fasciatus (Miill) is the same as V con-
tectus (Millet), but though the name of Miiller has to be adopted owing to its being earlier,
its definition as given by Kobelt is not correct. This was first established by Kennard
and Woodward® by an examination of the Miillerian and Linnean types, and I am able to
confirm their work from a re-examination of the same material.

V. AMERICA.

As has been noted already (p. 162) no members of the family are found in South America.
In North America the area of distribution as shown in the map does not extend north of"
latitude 52° N. and they are not found in Mexico or Central America. To the west the Rocky
Mountains seem to form the furthest boundary line of their distribution. In the West Indies-
the family is only represented by a single species in Cuba. Call 7 has published a map show-

! Westerlund, C. A., Faun. Palaearct. Binnenconch. Hft. VI, pp. 3-11, (Berlin, 1886).

t Kobelt, W., Monograph. (loc. cit.) pp. 298-374, pls. Ix-lxxiv (1908-09).

3 Kobelt, W., Rossmdssler’s Icon. (n.f.) XITI, pp. 21-32, pls. ccexlii-ccexlvii (Wiesbaden, 1907).

4 Clessin, S., Malakozool. Blatt. (nf.) I, pp. 3, 4 (1879).

8 Dr. L. Germain informs me that from the examination of specimens from the type-locality of V. contectus (Millet), he has come
to the conclusion, that this form, as was suggested by other authorities, is not synonymous with V. fasciatus (Miiller), but is a
distinct form allied to V. »iviggrus (Linn.),

¢ Kennard, A. 8. and Woodward, B. B., Proc. Malacol. Soc. London, XIV, pp. 88-90 (1920) ; see also the same authors®
Sylnon;);ny of British Non-Marine Mollusca pp. 9-14 (London, 1926) and Caziot, E., Bull. Soc. Zool France, Paris, XLVIII, pp.-
8-11 (1923).

" Call, R. E., Amer. Jeurn. Sci., XLVI1I, pp. 132-140 (1894).
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ing the geographical and hypsometrical distribution of the Viviparidae in the United States
and this may be consulted for details of the exact distribution of the genera and species.

In addition to the older literature on the subject the critical Catalogue of the Fresh-
water Molluscs of North America north of Mexico,! published by Mr. Bryant Walker of
Michigan, has served for the following notes on the Viviparids of this region. I am also
greatly indebted to the same authority for sending me further notes which have proved of
immense use. I have also examined the collections of the Viviparidae of this area in the
British Museum (Natural History), London, for doubtful points.

In North America there are four sub-genera of the family, viz., Viviparus Montfort,
Twlotoma Haldeman, Campeloma Rafinesque, and Lioplax Troschel. Of these Viviparus
alone is found in other parts of the world, and the other three sub-genera are characteristical-
ly American. The reference of some fossil species from various European strata to these
genera by different authorities is, in my opinion, without any justification. In the follow-
ing notes the members of the four genera are dealt with on similar lines as those of the various
groups found in other parts of the world.

Viviparus Group.—In considering the species of this group I have not taken into account
the Kuropean species V. fasciatus (Miill.) = V. contectus (Millet) of the earlier authors, or
the Japanese species Cipangopaludina malleata (Reeve) and C. japonica (von Martens), as
these. have undoubtedly been introduced by human agency during recent years. The Euro-
pean species V. fasciatus is found in various parts along with the true American species in
the eastern parts of the States, while the Japanese species have become established in a num-
ber of localities on the Pacific coast in both Canada and the United States.? As to the true
American species there is no doubt that they are all direct descendants of the very rich
Cretaceous and probably earlier Viviparid faunas of the Laramie Beds and other areas
(vide p. 249), and are most richly represented in the basins of the Missouri and the Mississippi ;
in other parts the extension is of a much later date and has apparently been brought about
either by artificial means or by the spreading of the species along the basins of the various
rivers and streams. The ancestral species appears to me to be the more or less smooth-
shelled form V. lear (Meek & Hayden). All the recent species are smooth with more or less
evenly rounded whorls and with only the trace of a peripheral carina, and have four colour
bands instead of three as in the European species. Hannibal 3 has recently proposed a
new sub-genus Callina with V. intertextus (Say) as the type, but as Walker (op. cit. p. 126)
has shown, there does not seem to be any justification for this division of the American species
into two groups. I follow Walker in considering the following as good species :—V. contectoides
Binney, V. georgiana (Lea), V. halliana (Lea), V. tntertextus (Say), V. subpurpureus (Say),
V. troostiana (Lea), V. waltons Tryon, V. warneana (Shuttleworth) and V. walker:
Pilsbry & Johnston.

Campeloma Group.—Walker, in following Meek, has given good reasons for adopting
-the name Campeloma Rafinesque 4 in preference to Melantho Bowdich or Ambloxis Rafinesque.

1 8ee Binney, W. G., Smithsonian Misc. Coll. CXLIV, (Washington, 1865) ; Tryon, G, WéJun.—d Monograph of the Freshw
Moll. U.S. (Philadelphia 1870) ; and Bryant Walker, Univ. Michigan Mus. Zool, Miscellancous Pudl. No. 6 (1918) for earlier litera-
vbure and the figures and, descripticns of the American Viviparidac.

2 See Bryant Walker, Op. cit. p. 126 for references.

3 Hannibal, H., Proc. Malacol. Soc. London, X, p. 193 (1912,

4 Rafinesque, C. 8., Journ, Phys. LXXXVIII, p. 422 (1819).
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The sub-genus is distinguished from Vwiparus by its more solid thick shell, thickened inner
lip and in most species the wavy outline of the outer lip of the aperture. The shell is smooth
or with faint vertical ridges and is unilormly coloured. The operculum is concentric with
a simple inner margin. The radular teeth are simple and very minutely crenulated. Lewis!
originally proposed dividing the species of the sub-genus into four groups, but later 2 found
that this division was not possible. A monograph of the species was published by Call,*
and I follow Walker in considering the following as good species:—C. decisum (Say)
(pl. xix, fig. 40), C. integra (Say), C. ponderosa (Say), C. rufa (Haldeman), C. subsolida-
(Anthony), C. ewilis (Anthony), C. genicula (Anthony), C. lumum (Anthony), C. milesit
(Lea), C. floridense Call and C. lewisis Walker.

The embryos of most species are stated to be evenly rounded and I can confirm this from;
my examination of the young of C. decisa, but from the poor material at my disposal‘T am
unable to add anything regarding the presence or absence of the rows of chaetae on the shell.
The embryos of C. spillmani Lea (= #C. lumum (Anthony), however, are according to Walker
“ strongly and acutely bicarinated.”

Lioplax Group.—The sub-genus Lioplax Troschel 4 is mostly found in streams and so-
far as I can find from the literature the more highly sculptured species are confined to the
lower reaches of the streams in Alabama and Florida. The shell is uniformly coloured and
has no colour-bands. The whorls of the adult shells of most species are smooth, but in
some cases thiey are shouldered and there may be vertical ridges near the suture. In young
shells and in some cases on the adult shells also it is possible to distinguish the remains of
spiral ridges. The operculum is concentric with a subspiral nucleus. The radular teeth
are smooth and not serrated at the apices. Walker recognizes the following as good species :—
L. subcarinata (Say) (pl. xix, fig. 41) with a wide distribution, L. cyclostomatiformis (Lea),
restricted to Alabama and the adjacent territories, L. eliotts (Lea) found in Georgia and
Tlorida, L. contorta (Shuttleworth) in Alabama and L. pilsbrys Walker in Florida.

I have examined spirit material of L. subcarinata, but unfortunately none of the speci-

mens were gravid, and I am, therefore, unable to add anything about the form or the struc-
ture of the embryonic shells.

Tulotoma Group. The sub-genus Twlotoma Haldeman ® is confined to rivers in Ala-
bama. Through Dr. Bryant Walker’s kind help I have had an opportunity of examining
preserved material of the type-species—7'. magnifica (Conrad). The general anatomy is.
very similar to that of Viviparus, but the radula and the subspiral operculum, with the inner
margin reflected to form an elevated marginal fold, are characteristic of the genus. The
embryonic shell is of moderate size with the whorls somewhat swollen, and the surface with
three spiral ridges covered with curved chaetae as in the case of Viviparus. The adult shell
(pl. xix, figs. 42—44) is of fair size with the whorls moderately swollen, and the surface
smooth or with well developed tubercles. The three species of the sub-genus enumerated
below form a regular series in the evolution of the thick-shelled highly sculptured form,

1 Lewis, J., Amer. Journ.&€onch, IV, pp. 133-136 (1868).

2 Lewis, J., Amer. Journ. Conch. V, pp. 33-36 (1869).

3 Call, R. E., Washburne Coll. Bull. I, pp. 149-168 (1886).

¢ Troschel, F. H., Qebiss der Schnecken, I, p. 100 (Berlin, 1857).

® Haldeman, 8. 8., Monograph Freshw. Unival. Moll. Suppl. ii, p. 36 (1840).
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like T. magnifica, from T. coosaensis with a thin shell and practically without any
sculpture ; T'. angulata has a moderately thick shell and the sculpture is intermediate
between that of the two species mentioned already. All the three species are paludine
forms, and are only found in Alabama in the Coosa River, 7. coosaensis and T. angulata
in the upper reaches of the river where the waters are rapid and 7. magnifice in the
lower slow running parts of the stream. From its geological history there can be no doubt
that T'wlotoma has evolved from the genus Viviparus in Cretaceous times in the same
way as Taia Annandale and Margarya Nevill have done in Asia from other forms of the
same genus. There is, however, no justification for considering the European Levantine
fossil species as being congeneric with Twlotoma. Tulotoma was discussed in detail by
Wetherby," and the following three species are referred by recent authors to it:—
T. magnifica (Conrad), T. angulata (Lea) and T'. coosaensis (Lea).

Cuba.
The only Viviparid known from Cuba is D’Orbigny’s species Paludina bermondiana.?
It is a smooth-shelled species apparently allied to the other North American species of the

sub-genus Viviparus.
5. FOSSIL VIVIPARIDAE.

The records of the fossil Viviparidae range from the Jurassic strata of the Inferior Oolite
age (Bajocien) upwards to recent times. The record of a supposed form of the genus from
‘the Carboniferous strata of Yorkshire, England, by Garwood 3 under the name Viviparus
carbonarius is undoubtedly based on incorrect identification. As is discussed further on
it is even doubtful whether the two species of Viviparus from the Jurassic strata, which
were described as V. scotica Tate * and V. langtonensis Hudleston,5 are correctly referred
to this family. From the Cretaceous onwards, however, there is no doubt that the mem-
bers of this family became definitely separated from the ancestral marine and estuarine
forms, and took to a freshwater life. The earliest Jurassic and Cretaceous species, which
are found in the Purbeckian Beds and the Wealden Strata of England and Germany, were
referred by Sandberger ¢ to the recent North American sub-genus Lioplax Troschel. As
Kobelt rightly pointed out in his Monograph, the shells of these forms do not at all resemble
those of the fossil or the recent species of Lioplax, while there is no possibility ot determin-
ing the form of the operculum or the radula on which the distinction of the sub-genus from
other Viviparids depends. It appears moderately certain, however, that we should not
be far wrong in considering these species as being the earliest known forms of the genus Vivi-
parus.s.l., from the Old World regions. In North America there are two fossil forms which
have doubtfully been considered to have come from strata of the Jurassic Period, but ali
certain records from this part of the world are also from the Cretaceous onwards.

Of palaeontological literature on the Viviparidae, the pioneer work of Sandberger (loc.
cit.) has first to be considered. In this work the author based his conclusions on insufficient

1 Wetherby, A. G., Quart. Journ. Conch. I, pp. 207-215 (1876) ; also see Call, R. E.—loc. ¢it. pp. 132-141 (1894).

2 See Reeve, L., Conch. Icon. XIV, Paludina Sp. 28, pl. v (1863). and Y. Molina, Contr.,Faun, Malacol. Cubana, p. 139 (Ha-
bana, 1878).

3 Garwood, E. J., Geol. Mag. London, LIV, pp. 289-293, pl. xiii (1922).

4 Tate, R., Quart. Journ. Geol. Soc. London, XXIX, p. 349, pl. xii, fig. 3 (1873).

8 Hudleston, W. H., Mon. Pal. Soc. London, p. 488, pl. xliv, figs. la, b (1896).

¢ Sandberger, C. F. L., Die Land-u. Sissw. Conchyl. Vorwelt, pp. 59-62, pl. ii, figs. 15-17 (Wiesbaden, 1870).
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data, and referred the European fossil species indiscriminately to the recent genera and sub-
genera of the Viviparidae ; his comparisons of the fossils with the recent species are also
far from justifiable. Zittel ' gave a short general account of the fossil species, but his re-
marks, which are mainly based on Speyer 2 and Sandberger, lack sufficient support. Ac-
cording to him the species of this family are found from the Middle Jurassic strata upwards,
and he is obviously wrong when he says that the Viviparidae * sind iiber die ganze Erdo-
berfliche verbreitet.” Fischer’s treatment of the fossil genera has already been referred
to (p. 160).

I do not propose to deal in the following account with the casual remarks of various
authors regarding the family as a whole, but will limit the review to a consideration of the
more important general treatises.

Meek 3 in his work on the American fossils included useful notes on the genera and sub-
genera, as I call them, found in North America ; they are the same as the recent forms and
no further remarks about these are, therefore, necessary. Hannibal,® however, has again
reverted to the old arrangement of separating Campeloma Rafinesque and Lioplax Troschel
from the rest and placing them into a distinct family Lioplacidae Gill. As I have stated

-already, I consider both these as only sub-genera of Viviparus, and it is not justifiable even
to separate them into a separate sub-family.

Reference may -also be made to the remarks of Stefanescu,® who, after discussing
the question of the nomenclature of the type-genus of the family at length, adopted the
name Vivipara Lamarck for it. He, like Sandberger (op. ci. pp. 694, 695), referred the
sculptured species of fossil Viviparids of Eastern Europe indiscriminately to the North
American sub-genus Twlotoma Haldeman, which, owing to its incorrect etymology, he,
like Fischer, changed to Tylotoma.

Brusina ® proposed the new genus Tylopoma for some small-sized species of Eastern
Europe which have smooth or sculptured shells. Cobalcescu? described a number of species
‘allied to the type-form of Tylopoma—T avellana (Neumayr)—under the generic name By-
thinia, but these were later referred to the genus Tylopoma by Stefanescu. Cossmann®
has also included the genus in the Viviparidae, but I do not think that it is a member of
this family, and all the species ought to be referred to the Hydrobiidae.

As to the species referred to Tulotoma Haldeman, I do not consider that the fossil species
of Eastern Europe are at all genetically connected with the North American species. In
the European fossil species only the sutural and the peripheral ridges are well developed
and become tuberculate, while in the North American species, both recent and fossil, the
median ridge is also equally developed and broken up into tubercles. The species of
Annandale’s new sub-genus Protulotoma® are not to be distinguished from other sculptured

1 Zittel, C., Handbuch Palaeozool. 1I, pp. 225, 226 (Miinchen and Leipzig, 1881.85).

2 Speyer, O., Palaeontographica, XIX, pp. 83, 84 (1871).

3 Meek, F. B., U. 8. Geol. Surv. Terr. IX, pp. 576-588 (1876)

4 Hannibal, H., Proc. Malacol. Soc. London, X, p 195 (1912).

5 Stefanescu, S., Mém. Soc. Géel. France, Paléontol. VI, pp. 82-87 (1896).

¢ Brusina, S., Beitr. zur Raliont. Osterreich-Ungar. 11, pp. 37, 38 (1882).

7 Cobalcescu, G., Studii Geol. Palacont. Ter. Tert. Roman, p, 139 (Bucaresci, 1883). See also Stefanescu, S.—loc. cit. pp. 100
103 (1£96).

8 Cossmann, M., Essais Paléoconch. comp. XII, p. 181 (Paris, 1921).

% Annandale, N., Proc. Roy. Soc. London (B) XCVI, p. 64 (1924).
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fossil species which he considered to belong to the genus Tulotoma, and I believe it would
be better to drop it altogether and call the European species, whether smooth or sculptured,
Viviparus. Lorenthey’s name Carinia,* which he proposed as a sub-genus for V rothi
Lérenthey from- the Balaton Lake, cannot also be considered to have any value and must
be dropped.

Annandale’s new genus Palaeotaia (loc. cit. p. 73) with Melania hellespontica Calvert
and Neumayr as type has nothing to do with the Viviparidae, but is, as I am able to co-
firm from an examination of the type-species and other allied forms like M. hollandre; and
M. ornatus, to be referred to the family Melaniidae.

Finally reference may be made to Cossmann (loc. cit. pp. 176-189) who has, in addition
to the genera and sub-genera already considered, included in the Viviparidae Aegionia nom.
mut. in place of Adegea Oppenheim,? which is undoubtedly a Valvata; Adelina Contr.® with
4. elegans as the type-species, which Oppenheim (op. cit. pp. 463, 464) had rightly referred
to the Melaniidae (Tiaridae), and Saccoia Brusina,® which is undoubtedly a Hydrobiid.
Cossmann’s creation of the new section Paludotrochus with V trochiformis (Meek & Hayden)
as type, and also his treatment of the subgeneric names Melantho Bowdich and Campeloma
Rafinesque as two distinct sections are also unjustified.

In the following account the fossil species are reviewed according to the areas from
which they are known, and their relationship ;to recent species and forms from adjacent
areas is so far as possible, discussed.

I. Asia.

India.

The earliest account of the fossil Viviparidae of India is that of J. de C. Sowerby,5 who
described a species from the Intertrappean Beds of the Deccan series of Late Cretaceous.
period, under the name Paludina deccanensis. Newton,® apparently from the figures and
the meagre description of the species only, considered this form to be a valid species of the
genus Viviparus s.s. 1 have examined the types of the species in the British Museum (Natural
History), London, and am of opinion that they are not Viviparids but Hydrobiids. The
types consist of a large number of very small shells deeply embedded in a piece of rock, and
unfortunately in not one of the specimens is it possible to see the aperture. A more exten-
sive account of the fossils of the Intertrappean Beds was published by Hislop,” who des-
cribed a heterogeneous group of species under the generic name Paludina. Annandale 8
when revising the Indian fossil Viviparidae did not have access to either Sowerby’s or His-
lop’s types, and had to rely entirely on the figures and descriptions of the two authors.  Of

1 Lgrenthey, 1., Res, Wissen. Erfor. Balatonsees, Anhang Palaeontol., IV, and iii, p. 161, pl. iii, fig. 19 (Wien, 1011)

2 Oppenheim, P., Zeitschr. Deutsch. Geol. Ges. XLIII, p. 463 (1801).

3 Tho name Adelina is preoccupied in Coleoptera (see Chevrolat in Dejean, P.F.M.A., Cat, Coléopt. ed. 2, 1V, p. 315 (Paris,
1835). The name Velutinopsis Sandberger (loc. cit. p. 700 (1873) is, however, available for this genus.

& Brusina, S., Boll. Soc. Malacol. Italiano, XVIII, p. 49 (1893).

¢ Sowerby, J. de. C., Trans. Geol. Soc. London (2) V, pl. xlvii, figs, 20, 22 (1840). TheAoscription of the species 18 given in
the explanation of the plate.

¢ Newton, R. B., Ann. Mag. Nat. Hist. (9) V, p. 247 (1920)

7 Hislop, S., Quart. Journ. Geol. Soc. London, XVI, pp. 166-176, pls. v-viii (1860).

8 Aunandale, N., Rec. Geol. Surv. Ind. L1, pp 362-367, pl. xi (1921)
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Hislop’s species he considered Paludina normalis to be a true Viviparus, but was rather
doubtful about P. rawesi. As to the other species he left their generic position unsettled.
From my examination of the types I find that with the exception of P. conoidea Hislop,
which is undoubtedly based on young shells of ¥ normalis, all the other species described
by Hislop are to be referred to the Hydrobiidae and Melaniidae (Tiaridae).

Forbes ! in his account of the Siwalik Molluscs of Falconer’s collections identified one
of the species as “ allied to Paludina Bengalensis but apparently distinct ” and further added
“ though extremely near P. Bengalensis must be regarded as its representative than its homo-
logue.” The other species he considered to be “ P. unicolor which is found amongst the
shells of the Paris Basin, and also in the mammiliferous Crag of England. At present the
species ranges from Egypt to India.” Theobald ? later identified the two species as Palu-
dina bengalensis and P. melanostoma ; his fossils it may be noted came from the Nerbud-
dah Gravel. Lydekker,® on the authority of G. Nevill, included in his lists P. bengalensis
from the Nerbuddah Siwaliks and P. dissimilis from the Nerbuddah and Jumna Siwaliks.
Blanford 4 described P. bugtica from the Bugti Hills, Baluchistan. In addition to the above
are the papers of Annandale 5 in which he described new species from various parts and re-
vised the Viviparidae of the whole area. His account is of special importance in view of
his comparison of the fossil with the recent species. It is also of interest to note here that
no members of the family Viviparidae were found by Stoliczka ¢ in the Cretaceous rocks of
Southern India. An analysis of the fossil species will now be made on the same lines as
that of the recent species.

The oldest Indian fossil Viviparid, so far known, is V normalis (Hislop) from the Inter-
trappean Beds. It was rightly considered by Annandale to be closely allied to V drsst-
malis (Miiller), and it probably represents the ancestral form of the Vivipari Dissimiles
Group. It will not be out of place here to include a few remarks on the beds in which the
species was found. The beds contain fossils of the freshwater Gastropods Paludestrina, Lim-
naea (s.1.), and Bullinus, and Pelecypods, Unionids and Pisidium, and in addition a great
variety of estuarine and marine genera. Annandale? from a careful analysis of the condi-
tions came to the conclusion that Bullinus prinsepii (Sowerby) must have lived under condi-
tions which may be described as ‘‘ paludine rather than lacustrine or fluviatile,” and the
same appears to have been the case with the Viviparids, though some of them may have
lived in the streams. Originally the beds were assigned to the Tertiaries, but Neumayr 8
pointed out their similarity to the Laramie Beds of North America, and they have since
been accepted as being Late Cretaceous or at the latest intermediate between the Cretaceous
and Eocene.

1 Forbes, E., in Falconer’s Palacont. Mem. 1, pp. 389, 390 (London, 1868).

A Theobald, W., Mem. Geol. Surv. Ind. II, pp. 284, 285 (1860).

# Lydekker, R., Rer Jeol. Sure, Ind- XV, pp. 108, 107 (1882).

4 B.anford, W. T., Mem. Geol. Surv. Ind. XX, p. 131, pl. i, figs. 6, 7 (1883).

* Annandele, N., Rec. Ind. Mus XIV, pp. 159-168 (1918) , Rec. Geol. Surv. Ind. L, pp. 281-238, pls. xxxi-xxxiii (1919),
+L1, pp. 362-367, pl. xi (1#21) and LV, pp. 100, 101, p. vii (1924).

¢ Stoliczka, F., Mem. Qeol. Sug. InS, Pal. Indica (5) II, p- 268 (1868).

? Annandale, N., Rec. Geol. Surv. Ind. LY, Pp. 52, 53 (1821). See also Oldham, R.D., A Manualof the Geology of India (2nd

dn.), p. 276 (Caicatta, 1893)
* Neumayr, b1., Neues Jahrb, Min. Geol. T, PP- 74-76 (1884), also in Rec. Geol. Sury, Ind. XVII, pp 87, 88 (1884)
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Newton (loc. cit. pp. 243-249) compared P. deccanensis with an unidentified species from
Matabeleland, Central South Africa, and from the analogy of the similar assemblage of
fossils found in the two areas, he assigned the South African formation to the same period.
As has, however, been pointed out P. deccanensis is not a Viviparid, but Newton’s com-
parison applies equally to V. normalis (Hislop). Corresponding forms in other areas are
V. leas (Meek & Hayden) from the Laramies of North America, V. sublentus (d’Orbigny)
from the Tertiaries of Paris, and V. lentus (Solander) from beds of about the same age
in England.

The two fossil species V' bugtica (Blanford) and V. atavia Annandale, from the Bugti
Hills, Baluchistan, are both from the Gaj Stage of Oligocene or Miocene Beds. Both species,
as Annandale rightly pointed out, are closely allied to the recent V helmandica Annandale
from Seistan, and apparently lived under similar conditions in more or less paludine basins.
As T have shown already (p. 166), V. khelmandica belongs to the Vivipari Dissimiles Group,
and represents the north-western limit of the distribution of the Oriental Viviparidae. The
Baluchistan fossils enable us to follow the change from the Cretaceous to the Oligocene or
the Miocene in the species of the Vivipari Dissimiles Group. This change from smooth
shells with evenly rounded whorls is very slight indeed compared to the changes undergone
by the forms in the Laramie Beds in North America, or the evolution that has taken place
1in the recent species of the group in various parts of Asia and in members of the allied group
of Vivipari Unicolores in Africa. It may, therefore, be assumed that the paludine environ-
ment in which these fossil forms lived remained more or less uniform during these long
geological periods, and that little evolution took place in either the form or sculpture of the
shells.

The only fossils of the Vivipari Bengalenses Group so far discovered have been feund
in the Nerbuddah Gravel and in recent alluvium, and probably are not older than the ¥lio-
cene. They were designated by Annandale ‘‘ phase pachydolicka > and are identical With
some of the living forms. The fossils are of too recent a date %o help in reconstructing the
past history and the origin of the group, but it appears certain that the Vivipari Bengalenses
Group was evolved from some species like V normalis (Hislop) of the Vivipari Dissimiles
Group.

The fossil species of the sub-genus T'asa Annandale are, like the recent species, confined
to Burma. They are not older than Pleistocene, and that probably represents the time
when the sub-genus was evolved from the Vivipari Bengalenses Group. The evolution
of the sculpture on the shells of the various members of this sub-genus in the exceptionally
favourable lacustrine conditions in the S. Shan States, Burma, has already been discussed
(pp. 164-166), and it need only be added that the sub-genus offers a very interesting example
of parallel evolution to the sculpture of fossil species found in certain parts of Eastern Europe.

The two species V dubiosus ‘Annandale and V gregoriana Annandale from the Oil
Measures of the Dawna Hills, Burma, appear to me to be allied to the sub-genus Dactylo-
chlamys Rao. The two species which are about Middle Tertiary in age are not greatly modi-
fied, and closely resemble the more primitive members of the sub-genus Dactylochlamys.
They point to the origin of the sub-genus in the early Tertiaries from the Vivipari Dissimiles
Group.

