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PROBLEMS AND APPROACHES IN THE
INTERPRETATION OF THE EVOLUTIONARY
HISTORY OF VENOMOUS SNAKES

John E. CADLE *

ABSTRACT: Data from the literature bearing on the phylogenetic
relationships among higher taxa of advanced snakes are reviewed
in an attempt to resolve the question of how many parallel
evolutionary events have resulted in front-fanged venom delivery
systems. Two specific events, that of the New World coral snakes
(Micrurines) and the African mole wviper (Atractaspis), are
discussed in detail, and molecular evidence comprising immuno-
logical comparisons of serum albumins are brought to bear on
the relationships of these taxa. The molecular evidence do not
support the hypothesized affinity of either of these groups to
colubrids, and strongly support the relationship of micrurines to
the elapids. Atractaspis is not unambiguously allied with either
viperids or elapids by molecular criteria, and may represent a
lineage independent of these and of the colubrids. It is concluded
that there are reliable data upon which to suggest the parallel
evolution of front-fanged wvenom delivery systems in at most
three lineages: Atractaspis, viperids, and elapids. Hypotheses
suggesting the evolution of these systems from within colubrids
are discounted.

Problems with the current data base and approaches to the
phylogeny of advanced snakes are highlighted, and suggestions
for formulating and testing additional hypotheses are made.
Front-fanged venom delivery systems in advanced snakes may have
evolved fewer times than some current theories suggest, but more
robust phylogenetic hypotheses are necessary to formulate specific
tests.

INTRODUCTION

The adaptive radiation of advanced snakes (Caenophidia or Colu-
broidea) has produced a diverse array of species that inhabit most of
the world’s terrestrial habitats, as well as some aguatic and marine forms.
They are traditionally divided into three families, the Colubridae con-
taining about 80% of the species, and two front-fanged venomous groups,
Elapidae and Viperidae, with less extensive radiations. Numerous pro-
blems exist with attempts to reconstruct the evolutionary relationships
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and history of these groups. The paucity of fossil material combined
with extensive parallelism in morphological features (Rabb and Marx,
1973 ; Underwood, 1967) has prevented the formulation of robust phylo-
genetic hypotheses, resulting in considerable instability of higher taxo-
nomic categories.

One of the pervasive morphological themes among the advanced
snakes is the evolution of venom delivery systems (Underwood, 1967;
Rabb and Marx, 1973). Though some members of the Colubridae show
no dentitional or other specializations associated with venom delivery,
many species have enlarged rear teeth associated with specialized
venom-secreting (Duvernoy’s) glands, and species of two genera
(Dispholidus and Thelotornis) are known to be highly venomous. The
front-fanged venomous snakes exhibit two structurally different types
of venom apparatus. Proteroglyph dentition, consisting of hollow fangs
on relatively elongate and non-rotatable maxillary bones, is found in
all elapids. In viperids, on the other hand, the fang-bearing maxillary
bone is extremely short and rotatable so that the fangs can be erected
(solenoglyph dentition). In addition, the elapids and vipers differ In
other aspects of the morphology of the venom apparatus (muscles,
glands) and they differ generally with respect to the biochemical nature
of the components of the venom itself (Kochva, 1979; Lee, 1979).

Much of the taxonomic instability of the advanced snakes centers
on the questions of how many times particular venom delivery systems
have evolved (see Bougeois, 1965; McDowell, 1968; and Savitzky, 1978
for discussions). A critical question has been whether or not the
front-fanged venomous snakes (Viperidae and Elapidae, omitting for
the present the problematic genera Homoroselaps, Atractaspis,. and
Micrurus) stemmed from a common ancestor with front fangs, or whether
they represent independent derivations of specialized venom delivery
systems. Boulenger (1893) proposed that vipers and elapids had inde-
pendent origins among the colubrid snakes, and subsequent work on
jaw musculature (Haas, 1938, 1952, 1962), trunk musculature (Mosauer,
1935), and the venom gland and its musculature (Kochva, 1962, 1963,
1978) reinforced this view. Other workers (Mahendra, 1938; Bogert,
1943: Johnson, 1955, 1956; Dowling, 1959; Marx and Rabb, 1965;
Klauber, 1972; Rabb and Marx, 1973) adhered to the view advocated
by Cope (1900) that the viperids and elapids were more closely related
to each other than either was to the colubrids. This particular problem
is a reflection of a more general problem encounterd in attempts to
unravel phylogeny among advanced snakes: How are the parallelisms,

to be recognized?

