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in that comparatively young group of fishes (for in Peninsular
seem to date back to earlior than the Pliocene) the fluctuation
tions in the form of abundant rainfall, aridity and ch
the Quaternary and Sub-Recent; periods,
rejuvenated the streams of the Western Gh
cene, are primarily responsible for
I make an attempt to see wh
is a typical insular fauna
ovolutionary divergences.

India, they do not
8 in climatic condi-
anges in temperature during
and the orogenic movements which
ats of the Peninsula during the Pleisto-
bringing about considerable divergences. Here
at light the freshwater fish fauna of Ceylon, which
at present, throws on this problem of speciation and

GEoLoGI0AL. HIsTORY OF CRYLON AND THE SOURCE OF ITS FRESH.
WATER Fisa FAuNA

The works of Wayland (1919), Wayland and D
Deraniyagala (1939, 1945), Jacob (1949), and other,
history of Ceylon. Tt is inferfed that Ceylon was part of the Indian Peninsula
from the dawn of geological history up to the Miocene, when the North West of
Ceylon was depressed several hundred feot below the sea, thus being severed from
the mainland for the first time, Subsequent to this, due to minor oscillations
and eustatic movements, Ceylon seems to have been intermittently connected with
the mainland during the Quaternary Period, and even during the Holocene; for

its last severance from the mainland is said to have taken place only about 10,000
years back, with the end of the last ‘Pluvial Period”,

avis (1923), Wadia (1941),
§ give us some idea of the palaeco

TABLE I

TABLE SHOWING THE AFFINITIES AND THE SOURCE OF THE FRESHWATER FISHES OF CEYLON

Spectes and

subspecies Genera

1. Total number of freshwator fishes found in Peninsular India and
Ceylon., ] 295 91
2. Total number of freshwater fishos found in Ceylﬂil. S 7 30

Bzpressed as percentages
of the total number given

i row 1,
3. Freshwater fishes of Coylon, 19,322 32.976
4, Treshwater fishes endemic in Ceylon. 7.457 2.197
6. Fishes common to Peninsular India as a whole and Ceylon. 11.864 29.670
6. Itishes common to ‘Malabar’ and Ceylon. 11.864 29.670_
7.  Freshwater fishes found in

Ceylon on the one hand and the Chinese

or the Malayan Sub-Regions on the other, but not present in

Peninsular Tndia, 0.338 1. 698

8, Freshwater fishes endemic in Peninsular India,.

40.678 12,087

to that of Peninsular Indj
above), leads one to th

The very great similarity of the present-day freshwater fish fauna of Ceylon

a, especially to the ‘Malabar’ (as is shown in Table I, given
e inevitable conclusion that the island received its fish
32
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fauna from the mainland; and that this was possible through former land conneo.
tions. Thus, as on the Indian Peninsula, the influx of the bulk of this fauna to
Ceylon would date back to not earlier than the Pliocene. However, paleonto-
logical evidenco indivates that a small element of the present-day freshwater fish
fauna of Ceylon could belong to the early Focene Period (vide infra). The
fossil remains of extinet mammals, as well as the ocourrence of cortain living
vertebrates, hoth in Ceylon and in India, and the past history of human oiviliza.
tion on the island, amply show that former land connections during the Quaternary
and Sub-Recent Periods definitely acted as highways of migration from the mair.
land to the island, Therefore, during these periods, continuity in the watersheds
between the mainland and the island would also have favoured the migration of
aquatic animals,
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Fig. 1. Map showing part of Peninsulap India and Ceylon.

FRESHWATER Tisg Favna orp CEYLON

In using the term ‘Freshwater Fishes’, I have taken into consideration all
those fishes which belong, according to Myer’s terminology (Myers, 1937), to the
Primary  division {consisting of fishes physiologically restricted to freshwater
throughout their life oycle) and the Secondary division (fishes which may spend
part of their life cycle in a marine habitat). A list of the freshwater fishes (thus
defined) of Ceylon is given below ;
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List of the Freshwater Fishes of Ceylont