G
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Rivulariodes spinifera Annandale was considered by the author to belong to a new
sub-genus of his genus Tata. I, however, consider that both Taia and Rivularioides are-
of the same rank. This species was found in the Oil Field region of Upper Burma, and,
so far as can be judged from the associated fossils, it must have inhabited the upper reaches.
of streams which opened into estuarine areas. It has an elongate-ovoid shell, with an elon-
gate aperture and a well developed broadened columellar callus of the same type as is found:
in various species of the sub-genus T'aa Annandale and some forms of the Chinese Rivularia
Heude. The sculpture consists of two spiral rows of spiny projections on the bodywhorl.
The outer surface of the bodywhorl is band-like, and is somewhat concave between the sutural
and the peripheral ridges which bear the spines. The flattening of the bodywhorl and the-
development of the spines on only two ridges, corresponding to the sutural and the peri-
pheral, affords a very interesting parallel to the condition in the sculptured fossil Viviparids-
of Slavonia (p. 205). In view of there being only two ridges on the shells of Rivularioides-
the comparison and relationship of this sub-genus to Riwularia Heude, as suggested by
Annandale, is also untenable. The similar development of the columellar callus is only an
instance of the development of similar adaptive structures in response to similar habitats,
and does not indicate community of descent.

China.

In addition to the quaternary and subfossil forms of the sub-genus Margarya Nevill,
and its ancestral forms of the genus Viviparus discussed already (p. 170), the record of a
fossil species from the Upper Tertiaries of China from the banks of the Sie-Lo Stream in Hupe
by Schlosser ! has to be considered. The author recorded the species as Paludina angularis:
Miiller, but from his comparison of the form with V. ingallsiana (Lea) and the fact that for
a long time D. angulares (Miill.) was confused with V. quadratus (Benson), there can be little
doubt that the fossils in question belonged to the latter species and were of the Vivipari
Dissimiles Group.

Asiatic Russia.

The only fossils from this area are those described by von Martens frem the banks of
the Irtish stream near Omsk in the extreme west, and as their relationships are undoubted-
ly with the European species, they are discussed below (p. 215) with the species of that area.

East Indzes.

Martin 2 described a species under the name Vivipara eastons from Silat River Beds.
in Borneo, but the species was later considered by Icke and Martin 3 to be a Faunus and
was referred to a new sub-genus for which the name Eastonia was proposed by the authors.

The only fossils of the family from Java are the ones which were recorded by Martin ¢
as Paludina (s.s.) javanica var. probably from Pleistocene Beds. These have rightly been
referred to V. yavanica (v.d. Busch) and its variety moussons von Martens by Oostingh.5

! Schlosser, M., Ann. Mus, Nat. Hung. Budapest, IV, p. 39 (1906).

* Martin, K., Verslag. Natur, Afd. Konik, Akad. Wetensch. Amsterdam, VII, p- 305, fig. (1899). In English edition of the-
same work the description of the species is reproduced on p. 248.

3 Icke, R. and Martin, K., Leiden Samml. Geol. Reichsmus. VIII, pp. 106-144 (1906).

¢ Martin, K., Samml. Geol. Reichsmus, Leiden (n.f.) I, Hit. ix, pp. 249, 250, pl. xxxvii, figs. 601-604 (1905).

* Oostingh, C. H., Meddl. Landbouwhoogeschool. XXVI, paper 3, pp. 55, 56 (Wageningen, 1923).
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TI. AFrica.

The very interesting fossil Viviparid from Matabeleland in South Africa, and the
peculiar assemblage of freshwater forms found associated with it, rightly led Newton ! to
the conclusion that the formation was comparable to the Intertrappean Beds of Peninsular
India, and was like these Beds to be referred to the Cretaceous period. The ‘ Botletle
Schichten ”’ in the south of the Kalahari area in Bechuanaland described by Passarge,2
and the “ Chalcedonic Quartzite ” in the Bakota Gorge of the Zambesi River described by
Lamplugh,® were also believed by Newton to be contemporaneous with the Matabeleland
formation, and he, therefore, concluded that this Upper Cretaceous formation extends
from the Zambesi River to Cape Colony. The fossil species of the genus Viviparus, which,
owing to the badly preserved material, was neither named nor described by Newton, how-
ever, closely resembles the recent African V' wunicolor (Olivier), and, as has been discussed
already, is also allied to the Indian Intertrappean form V normalis (Hislop)., From the
great similarity of the Matabeleland fossils Newton reaffirmed the land-connection between
Peninsular India and East Africa, and considered it to be the remains of the Gondwana
Land of the Upper Palaeozoic times. The land connection, he added, was probably sub-
merged by the Tertiary Sea at the close of the Cretaceous.

If the above noted conclusions of Newton are correct, as they appear to be, then the
:species described as V passarges by von Martens ¢ from the Kalahari area, Bechuanaland,
as also probably of a much earlier age than was assumed by the author, and may be an Upper
Cretaceous species. It was described as being closely ‘allied to but distinct from V. unicolor,
:and from the description and figure of the species, I believe it to be an intermediate form
between the Matabeleland fossils and the typical form of the recent V. unicolor. It may,
however, be noted that no recent species of Viviparidae are found so far west as Bechuana-
dand in South Africa, and the occurrence of a fossil species in the area shows that the family
had a more extensive distribution in earlier times.

Chronologically the next fossils to be considered are two species of Cleopatra Troschel,
C. bultmoides (Olivier) and C. exarata (von Martens) were recorded by Newton 5 from the
Burdigalien or the Lower Miocene strata of Nira. Both the species are recent forms, and
are only of interest as showing that the genus Cleopatra is probably not very old, and that
some of its species have remained unchanged from the Lower Miocene to the present
day.

Newton 6 recorded fossils from the quaternary deposits of Nyassaland as V. unicolor,
and added that amongst the large series of fossils it was possible to distinguish connecting
forms between V. unicolor, V robertsoni (Frauenfeld) and V. capillatus (Frauenfeld). From
a comparison of recent and fossil specimens he concluded that all these supposed species
were to be referred to V unicolor.

1 Newton, R. B., Ann. Mag. Nat. Hist. (9) V, pp. 241-248, pl. viii (1920).

2 Pagsarge, S.. Die Kalahari, pp. 196, 285, 648 (Berlin, 1904).

3 Lamplugh, G. W., Quart. Journ. Geol. Soc. London, LXIII, p. 198 41007\

4 Martens, E. von. Die Kalahari, p. 7563, fig. 3 (Berlin, 1904).

6 Newton. R. B., Quart. Journ. Geol. Soc. London, LXX, p. 193 (1914).

& Newton, R B., Ov cit. LXVI, pp 240, 241 (1010). g
G
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Other records of V wnicolor are from the Quaternary deposits of the Nile Valley near
Wadi Halfa by Blanckenhorn,! subfossil ones from the Libyan Desert by Jickeli,? and of
the var. conotdea von Martens 3 from the southern banks of Lake Albert Edward. The
more recent records of the same species are all summed up in Germain’s* work to which re-
ference may be made for details®.

I11. EurorE.

Before dealing jwith the |Viviparids of various |[European countries in detail I propose:
giving a short general account of the forms found in different parts.

In England, leaving aside the doubtful species |V. langtonensis '(Hudleston) and V.
scotica Tate, the Purbeckian (Jurassic) and the Inferior Qolite (Cretaceous) species are the
first to be considered. Of these V. fluviorum (Mant.) may be taken as the typical form and
this has been considered by Kobelt (Monograph, p. 298) to be the ancestral form of all the
Palaearctic species of the family. This is followed in Tertiary times by forms like|V
lentus (Solander) and through species like V diluvianus (Kunth) which-leads on to the recent
species V viwiparus (Linn.) and V fasciatus (Miill.).

The oldest known fossil species from France is V aurelianus Cossmann from the Batho-
nian strata of the Cretaceous times ; its relationship is not quite clear, but it or related
forms gave rise to V. beaumontiana (Matheron), V aspersus (Michaud) and V sublentus
(d’Orbigny). From these forms species like |V burgundiana (Tourn.) were evolved, and’
these were followed by the recent species, /which are the same as those found in England..

The Inferior Oolite species in|Germany are identical |with those found in England. The
Eocene species V hammeri (DeFrance) is followed by V splendidus (Ludwig), which cor-
responds to and is probably closely allied to the English species V lentus (Solander). In
the Miocene are species like V' wvaricosus (Krauss), which is allied to French species of the:
same age, and is succeeded by V diluvianus (Kunth) and the common recent species.

The earliest record for Italy is that of the Tertiary species ¥ pollonerae (Sacéo)® from
the deposits near Piemonte. It is closely allied to the French Tertiary species V burgun-
diana (Tourn.) and 'V dresselt (Tourn.) and was probably derived from the same ancestral
form.

The ancestral species of the Pliocene forms of Slavonia and the adjacent areas is ¥
neuwmayrt Brusina. Its ancestral form is undoubtedly V achatinoides (Deshayes) from the
Miocene Beds of Kastern Europe, which in turn is allied to species like V ventricosus (Sand-
berger) and V splendidus (Ludwig) of Western Europe. From V neumayri, the ancestral
species of the Slavonian species, V suessi Neumayr, V fuchsi Neumayr and V robustus-
Brusina were evolved, and these were followed by the highly specialised and sculptured:
forms of the Lake-Beds of Eastern Europe. The Servian species V. vinmatica Brusina is.

1 Blanckenhorn, M., Zeitschr. Deutsch. Geol. Ges. LIII, p. 432 (1901).

2 Jickeli, C. F., Nov. Act. k. Leopold Deutsch. Akad. Naturf. XXXVIII, p. 237 (1874).

3 Martens, E. von, Beschalte Weichthiere Deutsch-Ost-Afrikas, p. 176 (Berlin, 1897).

¢ Germain, L., Moll. Terr. et Fluv. Voy. G. Babault d. I Afrique Orient. Angl. 1, pp. 233, 234 (Paris, 1920).

s Since this paper went to press, I have received from Mr. L. R. Cox his paper on the Fossil Mollusoa of Kaiso.
Bone Beds, Uganda Protectorate. A number of new records and new species of Viviparus, Neothauma ? and Cleopatra are-
desoribed in this paper—Uganda Proteciorate Geological Survey Department, Occ. Pap. II, pp. 53—T1, pls. viii, ix (1926).

6 Sacco, F., I Moll. Terr. Terz. Piemonte Liguaria, XXVIII, p. 45, pl. i, fig. 128 (Torino, 1895).
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closely allied to{V neumayri, and there can be little doubt that species like V' metohiensis
Pavlovic are also to be referred to the same ancestral form.

Pavlov in his recent memoir has published numerous figures of Viviparids from the
basin of the River Volga and the southern part of European Russia, and these show that
the central form of the later species of this region was lalso V achatinoides (Deshayes).

V. megarensis Fuchs from the Neogen of Greece and V. bukowsks Oppenheim of Asia
Minor correspond to V. fuchsi Neumayr, and apparently both of them are evolved from
V. achatinoides. From the Island of Rhodes we have the large shelled species like V. rko-
densis Bukowski, which is allied to V. bukowski of Asia Minor. The sculptured species of
this island are also related to the species found in Cos.

The ancestral form of the highly sculptured species of the Island of Cos is V. calverti
Neumayr, which in this island represents V. neumayr: Brusina of Slavonia, and like it has.
probably evolved from V achatinoides (Deshayes).

The above short review gives an idea of the probable lines of evolution and migration
of the Viviparidae of Europe and Asia Minor. Though the forms found in different areas.
in strata of different ages are not specifically the same, there can be no doubt as to their
affinities, and hence a community of descent may be admitted. The centre of origin of
the family-was certainly somewhere in the extreme west, and in view of the oldest fossils
occurring in England, this area may be accepted as the home of the first members of the
family. The migrations must have taken a west to east and south-east direction,! but
with our present knowledge it 1s not possible to lay down the exact lines of evolution and
migration. As, however, the means of distribution of the members of this family are, as
already discussed, necessarily very limited, it may be assumed that the forms which spread
from the west to the east must have travelled along water-channels of rivers or streams which
connected adjacent areas, or there must have been extensive water-basins connected with
one another and forming a regular chain from one end to the other at different periods of
the geological history of this continent.

In connection with the highly sculptured and otherwise specialised species of the Plio-
cene Lakes of Eastern Europe it is only necessary to note that the very rich series of forms,
which had been produced under the very favourable lacustrine conditions, were not able
to adapt themselves to the changing conditions and all perished without leaving any des-
cendants whatsoever. The less specialised smooth-shelled species persisted and spread over
the entire area, where they are found to-day as V viviparus (Linn.), V fasciatus (Mill.)
and forms derived from them.

Bratish Isles.

The fossil Viviparids of the British Isles are not of very great interest except from the
point of view of their antiquity, and the fact that they represent the earliest known forms,
from any area. They are all smooth-shelled forms, not at all specialised, and seem to have
undergone very little change from the earliest known species to the recent forms found in
the country. The distribution of the recent forms has already been discussed, and it is

1 See Oppenheim, P., Zeitschr. Deutsch. Geol, Ges. XLII, p. 486 (1891), who also believed in a west to east migration of the
freshwater Mollusca of the Pliocene times of Europe, but his assertion that * die heutige Fauna Nordamerikas ihre directen Naoh-

kommen darstellt  is guite unwarranted.
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only necessary to remark that the fossil species, if they are rightly assigned to the family,
seem to indicate a much wider distribution.

The earliest record of a Viviparid from this area is that of Viviparus carbonarius Gar-
wood ! from a supposed freshwater bed at the base of the Lower Carboniferous strata at
Horton in Ribblesdale, Yorkshire. The specimens do not seem to have been very well
preserved, but were described as not exceeding 14 mm. in length, and consisting of 4-5
smooth, tumid whorls. The suture was deep, not running very obliquely, and beyond feeble
growth lines no sculpture was to be distinguished. In view of the associated fossils being
Pleurotomaria and other marine forms, I am inclined to consider the fossils as being wrongly
assigned to the family. In any case the name carbonarius is preoccupied by Paludina carbo-
naria Roemer,? for a species which Sandberger 3 has rightly considered to be synonymous
with Viviparus or what he calls Lioplax fluviorum (Mant.). In view of the very doubtful
nature of this fossil I do not propose considering it in the following account.

The next record and apparently the earliest for any species of the family is that of V.
langtonensis (Hudleston)* from the Jurassic strata of the Inferior Oolite age (Bajocien),
from Langton Bridge. The author rightly compared it to V wviviparus, and noted thai it
differs from the latter in being smaller, having more convex whorls and more sloping sutural
angle. He also referred to its resemblance to the Hebridean species ¥ scotica Tate,5 which
was found in approximately the same horizon (Callovien according to Cossmann,® who also
doubts whether the species is a Viviparid at all) on the coast of Skye. These two are doubt-
ful species of the family and were certainly not freshwater forms.

The first extensive occurrence of the Viviparidae, and one which can without any doubt
be assigned to the family, is that of the Purbeckian forms of Mid-Jurassic age and those
found in the Wealden strata of the Lower Cretaceous age. The three species, which form
the main constituents of the Purbeck Marbles, are V. fluviorum (Mant.), V elongatus (Sow-
erby) and V nflatus (Sandberger)?. The species were referred to the recent North Ame-
rican sub-genus Lioplaz Troschel by Sandberger, but there is no justification for this course.
There is no similarity in the form of the shells, while the operculum and the radula, the
chief distinguishing features of the American sub-genus, are not known for the fossil species ;
1, therefore, propose considering them as belonging to Viviparus. The general form of the
shell is not very different from that of the recent species of the genus and there is no special
sculpture on the shells.

Newton’s 8 list of the Eocene and Oligocene species is very complete and it is only neces-
sary to make a few remarks about the species here. The species described by Sowerby 9
as Phasianella angulosa and P. orbicularis from Bembridge Beds of Oligocene age are the

1 Garwood, E. J., Geol. Mag. London, LIX, pp. 289-293, pl. xiii (1922).

2 Roemer, F. A., Verstein. Norddeutsch. Oolit. Gebirg. p. 160, pl. ix, fig. 28 (Hannover, 1836).

3 Sandberger, C. F. L., Die Lond-. u. Sassw. Conchyl. Vorwelt, p. 59, pl. ii, figs. 15, a-c (Wiesbaden, 1870). Roemer’s second
species P. nitida (op. cit. ) from near Rehburg and Lockum is also synonymous with V. fluviorum (Mant.).

4 Hudleston, W. H., Mon. Pal. Soc. London, p. 488, pl. xliv, figs. 1, a-0 (1896).

5 Tate, R., Quart. Journ, Geol. Soc. London, XXIX, p. 349, pl. xii, fig. 3 (1873).

6 Cossmann, M., Essais Paléoconch. comp. XII, p. 179 (Paris, 1921).

? Sandberger, C. L. F., Die Lawd-und Sissw. Conch. Vorwelt. pp. 59-62, pl ii, figs. 15-17 (Wiesbaden, 1870). All earlier
references will be found in this work.

* Newton, R. B., Syst. List Edwards Coll. Brit. Olig. Eoc. Moll. etc. pp. 225, 226 (London, 1891).

® Sowerby, J., Min Conch. pl. clxxv, figs. 1, 2 (London, 1817).
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same and are undoubtedly a form of the genus Viviparus. Newton doubtfully assigned
some shells from the same Bembridge Beds to Deshayes’s! species Paludina distinguendus
from the Paris Beds. Ihave examined the specimens and have no doubt that they represent
either the same species or are very closely allied to it. V. lentus (Solander)? from the Oli-
gocene Beds in Hampstead, Bembridge, etc., and the Woolwich Beds of Lower Eocene age
is another interesting species found in the strata under consideration. Specimens were de-
scribed under this name by Deshayes 3 from the Parisian Beds, but these were later con-
sidered by d’Orbigny* to belong to a distinct species to which he gave the name P. sublenta.
The specimens referred to under the name V. vestitus Edwards (Mss.) by Newton are also
to be referred to the species V lentus. The Eocene and the Oligocene forms are all smooth-
shelled species very much resembling the recent forms, and are of interest only from the
fact that they show a very close relationship between the forms found in England and those
found in the Parisian Beds ; the significance of this resemblance is discussed below (p. 240).

For 'a list and synonymy of the species from the Post-Tertiary to recent times, refer-
ence may be made to the recent work of Kennard and Woodward,? while descriptions and
figures of the species will be found in the earlier work of Wood.¢ In this connection it may
be noted that the species recorded as P. clactonensis by Wood is, as was shown by Kennard
and Woodward,? the same as V. diluvianus (Kunth),® while Wood’s P. contectus was re-
described as P. gibbus by Sandberger.? In Kennard & Woodward’s list the Tertiary species
V medius (Woodward), which replaced the older heterogeneous names wunicolour, lenta,
semicarinata, ete., is not included ; it appears to be a good species allied to V gibbus (Sand-
berger). The various species with their distribution in time are as follows :—V. viviparus
(Linn.), Holocene to Recent; V fasciatus (Miiller), Pleistocene to recent; V gibbus
(Sandberger), Cromerian; V glacialis (Wood), Pliocene and Cromerian; and V medius
(Woodward), Pliocene. The species including the recent ones resemble the torms found on
the Continental area of Europe, and are of no special interest either from the point of view
of the strata in which they occur or from their. relationships.

France.

The earliest known fossils of the family from France is V. aurelianus Cossmann 10 from
Bathonian Strata at Saint Gaultier, Indre. The species is conical-ovoid, with a greatly
swollen bodywhorl and an acuminate apex. The author compared the species to the recent
V. viviparus, and it appears as if this is one of the ancestral forms from which the later species
were evolved.

The fossils from the Cretaceous strata of Provence and its vicinity are the next oldest
known. A good account of these was published by Oppenheim 1! to whose work reference

1 Deshayes, G. P., Descr. Anim. sans Vertéb. II, p. 486, pl. xxxii, figs. 27, 28 (Paris, 1862).

2 In G. Brander’s Fossil, Hanton Mus. Brit, p, 29, pl. iv, fig. 60 (London, 1866).

3 Deshayes, G. P., Descr. Cog. Paris, II, p. 128, pl. xv, figs. 5, 6 (Paris, 1825).

4 @’Orbigny, M. A., Prodrome Paleont. etc. IT, p. 299 (Paris, 1850). |

5 Kennard, A. S. and Woodward, B. B., Syn. Brit. Non-Mar. Moll. Rec. Post-Tert. pp. 9-14 (London, 1926).

¢ Wood, S. V., Mem. Pal. Soc. London, XXV, pp. 68-70 (1872). _

7 Kennard, A. S. and Woodward, B. B., Proc. Malacol. Soc. London, VI, pp. 66, 67 (1904). See also Brusina, 8., Nachrbl
Deutsch. Malacozool. Bldtt. XXXIX, pp. 40-45 (1907).

8 Kunth, A., Zeitschr. Geol. Ges. Berlin, XVII, p. 831, pl vii, figs. fia, & (1865).

® Sandberger, C. L. F., Palaentographica, XXVII, pp. 97, 98, pl. xii, figs. 2-2a (1880).

10 Qogsmann, M., Bull. Soc. Geol. France, (3) XXVII, pp. 141, 142, fig. 4 (1899).

11 Oppenheim, P., Palaenotographica, XLII, pp. 328-331, pl. xvi (1893).
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may be made for earlier literature and descriptions of the species. I will content myself
‘here with adding only a few notes on the generic or sub-generic position of the fossils con-
ccerned. The species Paludina deshayesiana Matheron, which Oppenheim compared with
the African Cleopatra bulimoides (Olivier) and referred to the genus Cleopatra Troschel, is
not a Viviparid but a Hydrobiid. Of the other species V beaumontiana (Matheron), V
.bosquiana (Matheron), V' dieulafaits (Roule) and the doubtful species V' globulosus (Roule),
which was described by Roule ! as a species of the North American genus Melantho Bow-
dich (=Campeloma Rafinesque), appear to belong to the same group. The shells of the
species are not very elongate, but are globose-ovate with the bodywhorl greatly swollen,
and a rather short spire ; the shells are smooth and there is no sculpture. They all appear
to be closely allied to ¥V aurelianus Cossmann. V mnovemcostatus (Matheron) from the same
strata is the most interesting of all the species. The shell is not very large, but appears to
have been elongate-ovoid, and had 7-9 quite sharp spiral keels, 3 above and 4-6 below the
periphery, running spirally round the whorls. The ancestral form of this species appears
to be V cingulatus (Matheron)? with V subcingulatus (Sandberger) and V mazels (Roule)
closely allied to or even synonymous with it.

The species of the Paleocene and Eocene times are V aspersus (Michaud), V proavius
(Deshayes), V desnoyersi (Desh.), V matheroni (Desh.), V orbigny: (Desh.), V obliquatus
(Desh.), V mnovigentiensis (Desh.), V intermedius (Desh.), V inaspectus (Desh.), V dis-
intenguendus (Desh.), V suessoniensis (Desh.), V rimatus (Michaud), V sublentus (d’Or-
bigny) and V soriciensis (Noulet) from the environs of Paris and other areas.® The species
are all smooth-shelled forms and neither in form nor in the structure of the shells differ very
much from those found in strata of later ages or from the recent species ; they are closely
allied to the fossil species found in England and those found in Central and Eastern Europe.

With the above mentioned species we may also consider the species described as Palu-
dina burgundiana and Paludina dressels from the Tertiaries of the upper valley of the Saone
and from near Vancia, Lyon, by Tournouér.® Both the species are closely allied to the recent

species and were rightly compared by the author with V' lentus (Solander) and the recent
species.

The Viviparids of La Bresse on the banks of the River Saone are of special importance
in connection with the fossils of Central and Eastern Europe. Pavlov® has very well defined
this area as ““ déposée dans la grande depression entre le massif du Jura a I’Est et Beaujolais
et Bourgogne & 1’Ouest.” The Viviparids of the area are fully discussed in the work of Dela~
fond and Depéret,® but Pavlov in the paper cited has recently introduced many changes in
the nomenclature and greatly multiplied the number of species. I quote from Paviov the
following passage to show his idea in thus encumbering the already unwieldy literature on

1 Roule, L., Ann. Malacol. Paris, II, p, 210, pl. i, fig. 9 (1886).

2 Matheron, P., Cat. Méthod. descr. foss. Bouches-du-Rhoéne, p. 223, pl. xxxvii, figs. 17, 18 (Marseilles, 1843).

3 For a detailed account and figures of the species see Deshayes, G. P., Descr. Cog. Foss. Paris, 11, pp. 1¥5-127, pL xv (Paris,
1824), Deshayes, G. P., Descr. Anim. sans Vertéb. II, pp. 478-485, pls. xxxii, xxxiii (Paris, 1864), Cossmann M. and Pissa.
rro, G., Icon, compl. Cog. foss. Eocéne Paris II, pl. xiii (Paris, 1910), Noulet, J. B., Mem. Cog. Foss. Terr. Sud-Ouest France
P. 95 (Toulouse, 1868).

* Tournouér, R., Bull. Soc. Géol. France, (2) XXIII, pp. 791, 792, fig. (1866), and Ser. 3, III, pp. 743, 744, pl. xxviii, fig. 2
(1875).

® Pavlov, A. P., Mem. Soc. Géol, Sec. Ami. Sci. Nat. etc. Moscou, Liv. V, pp. 158-161, 202-213 (1925).

¢ Delafond, F. and Depéret, C., Lss terr. tert. de La Bresse etc. Etudes d. Qites miner. France, (Paris, 1893).
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the subject—" Dans cet ouvrage j’ai taché d’utiliser largement les différences morphologi-
ques des formes que J’étudie et de séparer sous les noms particuliers toutes les Paludines
quon peut discerner suivant (misprinted suivaut) leurs caractéres, si elles ne présentent
pas des déviations uniques peut-étre accidentelles. Avec cela il est bien possible que les
males et les femelles de la méme espéce recoivent des noms différents, mais ce ne sera au
détriment de la stratigraphie comparée des dépots qui fait le but principal de cet ouvrage
{misprinted ouvaage in the original).” In addition to the author having altogether ignored
the question of variation and the individual differences, he has often given names for species
which it would be impossible for any other worker to recognise, and I may here quote Bru-
sina’s 1 remark about the multiplication of species in Slavonia and the adjacent areas—
“ Man ist 1n der Aufstellung der Arten oder Formen der glatten Vivipara aus Slavonian und
Ruménien zu weit gegangen.”

In the following notes I consider the species according to the names given to them by
Delafond and Depéret, and have also indicated the names given to them by Pavlov.