Recent discussions of the evolution of venom delivery systems in
snakes have increasingly invoked parallelism to explain the attainment
of front-fanged conditions (proteroglyphy or solenoglyphy) in presumably
unrelated taxa of advanced snakes. Currently, there are five such
postulated parallel events described in the literature: Viperidae, Elapidae,
Atractaspis, Homoroselaps, and New World coral snakes. Fouin (1969)
suggested a sixth parallel attainment of a front-fanged venom delivery
sytem in the elapid genus Elapsoidea, but this work has been reinterpreted
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by Savitzky (1978) as not supporting such a hypothesis and it will not
be considered further here.

Tests of hypotheses of parallelism must begin with an hypothesis
of the evolutionary relationships among the taxa involved, for parallelism
18 evidenced by the appearance of identical derived character states in
nonsister taxa. Thus, characters evolved in parallel will be discordant
with a phylogeny based on characters which accurately reflect the
evolutionary history of a particular group. For anlyses of parallelism,
the reference phylogeny should be supported using as many character
sets as possible. Morphological data are commonly used to construct
these phylogenetic hypotheses, though any data which can be analyzed
phylogenetically can provid useful information. Recently, molecular data
have made significant contributions in this regard (see for examples,
Cronin and Meikle, 1979 ; Sarich and Cronin, 1976 ; Larson et al., 1980).
Thes data are especially useful as an independent assessment of rela-
tionships based on morphological criteria, and can be used alone or in
conjunction with morphological data to corroborate or refute specific
phylogenetic hypotheses. Because molecular evolution can be shown to
be a largely divergent process (Wilson et al., 1977), it can be extremely
valuable in allowing the detection of parallelism in morphology. Recent
applications of molecular data to evaluate suggested cases of parallelism
have corroborate the monophyly of the ratite birds Prager et al., 1976)
and of the hystricognath rodents (Sarich and Cronin, 1980), and have
shown the association of the catarrhine and platyrrhine primates (Sarich
and Cronin, 1976, 1980), of the giant panda with the bears (Sarich,
1973), of Cynocephalus (Dermoptera) with the primates (Cronin and
Sarich, 1975), and of the New World coral snakes with other elapids
(Cadle and Sarich, 1981). In each of these cases, the hypothesis of
parallelism in the morphology of the taxa concerned has been refuted.

A detailed analysis of the relationships among suprageneric taxa
of advanced snakes from the standpoint of molecular data requires data
from a broader array of taxa than are presently available, and will be
the subject of future reports., Here I restrict my discussion to two
examples which have figured prominently in discussions concerning the
parallel acquisition of front-fanged venom delivery systems in snakes,
and which illustrate my approach in the application of molecular data to
problems in snake systematics. I will then highlight some of the problems
encountered in attemps to analyze the evolution of snake venom delivery
systems, and put these into a more general perspective relative to the
phenomenon of parallelism and the phylogeny of such complex adaptations.

The approach used involves immunological comparisons of serum
albumins with the microcomplement fixation assay, a procedure described
in detail by Champion et al., (1974). This method basically deteects
sequence resemblance between homologous proteins in different species
by using antisera to proteins from references species. The data I will
discuss are expressed in albumin immunological distance units (AID
units), wich may be subjected to a variety of numerical techniques to
construct hypotheses of phylogenetic relationships. For further discussion
of these approaches see Champion et al. (1974), Sarich and Cronin (1976),
and Prager and Wilson (1978).
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The two examples I discuss are the New World coral snakes
(Savitzky, 1978) and the African mole viper Atractaspis (Bourgeois,
1965). Both of these groups are front-fanged venomous snakes (proter-
oglyphous and solenoglyphous respectively) and were seen as derived
from specific colubrid lineages. According to these phylogenetic
hypotheses their venom delivery systems would be derived in parallel
with those of true elapids and vipers.

