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Investigatory behavior in snakes, II:
Cage cleaning and the induction of

defecation in snakes
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KENT M. SCUDDER, and HOBART M. SMITH
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In Experiment I, boid and colubrid snakes defecated with shorter latencies after their home
cages were cleaned than did control snakes that received equivalent handling without cage
cleaning. Experiment 2 replicated this finding and also showed that snakes exposed to clean
cages emit more tongue flicks after reintroduction to the clean home cage than do control
snakes. Experiment 3 demonstrated that cage cleaning has similar effects in two species of
crotalid snakes. The increase in tongue flicking after cage cleaning is interpreted as investi
gatory behavior and reflects the fact that snakes respond to the absence of familiar odors.
Experiment 4 showed that a clean cage containing odors derived from snake feces produces
less tone-flick exploration and fewer defecation responses in rattlesnakes than does a clean
cage without such odors.
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Previous research from this laboratory has shown
that snakes of several species emit greater rates of
tongue flicking when placed into a novel environ
ment than can be attributed to the handling and
disturbance that attended transfer to the test situa
tion (Chiszar, Carter, Knight, Simonsen, & Taylor,
1976; Chiszar, Scudder, & Knight, 1976; Chiszar,
Scudder, Knight, & Smith, 1978). This difference was
taken to be an operational definition of investigatory
behavior in snakes (see also Cowles & Phelan, 1958;
Glickman & Sroges, 1966). Additional research has
examined the extent to which investigatory behavior
can be modified by variables such as food depriva
tion and/or food odors (Chiszar, Lipetz, Scudder,
& Pasanello, in press; see also Burghardt, 1967,
1969, 1970, 1975), predator odors (Chiszar, Scudder,
Knight, & Smith, 1978), and visual cues arising from
potential prey (Chiszar, Radcliffe, & Scudder, 1977;
Chiszar, Radcliffe, & Smith, 1978). Almost all of
these experiments involved placing the snakes in a
novel test environment in which experimental cues
were introduced. In several studies, however, tests
were conducted by introducing the cues to the snakes'
home cages and recording tongue flicks emitted
thereafter (Chiszar & Simonsen, 1976; Taylor, 1976).
In the course of the latter experiments, it was noticed
by Goldberg (Note 1) that high rates of tongue flick
ing were seen after home cages were cleaned prepa-

Financial support for this research was provided by the M. M.
Schmidt Foundation. The authors thank Janet Goldberg for tech
nical assistance. Reprints may be obtained from D. Chiszar,
Department of Psychology. University of Colorado. Boulder.
Colorado 80309.

Copyright 1980 Psychonomic Society, Inc.

ratory to test trials. Goldberg pursued this observa
tion by comparing tongue-flick rates in two groups
of snakes (Crotalus viridisi. The experimental snakes
were removed from their home cages and placed into
holding pens while the home cages were cleaned.
These snakes were then placed back into their cleaned
home cages. The control snakes were removed from
their home cages and placed into holding pens for the
same length of time as required to clean the cages
of the experimental snakes. The control snakes were
then placed back into uncleaned home cages. Fol
lowing these treatments, tongue flicks were recorded
for all subjects for 15 min. The experimental group
emitted a far higher number of tongue flicks than the
controls, indicating that the former animals had de
tected the change in the chemical properties of the
home cage. This finding is yet another example of
investigatory behavior.

Of greater interest, however, was an additional
finding that all experimental subjects defecated in
their cleaned home cages within several hours, whereas
none of the controls did. It has been a common ob
servation among those engaged in animal husbandry
that many captive reptiles, birds, and mammals
quickly soil clean home cages (Fox, 1968; Hediger,
1968; Chiszar, Wellborn, & Wand, Note 2). It has
typically been assumed that such behavior is induced
by the stress of handling and disturbance that ac
companies cage cleaning. Goldberg's (Note 1) experi
ment controlled these latter factors and therefore
permitted the inference that removal of familiar
odors during cleaning was a causative factor. The
present experiments were designed to replicate and
extend Goldberg's pilot results.
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EXPERIMENT 1