Chela laubuca (Hamilton)
Puntivs amphibius (Valenciennes)
*Puntius bimaculatus (Bleeker)
Punlius chola (Hamilton)
Puntius sarana {(Hamilton)
Puntius dorsalis (Jordon)
Puntius  filamentosus (Valenciennes)
*Puntius nigrofasciatus (Giinther)
Puntius pleurotania Bleeker
*Puntius cumingi (Giinther)
*Puntius  sinhala (Duncker)
Puntius ticto Hamilton
Puntius vittatus Day
*Puntius titteya Deraniyagala
o1 khudree longispinis (Giinther)
TGarra lamia ceylonensis Bleeker
Labeo dussumier; (Valenciennes)
tLabeo porcellus lankae Deraniyagala
*Labeo fisheri (Jordan & Starks)
Rasbora daniconius (Hamilton)
*Rasbora  vaterifloris Deraniyagala
Amblypharyngodon, melettinus (Valenciennes)
*Horadandia  atukoral Deraniyagala
Tlsomus barbatus thermoions (Valenciennes)
Dando  aequipinnatus (McClelland)
Barilius bendelisis (Hamilton)
Barilius vagra (Hamilton)
Lepidocephalus thermalis (Valenciennes)
Noemacheilus botia botiq (Hamilton)
Noemacheilus botia aurens Day
*Naemacheilus notostigma Bleeker
tWallago atty valeya Deraniyagala
Ompok  bimaculatus (Bloch)
Mystus keletins (Valenciennes)
Mystus gulio (Hamilton)
Mystus viltatus (Bloch)
1Clarias dussumiers brachysoma (Giinther)
Heteropneustes fossilis (Bloch)
*Heleropneustes MIcrops (Giinther)
Anguilla bengalensis (Gray & Hardwick)
Anguille australis (Richard)

1 In the above list slight changes in the nomenclature have been advocated wherever found
necessary, For instance Anguilla bengalensis (Gray & Hardwick) will be found as Anguilla
breolor bicaloy McClelland in Deraniyagala (1952), " The subspecies Garra ceylonensis phillipsi
Deraniyagala is considered hera & synonym of Garra lamta ceylonensis Bleeker,

Exotic or introduced species like Osphronemus gourami (Lacépdde), Oyprinus carpio var,,
ete,, are left out in the above list, as they serve no useful purpose in the present, study. 8o also
ara some of the imperfectly known species, like Ambassis thermalis Cuvier, ete. Btroplus Cuavier,
which represents the ‘African oloment’ in the fish fauna of Peninsular India and Ceylon, is also
omitted for the same reason. The lattor with two species, K, suratensis (Bloch) and E. maculatus
(Bloch), has its nearest related form in Paretroplus Bleeker of Madagascar, T¢is probable that
this ‘Afvican element’ reached Peninsular India by sea, wviz the Seychelles— Chagos—Maldive
Chain, They are Secordary division fishes and their salt-tolerance indicates that sea barriers
can be crossed,
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tAplocheilus lineatus dayi (Steindachner)
Aplocheilus panchax (Hamilton)
Xenentodon cancila (Hamilton)
tAnabas testudienus lkavaiya Deraniyagala
*Belontia signata (Giinther)
Macropodus cupanus (Cuvier)
ok Malpaluita kretseri Deraniyagala
Glossogobius giuris (Hamilton)
Channa striatus (Bloch)
Channa punctatus (Bloch)
tChanna marulius ara (Deraniyagala)
tChanna gachua kelaarti (Glinther)
Channa orientalis Schneider
Macrognathus aculeatus (Bloch)
Mastocembelus armatus (Lacépede)
Synbranchus bengalensis (McClelland)

**(Generic Divergence, *Specific Divergence. {Subspecific Divergence,1

ExpEMic FiSHES AND: THEIR KooLocicAn TOLERANCE

Out of the 57 species and subspecies listed above, as many as 21 are endemic
in Ceylon. A noteworthy feature is that all the endemic fishes belong to the
Primary division, and are essentially confined to freshwaters. They are not of
the ‘migratory type’, though some hill-steam fishes, like species of Garra Hamilton
and Z'or Gray, are known to travel short distances seeking quiet waters during the
breeding season. Fishes occurring in the estuaries and lowlands do not generally
move to the upper reaches of the stream, where the current is much swifter, the
water cooler and the food almost entirely different. Hven physiological factors
may tend to play a part in the ‘habitat preference’ of certain fishes. For instance,
in stagnant waters and swamps, the oxygen content of the water is low enough to
make normal aquatic respiration inadequate for the needs of the fish, unless the
blood has become modified to function at very low oxygen tension.