The immunological data bearing on the relationships of the
micrurines have been extensively discussed elsewhere (Cadle and Sarich,
1981), and will only be briefly reviewed here. Immunological data bearing
on the second case, Atractaspis, are as yet incomplete, but the data now
available are at variance with some interpretations of the relationships
of this genus, and they suggest areas were more work is needed to
resolve the phylogenetic affinities of this enigmatic snake. A more
detailed consideration of the molecular data por Atractaspis will form a
separate report.

THE NEW WORLD CORAL SNAKES (MICRURINES)

New World coral snakes (Micruroides and Micrurus) are a Specit.qe
(approximately 50 species) but morphologically a rather conservative
group distributed from the southern United States to Central Argentina.
Traditionally coral snakes have been considered the sole New World
representatives of the family Elapidae (McDowell, 1967, 1969). Howewer,
Savitzky (1978) suggested that these snakes were derived in situ in
the neotropics from snakes allied to Apostolepis and FElapomorphus
(“elapomorphines”), part of a very extensive New World colubrid
radiation, the xenodontines.

Apostolepis and FElapomorphus are widely cdistributed throughout
much of South America east of the Andes, but especially in southeastern
Brasil and the surrounding region. They exhibit a number of features
associated with fossoriality, including fusion of head scales, robust nasal
complex, reduced tooth number, depressed vertebrae, and short quadrates,
and many of these features are also found in micrurines (Savitzky, 1978).
Savitzky suggested that for many morphological characteristics with the
exception of the venom delivery system, the morphological character
states of extant elapomorphines could be arrayed in a smooth morphocline
with those of micrurines, and he used this to argue for a close relation-
ship between the two groups. Savitzky regarded similarities in the
venom delivery system between micrurines and Old World elapids as
parallel attainments, and suggested that such adaptive features would

likely arise in parallel.

Cadle and Sarich (1981) compared serum albumins from represen-
tative elapids, micrurines, and xenodontines by microcomplement fixation.
Using antisera to xenodontine species the average immunological distance
to species of micrurines are very similar to those measured to Old
World elapid species (Table 1), indicating no particular xenodontine-
micrurine affinitries. Micrurus albumin is more similar to those of the
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Old World elapids than of xenodontines [the similar average distances
to xenodontine species using either Anti-Miecrurus or Anti-xenodontine
sera partly reflects the conservative nature of the elapid albumins (Cadle
and Sarich, 1981) and partly the observation that xenodontines are not
a natural phylogenetic grouping (Cadle, in prep.)]. Cadle and Sarich
lacked a sample of an elapomorphine species for biochemical analysis.
Their conclusions, howewer, were justified since there is little question
that this group comprises part of the xenodontine radiation, several
species of which were included in their study. An analysis of albumin
immunological data on seven genera of advanced snakes (Cadle and
Sarich, 1981, Table 1) resulted in the phylogenetic hypothesis reproduced
here as Fig. 1. Micrurus associates unambiguously with Laticauda, an
elapid suggested by MacDowell (1967, 1969) to be among the closest
living relatives of the miecrurines. These data were used by Cadle and
Sarich (1981) to advocate the retention of the micrurines within the
family Elapidae.

TABLE 1

Average albumin immunological distances among xenodontines, micrurines, and Old
World elapids. Data are from Cadle and Sarich (1981) and Cadle and Gorman (1981)

