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Strike-induced chemosensory searching in
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It is known that striking rodent prey induces a sustained, high rate of tongue flicking in rattle
snakes. The present study shows this phenomenon (called strike-induced chemosensory search
ing, SICS) to occur in species of rattlesnakes not previously investigated and in two species of
Agkistrodon.SICS occurs in Old World vipers (Eristocophis, Vipera, Bitis), including species which
normally hold their prey after striking. A hypothesis is offered which (1) accounts for the oc
currence of SICS in these latter species and (2) suggests that SICS in some viperids may have
arisen through paedomorphic evolution. More generally, it is concluded that SICS is probably
a homologous trait in vipers and pit vipers and that the trait may have first appeared in elapid
ancestors of the viperidae.

Rattlesnakes of most species typically strike and
release adult rodent prey (Gans, 1966; Radcliffe,
Chiszar, & O'Connell, 1980), allowing the enveno
mated organisms (mice) to wander an average of
185 em before they succumb to the effects of venom
(Estep, Poole, Radcliffe, O'Connell, & Chiszar,
1981). Although this predatory strategy risks losing
the rodent, it also spares the snakes from tissue dam
age which could result from rodent teeth and claws
if the snakes held the prey in their jaws after the en
venomating strike. Rattlesnakes are able to detect
chemicals associated with envenomated rodents
(Chiszar, Duvall, Scudder, & Radcliffe, 1980; Duvall,
Chiszar, Trupiano, & Radcliffe, 1978; Duvall, Scudder,
& Chiszar, 1980) and to follow trails left by enven
omated and nonenvenomated rodents (Baumann,
1927, 1928, 1929; Brock, 1980; Dullemeijer, 1961
Naulleau, 1965;Wiedemann, 1932;Golan, Radcliffe,
Miller, O'Connell, & Chiszar, Note 1; see Burghardt,
1970, for a review). These abilities are presumed to
facilitate location of the envenomated prey and,
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therefore, to minimize the risk of losing the prey as
a consequence of releasing it.

Rattlesnakes exhibit high rates of tongue flicking
after striking rodent prey. The tongue transfers mole
cules from the environment to the vomeronasal or
gans located in the roof of the snake's mouth (Halpern
& Kubie, 1980; Kahmann, 1932). This strike-induced
chemosensory searching (SICS) is considered to be a
modal action pattern (cf. Barlow, 1968, 1977) acti
vated by the predatory strike; and, it is probably es
sential for efficient trailing (Chiszar, Radcliffe,
O'Connell, & Smith, 1980; Chiszar, Radcliffe, &
Scudder, 1977; Chiszar, Radcliffe, & Smith, 1978;
see Chiszar & Scudder, 1980, for a review). Although
rattlesnakes will emit relatively high rates of tongue
flicking in the presence of certain visual and chem
ical cues derived from rodents, even without an op
portunity to strike (Chiszar, Taylor, Radcliffe, &
Smith, 1981; Gillingham & Baker, 1981; Gillingham
& Clark, 1981), these rates are typically lower and
habituate more rapidly than those seen during SICS.
Hence, we suspect SICS to be a component of the
usual reaction chain involved in rattlesnake preda
tory behavior (but it is not a prerequisite for all
instances of feeding, especially when odoriferous
carrion is available: Gillingham & Baker, 1981).

Since rattlesnakes usually release adult rodents
after striking them whereas some Old World vipers
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Figure 1. Mean number of tongue flicks emitted by specimens
of four genera of venomous snakes over 5 min prior to disturbance
and over 15 min beginning immediately after mouse presentations.
In Condition NS, snakes saw, smeUed, and/or detected tbermal
cues arising from a mouse for 3 sec. Condition S was exactly like
Condition NS except tbat snakes struck mice at tbe end of 3 sec.
See Table 1 for number of specimens and statistical tests. Homo
geneity of variance existed witbin eacb genus over post-mouse
presentation minutes (Ferguson's, 1976, test of correlated vari
ances was applied to tbe data). Pooled SEMs = 3.68, 2.89, 5.43,
and 2.71 for Crotalus, Agkistrodon, Bitis, and Eristocophis, re
spectively.
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RESULTS

