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INTRODUCTION :

Numerous papers indicate that vipers can follow chemiecal trails
left by rodent prey. Several of these papers also indicate that the
snakes are better at following such trails if they have struck and
envenomated a rodent just prior to being exposed to chemical trails.
Experiments conducted at University of Colorado leave no doubt that
the act of striking (and envenomating) a mouse is responsible for the
subsequent emission of a sustained, high rate of tongue flicking. Called
strike-induced chemosensory searching (SICS), this phenomenon clearly
facilitates location and following of chemical trails left by rodents.

REVIEW OF EXPERIMENTS CONDUCTED PRIOR TO 1980

In 1928, F.Baumann found that Vipera aspis could distinguish
between trails left by nonenvenomated and envenomated mice. Further,
the latter type of trail was preferred by V. aspis.

Several points should be made before presenting new data. First,
SICS is not a consequence of seeing, smelling, or detecting thermal cues
arising from mice. An elevation in rate of tongue flicking (RTF) is
usually produced by such stimuli, but this elevation is usually small
compared to that seen after a rattlesnake delivers a predatory stryke.
The firts slide makes this clear. Initially, rattlesnakes were observed
while they were undisturbed in their home cages. RTF was quite low.
Then, the snakes were exposed for 3 sec to a live mouse (Mus musculus)
suspended into the cage but held out of striking range. In one condition
the mouse was simply removed and tongue flicks were counted for the
next 10 min. In the other condition, the mouse was lowered into striking
range, and it was removed immediately after being struck. Again tongue
flicks were counted for 10 min. Clearly, RTF increased only in the
Strike condition. This is what we mean by SICS. Slide 2 presents a
replication of this experiment,
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Slide 1. A typical SICS experiment. A high rate of tongue flicking is seen only after rattlesnakes
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struck mice, not after seeing, smelling, or detecting thermal cues from mice.
confined to the odoriferous trail

{bottom panel).
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Another important point is that SICS will continue for as long
as 2-3 hours. Even when no chemical trail is present in the snake’s
post-strike environment, the snake will search for a very long while.
Hence, searching behavior is released by the predatory strike, and the
high RTF is not dependent upon the presence of chemical stimuli. This
is why we have called SICS a fixed action pattern, following Konrad
Lorenz’s terminology (or a modal action pattern, following George
Barlow’s terminology).

A third important point is that SICS is a very general phenomenon
among rodent-feeding vipers and pit vipers. Most species strike (enve-
nomate) and then release adult rodents, allowing such prey to wander
up to 600 em from the site of attack before succumbing to the venom.
Undoubtedly adult rodents are released because they will survive and
struggle for a brief period after envenomation (an average of 54 sec
for mice envenomated by C. viridis). If snakes attempt to hold prey
in their mouths during this period, the snakes risk tissue damage from
rodent teeth and claws. B. insularis strikes and the bird falls mostly
damaging the teeth. Hence, natural selection has favored the strategy of
releasing rodents after the strike, especially adult rodents. But, this
leaves the snake with the task of finding the now-dead rodent (which,
incidentally, is no longer emitting movements or thermal cues to attract
the snake). Rattlesnakes of all species tested as well as specimens of
Agkistrodon, Bitis, Bothrops, Eristocophis, and Vipera exhibit SICS and
trail following. These same snakes show little interest in chemical trails
prior to striking, but they have a profound interest in such trails after
striking (usually with 2-4 min after the strike). Thus, we conclude that
SICS is a widespread solution to the problem of locating envenomated
rodent prey.

The fourth point is that once a rattlesnake has begun SICS, it
usually will not strike again until the dead mouse has been located and
ingested. Although the strike is released by visual and thermal cues
arising from rodent prey, the strike in turn releases SICS. It is as if
the snake switches its attention from visual and thermal cues to chemical
cues. Once the switch has been accomplished, SICS must run to com-
pletion before the program can be re-initiated. Usually a single predatory
strike is sufficient to cause this perceptual switch. Sometimes, however,
several strikes seem to be required. This may be true when the snake
has a reduced venom supply so that multiple strikes may be necessary
to accumulate an effective dose. Yet, when such a dose has been
accumulated through two or three strikes, the snake then switches its

attention to chemical cues.

SICS and Trailing Behavior

We have already said that SICS is released by striking — the high
RTF is not dependent upon chemical cues in the post-strike environment.
But, suppose a rodent trail is available to the snake after a predatory
strike has been delivered. How does the snake deal with it?

The answer is that RTF remains relatively constant, whereas the
tongue flicks are directed to the trail. Hence, the chemical trail does
not release the high RTF; it simply exerts a taxic effect on the tongue
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flicks. The snake then positions its head so as to keep the flicking
tongue in contact with the trail. The result is that the snake’s body is
gradually drawn along the length of the trial.

An experiment with Crotalus viridis makes this clear. Six adult
snakes were observed in each of four conditions shown in Slide 3. In
two conditions snakes saw but did not strike mice, whereas the snakes
struck mice in the remaining two conditions. Then snakes were exposed
to a line drawn on the floor of a large cage; the line either contained
a rodent chemical trail or it did not contain such a trail. These cond-
itions conform to a 2x2 orthogonal combination of strike vs no strike
with presence vs absence of a chemical trail. We recorded: (1) the
number of tongue flicks emitted during a 20 min period following the
initial mouse presentation, and (2) the number of tongue flicks that
were emitted within 2 em of the solid line.