Method
Subjects and Maintenance conditions. A mixed assemblage of

boid and colubrid snakes served as subjects in five replications of
Goldberg's (Note I) study. Species (and number of individuals)
included in this sample were Thamnophis sirtilis (4), Elaphe
guttata (4), E. subocularis (2), Lampropeltis triangulum (2),
Pituophis melanoleucus (I), Djymobias margaritiferus (1),
Coral/us hortulana (2), and Python reticulatus (I). All individuals
were at least 3 years old, experimentally naive, and maintained
singly in glass cages (50 x 27.5 x 30 em, at 26 0 ± rC) containing
a glass water vessel and paper floor covering. All animals were
well adjusted to captivity and had been accepting food (in their
home cages) on a weekly schedule for at least 6 months prior to
the study. Observations were made on the day before feeding;
hence, subjects were always under 6 days of food deprivation at
the time data were gathered. Lights were on between 0600 and
2200 h; observations were made between 1800 and 2200 h.

Apparatus and Procedure. For each replication of Experiment I,
10 individuals were selected randomly from the above sample and
divided randomly into two groups (n = 5). The experimental and
control groups were treated exactly as those in Goldberg's (Note I)
study. Cage cleaning involved washing all glass surfaces with warm
water (no detergent) and replacing the paper floor covering. The
dependent variable in all replications was latency to defecate (in
minutes). If a snake did not defecate within 3 h, a score of 180 min
was assigned. Five replications were conducted over five successive
weeks. A different random selection of 10 snakes was made from
the subject pool for each replication.

experimental group than for the control group [ts(8)
= 1.93, 3.17, .86,2.26, and 2.80 for Replications 1-5,
respectively; one-tail t.05= 1.86; heterogeneity of
variance, produced by assigning scores of 180 to
snakes that did not defecate, was handled by using
the t formula recommended by Cochran & Cox, 1950].

If latency data only from snakes that defecated are
analyzed, then the control and experimental groups
did not differ (means calculated across replications:
Xc = 15, XE = 23; one-tail t tests for each replica
tion gave ps > .05). Accordingly, the latency differ
ences reported above depend upon inclusion of non
defecating control animals, implying that within the
temporal parameters of this study, defecation was a
relatively rapid response or a not-at-all one for each
individual. When "percent positive responses" (i.e.,
percent of all snakes that defecated within 180 min
after being placed back into their home cages) was
calculated across the five replications, a large differ
ence emerged between the experimental and control
groups, 82070 vs. 19070, respectively. Accordingly, we
conclude that cage cleaning induced a greater frequency
of defecations than can be accounted for by handling
and disturbance.

EXPERIMENT 2

Figure t. Mean latencies to defecate under experimental and
control conditions of Experiment I. Five replications, are shown
separately and pooled.

Method
Two more replications of the above procedure were conducted

with the addition of a second dependent variable. During the first
20 min following reintroduction of experimental and control
snakes to their respective home cages, all tongue flicks were re
corded with the aid of hand-held counters. Snakes were again
selected randomly from the subject pool. Replication 6 had three
snakes in each condition; Replication 7 had four snakes in each
condition. All other aspects of maintenance and procedure were
identical to those described in Experiment I.

Results and Discussion
Mean latencies for control and experimental snakes

are shown in Figure 2. Panels A and B show results
for Replications 6 and 7, respectively. Separate t tests
for latency data in Replications 6 and 7 gave values
of 1.51 and 2.55, respectively [dfs=4 and 6; one-tail
t.05=2.13 and 1.94]. Percent positive responses cal
culated across replications were 100070 and 24070 for
experimental and control groups, respectively.

