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Inhibition of the righting reflex in the common 
bullfrog (Rana catesbiana) employing an 

operant-avoidance procedure 

C. BRIAN HARVEY, CECIL ELLIS, and MONICA TATE 
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Three common bullfrogs of the Rana catesbiana strain were conditioned, employing an 
operant-avoidance procedure, to inhibit the high-priority, biologically adaptive righting reflex. To avoid 
an electric shock of _6, .8, or 1.0 rnA, bullfrogs, when flipped, remained passively on their backs rather 
than exhibiting the normal short-latency righting response. The data are discussed in the context of the 
species-specific aspects of avoidance behavior. 

Considerable data on geotropic behavior in the 
common bullfrog (Rana catesbiana) suggest that 
position and attitude adjustments are both precise 
and adaptive in that they facilitate the bullfrog's 
survival in its natural habitat. Such behaviors were 
first described systematically by Dickerson (1906), 
who asserted that a frog is "not at ease" unless its 
head is uppermost. That a bullfrog can right itself 
with its forebrain not intact is evidence that the 
"righting-retlex" is. indeed, a reflex. 

Researching with leopard frogs, McGill (1960) has 
shown that these frogs find it adaptive in escape or 
avoidance paradigms not to make the shuttle response 
but, rather, to spread out their bodies, remain 
passive. and take the shock. Although spreading 
seemed to reduce the discomfort of shock, it was 
maladaptive in that it led to the death of the frogs. 
Boice (1968) demonstrated that escape and avoidance 
responses are incompatible with behavioral passivity. 
In both researches. the shock level was extreme. 

The present research attempts to answer two 
important questions: (a) can a high-priority 
biologically adaptive response. specifically the 
righting reflex in the common bullfrog, be brought 
under stimulus control and inhibited; and (b) can the 
bullfrog learn an operant-avoidance response? 

METHOD 

Subjects 
The subjects were four adult male frogs of the Rana 

catesbiana (common bullfrog) variety captured in the wild. The 
frogs were housed in a metal tub which was half filled with 
water; laboratory temperature was maintained at 20oe. The 
frogs were fed live grasshoppers and crickets for the fust 3 
weeks; and as live food became unavailable, they were force-fed 
meal worms for thenext weeks of experimentation. 
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Apparatus 
Shock was delivered by a Grason-Stadler No_ 700 shock gen­

erator and a Hewlett-Packard supply set at 28 V. Probes were 
attached to the frogs via a wire harness wrapped around the pel­
vic girdle below the erostyle. 

Procedure 
Following 10 days of adaptation to the laboratory environ­

ment, the experiment, which consisted of 10 trials/day for 10 
days. was begun. The frogs were towel dried and handled by the 
experimenter for 2 min before each session . The experi­
menter-then loosely wrapped a wire harness, to which the probes 
were attached, around the pelvic girdle below the erostyle. All 
trials were conducted on top of a laboratory table_ The ex peri­
menter placed his middle fmger under the frog's jaw, tilted the 
frog to approximately 75 deg for 2 sec, and flipped the frog onto 
its back. Immediate return to a head-uppermost position was 
defmed as righting; inhibition was defined as the frog remaining 
passively on its back for 10 sec. On the first 10 trials (Day 1), 
the wire was wrapped around the frog's pelvic girdle; but no 
electric shock was administered following righting. On the 
remaining 90 trials (Days 2-10), the righting reflex was im­
mediately followed by a .6-mA (Frog 1), .8-mA (Frog 2), or 
LO-mA (Frog 3) electric shock. Frog 4 died during the fust 
10 trials. Shock duration was randomized for 1, 2, or 3 sec. 
On Day 25, Frog 2 was given 20 retention trials; and on Day 30, 
Frog 2 was decerebrated and was given 10 trials with the wire off 
and 10 trials with the wire in place. 

RESULTS 

The data are expressed as a percentage: (total 
number of righting responses/total number of 
previous trials) x 100_ The difference between a datum 
point and 100%, thus, retlects the development of 
learning to inhibit the righting response and to avoid 
electric shock. The data (see Figure 1) indicates that 
frogs can learn to inhibit the righting response to 
avoid shock. In terms of the raw data for each of the 
trials on Days 2-10. successful avoidance of shock by 
inhibition of righting occurred on 56 of 90 trials for 
Frog 1. 85 of 90 trials for Frog 2. and 79 of 90 trials 
for Frog 3. Optimal shock intensity appears to be 
.8 rnA. On the retention task on Day 25, Frog 2 
righted on 10 of 10 trials with the wire off and 
inhibited righting on 10 of 10 trials with the wire on. 
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Following decerebration on Day 30, Frog 2 exhibited 
perfect perfonnance on 20 trials. 

DISCUSSION 

The results of the present experiment indicate that common 
bullfrogs. can learn to inhibit the highly adaptive righting reflex 
by employing an operant-avoidance procedure. As shown by the 
data of the fIrst 10 trials, placing of the wire around the pelvic 
girdle did not inhIbit righting. Following Trial 11 , on which 
righting was followed by an electric shock, the frogs exhibited 
consistent and rather typical passive avoidance behavior. 

