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Distance traveled by mice after envenomation
by a rattlesnake (C. viridis)
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Adult mice (Mus musculus, C3H) envenomated by adult prairie rattlesnakes (Crotalus viridis)
traveled an average of 185.6 cm in an open field prior to becoming immobilized (78 sec).
The range of distances traveled by the 20 envenomated mice in this study was 0-676.5 cm.
These distances give an indication of the extent of the trailing task that confronts a prairie
rattlesnake under natural conditions. Hence, laboratory studies of trailing behavior in rattle-
snakes should use trails of at least 180-200 cm if results are to have ecological validity.
Of course, data from additional strains of rodents envenomated by additional species of
rattlesnakes should be accumulated in order to supplement the information provided here.

Rattlesnakes typically strike and release adult rodent
prey (Gans, 1966; Radcliffe, Chiszar, & O’Connell,
1980), permitting the envenomated animals to wander
freely while the venom takes effect. Releasing such prey
is considered to be an adaptation that spares the snake
from damage resulting from rodent teeth and claws.
However, the snake must then locate its dead prey,
which may have wandered a considerable distance. This
task is accomplished by a profound change in snake
chemosensitivity consequent to striking (Chiszar,
Radcliffe, & Scudder, 1977; Chiszar, Radcliffe, &
Smith, 1978; Gillingham & Clark, 1981). A predatory
strike results in a sustained, high rate of tongue flicking,
by which molecules are transferred from the environ-
ment to the vomeronasal organs (for reviews, see
Burghardt, 1970, 1980; Chiszar & Scudder, 1980).
Strike-induced chemosensory searching brings the
snake into contact with the envenomated rodent’s
trail and allows the snake to follow it with precision
(Dullemeijer, 1961; Naulleau, 1964; Golan, Radcliffe,
Miller, O’Connell, & Chiszar, Note 1).

Since all studies of this trailing phenomenon have
been conducted in laboratory cages and since trail
lengths have been circumscribed by the artificial bound-
aries imposed by experimental procedures and/or captive
enviroments, it is important to determine the distance
that a mouse could travel under less restricted condi-
tions. Such data will reveal (1) the extent of the trailing
task that would confront the snake under natural
conditions and (2) the extent to which experimental
procedures in common use (Kubie & Halpern, 1979;
Golan et al., Note 1) are adequate models of the natural
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situation. The present study was designed to provide
this information.

METHOD

Subjects

Six adult prairie rattlesnakes (Crotalus viridis; mean length =
78 cm) were used as venom donors. Snakes were individually
maintained in glass cages (62 x 32 x 32 cm) and had been in cap-
tivity for at least 2 years. They had been accepting rodent prey
(Mus musculus; mean weight = 20 g) on a weekly schedule during
this entire period. Laboratory temperature was 26°C x 1°C during
photophase (0700-1900) and 23°C + 1°C during scotophase.

Forty mice (Mus musculus, C3H; 20-24 g) were selected from
a colony maintained by the psychology department and ran-
domly assigned to two groups (n = 20), with the restriction that
each group contain 10 males and 10 females.

Procedure

All mice were observed in an open field for 5 min (20 suc-
cessive 15-sec periods). The apparatus had inside dimensions of
100 x 100 x 90 cm, and the floor was marked into 36 16.5-cm
squares. Mice in one group (controls) were removed from their
home cages via forceps applied to the tail. While suspended
from the forceps, the mouse was lowered into a rattlesnake cage
but held out of striking range for 3 sec. The mouse was immedi-
ately withdrawn and placed into the open field. Experimental
mice were treated exactly like the controls, except that the
snake was allowed to strike the mouse at the end of the 3-sec
presentation. Less than 3 sec was required to transfer the
mouse to the nearby open field. The following measures of
open-field performance were taken: (1) number of squares
traversed during each 15-sec period, (2) latency (in seconds)
for experimental mice to become immobile, and (3) latency
for experimental mice to die (defined as cessation of respiration).

Each rattlesnake struck one experimental mouse per week.
Hence, four weeks were required to gather all the data. The open
field was cleaned after each trial.

