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A multivariate analysis of the population systematics of Russell’s viper, based on scalation and
colour pattern characters, reveals that the populations of this viper constitute two well-defined taxa: .
a western form, comprising all populations from the Indian subcontinent, and an eastern form,
comprising all populations from east of the Bay of Bengal. The two forms could be considered either
as subspecies of one species, or as two separate species, depending on the species concept used.
Within the western form, there is no clear pattern of geographic variation. Within the eastern form,
the populations from the Lesser Sunda lslands are clearly divergent from the populations of
mainland Asia and Java. The conventionally recognized subspecies of Vipera russells fail to portray
this pattern of geographic variation. There is no clear relationship between the pattern of
geographic variation in morphology and the pattern of geographic variation in the clinical effects of
the venom in human bite victims: some populations with considerable differences in venom effects
are equally distinct morphologically, whereas other populations with equally strong venom
differences are morphologically very similar. The distribution of Russell’s viper can be attributed to
Pleistocene changes in climate and sea level, coupled with the viper’s ecological requirements, which
appear to inciude a seasonally dry climate.
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INTRODUCTION

Russell’s viper, Vipera russelli (Shaw), is one of the most widely known and
most widespread Asiatic venomous snakes. Its range extends from Pakistan to Sri
*Present address: 4-9-7 Asahigaoka, Yotsukaido City, Chiba 284, Japan.
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Lanka, Taiwan and southern Indonesia, including India, Bangladesh, Burma,
Thailand, western Cambodia and parts of mainland China (Fig. 1A}, Its
distribution is remarkably discontinuous: while 1t occurs more or less throughout
India, its range is discontinuous in China and Indo-China, and it is completely
absent from the Malayan Peninsula, Sumatra, Borneo and most of Java; it
reappears in eastern Java, and on Komodo, Flores and Lomblen.

formosensis

pulckelio

lrmitis

Figure 1. A, Distribution of the conventional subspecies of Vipera russelli. Note the extreme
discontinuity between the various populations. B, Localities of the operational taxonomic units used
in this study.
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Most authors (e.g. Harding & Welch, 1980; Leviton, 1968) recognize five
subspecies of Russell’s viper: V. r. russelli (Shaw, 1797) from India, Pakistan and
Bangladesh; V. r. pulchella (Gray, 1842) from Sri Lanka; V. r. siamensis Smith,
1917, from Burma, Thailand, Cambodia and southern China; V. r. formosensis
Maki, 1931, from Taiwan; and V. r. limitis Mertens, 1927, from Java, Komodo,
Flores and Lomblen {Fig. 1A). In addition, Kopstein (1936) described the Javan
populations as V. r. sublimitis, and Deraniyagala (1945) the northern Indian
populations as V. r. nordicus. The subspecies V. r. sublimitis was recognized by van
Hoesel (1954, 1958), but V. r. nordicus has been ignored by subsequent workers.
These subspecies were defined primarily on the basis of the number of rows of
dorsal spots, and a few other colour pattern characters; in some cases purported
differences, especially in the number of rows of dorsal spots, were artefacts,
caused by a misinterpretation of previous published descriptions (Brongersma,
1958). The pronounced similarity between some populations assigned to
different subspecies has been noted (Brongersma, 1958; Warrell, 1989).

Thorpe (1980, 1984, 1987) has discussed the shortcomings of conventional
subspecies defined on the basis of single characters: different characters may
display different patterns of geographic variation, so that subspecies defined on
the basis of variation in one character will not predict the pattern of variation
exhibited by other characters. Consequently, such conventional subspecies are
likely not to represent coherent evolunonary&g};oups thereby obscuring- the
actual pattern of geographic variation. Thus, their usage impedes the
understanding of the population evolution of the group concerned.

It has been proposed that Russell’s viper, and other large species generally
assigned to the genus Vipera (e.g. V. lebetina, V. palaestinae, V. xanthina), should be

~reassigned to the genus Daboia Gray (Obst, 1983). We do not regard this matter

as finally settled. Since the question of the relationships between Russell’s viper
and other viperids is irrelevant in the context of this study, we prefer a
conservative approach, and will therefore refer to the species as Vipera russelli.