Since each snake was observed in Conditions NS
and S, this variable was treated as a repeated-measures
factor in analyses of variance (ANOVAs). Successive
post-mouse-presentation minutes were also treated as

although snakes almost always oriented and/or moved toward the
prey. Following the 3-sec presentation, the mouse was removed,
the snake's cage was closed, and all tongue flicks were recorded
(via hand-held counters) for the next IS min. In Condition S
(strike), a mouse was introduced exactly as above, except that the
snake was allowed to strike this prey at the end of 3 sec. After
the prey was released, it was removed and tongue flicks were re
corded as described above. If the prey was not released, forceps
were gently applied to the snake's neck while the rodent's tail was
gently pulled with another set of forceps. This procedure was
continued until the snake released the mouse; then tongue flicks
were counted for the next IS min. This treatment was required
for B. Gabonica and E. macmahoni on about half of the S trials
and for B. arietans on all S trials. Generally, SICS was stronger
on trials when prey was spontaneously released than when coaxing
was necessary, reflecting the fact that such handling disturbed the
snakes at least temporarily (Chiszar, Radcliffe, O'Connell, &
Smith, 1981; O'Connell, Chiszar, & Smith, 1981). Hence, the
magnitude of SICS was probably underestimated in these species.

Tongue flicks were also recorded for 5 min prior to each NS
and S observation. These baseline data were used to assess the
excitatory effects of both types of mouse presentation.

Most snakes were observed once per week, and the order of the
NS and S presentations was randomized. When snakes were ob
served more than once per week, the NS condition always pre
ceded the S condition by at least 1 h. If a habituation effect oc
curred, Condition S should have produced lower scores than Con
dition NS.

Procedure
Each snake was observed in two conditions, and observations

always occurred prior to a regularly scheduled feeding session.
In Condition NS (no strike), a live mouse (20 g) was suspended
by the tail from long forceps and introduced into the snake's cage
for 3 sec. The mouse was held just out of striking range (about
30 em from the snake's head); and, if the snake moved toward
the mouse, the prey was moved to keep it out of striking range.
In no case did a snake attempt to strike during an NS presentation,

METHOD

(especially Bitis) usually hold on, we have assumed
that SICS and trailing behavior are characteristic
adaptations of the former. There has been no reason
to expect these behaviors to occur in snakes that hold
on to their prey after the initial strike, but not all
vipers hold on to their prey. The present experiments
were designed to assess the magnitude of SICS in a
variety of Old World vipers, including species that
typically release and species that typically hold ro
dent prey. Several species of rattlesnakes not pre
viously tested were also studied in order to document
the generality of SICS within this group.

The family Viperidae is divided into three sub
families: Viperinae (Old World vipers; 40 species),
Crotalinae (pit vipers; 122 species; many confined to
the New World), and Azemiopinae (containing a
single species, Azemiops feae, from southeastern
Asia). (Live specimens of A. feae are extremely rare
in zoo and/or research collections, and their behav
ior is virtually unknown. Accordingly, A. jeae will
not be mentioned again in this report. See Liem,
Marx, & Rabb, 1971). Although SICS has been well
documented among the Crotalinae (especially Crotalus,
Sistrurus, and Agkistrodon; Chiszar & Scudder,
1980), the phenomenon has not yet been demon
strated in any species of Viperinae. However, several
reports strongly suggest that SICS occurs in these
animals (especially in Vipera; Baumann, 1927, 1928,
1929). The present study was designed to assess this
possibility not only in European Vipera, but also in
African Bitis and Asian Eristocophis. Should SICS
occur in all of these taxa, an argument which homol
ogizes the phenomenon would be strengthened. Such
data could imply that SICS was present in elapid an
cestors presumed to have given rise to the earliest
viperids 20-70 million years ago (Marx & Rabb, 1%5).