Several manipulations made during the experiment yielded 
interesting results. Retention of the avoidance response was 
shown on Day 25, 15 days after the fInal series of avoidance 
trials. Retention of the inJubition of righting in a decerebrated 
frog was illustrated; it is suggested that learning to inhibit the 
righting reflex occurs somewhere other than in the cortical 
area. During Trial 30 on Day 3, Frog 1 fortuitously made a 
croaking noise while remaining passively on its back. For several 
days thereafter, it was noted that Frog 1 would croak just prior 
to being returned to its head-uppermost position after croaking 
and because croaking increased over trials, it is suggested that the 
frog had acquired croaking as a superstitious behavior which was 
noncontingently reinforced by 'returning the frog to its natural 
upright position. 

Although the study can be readily understood in terms of 
the frogs' acquiring a simple passive avoidance response (which 
is interesting in and of itself), it is posSIble to consider the 
implications of the research in the light of the biological 
constraints on learning. Animals appear to be equipped with 
response systems which are basically unlearned, innate, and 
automatic-response systems which allow them to cope with an 
environment in constant flux. When presented with a novel stim­
ulus, rats freeze, birds take flight, dogs adopt threatening 
postures, and frogs freeze and then hop away. Defensive reac­
tions appear spontaneously and mechanically, for nature offers 
little opportunity for its membership to rehearse specifIc defense 
skills. Bolles (1970) describes such escape or avoidance behaviors 
as "species-specifIc defense reactions" (SSDRs); operant­
avoidance responses will be learned only if they constitute 
SSDRs already elicited by the stimulus situation. For example, it 
is notoriously diffIcult to train pigeons to keypeck or rats to 
leverpress to escape or to avoid electric shock, as pecking and 
leverpressing in aversive situations are rather low-probability 
responses in the behavioral hierarchy of the pigeon and the rat. 

How can bullfrogs, thus, learn relatively unnatural responses 
(remaining passively on their backs) to avoid a noxious event like 
electric shock? Bolles (1970) suggests that animals learn that 
certain signals are accurate predictors of events in the environ­
ment. Cues regularly followed by noxious stimuli, such as shock, 
become "danger signals" while cues regularly predicting freedom 
or an end to aversive stimuli become "safety signals"; thus, it is 
not fear or fear reduction that lead to successful avoidance. 
Rather, Bolles (1970) indicates that danger signals evoke SSDRs 
which get the animal away from danger. If standard SSDRs fail 
to work, animals are forced to try other responses "close to" 
those in their natural SSDR repertoire. 

The common bullfrog appears to have characteristic innate 
defensive behaviors that keep it out of trouble. The bullfrog's 
SSDR repertoire consists, at least, of freezing or hopping away. 
The effIciency of both receiving and responding to potentially 
dangerous stimuli would be highest with the bullfrog in a head­
uppermost position. The adaptability of righting seems to be 
intuitively obvious. But, apparentlY, there are hierarchies of 
species-specifIc behaviors such that, in some situations where 
multiple response choices are available, one species-specifIc 
behavior will take precedence over another lower priority 
response. Bullfrogs, when flipped on their backs, usually right 
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Figure L Percentage of avoidance responses (inhibition 
of the righting reflex) per previous trials. 

themselves, but, if righting occasions a noxious shock, bullfrogs 
freeze and remain passively on their backs. The SSDR of freez­
ing, possibly to the danger cue of the wire on, appears to take 
precedence over the righting reflex. With little diffIculty did the 
bullfrogs learn to inhibit righting to avoid the shock. Even 
though avoidance behavior involved the inhibition of the highly 
adaptive righting response, the avoidance behavior required to 
the bullfrogs was, as Bolles (1972) has suggested, the best way 
to solve the problem. Learning a positive contingency in the 
myriad of negative contingencies involved the acquisition of a 
specifIc response (inhibition of righting) to a particular cue (the 
wire on) which predicts safety (as it precludes electric shock). 
The ease of acquisition suggests that inhibition of righting is 
apparently an SSDR or, at least, highly compatible with the 
bullfrog's SSDR arsenal. 

In summary, bullfrogs can be trained to inhibit the righting 
reflex to avoid electric shock. It is suggested that the bullfrog 
has a hierarchy of genetically based behaviors, that the freezing 
response takes precedence over the righting reflex, and that 
passive-avoidance learning, in this instance, involved the 
acquisition of a contingency between an SSDR and a danger 
signal. 

REFERENCE NOTE 

I. Boice. Robert. Avoidance learning in actil'e and passive frogs 
and toads. Presented at the Meeting of the Psychonomic Society. 
St. Louis. 1968. 

REFERENCES 

BOLLES. R. C. Species specific defense reactions and avoidance 
learning. Psychological Review. 1970. 37. 32-48. 

BOLLES. R. C. The avoidance learning problem. In G. H. Bower 
(Ed.). The psychology of learning and motivation (Vol. 6). 
New York: Academic. 1972. 

DICKERSON. MARY C. The frog book: North American toads 
and.fTogs. New York: Dover. 1906. 

MCGILL. THOMAS. E. Response of the leopard frog to electric 
shock in an escape learning situation. Journal of Comparatr.·e 
and Physiological psychology. 1960. 53.443·445. 

(Received for publication September 26. 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