Owing to its occurrence in agricultural areas (especially rice fields), its
excellent camouflage, uncertain temper and potent venom, Russell’s viper is a
major cause of snakebite morbidity and mortality in many areas, such as India
(Matthai & Date, 1981), Sri Lanka (Phillips ¢t al., 1988; de Silva, 1981, 1990; de
Silva & Ranasinghe, 1983), Burma (Aung-Khin, 1980; Myint-Lwin et al., 1985),
Thailand (Looareesuwan, Viravan & Warrell, 1988; Sawai et al., 1972) and
parts of Indonesia (Auffenberg, 1980). However, it does not appear to be an
important cause of snakebite in Taiwan (Kuo & Wu, 1972; Sawali et al., 1972).
The clinical manifestations of Russell’s viper bite vary enormously, depending on
geographical area (Warrell, 1989). As a result, antivenoms produced on the basis
of venom from specimens from one area may be ineffective against the venoms of
specimens from other areas, even within the generally accepted subspecies.

In several groups of venomous snakes, it has been found that venom
differences correspond to taxonomic differences. Well-known examples include
the carpet viper (Echis carinatus) complex (Mebs & Kornalik, 1981; Warrell &
Arnett, 1976), and the Asiatic cobras of the Ngja naja species complex (Warrell,
1986; Wiister & Thorpe, 1989, 1991). These examples show how variation in
venom composition and effects can parallel variation in morphology, and how
an understanding of the population systematics of a group of venomous snakes is
essential for the efficient use and production of antivenoms. In Russell’s viper,
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the link between venom variation and morphoelogical variation has been stated
to be very weak (Anonymous, 1985; Warrell, 1989). However, we have recently
shown that morphological differences between the Thai and Burmese
populations, which exhibit major differences in venom effects, were much more
important than had been previously realized (Wiister et al., 1992).

The aim of this study is to elucidate the pattern of geographic variation in
Vipera russell across its entire range, using multivariate morphometrics; to test
the validity of the conventional subspecies against the pattern of geographic
variation; and to relate the geographic variation in bite symptoms reported in
the literature to the pattern of geographic variation in the morphology of the
species.

MATERIALS AND METHODS

Materials and characters

This study is based on the analysis of morphological characters recorded from
preserved museum material. A total of 225 specimens was borrowed from a
number of museums in Europe and North America. After the elimination of
badly damaged specimens, and specimens with dubious locality records, 208
specimens were left for use in the analyses.

The characters used for analysis were taken from the scalation and colour
pattern of the animals, and are listed in Table 1. In order to record the position
of characters along the body of the snakes, the ventral scales were numbered
from the head to the vent, according to the method of Dowling (1951). The
position of a character along the body is recorded as the position of the ventral
scale at the level of which it'is situated. This is then converted to %ventral scale
(% VS) position in order to compensate for variation in the number of ventral
scales. Similarly, the relative length of a character is recorded as the number of

TapLE 1. Characters used

Number of ventral scales.

Number of subcaudal scales.

Number of dorsal scale rows at 259, VS length.

Number of dorsal scale rows at 509, VS length.

Number of dorsal scale rows at 759, VS length.

Number of dorsal scale rows at 1009, VS length.

Number of upper labials.

Number of lower labials.

Number of scales contacting orbit.

10.  Number of scales between the supraoculars.

11.  Number of scales between the anterior chin shields and the first ventral scale.
12.  Number of scales contacting the rostral scale.

13, Number of lateral spots between the head and the anus.

14.  Number of rows of spots on dorsum at 50%, VS length.

15. Number of dark spots on the five ventral scales following 50%, VS length.
16. % Lower labials with a dark spot.

17. % DS width of median dorsal spot at 509, VS length.

18. 9% DS width of lateral spot at 50%, VS length.

19. 9% VS8 length of lateral spot at 509, VS length.

20. 9 DS hcight of upper edge of lateral spot at 50%, VS length.

21.  Width in scale rows of lateral spots on head.

22, Number of scales between lateral head spots at their closest point.