A far greater amount of tongue flicking occurred
in the experimental snakes in both replications (Fig
ure 3). These data were analyzed by mixed ANOVA
with groups treated as a between-subjects factor and
successive minutes treated as a within-subject factor.
Separate ANOVAs for Replications 6 and 7 gave
significant group main effects (F=436.01 and 452.69,
respectively; dfs= 1/4 and 1/6; ps < .01). The tongue
flick data again indicate that a clean cage has effects
that transcend handling and disturbance. Since no
detergents were used in the cleaning process, experi
mental snakes must have been responding to the
absence of familiar odors rather than to the presence
of new and/or noxious chemicals.
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Results and Discussion
The mean latencies for each group in each replica

tion are shown in Figure 1; the lower right panel
presents means pooled across replications. In all
cases, the mean latency to defecate was lower for the
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surprising that individuals of these species may use
their own odors as marking cues. However, no data
yet exist regarding chemical cue utilization by rattle
snakes during aggregation. Since chemical stimuli
are known to be used by rattlesnakes during other
behaviors, such as defense against predation and
feeding (Bogert, 1941; Chiszar, Radcliffe, & Scudder,
1977; Chiszar, Radcliffe, & Smith, 1978; Chiszar,
Scudder, Knight, & Smith, 1978; Weldon & Burghardt,
1979), it is not unreasonable to hypothesize that
rattlesnakes will also have the ability to attend to
their own odors and to use them as cues for orienta
tional behaviors. The Goldberg (Note 1) study pro
vided the only evidence that self-generated odors
were attended to by rattlesnakes. Experiment 3 was
designed to replicate Goldberg's results and to extend
them to an additional taxon.

Run 6

EXPERIMENT 3

Figure 2. Mean latencies to defecate under experimental and
control conditions in the two replications (Runs 6 and 7) of Experi
ment 2.

Figure 3. Mean number of tongue flicks per minute for 20 min
after snakes were replaced into cleaned (experimental) or uncleaned
(control) home cages. Results are shown separately for Runs 6 and 7.

Method
The subjects were 12 rattlesnakes (6 Crotalus viridis and 6

C. durissus). All individuals were at least 3 years old, had been
in captivity for at least 2 years, and had been living in their home
cages for at least 6 months prior to the present study. The snakes
were not experimentally naive; their previous experience involved
exposure to a variety of prey odors but no surgical or pharmaco
logical interventions. Accordingly, we believe these specimens to
be typical of long-term captive crotalids. Maintenance conditions
and experimental procedures were identical to those described for
Experiment 2, with three exceptions: (I) Tongue flicks were re
corded for 30 min after the snakes were reintroduced to their
home cages; (2) a 5-h postreintroduction period was allowed as the
maximum defecation latency (our experience with rattlesnakes is
that the "clean-cage effect" on defecation requires more time
than is the case with colubrids); and (3) the experimental and
control treatments were manipulated within subjects. Three snakes
of each taxon received the control treatment one week, followed a
week later by the experimental treatment. The remaining three
snakes of each taxon receivedthe two treatments in the reverseorder.

Results and Discussion
In all statistical analyses that follow, the taxa were

found to be virtually identical. In no case was there
a significant main effect or interaction involving
this factor (all ps > .05). Accordingly, data were
pooled across taxa for presentation.

Mean latency to defecate was numerically shorter
in the experimental than in the control condition
(239 vs. 300 min). In fact, none of the snakes def
ecated in the control condition during the 5-h ob
servation period, whereas five (42070) did so in the
experimental condition (p = .031 by one-tail sign
test). Hence, we conclude that the "clean cage effect
on defecation" occurred in these Crotalus specimens.

The tongue flick data are shown in Figure 4, where
it can be seen that higher rates occurred in the ex
perimental than in the control condition [F(1,11)
=6.82, p < .05]. Accordingly, it can be concluded
that rattlesnakes responded to the absence of familiar
odors in the clean home cage with greater investiga
tory behavior than can be attributed to handling
and disturbance.
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This experiment extends the above procedures to
venomous snakes of the family Crotalidae. Some of
the species used in Experiments 1 and 2 have been
shown to be strongly dependent upon chemical cues
in a variety of ways (feeding, reproduction, defense;
see Burghardt, 1970, for a review). Moreover, recent
evidence suggests that garter snakes and certain other
species utilize conspecific odors selectively for ag
gregational purposes (Burghardt, 1977a; Dundee &
Miller, 1968; Porter & Czapliki, 1974; Scudder,
Stewart, & Smith, 1980). Accordingly, it is not
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EXPERIMENT 4

Figure 4. Mean number of tongue flicks per minute (plotted
over six 5-min blocks) for 12 rattlesnakes that experienced both
conditions during alternate weeks (Experiment 3). Six snakes were
C viridis and six were C. durissus. The taxon effect was insig
nificant; hence, data were pooled across taxa for presentation in
this figure.

