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Escape learning in the plains garter snake,
Thamnophis radix

CHARLES E. FUENZALIDA and GEORGE ULRICH
University of Colorado, Boulder, Colorado 80302

Five plains garter snakes (Thamnophis radix) received five daily trials on each of 10 successive days in
a water maze in which escape was possible through a hole in the correct end box. The snakes showed a
significant reduction in latency to escape after 2 or 3 days of training. However, the animals did not
acquire a discrimination between the correct and incorrect paths since the probability of turning into the
incorrect arm did not decrease over days. Reduction in escape latency could be interpreted as an arousal
effect of incentive learning (i.e., snakes learned that escape was possible, and this energized behavior
even though they did not learn the correct pathway). However, an alternative view is offered wherein
snakes are presumed to have learned not only that escape was possible but also a systematic pattern of
searching behavior (which was somewhat less efficient than could have been acquired if the position
discrimination had been mastered).

Although various researchers have demonstrated
learning in turtles and tortoises (Kirk & Bitterman,
1963; Spigel, 1963; Wise & Gallagher, 1964),
experiments employing snakes, beginning with Takemasa
and Nakamura (1935) , have typically produced equivo­
cal results . Kellogg and Pomeroy (1936) observed water
snakes (Natrix rhombiferas in a cold-water-filled maze
where the reinforcer for an escape response was
exposure to a warm goal compartment. This data
revealed a decrease in escape latency and great variation
within and between subjects. (One source of variation
was ecdysis during which snakes exhibited extremely
long response latencies, probably reflecting the generally
low activity level which characterizes snakes during this
period . But see Porter and Czaplicki, 1974.) Wolfe and
Brown (1940) also studied escape behavior in Natrix
rhombifera hut employed heat as the aversive stimulus in
a multiple T maze . Absolutely no evidence of learning
was produced in this situation . Addit ional negative
results were produced by Mills (Note 1), who att empted
to train rattlesnakes to avoid shock . However , Crawford
and Holmes (1966) examined the extent to which
yellow rat snakes Elaphe obsoleta learned to escape from
vibratory stimulation in a two-compartment box.
Although two of the eight subjects showed no evidence
of escape learning, the group curve for the remaining six
snakes exhibited a statistically reliable decrease in
response latency over five blocks of 10 trials per block
(see also Crawford & Bartlett, 1966; Kleinginna, 1970).

Although the evidence is far from uniform, it seems
reasonable to conclude that some snakes are capable of
mastering certain tasks. It is likely that interacting
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factors such as motivation , magnitude of reward , task
difficulty, degree to which the required association is
ethologically prepared , etc. are contributing in unknown
ways to the succe ss or failure of particular experiments .
However, until an adequate data base is accumulated
through the results of numerous experiments , it will be
difficult even to guess abo ut the manner in which these
factors are operating.

The present study was designed to examine the
performance of garter snakes in an enclosed maze where
the reinforcer was escape through a narrow tunnel-like
passageway to the dry exterior. It was hypothesized that
such a stiuation would resemble the sorts of avenues
normally travelled by these snakes and that the subjects
would be ethologically prepared for the task demands .
However, since T. radix is a semiaquatic species, there
was no guarantee that the animals would actively
attempt to escape from the interior of the maze. Since
these organisms typically enter watery places mainly to
feed, we guessed that prolonged immersion would be
aversive enough to inspire searching and , eventually,
escape.

METHOD

Subjectsand Maintenance Conditions
The five garter snakes were captured approximately 9 months

prior to service in the present study. During the first 6 months of
captivity, the animals were housed in a large cage with other
snakes at a temperature of 22 ± 1°C. Subsequently, the snakes
were housed in individual plastic cages (17.5 x 20.5 x 15.0 em)
with paper bedding, a rock, and water. Temperature averaged
22 ± 2°C, and photoperiod was provided by electrically
controlled overhead fluorescent lights which were on from 0700
to 2100. For 4 weeks prior to the beginning of maze trials, the
animals were handled about 5 min three times weekly. Food was
freshly thawed ocean perch, and each subject was fed to
satiation once weekly.