PP NS D
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ventral scales along which it extends, and this is then converted to %,ventral
scale (% VS) length. The width or height of colour pattern characters on the
dorsum of the specimens is recorded as the number of dorsal scale rows on which
they encroach. This is then expressed as a percentage of the number of dorsal
scale rows at the level of the character (%,DS width). See Thorpe (1975) for
more details on the recording of morphometric characters from snakes.

Selection of operational taxonomic units

When analysing patterns of geographic variation, it is essential to discriminate
between taxonomically relevant variation due to geographic differences, and
taxonomically irrelevent within-locality variation. This requires the specimens to
be grouped into geographic samples, generally referred to as operational
taxonomic units (OTUs).

In studies relying on museum material, which often originates from widely
scattered localities, it is necessary to pool specimens from more than one locality
in order to maximize OTU size. In this study, such OTUs were initially defined
on the basis of collecting gaps, and hypothesized physiographic distribution
barriers. When pooling specimens from more than one locality, it is essential to
avoid the formation of OTUs which contain geographic variation within them,
as this would obscure the pattern of geographic variation to be elucidated.
Similarly, it is important to avoid pooling specimens of different, sympatric
species in one OTU. The presence of sympatric species may not always be
obvious without multivariate analysis (see Thorpe & McCarthy, 1978, for an
example). _

Single-linkage cluster analysis of cases was used to test for geographic
heterogeneity within the putative OTUs. If a proposed OTU appeared to
contain geographic variation, it was split into separate OTUs, one for each
apparent phenotype. The sexes were analysed separately. The final OTUs are
mapped in Fig. 1B, and listed, with sample sizes, in Table 2.

TaeLe 2. OTUs and sample sizes

Sample size

Males Females

L, Sind Province, Pakistan 15 13
2, Northern India and northern Pakistan 7 2
3. Ajmer, Rajasthan, India 1 0
4, Maharashtra State, India 1 1
3. Mungeti, Madhya Pradesh, India 1 0
6. West Bengal (India) and Bangladesh 1 2
7. Southern India 8 5
B. Sri Lanka 10 8
9, Rameswaram, Pamban Island, Palk Strait, India i 0
10. Southern Burma 17 15
11. Central Thailand 10 g9
12 Guangdong Province, China ! 0
13. Taiwan g 8
14. Java, Indonesia 3 2
15. Komodo Island, Indonesia 35 18
16. Flores Isiand, Indonesia 0 3
17. Lomblen Island, Indonesia 0 2
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Multivariate techniques

Two main multivariate methods were used to investigate the population
systematics of Russell's viper: principal components analysis (PCA) and
canonical variate analysis (CVA). Canonical variate analysis, run on substantial
numbers of OTUs, was used in order to elucidate general patterns of geographic
variation, whereas PCA, run on individual specimens in situations where only
the specimens of very few OTUs were involved, was used to investigate the
relationships between pairs of adjoining populations (see Wiister ¢f al., 1992). In
addition, PCAs of the OTU means of each character were run in order to test
the results of the CVAs.

The following CVAs were run:

CVA la: all male OTUs, using characters 1-13, 15-22,

CVA 1b: all female OTUs, using characters 1-7, 9-12, 15-22.

CVA 2a: male OTUs from west of the Bay of Bengal (1-9), using characters
1-13, 15-22. -

CVA 2b: female OTUs from west of the Bay of Bengal (1, 2, 4, 6, 7 and 8),
using characters 1-7, 9-12, 15-22.

CVA 3a: male OTUS from east of the Bay of Bengal (10 15), using characters
1-13, 15-22.

CVA 3b: female OTUs from east of the Bay of Bengal (10, 11, 13-17), using
characters 1-7, 9-12, 15-22,

The followmg PCAs were run, in order to test the validity of the Sri Lankan
subspecies V. r. pulchella:

PCA la: male specimens from southern India, Sri Lanka and Pamban Island
(OTUs 7-9), using characters 1-13, 15-22.

PCA 1b: female specimens from southern India and Sri Lanka (OTUs 7 and
8), using characters 1-13, 15-22.

Character 14 (the number of rows of dorsal spot rows) was not included in any
of the analyses listed here. This character is unsuitable for use in CVAs, because
it exhibits no variation within the OTUs used, and characters with zero within-
group variation cannot be used in this technlque This character was used in
PCAs of sample means (not described here in detail}, which were employed to
test the results of the CVAs.