In the lowest strata of Pliocene age designated Mollon Inférieur by the French authors,
the commonest species discovered was V. wentricosus (Sandberger). This smooth-shelled
species, which was originally described from near Montpellier from beds of Middle Pliocene
age, is undoubtedly closely allied to if not actually a form of the widely distributed V. acha-
tinoides (Deshayes) of Central and Eastern Europe. Pavlov considers the species figured
by the French authors to be V. casarefto (Rouss.) which, however, is nothing more than
V. achatinotdes. 1 would prefer to keep the French species distinct as V. ventricosus.

I agree with Pavlov that the species recorded as V. neumayr: by Delafond & Depéret
from the Mollon Supérieur is not correctly named, and should be called V. tardyana (Lo-
card). V. leiostracus Delafond & Depéret nec Brusina has been divided by Pavlov into two
species, but, in my opinion, is identical with V. burgundiana (Tourn.), and corresponds
to the Slavonian V. lesostracus.

From the beds of Sermenaz Delafond & Depéret recorded a species under the name V.
fuchsi Neumayr, this Pavlov has divided into four species. I consider the specimens de-
scribed and figured to be nothing more than individual variations of V. dressely (Tourn.),
which in La Bresse strata corresponds to V. fuchsi, and from which species like V. burgun-
diana have evolved.

Of the species from Saint-Amour I consider the species recorded as V. burgundiana
tobe V. dresseli,- while V. sadler: Delafond & Depéret nec Neumayr I consider to be V. bres-
sana (Ogérien).

The Auvillars species recorded as V. burgundiana is certainly distinct. and may be
known by the name V. deperety (Pavlov), though I do not agree that the same species, as
asserted by Pavlov, is found in Southern Russia. It corresponds to V. rumana (Tourn.)
from Rumania, V. megarensis Fuchs from Greece and V. rkodensis Bukowski from
Rhodes.

Pavlov is certainly wrong in considering the species recorded as V. falsani (Fischer)
from the Trevoux horizon as being in any way allied to Tylopoma wmelanthopsis (Brusina) :

1 Brusina, S., Zeitschr. Deutsch. Geol. Ges. XLIV, p. 489 (1892).
H
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it is a more highly evolved species of the V. burgundiana series in which the sutural and the
peripheral ridges have become better developed and the area between the ridges is somewhat

channeled.

Germany.

In considering the fossil Viviparidae of Germany we may start with the species from
the Wealden strata which was described by Ebert ! as Twlotoma degenhardts. This is, as.
Oppenheim 2 rightly suggested, not a Viviparid but a Pyrgulifera.

From the Lower Cretaceous Beds of North Germany Roemer 3 described two species
as Paludina carbonaria and P. nitida both of which are synonyms of the earlier described
English species V. fluviorum (Mant.) found in beds of the same age. At the same time it
may be noted that the other two English species V. elongatus (Sowerby) and V. inflatus
(Sandb.), found in strata of the same age, are also found in Germany.?

The Upper Eocene species V. nobiles (Klein), which was stated by the author to have
been found near Nordlingen, Bavaria, is considered by Sandberger (loc. cit. p. 224) to have
come from Buxweiler and to be synonymous with the earlier described species V. hammers
(DeFrance). I have seen specimens of this species in the collections of the Geolo-
gical Department, British Museumn (Natural History), London, from Ulm, Wurttem-
burg.

The Oligocene species V. splendidus (Ludwig) ® from Kirchhain in Kurhessen is not
very different from V. lentus (Solander) of England and V. sublentus (d’Orbigny) of France,
and appears to represent an extension of this group in Germany.

The Miocene species Paludina varicosa of Krauss, which was referred to the North
American genus Melantho Bowdich (=Campeloma Rafinesque) by Sandberger (loc. cit. p.
559), is a true Viviparus, and appears to be allied to the group of V. beaumontiana (Ma-
theron) from Provence. To the same group also belongs the species V. gerhardts (Boettger)®
from near Budenheim, Hessen.

The other species to be included here are V. diluviana (Kunth), V. viviparus (Linn.)
and V. fasciatus (Miill.) ; they occur as fossils from the Pliocene to recent times, and the
last two are the recent species found in this area.

Y ugo-Slavia.

In considering the Viviparids of this area I will deal with the species of different parts
of the country separately as those of different parts are not equally known and in many
cases it is not possible fully to correlate the species of the different areas.

1 Ebert, T., Jakrb. Kénig. Preuss. Geol. Landeanstal. pp. 558, 559 (1884).

% Oppenheim, P., Zeitschr. Deutsch. Geol. Ges. XLIII, p. 478 (1891).

3 Roemer, F. A., Verstein. Norddeutsch. Oolit. Gebirg. p. 110, pl, ix,[figs. 28, 290 (Hannover, 1836).

4 See Sandberger, C. F. L., Die Land-u. Stssw. Conchyl. Vorwelt, pp. 59-62, pl. ii, figs. 15-17 (Wiesbaden, 1870).

5 fudwig, R. Palaeontograplica, X1V, p. 89, pl. xxi, figs. 15-17 (1865).

8 Boettger, O., Notizbl. Ver. Erdkunde Darmstadt, IV, hft. vii, p. 7 (1886); also see Nachrbl. Deutsch. Malakozool. Ges. P
156 (1908).
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Slavonza.

The fossil Viviparids of Slavonia do not date further back than the Pliocene. They
have attracted attention from early times and the literature ! on the subject is very exten-
sive. V. achatinoides (Deshayes),? which was considered by Neumayr as the ancestral form
of the Viviparids of this area, has not, so far as I can find from the literature, been found
in Slavonia, but from its wide distribution there can be no deubt that it was one of the forms
which occurred in Slavonia during Miocene times. For the Slavonian and some of the allied
species Neumayr (op. cit., 1875, pl. x) constructed a diagram illustrating the probable rela-
tionships and lines of evolution of the different forms, but later,3in view of his studies of
the Cos Viviparidae, he found it necessary to modify his scheme in a few minor details.
Penecke (op. cit. p. 27) introduced further modifications, and a different diagram of the
evolution of some of the species is included in Bogatchev’s paper.t Unfortunately Bogat-
chev’s paper is in Russian, and I have not been able to understand the exact modifications
suggested by him, but his diagram shows a distinct advance on the works of the authors
mentioned above. My idea of the main lines of evolution of the fossil species are shown in
the following table, and the various series of species, as I call them, are treated separately
in the following pages.

V.suesst. V. fuchst. V. robustus.
N ’I -

-
N -
~ ) -

-
~ -
~ ’ -

No ’ _ - a7
V.calvertt. V. newmayrt.
V.achatltinoides.

The question of the evolution of the sculptured species as a whole may also be consider-
ed here. Leaving aside the discussion of the factors which influenced and brought about
these changes the only points for consideration are the lines of evolution and the correla-
tion of these in the fossil and the recent species. The question of evolution has been con-
sidered by various authors. Neumayr (loc. cit., 1875, p. 97) considered the various forms
4o be mutations 3 of the less highly evolved species, and from his genealogical tree and de-
scriptions it is clear that he considered the various series as having developed along parallel
lines. This was further elaborated in a later paper ¢ in which he definitely assigned a tri-
phyletic origin to the sculptured Viviparids of Slavonia, and drew attention to similar evolu-

1 Hornes, M., Abhandl. k. k. Geol. Reichanstal. Wien, II1, pp. 581, 582, pl. xlvii fig, 17 (1856) ; Brusina, 8., Fossile Binnen-
Moll. Dalmat. efc. pp. 71-88, pls. i, ii, vii (Agram, 1874) ; Neumayr, M., Jahrb k. k. Reichanstal, XIX pp. 373-378, pls. xiii, xiv.
(1869) ; Neumayr, M., Abhandl. k. k. Geol. Reichanstal. Wien, VII (Hift. iii), pp. 50-73, pls. iv, vi, viii (1875); Penecke, K. A,
Beitrige Pal Osterreich-Ungar. IV, pp. 26-33, pl. ix, (Wien, 1884) ; Brusina, S., Matér. Faun. Malacol, Dalmat. ete. p. 24, pl.
xii (Agram, 1897) ; and Brusina, S., Icon. Moll. Foss. Tell. Tert, Hungar. efc. pl. xxii (Agram, 1902). \lso see Annandale, N.,
Proc. Roy. Soc. London (B) XCVI, pp. 61-76 (1924).

2 Deshayes, G. P., Mem. Soc. Géol. France, (i) III, p. 44, pl. v, figs. 4-7 (1838).

3 Neumayr, M., Denkschr. k. Akad. wiss, Wien. (Math.-Naturwiss. cl.) XL, p. 305, fodt-note (1880).

¢ Bogatchev, V., Mém. Com. Qéol. Petrograd (n.s.), Liv. C}.(XXV, pp. 184-208 (1924).

5 See also Neumayr, M., Erd;eschichte, 11, pp. 15, 16 (Leipzig & Wien, 1895).

¢ Neumayr, M., Zeitschr. Deutsch. Geol. Ges. XXVII, p. 871 (1875).
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tion of the Ammonites. This view was fully subscribed to by Oppenheim! who, without
being definite, stated that “ Alle diese Erscheinungen mahnen somit zur Vorsicht und lassen
uns die Hypothese einer polyphyletischen Entstehung vieler Mollusken-Gattungen und
vielleicht auch-Arten nicht als so unméglich und ungereimt erscheinen.” Koken,? who adopt-
ed the identifications of the fossils by Neumayr and other workers, believed that the genus
Tulotoma is found in various parts of the World, and that there can be no doubt about “seine
unabhiingige Entstehung zu verschiedenen Zeiten und an verschiedenen Orten.” This he
called the phenomenon of Recurrence, and explained it as being due to Convergence. Blanc-
kenhorn 3 casually referred to the origin of the sculptured species, and traced the lines fol-
Iowed by the sculptured or rather the ridged species in their evolution from the smooth forms.
The last and undoubtedly the most important contribution on the subject is the paper by
Annandale* who, on the analogy of the structure of the mantle in the recent sculptured
species of the family, believed that the sculpture of the fossil forms was also produced in
the same way. He explained the various stages of evolution of the sculptured species very
carefully, and I cannot do better than quote his remarks in extenso—‘* The main line of
shell-evolution in the Viviparidae was manifested, at the period and in that particular part
of the world, by the appearance in the first instance of a vertical flattening of the profile of
the bodywhorl. At a slightly later stage this flattening became a definite spiral constric-
tion with raised margins, which formed ridges on the shell. Then the ridges became irre-
gular and assumed a tuberculate form. Finally a third ridge made its appearance below
the other two.” So far the author was quite right, but in his further comparisons of the
recent species of the North American Tulotoma Haldeman with the European fossil species
he confused the ridges of the primary and the secondary series. The two main ridges on the
less highly specialised species correspond to .l and 3 of Annandale’s terminology,® as
proposed for the ridges on the embryonic shells of recent Viviparids, while the third ridge
mentioned above is not the ridge 2 of the same series, but is one of the secondary series and
probably corresponds to 3. In accordance with their situations on the shell I propose
calling the three primary ridges of the adult shells the sutural, the median and the peripheral..
It will be seen that the two ridges on the Kuropean fossils under consideration are the
sutural and the peripheral, while the third ridge is not the median, and hence the forms in
which a third secondary ridge, not corresponding to the median, is developed are not iden-
tical with the North American Twlotoma or the Yunnanese Margarya Nevill, in both of
which it is the primary series of ridges which are equally developed and are tuberculate.
The reference of the European fossils to any of the recent genera, therefore, is not justi-
fied, while the sub-generic name Protulotoma proposed by Annandale (1924, p. 64), with V.
dezmaniana Brusina as type, is in view of the polyphyletic species which will have to be
referred to it, superfluous. There can be no doubt that Annandale was quite right about
the various cases of these sculptured forms being instances of parallel evolution, and the
sculptured forms, whether among the recent or the fossil forms, being often produced poly-
phyletically.

1 Oppenheim, P., Zitschr. Deutsch. Geol. Ges. XLIII, p. 478 (1891).

2Koken, E., Die Vorwelt und ihre Bntwicklungsgeschichte, pp. 440, 622 (Leipzig, 1893).
3 Blanckenhorn, M., Palaeonlggraphica, XLV, pp. 103-105 (1897).

# Annandale, N., Proc. Roy. Soc. London (B), XCVI, pp. 60-76 (1924).

¥ Annandale, N., Rec. Ind. Mus, XXII, pp. 244, 245, fig. 10 (1921).
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I will now give a short account of the various kinds of changes which can be distin-
guished among the fossil species of Eastern Europe.

The simplest kind of evolution, to use the word in a very general sense, was an increase-
in size. The shells of the species grew to a very large size, the increase being both in length
and in regard to the swelling of the whorls. The species produced resemble the forms of
the recent sub-genus Cipangopaludina Hannibal, which is common in south-eastern Asia
and like the species of this sub-genus the shells of the fossils were also more or less smooth.
Examples of this type are V rumana (Tourn.) from Rumania, V megarensis Fuchs from
Greece, V hectoris Hoernes from near Constantinople, V bukowsk: Oppenheim from Asia
Minor, and V rkodensis Bukowski and allied species from Rhodes.

The second type of evolution consisted in the shells becoming rather elongate, and
correspondingly narrower, and a number of the primary and secondary ridges became pro-
minent thus forming a ridged shell. Examples of this type are V bickhs Halavits, V arte--
stca Hal., etc., from Hungary, and probably V aulacophorus Brusina of Yugo-Slavia. From:
this type were evolved the more highly ridged species with either a single highly developed:
ridge, as in the case of V mazuranict Brusina and V. vucotinovici Frauenfeld, or with two-
of the primary ridges well developed as in V' bicingulatus (Zujovic) Pavlovié and allied species
from Servia, and lastly with all the three primary ridges well developed and forming dis-
tinct keels as in V' wviquesnels (Deshayes), V spratti Fuchs and V lacedaemoniorum Oppen-
heim from Greece and adjacent areas. From this last group species with a large number of
ridges on the shells, asin the case of V novemcostatus (Matheron) from France, V dautzen-
bergi Brusina in Croatia, V pauli Brusina in Yugo-Slavia and V apamae (Blanckenhorn)
in Asia Minor, were evolved.

The last type to be considered is that of the forms in which only two of the three pri-
mary ridges, viz., the sutural and the peripheral, became specially developed, and later
owing to unequal development broke up into tubercles. In this type the immediate ancestral
forms were different, but the general lines of the evolution of the species were the same ;
these have been discussed by Annandale from whose work I have quoted above (p. 204). It
is only necessary to point out that the evolution in the form of the shell in these species is
also very varied. They either became elongate, as in V fuchsi-mojsisovicss series, greatly
swollen and very globose as in V' robustus series, or remained more or less like the ancestral
forms as in the various series of V' suessi and V. fuchsi. The production of ridges culminat-
ing in tuberculated types was evolved in at least six different series and is undoubtedly of
multiple origin.

Of the Slavonian species Neumayr rightly considered V neumayr: Brusina as the least
modified, and derived all the other forms from it. This species has a conical-ovoid shell
consisting of 5 moderately swollen, smooth whorls, without any spiral ridges or other special-
ly pronounced sculpture. The aperture is subcircular and only slightly pointed posteriorly.
Details as to the localities and the horizons in which this species occurs will be found in the
memoirs cited already and it is only necessary to point out here that the species has a wide
distribution and occurs in the lowest strata of the Pliocene age.

The authors, cited already, considered that from V neumayri there were two lines of
evolution of the species, but in view of the material I have examined and the descriptions
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which I have seen, I am of opinion that there were three distinct lines with distinct ancestral
species. The three species are V  suesst Neumayr, V fuchsi Neumayr and V robustus
Brusina. These three main series evolved on more or less parallel lines, and in the following
Ppages are considered separately.
V suesss series .—The ancestral form of this series is a little more highly evolved than
V. fuchsi and V robustus. It has a more or less conical shell with the whorls not very closely
appressed. The whorls are not evenly rounded, but are flattened from the suture down-
‘wards ; in many of the specimens in the upper third of the whorls there is the beginning of
a spiral constriction bounded by rather raised margins corresponding to the sutural and the
peripheral ridges. The suture is moderately impressed, and the aperture, which is circular,
has the angle at its posterior extremity a little more marked than in V neumayri. From
V. suessi the next species of the series, V pannonicus Neumayr, differs only in the form of
the shell and in the constriction on the whorls being more marked. In V bifarcinatus (Bielz)
the constriction becomes more concave, and the two ridges bounding it, particularly the
sutural, become more marked. V stricturatus Neumayr has the shell more elongate, and
the ridges as also the constriction are more pronounced. In V nothus Brusina the shell
is still more elongate, and the two ridges are more elevated, while the constriction becomes
.a flat, band-shaped structure.

V. ]wlrne.si
]
!
V.sturt V. grnatus
/ \ ’
r, \\ /’
,/ \ ’I
Vrecurrens N S
\\ ’,
\‘ ’/
V. npthus

V.stricturatus.
V bifarcinatus

V4 PlaLnnonz;cuS

V. suesst.

From V. nothus the series branched along two lines, which may be called ornatus-hirness
-and sturi-recurrens respectively. These species are highly ornamented, and the two series
differ only in the form of the shell, ornatus-hornes: species being elongated, while sturi-re-
.currens are not so elongate but are more swollen.

In V ornatus Neumayr the sutural and the peripheral ridges, which only rarely are
‘tuberculate, are still better developed, and a number of secondary ridges are also developed
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below the peripheral. V hérnes: Neumayri, the most highly evolved species of this series
has a tuberculated peripheral ridge, and in some specimens even the secondary ridges below
it are also broken up into tubercles.

V sturs Neumayr, which corresponds to V hérnesi, has a very tuberculate peripheral
ridge, and even the sutural becomes wavy owing to uneven development. In V recurrens.
Penecke, which I regard as only a mutation of V' stuis, the peripheral ridge on the bodywhorls
has again become smooth and is not, broken up into tubercles ; on the earlier whorls, however,
it is tuberculated in the same way asin V sturs.

V fuchsi series .—In V fuchsi Neumayr, the ancestral form of this series, the shel
is conical-ovoid, but proportionately broader than that of V suessi Neumayr. There are
5 whorls, which are not evenly rounded, but show the beginning of a flattening of the upper
half or thereabout. The aperture is ovate.

From V. fuchst it is possible to distinguish 3 distinct parallel lines of evolution, and these-
I propose calling fuchsi-zelebors, fuchsi-mogsisovicsi and fuchsi-vucotinovics.

The majority of species in the Slavonian Beds belong to the series which I propose
calling fuchsi-zelebors series. From V fuchsi the first species to be evolved in this series is
V letostracus Brusina. It has an elongate-conical, smooth shell, of a medium size, with the
whorls evenly rounded, except for the last two which show a marked flattening next to the:
suture. From V. letostracus is derived the more elongate form V eburneus Neumayr ;
in this species the whorls are more flattened. In V woodwardi Brusina (=7 ambiguus
Cobalcescu non Neumayr), the next of the series, the whorls are more flattened and slightly
constricted in the upper third of the whorls ; the sutural.and peripheral ridges are also better
marked.
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The other main line of evolution from V. fuchss, which runs parallel to that of the species
considered above, is derived from a form allied to but less elongate than V leiostracus,
and this I consider to be Neumayr’s V lignstarum. The shell of this species owing to the
shorter spire is less elongate, but the whorls are more flattened. In V. brusinas Neumayr
the whorls are more flattened and there is the beginning of a constriction in the upper third
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of the whorl. On the shells of V. dezmaniana Brusina the constriction is very well developed
and is bounded by evenly raised sutural and peripheral ridges. V. altecarinatus Brusina,
1s closely allied to and probably identical with V. dezmamiana. V. zelebori Hornes, the
most highly evolved species of the series, is to be derived from V. dezmaniana ; in it both
the ridges on the shells are tuberculate. V. atriticus 1 Neumayr appears to resemble V.
recurrens of the V. suesst series, and as in the case of that apecies the peripheral keel has,
apparently, secondarily become even.

The series from Syrmien which I propose calling fuchsi-mojsisovics: series is quite distinet
from the forms in adjacent areas. The series starting with V. fuchss leads on to V. sadlers
(Partsch) Neumayr, from which apparently three side-branches separated as V. spurius
Neumayr, V. lenzi, Neumayr and V. wolfi Neumayr. In all the three species the shell whorls
are flattened and somewhat concave, the sutural and the peripheral ridges distinctly marked,
the sutural a little more so than the peripheral, and the aperture is smaller and narrower.
The three species, however, as shown in the figure below, are not in a direct line of descent,
and show different degrees of specialization. V. spurius Neumayr appears to have a parallel
in V. cyrtomorphus Brusina of Hungary. V. ambiguus Neumayr, with its slightly more
elongate shell, the broadly concave depression on the bodywhorl and more elevated sutural
and peripheral ridges, has certainly no relationship with the Cos species. On the other
hand it appears to be a derivative of V. spurius Neumayr. The final form of the series is
V. mojsisovicsi Neumayr, with an elongate, conical-ovate shell, but otherwise resembling
V. lenzi from which it appears to have been evolved.

V.mojsisoviese.

V. lenzz.

V. amﬁ&ﬂms.
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The species fuchsi-vucotinovici and related species form another separate group. Neu-
mayr i his Monograph (p. 63) derived the species from V. sadleri, with V. altus and V.
herbichi as intermediate forms. As was, however, shown by Penecke (op. cit. p. 27) this is
not correct, and he derived the species V. vucotinovici direct from V. SJuchst with his new
speciee V. rudolphs as the intermediate form. Brusina 2 later rightly considered V. rudolphi
Penecke to be only a synonym of V. aulacophorus Brusina,® and also figured a new species

! This species was described unger the above name in Jahrb. k. Geol. Reich X IX i i
reforsed 5 Species was dese eol. Reichanstal. XIX, p. 375 (1869}, but in a later work is

3 Brusina, S., Matér. Faun. Malacol. Dalmal. Croat. Slavon., etc., p. 24 (Agram, 1897).
¥ Brusina, 8., Fossile Binnen- Moll. Dalmat. Kroat. Slavon., ete., p- 88, pl. ii, figs, 14, 15 (Agram, 1874),
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V. mazuranici * which clears up the evolution of the series. In V. aulacophorus all the
three primary ridges on the whorls are distinct but only feebly developed. In V. mazuranic
the peripheral becomes specially marked and the surface of the whorls instead of being round-
ed slopes sharply towards this ridge. This becomes still more pronounced in V. vucotinovics,
and the ridge appears as a sharp keel in the same way as in the recent African species V-
constrictus (Martens) and its varieties. F. ovulum Neumayr appears to be allied to V. vuco-
tinovict, but is not in the direct line of evolution.

V. viguesneli (Deshayes) 2 from Ipek with three equally well developed sharp spiral
keels and a number of secondary ridges has also, I believe, been derived from an ancestor
like V. aulacophorus.

V. pauls Brusina, with 7-9 spiral ridges, 3-4 above the periphery and 4-5 below it, and
appearing beautifully ridged like the recent species D. persculptus (P. & F. Sarasin) from
the Celebes, and D. mainitensis (Bartsch) from the Philippines, is also to be referred to this
series, and has probably originated from a form like V. aulacophorus. Other fossil species
showing a similar type of evolution of the shell-sculpture are V. dautzenbergi Brusina from
Croatia, V. novemcostatus (Matheron) from Provence, and probably V. apamae Blanckenhorn
from Syria.
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V. fuchsi.

The very primitive Servian species V. veminatica Brusina ® and the highly specialised
forms described by Pavlovi¢ 4 require consideration. Nothing is known about V. viminatica
beyond the figures of Brusina, but there can be little doubt that it is closely allied to V.
neumayri Brusina.

The species described by Pavlovié from the Tertiaries of Kosovo and Metohia in South-
ern Servia enable us better to understand the relationships of the species from the Ipek or
Pec beds. The species were indiscriminately referred by the author to the genus Viviparus

1 Brusina, S., Icon. Moll. Foss. I'ell. Tert. Hungar. Croat. Slavon., efc., pl. xii, figs. 8-12 (Agram, 1902).

2 Deshayes, G. P., Mém. Soc. Géol. France (1) V, p. 88, pl. xx, fig. 7 (1842) ; Also seo Bukowski, G. V., Denkschrift. k. Akad.
Wiss. Wien, LX, p. 270 (1893), and Pavlovié, P. 8., Ann. Géol. Pénin. Balkan Belgrade, VI, pp. 594, 595 (1908).

3 Brusina, S., Icon. Moil. Foss. Tell. Tert. Hungar-Croat. Slavon, efc. p. 24, pl. xii, figs. 39-41 (Agram, 1902).

¢ Pavlovid, P. S., 4nn. Géol. Pénin. Balkan Belgrade, VI, pp. 580-608, pls.l-vi (Separate in 1908 1911},
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and the sub-genus Tulofoma, but there is no doubt that they are all derived from V. fuchss,
and are allied to the fuchsi-vucotinovics series.

From V. fuchsi a form like V aulacophorus leads to V d’Archiact Pavlovi¢, which has
a conical-elongate shell with the whorls flattened and band-shaped, and well developed
sutural and peripheral ridges appearing like keels. In a direct line of evolution V d’Archiacy,
appears to lead on to V wviquesneli (Deshayes), which was originally described from the Ipek
beds, but also occurs in this area and has a wide distribution. In V wiquesnels three distinct
ridges, corresponding to the sutural, median and the peripheral, are well developed, and in
some specimens the ridges appear tuberculate. In the series figured by Pavlovié (op. cit.
pl. ii, figs. 14-21) it is possible to distinguish a regular series of forms leading from V d’A4r-
chiacy to V viguesneli.!

The second group of species consisting of V bicingulatus (Zujovic) Pavl. and V. zujovice
Pavl. have, in addition to the sutural and the peripheral ridges, two closely placed ridges
running about the middle of the space between the primary ridges, and as a result the species
appear tetracarinate. This group with the same type of shells as those considered above
is also derived from V d’Archiaci.
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V. fuchsti.

In the three species from the Methohia Basin, which were described as Vivipara by,
Pavlovié, the shell is similar in shape to that of V' d’Archiaci, but the ridges appear to be
differently developed. ¥V mefohiensis Pavl., the least evolved species of the series, has
the whorls flattened and band-shaped. The sutural and the peripheral ridges are well
developed and in addition there are traces of one or two secondary ridges in between. V.
conicus Pavl. and V dinici Pavl. appear to be parallel branches developed from V.,
metohiensis.