The works of Carter and Beadle (1930), Carter (1931), Wilmer (1934), and
others are very suggestive in this respect, as they have shown that under normal
circumstances fishes of clear and fast flowing waters will not survive for longin
stagnant waters with very low oxygen tension, unless their blood is modified to
counteract the effects of excess of carbon dioxide (carbon dioxide insensitiveness),
or they have developed accessory respiratory organs, etc.

Therefore, as a rule, fishes of the Primary division, living in hill-streams, lakes,
rivers, estuaries and marshes are prone to remain in their respective habitats, On
this basis, as many as three principal ecological zones can be recognized in the
drainage system in Ceylon, which may be classified as follows:

1. Sluggish streams of the coastal tract, estuaries, marshes and swamps
(sluggish waters).

2. (lear waters of rivers, lakes and tanks (fluviatile and lacustrine waters).

3. Hill-streams (rapid running waters).

The endemic species and subspecies mentioned under the above three zones
in the following table, are not strictly stenozonal; but, as already pointed out are
primarily to be met with in their respective habitats.

1The term ‘Subspecific Divergence’ is used here to denote all infra-specific categories of
divergences. The absence of any work for delimiting subspecies, races and varieties of Ceylon
fishes has made it necessary to follow such a course,
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TABLE 11
Zone 1 Zono 2 Zone 3
Sluggish waters Fluviatile or Lacustrine waters Rapid running waters
tClarias dusswmieri brachysoma *Puntius bimaculatus Bleeker tGarra lamla ceylonensis
(Ginther) Bleeker
* Heteropneustes microps *Puntius nigrofasciatus 1@or khudree longispinis
(Giinther) (Giinther) i (Giinther)
tAnabas testudienus kavaiya *Puntius sinhala *Noemacheilus notostigma
Deraniyagala (Duncker) Bleeker
*Relontia signatus (Giinther) * Puntius cuming: (Giinther)
*% Malpulutta kretseri Deraniyagala  *Puntius titteya Deraniyagala
tChanna marulius ara tLabeo porcellus lankae
Deraniyagala Deraniyagala
tChanna gachua kelaarti *Labeo fisheri Jordan & Starks
(Giinther)
*Rasbora vaterifloris
Deraniyagala
**Horadandia attukorali
Deraniyagala
tHEsomus barbatus thermoicus
(Valenciennes)
T Wallago attu valeya Deraniyagala
tAplocheilus lineatus dayt
(Steindachner)
**Generic Divergence, *Specific Divergence, TSubspecific Divergence,

Of the non-endemic element, species of Channa, Macropodus, Glossogobius,
Synbranchus and Mystus gulio, occur in Zone 1; while species of Noemacheilus,
Danio and Barilius occur in Zone 3, The rest are generally found in Zone 2,

FacTors LEADING TO EVOLUTIONARY DIVERGENCES

A treatment of the evolutionary divergences of these fishes on the bases of
their ecological tolerance is given below :

ZoNE 1. [Fishes found in the sluggish streams of the coastal tract, estuaries,
marshes and swamps. Up to now, there have been no reports of fessil remains
of freshwater Acanthopterygians from Ceylon; but, from their past history, as
well ag .their present-day .distribution, it can be reasonably inferred that the
Anabantidae and kindred fishes were the earliest Acanthopterygians to reach
Ceylon from the Indian Peninsula. In age, this element dates back to the early
Tertiary, as remains of a variety of Macropodus Lacépéde, and other allied fishes
of the familics Nandidae and Pristolepidae (Nandus Valenciennes and Pristolepis
Jordon), known from the Inter-Trappean beds of the Deccan, testify. As Ceylon
was part of the mainland during the Eocene, the distribution of these fishes from
India further south to Ceylon, would have been uninterrupted. Contemporaneous
with the spread of Macropodus to Ceylon, would also have been the distribution
of Belontia Myers, another Anabantid, which is at present represented in Ceylon
and the Malayan Archipelago by different species. Its extinction on the Indian
Peninsula might have been brought about by the lava-flows of the Deccan Trap
eruptions during the later part of the Eocene. The influx of Anabas from the
mainland to Ceylon may also date back to this period.