RESULTS

The canonical analyses run on all OTUs (CVA 1a and 1b, Fig. 2) reveal that
the populations of Vipera russelli constitute two distinct, geographically coherent
forms: a western form, with a range extending from Pakistan to Bangladesh and
south to Sn Lanka, and an eastern form, with a highly discontinuous range,
which includes Burma, parts of Thailand, parts of southern China, Taiwan, and
the Indonesian islands of Java, Komodo, Flores, Ende and Lomblen (Fig. 3).

The CVAs run on the OTUs from west of the Bay of Bengal (CVA 2a and 2b,
Fig. 4) do not reveal a very clear pattern of geographic variation within the
western form; CVA 2a suggests some subtle differentiation between northern
and southern populations, the northern populations having generally higher
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Figure 2. Canonical variate analysis of all populations: ordination of the male (CVA la, top) and
female {CVA 1b, bottom) OTUs along the first two canonical variates, Circles indicate populations
from west of the Bay of Bengal, diamonds populations from east of the Bay of Bengal. OTU numbers
correspond to those in Fig. 1B. The axes are graded in units of within-group standard deviation.

scores along the first and second canonical variates than the southern
populations. In female specimens (CVA 2b), the trend is less clear, although
southern specimens tend to have, on average, lower scores along either the first
or the second canonical variates.

The CVAs run on the OTUs from east of the Bay of Bengal (CVA 3a and 3b,
Fig. 5) divide the eastern form into two distinet subgroups, one consisting of the
populations from the Asian mainland, Taiwan and Java, the other of the
populations from the Lesser Sunda Islands of Komodo, Flores and Lomblen.

The principal components analyses, PCA la and lb, do not reveal any
differentiation between the populations from southern India and Sri Lanka
(Fig. 6).
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Figure 3. Distribution of the western and eastern forms of Russell’s viper. Diagonal hatching
indicates the distribution of the western taxon, speckling the distribution of the eastern taxon.
Arrows point to the small relict distribution of the eastern form in southern Indonesia.

DISCUSSION
Population systematics and nomenclature

The dominant feature of the pattern of geographic variation in Russell’s viper
is the differentiation between the western and eastern populations; populations
from west of the Bay of Bengal constitute the western form, those from east of the
Bay of Bengal the castern form (Figs 2, 3).

In order to visualize the relationship between the eastern and western forms, a
longitudinal transect was plotted across the range of Russell’s viper, and the
mean score of each OTU along the first canonical variate was plotted against the
longitude of the OTU (Fig. 7). The result shows a clear step between the
western form, and the western populations of the eastern form. There is some
indication of clinical variation in the western form, but the magnitude-of the step
is such that the two forms must be regarded as clearly distinct. There can be no
question of an interrupted gradual cline.

The taxonomic rank of these forms, i.e. whether they should be regarded as
subspecies or as separate species, depends on the species concept used. Since the
two forms are allopatric, there can be no conclusive evidence of reproductive
isolation, or lack thereof. Consequently, the biological species concept, which
relies on this criterion, is inoperative in this situation. Adherents of the
phylogenetic species concept would split Russell’s viper into two species
(Cracraft, 1989) on the basis of the evidence presented here. In our opinion, an
understanding of the pattern of geographic variation in this group is more
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Figure 4. Canonical variate analysis of the western populations: ordination of the male {CVA 2a,

op) and female (CVA 2b, bottom) OTUs along the first two canonical variates. QTU numbers
correspond to those in Tig. IB. The axes are graded in units of within-group standard deviation.

important than a decision on taxonomic rank, which is dictated by a subjective
decision on the species concept to be used. Further studies on the population
systematics of the V. russellt group are currently in progress and we therefore feel
that it would be premature to definitively alter the nomenclature at this time.
'The confusion that would result in the biomedical literature from a formal split
of Russell’s viper into two species makes a conservative approach particularly
important in this case. Consequently, we prefer to avoid a definitive alteration of
the taxonomy of this species, for the time being, and propose a conservative
approach, in which the Russell’s viper group is regarded as a single species with
two subspecies, V. 7. russelli being the western form and V. 7. siamensis the eastern
form.

