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Rate of tongue flicking by rattlesnakes during
successive stages of feeding on rodent prey

DAYID CHISZAR and CHARLES W. RADCLIFFE
University of Colorado, Boulder, Colorado 80309

Specimens of each of three species of rattlesnakes (Crotalus enyo enyo, C. durissus culminatus, and
Crotalus vegrondis) exhibited no tongue flicking prior to striking live mice during a regular feeding
session. All snakes flicked their tongues at high rates (more than 20 flicks/minute') between striking and
commencement of swallowing. Also. frequent tongue flicking (10 to 15 flicks/minute) was seen for about
15 min after swallowing . These data indicate that well-acclimated, captive rattlesnakes do not rely upon
the Jacobson's organ to detect prey or to guide the predatory attack, but that they do use this sensory
system to locate prey after striking. Since an envenomated rodent may wander several meters prior to
dying, Jacobson's organ may be very important in finding such prey . It is also of interest that renewed
tongue flicking occurs after swallowing. A hypothesis is offered concerning the role of the latter behavior.

Garter snakes and other natricine snakes detect and
locate prey mainly by the Jacobson's organ (paired sacs
which open into the roof of the mouth and which re
ceive chemical input from the tongue). Indeed , a cotton
swab soaked in a solution of surface substances from
potential prey will be sampled with the tongue and
attacked as if it actually was a prey organism, indicating
that olfactory cues are sufficient for the release of both
appetitive and consummatory behavior and that visual
cues are probably unnecessa ry (Burghardt, 1969; see
Burghardt, 1970 for a review of the literature). In vipers
and pit vipers, however , olfactory cues seem less impor
tant for initial appetitive behavior (orientation and
approach to prey) and for striking than for subsequent
trailing and ingestion. Although rattlesnakes can detect
rodent prey by odor alone (Cowles & Phelan, 1958),
these snakes seem always to strike a live (and moving)
mouse when given the choice between live and freshly
killed mice, indicating that visual cues are most salient.
Moreover, it is our impression that few, if any, tongue
flicks are seen before the strike , indicating that no air
sampling is required (presumably because visual and/or
thermal information is sufficient). The purpose of the
present study is to compare the frequencies of tongue
flicking during various stages of feeding in order to
determine if, in fact , air sampling occurs more often
after striking rather than prior to it. Such data should
indicate the relative importance of the vomeronasal
system dur ing different stages of the feeding episode.

This paper is sponsored by Raymond C. Miles, who takes full
editorial responsibility for its contents. We thank the Mexican
government for granting a permit to the second author which
allowed collection of four specimens used in this experiment. We
also thank Dr. H. M. Smith and the Marjorie Mosher Schmidt
Foundation for their contributions to this work.

METHOD

Subjects and Maintenance Conditions
Six rattlesnakes (two Crotalus enyo enyo: females, about 4

years old and 40 cm; two Crotalus durissus culminatus : males,
both about 3 years old and 75 ern; two Crotalus vegrandis: one
male and one female, both about 3 years old and 50 ern) in the
collection of the second author were observed in this study . All
snakes had been in captivity for at least 2 years and were main
tained in individual glass terraria (50 x 27.5 x 30 ern) kept at
260.240 C during the light period (0800-2200) and 220_240 C
during the dark period. Each animal was fed one to three adult
mice every 2 weeks; the present observations were made during
the attack upon and consumption of the first mouse of a regular
feeding session for each snake (in its home cage). Care was taken
so that the mouse could not be seen by the snake prior to its
actual introduction into the cage.

Procedure
During 5 min prior to the introduction of a live adult mouse,

the number of tongue flicks emitted by each snake was recorded .
This frequency was taken to be the prefeeding baseline. Next, we
recorded the number of tongue flicks emitted by each snake
between the time the mouse was introduced and the time the
snake struck . Third , a count was made of the number of tongue
flicks emitted between the strike and the point at which each
snake grasped the mouse preparatory to swallowing. Finally ,
each snake was observed subsequent to swallowing until the
prefeeding baseline was recovered , and the number of tongue
flicks was recorded after each minute . All recording was done
with the aid of hand-held counters which were incremented
upon each tongue flick; the observer was seated 1 m from
the terrarium front throughout the entire period. (These snakes
were accustomed to the presence of humans and no defensive
or other unusual behaviors were noted.)

RESULTS

Table 1 contains a summary of tongue-flick fre
quency for each stage of feeding together with the
temporal duration of each stage. Separate frequencies
are shown for each individual , and means are shown for
species as well as for the entire group of snakes . Almost,
no tongue flicks occurred during the prefeeding period,
indicating that the snakes were relatively inactive or
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Table I
Mean Number of Tongue Flicks Per Minute by Six Rattlesnakes During Each of Four Stages

of a Feeding Episode (Prey = Live Adult Mice)

Stage Prefeeding Introduction of mouse Strike until After swallowing until
until the strike commencement of recovery of prefeeding

swallowing (i.e. trailing) baseline

Mean Duration - 5 min (±O) 0.25 min (±.!)