Croatia.
The forms from this area are not well known, and the records are rather scanty, but

there can be no doubt that the species recorded are the same as those from other parts of
Yugo-Slavia and apparently represent westward extensions of the range of these species.

1In this connection also see Prashad, B., Ann. Mag. Nat. Hist. (9) XIX, pp. 136.138, pl. ix (1927, \‘vhereI have
described a new species, V. coxt, which is intermediate between the species mentioned above.
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Among the forms known are V stricturatus Neumayr of the V suesst series, V mazu-
ramics Brusina of V. fuchsi series and other forms of this type. The greatly ridged species

V. dautzenbergr Brusina, of the type of V. pauli, which is found in Croatia, has already been
mentioned.

Austria.

The only species known from the Vienna Beds is V fuchs: Neumayr. ! Apparently
the area was not suitable for the Viviparidae, and the primitive species, which migrated
there from the adjacent areas, did not flourish and produce the highly specialised types
which were evolved in more congenial surroundings.

Hungary.

The Viviparids of this region may be considered under two separate heads, according
to the separate areas in which they occur, as they appear to belong to two different
.groups. These are, 1. The Alf6ld Beds, and 2. The Balaton Lake or Platten See deposits.

The Alfold Beds 2 are imperfectly known and it is not possible to understand their
exact relationship with our present knowledge of the forms. They are, according to Pavlov,?
related to the Rumanian and South Russian forms, but the conclusions of the author appear
to me to be based on insufficient evidence. The three species from the area are V bockhs
Halavéts, V artesica Hal. and V zsigmondy: Hal. They are all elongate-conical species,
smooth or with one or two low ridges on the surface and the whorls only moderately swollen
but not flattened. They appear to be allied to V sadleri (Partsch) Neumayr.

The Viviparids of Balaton Lake are considered by Halavats 4 to have been brackish
water forms during the earlier epochs, and he suggests V semesyi Halavats as the ancestral
form of the species in this area. This is certainly correct for one group of species, the seme-
syt-kurdensis series, but the other series, fuchsi-cyrfomorphus, must have migrated from
Slavonia into this region.

Semesyi-kurdensis series:—V semesys Hal., with its smooth ovoid shell, appears to be
closely allied to V suessi Neumayr, and they probably had a common ancestor. The
next species from it is V' loczi Hal., which is more elongate and may be described as conical,
but the shell is still smooth. This leads on to V' balatonica Neumayr (syn. V gracilis Lioren-
they) in which the sutural and peripheral ridges are well marked, but the flattening of the
whorls has not proceeded very far. In ¥V kurdensis Lorenthey the shell is still more elongate,
the whorls flattened and somewhat concave, and the sutural and peripheral ridges very
prominent. This species in its general appearance resembles V stricturatus Neumayr,
but is in no way related to it.

Fuchsi-cyrtomorphus series :—V fuchsi Neumayr has not so far been recorded from
Balaton Lake, but the occurrence of V. sadlers (Partsch) Neumayr points to this or some

1 Hérnes, M., Abhandl. k. k. Geol. Reichanstal. Wien, IIT, pp. 681, 582, pl. xlvii, fig. 17 (1856) ; the species was recorded under
‘the name Paluding concinna Sowerby, but Neumayr rightly considered it as distinct from the English specics of that name and
senamed it V. fuchsi,

t Halavits, J., Mittl. Jahrb. K. Ungar. Geol, Antstal. VIIT, pp. 183, 184, pl. xxxii, figs. 1-3 (1888), and pp. 226, 227, pl. xxxiv
{1889).

3 Pavlov, A. P., Mem. Sec. Géol. Soc. Amd. Seci. Nat. ete. Moscou, Liv. V, pp. 165, 166 (1925).

¢ Halavits, J., Res. Wiss. Erfor. Balatonsee. Anh. Palaeontol. IV (ii), pp. 40-41, pl. i (Wien, 1911).

18
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related form having migrated into Hungary. V sadlert has already been discussed and
only V cyrtomorphus Brusina need be considered here. The shell of this species is not very
elongate, but is comparatively more swollen and the whorls are flattened and slightly
concave with the sutural and the peripheral ridges distinctly marked.

Lérenthey, in recording the species mentioned by Halavits, added another interesting
species of doubtful relationship, for which he proposed a new sub-genus Carinia.! This
species, V roths Lorenthey, has all the three ridges well developed, and the median ridge
appears to form a very prominent keel on the middle of the whorls.

The accounts of Weiss 2 and Kormos 2 are not of sufficient interest to be considered
here ; both the authors deal with only subfossil species.

Rumanra.

The literature ¢ on the Viviparids of Rumania is very extensive, and the variety of
forms found in the country is also very great. The region, lying as it does in a central
position, has received species from Hungary and Yugo-Slavia in the west and Russia on the
east.

Pavlov 5 has introduced many unnecessary new names and complicated the question
of the species found in Rumania. In the following notes I consider the Siebenbiirgen series
of fuchsi-herbichi, the forms allied to V bifarcinatus (Bielz) and the Wallachian group of
robustus-novskaensis separately. The smooth-chelled species of Rumania and the peculiar
giant forms found in this region are also discussed separately. ‘

The characteristic smooth-shel'ed form of Eastern Europe, with the whorls evenly
rounded, was rightly recorded by Stefanescu from Rumania under the name V achatinoides
(Deshayes), but Pavlov has, without any justification, proposed to separate it as V pseudo
achatinovdes. He has similarly separated the Rumanian ¥V neumayri Brusina (from Rumania)
as V pseudo-neumayri. The two species are similar in every respect to the typical forms
and I consider Pavlov’s names as synonyms of the older names. ¥V craiovensis (Tourn.)
and V popescus Cobalcescu and its var. tumidus Stefanescu are nothing more than varieties
of .V neumayri. The species recorded as V leiostracus Brusina by Porumbaru was rightly
considered by Stefanescu to be distinct, and renamed V mammate. Pavlpv considers it
to be a multiple species and has divided it into V mammata, V bickhi Halavits and V.
cretzensis nov. 1 consider this quite unjustified, and believe that V mammata is a variable
species allied to V béckhs and through it to V sadlers (Partsch) Neumayr, which also is found
in Rumania. From V mammata probably the species V. rumana (Tourn.), with its very
large, greatly swollen shell, has been evolved. It may also be noted that Cobalcescu des-
cribed a number of species under the name V euphrosinae, V alexanderieni, V. murgescus

2 Weiss, A., Op. cit. IV, (v), p. 26 (1911).

3 Kormos, T., Op. cit. IV (vi), p. 33, pl. (1911).

¢ Neumayr, M., Verhandl. k. k. Geol. Reichanstal. Wien, p. 367 (1876) ; Tournouér, R., Journ. Conchyliol. (3) XIX, pp. 261,
262 (1879) ; id., (3) XX, p. 96 (1880)¢ Cobalcescu, G., Mem. Qeol. Scol. Milit. Din. Iasi, Mem. I, Stud. Geol. Palacontol. Ter. Tert.
Rom. pp. 125-137, pls. xi-xiii (Buouresci, 1883) ; and a criticism of it by Brusina, 8., Verhandl. k. k. Geol. Reichanstal. Wien, pp. 161,
162 (1885) ; Fontanes, F., Arch. Mus. Hist. Nat., Lyon, IV, pp. 388-343, pl. xxvi (1886) ; Stefanescu, S., Mém. Sec. Géol. France
Paléontol. VI, pp. 82-103, pls. viii-x (1896), and Bull. Soc. Qéol. France, (3) XXV, pt. i, p. 312, pl. viii (1897).

¢ Pavlov, A. P., Mém. Sec. Géol. Soc. Ami. Sci. Nat., elc., Moscou, Liv. V, pp. 162-164, 202-213 (1925).
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etc., all of which are only based on specimens of different ages of V rumana. V rumana
is allied to V megarensis Fuchs, V hectoris Hoernes and V rhodensis Bukowski. Probably

V stefanescui Stefanescu and V tramsitorius Stefanescu represent intermediate forms of
the same series.

V dezmaniana Brusina and V altecarinatus Brusina of the fuchsi-zelebori series also
occur in Rumania, as also V woodwards Brusina of the same series.

The Wallachian series of robustus-novskaensis has representatives like V turgidus
(Bielz), a form more evolved than V robustus Brusina, V (urgidus var. jiani Stefanescu
V. pilart Brusina and probably also V' woodwardi var. argensis Stefanescu.

The Pliocene Viviparids of Siebenbiirgen, Rumania, are not very highly evolved, but
offer very interesting parallels with some of the recent species of the family. Neumayr?!
dealt with the species in a special paper and later included them in his memorable Monograph
on the Slavonian forms. It is, however, now possible to compare the forms better with the
Hungarian species, and to ascertain the probable line of evolution of the species of the area.

V. fuchsi Neumayr, which as has been shown already, is to be derived from V neumayrs
Brusina, and has a very simple type of shell, occurs in this area also, and is apparently the
ancestral form from which the species of the area were derived. From this species we get
the rather widely distributed species V sadler: (Partsch) Neumayr. This smooth-shelled
species with only slightly flattened whorls leads to V grandis Neumayr, which has a larger
and more elongate shell, with the whorls more flattened and the peripheral ridge still more
prominent. In V. altus Neumayr the form of the shell is similar to that of the preceding
species, but the sutural keel has become more distinct. In the specimen which Neumayr
figured as the *“ Ubergang ” to V herbicht Neumayr (pl. xvi, fig. 5) the shell has all three
primary ridges well developed. In V herbiche, as in the intermediate forms, the three keels
are all well marked, but the median 1is situated rather higher up. Neumayr’s comparison
of this form with the recent Chinese species V quadratus var. aeruginosus (Reeve) is correct,
and the species in Siebenbiirgen show a similar evolution of the ridges on the shell to that
shown by the various forms of V quadratus (Benson) in China,

The line of evolution of the species is represented in the following figure :—
V herbiche.

V. a,lt:u.s V.grandis,

-
! -
-

-

-
-

v sad:lem' -

V fuchast
The occurrence of V. bifarcinatus (Bielz) 2 and related species in Siebenbiirgen shows
that species of the group of V. suessi Neumayr had also an extensive distribution in this area

! Neumayr, M., Jahrb. k. k. Geol. Reichanstl. XXV, pp. 413-415, pl. xvi (1875).
3 Bielz, E. A., Verhandl. sicbenbiirg. Ver. Naturwiss. p. 17 (1864).
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V robustus series .—The species of this series were considered by both Neumayr and
Penecke to be derivatives of V dezmaniana Brusina, but there is no doubt that they could
not have evolved from this species. The ancestral form of this series was described by
Brusina as V robustus,® but the author did not recognize its relationships. V robustus
Brusina is a large sized species with a swollen, globose shell. The species resembles V. fuchst
Neumayr, but differs in its larger size, more swollen and less flattened whorls, the suture
more impressed and a shorter spire. It probably originated from V' neumayrs. InV pilare
Brusina, the next species of the series, the upper third of the whorls is flattened and the
sutural and peripheral ridges begin to be marked out as low keels. In ¥V strossmayeriana
(Pilar) Brusina the ridges are better developed, and the peripheral ridge is tuberculate.
In V novskaensis Penecke, the most highly evolved species of the series, both the sutural
and the peripheral ridges are tuberculate. As shown in the diagram below I consider V.
sudis Neumayr to be a side branch of V pilari, and not in the direct line of evolution of the
series ; it has a more elongate shell than any of the other spec’es and both the ridges are

feebly tuberculate. All the species are more globose than any of the other forms in Slavonia
and grew to a much larger size.
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Southern Russia.

Pavlov, in his monograph,? referred to so often in connection with the Viviparids of
the adjacent areas, has dealt with the Neogen deposits of Southern Russia extending from
Rumania along Bessarabia, Kherson, the area surrounding the Black Sea and the Sea of Azov
to the north, the basin of the River Volga and the Caspian depression to the Caspian and
the Trans-Volgaic region. He has figured a large number of species of Viviparidae, but as
remarked already (p. 201) his identifications are open to question, and he has undoubtedly
described far too many species. I have unfortunately seen no material from this extensive
area, and as the greater part of Pavlov’s work is in Russian, I have had chiefly to depend
on the French Summary at the end of his paper. The Viviparids of those areas, however,
clearly show that the range of distribution of the family in Eastern Europe was much more
extensive than it is today, and that the forms found there were related to those of the regions
to the west and south-west whence apparently they had migrated. Another point brought
out by Pavlov’s work is the fact that the forms found in the easternmost regions are similar
to forms like V' diluvianus (Kunth) and the recent species, and not to the more highly evolved

1 Brusina, 8., Journ. Conchyliol. XXVI, p. 352 (1878) and op. cit. p. 25, pl. xif, figs: 19, 20 (1897).
2 Paviov, A. P., Mém. Sec. Géol. Soc. Ami. Nat. etc. Moscou, Liv. V, pp. 1-217, pls. i-viii (1925).
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species of the earlier Pllocene times, which would seem to indicate that the migration of
these forms in the far east of KEurope took place at a much later date.

Western Siberiq.

I propose including with the European Viviparids the very scanty records of fossil
and subfossil Viviparidae from the extreme limit of the Western Siberian region, as I have
no doubt that they represent only the easternmost extension of the European Viviparids.
They certainly have no relationship with the forms found in Asia, and the conclusion of
von Martens ! that “ dieses deutet also, wie die Paludinen und die eine Cyclas, auf eine
Aechnlichkeit der vergangenen europiisch-westsibirischen Fauna mit der gegenwartigen
von Ostsibirien und Nordamerika ” has, from the distribution of the Viviparidae, no support
whatsoever.

The only record of a recent Viviparid east of the Volgaic Basin is that by Middendorf,?
who recorded V. achatinoides (Desh.) from Lake Aral. Boettger 3 was not able to obtain
any specimens from this area, and believed that the record was probably based on subfossil
shells of V. diluvianus (Kunth). Kobelt* considered that the species, probably V. acha-
tinoides, had become extinct within recent times.

Among the fossil forms from this area the species V. columna von Martens, a form of
V. diluvianus, V. achatinoides and V. fenuisculptus von Martens,? also a form of V. achati-
noides, from the banks of the Irtish stream near Omsk, are the only ones to be noted.
Bogatchev ¢ has recently proposed to consider V. tenwisculptus as a variety of the Amur
Basin species Dactylochlamys ussuriensis (Gerstfeldt), apparently basing his conclusion
on the unfortunate comparison made by von Martens of his species V. tenuisculptus with
D. ussuriensis. It may further be noted that the specimens reproduced on pl. vii, figs.
32-35 of Bogatchev’s work have nothing in common with V. tenuisculptus, but probably
represent a distinct species with the same type of sculpture as V. novemcostatus, V. pault,
etc.

Greece and Turkey in Europe.

The species from various parts of Greece described by Fuchs 7 are few, but are interesting
in that they provide the connecting forms between those found on the mainland and those
found on the islands of the Grecian Archipelago.

V. megarensis Fuchs with an elongate-ovoid shell, which is nearly smooth and has evenly
rounded to rather flattened whorls, is the most primitive form known from this area. Fuchs
compared the species to forms of the fuchsi-herbichi series from Siebenbiirgen (antea p.
213) while Neumayr 8 considered it to be allied to V. aulacoplorus Brusina, another deriv-
ative of V. fuchsi. Pavlov ? rightly considers V. megarensis to be closely allied to the Cos

1 Martens, E. von, Zeitschr. Deutsch. Geol. Ges. XVI, p. 351 (1864).

3 Middendorf, A. T. von, Reise Nord. Osten. Siberiens etc. 1L, p. 312, (St. Petersburg, 1851).

3 Boettger, 0., Zool. Jakrb, Systematik, IV, p. 971 (1889).

4 Kobelt, W., Studien zur Zoogeograpie, 1, p. 217 (Wiesbaden, 1897),

§ Martens, E. von, Zeitschr, Deutsch. Geol. Ges. XVI, pp. 345-347, figs. 1, 2 (1864) and XXVI, pp. 741, 742, pl. xx, fig. 1
(1874).

¢ Bogatchev, V., Mém, Com. Géol. Petrograd (n. 8.) Liv. CXXXV, p. 206 (1924).

? Fuchs, T., Denkschr. k. Akad. wiss. Wien (Math.-Naturwiss. cl.) XXXVIII (2) pp. 1-42, pls. i-v (1877).

8 Neumayr, M., Denkschr, k. Akad. wiss. Wien (Math.-Naturwiss, cl.) XL, p. 261 (1880).

® Pavlov, A. P., Mém. Sec. Géol. Soc. Ami, Sci. Nat. etc. Moscou, Liv. V, pp. 165, 170 (1925).
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speces V py'leensis (Pav.), and has according to the form of the shell distinguished a number
of varieties. His comparisons of these with the recent species are unjustifiable, though there
is no doubt that V. megarensis is very near the ancestral form of the recent species of the
area.

V incertus Fuchs from Livonates appears to me to be closely allied to the Servian V.
aulacophorus. The elongate shell with not very prominent sutural, median and peripheral
ridges point to a close relationship between the two species. In V graeca Fuchs the sutural
and peripheral ridges are better developed, and even broken up into tubercles. ¥V spratis
Fuchs and V lacedaemoniorum Oppenheim 1 are of uncertain relationship. In both cases
there are the three ridges on the shells, but while ¥ spraiti appears to be related to the
Servian V d’Archiacs Pavlovie, V lacedaemoniorum with its Clinoconchous type of shell
appears to be allied to the Cos forms.

V hectoris Hoernes 2 from Renkioi near Constantinople is, as Hoernes rightly remarked
closely allied to the Grecian ¥V megarensis Fuchs, and needs no further consideration.

Aswa Minor.

Only two species of Viviparidae are known from this vast area, and as both of them
belong to very widely separated groups they do not help us in reconstructing the past history
or the relationship of the forms found here.

V. bukowskii Oppenheim,® which was described from near Efflatum-Bunar in Pisidia,
is, as the author rightly believed, closely allied to ¥ megarensis Fuchs, and also shows some
relationship to the group of V fuchsi. It is a smooth-shelled form, of moderate size and
has the whorls greatly swollen. ‘

V. apamae (Blanckenhorn),* which was referred by the author to the sub-genus T'ulotoma
Haldeman, has a rather narrow elongate shell, with a narrow aperture and with prominent
spiral ridges running over it. The species resembles ¥V pauli Brusina and V dautzenbergs
Brusina, but its relationship 1s uncertain.

Cos.

The Viviparids of the Island of Cos in the Greek Archipelago are of special interest
from the fact that it was their discovery, by Spratt and Forbes 5 about the middle of the
Nineteenth century, which led to the study of the changes in the form and sculpture of the
shells of allied species probably descended from the same ancestral form, and found in the
different strata of a single area. The question of the strata and the species in Cos has been
discussed by various authors,® and I will only include here an analysis of the different forms
found in this island.

1 Oppenheim, P., Zeitschr. Deutsch. Geol. Ges. XLIII, pp. 461, 462, pl. xxvi, figs. 3, 3a (1891).

t Hoernes, R., Sitzungsber, k. Akad. wiss. Wien (Math.-Naturwiss. cl.) LXXIV, (I abt.), p. 25, pl. i, figs. 16a, b (1877).

8 Oppenheim, P., Zeitschr. Deutsch. Geol. Ges. LXX, pp. 207, 208, pl. ix, fig. 6 (1918).

¢ Blanckenhorn, M., Palaeontographica, XLV, pp. 103-105, pl. viii, figs. 9-14, pl. x, fig. 22 (1897).

% Forbes, E., In Spratt, T. A. B. & Forbes, E., Travels in Lycia, Milyas, Cibyratis, etc. 11, pp. 199-206 (London, 1847).

8 Forbes, E., Edinburgh Nﬁw Phil. Journ. XLII, pp. 271-295 (1847) ; Tournouér, R., Journ. Conchyliol. XXIII, pp. 71, 18
(1876) ; Tournouér, R., Ann. Sci. I'Ecole Norm. Sup. (2) V, pp. 457-462, pl. iii (Paris, 1876) ; Neumayr, M., Denkschr. k. Akad.
wiss. Wien. (Math.-Naturwiss. cl.) XL, pp. 298-304, pl. ii (1880) ; Newton, R. B., Proc. Malacol. Soc. London, IX, pp. 363-368 (1911) ;
Annandale, N., Proc. Roy. Soc. London (B) XCVI, pp. 60-76 (1924).
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The Cos species show a great resemblance to the Slavonian forms, and Neumayr actually
considered some of them as being identical in the two regions. The difference in the form
and sculpture, however, were not properly understood by Neumayr, and were explained
by him as being only a type of mutation. He called the Cos species Clinoconchous forms
of the Orthoconchous type of species found in Slavonia etc. Pavlov! has, in my opinion,
rightly separated one of the Cos species as distinct from the Slavonian forms, and one of the
other species must similarly be separated and designated by a new name.

The most primitive species of the series in this island was originally designated V coa
by Neumayr, but later, owing to the same name having been used by Tournouér for another
Cos species, he changed the name of the species to V. calverti Neumayr. The species corre-
sponds to and is certainly closely allied to the Slavonian V. neumayri Brusina. The shell
is similar in shape, but the whorls are somewhat flatter, not so evenly rounded, and the
aperture is rather narrower. From this species evolution proceeded along two lines, one
along the series for which Neumayr considered V. fuchs: as the central species, and the other
‘which he designated V brusinas.

Neumayr’s V. fuchsi from Cos has been renamed V' pylleensis by Pavlov (loc. cit. p. 211,
pl. i, figs. 52, 53), and he has rightly compared it with V. megarensis Fuchs from the Neogen
of Greece. The shell of the species is much larger than that of the Slavonian form, the
whorls more flattened, but still rounded and without any concavity or ridges. I am not
certain as to the form recorded as V leiostracus from Cos, and in the following figure have
provisionally placed it next to V pylleensis. Probably it is quite distinct from the Slavonian
species, but I have seen no specimens.

V trocllearts. V. gorciext.
]
: : V. munierc.
l \ -
V. co.se'(wis V. forbesi:”
]
\\\ :
\ ! .
\ V. tournowert.
v ':
\ ]
\ . '
\ V’ ’}/sz/pocrates .
\ - V. lerostracus ?
\ o - - » )
V. /Dara,brwz,na,c. :
| ' .
: v /Dyllaen.s is

V.ealverti —----

Neumayr's V brusinai (loc. cit. p. 300, pl. ii, figs. 5-9) is not the same as the species

wecorded under that name from Slavonia. Its greatly slanting and oblique whorls, and the

-peripheral ridge lying very near the base of the whorls are the main distinguishing characters,

.and I propose to callit V parabrusinas nov. It is the ancestral form of most of the Cos species
.and these forms can be separated into two different series.

In V. coa (Tournouér), which in his later paper was named V' cosensis to avoid confusing

it with V. coa Neumayr, and in 'V trochlearis (Tourn.) all the three primary ridges, the sutural,

1 Pavlov, A. P., Mem. Sec. Géol Soc. Ami. Sci. Nat. ete. Moscou, Liv. V, pp, 155-213, pls. i-iv (1925),
K
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the median and the peripheral, are well developed and not the sutural and the peripheral’
only as in the other species.

The relations of the second branch, which consists of V' hippocrates Neumayr, V tour-
nouers Neum., V forbesi (Tourn.), V gorciexs (Tourn.) and V muniers (Tourn.), are shown
in the figure, and it is only necessary to note that the series has evolved along parallel lines
to the species of the V' suesst series in Slavonia.

Cibymtes.

Forbes described from this area a species under the name Paludina cibyratica.l Un--
fortunately the description is very incomplete and the figure unsatisfactory, and it is not
possible to be certain as to what the species was. There is no example of the species i
Forbes’s collections in the British Museum. It appears to be a species of the type of V..
hippocrates Neumayr, and is not the young of V vukotinovici as Neumayr 2 surmised.

Rhodes.

The Viviparids from the Plaisancian Beds of Rhodes are very interesting in spite of the-
fact that it is not possible fully to trace their genealogy and relationships.

Bukowski 3 recorded from these beds V forbes: (Tournouér), a species found in Cos,
but owing to the small half-grown specimens which he figures, it is not possible to be sure-
as to whether they are correctly referred to this species. The specimens having only two-
of the three primary ridges appear to belong to the same group as V. forbest. On the other-
hand they might represent the ancestral form of the highly sculptured species of the area
V clathratus (Deshayes).* This species, with its various varieties described and figured by:
Bukowski in his memoir, is very interesting in that in addition to the sutural and the peri-
pheral ridges there are two secondary ridges running spirally between them. The ridges-
are unequally developed and as a result the shell appears to have four rows of tubercles..
It shows a superficial resemblance to species of the sub-genus 7'asa Annandale of Inlé Lake,
Burma. The relationship of this species is uncertain, but it may be noted that it has.
nothing to do with Melania hellespontica Calvert and Neumayr,® with which Annandale-
proposed to associate it in a new genus to which he gave the name Palaeotasa.

The two smooth-shelled species V' rhodensis Bukowski and V acramitus Buk. are of a.
large size with the whorls rather swollen, but flattened in the middle between the very feeble-
sutural and peripheral ridges. The flattened region also shows traces of fine spiral ridges.
Bukowski compared the species to the Rumanian species V murgescus Cobalcescu and V.
maracinent Cob., both of which, as is discussed in the account of the Rumanian species-

1 Forbes, E., in Spratt, T. A. B. & Forbes, E., Travels in Lycia, Milyas, Cibyratis etc. 1T, p. 177, fig. b (London, 1847).

: Neumayr, M., Denkschr. k. Akad. wiss. Wien (Math.- Naturwiss. cl.) XL, p. 266 (1880).

3 Bukowski, G V., Denkschr. k. Akad. wiss. Wien (Math.-Naturwiss. cl.) LX, pp. 265-306, pls. i, ii (1893).

4 Deshayes, G. P., ExpédSci. De Morée, 111, pt. i, Zool. pp. 148, 149, pl.fxxv, figs. 3, 4 (Paris, 1833) ; Tournoudr, R., Mém~
Soc. Géol. France (3) 1, pp. 40-44 (1877).

§ Calvert, F. & Neumayr, M., Denkschr. k. Akad. Wiss. Wien (Math.-Naturwiss. cl.) XL, p. 374, pl. ii, fig. 14 (1880).
¢ Annandale, N., Proc. Roy. Soc. London (B) XCVI, p. 73 (1924).
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(p. 218), are only forms of V. rumana (Tournousr). Paviov’s comparisons of these species
with the Hungarian forms are certainly. very strained. They appear to me to be only giant
forms evolved from the ancestral smooth-shelled species of the sculptured forms of Rhodes
along parallel lines to the Rumanian species.