As in other groups of snakes, such as Natrix natrix (Thorpe, 1979) or the Asiatic
cobra complex {Wiister & Thorpe, 1989, 1991) the conventional subspecies of
V. russelli have failed to portray the pattern of geographic variation in this
species. The Sri Lankan population, conventionally classified as a separate
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Figure 5. Canonical variate analysis of the eastern populations: ordination of the male (CVA 3a,
top) and female {CVA 3b, bottom} OTUs along the first two canonical variates. Diamonds
correspond to populations from the Asian mainland, Taiwan and Java, triangles to populations from
the Lesser Sunda Islands. OTU numbers correspond to those in Fig. 1B. The axes are graded in
umits of within-group standard deviation.

subspecies, V. r. pulchells, is shown by PCAs la and 1b to be virtually
indistinguishable from the southern Indian populations, which include those
from the type locality of V. russellz, the Coromandel Coast of south-eastern India.
While there appears to be some north-south differential in the western form, this
is weak, and does not justify the recognition of V. r. nordicus Deraniyagala.
Consequently, both the subspecies nordicus and pulchella are here regarded as
synonyms of V. r. russellz.

In the eastern form, the subspecies V. r. formosensis Maki 1s clearly no more
distinct from the Thai, southern Chinese and Burmese populations, which are
conventionally classified as V. r. siamensis Smith, than these are from each other.
The fact that the populations from Burma and Thailand, which are
conventionally grouped together as V. r. siamensis, are quite distinct {Wiister
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Figure 6. Principal components analysis of individual specimens from southern India and Sri Lanka:
ordination of male {PCA la, top} and female (PCA b, bottom) specimens zlong the first two
principal components. Circles indicate specimens from Sri Lanka, diamonds specimerns from
southern India, and the star a specimen from Pamban Island, situated in the Palk Strait, between
India and Sri Lanka.

et al., 1992), whereas the populations from southern India and Sri Lanka,
conventionally assigned to separate subspecies, are virtually indistinguishable,
provides a particularly telling illustration of the inadequacy of conventional
subspecies, based on perceived differences in single characters.

The Lesser Sunda Island populations, conventionally classified as V. r. limatis,
are distinct from the remaining eastern populations, but interestingly, the Javan
populations, assigned to V.r. fmitis by Leviton (1968), Auffenberg {1989),
Harding & Welch (1980) and others, group with the mainland eastern
populations. There is no morphological differentiation between the Javan
populations and the populations of the eastern form from the Asian mainland;
the subspecies V. r. sublimitis Kopstein should therefore be considered as a
synonym of siamensis. The Lesser Sunda populations are morphologically distinct
from the remaining eastern populations, including those from Java; this
distinctiveness could be due either to phylogenesis, i.e. separate ancestry or to
ecogenesis, i.e. different current selection pressures leading to adaptive
modifications of morphological characters. Until this is resolved, we prefer not to
take a firm decision on the status of the taxon limifis.
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Figure 7. Plot of mean OTU scores along the first canonical variate of CVAs Ia (top) and 1b
(bottom) against longitude. Note the clear break between the western and eastern populations.
OTU numbers correspond to those in Fig. 1B, the length of the horizontal lines indicates the
longitudinal scatter of the specimens of the OTU concerned.

TaBLe 3. Geographic variation in Russell’s viper venom effects in rclation to east-west
morphological differentiation (modified from Warrell, 1989}

Taxon Western Eastern

Area Sri Lanka India Burma Thailand
Coagulability + ++ + + + 4+
Renal failure ++ + + +
Pituitary infarction - + o -
Intravascular haemolysis ++ + - +
Neuro-myotoxicity + 4+ + — -
Generalized capillary permeability — — + 4 -
Primary shock/hypotension — + + 4+ -
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Venom variation and iis relationship to morphological variation

Recent work on the clinical effects of the venom of Russell’s viper, carried out
in many parts of its range, has revealed an enormous degree of geographic
variation in the effects of its venom on human bite victims (Jeyarajah, 1964;
Myint-Lwin ef al., 1985; Phillips et al., 1988; Warrell, 1986, 1989) (Table 3).
This is related to profound differences in venom composition and enzymatic
activity (Jayanthi & Gowda, 1988; Woodhams et al., 1990).