All the above mentioned species are marsh-loving forms, and Malpulutta
Deraniyagala, another Anabantid genus, which is endemic in Ceylon, probably
evolved due to long isolation from. the Macropodid stock on the island with which
it shows considerable affinities. The survival of this Kocene element in Ceylon,
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and its proliferation there, indicates that Ceylon was part of the mainland during
the Kocene; the Deccan Trap eruptions, which brought about the extermination
of a greater part of the fauna of the Peninsula, did not in any way affect it. Geo-
logical data seem to confirm this conclusion.

The Quaternary and Recent physiography of Ceylon suggest that the inter-
mittent land connections of the island during this period were established only
with the Indian Peninsula. These land connections would no doubt have facilitated
the further influx of the Anabantidae and allied fishes from the mainland. The
spread of air-breathing fishes, like Clarias Gronovius, Heteropneustes Miiller and
Channa Scopoli, to Ceylon can also be dated back to this period, probably to the
early or middle Pliocene, as prior to this their spread from the north to the
Peninsula itself was prevented by the existence of an arm of the sea. Fossil
remains of Clarias and Channa are known from the Siwalik deposits of Northern
India.

Though these fishes do not belong to the Secondary division, their occasional
presence in very slightly brackishwater situations indicates their slight ‘salt-water
tolerance’. This, in addition to the fact that they possess accessory respiratory

organs, increases their powers of vagility, so much so that, among these fishes, :

we can expect a much faster rate of distribution than among those confined to
hill-streams, rivers and lakes. Only infra-specific levels of divergences seem to
have taken place in Clarias and Channa, while one species of Heleropneustes has
evolved on the island, which on the whole is indeed a relatively ‘slow rate’ of specia-
tion as compared to fishes belonging to the other ecological associations on the
island, That more than one factor could have been responsible for this is shown
below.

1. Isolation : First of all, though geographical isolation of the stock on
the island was effected from time to time during the Pliocene-Pleistocene and Post-
Pleistocene, the periods of isolation were probably not long enough to bring into
play complete biological isolation. Also, in comparing the endemic and non-
endemic species of the island, the fact that many of the unchanged populations
of the island could be recent migrants should not be lost sight of. This being so,
it would be erroneous to base the rate of speciaton of a particular genus or species
complex of the island on the mere grounds of subspecific speciation. However,
in the present context, the term ‘slow rate’ is not used to mean ‘bradytelic’
(Simpson, 1944); but for a relative comparison of the speed of speciation shown
by species belonging to the different ecological associations on the island, .

2. Phenotypic plasticity : Plasticity will indirectly influence the speed of
speciation. Fishes capable of surviving in given environmental extremes in
nature should theoretically be less subject to the action lof natural selection, especi-
ally if they are able to adjust themselves physiologically to such varied conditions.
Marsh-loving fishes, unlike other species which tolerate no alteration of external
conditions and live in an almost unvarying niche, show much greater vagility and
powers of adjustability to a wider set of environmental factors. Thus, their rate
of speciation may seem to be relatively slow.

3. HEnvironmental influences : Environment influences the rate of speciation
through natural selection and other means. Greater phenotypic plasticity may
also be associated with a relatively low mutation rate, and subsequently a slow
rate of speciation. But even in such cases, if localized dynamic environmental
conditions are present, the speed of speciation will be accelerated, sometimes to
the point of bringing about tachytelic tendencies in the group. In Ceylon, the
habitats of fishes like Clarias and Channa seem not to have been subjected to
such dynamic environmental changes;!
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Thus, as already indicated, the evolutioniry rates of marsh-loving fishes on
the island, both of the Eocene as well as the Quaternary, are more or less normal
or horotelic (Simpson, op. cit.), as far as the group by itself is concerned; but is
relatively slow, as will be seen presently, when compared to fishes of other ecolo-
gical associations on the island.