The exact relationships of the Rhodes species are not clear, but there can be little doubt
that they are related to the Cos species on the one hand, and the Rumanian and Asia
Minor species on the other.

IV. NORTH AMERICA.

The earliest known species of the fossil Viviparidae of North America were found in
strata which were doubtfully referred to the Jurassic period. A very complete series of
forms is found in the Laramie Beds, about the exact age of which also the various authori-
ties differ, while the records for the Tertiaries as a whole are very few.

The supposed Jurassic fossils were described by Meek and Hayden 2 from Black Hills
in the Upper Missouri Valley under the names Lioplacodes nucalis and Viviparus gillianus.
The authors were doubtful as to the age of the strata, but provisionally assigned them to
the Jurassic period and in all recent accounts3 the fossils are referred to as Jurassic.
For the species nucalis the authors proposed the new genus Lioplacodes, but there is little
Justification for considering it as distinct from the species later referred to the sub-genus
Lioplax Troschel. I consider it as a species of the sub-genus Lioplax, and as the ancestral
form of the fossil and the recent species of both Lioplaz and Campeloma Rafinesque. Vivi-
parus gillianus is a small sized, smooth-shelled species and, in my opinion, represents the
ancestral form of the fossil and the recent species of the genus Viviparus in North America.

The Laramie fossils are the next to be considered, and, in view of their importance,
it will not be out of place to preface my remarks about these species with a few notes on the
area and the conditions under which these beds were laid down. White* after a detailed
discussion of the area came to the conclusion that the Laramies are intermediate between
the Caenozoic and Mesozoic eras, and form the border line between the Cretaceous and the
Tertiaries. These beds to quote from White extended ° from Northern New Mexico on
the south to the British Possessions on the north, and from the vicinity of the Great Salt
Lake on the west to a present known distance out upon the Great Plains of more than 200
miles of the eastern base of the Rocky Mountains. It has been traced within the western
boundary of both Kansas and Nebraska.” This area was, according to the same author,
a broad stretch of the open sea in the Cretaceous period and separated the western part
of the North American continent from the eastern. At the close of the Cretaceous period
the sea became land-locked, and the enclosed area of the ocean formed the inland Laramie
Sea. The huge area of this sea was gradually divided into a number of lakes, which were
connected with a large number of streams and rivers, thus according to White forming

-an © unfinished river-system.” .The conditions in the area were generally lacustrine, but

1 Pavlov, A. P., Mém. Sec. Géol. Soc. Ami. Sci. Nat. etc. Moscou. Liv. V, p. 169 (1925).
2 Meek, F. B. & Hayden, F., Palaeontology of the Upper Missourt, pp. 115, 116 (1876).
3 See for example Grabau, A. W., & Shimer, H. W., North American Index Fossils Invertebrates, Vol. I, p. 7256 (New York,

1900). ,
! White, C. A., Third Annual Rept. U. 8. Geol. Surv. pp. 411-486 (1883), and Bull. U. S. Geol. Sure. V, no. 31, pp. 1-32 (1886)

K¢
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the water in the greater part of it was brackish. This conclusion is confirmed by the occur-
rence of brackish-water forms co-mingled with those of freshwater species. From the
distribution of the fossils of freshwater species also there is no doubt that they were deposited
in the main and shifting part of the sea, but a large number of them are also found in the
beds of the streams of the times. In a later communication White ! considered the Laramie
Beds to be the uppermost of the Cretaceous series though he added that *its molluscan
fauna might with propriety be referred to the Tertiary.” He was further of opinion that.
the  genetic successions of each fauna have descended in a continuous freshwater habitat,”
thereby adhering to his previous idea that the main river-systems of the present day, the
Missouri for example, represent the ancient river-systems of the Cretaceous.

Stanton,? who considened the Laramie as the last conformable Cretaceous series of the
Colorado Sea, believed that “ soon after the Benton, however, large areas west of the Front
range in Colorado and Wyoming and west of the 108th Meridian in Montana previously
covered by the sea began to emerge, either by uplift or by filling up of the basins with sedi-
ment, and as they came up to sea level or a few feet above it, land and marsh flats became
established and all the conditions became favourable for the formation of coral beds. Land
animals also came in and the streams and freshwater lagoons received their appropriate
population from adjacent areas, while the bays and estuaries were inhabited by brackish-
water forms.”” Osborn? considers the Laramie as being the same as the Upper Cretaceous,
Schuchert’s 4 account and his palaeogeographical maps, as also those of Arldt5 based on
the works of de Lapparent, Haug, Willis and other workers, confirm the ideas of White and
Stanton. To sum up, therefore, the area in the Late Laramies or Upper Cretaceous and.
even the early Tertiaries consisted of a large number of lakes surrounded by estuarine and.
freshwater zones, and had a large network of streams opening into it.

In the following account no distinction is made between the true Cretaceous and the
Laramie fossils, and the two are treated together.

Of the Laramie Viviparids I consider V lea: (Meek and Hayden) ¢ as the least modified
form. It occurs in great numbers in Fort Union Beds, Yellow Stone Beds and in other areas.
The species has also been recorded by Dowling 7 from the Coal Field Region of Souris River,
Canada. The shell of the species, which is very variable, is conical-subovate and nearly
smooth. As has been noted already it resembles V normalis (Hislop) from the Intertrappean
Beds of Peninsular India, and also has a superficial resemblance to V sublentus (d‘Orbigny)
from the Paris Beds and V lentus (Solander) of England. Among the recent American
species Meek rightly considered it to be near V subpurpureus (Say).

The next group of species consists of V peculiaris (M. & H.), V. conradi (M. & H.) and
V  panguiichensis White.® The shell of the forms of this series has increased in length,

1 White, C. A., Smithson. Misc. Pub. XLVIII, pp. 75-88 (1905).

2 Stanton, T. W., Journ, Geol. XVTI, p. 403 (1909), and Proc. Washington Acad. Sci. X1, p. 280 (1909).

3 Osborn, H. ¥., The Age of Mammals, p. 99 (New York, 1910).

4 Arldt, T., Handbuch Palacogeogr. I, pp. 399-401, figs. 56, 57 (Leipzig, 1919).

8 Schuchert, C., Bull. Amer. Geol. Soc. XX, pp. 594-596,]pls. xciv-xovi (1909).

¢ Meek, F. B., U 8. Geol. Surv. Terr. IX, pp. 576-588, pls. oii-xliv (1876) also see White, C. A., Third Ann. Rept. U. 8. Geol.
Sury. pp. 466-470, pls. iii, viii, xxiv, xxv, xxviii (1883).

7 Dowling, D. B., Ann. Rep{, Geol. Surv. Canada, XV, p. 16F (1904).

® For details an to the descriptione and the figures of these species reference may be made to the works of Meek and White .-
vited already. ’
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the suture is more deeply impressed, and a well marked peripheral keel, corresponding
to the third or the peripheral embryonic ridge, has been developed. In some species like
V panguitchensis traces of other secondary ridges are also to be seen on the various whorls.
This group of forms appears to have evolved in the same way as some of the species of the
Vivipari Dissimilés Group in Asia and of the Vivipari Unicolores Group in Africa.

The two species V. marylandicus Clark and V arlingtonensis Clark* apparently represent
the extension in eastern areas of the above noted group in the early Cretaceous, while V
turners Hannibal and V washingtonianus Hannibal? are their direct descendants preserved
in Kocene rocks.

In the species V prudentius White, V. retusus (M. & H.), V #rochiformis (M. & H.) and
V. formosus (M. & H.) 2 the shells did not become very elongate, but the whorls were tumid
and the general form of the shells may be described as elongated-ovoid. The ridgés on the
whorls including the peripheral, which is well developed in the form of a regular keel, are
also better developed. Cossmann* has separated V trochiformis into a separate section
for which he has proposed the name Paludotrochus. The species, however, is a typical form
of the genus Viviparus and there is no justification whatsoever for placing it in a new section.
The species considered above with well-developed primary and secondary ridges indicate
a type of evolution similar to that of the more primitive members of the Asiatic sub-genus
Dactylochlamys Rao.

V leidy: (M. & H.), V reynoldsianus (M. & H.) and V couesst White form a group
resembling the species of the sub-genus Cipangopaludinag Hannibal of Asia. The shell of
these is very large, elongate and greatly swollen. THe primary and the secondary ridges,
though indicated on the earlier whorls, are greatly reduced and may even be obsolete on the
penultimate and the bodywhorl. The group illustrates a successful attempt on the part
of the Laramie Viviparids to evolve into large sized, more or less smooth shelled species,
and offers a very good example of parallel evolution to what occurred at a later date in the
case of the species of the sub-genus Cipangopaludine in Asia.

From the Cretaceous of Montana Stanton has described a spscies V  montana :nsis
which according to the author is very similar to V gillianus (M. & H.), but differs in its
smaller size, shape of the aperture and in having the whorls distinctly shouldered.

The Tertiary Eocene species V paludiformis Hall, V wyomingensis (Meek), V Ilyells
(Conrad) and probably V subglobosus (Emmons) all have more or less smooth shells and
resemble the recent North American species of the genus. They are not of any great
interest except for illustrating the fact that at the end of the Laramie all the large shelled
highly specialised and sculptured forms, with the exception of the species of the sub-genus
Tulotoma Haldeman which is separately considered below, perished, and that only the very
primitive smooth-shelled forms persisted and have given rise to the recent species. In
this connection reference may be made to the remarks of Call,® who believed that from the

1 Clark, W. B., Md. Qeol. Surv. Lower Crelaceous, Baltimore, pp. 211-213, pl. xxi (1911).

2 Hannibal, H., Proc. Malacol. Soc. London, X, pp. 193, 194 (1912),

s I oonsider V. formosus (M. & H.) to be a distinot species and not a variety of V. leidy: (M. & H.) as it was described by the
authors, The form of the shell and the sculpture are quite different in the two speoies.

¢ Cossmann, M., Fssais Paléoconch. comp. XII, pp. 185, 186 (Paris, 1921),

5 Stanton, T. W., Proc. Amer. Phil. Soc. XLII, pp. 195, 196, pl. iv, fig. & {1903).

& Call, R. E., Amer. Journ. Sci. XLVIII, p. 132 (1894).
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Laramie region  as a center all recent forms have been derived.”! Walker' similarly put
forward the view that the Viviparidae originated in North America, though he is not definite
as to the time and the region in which the forms first took to a freshwater life. From North
America the family migrated to Asia over the Behring Bridge and spread into the Old World:;
this aspect of the question is discussed below (pp. 242, 243).

The sub-genus Tulotoma Haldeman is represented by a single fossil species, T' thompsons
White. The fossils of this species are found in the Laramie Group in Southern Wyoming,
west of the Rocky Mountains and in Colorado, east of the same mountain chain. In the
-evolutionary series of this species, which is very completely represented in the two areas,
the most primitive form with three well-developed spiral ridges on the various whorls is
hardly distinguishable from V trochiformis (M. & H.), which also is found with it and very
probably represents its ancestral species. In the more highly evolved shells the ridges are
more prominent, and, owing to uneven development, appear tuberculate. The tubercles,
however, it may be noted are along all the three primary ridges. The species is closely
allied to the recent species, and is the ancestral form of the more highly evolved species like
T. magnifica (Conrad) and T angulate (Lea). The rather unfortunate comparison of the
evolutionary series of 7. thompsont with the various forms of Neothauma tanganyicense
(Smith) by Sollas 2 may be referred to here. The series of N. tanganyicense does not offer
an example of a parallel evolution to that of T' thompsont, but a similar evolution is to be
seen in the case of the sculptured species of Viviparids of Eastern Europe. Even the last
-example is, however, nothing more than an instance of parallel evolution, for as is discussed
already (p. 190), in the European species only two rows of tubercles along the sutural and
peripheral ridges are developed while in the case of the American forms the median ridge is
similarly tuberculated and there are thus three rows of tubercles on the shells.

As to the sub-genus Campeloma Rafinesque, in spite of its general resemblance to
Viviparus, there can be no doubt that it became differentiated from the general stock at a
very early date. As has been mentioned already, I believe that Campeloma evolved about
the same time as Lioplaz, and probably from the same ancestral forms. The differences
between the fossil species of Viviparus and Campeloma are, according to Meek and White,
as well marked as they are in the recent species. I consider C. multistriata (M. & H.) with
its small-sized shell, with only slightly swollen whorls, and with a very feeble sculpture,
as the least highly modified of the fossil species. It has a wide distribution in the Laramies
-of the United States. In C. multslineata (M. & H.), or rather C. nebrascensis (M. & H.)3 as
the species should be called, which is found in the Laramie Beds of the United States and in
‘Canada, the shell is more elongate and striated, the whorls next to the suture are dis-
tinctly angulate, and the bodywhorl shows a flattening or even a transverse band-shaped
.depression below the angulation. The species resembles the recent C. decisum (Say). In
C. vetula M. & H. the shell has a more marked Viviparus-facies, being of a medium size,
not greatly swollen and with a feeble vertical striation on the whorls. C. macrospira Meek,
the final species of the series, was probably evolved from C. wetula. The shell of this
‘species is large, more elongate, conical-ovoid, while the whorls are distinctly swollen. It

—

“a Walker, B., First Rept. Michigan Acad. Sci. p. 58 (1900).
2 Sollas, W. J., The Age of the Earth, p. 214, fig. 79 (London, 1905).
3 See Henderson, J., Nautiius, XXXII, p. 63 (1918).
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resembles the recent species C. ponderosum (Say) and C. subsolidum (Anthony), and pro-
bably represents the ancestral form of these species. C. harlowtensis Stanton ! from the
Cretaceous of Montana is nearly allied to C. macrospira. The records of the sub-genus
from the Tertiaries are very scanty and do not offer any points for comment.

The supposed Jurassic species of the sub-genus Lioplax, which was put in a new genus
Lioplacodes, has already been referred to. From the Laramie strata the only species known
was described by White as Campeloma (Lioplaz ?) producta. It appears to be intermediate
between the sub-genera Campeloma and Lioplax, but from its small size, general facies and
sculpture, I am of opinion that it should be referred to Lioplax. Lioplax andersoniana
Hannibal 2 from the Eocene Beds of Tejon formation, California, is closely allied to the recent
L. subcarinata (Say).

V. SouTH AMERICA.

As has been remarked already (pp. 162, 186) there are no recent members of this family
in South America, and the records of fossils are also very limited.

Philippi 3 described a species from the Tertiaries (exact age not specified) of Chile under
the name Paludina araucana. The species has not been found since, and has been generally
considered to be a doubtful member of the family as now restricted. Recently another
species was described by Duello-Juardo 4 from the Upper Cretaceous of the Rio-Negro area.
This species, V wichmanni, is a true Viviparus, and from its description and figures appears
to belong to the same group as Philippi’s species. The two records, insufficient as they are,
prove that the family was represented in South America from at least the Upper Cretaceous
to the Early Tertiaries. It is not possible to be certain about the causes which led to the
extinction of the family there, as other freshwater molluscs, like the Ampullarids and the
Hydrobiids, are quite common in that area. Probably after the severance of the connection
of South America with Africa in the Early Tertiaries, the flooding over of the areas in which
the family flourished by the sea was responsible for the disappearance of the family from
the freshwater fauna.

The relationships of the South American species, so far as they can be deduced from
the descriptions and figures, are undoubtedly with the African V' wunicolor (Olivier), and the
above mentioned connection of South America with Africa points to their migration from
Africa. The South American forms can not be derived from the North American Viviparids ;
the absence of members of this family, both recent and fossil, in the whole of Central America
is sufficient to disprove this. The possibility of an independent origin of the family in South
America is, in view of the absence of any recent members in this area, too remote to be
seriously considered.

6. PALAEOGEOGRAPHICAL NOTES.

Before going on with the palaeogeographical notes on the various areas it is necessary
to include a few remarks about the much debated question of whether the various continents

1Stanton, T. W., Proc. dmer. Phil. Soc. XLII, pp. 196, 197, pl. iv, figg. 11, 12 (1903).
2 Hannibal, H., Proc. Malacol. Soc. London, X, p. 196, pl. viii, fig. 3 (1912).,

3 Philippi, R. A., Die Tert. Quart. Verstein. Chile, p. 79, pl. ix, fig. 10 (Leipzig, 1887).
% Duello-Juardo, M., Physis, V, pp. 329, 339, figs. 1-3 (1922).
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and oceans have remained unchanged in the earth’s history, or have undergone great changes
in reference to the respective areas occupied by land and water at various times. This
question of the permanence of land and ocean basins, as it is termed, has been discussed by
various authors in detail, and reference may be made to Dacqué ! and to Arldt 2 for its history
and the opinion of different authors. It need only be noted that though the very extensive
changes as propounded by some of the authors may not be justified, the general principle
of the different parts of the continental shelves having been under the sea at one time or
another is accepted by all. The transgressions of the sea over the continents can not, owing
to the fossil marine deposits of various ages, be denied, while similarly geological and bio-
logical grounds necessitate the acceptance of extensive land areas or land-bridges over long
stretches of the sea and connecting either the various continents with one another, or the
adjacent insular and peninsular areas with the mainlands. The great difficulty in this
connection, as Suess 3 pointed out, has arisen from the fact that authors have not distin-
guished between “‘ the outlines of the seas and of the sea basins. The outlines change, and
not without reason are transgressive or supracontinental seas distinguished from the deep
basins. The former are produced by changes in the shape of the hydrosphere, the latter by
deformations of the lithosphere. The outlines of the transgressions change ; the deep basins
also change.”

In the following account Ifdo not propose going into details about the changes
that have taken place in the respective positions of various continents and oceans, but will
only include short summaries of the conclusions of different authors so far as they are of
interest in connection with the past history and distribution of the family Viviparidae.
The account is based on the works of the authors cited in the text, and I have, as far as
possible, tried to correlate the same with my results on the distribution of the family. Some
of the areas are treated in greater detail than others, but this has been inevitable owing to
the varying degree of information that is available. The various areas’are, so far as possible,

treated separately, but in some cases the connections of some of the continental areas have
been considered together.

1. AsiA (EXCLUDING INDIA) AND AUSTRALIA.

a. Asia.

In the following account I propos> considering various parts of Asia separately from
India, as in my opinion this gives a better understanding of the connections of this continent
with the others, while it also allows of a better plan of dealing with the connections of India
with other areas.

As an introductory remark it may be noted that the connections between north-eastern
Asia and North America over the Behring Straits,4 or the land-bridge which is supposed to
have connected Japan with America, are not considered here. Though molluses of different

) Dacqué, E., Grundlager und Methoden der Paldiogeographie, pp. 157-185 (Jena, 1915).

2 Arldt, T., Handbuch Palaeogeogr. 1, pp. 3-35 (Leipzig, 1919),

3 Suess, E., The Face of the Earth,dV, p. 600 (Oxford, 1909). See also Wegener, A., Die Entstehung der Kontinente und Ozeane,
pp. 18, 1§ (Braunschweig, 1922).

¢ For detailed accounts of the connections see Scharfl, R. F., Distr. and Origin

of Life in America, pp. 83-100 (London, 1911)s
and Arldt, T., Handbuch Palacogeogr. 1, pp. 103-118 (Leipzig, 1919). '
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families and other animals! and plants migrated over these connections from one continent

to the other, it may be safely concluded that no interchange of the Viviparidae took place
along these channels (see also p. 243).

Geologically, leaving aside Burma and the Malay Peninsula, the eastern regions of the
continent of Asia consisting of north-eastern Siberia, south-eastern China, Cochin-China
and a part of Siam, form a more or less complete tectonic unit. As Suess 2 has shown the
region consists of the old archaic and palaeozoic rocks forming in the north-east the eastern

parts of Siberia and China, and in the south the areas with the folded mountain ranges of
Tonkin and Annam.

From his detailed studies of the geology of China Frech 3 concludes that the north of
China was covered by sea from the Cambrian to the Silurian times, while the southern area
was similarly under the sea up to the Devonian times. During the succeeding epochs there
were great changes in the relative positions of the land and water areas, and the mountain
chains became elevated, but it was not till the end of the Triassic times that China finally
became land by the retreat of the sea. In Jurassic times China formed a part 6f the Palae-
arktis, and for the greater part was separated from the united Lemuris and Palaeonotis.
For the Lower Cretaceous Ortmann, following Neumayr and Suess, extends the Sino-
Australian continent over the Indo-Malayasian Archipelago, Australia and Antarctica to
South America, but as Uhligé and Arldt have shown this extension of the Sino-Australian
continental mass is not supported by the geological formations of the intervening areas.
Koken? and Arldt show Angaris (the eastern continenta} area of the Palaearktis) as extending
in the south to Szechuan and Formosa, which at the time was united with the continental
shelf. Lapparent® includes the islands of Hainan and part of the Philippine Islands also in
this south-eastern extension, while Haug? extends it still further south-east to Mindanao
and Borneo.

In Upper Cretaceous, according to Ortmann, the Sino-Australian continent was cut
up into the Sinic (the Asiatic) and the Australian (Australia and Antarctica with the latter
of which South America was connected); he shows the Sinic as broadly connected with
Lemuris or the Peninsular Indian region. Koken and Arldt extend the Sinic, Angaris or
the Palaearktis to South China and Formosa, while according to Lapparent and Kossmat10
it extended as far south as the Malayan Archipelago.

For the Caenozoic era the authorities differ as to the connec tions of Palaearktis.with
Lemuris and the exact southern extension of the continental shelf, but they are all agreed

1See Dall, W. H., Popular Sci. Month. LXVII, pp. 362-366 (1905) and Harriman Alaska Erped. Molluska, XIII, p. 1-171
(1905).

2 Suess, E., The Face of the Barth, 11, pp. 210-242 (Oxford, 1906).

3 Frech, F., Mitil. Ferdinand von Richthofentages, pp. 38-61 (Leipzig, Berlin, 1912).

¢ For descriptions of these names and their history see Arldt, loc. cit. pp. 283-301. In the following account I have adopted
the names proposed by Arldt for the various continents and oceans.

5 Ortmann, A. E., Proc, Amer. Phil. Soc. XLI, pp. 320-324 (1902).

¢ Uhlig, V., Mittl. Geol. Ges. Wien, IV, pp. 320-448 (1911).

7 Koken, E., Die Vorwelt u. thre Entwicklungsgeschichte, pls. i, ii, (Leipzig, 1893).

8 Lapparent, A. de., Traite Géol. (5th Edn.) p. 1297 (Paris, 1906).

» Haug, E., Traité Géol. 11, p. 1358 (Paris, 1908-11).

10 Kossmat, F., Palacogeographie, map 5 (Leipzig, 1908).



226 Memoirs of the Indian Museum. [ Vor. VIII,

that China and the adjacent areas were above sea-level, and formed a part of the northern
continent.

We may also refer here to the Hanhai or the Dry Sea of the Chinese. This great inland
sea was first referred to by von Richthofen,! who believed that the site of the existing Gobt
Desert was at one time covered by an inland sea.  This sea has been discussed by many
authors, and reference may be made to Kobelt,2 Suess® and Arldt® for details. Leaving aside
the consideration of the earlier epochs it may be noted that in Tertiary times according to
Suess * large parts of Asia were covered by freshwater lakes of vast dimensions, together with
numerous smaller ones,” and these probably represented the remnants of the Hanhai. This
Hariha,i, it must be remarked, is different from the one referred to by Arldt (loc. cut. p. 539,
and Vol. IT, pp. 842, 843) for explaining the peculiarities of the fauna of Lake Baikal. Arldt
believed that the Hanhai during the later epochs was not in communication with the Pacifik,
but was connected with the Obik or the southward extension of the Arctik, which separated
the western part of the Palaearktis from the eastern. Theimportance attached to the remains
or the extensions of the Hanhai for explaining the similarity and relationship of the Tertiary
freshwater Molluscs with those of China and Central Asia is quite unjustified. Fuchs,®
from the resemblance of the Viviparidae of Lake Tali Fu (Er-hai), Yunnan, to those of the
Levantine Paludina-Beds of Eastern Europe, considered the latter to be of Japano-Chinese
character. He also remarked on the similarity of the other molluscs, and the entire absence
of the Melanopsids, which form a very important element in the fossils of Eastern Europe,
mentioned already. Neumayr® went into greater detail, confirmed Fuchs’s ideas about the
resemblance of the Levantine faunas of Eastern Europe with the recent ones in Asia and
North America, and concluded that ““ der See von Talifu ist dasletzte der Becken der levanti-
nischen Stufe, das bis in die heutige zeit erhalten hat.”? Xobelt (loc. cit. p. 124), while
considering Neumayr’s explanation as plausible, remarked that the acceptance of the connec-
tion between the European Levantine areas and Hanhai through the Danube is impossible
as there are no remains of these faunas in the whole of Central Asia, and more particularly
in areas like the Aral and the Caspian. Suess (loc. cit. I, p. 598 (1904)), on the other hand,
agreed with Neumayr, and considered the explanation as the only way of accounting for
the remarkable similarity of the faunas in two such distant areas. Koken 8 believed in the
independent origin of similar forms at different times and in widely separated areas. Annan-
dale® came to the same conclusion, and showed that the similarity which is purely superfi-
cial is an instance of convergence or parallel evolution. My studies of the fossil and recent
Viviparidae fully uphold this view (see p. 204). It may, therefore, be concluded that even as
early as the Jurassic there could have been no connection between the Hanhai and the basin
in Eastern Europe, and that the only possible connection of this inland sea with the marine

1 Richthofen, F. von, China, I, pp. 24, 25 (Berlin, 1877),

2 Kobelt, W., Studien zur Zoogeographie, I, pp. 113, 119 (Wiesbaden, 1897).

8 Suess, E., The Face of the Earth, III, pp. 56-59 (Oxford, 1908).

% Arldt, T., loc. cit. pp. 539, 540.

8 Fuchs, T., Verhandl. k. k. Geol. Reichsanstal. Wien, pp. 297-300 (1879).

¢ Neumayr, M., Neues Jahrb. Mineral. Geol. 1, pp. 21-26 (1883) and in Béla Széohenyi’s Reise sn Ostasien, II, (Siisswasser-
Mollusken) pp. 649-651 (1898).

? Neumayr, M., Erdgeschickte, II, p. 405 (Leipzig, Wien, 1895).

* Koken, E., Die Vorwelt u. ihre Entwicklungsgeschichte, p. 440 (Leipzig, 1893).