Antisera

Xenodontines Micrurines  Old World Elapids

Clelia Leptodeira Coniophanes M. spizi  Laticauda Hydrophis

Mierurines 91 110 94 e 48 —_
0ld World

Terrestrial 83 106 26 47 28 28
Elapids

Sea Snakes a1 96 1T 50 - - —
Xenodontines 87 T8 81 87 T2 —

Since the Cadle and Sarich study I have compared the albumin of
Mierurus with a suite of other xenodontine genera using microcomple-
ment fixation, and the unequivocal separation of micrurines from this
group is maintained. In addition, I recently acquired a blood sample of
an elapomorphine, Apostolepis assimilis. Comparisons of this species
to two xenodontine albumin antisera, Anti-Philodryas viridissimus and
Anti-Clelia scytalina, gave immunological distances of 40 and 38,
respectively, while using Anti-Micrurus spixzi the comparable immuno-
logical distance was 82. This latter value is again typical of the measured
immunological distances between Mierurus and xenodontines (Table 1;
Cadle and Sarich, 1981), while the AID’s to the two xenodontine species
strongly suggest that Apostolepis is a part of this radiation No
assoclation between Apostolepis and micrurines is indicated by these data.
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Fig. 1. An hypothesis of the phylogenetic relationships among seven genera of advanced snakes
derived from the data of Table 1 in Cadle and Sarich (1981) using the algorithm of Sarich

and Cronin (1976).
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The available molecular data are clear on the association of coral
snakes with other elapids, and alternative interpretations of the
morphology of micrurines relative to other elapids are also consistent
with this view (McDowell, 1967, 1969; C. J. McCarthy, pers. comm.).
Cadle and Sarich (1981) argued that the morphological differences
between micrurines and other elapids documented by Savitzky (1978)
reflected the long period during which the New World lineage had been
separated from the Old World lineages of the family. The most
parsimonious interpretation of all comparative evidence, then, would
appear to be a phylogenetic grouping uniting micrurines with Old
World elapids, and substantially differentiated morphologically and bio-
chemically from neotropical colubrids. Under this interpretation, the
hypothesis of parallelism in the evolution of a front-fanged venom delivery
system in micrurines is falsifield.

ATRACTASPIS

Atractaspis, the African mole viper, has long been considered a
viperid though recognizably a very distinctive one (Haas, 1962; Kochva,
1962: Laurent, 1950). Bourgeois’ (1965) radical hypothesis that the
genus is related to aparallactine colubrids generated much research on
their morphology and on the composition of their venom (see McDowell,
1968; Kochva and Wollberg, 1970; Kochva et al., 1967; Parnas and
Russell, 1967; Underwood, 1967; Minton, 1968). The Aparallactinae
was erected by Bourgeois to include Atractaspis and a variety of small
colubrid genera, many of which are highly modified for a fossorial
existence. Currently, abouth twelve genera are assigned to this group
(Savitzky, 1978) and its species are widely distributed in Africa
(Atractaspis also occurs in the Middle East). The group has been
characterized by both Bourgeois (1965) and McDowell (1968). Bourgeois
attached special significance to a presumed morphocline in the nature
of the prefrontal-maxillary articulation in aparallactines which culminates
in the unique fang erecting mechanism of Atractaspis. This feature
appears quite variable within the aparallactines (judging from Bourgeois’
figures) and was not used by McDowell to diagnose the group.

No concensus on the relationships of Afractaspis prevails, with
some workers adhering to Bourgeois’ hypothesis of aparallactine
affinities (McDowell, 1968; Liem et al., 1971; Parker and Grandison,
1977 ; Savitzky, 1978), and with others suggesting that the evidence,
particularly from the structure of the venom apparatus and head muscles
lends only weak support to such an association (Kochva et al, 1967;
Kochva and Wollberg, 1970; Heymans, 1975). Certain aspects of head
structure and venom composition suggestd elapid affinities (Kochva
et al., 1967; Parnas and Russel, 1967; Minton, 1968; Kochva and
Wollberg, 1970), but the structure of the venom apparatus itself conforms
to neither the viperid nor the elapid patterns (Kochva 1978). Thus,
there seems to be a concensus on only one point: Atractaspis differs
markedly from “typical” vipers in many aspects of morphology and
venom chemistry (see references cited above).
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The comparative albumin immunological data which I have had
avallable at this time are too incomplete to resolve the question of how
Alractaspis fits relative to other major lineages of advanced snakes,
though it is quite distinct from all genera to which comparisons have
been made thus far. The data which are available (Table 2) suggest
that further studies, molecular and morphological, are necessary before
definitive conclusions can be drawn. I have had available for biochemical
studies only four species representing two genera of aparallactines
(Aparallactus and Amblyodipsas; Table 2), and I have produced antisera
to albumins of Atractaspis bibroni and Amblyodipsas polylepis. Using
Anti-Atractaspis albumin, no association of this genus with the four
available aparallactine species is apparent (average of 96 AID units),
nor is there an association with the two viperids included (average 96
AID units). The average of reciprocal immunological distance measure-
ments between Atractaspis bibroni and Amblyodipsas polylepis (90 AID
units) is of the same order. All of these AID values are typical of those
found between major groups of advanced snakes (family level), where
one generally finds 75-100 units of change between taxa (Cadle,
unpublished).