ZONE 2. Fishes lwing in clear walters of rivers, lakes and tanks. The bulk
of this ecological association include fishes like the Cypriniformes and Siluri-
formes which in their spread to Ceylon are also contemporaneous with Clarias
and Channa. Genera like Punttus Hamilton, Labeo Cuvier, Rasbora Bleeker
and Fsomus Swainson have diverged into numerous species and subspecies in
Peninsular India. On the other hand, in Ceylon, a genus and as many as six
species and five subspecies have evolved from the Pliocene to the present-day.
Thus, it is interesting to note that, as normal aquatic breathers, they show a
much faster rate of speciation than air-breathing fishes, such as Clarias.

It is further evident, from their levels of divergences on the island, that their
evolution was not synchronic, but took place probably at different phases of isola-
tion from the mainland during this period. Isolation, both geographical and bio-
logical, and cyclic environmental changes (alternate effects of Pluvials and Arid
Phases), would have definitely aided speciation. Moreover, there is ample evidence
to show that a still more dynamic factor was at work, which would have been res-
ponsible for accelerating the speed of speciation of these fishes.

Wadia (1941) provides evidence that the waterfalls of the highlands of central
Ceylon are not accidental features, but are connected with earth-movements which
have lately disturbed the island’s structural framework and have generally accen-
tuated its relief. According to him “The occurrence of so many falls and steep
cascades bespeaks of Sub-Recent or Pleistocene rejuvenation of the streams after
they had acquired the maturity of an ancient drainage system......... ...this is due
to the introduction of an abrupt inequality in the channels by fault dislocation.

- The faulting has raised the headwalers relatively to the lower courses of the rivers by

an wpheavel of considerable magnitude and the upheavel was so late that the rivers
have had no time to adjust their gradients by cutting through the precipices so
interposed and replacing them by gorges.” (Italics mine.) *

It may well be asked what effect the rejuvenation of a stream could have on
its fish fauna ? For fishes with a limited ecological tolerance sudden changes in
the habitat, such as the creation of more torrential conditions, would naturally
leave open only two alternatives: rapid evolution to suit the changed environmental
conditions; or, if non-adaptive, either sudden or gradual extinction may be the
result. Both in the region of the Himalayas (Hora, 1953), as well as in the
Western Ghats of Peninsular India (Silas, 1952), such rejuvenation of hill-streams
and rivers are known to have been responsible for the evolution of new species
and even genera of fishes; and it is difficult to resist the conclusion that in Ceylon,
too, this phenomenon could have had some effect on the evolutionary divergences
of certain fishes, with consequent effects on their rate of speciation.

Taking into account the periods of isolation, the average length of the genera-
tions of each species, and the environmental changes in the insular area during
this period, it would be reasonable to place subspecific levels of divergences offishes
like Puntius, Labeo and Esomus as having taken place during the past 10,000 to
15,000 years of isolation of the island from the mainland. Generic and specific
levels of divergences among this group of fishes may date back to earlier periods
of isolation during the Pliocene-Pleistocene. ; ;

ZONE 3. Hill-stream fishes. Though the influx of hill-stream fishes, such as
Garra Hamilton, Tor Gray and Noemacheilus van Hasselt, to the Peninsula and

, Ceylon dates to the same period as Puntius and allied fishes during the Quaternary,
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in Ceylon they have not evolved as many species and subspecies as their allies
of the mainland. However, it is likely that this migrant element had already
attained a certain amount of specialization or in other words was ‘preadapted’,
which made further divergences unnecessary for some time; and this evolutionary
pause was aided by the absence of complete biological isolation, Other factors
boing the same, as in the previous group, the rejuvenation of the hill-streams during
the Pleistocene, and Sub-Recent periods, would have been directly responsible for
bringing about divergences in fishes of this ecological association, which ab
present have attained specific and subspecific levels of differentiation from
the mainland-stock.