RESULTS

Table 1 presents descriptive statistics that indicate
that male and female experimental mice did not differ
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Table 1
Means and Standard Deviations for Each of the Dependent Variables Recorded in This Study

. Latency (in Seconds) Distance Traveled
Body Weight

(in Grams) To Immobilization To Die Number of Squares In Centimeters

Group Mean SD Mean SD Mean SD Mean SD Mean SD
- Male 21.8 14 54.7 36.7 240.1 218.7 14.6 13.8 240.9 227.7
Experimental  porale 217 11 1014 1516 2098 2007 79 80 1303 1334
Control Male 219 13 163.8 105.0 2702.7 1732.8
Female 21.5 1.3 146.8 80.1 24222 1323.1

Note—Distance measures were pooled across 15-sec periods. See Figure 1 and Table 2 for unpooled means and corresponding inferen-

tial statistics.

significantly - in body weight, latency to become
immobile, or latency to die. It is noteworthy that latency
to die was significantly longer than latency to become
immobile [t(19)=4.14, p<.01], indicating that
venom inhibits movement long before it causes death.
Although both effects may be derived from the same
physiological consequences of venom,.this is not neces-
sarily the case, and it is reasonable to hypothesize that
strong selective pressures have produced venom com-
ponents that rapidly inhibit rodent movement whether
or not they also contribute to the rodent’s death. Yet,
the fact that the two latency measures were correlated
[r(18)= .65, p<.01] is suggestive of some common
mediation. Of course, nonenvenomated mice traveled
farther during the 5-min test than envenomated mice
[F(1,36) =46.84, p< .01; see Table 1, Columns 4 and

5, Figure 1, and Table 2]. Envenomated males traveled
farther than envenomated females, even though males
became immobilized numerically sooner than females.
However, this is simply a reflection of the fact that
males generally exhibited more (and faster) locomotion
in the open field than did females, and this main effect
of sex was visible even during the first 15 sec [F(1,36) =
736, p<.05]. The potential interaction involving
envenomation vs. nonenvenomation and sex was not
significant at any point shown along the abscissa of
Figure 1 (all Fs < 1.0). Therefore, it is concluded that
males and females differed slightly in rate of ambulation,
but not in the present measures of susceptibility to
envenomation. Both sexes revealed significant effects
of envenomation during the third 15-sec period in the
open field (Table 2).
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Figure 1. Mean cumulative distance traveled by male and female mice in each group.
Cumulative distance is shown for each successive 15-sec period. Left ordinate shows
number of squares traversed in the open field; right ordinate expresses the distance in

centimeters.
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Table 2
Results of 2 by 2 ANOV As Applied to Selected 15-Sec Periods Shown in Figure 1
Selected 15-Sec Periods
1 2 3 4 5 6 10 20

F Ratios (df = 1,36)
Sex 7.36* 8.55% 5.09* 4.18* 2.80 1.86 62 31
Envenomation 81 3.99 7.15% 12.77¢ 16.43% 18.25% 28.94% 46.84%
Interaction 27 .04 .08 24 25 20 05 .05

Percent of Variance
Sex 16.53 17.60 10.53 7.87 5.05 3.30 95 38
Envenomation 1.83 8.21 14.81 24.01 29.60 3241 44.10 56.28
Interaction 62 .09 16 46 46 36 .08 .07
Percent of Envenomated Mice Immobilized 25.00  40.00 45.00 50.00 60.00 80.00 90.00 95.00
Total §? 20.10 97.90 203.70 38340 619,60 895.60 2652.80 9452.10
*»<.05. Tp<.0lL

DISCUSSION

The most important finding of this investigation was that
envenomated mice traveled an average of 185.6 cm prior to
becoming immobilized. These procedures probably under-
estimated the maximal distance such mice could travel because
of the 2 or 3 sec that were required to transport the mice from
the snake cage to the open field. If appropriate adjustments
are made in the experimental data, the mean becomes about
200 cm. Hence, procedures for analyzing rattlesnake trailing
behavior should use trails of this length if results are to have
ecological validity. However, studies such as the one reported
here should be repeated with additional strains of mice, as well
as additional species of rattlesnakes. It is quite likely that signifi-
cant variability will derive from both of these factors.