In many venomous snake taxa, venom differences are related to taxonomic
differentiation of the populations involved. In the case of Russell’s viper, it has
been stated that there is practically no relationship between morphological
differentiation and venom variation (Anonymous, 1985; Warrell, 1989). This
study has revealed considerable morphological differences between some
populations with very different venoms (Wister et al., 1992), which had hitherto
been thought to be morphologically very similar. However, as can be seen from
Table 3, there is as much variation in venom effects within the eastern and
western taxa as there is between them, so that the link between morphological
variation and venom variation in Russell’s viper must be considered weak.

Antivenom effectiveness in Russell’s viper is apparently not related to the
principal division into eastern and western taxa, and also not necessarily to
differences in the effects of the venom. Despite profound differences in clinical
venom effects, antivenom against Burmese Russell’s viper (eastern form) was
found to be effective against the venom of Thai Russell’s vipers (also the eastern
form), and even against the venom of Russell’s vipers from India (western form)
(Phillips et al., 1988). The geographic origin of the Indian venom was not
indicated, which is unfortunate. However, since the Indian venom was stated to
have been obtained from the Haffkine Institute in Bombay, it is likely to have
originated from snakes from the western part of India. The venom of Russell’s
vipers from western India has been shown by Jayanthi & Gowda (1988) to have
a different mode of action than that of the southern Indian populations, which
are morphologically indistinguishable from Sri Lankan vipers. The Burmese
antivenom was found to be ineffective in protecting mice against the lethal
effects of Sri Lankan Russeli’s viper venom (Phillips ¢t al., 1988), as was Indian
(Haffkine) antivenom, presumably produced from the venom of western Indian
populations. The latter was found by the same authors to be similarly ineffective
in treating human patients envenomated by Russell’s vipers in Sri Lanka.

Systematic confusion has pervaded the study of Russell’s viper venoms.
Woodhams et al. (1990) erroneously assigned the northern Indian populations to
Vipera russelli siamensis, and the southern Indian populations to V. r. puchella. In
fact, the northern Indian populations belong to the western form (V. r. russellt),
just as the southern Indian and Sri Lankan populations, whereas siamensis is the
subspecific epithet applicable to the populations east of the Bay of Bengal only.
As was already discussed, the Sri Lankan and southern Indian populations are
very similar; since the type of locality of the entire species is in southern India,
both should be referred to as V. r. russelli.

The relationship between venom variation and morphological variation in
Russell’s viper thus appears to be unclear. Considerable venom differences, with

v
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problems of antivenom effectiveness, exist between populations with little
morphological differentiation (e.g. between northern Indian and southern
Indian and Sri Lankan populations), whereas antivenom against Burmese vipers
neutralizes the venoms of morphologically distinct Thai vipers, and of highly
distinct (Pwestern) Indian populations, which belong to the western form.

Very little information is available on the venoms of Russell’s vipers from
China, Taiwan, Indonesia and Pakistan, and their clinical effects. Much more
information is needed on geographic variation in clinical effects in the western
form, and on venom variation, on a finer scale than that provided by Jayanthi &
Gowda (1988). :

Biogeography

The highly discontinuous range of Russell’s viper has elicited comment for
many years (Brongersma, 1958; van Hoesel, 1954, 1958; Pope, 1935; Smith,
1943). The isolated populations from Indonesia have posed a particular problem
for biogeographers. Russell’s viper had been reported from Sumatra and Java in
the 19th century, but the material on which this was based was later shown to
have originated from India (Brongersma, 1958). Its occurrence in the Lesser
Sunda Islands was only discovered in 1927, even though it is common on some
(Auffenberg, 1980), and it was only recorded from Java by Neuhaus (1935).
There is no evidence that it occurs on Sumatra, the Malayan Peninsula or
Borneo, so that the southern Indonesian populations are isolated by over
2000 km from the nearest populations in Thailand.