NATURE oF EVOLUTIONARY DIVERGENCES AND PROBLEMS OF SPECIATION

As already seen, after their migration to Ceylon, these fishes have proceeded
to diverge and have attained varying degrees of differentiation from the mainland
stock, ranging from generic to subspecific levels as follows : generic divergences
(2); specific divergences (10) and subspecific divergences (10). In other words,
specific and infra-specific levels of divergence seem to predominate, while generic-
divergence amounts to only about 9.09 per cent of the total endemic element in
the freshwater fish fauna of Ceylon. All the non-endemic species, with two excep-
tions,! are found in Peninsular India. The absence of any endemic family of fresh-
water fishes in Ceylon once again points to the conclusion that the complete isola-
tion of the fish fauna there is a recent phenomenon.

It may be noted here that the concepts of polytypic species and other syste-
matic categories have not been fully extended to Indian fishes, The present study
shows that, when the Indian and Ceylon species are considered as a whole, different
types or a series of systematic categories can be recognized, an evaluation of which
would further the understanding of the evolutionary divergences of the insular
fish fauna. They range from (i) widespread and variable species which have not
yot differentiated into distinguishable forms on the island (e.g., Danio aequipinnatus,
Puntius ticto), to (ii) scarcely diverged forms, involving only subspecific divergence
(probably varieties or races, e.g., Channa marulius ara), to (iif) polytypic species
or Rassenkreise (Rensch, 1929) which have closely allied subspecies on the
mainland or on the island itself (e.g., Hsomus barbatus thermoicus), to (iv)
superspecios or Artenkreise (Rensch, 1929) which include groups of allopatric species
or semispecies® e.g. Puntius spp., and Noemacheilus notostigma, having closely
allied species on the mainland.

But these systematic categories do not fully explain certain aspects of specia-
tion or, to be more precise, the mode of divergences of the insular fauna in relation
to the mainland stock. Cain (1953) speaking of geographical and ecological species
concepts in relation to coexistence, and in this connexion the usage of the terms
sympatry and allopatry emphasizes Mayr’s view (Mayr, 1942, p, 227) that geo-
graphical and ecological ‘ranges’ are not exclusive, but overlap to a great extent.
Hence, unless properly understood, there is apt to be some confusion in the normal
usage of these terms. However, sympatry and allopatry may be used with advantage
in reference to spatial distribution (geographical), for the principal criterion dis-
tinguishing them is considered to be the ‘breeding range’ of the population. On
this basis, in the case of Peninsular India and Ceylon, fundamentally two types
of divergences can be made out. The first category would involve fishes, which

1 Qhanna orientalis Schneider, and the genus Belontic Myers, are represented elsewhere
in the Malayan Sub-Region and further east.

2 Semispecies (Mayr, 1942, p. 165) is used to indicate taxonomically distinet and wholly
allopatric, but closely related species.
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exhibit spatially a sympalric pattern of distribution. Here, the mainland stock,
which for convenience may be called the ‘parent stock’ (X’ in Figure 2, a—f),
is also present on the island. Malpulutia kretseri, to cite one example, may bhe
said to belong to this group, as it has undoubtedly evolved from the Macropodid
stock on the island. Other instances are to be found in the genera Heteropneustes
and Rasbora on the island. From the point of view of geographical speciation, it is
likely that some of these forms originally differentiated on the same lines as that
given below for the second category. The secondary invasion of the island by
the ‘parent stock’ at some later date will also tend to bring about the same
condition as that given for the first category. Hence a delimitation of the first
category of divergents in an insular area is more difficult since it needs an
intimate knowledge of the phylogenetic affinities.

MAINLAND ISLAND MAINLAND IS LAND

- - A

Fig. 2, a-f. Figures showing different types of divergences of fishes of the insular area.
An ‘X’ represents the ‘parentstock’ of the mainland, while ‘Y, Z, A, B, C, D’ represent
divergents. Figure (¢) shows unchanged populations on the mainland and the island;
(b) The first category : the divergence into ‘Y’ and ‘Z’ having taken place from
the ‘parentstock’ ‘X’ present on the island itself; (¢) The second category : the
divergence into ‘Y’ and ‘Z’ having taken place from the ‘parentstock’ ‘X’ of the main-
land ‘on reaching the island; (d) Same as in figure ¢; () ‘Y’ and ‘Z’ stocks on the island
represent unchanged populations as ‘X’ in figure a; (f) The divergence of ‘Y’ stock into
‘A’ and ‘B’ is the same condition as in figures ¢ and d, while ‘Z’stock into ‘C’ and ‘D’
represents divergences as seen in figure b, Figures e and f also show diagramatic re-
presentations of polytypic species and superspecies.