The variability of the present data was considerable. The
range of distance traveled by envenomated mice was from 0 cm
to 676.5 cm. Perhaps the higher value gives an indication of the
upper limit of rattlesnake trailing ability. If so, experimental
trails of 180-200 cm do not represent challenging situations
for these predators.

Rattlesnakes typically do not begin to search for rodent prey
until 3 or 4 min after the predatory strike (Chiszar et al., 1977).
Since this period coincides with the mean latency to die
(Table 1), it can be hypothesized that rattlesnakes have experi-
enced selective pressures against locating the wounded prey
while it is still capable of defensive actions.

REFERENCE NOTE
1. Golan, L., Radcliffe, C. W., Miller, T., O’Connell, B., &
Chiszar, D. Prey trailing by the prairie rattlesnake (Crotalus
v. viridis). Manuscript under review, 1981.

REFERENCES

BurGHARDT, G. M. Chemical perception in reptiles. In J. W,
Johnston, D. G. Moulton, & A. Turk (Eds.), Communication

by chemical signals. New York: Appleton-Century-Crofts, 1970.

BurGgHARDT, G. M. Behavioral and stimulus correlates of
vomeronasal functioning in reptiles: Feeding, grouping, sex,
and tongue use. In D. Miiller-Schwarze & R. M. Silverstein
(Eds.), Chemical signals: Vertebrates and aquatic invertebrates.
New York: Plenum, 1980.

CHiszar, D., RapcLirrg, C. W., & Scuppker, K. M. Analysis of
the behavioral sequence emitted by rattlesnakes during feeding
episodes. I. Striking and chemosensory searching. Behavioral
Biology, 1977, 21, 418-425.

CHiszAr, D., RapcLiFrFE, C. W., & SmitH, H. M. Chemosensory
searching for wounded prey by rattlesnakes is released by strik-
ing: A replication report. Herpetological Review, 1978, 9, 54-56.

Cuiszar, D., & Scupper, K. M. Chemosensory searching by
rattlesnakes during predatory episodes. In D. Miiller-Schwarze
& R. M. Silverstein (Eds.), Chemical signals: Vertebrates and
aquatic invertebrates. New York: Plenum, 1980.

DuLLEMELJER, P. Some remarks on the feeding behavior of
rattlesnakes. Koninklijke Nederlandische Academie van
Wetenschappen (Series C), 1961, 64, 383-396.

GANs, C. The biting behavior of solenoglyph snakes—Its bearing
on the pattern of envenomation. In Proceedings of the Inter-
national Symposium on Venomous Animals. Sao Paulo, Brazil:
Instituto Butantan, 1966.

GILLINGHAM, J. C., & CLARK, D. L. An analysis of prey searching
behavior in the western diamondback rattlesnake, Crotalus atrox.
Behavioral and Neural Biology, 1981, 32, 235-240.

Kusig, J. L., & HaLrerN, M. The chemical senses involved in
garter snake prey trailing. Journal of Comparative and Physio-
logical Psychology, 1979, 93, 648-667.

NauLLEAU, G. Premieres observations sur le compartement de
chasse et de capture chez les vipers et les couleuvres. La Terre
et la Vie, 1964, 1, 54-76.

RapcLiFrg, C. W., Cuiszar, D., & O’ConNELL, B. Effects of
prey size on poststrike behavior in rattlesnakes (Crotalus durissus,
C. enyo, and C. viridis). Bulletin of the Psychonomic Society,
1980, 16, 449-450.

(Received for publication June 23, 1981.)



	SBAP13080800108
	SBAP13080800109
	SBAP13080800110
	SBAP13080800111
	SBAP13080800110.pdf
	SBAP13080800108
	SBAP13080800109
	SBAP13080800110
	SBAP13080800111



<<
  /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