Experiments 1-3 indicate that a clean cage induces
defecation, whereas a soiled cage does not. However,
it is not clear that fecal odors (or their absence) are
the critical determinants of this phenomenon. For
example, it could be that integumentary secretions
(Bogert, 1941; Noble, 1937; Noble & Clausen, 1936;
Radcliffe & Smith, 1977) rubbed onto objects in the
soiled cage are the agents that suppress defecation.
Experiment 4 was designed to show that odors as
sociated with feces are at least partly responsible for
the effects described in the previous experiments.

Fecal Material Absent Present
Derived from
a Conspecific V D V D

Absent 721 672 306* 197t
Present 345* 209t 389* 329t

The experiments reported here make only the be
ginning of a case for fecal marking in colubrid, boid,
and crotalid snakes. It is clear that cage cleaning in-

Note-SEM = 78 for all means.
*Means do not differ significantly, but all differ from 721.
tMeans do not differ significantly, but all differ from 672.

Fecal Material Derived from Cage Resident

Table 1
Mean Number of Tongue Flicks Emitted by Six C. viridis (V)

and Six C. durissus (D) During 20 Min of Exposure to
Each of Four Conditions

contaminants. Accordingly, when we refer to "odors associated
with feces," it must be understood that the active fraction may not
be entirely of fecal origin. Nonetheless, feces are clearly the car
riers of the odors under study here.

All snakes were exposed to all conditions (one condition per
week), and all snakes were under 6 days of food deprivation at
each test. Each snake experienced the four conditions in a ran
domly determined order (orders were independently selected for
each snake).

GENERAL DISCUSSION

Results and Discussion
Table 1 presents mean numbers of tongue flicks

emitted by C. viridis and C. durissus in each of the
four conditions. The main effect of species was insig
nificant, as were all interactions involving this factor.
The condition (A) containing no fecal odors pro
duced the highest frequency of tongue flicks in both
species, whereas the remaining three conditions were
characterized by far lower values. This pattern of
results gave rise to a significant interaction between
presence vs. absence of resident and conspecific fecal
material [F(1,10)= 10.56, p < .01]. Analysis of sim
ple effects indicated that if fecal material of any sort
was present, snakes of both species emitted signi
ficantly fewer tongue flicks than if feces were absent
(see Table 1 for results of Duncan's multiple range
test applied to all means). Snakes did not discrimi
nate between their own fecal materials and those of a
conspecific, indicating that the active chemical(s)
may derive from effluents characteristic of the taxon
(or a still higher level of classification).

Five instances of defecation occurred in Condition A,
whereas only two instances occurred in all other con
ditions combined (one each in Conditions Band D;
p = .031 by one-tail sign test). Accordingly, we con
clude that odors associated with feces are causative
with respect to suppression of tongue flicking and
defecation, and that the clean-cage effects described
in Experiments 1-3 are at least partially attributable
to the absence of these odors.

3

Successive 5- min. Blocks

2

.. ._______0-0--0
~ ~ontrol Condition

c--"

/
.~ Experimental Condition.-..---:

Crotalus VIridis and C. durissus (taxa combined)50
Q)

:;
c
~ 40
W
0.

'""'" 30.~

LL
Q)

::>
0'
c 200
f-

a
w 10£>
E
::>
z
c
a 0Q)

::;;

Method
Subjects and maintenance conditions were the same as those in

Experiment 3. Each snake was exposed to four treatments. In all
cases, the snake was removed from its home cage and placed in a
holding pen while the home cage was thoroughly cleaned with
warm water. In Condition A, the snake was then placed back into
the clean home cage and all tongue flicks were recorded for the
next 20 min. Also, latency to defecate was recorded. In Condition B,
a piece of paper smeared with feces from the snake's home cage
was taped to the floor of the otherwise clean home cage. Feces
were collected prior to cage cleaning; they were pulverized and
rubbed on a clear floor cover. A 15x 15 cm piece of this paper
was then taped to the floor covering of the clean home cage just
prior to the replacement of the resident snake. In Condition A, a
clean paper insert was taped to the floor. In Condition C, a paper
insert containing fecal material from a conspecific was taped to the
floor covering prior to replacing the snake. In Condition D, two
paper inserts were applied to the floor, one containing fecal odors
derived from the resident and the other containing fecal odors
derived from a conspecific. These four conditions conform to a
2 by 2 orthogonal combination of presence vs. absence of odors
derived from the cage resident's feces and the presence vs. absence
of odors derived from a conspecific's feces.