The second category will include fishes which hayve undergone differentiation
from the ‘parent stock’ of the mainland on their arrival on the island, to the extent
that the two populations are different, though not distinet, They may belong
to a polybypic species or even a superspecies, but geographically they occupy
two different areas (mainland and island), in which each strain amounts to 100
per cent of the population, This category will include fishes like Punfius
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sinhala, and Tor khudree longispinis, which replace, so to say, the mainland
‘parent stock’ of Puntius melanampyr (Day) and Tor khudree khudree (Sykes),
and other fishes on the island, Spatially they exhibit an allopafric patlern of
distribution; and, as already indicated, are members of a polytypic species or
othor systematic categories; but, neither the term allopatric, nor the connotations
used above, will fully signify this mode of insular divergence from the ‘parent

stock’ of the mainland.

Therefore, the distinction of endemic insular species into the above mentioned
two categories of divergents, based principally on spatial distribution, will be useful
as it may help in making clear a number of problems, such as whether single, double
or more invasions have taken place from the mainland to the island; the periods
of migration and the probable duration of isolation (both geographical and biolo-
gical) of the different species complexes; and as to how far environmental changes
affected speciation of forms belonging to the different ecological associations on
the island, Moreover, if only infra-specific or specific divergences are involved,
they further aid in bringing about a fuller appreciation of the status of subspecies
and semispecies, a fact which should not be overlooked in modern systematic
treatments, when such populations are involved.

Thus it will bo scen that the rate of speciation of the freshwater fishes of
(eylon can be more or less correlated with their ocological tolerance, and the extent
to which the different ecological biotopes were affected by environmental changes.
Considering the levels of divergences attained by the Quaternary element in Ceylon,
it can be said that they exhibit a fairly fast rate of speciation, especially as a genus,

nine species and a number of subspecies have evolved during the course of this -

period on the island. Indeed, had isolation been more completo, concomittant
with environmental changes, a much faster rate of speciation would have been
expected. At present, fishes of the hill-streams, rivers and lakes seem to be
among those most affected, probably as these habitats harbour species with generally
limited ecological tolerance.

A comparatively fast rate of speciation of fishes is also known to have taken
place in isolated lakes, which share with islands the factor of isolation. Worthing-
ton (1937, 1940), Trewavas (1947) and Greenwood (1951) have studied this point
in relation to Chiclid fishes of the great lakes of Africa, and Hubbs (1940), speaking
of the fishes of the western United States, observed that “in several isolated waters
evolution has proceeded far enough to produce new subspecies within what
appears to be a few hundred years, at most a fow thousand.” Therefore, it would
be only a conservative estimate if the rate of speciation of Ceylonese fishes is
compared with the estimated normal rate of 500,000 years as given for the evolu-
tion of new species of mammals (Zeuner, 1946). The point gains emphasis when
we remember that freshwater fishes, unlike mammals, are more susceptible to
environmental changes,

AORNOWLEDGMENTS

[ wish to express my gratitude to Dr. Sunder Lal Hora for helpful
suggestions and for criticizing my treatment of this problem and to Dr. Ernst
Mayr for offering valuable suggestions. I am also thankful to Mr. Cedric Dover
for going through the manuscript and to the National Institute of Sciences of
TIndia for the facilities given to me for participating in this Symposium.

SILAS ! FRESHWATER FISHES OF \(EYLON 259

REFERENCES

v

Cain, A. J, (1953). Geo
» Ad, (1053), graphy, ecolo ‘ i i i
o £ Epec%ea. Al 7’321}’ 76_%55.:111(1 coexisterice in relati
rtor, (. 8. and Beadle, L. C. (1930). The f
by i le, L., C. . aun ;
lg"l relation to its environment-1. Physico-chcm?c:?]f rﬂ:fu?; m?!t)lq & t-l}e Farsgdayan Ch'ﬂ B2
Soc. London. 37, 205, oLt anialys il auin. =L,