Subjects
A total of 33 snakes were observed: Eristocophis macmahoni

(2), Vipera raddei (3), V. xanthina (2), V. ammodytes (2), V. latifii
(2), Bitis gabonica (2), B. arietans (2), Agkistrodon bilineatus
(2), A. piscivorus (4), Crotalus adamanteus (2), C. durissus (I),
C. horridus (2), C. molossus (I), C. pricei (2), C. scutulatus (1),
C. triseriatus (2), and C. viridis (1). All animals were adults and
had been maintained in captivity for at least 2 years, except for the
B. gabonica, which were less than 6 months old at the time of this
study. The snakes were maintained in individual glass terraria
(SO x 27.5 x 30 em) and kept at 26± 1°C during photophase
(0700-1900 h) and at 23± 1°C during scotophase, Live mice (Mus
musculus, 20 g) were offered to each snake weekly, and these prey
were readily accepted.
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Figure 2. Mean number of tongue flicks emitted by nine speci
mens of Vipera over 5 min prior to disturbance and over 15 min
beginning immediately after mouse presentation. Conditions NS
and S are the same as described in Figure 1. See Table 1 for statis
tical tests. Homogeneity of variance existed over post-mouse
presentation minutes (Ferguson's, 1976, test of correlated vari
ances was applied). Pooled SEM = 4.14.

vs. S difference is relatively small during Minutes 1-3
poststrike, and that the S curve then rises, whereas
the NS curve declines to the baseline level (Chiszar
et al., 1977, 1978). This finding occurred again in the
present sample of rattlesnakes and in two other gen
era (Agkistrodon and Vipera), giving rise to signifi
cant interactions between successive minutes and the
NS vs. S factor (see Table 1; see also Chiszar,
Simonsen, Radcliffe, & Smith, 1979). The numerical
interaction present in the Bitis data did not attain
statistical significance. The Eristocophis sample is
too small to permit any powerful tests.

One surprising outcome of this investigation was
the very high rates of tongue flicking exhibited by
all specimens of Vipera (Figure 2). One-way ANOVAs
confirmed that these animals had significantly higher
rates than all other snakes in Condition NS [F(1,31)
=51.47, P < .01] as well as in Condition S [F(l,31)
=61.01, P < .01]. Indeed, the rates recorded here are
the highest of any snakes we have so far tested in
more than 20 experiments. These high rates and the
correspondingly large SICS effect seen in Vipera are
probably related to the excellent trailing abilities re
ported for some species of this genus (Baumann,
1927,1928,1929; Naulleau, 1965; Wiedemann, 1932;
see Burghardt, 1970, for a review).
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DISCUSSION
a repeated-measures factor. Data were grouped by
genus, and separate 2 x 15ANOVAs were calculated
for each genus. Some snakes were observed two or
three times in Conditions NS and S. In these cases,
data were averaged over replications, and these aver
ages were used in the ANOVAs. All analyses were
planned to test the significance of the NS vs. S effect
and the NS vs. S x minutes interaction; no compar
isons of taxa were planned, but several post-hoc tests
were executed.

Mean rates of tongue flicking for each genus are
plotted over successive minutes for Conditions NS
and S in Figures 1 and 2. The results of ANOVAs
are shown in Table 1, in which it can be seen that the
NS vs. S effect was robust in all genera. It has been
a characteristic finding with rattlesnakes that the NS

It is clear that SICS occurred in Old World vipers,
even in species that typically do not release rodent
prey after striking (Eristocophis, Bitis). Hence, it is
not appropriate to consider this phenomenon to be
unique to the Crotalinae. In fact, SICS might be hy
pothesized to be a consequence of striking per se rather
than an adaptation that facilitates trailing behavior.
This idea is contraindicated by data demonstrating
that SICS did not occur in rattlesnakes after defen
sive strikes whereas the same snakes did exhibit SICS
after striking mice (O'Connell & Chiszar, Note 2).
Accordingly, its reasonable to conclude that SICS is
adaptively associated with predatory behavior and is
not simply a consequence of the act of striking. In
all likelihood, a combination of chemical, tactile,

Table 1
Outcomes of ANOVAs Applied to Data Grouped by Genus

F Ratios Percentage of Variance
Accounted for

NS vs. S Successive Min Interaction
Number of NS vs. Succes- Inter-

Genus Specimens F df F df F df S sive Min action L
Crotalus 12 26.82t 1/11 1.36 14/154 2.24t 14/154 40.5 .9 1.7 43.1
Agkistrodon 6 22.S8t 1/5 U8 14/70 2.13** 14/70 57.4 1.5 2.5 61.4
Bitis 4 27.50t 1/3 AI 14/42 .45 14/42 38.1 3.2 3.5 44.8
Fristocophis 2 32.05* 1/1 .35 14/14 .61 14/14 87.5 .9 1.2 89.6
Vipera 9 167.73t 1/8 4.29t 14/112 lO.88t 14/112 71.1 2.5 5.7 79.3

*p < .25. **[1 < .05. t p < .01.
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and proprioceptive consequences of the predatory
strike is the releaser for SICS which, in turn, sub
serves trailing behavior (Iglehart & Chiszar, 1977;
Oolanet al., Note 1; Scudder, Note 3).