® Annandale, N., Rec. Geol. Surv. Ind. L, pp. 209-213 (1919).
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areas was with the Arctik through the Obik. In Tertiary times the inland sea broke up
into a number of lakes, and some of these have persisted up to the present day.

Reference may here be made to the probable changes that have occurred in the river-
gystems of Asia. The question of the Indian rivers is considered separately (p. 234), but it
may be noted that these also must have had much closer connections with the rivers of eastern
Asia. In connection with the rivers of Asia there is very little information available, but
there can be no doubt that Arldt (loc. cit. Vol. II, pp. 785, 786, fig. 81) is right in considering
the plateau of Hochasien, as he calls it, as the area of great changes in the rivers of Asia.
His reconstruction of the probable courses of the rivers of south-east Asia in the pre-quater-
nary times is by no means the last word on the subject, but shows that the rivers of this region
all arose in the above-mentioned plateau, and that in the past they were much more closely
connected with one another.

Japan.

According to Frech ! Japan became separated from the mainland of Asia in Quaternary
times. Lapparent, Koken, Handlirsch and others agree that as late as the Miocene Japan
was broadly connected with the mainland both in the north and the south, and attempts
have been made by Matthew and Arldt tp explain the various stages of the separation of the
different islands. Matthew? considers .the Korean Straits to have been formed in the
Miocene, and believes that even after this separation in the south Japan retained a broad
connection with Siberia through Sakhalin. Arldt 3 on the other hand believes the first
separation to have been in the north along the Gulf of Tartarv, which cut off Sakhalin from
Siberia about the end of the Miocene. 1In the early Pliocene Sakhalin was cut off as an island
by the formation of the La Perouse Straits, and Hokaido or Yeso was separated by the
Tsugaru Straits appearing about the same time. This was followed by the formation of the
Korean Straits, which resulted in the separation of the Liu Kiu islands from Nippon, but
the latter remained connected with China by a land-bridge till the late Quaternary. With
the separation of Nippon as an island, its breaking up into the islands of Honshu, Kyushu
and Shikoku was brought about by the formation of the narrow straits which separate these
ijslands. The absence of Viviparidae in Sakhalin and their general distribution in the various
islands supports Arldt’s hypothesis, but owing to the absence of any fossil forms too much
stress can not be laid on these facts.

East Indies, etc.

In view of the importance of this region and the rather arbitrary limits which I assign
to it, it is necessary to define the region which I propose considering. This area consisting
of a large number of islands in the Indo-Pacific lies between the Latitudes 5°N. and 10°8.
of the equator, and the Longitudes 95°E. and 145°E. of Greenwich. It includes the three
Great Sunda Islands, Sumatra, Java and Borneo ; the chain of the Smaller Sunda Islands
up to Timor ; the Celebes ; Moluccas and New Guinea west of Longitude 145°K. In view of
the great similarity and close relationship of the Viviparids of the Philippines, and the con-

1 Frech, F., Mittl. Ferdinand von Richthofentages, p. 49 (Leipzig, Berlin, 1912).

3 Matthew, W. D., Bull. Amer. Mus. Mat. Hist. XXII, p. 366 (1906).

8 Arldt, T., Entwicklung der Kontinente etc. pp. 295, 296 (Leipzig, 1907) and Handbuch Palaeogeogr. I, p. 541 (1919).
L2



228 Memoirs of the Indian Museum. [ Vor. VIII,

ne ctions of these islands in comparatively recent geological times with Celebes and the Sunda
Islands, I will consider this area also here. The region defined above does not correspond to
any recognised scheme of zoogeographical divisions, but is a very uniform one for the Vivi-
paridae.

A few notes about the zoogeography of this area may preface the account of its geological
history. These islands have attracted eminent naturalists from early times, and excellent
accounts of the zoogeography of the area are available in the works of Wallace,! Kiikenthal,?
Weber,3 the Sarasins,* van Kampen,5 Barbour® and others. I will here only refer to the
question of the regional limits in the form of artificial boundary lines like the *“ Wallace’s
Line ”’ of Huxley and the “ Weber’s Line ”’ of Pelseneer. As von Martens,” Weber and others
have shown there is no justification for accepting a sharp boundary line between the islands
of Bali and Lombok, and running northwards between Borneo and Celebes and to the east
of the Philippines. ‘ Weber’s Line *’ was based on the distribution of molluscs by Pelseneer,s
and was described as running through the Malacca Straits and Banda Sea to the east of
Celebes and Timor. As van Kampen and Barbour have shown, it is not possible to draw
any sharp dividing line between the faunas inhabiting the areas, though in some places a
transitional zone between the Indian and Australian types of faunas inhabiting the area
is to be distinguished. No such line is indicated by the Viviparidae.

The various views regarding the geological history of the area for the earlier epochs have
been dealt with already (pp. 224, 225), and it is only necessary to consider the history during
Tertiary times.

According to Koken 9 during the early Tertiary times there were a number of separate
islands in the hilly areas of Sumatra, Borneo, Celebes, Luzon, Mindanao, Ceram, Flores and
Timor, and Ortmann 10 and Arldt (loc. cit.) generally agree with his conclusions. Matthew 11
does not consider Ceram, Timor and Flores to have been above the sea at this time, while
he shows Java also as an island.  Jhering 12 in his map of the Ecocene times does not show
any of these islands, and, apparently, according to him, all of them were covered over by
the sea. Handlirsch 13 believes Borneo, Celebes, the Moluccas and the Philippines to have
been united to form a singleisland, while a second big island included Sumatra, the Andamans,
the Nicobars, Banka and Belitong and this was probably also connected with Burma. Java
and Flores at this time formed separate island-. |

Ortmann extends the mainland during the Miocene to Java, Borneo and the Philippines,
while Lapparent,!# who unites Celebes with the mainland, shows the Philippines as forming

1 Wallace, A. R., The Geographical Distribution of Animals, Vols. I, II, (London, 1876), and Island Life (London, 1902).
2 Kiikenthal, W., Abkandl. Senckenberg. Naturforsch. Ges. XXII, pp. 1-321 (1896).

3 Max Weber., Der Indo-Australische Archipelago etc. (Jena, 1902).

4 Sarasin, P. & F., Malerialen z. Naturges. Insel Celebes, Vols. 1-IV (Wiesbaden, 1898-1901).

5 van Kampen, P. N., Amer. Natural. XLV, pp. 537-560 (1911).

¢ Barbour, T., Mem. Mus. Comp. Zool. Harward, XLIV, pp. 1-203 (1912).

? Martens, E. von., Weber’s Zool. Ergebn. IV, p. 298 (Leiden, 1897).

8 Pelseneer, P., C. R. Sixieme Cong. Internat. Zool. Berne, pp. 550-562 (Geneve, 1905).

® Koken, E., Die Vorwelt etc. ph ii (Leipzig, 1893).
10 Ortmann, A. E., Proc. Amer. Phil. Soc. XLI, p. 383, fig. 7 (1902).
U Matthew, W. D., Bull. Amer. Mus. Nat. Hist. XXII, pp. 359-370 (1906).

12 Jhcring, H. von, Archhelenis und Archinotis, Map (Leipzig, 1907).
13 Handlirsch, A., Sitzungsber. Akad. Wiss. Wien (Math.-Naturwiss, OL) CXXII, Abt. I, pp. 361-481 (1913).
14 Lapparent, A. de, Traité Géol. (5th Edn.) p. 1607 (Paris, 19086).
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a separate island. Matthew on the other hand includes Borneo, Sumatra and Java with
the mainland; Celebes with Ceram and Buru formed an island while Palawan and the
Philippines are shown as two other separate islands. Arldt’s extension of the mainland

is to Cochin-China only ; Borneo, Celebes and the Philippines were united as a separate island,
and Sumatra also formed a distinct island.

In Pliocene and Quaternary times Matthew shows Sumatra, Java and the chain
of the Smaller Sunda Islands as forming a peninsula united to the mainland, while Borneo,
Palawan, Celebes and the Philippines, according to him, formed separate islands. In
Late Quaternary times the Sunda Chain was cut off first and then Java and Sumatra were
separated. According to Arldt the Asiatic Continent at the beginning of the Pliocene
extended as far as Celebes and Timor, but in early Pliocene Celebes was cut off by the forma-
tion of the Macassar Straits, and some of the Smaller Sunda Islands by the Lombok Straits.
The Philippines separated about the same time by the formation of the Mindanao Straits
and the Sulu Sea, and soon after the large insular region of the Philippines broke up into its
constituent islands. In Quaternary times Mentawi Islands were cut off from Sumatra,
and Java separated by the formation of the Sunda Straits and the Java Sea. Borneo was
the next to separate from Sumatra, and about the same time Malacca Straits cut off Sumatra
from the mainland. The Malay Peninsula now extended to Belitong ; this island and Banka
were the last to separate from the mainland. The Moluccas were never included in the
south-east extension of the continental shelf of Asia. w

Celebes.

From their detailed geological and zoological studies the Sarasins (loc. cit.) concluded
that Celebes did not rise above sea-level before Late Eocene. TFor the Miocene the relations
of these islands have been considered already (p. 228).

During Pliocene times the Sarasins consider Celebes, as a single island, to have been
connected with Java, the Philippines, the Moluccas and Flores by separate land-bridges,
and derive their faunas from these sources. The situation of these land-bridges, according
to the authors, is still traceable along submarine shallows or chains of islands. Weber
(loc. cit.), basing his views on the comparative poverty of the fauna of Celebes and its relation-
ships, is of opinion that Celebes arose by the union of small islands which earlier on were
connected with adjacent areas. Similar views in slightly modified forms are suggested by
van Kampen and Barbour, and though there can be no doubt as to the connections by means
of land-bridges, it is not possible to be certain as to their exact situations.

Arldt (loc. cit. pp. 633-637), as a result of the geological considerations and the distribution
of the various groups of the Animal Kingdom, does not agree with the Sarasins in most
details. According to him Celebes in the beginning of the Pliocene was broadly connected
with Borneo, and this area extended to Lombok, while still earlier the Philippines were also
connected with Celebes. He thus does away with the land-bridges, and postulates an
extensive land area for the Barly Pliocene extending from Talaut in the north to Lombok
in the south. The detailed sequence of the separation of the various islands, as postulated
by Arldt, does not seem to be warranted by the data available.
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Philippines.

During the Cretaceous Ortmann? considers the Philippines to have formed a part of
the south-east extension of the Asiatic mainland, and though the connection was cut off
during the early Tertiaries it is stated to have been re-established in the later Tertiaries.
Weber (loc. cit. p. 32) from the presence of fossil Stegodonts of Pliocene times in the Philip-
pines suggests a connection with Eastern Asia perhaps vi¢d Formosa. Matthew (loc. cit. p.
368) is not quite definite, but suggests that they may have had a connection before Pliocene.
Arldt (loc. cit. p. 631), from the composition of the mammalian fauna of the islands, believes
that the separation came about sometime in Pliocene and before the separation of the Smaller
Sunda Islands from Java. According to him the more important land connections of the
Philippines were with Borneo over Palawan and probably also over the Sulu Islands, along
which routes the Asiatic element of the mammalian fauna must have migrated to these
islands. The complicated scheme for the connection of the Philippines with Borneo and
Celebes, as suggested by the Sarasins, 2 does not seem to be based on sufficient evidence.

New Guinea.

According to the accounts of the various palaeogeographers New Guinea was not
connected after the Early Cretaceous with any of the islands of the East Indies or the areas
which I have considered with them. The presence of a very distinct stock of Viviparidae of
Asiatic origin in both New Guinea and the Aru Islands, however, suggests that probably
as late as the Pliocene New Guinea had a direct or indirect connection or connections with
either Celebes or the Sunda Island chain through Aru Islands.

The only other connection of New Guinea to be considered here is that with Australia.
Though Lapparent and Handlirsch believe that in Miocene New Guinea and Australia were
separated from one another by the Torres Straits, other authorities are agreed that from
Kocene to Late Pliocene the two areas were broadly connected along York Peninsula.
Weber,? from a consideration of the distribution and relationships of the freshwater fishes,
definitely asserts that the connection subsisted to the Pliocene times. Arldt (loc. cit. p. 638)
from the relationships of the mammals concluded that ““ Die Isolierung muss also unbedingt
in Pliozéin erfolgt sein, fruher dagegen kaum, da beide Gebiete immerhin unter den Siuge-
tieren eine ganze Anzahl gemeinsame Gattungen aufzuweisen haben.”

b. Australia.

With reference to Australia it is not necessary to consider the connections of this
continent with South America through the Antarktis, or by the land-bridge which united
New Guinea, with which Australia was then connected along Cape York Peninsula, through
the Bismarck Archipelago, the Solomon Islands, New Hebrides, Fiji, New Caledonia and
New Zealand and thence to Patagonia in South America.# Both these connections, which

1Qrtmann, A, E., Proc. Amer. Phil. Soc. XLI, pp. 378-385 (1902).
2Sarasin, P. & F., Materialen 2 Naturges. Insel Celebes, IV, pp. 132-137 (Wiesbaden, 1901).
8 Weber, Max., Nova Guinka, V, (Zool.), II, pp. 217-225 (Leiden, 1908). See also Hedley, C., Rept. V Meeting Australian Ass,
Adv. Sci. Sydney, p. 445 (1893).
s ¢ S;; Hedley, C, Proc. Roy. Soc. New South Wales, XXIX, pp, 278-286 (1895), and Osborn, H. F., Science (n. s.), XI, pp. 561 -
74 (1900).



1928.] B. PrASEAD : Recent and Fossil Viviparidae. 231

have been advocated by different authorities; are of no interest in connection with the dis-
tribution of the Viviparidae. Similarly the connections of Australia with India to the south
of the Great Sunda Islands as hinted by Verbeek,! or through Timor and Sandalwood Islands
and Borneo to the mainland of Asia as expressed by Barbour,? would be very ancient, and
hence of no use for explaining the introduction of the family into Australia.

The only connection to be considered and which has been referred to already is that of
Australia \and New Guinea. This connection is suggested by Suess and by Ortmann.
Matthew, Arldt and Basedow? all agree about the two areas having been broadly connected
along Cape York Peninsula to at least the Pliocene times. Wegener? believes the Post-
Pliocene to be the time when the third 'or the most recent migrants of the Asiatic fauna
passed into north-eastern Australia from the Sunda Islands through New Guinea, thereby
assuming a connection as late as the Post-Pliocene.

The only other points to be considered are the relative positions of land and sea areas in
Australia from the Cretaceous onwards, and the probable river-basins of the area during
‘Tertiary times. During the Cretaceous period the greater part of central and west Australia
and the area south of the Murray River in east Australia was covered by the Cretaceous Sea.
According to Basedow from this time onwards the sea was gradually cut off by a land-bridge
from the Indian Ocean in the west. By the rising of land in the south and the east the sea
receeded from these parts and was transformed into an inland sea. From the Cretaceous
to Eocene times a large network of freshwater streams opened into this inland sea,
gradually reduced the salinity of its waters and transformed it into a freshwater lake. In
the south-eastern part of Australia the presence of undoubted deposits of Miocene age shows
that this part must still have been covered by the sea.

The reconstruction of the probable river-channels of Australia by Arldt (loc. cit. Vol.
II, p. 805) for the Tertiary times shows that the rivers in this region were more numerous
than they are to-day, and that they were more intimately connected with one another. The
distribution of the Viviparidae suggests a still closer connection between the river-systems
of Australia.

II. Inbpia.

The past history of the Mediterranean is intimately connected with the changes in
Peninsular India during the Palaeozoic and Mesozoic eras, and because of its importance in
connection with the origin and distribution of the Asiatic Viviparidae, I include here -an
account of the eastern extension of the Mediterranean and its connections with India.

The Mediterranean, the ‘“Ozean ” of earlier authors, the “ Zentrales Mittelmeer >’ of
Neumayr, the “ Tethys > of Suess, the ‘“ Thetis > of von Jhering or the  Mediterranik * of
Arldt 5 formed a closed oceanic belt running round the globe from at least the Carboniferous
to the Eocene, and though its exact extent varied at different times, it separated a northern
part of the world from a southern. About the Upper Carboniferous of European chronology

1 Verbeek, R. D. M., Cited after van Kampen, P, N., Amer. Natural. XLV, p. 546 (1911),

2 Barbour, T., Mem. Mus. Comp. Zool. Harvard, XLIV, p. 154 (1912).

3 Bagsedow, H., Zeitschr, Deutsch. Geol. Ges. LXT, pp. 342-344 (1909).

¢ Wegener, A., Die Entstehung der Kontinente und Ozeane (3 Auf.) pp. 59.62 (Braunschweig, 1922).
6 Arldt, T., Handbuch Palacogeogr. I, pp. 283-300 (Leipzig, 1919).
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the Indian Peninsula, including Ceylon, formed a part of the great Gondwana Land of
Suess.! This continental shelf comprised * South America from the Andes to the east coast
between Orinoco and Cape Corrientes, the Falkland Islands, Africa from the southern
offshoots of the Great Atlas to the Cape mountains, also Syria, Arabia, the Indian peninsula,
and Ceylon,” while it extended further eastwards below the Sunda Islands to include Austra-
lia ; it lay entirely to the south of the Mediterranean belt. To the north of this belt was the
great continental mass called Angara Land (Suess) or Angaris (Arldt) in the east, and
Nordatlantis further to the west. The exact relation and extent of these continents need
not be discussed here, but it may be noted that about the end of the Triassic, while the vast
continent of Gondwana was still intact, Peninsular India, according to Oldham,? was “ a
land area over which many large lakes were probably scattered, while on the land there were
glaciers flowing down into these lakes and into the sea which covered part of the great Indian
desert, the north-west Punjab, and a very large portion, if not the whole of the area occupied
by the Himalayas west of the Ganges valley.” The stretch of land which connected the
Peninsula with Assam and the region now occupied by the eastern Himalayas in Silurian
times most probably existed as a narrow bridge during the Gondwana era, and became much
broader during the Cretaceous when, according to Oldham (loc. cit. p. 493), ““ the eastern
coast line of the continent ran not very far from the east coast of India, across the Ganges
delta, and along the south side of the Assam Hills ” ; this is considered further below.

It is not necessary to consider the history of Peninsular India in the Mesozoic era before,
the Jurassic, when, as the presence of marine deposits in Asia Minor, Persia and the western
Himalayas shows, the Mediterranik must have extended over the whole of this part, and
cut off Peninsular India from the northern Eurasiatic continent. As Arldt (loc. cit. p. 375)
has pointed out this does not, however, rule out the existence of connecting land-bridges
for the intervening periods. During Dogger the Gondwanis was broken up by the sea flooding
over the connecting areas, and Peninsular India became an island for which Arldt has pro-
posed the name “ Lemuris.” During Upper Jurassic times the conditions remained more
or less the same and there was no connectioh of Lemuris with either Asia or Africa.

For Harly and Middle Cretaceous, geologists are generally agreed about the separation
of Lemuris from Asia, but Oldham and Kossmat 3 believe that a land-bridge existed across
Assam, and the same view is put forward by Ortmann 4 on zoogeographic grounds. Accord-
ing to this author *“ in the Middle and Upper Cretaceous, this peninsula became united with
the Sinic continent, forming a bridge between the latter and Africa ” ; the connections of
Peninsular India with Africa are discussed below (p. 234).

In Eocene times according to Oldham (loc. cit. p. 494) “ the eocene sea flowed over
Western Réjputina and the Indus Valley to the west, over a large part of Baltichistdn and
Afghénistén, and over the whole of the north-west Punjab and the outer Himalayas as far
east as the Ganges River.” Oldham is not definite as to whether Peninsular India at this
time was connected over the eastern part of the Gangetic Plain with Assam and eastern
Asia, but from his account it may be assumed that he believed in such a connection. Pilgrim?

1 Suess, E., The Face of the Edth, IV, p. 500 (Oxford, 1909).

* Oldham, R. D., A Manual of the Qeology of India (2nd Edn.) p. 403, (Calcutta, 1893).

® Kossmat, F., Jahrb. k. k. Geol. Reichanstal. XLIV, p. 463 (1894). See also Rec, Geol. Surv. Ind. XXVIII, Pp. 44, 45 (1895).
4 Ortmann, A. E., Proc. Amer. Phil. Soc. XLI, p. 330 (1902).

5 Pilgrim, G. E., Journ. Proc. As. Soc. Bengal (n. s.) XV, p. 99, pl. i (1919).
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considers that “ the complicated drainage system and breadth of the Mahanadi so dispropor-
tionate with its length, as well as the entire absence of any fluviatile deposits older than
Sub-Recent, such as we find on the Irawaddi, point to a Pliocene submergence of much of its
former valley, and to a much wider extension of the Indian Peninsula over what is now the
Bay of Bengal from the Eocene onward.” In his map of Eocene times Pilgrim extends
the Eocene Sea to Assam, while parts of Persia and Afghanistan are shown as forming a
narrow strait cutting off the main Eocene Sea from its eastward extension. He also shows
a narrow bridge connecting Peninsular India over Assam with China. Matthew ! and
Handlirsch 2 also suggest that Peninsular India was connected with the northern part of
Asia, but Arldt (loc. cit. p. 409), while admitting the absence of any deposits of Lower Eocene
age, denies such a connection. According to Matthew the south-eastern extension of Angaris
or the Asiatic continent at this time included Borneo and Java. Ortmann and Handlirsch
restrict it to Malacca, while Arldt includes. Sumatra with it. For the Upper Eocene Arldt
again suggests that India must have been separated from Angaris.

During the Oligocene Peninsular India was separated from Angaris according to
Kossmat, Arldt and others, while Matthew and some authors believe the connections to have
been the same as in the Eocene. The limits of extension of Angaris in the south-east are
also different according to different authors.

In the Miocene Palaearktis, as Arldt calls the united northern regions of Angaris and
Skandis, is believed to have been connected with Peninsular India. The connection, accord-
ing to Arldt, was rather narrow, while Lapparent,® Ortlnann (op. cit. p. 585) and Matthew
(op. cit. p. 366), following Blanford, Oldham and other workers on Indian Geology, agree
that the greater part of the Indo-Gangetic Plain had at this time risen above sea-level, and
that the Peninsula was broadly connected with the mainland. Pilgrim shows the whole
region of the Indo-Gangetic plain as land, and extends Peninsular India over a great part
of the Bay of Bengal. He further shows a southward extension of land in the Arakan region
along the Cape of Negrais, and this in Pliocene times is shown as including the Andaman
and Nicobar Islands. Authorities differ as to the south-eastern extension of Asia, but they
are all agreed that most of the islands of the Sunda Group were included in it.

During the Pliocene the conditions were similar to those in the Miocene except that the
sea receeded further and the land assumed its present configuration.

The close of the Secondary Period is believed by Oldham to be the probable date of the
elevation of the Himalayan chain, and following him Sarasin¢ considers the Oligocene or
the Miocene to the Pliestocene to be the period when India was broadly connected with
North Africa and South-eastern Europe over Baluchistan, Persia, Arabia and Turkey on
the one hand, and with China and Eastern Asia on the other. At this time Sarasin considers
the main migration of the *“ Siwalik Fauna " to have taken place. Wadia,’ from a considera-
tion of the recent work of Oldham, Hayden and others, places the elevation of the Himalayas
during the Mid-Eocene to the end of the Tertiary time, during which period the elevation

1 Matthew, W. D., Bull. Amer. Mus Nat. Hist. XXII, p. 360, map 2 (1906).
2 Handlirsoh, A., Sitzungsber. Akad wiss. Wien (Math.-Naturwiss. cl.) CXXII, p. 472 (1913).
3 Lapparent, A. de, T'raité Géol. (6th Edn.) p. 1607 (Paris, 1906).
4 SBarasin, F., Zool. Jahrb . Suppl. XII, p. 82 (1910).
8 Wadia, D. N., Geology of India, pp 203, 204 (London, 1920).
M
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took place in several intermittent phases. Reference may also be made to the Arabian
region of dispersal of Jacobi! which extended from north-eastern Africa across Arabia to
India, and along which the interchange of the Siwalik Fauna took place. As Ortmann
(loc. cit. p. 332) rightly pointed 6ut this region of dispersal only played a part in very recent
times, probably Late Tertiary, while in the Early Tertiary and the Mesozoic this connection
could not have existed.

Reference may also be made here to the ““ Siwalik River  of Pilgrim (loc. cit. pp. 81-99,
pls. 1, ii) or the *“ Indobrahm River ” as this Tertiary river is called by Pascoe.?2 It is supposed
to have run to the south of and parallel to the Himalayan chain from Assam in the east
to the north-west corner of the Punjab, and then flowing south-west opened into the Miocene
Sea. The formation of the Siwalik deposits along the Mimalayas and in Baluchistan is
ascribed by the authors mentioned above to this great river during the Middle Miocene to
the Pliocene. The elevation of the Himalayas resulted in the breaking up of the great river
into three systems, (i) the Indus, and (ii) the five rivers of the Punjab, both flowing as they
do to-day into the Arabian Sea, and (iii) the rivers of the Ganges System, which took a south-
easterly course and now open into the Bay of Bengal.

ITI. INDO-AFRICAN CONNECTIONS.

With reference to the connection of Peninsular India and Ceylon with Africa and
Madagascar, it is not necessary to consider the connections in the Palaeozic era, as these
connections are not of any importance for the distribution of the Viviparids.

In early Jurassic times “ Athiopische Mittelmeer” of Neumayr or Aethiopk of
Arldt ® formed a deep southward bay, and submerged the connecting land area between
Peninsular India and Africa except in the extreme south where the Lemuris Peninsula still
remained connected with Africa and Madagascar. In Meso-Jurassic times, according to
some authors, this bay extended further south and separated Lemuris from Siidatlantis
while Neumayr, Arldt, Uhlig, Blanford and others believe that the connection was maintained
during the whole of the Mesozoic era and even in the early Tertiaries. Authors similarly
differ as to the Cretaceous, and Arldt (op. cit. p. 891) after a full discussion of the various
views concludes that there was no connection after the Lower Cretaceous. Reference may
also be made to Suess,* who stated that after the partial breaking up of the Gondwana Land
“ at the time of the middle Cretaceous there still existed a barrier running from south-west
to north-east,” and Depéret> who supposed the connection to have been broken up towards
the end of the Cretaceous, but re-established during Tertiary times.

I give below a summary of the views regarding the supposed land connection between
India and Africa based on the relationship of the recent faunas of the two regions.