It is possible that odoriferous chemicals of non fecal origin (e.g.,
scent glands, integument) are sequestered in feces after the latter
are deposited on the cage floor, and the present procedures for
collecting and preparing feces probably do not eliminate such



duces defecation more frequently than a soiled cage.
It is also clear that odors associated with feces are at
least partly responsible for the suppression of defeca
tion in the soiled cage. However, we are not certain
about which of the chemicals are active or, for that
matter, if the active chemicals are "acquired" by
feces after deposition. Moreover, it is completely un
known whether odors associated with feces are used
as marks by snakes under natural conditions, and it
would be unwise to infer the existence of territoriality
or home range in snakes on the basis of the present
results (see Brown & Parker, 1976; Fitch, 1958; Fitch
& Shirer, 1971, for criteria used in field studies of
spatial relationships in snakes).

One important methodological point can be de
rived from these data: Snakes are likely to be in very
different behavioral and physiological states, de
pending upon how soon after cage cleaning they are
observed. In fact, too frequent cage cleaning may
keep snakes constantly alert or otherwise "uncom
fortable." Hence, excess variability might be intro
duced into behavioral experiments if this factor is left
uncontrolled. A seemingly innocuous and even neces
sary part of laboratory routine may have to be watched
closely in order that needless variation in animal
attention, motivation, and excitation not be injected
into or confounded with experimental treatments.

At the Philadelphia Zoo, it has been common
practice to leave a few soiled items (stones, tree
branches, etc) in snakes' cages after cleaning. This
procedure has been followed because it results in less
behavioral disturbance to the snakes than does a
totally clean cage (Conant, 1971). The present data
suggest that the effectiveness of this procedure de
rives from the snakes' sensitivity to self-generated
odors and from their ability to induce a calming ef
fect (i.e., such odors block the investigatory and
defecatory consequences of cage cleaning).

Finally, it is necessary to consider the manner in
which self-generated odors exert their effect on snakes.
It may be that snakes are innately prepared to recog
nize these chemicals and to utilize them as naviga
tional or aggregational cues (Burghardt, 1977a) and
as boundary markers to alert others to (or to remind
themselves of) their spatial occupation. It is also
possible that individuals may learn to recognize their
own odors, particularly under captive conditions in
which few other odors compete for an individual's
attention over long periods of time. Thus, cleaning a
laboratory cage may produce a phenomenon akin to
generalization decrement even in snakes that would
not utilize their own odors as orienting marks in
nature. These two hypotheses are not mutually ex
clusive, and each of them suggests appropriate follow
up studies (see Burghardt, 1977a, and Scudder,
Stewart, & Smith, 1980, for implications of the
innate recognition hypothesis). The learning hy
pothesis considers all detectable odors to be potential
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familiarity cues. The reason that self-generated odors
are utilized is that they are normally the only ones
available to a captive snake maintained in an indi
vidual cage. Perhaps if other odors were incorpo
rated into the cage, these too would become familiar
to the animal such that their subsequent removal
would give rise to a behavior pattern much like the
clean-cage effect (even if self-generated odors re
mained in the cage). Preliminary results from studies
ongoing in this laboratory indicate that this is ex
actly what happens. Although snakes may be innately
prepared to recognize certain pheromones, they also
appear to be able to learn to recognize a variety of
other substances (e.g., formaldehyde, perfume) or at
least to detect their absence from an environment
that has long contained them. Many experiments on
snake learning ability have used visual, spatial, or
tactile cues as classical CSs or as operant discrimi
nand a with mixed results (see Burghardt, 1977b, for
a review). Perhaps very different outcomes would
occur with chemical cues as conditioned and/or dis
criminative stimuli.
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