One compelling problem is to provide an explana
tion for the occurrence of SICS in Eristocophis and
Bitis. The hypothesis here advanced is based mainly
on observations of juvenile B. gabonica in this study,
on observations of adults elsewhere, and on obser
vations of cobras (see below). Adult B. gabonica
have never been observed by us to release rodent
prey; this is also true of adult B. arietans. However,
the juvenile B. gabonica in this study occasionally
released mice and then exhibited SICS and trailing
behavior indistinguishable from that seen in rattle
snakes. It may be that the strike-release-trail strategy
exists in Bitis as an adaptation by which neonates
deal with relatively large and dangerous rodents. As
the snakes attain adult size and strength, they appear
to abandon this strategy in favor of holding the prey
after striking. If this developmental sequence is rep
resentative of a relatively primitive condition in the
evolution of venomous-snake predatory behavior,
then it is tempting to speculate that Vipera, Crotalus,
Sistrurus, and Agkistrodon have undergone a paedo
morphic change by retaining into adulthood a behav
ioral trait which, in their ancestors, was restricted
to the neonatal period. 1

This speculation is weakened by the fact that so
few juvenile B. gabonica have been observed. We
have recently completed five experiments with juve
nile cobras (Najamossambica pallida, n = 11), which
are well known for holding prey after striking, es
pecially when the snakes are fully adult. These snakes
exhibited SICS, and they regularly released rodents
as a function of the size of the prey (Radcliffe, Stimac,
Smith, & Chiszar, 1982;Chiszar, Stimac, Poole, Miller,
Radcliffe, & Smith, Note 4). Such results support
the above hypothesis and further suggest that the
evolutionary events here proposed were initiated by
elapid ancestors that gave rise to the Viperidae be
tween the late Cretaceous and the mid-Miocene epochs,
some 20-70 million years ago (Cope, 1896; Dowling,
1959; Johnson, 1956; Marx & Rabb, 1965). Clearly,
these ideas imply that SICS is homologous in the
Elapidae and the Viperidae as well as in the Viperinae
and Crotalinae.

The hypothesis of paedomorphic (neotenic) evolu
tion of predation in advanced Viperinae and Crotalinae
is attractive because it is consistent with certain as
pects of morphology in these subfamilies (e.g., head
size relative to body size; Klauber, 1956). Yet, other
hypotheses could explain the behavioral findings re
ported here. For example, species that hold prey
might have more potent venom than species which
release prey and exhibit SICS and trailing behavior.
Or the latter species may be smaller and possess less
venom than the former. 2 Hence, the strike-release
trail strategy may be a consequence of body size

and/or properties of the venom supply. Of course,
neoteny in the advanced forms could explain reduced
toxicity and body size, but such differences could
have arisen for many other reasons. Accordingly,
ideas about the evolution of viperid predatory strate
gies must be developed in association with data on
ontogeny (Jimenez-Porras, 1964; Minton, 1967) and
phylogeny (Brown, 1973; Minton, 1956, 1974) of
venoms.
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NOTES

1. It is noteworthy that species of Crotalinae that attain large
adult sizealso tend to hold rodent preyafter striking(e.g., C. atrox,
C. durissus, A. piscivorus). This may reflect either a reversionto
the primitivecondition or a polyethicadaptation to a prey supply
containing organisms that differ in size (Radcliffe et al., 1980).
In either case, the strike-hold strategy seen in adult Bitis also oc
curs in some Crotalinae, even though the modal pattern for this
subfamilyappears to be strike-release-trail.

2. To initiate an analysis of this problem, venom toxicity data
compiled by Brown (1973) were examined. Average mouse-Lfh,
(mg/kg; IV) for the species in the present study whichexhibit the
strike-release-trail strategy was 1.41; the mean for species exhib
iting the strike-hold strategy was 1.49 (F < 1.0). Average venom
yield (dried solids) for the former species was 110mg, whereas
the mean for the latter species was S33mg [F(I,13)=23.36,
p < .01).

(Manuscript received July 8,1981;
revisionacceptedfor publicationNovember10, 1981.)