Slide 4 shows the results of this investigation. Note that snakes
emitted high RTFs only after striking mice. Note also that snakes
confined tongue flicks to the line only when a strike had been delivered
and when the line contained a rodent trail. Hence, rattlesnakes attend to
trails, but only after they have struck prey. This conclusion is also
supported by calculating the percentage of time snakes spent in contact
with the unbroken line in the test apparatus. Slide 5 shows that snakes
spent considerable time in contact with this line only when the line
contained mouse odor AND only when the snakes had just previously
struck a mouse,

This experiment has been replicated twice with results very similar
to those reported here.

Trails Made by Envenomated Mice and Nonenvenomated Mice

Now that we have developed a methodology for studying chemical
trailing behavior in rattlesnakes, we decided to see if rattlesnakes respond
differentially to trails made by envenomated and nonenvenomated mice.
To accomplish this, we used a situation like that in Slide 6. Snakes
were exposed to two trails after striking or after seeing mice. Dependent
variables in this study were similar to those deseribed above.

Results are shown in Slide 7. When snakes did not strike mice,
they followed neither trail. However, after striking mice, the snakes
attended to trails AND they selected the trail made by an envenomated
mouse.,

The upper panel of slide 7T shows mean percentage of time that
snakes spent on either trail. For each snake, time on the envenomated
trail was added to time on the nonenvenomated trail; and, this total
was divided by the time the snake spent in the apparatus before finding
a mouse (a maximum of 20 min was allowed for finding mice). Since
the trails occupied about 17% of the floor space of the test apparatus,
a snake that moves randomly across the floor should make contact with
the trails only about 17% of the time. This is essentially what happened
when snakes had not struck mice prior to being exposed to the trail.
These animals paid no attention to trails; if they moved at all, they
did so in a random fashion. Howerer, when snakes struck mice, SICS
was activated and the snakes clearly investigated the trails.
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8lide 2. Experimental design and apparatus for the post-strik trailing experiment.
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Slide 4. Results of the post-strik trailing experiment. SICS can again be seen (top panel); if
snakes struck mice, RTF was high, otherwise RTF was low. Note that tongue flicks were

confined to the odoriferous trail (bottom papel}.
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Slide 5. Whereas Slide 4 showed 9 of tongue flicks confined to the trail, Slide 5 shows the ¢} of
time the snakes’ heads were confined to the unbroken line. Note that snakes’ heads were
confined to thiz line only when they struck mice and when the line contained an odoriferous

trail. Hence, this slide agrees with the previous one.
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Slide 6. Apparatus for the trail-discrimination experiment. Snakes are exposed to two trails of the
same age; one trail was madé with an envenomated mouse, the other with a non-envenomated

mouse,
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Slide 7. Results of the trail-discrimination experiment. Top panel: When snakes had not struck

miee prior to being exposed to trails, the snakes did not spend much time investigating
the trails. Times spent examining the twe traila were summed, and this total was divided
by the amount of time the smake was in the apparatus. However, if snakes struck mice
prior to being exposed to trails, then the snakes showed considerable interest in the trails.
Bottormn panel: Here, time on the “envenomated trail” was divided by time speént on both
trails. Only snakes which struck mice showed a preference for the trail left by an

envenomated mouse,

The lower panel considers only time spent on trails. Time on the

envenomated trail was divided by time spent on both trails. If snakes
had not struck mice prior to exposure to trails, both trails were contacted
equally often. The important data comes from the snakes that struck
mice. These snakes clearly preferred the trail made with an envenomated

mouse,
We observed 13 snakes in the strike condition. All of them disco-

vered a mouse within 20 min after striking, and 10 snakes (77%)
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discovered the envenomated mouse. Six snakes were observed in the
no-strike condition; two of them (33%) discovered the envenomated
mouse, and four discovered neither mouse within 20 min.

CONCLUSIONS

Strike-induced chemosensory searching has been observed many
times in our laboratory as well as in othes laboratories. Hence, this
is a very reliable phenomenon. The relationship between SICS and
trailing behavior is also quite reliable. Hence, it seems reasonable to
conceptualize these events as part of the same adaptive suite.

The fact that rattlesnakes preferentially followed trails left by
envenomated mice has very important theoretical implications. It is well
known that snake venom is very complicated material and that many
components of snake venom “are not particularly useful as incapacitating
or poisoning agents” (Gans, 1978, p. 7). The present results suggest
that some components of venom have evolved not necessarily to subdue
prey but rather to enhance the perceptibility of the trail left by
envenomated prey. Venom may therefore have not only toxic and
digestive significance but also perceptual significance.

Because of these very interesting implications, we feel it is abso-
lutely necessary to replicate the present results before making strong
assertions about the perceptual significance of venom.

Accordingly, we conclude that: (1) rattelsnakes are excellent at
trailing rodent prey, (2) trailing is seen most clearly after snakes have
struck rodent prey, and (8) a trail left by an envenomated rodent may
be more attractive to a rattlesnake than a trail left by a nonenvenomated
rodent.
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