The distribution of the remaining populations of the eastern form is equally
discontinuous, the Burmese, Thai, Chinese and Taiwanese populations being
completely isolated from each other. It has not been reported from Laos or
Vietnam, and there is only one record from Cambodia, very near the Thai
border (Saint Girons, 1972). The western form has a more continuous
distribution on a macroscale, but on a finer scale, its distribution on the Indian
subcontinent is also discontinuous and irregular (Smith, 1943).

Some of the discontinuity in the distribution of Russell’s viper is likely to be
due to a combination of habitat preferences and Pleistocene changes in sea levels
and climate. In most of its range, Russell’s viper prefers at least partially open
habitats with dry areas, and avoids rainforests (Auffenberg, 1980; Pope, 1935;
Smith, 1943, Warrell, 1989; Whitaker, 1978). This explains its present-day
absence from the Malayan Peninsula, Sumatra, Borneo and western Java, and
also from Assam and the mountains of western Burma, the area which separates
the eastern and western forms, Another venomous snake species which exhibits
an equatorial gap in its distribution is. the Malayan pit viper, Calloselasma
rhodostoma, which occurs widely in Indo-China and the northern two-thirds of
the Malayan Peninsula, is absent from most of Malaysia, and from Sumatra and
Borneo, but occurs on Java and neighbouring islands (Gloyd & Conant, 1990),

The presence of Russell’s viper in southern Indonesia can be related to
changes in climate and sea level during the Pleistocene. During Pleistocene cold
phases, sea levels fell by between 120 m and 200 m below current levels
(Heaney, 1985, 1986; Ollier, 1985). As a result, the entire Sunda Shelf was above
sea level, and the large islands of Indonesia (Sumatra, Borneo, Java) were part
of the Asian mainland. The increase in land area, and the cooling of climates, led
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to a drier and more seasonal climate in parts of the Sunda Shelf that are
currently covered by evergreen rainforest. Palynological evidence suggests the
existence of a corridor of drier, seasonal climate, extending south from Thailand
along what is now the Malayan Peninsula to eastern Sumatra and java (Morley
& Flenley, 1987). It is likely that this seasonal corridor provided suitable
habitats for Russell’s viper, and there may have been a continuous population
extending from Thailand to Java. Rising sea levels and more humid climates
then acted as vicariance events, eradicating all populations between Thailand
and eastern Java.

The Lesser Sunda Islands of Komodo, Flores, Ende and Lomblen were almost
certainly not connected to the Asian mainland during periods of low sea levels,
since they are separated from the Asian mainland by trenches more than 200 m
deep. However, these islands, and several others on which Russell’s viper has not
yet been found, were connected to each other during the Pleistocene, forming
one larger island. In view of the lack of a Pleistocene land connection between
these islands and the Sunda Shelf, Russell’s viper must have dispersed there
overwater from Java or another part of the Sunda Shelf. It is interesting to note
that, to date, Russell’s viper has not been found on Bali, which was connected to
Java during the Pleistocene cold phases, nor on Lombok or Sumbawa, which are
situated between the Sunda Shelf and the Greater Flores group.

The canonical variate analyses run on the eastern populations (CVAs 3a and
3b) show that the Russell’s viper populations from the Lesser Sunda Islands form
a phenetically cohesive group, which is consistently different from the remaining
populations, whereas the Javan population grouped with the Asiatic mainland
populations. The relative similarity of the Javan and Asiatic mainland
populations is not surprising: sea levels were still 120 m below their present level
18000 years B.P., so that the Javan and mainland populations were only finally
separated by rising sea-levels in geologically very recent times. Furthermore, if
the size of the Javan population only slowly declined to its present relict status, a
founder effect is unlikely.

There are several possible interpretations for the distinctiveness of the Lesser
Sunda Island populations. The first is that they are distinct due to a founder
effect. This is likely, since the species arrived there by overwater dispersal, which
implies a small founder population. The second interpretation is that the
colonization of the Lesser Sunda Islands by Russell’s viper happened a much
longer time ago than the separation of the Javan populations from the Asian
mainland populations, and that the phenotypic distinctiveness of the Lesser
Sunda populations is an example of divergence due to long separation
(phylogenesis). Finally, it is possible that different selection regimes operate on
the morphology of the animals in the Lesser Sunda Islands, leading to
ecologically induced phenotypic change (ecogenesis).
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