TABLE 2

Albumin immunological distances among Atractaspis, Viperids, Elapids,
and Aparallactine colubrids

Anti-Atractaspis Anti-Amblyodipsas
bibroni polylepis

Atractaspis bibroni 0 87
Viperids

Crotalus enyo 93 (BO)* —

Bothrops atrox 98 (90) —
Elapids

Micrurus spixi 74 —_—

Laticauda semifasciata - —

Hydrophis melanosoma 71 =
Aparallactine colubrids

Aparallactus capensis 104 91

Aparallactus concolor 105 90

Amblyodipsas polylepis 93 0

Amblyodipsas unicolor 83 18

* Values in parentheses are reciprocal immunological distances corrected for non-
-reciprocity (Sarich and Cronin, 1976) and averaged.

Clearly, these results cannot be taken as a definitive statement on
the relationships of Atractaspis. In particular, the molecular data on
intra-viperid and intra-elapid relationships need to be expanded beyond
those currently available. Within the viperids, of all comparisons made
thus far, the genus Causus is the furthest removed from Crotalus
(AID’s of 64 and 66 to C. resimus and C. maculatus, respectively) ;
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similarly, intra-elapid AID’s do not approach the elapid-Atractaspis
distances when reciprocity and rates of change considerations are met.
Thus, while the Atractaspis-elapid AID’s reported in Table 2 are lower
than those to viperids or aparallactines, using two anti-elapid sera, the
AID’s to Atractaspis bibroni are much higher: 89 (using Anti-Dendro-
aspis polyepis) and 87 (using Anti-Elapsoidea semiannulata). Hence,
the currently available molecular data do not indicate and affinity
between Atractaspis and either elapids or viperids, and they strongly

suggest that the inclusion of Aifractaspis among the aparallactine (or
other) colubrids is premature, a conclusion also reached by Kochva and

Wollberg (1970) on the basis of venom gland structure and histology.

The immunological data further suggest that additional studies of
the relationships of aparallactines are warranted. The AID’s between
Amblyodipsas and the two species of Aparallactus (Table 2) are as great
as those between either of these genera and Atractaspis. Molecular data
on additional aparallactine genera would clearly be desirable. Certain
morphological comparisons in addition to those already mentioned suggest
that the aparallactines as currently recognized are a quite variable group.
Heymans (1975) reported differences in the arrangement of mandibular
muscles both within aparallactines (Chilorhinophis and Aparallactus
compared) and between Atractaspis and either of these. In addition,
Kochva and Wollberg (1970) reported considerable variability in the
structure of aparallactine oral glands; in particular, they found the
glands of Amblyodipsas (Calamelaps) differed considerably from those
of Aparallactus, and imply that these genera may belong to different
colubrid lineages, an interpretation consistent with the limited immuno-
logical comparisons reported here. Conclusions concerning the phyloge-
netic unity of the Aparallactinae are difficult to assess from such
comparisons, however. A more comprehensive study of aparallactine
genera and the inclusion of outgroups would be required to draw firm
phylogenetic conclusions from these data. An assessment of how these
features vary within other welldefined colubrid groups would also enhance

their value in this particular case.

