


selection for functional diversity both within and between
species levels.15-27 Second, analysis of venom proteins using
gel electrophoresis has consistently shown relatively high levels
of intra- and interspecific variation.28 Third, there is a small
but increasing number of studies that strongly support the idea
that this variation reflects adaptation for differential utilization
of distinct prey types.29-32 However, although the notion that
evolutionary interactions between snakes and their prey may
be responsible for variation in venom composition has been
controversial,33,34 the recent demonstration of taxa-specific
effects of some venoms supports the hypothesis that evolution-
ary adjustments in venom composition have occurred.32 The
loss of a functional major toxin (R-neurotoxin) from the venom
of Aipysurus eydouxii, which appears to have occurred following
a shift from feeding on fish to fish eggs,35 further supports a
link between diet and venom composition. Of particular value
in addressing this issue would be studies that adopt a com-
prehensive approach of assessing variation in venom pro-
teins4,5,36 in closely related species that show clear, significant
differences in diet. The use of phylogenetically similar species
would allow the strong inference that differences in venom
characteristics are most likely due to differences in selection
pressures alone rather than an unknown combination of the
effects of selection and divergence due to phylogenetic rela-
tionships among the species being compared.

To address the need for detailed proteomic studies of























to promote high levels of variation in the genes involved in
the vertebrate immune system, such as those which encode
major histocompatibility complex proteins,66 or in plant host
defense genes.67,68 Various aspects of this hypothesis could be
tested by directly examining patterns of allelic variation in
specific venom genes to see if they show molecular signatures
of balancing selection at the DNA level,67,69 by assaying purified
components to determine if different venom components of
the same protein type act more efficiently on different prey,
and by assessing the predictability of the diets of individual
snakes through time.

A final implication of our results is that there does not appear
to be a simple relationship between levels of venom variation
and diet diversity. Because species-specific effects of venom
components are largely unknown, it is difficult to assign a
functional role unequivocally to the variation we observed in
Sistrurus venoms. However, if one considers relative impor-
tance of mammals in the diet of Sistrurus, diet trends and
complexity trends are parallel and show the following order,
from high to low: SCC > SCT > SCE > SMB. Both SCC and
SCT include a much greater proportion of mammals in their
diets than does SCE,39 and SMB rarely feed on mammals in
the wild.40,70 It is possible that increased reliance on mammalian
prey has driven selection for greater venom protein diversity,
and the presence of myotoxin-a homologues and 2-chain PLA2s
only detected in SCC and SCT venoms is consistent with this
hypothesis. The very high level of CRISP proteins in the venom
of SCE, relative to the other taxa, is intriguing, as this toxin
appears to be a component of virtually all venoms and
therefore became incorporated into the venom proteome early
in the evolution of venom systems;13 unfortunately, the biologi-
cal activity of most venom CRISPs are currently unknown.
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