on to the biclogical definition

Carter, G. 8. (1931). Ac i i i
. i f juatic and aerial respiration i i 1 7
# . ] ‘espiration in animals. R : .
tuxjﬂgnﬁ.,qf;.) E.SOI]’;IB(IQI.‘JT). b{(‘)lﬁe Miocene fishes from Coyloxiowg"};{;ﬁ R?Z;?)' 62’0]I197 9
947). hase; i i l Sei. (18 § 5
el p S of the evolution of Coylon. Cey. Assoe. Sei. (1946 Session;
—— (1952), A coloured atlas of some v
‘ rertebrates of (f ] O
G (12}."33).H A(rllgg'l;‘ace Pf ]IVtr'r.llago ;n!zu from Ceylon, BJ:SE;;IJ Iécy{mggs‘pt 1
d, .« H. . luvolution of t ' Yichlid | ey
i sgecies-(i}ggl;)m ﬁn-ke ol N(ztu(:'e tilé?l ’ ?S ican Cichlid fishes in the Haplochromis
, 8. L. (1952), n ichthyologist | ; i
Iﬂd'l(t.(IQ(I;I'CBid()ntllﬁl Adﬁresg, 19;’.‘(2);(.8 redidon p
—_— 53). The evoluti 5 i ‘renti i
5 i ution of the Indian torrential environment and its flshes. (This
ubbs, C, If (1940)1.. Speciation of fishes, Amer. Nat. T4, 198.211
e ((1 L?i,?," Righos of tho dosert, e Biologist 22, 61.60,
3 . ¢ . La connections ; i )
Sl oections between Ceylon and Peninsular India, Proe. Nat, Inst.
Mayr, B, (1942), Systematics igi
', B, i s and the origin of speci v
Myers, G. S. (1937). Freshwater fishes and \Vesﬂfﬁﬁﬁén fg:)gg)(g,;];i)hy R
2 . Rep,

alacogeography. Proc. Nat. Inst. Sei.

S04, Smithson, Inst
Rensch, B. (1929). Das Prinzi ¥ )

ST : ¢ nzip geographi . ;

Berlini  Gebruder Borntraeger?gr phischer Rassenkrois und das Problom der Artbildung.

Silas, BE. G. (1952). Furth i
, B, G 62). er studies regarding Hora’s Sat
Erltas ‘ ; : } 1 a’s Satpura H hesi i i
a,fﬁnii?;:I;; ﬂIl’loi'levnlS of evolutionary divergences of ﬂé%leg wm}:p(;lthesm. o
mnsular India. Proe. Nat. Inst. Sci. India, 18 423 l4‘:}8 Pt

Sﬁl;gs:::;,q GE G(lgl ;E%H-).Sp’gerlngo &n;‘l (l)n.ode in evolution. New York
avas, H, ; ciation of Cichli i ]
Wadia, D. N, (1941). The making of ge;/ignﬁShg;o‘;fg‘;? éﬁ?'fl‘lfém Ry e 0,
e (1941). The ring of waterfalls of Canbral-(}eJ LR
w Ishuctm'e and earth movements., Ibid. 23, 20.21
ayland, HE. J. (1919). Outline of the Stone A,ge of C:aylon Ibid. 11, 41
: d. 11, 41,

ylon and its bearing on the geological

Wayland B, J (191[)) and D vis A, M. 2 'he N 10 0. 0| C

; 0 . ). ) AVIs i

: 3 ( 9 3). 'he M cene of CBY[OI]. Q.JA Geol. Soc.

W ilmer, K. N. (19 3‘1‘)- Some observations on the re, irati ! (6] wato
ﬁs'hes, Brit J. Expt. Bi l L ¥ ? 3Pl ration of ortain tropical freshwater

Worthington, E. B. (1937). Oi i
. B. : 1 th ‘
ges. H('glfga%l) Hydrogr., 35, 305?;:011“10" o
— 40). Geographical differentiation in’

1 y rators wi i
¥ e I:[m:[ey, J_,, Roabhic Sysmnmt,i(;:, ?;ngogleﬂll\‘ﬂ-t[,lﬂ with special reference to fish,
Zeuner, K. H. (1952)., Dating the past, London, .

fish in the Great Lakes of Africa. Int. Rev,