To summarize, the distinetiveness of Atractaspis relative of other
vipers and to colubrids is the only consistent result obtained using all
available sources of data, and this hypothesis can be considered corro-
borated (sensu Nelson, 1979; Nelson and Platnick, 1981). Hypotheses
suggesting affinity to aparallactines (Bourgeois, 1965; McDowell, 1968)
are not corroborated by further morphological (Kochva et al., 1967;
Kochva and Wollberg, 1970; Heymans, 1975) or molecular (this paper)
data. Thus Atractaspis may represent an independent lineage of front-
fanged snakes; its close relatives, if any exist, are as yet undetected.

FRONT FANGED VENOM DELIVERY SYSTEMS AND THE
COLUBRIDAE
Kochva and Wollberg (1970) urged caution in chaning the taxonomic

status of venomous snakes because of their medical importance. Such
caution is also in the interest of workers attempting to understand the
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phylogeny and evolution of the biochemical and morphological components
of the venom delivery system. The currently available molecular data on
the relationships of two venomous taxa of advanced snakes, the mierurines
and Atractaspis, do not support their hypothesized close relationships
to specific colubrid groups (xenodontines and aparallactines, respectively).
A consideration of the other comparative evidence certainly does not
require such associations, and, indeed, in at least the case of the micru-
rines, can be more parsimoniously interpreted in alternative ways.
Kochva and Wollberg further suggested that the morphological data of
Bourgeois (1965) and of McDowell (1968) were insufficient to ally
either Atractaspis or Homoroselaps with the aparallactines, a conclusion
with which I agree. These results call for a reconsideration of the
question posed at the beginning of this paper : How many times have
front-fanged venom delivery systems evolved independently among
advanced snakes?

I conclude that no undisputed evidence exists for the evolution of
front-fanged venom delivery systems from within any lineages of living
colubrids. Kochva and Wollberg (1970) and Cadle and Sarich (1981)
argue for retention of Homoroselaps and the micrurines, respectively,
in the Elapidae. The case of Atractaspis presents special problems since
unambiguous evidence of any sort associating this genus with any other
taxon does not exist at the present time, but there is no compelling
evidence associating even this genus with the Colubridae as has been
proposed, and the molecular data in particular preclude such an
association. Thus, the available evidence indicate that only three
possibilities exist for the parallel evolution of front-fanged venom delivery
systems: the solenoglyph systems of viperids and Atractaspis, and the
proteroglyph system of elapids (sensu lato). I do not feel that a decisive
resolution of the problem is possible given present data, and there are
certain problems with current approaches to the question, I will attempt
to highlight these in the next section, and suggest ways that we might
profitably approach a solution to the other questions already posed.

PARALLELISM AND THE EVOLUTION OF VENOM DELIVERY
SYSTEMS

Parallelism among lineages is usually inferred for one of three
reasons. The most commonly cited evidence, and the most robust, is
that different character sets produce discordant phylogenies. This has
been used, for example, to demonstrate the parallel evolution of foot
morphology among geckos (Russell, 1979). Second, parallelism has
occasionally been inferred between two groups because of their widely
disjunct geographical distributions, accompanied by plausible fossil
ancestral groups in the areas occupied by living forms (suggested, but
not corroborated, for New and Old World monkeys). Finally the extreme
specialization of some organisms have obscured true phylogenetic affinity
between related forms and led to the suggestion of parallelism (e.g.,
the suggested parallelism between the giant panda and bears). Of all
of these means of inferring parallelism, the first is clearly to be preferred
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for reasons of objectivity and testability. The other two are also subject
ultimately to the test of phylogeny as well.

Among the advanced snakes, analyses of parallelism have foundered
for lack of good estimates of the phylogenetic relationships among taxa.
Two of the venomous taxa, Viperidae and Elapidae, have traditionally
been recognized only by the possession of either solenoglyphous or
proteroglyphous dentition, respectively. For example, of a variety of
features used by McDowell (1968) to diagnose the family Elapidae, only
three unequivocally characterize members of this family, and two of
these are aspects of the venom delivery system: (1) proteroglyphy,
and (2) venom gland compressor divided into dorsal and ventral portions
by the venom gland, and not attached to the cutaneous fold at the corner
of the mouth. This second feature, as well as the third feature mentioned
by McDowell, Harderian gland confined to the orbit, have been shown
to be variable within the family by Savitzky (1978). Thus, there has
been a decided tendency to define higher taxa of advanced snakes by
the presence or absence of a particular suite of morphological characte-
ristics associated with venom delivery. [Underwood (1967) used a number
of other features to describe the venomous taxa, but it is unclear which
will unambiguously characterize them].