Leaving aside the casual references of the earlier authors, the original idea of such a land
connection was suggested by Sclater® who, from the relationship of the mammals of Mada-

1 Jacobi A., Zeitschr. Gessellsch. Erdkunde Berlin, XXXV, pp. 321-426 (1900).
2 Pascoe, E. H., Quart. Journ. Geol. Soc. London, LXXYV, pp, 138-157, pl. x (1919).

3 Arldt, T., Handbuch Palaeogeogr. I, pp. 372-391 (Leipzig, 1919). References to earlier authors will be found in this work.
4 Suess, K., The Face of the Eorih, I, pp. 417-420 (Oxford, 1904).
& Depéret, C., Les tranaformations du monde animal (Paris, 1907).
8 Sclater, P. L., Quart. Journ. Sci. London, I, pp. 213-219 (1864).
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gascar, concluded that “ anterior to the existence of Africa in its present shape, a large conti-
nent occupied parts of the Atlantic and Indian Ocean stretching out towards (what is now)
America on the west, and to India and its islands on the east ; this land connection was broken
up into islands, of which some became amalgamated with the present continent of Africa
and some possibly with what is now Asia, and that in Madagascar and the Mascarene Islands
we have existing relics of this great continent, for which as the original focus of the * Stirps
Lemurum ” I should propose the name “ Lemuria !’ The name Lemuria or the Lemurian
Continent has become intimately connected with the land connection between India and
Africa, and though no definite date was assigned by Sclater to this connection, it has for
various times and in different senses been utilised for explaining the relationship of the
Indian and the Aethiopian faunas.

A. von Pelzeln,! though he did not use the name Lemuria for this connection, considered
that in India there are two different types of faunas intimately mingled ; (1) an old Malayan
derived from the old continental area which in the Lower and Middle Miocene extended
from the Sunda Islands to Madagascar, and probably also included a part of Africa, and from
which certainly the faunas of the Mascarene Islands and Madagascar were derived, and (2)
an Aethiopian-Indian fauna probably dating from the Indo-African connection of Upper

Miocene times, along which the interchange of the Indian and Aethiopian faunas took place
from India to Africa and vice versd.

Blanford,? as a result of his studies on the relations of mammals and birds of India with
the African forms, suggested a connection between the two areas. He did not definitely
assign any date to the continental connections, but added that in the Late Tertiaries the
two faunas were probably more alike than they are at the present day.

Wallace 3 agreed that in order to explain the similarities of the Ceylonic subregion,
which included the greater part of Peninsular India with Madagascar, there must have
been a land-connection, probably like Sclater’s Lemuria, in the Early Tertiaries. In his
later work,* however, he modified his views, and concluded that the connection, if it existed,
must have disappeared at the latest in Early Miocene.

Hartlaub,® from a study of the birds of Madagascar and the neighbouring islands,
suggested a continental connection from Africa over Madagascar, the volcanic islands like
Bourbon and Mauritius to Southern India and Ceylon. He did not assign any age to this
hypothetical continent but considered it to be the same as Sclater’s Lemuria.

Blanford ¢ considered in detail the geological and biological evidence and concluded
that “ every circumstance as to the distribution of life is consistent with the view that the
connexion between India and South Africa included the Archaean masses of the Seychelles
and Madagascar, and that it continued throughout Upper Cretaceous times, and was broken
up into islands at an early Tertiary date.” In two later papers 7 he considered the Dravidian

1 Pelzeln, A. von, Verhandl. zool.-bot. Ges. Wien, XXV, pp. 58-62 (1875).

¢ Blanford, W. T., Ann. Mag. Nat. Hist, (4), XVIII, pp. 280-293 (1876).

3 Wallace, A, R., The Qeograpkical Distribution of Animals, 1, pp. 328-361 (Londoa, 1876).
¢ Wallace, A. R., Island Life (3rd Edn.) pp. 422-426 (London, 1902).

8 Hartlaub, G., Die Végel Madagascars, ete. pp. viii, ix (Halle, 1877).

¢ Blanford, W. T., Proc. Qeol. Soc. London, pp. 87-99 (1880).

? Blenford, W. T., Proc. Roy. Soc. London, LXVII, pp. 486-489 (1900), and Phil. Trans. Roy. Soc. London, (B) CXCLV, p. 419
{1901).

M 2
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element in the Cisgangetic subregion as the remnant of the fauna which was found in the
region which connected India and South Africa across the Indian Ocean in the Secondary
and Early Tertiary times.

Lydekker ! in connection with the distribution of the mammals referred to an earlier
continental, probably the Gondwana Land, connection, and a later which persisted during
Jurassic and Cretaceous to Pliocene in the Tertiaries. Similar views were again affirmed
by Sclater 2 for the Lemurian continent.

Kobelt3 from his studies on the distribution of the Land Molluscs referred to the close
relationship of the South Indian and African forms, but did not consider the question of the
land connections. Iater,* however, he stated that the land connection between the two
areas could not have existed in Tertiary times.

Jacobi® agreed with Wallace that a continuous land bridge did not exist, but to explain
the distribution of animals postulated a chain of islands, which in Pliocene times formed
the means for the interchange of the faunas of the two areas. The main lines of migration
from India to Africa and wice versd, however, he believed to have been over Syria and Arabia
and through Baluchistan and Persia.

Ortmann® after a detailed discussion of the geological evidence and the distribution
of some families of freshwater Decapod Crustacea concluded that a Lemurian bridge must
have persisted between Peninsular India and Africa up to the Eocene.

Willey? after considering the constitution of the fauna of Ceylon believed that a great
continental shelf extended from Ceylon and Southern India to Madagascar and probably
Africa. He did not, however, assign any date to this connection.

The distribution of the members of the genus Herpele in Assam , West Africa and Panama
and of the Pagurid Crabs led Alcock® to affirm the presence of a continuous continent from
India through Africa to South America, and a continuous sea-belt from Japan, Southern
Asia to north-west Africa and Europe. He did not assign any age to these connections, but

from his comparison of these with Lemuria and Tethys it may be assumed they were intended
for the Palaeozoic and Mesozoic eras.

As a result of his geological and zoogeographical studies Arldt? concluded that the
Mesozoic Lemurian connection between India and Africa must have persisted to the end of
Cretaceous times (p. 141) or even to a little later in the Tertiaries. He also postulated
a second connection between India and Tropical Africa in the Pliocene south of Arabia and
perhaps over Socotra, and which according to the author was the route for the migration

of the Siwalik Fauna (p. 231). He also referred to migrations over Arabia to East Africa
as postulated by Jacobi and others (p. 166).

! Lydekker, R., Geographical History of Mammals, p. 23 (Cambridge, 1896).
®Sclater, P. L., The Geography of Mammals, pp. 236, 237 (London, 1899).

8 Kobelt, W., Studien 2. Zoogeographie, 1, pp. 45, 46 (Wiesbaden, 1897).

¢ Kobelt, W., Ber. Senckenberg. Naturfors. Ges. pp. 89-104, map (1899).

® Jacobi, A., Zeitschr. Gessellsch. Erdkunde Berlin, XXXV, Pp. 321-426 (1900).
¢ Ortmann, A. E., Proc. Phil. Soc. Philadelphia, XL, pp. 326-333 (1902).

? Willey, A., Spolia Zeylanica, 1, pp. 1-12 (1903).

8 Alcock, A., Ann. Mag. Nat. Hist. (7) X1V, pp. 267-273 (1904).

® Arldt, A., Die Entwicklung d. Kontinente, ele. (Leipzig, 1907).
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Sarasin ! in connection with the fauna of Ceylon considered in detail the geological and
zoogeographic evidence, and concluded that though there is the probability of a Palaeozoic
and Early Mesozoic connection, there is no justification whatsoever for believing this connec-
tion to have persisted in the Late Cretaceous and the Early Tertiaries.

Gadow® supposes a permanent connection between India and Madagascar and also
Africa from the Primary to the Oligocene ; the connection was broken in the Late Oligo-
cene.

Annandale,® without committing himself, stated that “‘geologists are apparently willing
to admit that in late Cretaceous or early Tertiary times a land bridge, in the form either of a
solid territory or of an archipelago, extended from what is now East Africa to what is now
the Malabar Zone.” This connection, he believed, was probably the explanation for the
element of African Fauna in Southern India.

Stephenson ¢ referred to the possibility of a land connection between Peninsular India
and Madagascar in the Early Tertiaries, and used it for explaining the origin and evolution
of certain genera of Indian Oligochaetes like Hoplochaetella and Erythraeodrilus from the
genus Howascolex of Madagascar. In a later work, however, following Matthew,® he is
inclined to doubt not only Lemuria, but probably even the Gondwana Land of the Palaeozoic
era.

Arldt” in his latest work has discussed in great detail the relationships of the animals
and plants of Peninsular India and Madagascar, and concludes that there must have been
a direct land connection between the two areas. In this connection he does not consider
the relations of Peninsular India with Africa.

Reference may also be made to the two recent papers of Connolly,® who has referred
East African species of Unionidae to the Indian genus Indonaia Prashad. This genus is
not found in either North Africa or the intervening countries like Arabia, Asia Minor or
Persia, and the presence of undoubted species of the genus in Africa may be attributed to a
Lemurian connection in earlier times.

A note about the Mascarene Islands and the Seychelles may also be included here. As
Germain ® has pointed out, these islands are a remnant of the Old Gondwana Land, but he
has not paid much attention to their connections in the later epochs. The only recent
Viviparid found in the region is Viviparus zonatus (Reeve).'® This species as Li¢nard, Nevill
and Germain have pointed out is only a slightly modified form of the Indian V bengalensis
Lam.), and has within very recent times been introduced into Mauritius with Indian plants
Its presence in the region is of no value for zoogeographic purposes.

1 Sarasin, F., Zool. Jakrb, Suppl. XII, p. 57 (1910).

3 Gadow, H., The Wanderings of Animals (Cambridge, 1913).

8 Annandale, N., Ninth Internat. Cong. Zool. Monaco, pp. 579-588 (Rennes, 1914).

4 Stephenson, J., Rec. Ind. Mus. XIII, pp. 362, 363 (1917).

s Stephenson, .J., Proc. Zool. Soc. London, pp. 138, 139 (1921).

¢ Matthew, W. D., Ann. New York Acad. Sci. XXIV, pp. 171-318 (1915).

7 Arlds, T., Handbuch Palaeogeogr. I, pp. 162-172 (Leipzig, 1919).

¢ Connolly, M., Rec. Alb. Mus. I11, pp. 265-267, pl. xii, figs. 1, 4 (1925) and T'rans. Roy. Soc. South Africa, XIT, p. 213 (1925),

® Germain, L., Faun. Malacol. Terr. Fluv. Iles Mascareignes, pp. 419-464 (Angers, 1921), and Compt. rend. Congr. Soc. sav.
Sci. pp. 264-268 (1925).

10 For references to this species see Germain’s work (1921) cited above, pp. 355-357.
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IV. Arrica.

The continent of Africa is very old, and except for the northern area, which was covered
by the Mediterranean up to Late Tertiary times, the greater part of the continent has
remained above sea-level since the Cretaceous. The connection of Africa with Asia have
already been considered (pp. 233, 234), and it is only necessary to refer to its connection with
America. The connection of-western Africa and a part of the Iberian Peninsula with Central
America, which the French authors call the Atlantide,! is of no interest for the distribution
of the Viviparidae, as all the areas connected by this bridge are without fossil or recent
Viviparidae. The possible connection with South America has been referred to already
(p. 223).

In connection with the distribution of the family in Africa reference may be made to the
changes in the river-basins and the lake areas from Tertiary times to the present day.
Haas and Schwarz 2 from the relationship of the freshwater fishes and molluscs believed
that the extensive inland sea of the earlier times, which covered the inner area of the conti-
nent, broke up later into four main river basins, and that the series of lakes in East Africa
was connected with one another and some of these basins by a network of rivers. The four
basins, which they distinguished are (1) the Timbuktu basin in the region below the Sahara,
and forming the source of the Niger and the Senegal, (2) the United Chad, (3) the Congo
basins, which were situated in Central Africa and from which some of the tributaries of the
Niger, the Congo and the old Chari took their origin, and (4) the Nagami basin in the Nagami
Lake area. Arldt,3 after discussing all the litergture on the subject, concludes that after
the retreat of the Cretaceous Sea a large basin corresponding to the first three basins of Haas
and Schwarz occupied the area, and in it all the streams of the region opened or had their
source. The separation of the Chad and the Congo basins he believes to have taken place
about the end of the Pliocene, while the Timbuktu basin must have been cut off earlier. He
also shows a large basin above Lake Rudolph, and considers this to have formed the source
of the Nile-system ; it was also in connection with the main basin to the south-west. The
chain of East African lakes is also shown in connection with one another and with the Congo
area of the main basin by a network of streams ; it is also supposed to have been connected
with the Zambesi and the Nagami basin in the south.# The connections and the course of
the Nile are supposed to have been different. After a discussion of the views of the different
authors, Arldt concludes that from the Oligocene to the Pliocene the course of the Nile lay
much further to the west than it does to-day, and that the deposits of the Fayum resulted
from that time. Another river, the Blue Nile, is supposed to have originated in the same
basin as the Nile, and to have flowed to the east over the dry area of the Red Sea to the north,
and to have been in connection with the Syrian river-systems in the Jordan Valley. This

latter is believed to be the explanation of the African element in the fauna of Syria, and
vice versd.

! See Germain, L., Joubin, L, aad Davis, E. L., Lé Géographie, XL, Reprint pp. 1-13 (1923), and Germain, L., Bull. Soc. Pkilo.
mal. Paris, Reprint pp. 1-24 (1924).
2 Haas, F., & Schwarz, E., Geol. Rundschau, IV, 603-607, fig. 1 (1913).
8 Arldt, T., Handbuch Palaeogeogr. I1, pp. 798-804, fig. 83 (1922).
~ ¢ A new map showing the probable extent and distribution of lake and river basins on the African continent towards the
close of the Pleistocene, and a full discussion of the subject is included by Pilsbry and Bequaert in their recent Memoir, (Bull.
Amer. Mus. Nat. Hist. LIII, pp. 545.549, Map 14, 1927) which, however, was published too late for review in this paper.
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V. Eurork.

In view of the earliest records of the family Viviparidae in Europe being of the Meso-
Jurassic times, I will begin my account of the palaecogeographical conditions of this area
about this time. Further, as the greater part of Europe was at this time covered by the
Mediterranean or the Mediterranik as Arldt calls it, my remarks on this period will be limited
to the British Isles and the adjacent areas.

Probably somewhat previous to the Bathonian age the Scoto-Scandinavian Land, as
Jukes-Browne ? has pointed out, *“ was increased by the addition of a broad tract of lowland
along its southern side ; a lowland never raised far above the sea-level of the period, and
indented by the estuaries of several large rivers which drained a considerable area of the
northern land.” His account and map of the Bathonian Sea show that in areas like Langton
Bridge and what is now Skye and probably also in other places the conditions were essentially
estuarine, with the deltaic regions next to the sea and freshwater streams opening into them.
The first ancestors of the European Viviparidae probably migrated into these estuarine areas,
and we have their remnants in the Langton Bridge and Skye fossils. The occurrence of
V. aurelianus Cossmann at Saint-Gaultiere, in strata which were doubtfully considered to be
Bathonian, would confirm Jukes-Browne’s idea that the Bathonian Sea of the British Isles
was broadly connected with that covering parts of northern France. Im this case V aure-
ltanus would be an instance of an independent origin of the members of this family in France
and the British Isles at about the same time and under similar conditions from identical
ancestors.

In Upper Jurassic it is only necessary to consider the conditions for the British Isles
and Germany. According to Lapparent,? England formed a peninsula connected with
North America, but separated from the Scandinavian area. Jukes-Browne, however,
believes it to have also been connected with Scandinavia, while a part of the eastern area
was united with Belgium to form the Anglo-Belgian Island. The Portlandian Sea, which
ran in between the two areas, was, according to Jukes-Browne (loc. cit. pp. 287, 288), *“ con-
tracted into two parts, which were practically separate seas; the sea of the Portlandian
limestones lying wholly to the south of Bedfordshire and opening south through France,
while a northern sea extended from Germany into Yorkshire and Lincolnshire.” It was
in the estuarine areas along this sea that the ancestors of the Paludina-Beds, which form
the famous Purbeck Marbles, must have lived. Jukes-Browne starting with the Lower
Purbeck lagoons, which were apparently formed by the land-locking of portions of the Port-
landian Sea, follows on to the more extensive Purbeck-Wealden Lake in England, while
similar areas must have become enclosed in north Germany. Probably in these areas the
Purbeckean and the Wealdean Viviparids migrated into estuarine and eventually freshwater
areas both in England ahd in Germany. This again involves the supposition of independent
origin of similar or even identical forms in separated areas, but as the intervening sea was
the same, there can be no objection against the origin of similar species from identical ancestral
types under approximately identical conditions.

1 Jukes-Browne, A. J., The Buslding of the British Isles, p. 274, fig. 44 (London, 1911),
1 Lapparent, A. de, Traité Qéol. 1I, p. 1258 (Paris, 1906).
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Even during Cretaceous times Hurope did not exist as a broad continental area.
The greater part of what now forms the continent was at this time covered by the extensive
Mediterranik, and Ortmann,! following Neumayr, shows a broad sea connecting the Arctic
with the Mediterranean over Russia near the Ural mountain range, thus separating it entirely
from the northern parts of Asia. According to other authors this broad sea did not appear till
later in the Tertiaries. More or less isolated insular areas existed in parts of the Scandinavian
region, the British Isles, France, Spain, Germany and in the region above the Black Sea.
Ortmann, Lapparent, Haug and Arldt 2 consider the British Isles, France and Spain to have
formed a broad islandic or peninsular area connected with Scandinavia over what is now the
North Sea, and according to some of them also over Iceland and Greenland with North
America. Others, however, do not believe that there was any connection with North America
or even with Scandinavia. Neumayr and Koken show the various countries mentioned
above as separate islands.

During the early Tertiaries the conditions in Europe as a whole were not very different
from what they were in Cretaceous times. The Mediterranean covered the greater part
of central and eastern Europe, and, according to most authors, was still broadly connected
with the Arctik through the Obik. The British Isles were separated from the rest of Europe,
while the land area in the west consisted of the Iberian Peninsula, which was sometimes
united to France and at other times separated by a bay running along the Pyrenees, parts
of France and Germany and connected with a part of Central Europe near the Black Sea.
The Eocene and Oligocene species of Viviparidae of England, France and Germany, which
represent nearly related species, are apparently descendants of the Cretaceous forms which
had become established in suitable areas.

During the Miocene and Pliocene great changes occurred in the area now occupied by
Europe. The extensive Mediterranean had started to shrink, and the various stages of its
shrinkage and ultimate regression to the present outlines have been distinguished by Suess
(loc. cit. Vol. I, pp. 279, 280) as the five Mediterranean Stages. The Pyrenees were not
elevated till the beginning of the Oligocene, and the system of the Alps did not begin to
rise till the close of the Oligocene. During this long period the British Isles were broadly
connected with the mainland of Europe, and the Baltic did not exist as such. The greater
part of the continent of Europe had arisen above sea-level, though there were inland seas
or sea-basins occupying various extensive areas of central and eastern Europe. Two areas
of special interest in this connection are the region of the Aegean and the area from the
River{Saone in France in the west to the Aral Sea in the east.

Until the Early Pliocene, as Suess (loc. cit. pp. 344, 345) concluded from the work of
Spratt, Forbes, Neumayr and others, the Aegean region formed a broad land area, and served
as the chief channel for the interchange of faunas between Asia and the existing areas of
south-eastern Hurope. In the third Mediterranean stage according to Suess “a deep
freshwater lake stood over the site of the Aegean, a part of that Levantine chain of lakes
which stretched from Slavonia to Asia Minor. The Mediterranean lay entirely to the south
of this area.” First the southern part of the land subsided, and later, according to Suess

1 Ortmann, A. E,, Proc. Amer. Phil. Soc. Philadelphia, XLI, figs. 5, 6 (1902).
2 For references to the other authors see Arldt, loc. cit. pp. 386-425.



1928.] B. Prasuap : Recent and Fossil Viviparidae. 241

‘in very recent times the Aegean continent completely subsided ; Levantine freshwater
deposits of great thickness and with broken edges indicate the new coast, the Mediterranean
spread far and wide over the Pontic basin, and even overflowed the otherwise regular shores
of this sea into the sea of Azov.”  Arldt (loc. cit. pp. 525, 526) from the recent work of Cayeux,
Blanckenhorn, Kessler and others divides the breaking up of this area into various stages,
and the final subsidence and the connections of the Mediterranean with the Pontik are
considered to have been more complicated than was hitherto supposed. The final subsidence
is supposed to have been continued even in Quaternary times.

In his third Mediterranean stage, corresponding roughly to the Plioc ene, Suess distin-
guished a Levantine Group in central and eastern Europe. This group was based on the
occurrence of Levantine Beds of fossils of freshwater molluscs, chiefly Paludinas, and it
was rightly assumed that the aréas where these fossils are found were covered by extensive
freshwater lakes. At the time of publication of Suess’s famous work such beds were known
from the valley of the Danube, Dalmatia, Bosinia, north Greece, Asia Minor and some of
the Aegean Islands. Since then the work of the Russian geologists, a summary of which
will be found in Pavlov’s Memoir, cited already, and the work of Depdret in France have
shown that such lakes extended from the valley of the Saone River in France in the west
to the Sea of Aral and even eastwards. Arldt (loc. cit. Vol. II, pp. 821-827) has given a good
summary of our knowledge of these Tertiary basins, and it is not necessary to go into detail
here.

Reference may also be made to the changes undergone by the river-systems of Europe
during Tertiary times. Haas ! concluded from the distribution of the Unionidae that
the Thames was a tributary of the Rhine in the Pliocene, when the North Sea did not exist,
and England was broadly connected with the mainland. Arldt (loc. cit. Vol. I, pp. 757-784)
includes a very useful summary of the views of various authors, and has constructed maps
to represent the different views regarding the changes that have taken place in the
Caenozoic era in the river systems of Europe. From these it is clear that the Thames, Seine,
Rhine, Rhone, and Danube were at the time more closely connected than they are to-day,
and there can be little doubt that they played a very important part in the distribution of
the Viviparidae in Europe from the west to the east.

In addition to the Ural Mountain chain which forms an impassable barrier for the
Viviparids from European to Asiatic Russia the main factor for this area appears to have
been the large brackish inland- sea of post-Tertiary or Pleistocene times as has been
advocated by Karpinski.2 This sea included the whole of the Caspian and the Sea of Aral,
and extended north to the mouth of the Kama river in north Russia. This is further believed
to have been connected with the Arctic Ocean by a system of narrow channels or lakes,
Scharff3 from the study of the European fauna appears inclined to the same view. Apparently

this extensive barrier is responsible for the absence of the Viviparidae in the eastern areas,

1 Haas, F., Proc. Malacol. Soc. London, IX, pp. 108-112 (1910) and 4bhandl. Senckenberg. Naturfor. Ges. XXXII, pp. 143-177
(1910). Tam indebted to Mr. B. B. Woudward for drawing my attention to a paper by J. Trimmor, Quart. Journ. Jeol. Soc.
London IX, pp. 293, 294, pl. xiii (1853), in which the author published very instrustivs maps showing tho probable connections
of the British Isles with the main continent of Europe. T:immer was probably the first author to suggest the linking of the

Thames with the Rhine in the past.
2 Karpinski, A., Beitr, Kennt. Russ. Reich. (3) IV, pp. 143-188 (1888).
3Scharff, R. F., Iroc. Roy. Irish Acad. (3) 1V, pp. 427-514 (1897), and European Animals, pp. 147, 153 (London, 1907).
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and the brackish conditions which were brought about by the ingression of the Mediterranean
in the later Tertiaries led to the extinction of the Levantine forms in the Aralo-Caspian area.

The effect of the Glacial Period on the distribution of the Viviparidae in the northern
latitudes cannot be ignored, and in this connection reference may be made to the maps of
this period published by Scharff (loc. cit. p. 455) and Arldt (loc. cit. p. 424). From these it
is clear that most of the freshwater forms in the areas covered by ice must have perished,
and that the recent distribution is probably of a date later than the Glacial Period.

VI. NoRTH AMERICA.

From the records of the fossils of the family Viviparidae it is clear that they did not
appear in North America till late in the Jurassic, and for the purpose of the present enquiry
it will be sufficient to begin with the Meso-Jurassic times. For this time the palaeogeogra-
phical maps of Neumayr,! Lapparent,? Arldt® and Haug 4 agree as to main conclusions, while
the work of Schuchert 5 on the North American region itself does not differ from these authors
in any material details. Nordatlantis (Arldt) consisted of the whole of North America,
north of Mexico, and included Greenland, Iceland and probably a part of the British Isles
with which it was connected by a broad land-bridge. It was separated from Sudatlantis,
or the united areas of South America and Africa, by the Mediterranean. With the Asiatic
part of Palaearktis the Nordatlantis was connected by a land bridge over the Behring Straits.
Somewhat later, about Upper Dogger, the Pacific Ocean of the time flooded over the greater
part of the western area of Nordatlantis, and extended in the east to the area later occupied
by the Laramie Sea.

From the occurrence of the first fossils of the Viviparidae about this time it may be
assumed that they originated in America in this period.

The general changes in the continental area in the succeeding times up to the Middle
Cretaceous are of no interest, but the formation of the Laramie Sea may be referred to here,
This inland sea has been discussed already (pp. 219-220), and it is only necessary to note
that it ran in a north-western to a south-eastern direction, and divided Nearktis into the
main eastern part of the continent from a belt-like western. The area of the sea was about
2,000 miles long by about 500 miles broad, and with waters which were “‘sometimes salt,
sometimes brackish and sometimes fresh.” According to Chamberlin and Salisbury ¢ “ the
Laramie series may be said to record the transition from the marine conditions of the
Montana epoch to the freshwater and land conditions of the Tert'ary in the region.” It
may also be noted that the great development of the freshwater and land faunas in the
Laramies was foreshadowed in the Early Cretaceous.

For the later periods the configuration of the continent or the broad continental
connections between the Nearktis and the Palaearktis over the Behring Straits in Oli-

! Neumayr, M., Denkscr. k. Akad. wiss. Wien (Math.-Naturwiss. Cl.) L, pp. 57-142 (1885), and Erdgeschichte, 11, p. 263 (Leipzig
& Wien, 1895). Also see Uhlig, V., Mittl Geol. Ges. Wien, IV, pp 329-448 (1911).