Apparatus
The T maze was 15 em high and 12.5 cm wide throughout and
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Figure I. Mean reciprocal escape latency as a function of
successive days of training.
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Figure 2. Mean percentage of trials ending in a voluntary
escape fr~m the maze (Le., trials with latency less than 300 sec)
as a function of successive days of training .

These data clearly reveal that latency to escape decreased over

Figure 1 plots mean reciprocal escape latency over the
10 successive days, and the significant increase in this
measure is obvious (F: 4.55, df > 9/36, p < .0 1) .
Figure 2 plots mean percentage of successful escapes
(i.e., trials with latency less than 300 sec), and it is again
clear that considerable improvement occurred over the
10 days of training (F : 3.37, df > 9/36, p < .0 1) .

It is interesting that the error measures showed no
change over days. First of all, the frequencies of the two
types of errors were highly correlated (r: .82 , df: 248,
p < .001), indicating that subjects had a high probability
of traversing the entire incorrect arm if they entered it.
Secondly, the mean number of Type I and II errors per
day was 5.2 and 4.5 , respectively, and , in neither case
was there a significant days main effect (F T y p e I : lAO,
df > 9/36, p > .05; FT y p e II : 1.76 , df: 9/36, p > .05) .

DISCUSSION

RESULTS

, i , iii i • ,

2 3 4 6 e 7 8 9 10
DAYS

subject entered IS em into the incorrect arm (Type I error) as
well as the number of times the entire incorrect arm was
.traversed (Type II error) . Finally , if a subject did not escape
within 5 min, the trial was concluded, and a latency of 300 sec
was assigned to the animal. In such cases, rhe subject was gently
prodded into the end box and allowed to travel through the
escape hole.

Five trials (ITI ~. 20 min ; snakes spent the ITI in the home
cage) were administered daily on each of 10 days. After each
day's trials, the snakes were carefully dried and placed into their
home cages. Daily trials were always administered between 1600
and 1800 .>o
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was constructed of black Plexiglas (.31 em thick) except for the
lid which was transparent. The start box was 25 em long and was
separated from the alley (20 em long) by a guillotine door. Each
arm was 22.5 em long, and guillotine door s separated the arms
from the end boxes (25 em long). Situated in each end box was a
45-<1eg ramp constructed of clear Plexiglas (21 em long and
II em wide) to which was glued small pebbles and several pieces
of sandpaper (th ese items were necessary in order for the snakes'
ventral scales to gain sufficient purchase to permit locomotion) .
Each ramp led to a 4-cm-square escape hole openin g to the
exterior. However, only one of these would be open, the other
being shut by a black Plexiglas insert .

Procedure
The maze was filled with water to I ern from the top , and the

water was allowed to reach room temperature (22 ± 2°C) .
Additional water was placed into the maze as needed to make up
for evaporation. On each of 2 days before the start of learning
trials, each snake was placed into the water-filled maze for 5 min
with all doors open and with both escape holes blocked. Hence,
escape was not possible on these days.

Maze trials began by placing a' snake into the startbox, and
after I min the startbox door was raised. At this point, a
hand-held stopwatch was activated by an assistant and was
stopped when the front half of the snake's body passed through
the escape hole (for three snakes, the right arm was correct, and,
for two, the left arm was correct). After leaving the start box, the
guillo tine door was lowered to prevent retracing. The subject was
then free to traverse the alley and select an arm. However,
ret racing within and between arms was possible until the subject
actually entered the corr ect end box , after which the guillotine
door was lowered . Hence, subjects could enter the correct arm
and retrace immediat ely many times before finally enter ing the
correct end box . Record was kept of the number of times each
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days, and this probably represents the occurrence of learning.
Since the subjects were handled extensively and exposed to the
water maze prior to the experiment, it seems reasonable to rule
out "nonlearning" factors such as habituation to handling and/or
water as explanations of the latency reduction during the 10
days of maze trials.