Rigorous phylogenetic reconstruction requires that taxa be arranged
in an explicit hierarchical fashion according to the evolutionary rela-
tionships of the taxa involved. With regard to the relationships among
the traditionally recognized advanced snake taxa, two are usually
characterized only by a particular suite of morphological features
associated with venom delivery which are unique to each (Viperidae
and Elapidae), and the third (Colubridae sensu lato) by the lack of
such specialized features. Therefore, there appear to be no unambiguous
data which will unite two or more of these (or subdivisions thereof)
to the exclusion of the third. The question of whether front-fanged
venom delivery systems have evolved in parallel thus becomes unan-
swerable because parallelism must always be analyzed with reference
to a specific (implicit or explicit) phylogenetic hypothesis. In the case
under consideration, since the features used to define groups are those
for which we wish to interpret the evolutionary history, the question of
parallel evolution cannot be resolved until other systems are investigated.

The work of Haas, Kochva, and their colleagues (summarized in
Kochva, 1978) on gland structure and compressor muscle homologies
clearly argues for a basic separation of the proteroglyphous and soleno-
glyphous lineages, but the case for association of one group with the
Colubridae as a whole, or with a single lineage of colubrids, is not strong,
and most workers implicitly accept one hypothesis over another without
subjecting either to a rigorous test [for example, Marx and Rabb (1972,
p. 6) use the Colubridae as an outgroup to the venomous taxa in their
phyletic analysis of morphological characters, thereby assuming a
particular phylogeny a priori]. In this regard, the work of Mosauer
(1935) and Auffenberg (1958, 1961) on trunk musculature, and Kochva
(1978) on salivary glands indicating derived features shared by elapids
a?d colubrids, is promising, but needs to be examined in a broader array
of taxa.
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On the other hand, most studies which place little weight on the
venom delivery system for phylogenetically useful characters (Burgeois,
1965; McDowell, 1968; Savitzky, 1978) proceed by pointing out simila-
rities in other features (e.g., shape and nature of articulation between
maxillary and ectopterygoid bones, position of Harderian gland, presence
or absence of posterior vertebral hypapophyses, color pattern) between
these problematic taxa and other (colubrid) groups. A difficulty with
this approach is that, because of parallelism, it is possible that these
kinds of comparisons will lead to erroneous hypotheses of relationships.
Similarities due to eommon ancestry must be unambiguously separated
from those due to homoplasy. For example, a fossorial mode of life is
widely accepted to impart similar morphologies in diverse groups of
snakes (Inger and Marx, 1965) ; vet, three of the postulated cases of
parallelism in venom delivery systems, Atractaspis, Homoroselaps, and
micrurines, involved genera exhibiting derived morphologies associated
with fossoriality. A well-founded argument for why there should be
parallelism in venom delivery systems, but not in the many other
morphological features cited as evidence of common ancestry in many
of these taxa, does not seem to exist.