2 Lapparent, A. de, Traité Géot (5th Edn.) pp. 1i54-1258 (Paris, 1906).

% Arlat, T., Entwicklung Kontinente, map. 18 (Leipzig, 1907), and Handb. Palaeogeogr. 1, pp. 370.383 (Leipzig, 1919).

4 Haug, E., Traité Géol. 11, p. 1113 (Paris, 1908-11).

8 Schuchert, C., Bull. Amer. Geol Soc XX, pp. 427-606 (1910).

¢ Chamberlin, T. C. & Salisbury, R. D., Geology. Earih History, III, p- 162, (London, 1906).
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gocene, Miocene, Pliocene and possibly also in Quaternary times are of no use for the
explanation of the distribution of the Viviparidae, as they have been used for the Unionidae,!
the Pleuroceridae 2 or the Decapod Crustacea. Similarly 3 the connection with Europet
during the various geological periods does not contribute to the solution of this problem.
Walker ® was of opinion that ““ if we would assume that instead of coming from the Orient,
the Viviparidae originated in North America, where from the earliest times there has been
the greatest generic differentiation, and that like the Camelidae among the mammals,they
passed around the mountains to the north and spread westward over the Behring bridge
into the Old World, all such apparent inconsistencies would be obviated and theoretical
conclusions would be in entire harmony with the known distribution.” Against this
hypothesis there is the occurrence of fossils of an earlier date in Europe. There are no recent
or fossil Viviparids known from Alaska or the eastern Siberian region, and, with the exception
of the Japanese species introduced by man in recent times, no Viviparids are known from
the western parts of North America. It is, therefore, impossible to believe that members
of this family migrated from America to Europe either along the eastern route or over Siberia
and Asia, and the only course left open is to believe in independent origins of the family
in America and other areas.

I have already referred to the opinion of different authors that the Viviparid fauna of
to-day in North America represents the descendants of the Laramie one, and'in this connection
reference may be made to the map of the Late Tertiary river-systems constructed by Arldt
(loc. cit. Vol. I1, p. 789), which shows close connections between the Missouri and the rivers
of the eastern States in these times, and greatly helps in elucidating the distribution of the
recent species. In connection with the effect of the Glacial Epoch reference may be made
to the works of Schuchert, cited already, Willis® and Arldt, which give details as to the
limits of the areas which were covered by ice during this period.

7. RELATIONSHIPS, ORIGIN AND DISTRIBUTION.

Fischer,” Pelseneer,® Lang-Heschler ® and most other authorities do not express any
opinion on the relationships of the family Viviparidae, or the probable forms from which
it is to be derived. According to Cooke 1° the origin of the family is doubtful, and its affinities
cannot definitely be affirmed. Bouvier,!! however, considers the family to be undoubtedly
related to the Turbonidae and the Trochidae. In his genealogical tables he der.ves the
Monotocardia from the Diotocardian families mentioned above, and considers the Viviparidae
and the Littorinidae to be the intermediate forms. R. Perrier !* subscribes to Bouvier’s

18impson, C T., Proc. U. 8. Nat. Mus. XVIII, pp. 342, 343 (1895), and XXII, p. 508 (1960). Also see Walker, B., Proc.
Malacol. Soc. London, IX, pp. 126-145 (1910).

2 Walker, B., First Rept. Michigan Acad. Sci. p. 58 {1900).

8 Ortmann, A. E., Proc. Amer. Phil. Soc. Philadelphia, XLI, pp. 316-319 (1902).

¢ Tn addition to authorities cited see Scharff, R. F., Proc. Roy. Irish Acad. XXVIII (B), pp. 1-28 (1909) and Distribution and
Origin of Life in America, pp. 11-14 (London, 1911) and Germain, L., Ann. Geogr. XXIII-XXIV, pp. 394-406 (1915).

5 Walker, B., First Rept. Michigan Acad. Sci. p. 58 (1900).

¢ Willis, B., Journ. Geol. XVII, p. 601 (1909).

7 Fischer, P., Manual Conchyliol. pp. 732-734 (Paris, 1885).

8 Pelsencer, P., Mollusca in Ray Lankester’s T'reatise of Zoology, V, (London, 1906)

¢ .Heschler, Mollusca in Lehrbuch vergl. Anat. Thiere (Jena, 1902).

10 Qooke, A. H., Molluscs ete. in Cambridge Natural History, p. 17 (London, 1895).

11 Bouvier, E. L., Ann. Sci. Nat. (Zool.), (7) IIL, pp. 58, 72 (1887).

13 Pegrier, R., Ann. Sci. Nat. (Zool.), (7) VIII, p- 136 (1389). 0
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views, and Haller 1 in his genealogical tree derives the Architaenioglossa, to which the Vivi-
parids belong, from the Trochidae. Sollas,? apparently following Bouvier, derives the family
from the Trochids and the Turbonids. In spite of certain objections to the suggested origin
and the relationships of the family there is much in favour of this view. The families Tro-
chidae and Turbonidae are both very old geologically, members of both occur in Silurian
and in some cases even in Cambrian beds, while their anatomical characters, the ctenidia,
the nervous system and the relationship of the heart and the rectum, suggest a close relaton-
ship with the Viviparidae. It is probable, therefore, that the Viviparidae arose from the
less highly modified common stem of the families Trochidae and Turbonidae in the Early
Jurassic period. An important objection against this hypothesis is the fact that none of the
Trochidae or of the Turbonidae are estuarine, and it is difficult, if not impossible, to imagine
the origin of a family of freshwater molluscs except from some intermediate estuarine forms.?
The objection, however, is not so serious as it appears for, as in the case of the Neritinidae,
there may have been some ancestral forms which gave rise to the Viviparidae on the one hand
and the Littorinidae and the Rissoidae on the other. I do not agree with Bouvier that the
anatomical differences between the Viviparidae and the Rissoidae, the Hydrobiidae (=
Bouvier’s Bythinidae) and the Littorinidae are so fundamental as to preclude their being
closely related. The palaeontological history and the anatomy of these families point to a
near relationship, and I consider them to form a uniform group. Among the Viviparidae
themselves prebably the genus Larina A. Adams is the least modified member of the family.
It s an estuarine genus, and the shell of the various species has a Trochid-facies. As has,
however, been remarked already, the relationships of Larina are doubtful and with the
absence of any information about its anatomy, the genus cannot even definitely be included
in the family.

Sollas, Cossmann and Arldt appear to be the only authors who have expressed any
opinions on the time of origin of the family. Sollas (loc. cit.) suggested that they may have
originated in the Devonian lakes, but owing to the absence of any fossils of the Carboniferous
and Permian periods, he added that probably a later date must be assigned. Cossmann 4
is not definite, but his account may, in view of its interesting suggestions, be quoted here in
extenso—*“ I1 est posible toutefois que les Naticopsidae carbonifériennes, en émigrant dans
les marais ot se formait la houille, aient subi une adaptation paludicole qui-tout en leur
eonservant 4 peu pres le galbe naticoide-ait modifié¢ leurs organes pour ce nouveau genre de
vie, et qu’ ensuite 4 travers le Trias oil I'on ne connait pas jusqu’s presént de vestiges de forma-
tions palustres, ces animaux transformés aient atteint les époque stratigraphiques ot leur
présence a ¢té authentiquement reconnue. Ce ne sont 13, bien entendu, que des hypothéses
qui exigeraient une confirmation materiélle, avant de prendre corps.”

Arldt ® in discussing the origin of the freshwater molluscs stated that Als erste Familie
treten uns die Paludinen entgegen. Sie sind seit der unteren Kreide fossil bekannt und
damals wahrscheinlich in Europa ins Siisswasser iibergangen. Aus dem Senon wird auch

1 Haller, B., Studien iiber Docdylosse und Rhipidoglosse Prossobranchier efc. p. 151 (Leipzig, 1894).

2Sollas, W. J., The Age of the Earth, p. 199 (London, 1905).

% In this connection see White, C. A., Third Ann. Rept. U. S. Geol. Surv. pp. 479-438 (1883), Pelsencer, P., Bull. Acad. Roy.
Belgujue (ci. cl.), no, XII, pp. 699-741 (1905), and Prashad, B., Proc. Twelfth Ind, Sci, Congress, pp. 126-143 (1925),

¢ Cossmann, M., Essais Paléoconch. comp. XII, p. 177 (Paris, 1921).

® Arldt, T., Handbuch Palaeogeogr. 11, p. 1164 (Leipzig, 1922).
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eine nordamerikanische Art beschrieben. Das Hauptgebiet von Paludina (Vivipara) blieb
aber die Palaearktis, von der aus vielleicht schon in Palaeogen Afrika, erreicht wurde (Cleo-
patra).” These remarks are a verbatim copy of this author’s statement about the family
in an earlier paper,® with the only modification that he apparently now gave up his idea
of the migration of the family from the Palaearctic to the Oriental region in Cretaceous
times, as he originally believed. The question of the origin of the family is discussed below,
but it may be noted that in view of the earlier Jurassic fossils, the family must have been
evolved much earlier than the Cretaceous. Arldt’s view that the Palaearctic is the main
region of the distribution of the genus Viviparus is incorrect, for the greater part of the
Asiatic area of the Palaearctic region has no Viviparids, while south-eastern Asia including
the East Indies is the richest in members of the family, both as regards species and indivi-
duals. North America and Africa are also as rich in species of Viviparus as the European
area of the Palaearctic.

From the results of my work on the distribution of the Viviparidae, the palaeo-
geograph’cal connections of the different continents and the restricted means of distribution
of the family I am convinced that these molluscs did not originate in any one area only.
The different forms of the various membets of the family found in the different areas do not
justify the conclusion of the previous workers that they have descended from the same
ancestral form in one area, while the palaeogeographical re'ations of the continents would
not admit of their distribution from any one region. I am, therefore, of opinion that the
family had a polyphyletic or'gin, and that it is possible to distinguish at least four main
zones in which the members of this family evolved by taking to a freshwater life.

There are numerous examples of the polyphyletic origin of similar species of the genus
Viviparus in the fossil species in Eastern and Central Europe, where apparently under the
influence of similar conditions species developed along the same lines. More remarkable,
however, is the evolution of identical species in the Inferior Oolite in Germany and the British
Isles, two widely separated areas, as also in Bathonian times in France and England, from
apparently marine or brackish water ancestors. The suggestion of the polyphyletic origin
of the family, in widely separated areas, as put forward above is only a wider application
of this principle, and certainly with our present knowledge no other explanation seems
feasible. In this connection reference may be made to Bourne,? who suggested that probably
many of the fluviatile Neritidae of widely separated regions, which appear so similar, had
been independently derived from.marine Neritidae. Similarly Hesse 3 has put forward
the view that different marine species of Cerithium Adanson have probably independently
evolved into apparently allied species of the estuarine Potamides DeFrance, in w.dely
separated localities, but under the influence of similar changed conditions of life in brackish
waters.*

The four zones in which the family evolved are :—(1) Western Europe, where the first
members of the family had their origin in the Bathonian Sea ; (2) North America in the
Jurassic extension of the Mediterranean in this area ; (3) Peninsular India in the eastern

1 Arldt, T., Archiv Naturges. LXXXI, Hit. 4, pp. 16-84 (1915).

2 Bourne, G. C., Proc. Zool. Soc. London, p. 878 (1908).

3 Hesse, R., Tiergeographie, pp. 103, 120 (Jena, 1924).

4 Phis is also hinted at for freshwater Gastropods generally by Pilsbry and Bequaert (Bull. Amer Mus. Nat. Hist. L111,
p. 97 (1927).
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extension of the Mediterranean in the Late Jurassic or the Early Cretaceous ; and probably
(4) Australia in the Cretaceous Sea. All the four zones formed part of the extensive
Mediterranean, and the freshwater areas in which the family later flourished were formed
by the enclosing of parts of this sea by land, and the waters gradually becoming fresher.
The time of origin may roughly be taken as the Jurassic for all the zomes, though the
family is not so far known from Peninsular India or anywhere else in Asia from beds
of an earlier age than the Cretaceous. These four zones will now be discussed separately
and the distribution of the recent forms will, as far as possible, be correlated with the
palaeogeographical conclusions.

I. As1A AND AFRICA.

I believe that Peninsular India forms the central zone whence the Viviparids of Asia
and Africa are derived. Either the Lemurian connection in Cretaceous times formed
the channel along which the ancestral forms of the Indo-African species migrated from
Peninsular India to Africa, or it must be uccepted that closely allied ancestral forms evolved
independently into similar types of Viviparids in both India and Africa about the same time.
I am inclined to accept the former as the more likely course, and hence have included the
two areas together.

Taking Africg first, I consider that the first members of the family established themselves
somewhere in the south-east, and in view of the age of the Matabeleland fossils this area
may be accepted as the central one for this continent. The genus Cleopatra must have
branched off very early from the main stem, and evolved along more or less parallel lines
to the other members of the family. Other species, which are to be referred to the group of
Vivipari Unicolores, retained their primitive characters, and except in some specially suitable
localities have persisted more or less unchanged to the present day. The distribution must
have taken place from the south to the north, and from the central area to the west, and
there can be no question of any migrations to or from Europe or Asia in the north. This
suggested line of distribution, it may be noted, is different from the one suggested by von
Martens' who believed that ““ Thre reiche Entwicklung in Ostafrika ist daher ein nach Indien
weisender Zug,” but the difference is one of interpreting the direction from, instead of, to
India.

The sub-genus Neothauma evolved undoubtedly in response to the peculiar lacustrine
conditions, and I am inclined to consider the two species N. tanganyicense and N. mweruens:s
as having been evolved independently in Lake Tanganyika and Lake Mweru, but from similar
ancestral forms.

As to the agencies for dispersal in Africa I agree with Haas and Schwarz and Arldt
(pp. 238, 239) that the river-systems and lakes of Africa must have been closely connected
in Tertiary times, and that along these channels the Viviparidae, like the other groups
of animals considered by the authors, must have spread over the area where they are found
to-day. It is not possible to define the causes for the absence of the family in parts of western
Africa, and T cannot add anything to explain this mysterious problem. The absence of the
Viviparidae in north Africa, with the exception of the Nile basin, is due to the area having

1 Martens, E. von, Beschalte Weichthiere Deutsch-Ost-Afrikas, p. 174 (Berlin, 1897).



1928.] B. PrasuaD : Recent and Fossil Viviparidae. 247

been under the sea up to the Late Tertiaries, and the presence of the forms in the Nile basin
dates undoubtedly from comparatlvely recent geological times.

I believe that the Viviparids of Asia, with the exception of the few forms in the extreme
west, are all to be derived from the ancestral types which originated in the Cretaceous exten-
sion of the Mediterranean in Peninsular India. The earliest known fossil is Viviparus
normalis (Hislop) from the Intertrappean Beds of Peninsular India, and this type is represent-
ed in the recent fauna of India and Eastern Asia as a whole, by what has been referred to
as the Vivipari Dissimiles Group in my account of the recent forms of the area. This group
spread over the whole of India and Ceylon, and probably with the Siwalik River it spread
as far west as the Hamun-i-Helmand in Seistan, and to Assam in the east. The time of this
migration I would place earlier than Miocene when, according to the palaeogeographical
conclusions of various authors, the Indo-Gangetic Plain had risen above sea-level. About
this time the Vivipari Bengalenses Group must have also been evolved from the Vivipari
Dissimiles, and spread with it over the same area.

The sub-genera Civpangopaludina and Dactylochlamys must have evolved in the Assamese
area about Miocene times and from there migrated southwards to Burma, and eastwards
to China, and through Siam into the Malay Peninsula together with the ancestral type of the
Vivipari Dissimiles and in some cases with the Vivipari Bengalenses. It is not clear why
Vivipari Bengalenses did not migrate into China, or if they did, why they were not able to
establish themselves there.

The forms of the East Indies are all to be derived from the types which had migrated
into the Malay Peninsula, and apparently the time of migration was from the Middle to
the Late Tertiaries. Some of the forms in the Philippines and the Celebes may also have
come from China, as indications of these are to be found in the islands of Hainan and Formosa,
but it is impossible to be dogmatic about the exact line of distribution. The New Guinea
forms are related to the Asiatic forms, and, as has been remarked already (p. 230), indicate
that there must have been some connection between New Guinea and the adjacent regions
in the Late Tertiaries over which the forms were carried to these islands.

The Chinese and eastern Asiatic species of the regions like Korea and the Amur Basin
must have travelled north-east from the Indian centre of distribution along the Yangtse
Kiang and Hwang-Ho rivers, and in view of the absence of any Viviparids in Sakhalin, the
migration into Japan could not have taken place till Late Pliocene.

The peculiar sub-genera Taia, Margarya, Rwularia, Mekongia, and Heterogen were all
evolved in special areas, probably in response to the biological conditions, and are of no
special interest in connection with their areas of distribution. Their relationships and
probabie ancestries have already been discussed in the account of these forms,

II. AUSTRALIA.

The absence of any fossils of Viviparidae in Australia might be taken to indicate that
the family was introduced into the area in comparatively recent times, On the other hand
this may be due to the area not having been sufficiently explored so far. With the exception
of the estuarine genus Larina the recent species of the family do not show anything but a
superficial resemblance to those found in the neighbouring areas of New Gmnea, or the East
Indies. Any connection with these forms must, therefore, be of a very early date. It is,
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however, impossible to be certain as to whether these forms are to be derived from the Asiatic
stock or whether they originated independently in Australia. I am inclined to the latter
view, and believe that they probably originated in Australia independently in the Cretaceous
Sea, and from there spread in the north-eastern belt-shaped zone which they occupy to-day.
The absence of any species of the type of Dactylochlamys in Australia is a very important
argument in favour of this view, for if the Australian forms were derived from the neigh-
bouring areas of New Guinea or the East Indies, it would be difficult to explain why no forms
of this type, which is dominant in all these parts, did not wander with the other types.
Further the commoner type of the Australian Viviparidae is the banded one, and this is least
represented in the neighbouring areas. I do not agree with von Martens! that the differences
between the Asiatic or Indian Viviparidae and the Australian are to be explained as “ Gegen-
satz nicht Indien und Australien, West und Ost, sondern Festland oder grossere Inseln
gegeniiber der kleineren.”

IT1. EUrOPE.

The recent Viviparids of Europe form a uniform group, and, as has been discussed
already (p. 186), they are divisible into two main types. We are very well informed about
the palaeontological history of the family in this region, and a scheme of evolution of the
recent from the fossil has been given already, while a few notes on the distribution have also
been included in the palaeogeographical considerations about this area. It is only necessary,
therefore, to include a general summary here.

Europe, including Asia Minor, has at the present day only smooth, shining, not very
thick-shelled and banded species. They are found in the area defined already, and the main
distribution seems to have taken a direction from west to east. The chief barriers against
the dispersal of the family appear to have been the absence of rivers flowing in the right
direction or not connected with the centres of origin of the family, and the high mountain
ranges like the Alps, except in the Alpine lakes where members of the family had apparently
become established before the elevation of this mountain chain, the Pyrenees,? the Caucasus
and the Ural Mountains. Reference has also been made to the influence of marine basins,
such as the one in the Pyrenees basin in the Early Tertiaries, the Obik and later the marine
Aralo-Caspian Basin connected with the Arctic ocean in eastern Russia, and above all the
influence of the over-flooding of the various parts of Central and Eastern Europe by the
Mediterranean during its various stages of regression and transgression. This last factor is
undoubtedly responsible for the disappearance of the highly evolved and variously sculptured

forms of Levantine Viviparids in Europe. To the Glacial Period must be attributed the
absence of the family in the northern latitudes.

1 Martens, E. von, Weber's Zool. Ergebn. 1V, p. 294 (Leiden, 1897).

2Dr. F. Haas has drawn my attention to a paper by J. Royo Gowmez, Comm. d. Invest. Paleont. Prehist. Memoir XXX, p. 98,
pl. xii, figs. 12, a, b (Madrid, 1922), in which the author has recorded a species as Viviparus aff. veniricosus Sandberger, from various
localities in Spain. In the same paper references to the records of an unidentified speoies of the genus from various localities in
Portugal are also to be found. Theke papers came to my notice long after the present memoir was ready for the press, and I can
only add that the discovery of undoubted species of fossil Viviparidae in the Iberian Peninsula during the Miocene, dqes not in
any way help in unravelling the problem of the peculiar distribution of the recent species in Europe. The Iberian species were pro-

bably an extension of the French species, but in the absence of actual specimens it is impossible to be certain about their exact
relationships.
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It is impossible to lay down definitely the exact region where the recent species first
«originated, and whence they migrated over the whole of the region, but there can be little
doubt that it must have been somewhere in western Europe. The connections of the Tertiary
river-systems and their courses during that time must have played an important part in
the distribution from the west to the east, and it appears as if the Danubs is the most im-
portant in this connection for the whole of central and eastern Europe, while the Rhine
and its connections with the rivers of the western region determined the distribution in

those areas.

IV. NORTH AMERICA.

The history of this region undoubtedly shows that the Viviparids of this continent are
a distinct stock, and though most of the highly evolved types disappeared after the Larami
times, we may consider the recent forms as the descendants of the less highly evolved forms
of that period. For the distribution of the recent members of the family we have to recognise
the influence of the Missouri River, and it may in fact be assumed that the distribution of the
family at the present day is a good index of the course and the relationships of the streams
of this system with the rivers of the eastern area of the United States and the south-eastern
-parts of Canada.

As to what exactly determined the absence of the family in other parts it is impossible
40 be certain, but the Glacial Period in the northern regions, and the absence of any river
.connections between the Viviparid zone of North America and central America may be
taken as the two main factors.

8. SUMMARY.

1. This paper is an attempt to determine the relationships of the various members of the
family Viviparidae, and to divide into genera, subgenera and groups the various
types found all over the World.

2. The methods of dispersal of the family are examined in detail (pp. 155-157), and it is con-
cluded that [freshwater streams are the main channels along which the
members of this family have spread from one area to another.

3. The Zoogeographical Regions proposed by various authors for different groups of the
Animal Kingdom are of no value for the Viviparidae, and the distribution
of the family is, therefore, considered according to the continents and countries
in which they are found (pp. 157-160).

4. The various genera and subgenera of Recent Viviparidae proposed by different authors
are discussed. With the exception of Cleopatra Troschel and Larina A. Adams,
which are only provisionally included in the family, Vivgparus, Cipangopalu-
dina, Dactylochlamys, Taia, Margarya, Rivularia, Heterogen, Mekongia, Neo-
thauma, Tulotoma, Campeloma and Lioplax are accepted as) valid, and all

of these are considered as being of subgeneric rank.
o
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In the subgenus Viviparus s.s., five groups of forms are distinguished according to the
areas in which they are found, and a number of other groups are differentiated
according to the types of shells of the species inhabiting different areas
(pp. 160-189).

A sketch-map illustrating the distribution of the recent members of the family is appended..

5. Annandale’s Taia naticotdes var. intermedia must be known as Taia naicovdes vwar.
noetlingi (Kobelt), asthe two forms are the same, and the latter name has
priority (p. 165). A new name Cipangopaludina chinensis (Gray) var. haass
Prashad is proposed for Paludina longispira Heude, which name is preoccupied
for a Japanese species (p. 168). Smith’s name Paludina longispira has
priority over Annandale’s Heterogen turris, and the species should be known
as V (H.) longispira (Smith) (p. 172).

6. The recent members of the family from different areas are examined in detail, and their
relationships with one another are, so far as possible, determined (pp. 160-189).

7. The Fossil Viviparidae are treated on lines similar to those adopted for the recent species.
With the exception of the North American types, which can be definitely
assigned to recent subgenera, all others are referred to the subgenus Viviparus
s.s. The relationships of the recent with the fossil species are also discussed
(pp- 189-223).

8. Genealogical trees illustrating the mutual relationships of the various sculptured species
of Central and Eastern Europe are included and it is shown that the various
series of sculptured forms are all to be traced back to V achatinoides (Desh-
ayes). The various series of sculptured forms in the region are shown to have
evolved independently on parallel lines, and it is concluded that the origin
of similar types of sculpture is of a polyphyletic type. The European species
are further shown to have no genetic relationship with the Asiatic or the
American sculptured Viviparids (pp. 202-219).

9. The evolution of the Fossil Viviparidae of Yugo-Slavia and other areas in Eastern Europe is-
considered in detail (pp. 202-206). The first type of evolution consisted in the
mere increase in size, both in the height or the length of the shell, and in the
swelling of the whorls. The second type resulted in the shells becoming rather
elongate and correspondingly narrower, while the whorls developed a number
of primary and secondary ridges. The three primary ridges, corresponding
to the three hairy ridges of the embryonic shell, are from their positions on the
shell distinguished as the Sutural, Median and Peripheral. The more highly
sculptured European Fossil species show various grades in the development
and evolution of the shell sculpture ; these are treated in detail, and the lines
of evolution, so far as possible, determined. It is believed that the evolution
of the sculpture had a polyphyletic origin, and the various series of forms
evolved on more or less parallel lines. In most of the European species the
sutural and the peripheral ridges played the most important part, and in this

resyect they differ from the recent sculptured forms like Margarya, Taia and
T'wlotoma 1n which all the three ridges become developed.
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10, The new name Viviparus parabrusinai is proposed for the species recorded as V brusinai
by Neumayr from the Island. of Cos (p. 217).

11. The question of the permanence of Land and Ocean Basins is referred to, and it is
concluded that though the very extensive changes in the configuration of the
land and oceans as propounded by some authors are not justified, there can
be no doubt that different parts of the continental shelves were at one time
or another covered by the sea. Similarly there can be no question -about
extensive land connections over long stretches of the sea, connecting either
the various continents with one another or the adjacent insular and peninsular
areas with the mainland (pp. 223, 224).

42, The Palaeogeography of the various areas so far as it has a bearing on the distribution
of the Viviparidae is discussed (224-243). A detailed review of the literature
dealing with the Indo-African Connections based on the relationships of the
Recent Faunas of the regions is included (pp. 234-237).

13. An examination of the relationships suggests that the family Viviparidae arose from the
less highly modified common stem of the families Trochidae and the Turbonidae
in the Early Jurassic Period (pp. 243, 244).

@4, The Viviparidae apparently did not descend from a single common ancestral form.
The family had a polyphyletic origin and it is possible to distinguish at least
four main zones in which the members of this family evolved independently
by taking to a freshwater life. The four’zones (1) Western Europe, (2) North
America, (3) Peninsular India, and (4) Australia—are considered separately
and the probable time of origin in each area, the evolution of the different
subgenera, and the lines of migration of the various types to different areas
are fully discussed (pp. 243-249).