The fact that the subjects did not show reductions in the error
measures is puzzling. This renders the latency change difficult to
interpret because it cannot be attributed to the acquisition of a
discrimination between the alternative paths in the maze.
Rather, it seems that the snakes learned mainly that escape was
possible (Le., incentive learning occurred) and that the latency
reduction represents an incidental nonspecific arousal effect.
This view implies that escape latency was not under the control
of the discriminative instrumental contingency. Yet, observation
of the snakes while they negotiated the maze suggests that this
conclusion is only partially correct. After the initial days, the
subjects behaved as if they were searching for the escape hole.
They swam down the arm to the ramp and rubbed their nasal
scales along the Plexiglas surface in the vicinity of the escape
hole. If the subject was in the correct end box, he would quickly
discover the hole and escape would follow. If the subject was in
the incorrect end box, his nasal scales would meet with pressure
from the insert, and he immediately turned around and swam to
the correct side, repeated the nasal-scale rubbing, and soon
escaped. The organized systematic character of this searching
behavior argues that it is incorrect to attribute the increase in
response speed entirely to nonspecific "activational" effects of
incentive learning.

A concept which might be appropriate is the ethological
notion of "search image" wherein an animal's perception of
stimuli within a field changes as a consequence of experience
with the field (Tinbergen, 1960). Some stimuli may become
more or less salient as a consequence of contingencies associated
with them. Accordingly, animals may come to attend
differentially to such stimuli, and they may even acquire
"cue-producing responses" to facilitate observation of important
stimuli . Such responses are clearly instrumental in that they are
reinforced by production of stimuli 'and consequent generation
of information. It is suggested that our snakes formed search
images (i.e., some representation of the escape hole) which
motivated and/or reinforced subsequent searching responses, and
these , in turn, resulted in decreased escape latencies . This
behavior could have become much more efficient if the subjects

had attended to the position cue. That is, subjects could have
attained mastery of this task if they had incorporated into their
search images the cue which we designated as relevant in the
experimental situation. Why they failed to do so remains a
mystery. But, the fact that they failed in this respect does not
mean that the animals had no search images; it means only that
they did not form the most efficient one possible.

REFERENCE NOTE
I..Mills, K. C. Attempts at escape and avoidance training with

the rattlesnake using infrared light as the discriminative stimulus.
Unpublished Ph.D. dissertation, Claremont Graduate School,
1970.

REFERENCES
Crawford, F. T .. & Bartlett, C. W. Runway behavior of the gray

rat snake with food and water reinforcement. Psychonornic
Science, 1966, 4, 99-100.

Crawford, F . T., & Holmes, L. E. Escape conditioning in snakes
employing vibratory stimulation. Psy chonomic Science, 1966,
4,125-126.

Kellogg, W. N .. & Pomeroy, W. B. Maze learning in water snakes.
Journal of Comparative Psychology, 1936, 21, 275-296.

Kirk, K. L., & Bitterman, M. E. Habit reversal in the turtle.
Quarterly Journal of Experimental Psychology, 1963, 15,
52-57.

Kleinginna, P. R. Operant conditioning in the indigo snake.
Psy chonomic Science, 1970, 18, 53-55.

Porter, R. H .. & Czaplicki, J. A. Shedding facilitates exposure
learning in the garter snake (Thamnophis sirta/b). Physiology
and Behavior, 1974, 12, 75-77.

Sp igel, I. M. Running speed and intermediate brightness
discrimination in the freshwater turtle (Chr:ySemys). Journal
of Comparative and Physiological Psychology, 1963, 56,
924-928.

Takemasa, T., & Nakamura, K. Hebi mochieto hitotsumo
gakushi iikken (A learning experiment with snakes). Kyotku
Shinn Kerkvu, 1935, 10, 575-581.

Tinbergen, L. The natural control of insects in pinewoods: I.
Factors influencing the intensity of predation by song birds.
Archives neerlandaises de Zoologie, 1960, 13,265-343.

Wise, L. M.. & Gallagher, D. P. Partial reinforcement of a
' d isc ri m inat ive response in the turtle . Journal of Comparative
and Physiological Psychology, 1964, 57, 311-313.

Wolfe, D. L., & Brown, C. S. A learning experiment with snakes.
Co peia , 1940, 134.

(Received for publication April 7, 1975.)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