An implicit assumption of some of these studies (e.g., Savitzky,
1978) is that, because specialized venom delivery systems are adaptive,
they should arise more often in parallel than other features. There is
no theoretical justification for this assumption, and I suggest that
specific structural configurations in such complexes (and their corres-
ponding functional properties) may well be unique to particular lineages.
This property has been noted for other complex character associations
with regard to their distribution among lineages (Liem, 1973; Lombard
and Wake, 1977; Russell, 1979). For example, Lombard and Wake
(1977) studied the structure-function relationships among components
of the complex tongue-projection apparatus in plethodontid salamanders.
In three distinet lineages specialized for long-distance projection they
found that each lineage exhibited specific arrangements of the elements
of the apparatus which differed in their functional properties from
those of other lineages. That these arrangements were evolved in parallel
was suggested by structural differences which were discordant with the
hypothesized phylogeny of the group. In such cases, functional paralle-
lism is perhaps expected, but detailed structural parallelism is not. Thus,
parallelism in complex morphological units can be detected by detailed
comparisons of the structure and function of such features, and by
their congruence with robust estimates of the phylogeny of the groups
involved. Such studies have been carried out on the venom delivery
systems of Atractaspis (Kochva et al., 1967; Kochva, 1978), Homoros-
elaps (Kochva ond Wollberg, 1970), and micrurines (Savitzky, 1978).
Atractaspis was found to differ in gland structure and histochemistry
from typical viperids and elapids, while the structure of the venom
glands and associated muscles of Homoroselaps and micrurines conformed
to that of typical elapids. [McDowell (1968) cited the undivided nature
of the venom gland compressor in Homoroselaps as a character separat-
ing this genus from all elapids; Savitzky (1978), however, reports an
undivided gland compressor in several species of the Oriental elapid
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genus Calliophis; therefore this character cannot be considered diagnostic
of the Elapidae]. In none of these studies have the details of venom
gland and muscle morphology required an association with the colubrid
groups from which these snakes were postulated to be derived.

The presumed extensive parallelism in advanced snakes causes two
further, but related problems in the way evolutionary scenarios concern-
ing the venomous snakes have been constructed (these are discussed
in a more general context by Lauder, 1981) : (1) it is sometimes assumed
that annectant forms will exist among extant snakes which will show
the transitional evolutionary stages between particular phenotypes
(Bourgeois, 1965; McDowell, 1968; Savitzky, 1978). 1 have already
discussed this problem above with reference to the relationships of
micrurines and Atractaspis, where it is possible to show similarities of
both of these groups to presumed ancestral (more generalized) groups.
The problem is also noted in many attempts to align dental modifications
into morphoclines (e.g., Bourgeois, 1965; Marx and Rabb, 1972) by
assuming particular transformation series.

Perhaps the classic example of the extension of this idea are
discussions of the relationships of the New World colubrids Xenodon
and Heterodon, and their asserted intermediacy in the evolution of
viperid dentition (Anthony, 1955; Kardong, 1979). Both Xenodon and
Heterodon have greatly elongated posterior maxillary teeth that are
saber-like in form. Viperid dentition was suggested to be derived from
such dentition by shortening of the maxillary bone and the development
of a canal in the fang (Anthony, 1955), leading to the designation of
these colubrids as representative of a “protoviper” stage (Weaver, 1965;
Kroll, 1976: Kardong, 1979). As such, this concept is an untestable
construet, and yields practically no understading of the evolution of the
viperid venom apparatus. Indeed, it assumes that we already know
what that evolutionary history was. While there is good evidence from
comparative embryology for the homology of front fangs and venom
glands in vipers to rear fangs and Duvernoy’s gland in colubrids (Kochva,
1978) we currently have no basis at all for inferring that one or
another morphotype represents the “protoviper” stage. In other words,
all opisthoglyphous morphologies represent equally plausible ancestral
morphologies for the evolutionary precursors of front fangs. The exist-
ence of intermediate morphologies among members of the extant fauna
does not justify the conclusion that these are evolutionary intermed-
iates. Such recognition requires a prior, corroborated hypothesis of the
phylogenetic relationships among the taxa concerned.

This point has been discussed extensively by Dullemeijer (1974)
and Lauder (1981). Both authors recognize the value of morphological
series in studying morphological and functional patterns, but emphasize
their inadequacy in constructing phylogenetic hypotheses: “Idealistic
series do not necessarily indicate evolutionary series. A derivation of
evolution from recent material always needs an additional argument to
place the animals in a certain order.” (Dullemeijer 1974, p. 207). The
additional argument may take the form of an explicit phylogenetic
hypothesis, which can serve as a point of departure for the analysis of

ancestral morphologies (see Lauder, 1981).
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