C. e. enyo 0.0 0.0
C. e. enyo 0.2 0.0

Mean 0.1 0.0

C. d. culminatus 0.4 0.0
C. d. culminatus 0.2 0.0

Mean 0.3 0.0

C. vegrandis 0.0 0.0
C. vegrandis 0.0 0.0

Mean 0.0 0.0

Mean over all snakes 0.1 0.0

sleeping. Striking occurred almost immediately upon the
introduction of prey, implying that the snakes detected
the presence of the mouse almost at the instant of its
presentation. However, no snake emitted tongue flicks
prior to striking. On the other hand, every snake emitted
many tongue flicks between the time of striking and the
time ingestion began. Some of these flicks were emitted
while the snake was trailing the prey (the mouse usually
moved 10 to 20 cm from the snake before dying), and
the rest were emitted while the snake was examining the
mouse carcass preparatory to ingestion. (The snakes
usually swallowed adult mice head first, and it appeared
that snakes were locating the heads of their respective
mice in part through the use of Jacobson's organ.)

Tongue flicking ceased when each snake began to
swallow and commenced again when the bulk of the
prey had passed into the esophagus. At this time each
snake initiated an active bout of investigation (i.e.,
lingual air sampling) during which its terrarium was
systematically examined. This episode lasted an average
of 17.5 min, after which the animals coiled themselves
into resting-sleeping postures that were comparable to
those seen during the prefeeding observation.

DISCUSSION

These data strongly suggest that well-acclimated, captive
rattlesnakes do not rely upon Jacobson's organ (and perhaps not
upon nasal olfaction either) for initial detection and striking of
live rodent prey; this conclusion agrees with data on the impor
tance of visual and thermal cues (see Klauber, 1972, for a
review). However, since rattlesnakes typically release the prey
after striking and since the prey may wander off before dying,
the snake is left with the problem of trailing the prey . It is
known that European Vipers (Viper aspis) accomplish this task
mainly by use of Jacobson's organ, nasal olfaction making little
additional contribution (Baumann, 1927,1928). The present data
indicate that rattlesnakes also rely upon Jacobson's organ during
trailing, since this stage of feeding was characterized by the
highest tongue-flick rate (see also Dullemeijer, 1961). Indeed,
it is our hypothesis that chemical cues are not required until the

5.8 min (±1.7) 17.5 min (±2.7)

First 5 min only Entire period

57.0 16.4 17.5
21.4 8.6 15.1
39.2 12.5 16.3

18.5 9.4 16.3
26.2 13.2 7.2
22.3 11.3 11.7

25.8 18.2 8.0
35.3 14.2 8.7
30.5 16.2 8.3

30.7 13.3 12.0

rattlesnake strikes prey, and that some aspectts) of striking (taste
cues, proprioception, etc .) activates the tongue-flick system.

It is interesting that tongue flicking continues for some time
after swallowing. Perhaps this would allow the snake to detect
additional prey that might have remained in the vicinity. If a
snake enters a rodent burrow, the probability is high that more
than one mouse will be present, and natural selection would
probably favor a predator who conducts a thorough investiga
tion of such a place even after eating its first prey. This may be
especially true when mice are prey because these animals do not
seem to exhibit fear and/or escape responses in the presence of
rattlesnakes, even after seeing other mice attacked and devoured
by rattlesnakes (Chiszar, 1975). In any case, it would be valuable
to determine if postingestive tongue flicking enables rattlesnakes
to locate potential prey (i.e., a freshly killed mouse) or other
kinds of stimuli which might not otherwise be detected.

REFERENCES

BAUMANN . F. Experimente tiber den Geruchssinn der Viper.
Revue Suisse de Zoologic. 1927. 34. 173·184.

BAUMANN, F. Uber die Bedeutung des Bisses und des
Geruchssinnes fur den Nahrungserworb der Viper. Revue Suisse
de Zoologie, 1928. 35,233-239.

BURGHARD. G. M. Comparative prey-attack studies in newborn
snakes of the genus Thamnophis. Behaviour, 1969. 33.
77-114.

BURGHARDT, G. M. Chemical perception in reptiles. In
J. W. Johnston. Jr.. D. G. Moulton, & A. Turk (Eds.),
Communication by chemical signals. New York: Appleton
Century-Crofts, 1970. Pp. 241-308.

CHISZAR. D. Laboratory mice (Mus musculus , C57/BL6J)
do not exhibit fear in the presence of a rattlesnake. Bulletin
of the Psychonomic Society, 1975. 6. 377-378.

COWLES . R. Boo & PHELAN. R. L. Oltaction in rattlesnakes .
Copeia. 1958. 77-lB .

DUllEMEIlER . P. Some remarks on the feeding behavior of
rattlesnakes. Koninklijkc Nederlandische Academic vall
Wetcnschuppen. Series C. 1961. 64. 383-396.

KLAUBER. L. M. Rattlesnakes. their habits. lite histories
and inf luence on mankind. Berkeley: University of California
Press. 1972. 2 vols.

(Received for publication January 26. 1976.)



<<
  /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




