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Adult male South African clawed frogs, Xenopus 
luct·is. were trained in an aquatic shuttlebox on one-way 
act ive avoidance of electric shock. Acquisition was 
observed within daily sessions (30 trials) and between 
da\'s (-t days). Control groups indicated that learning, 
rather than- pseudoconditioning or sensitization to the 
CS. was responsible for the observed change in behavior. 
A retraining measure yielded appreciable savings after a 
2K-day retention period. Some of the advantages of this 
species for behavioral research are discussed. 

The Slllll h African clawed frog. X ellopllS lal!l'is. is an 
animal frequently used in biological experiments but 
r:lf.:h seen in psychology laboratories. As a species that 
has -be.:n successfully cloned (Elsdale. Gurdon. & 
Fischberg. I Q(0). it is a plausible S for many innovative 
psychological studies. particularly in behavioral genetics. 
\Ior.:over. being a fully aquatic animal during all stages 
of its life. XCIlOPUS tan'is is well suited to serve in 
experiments concerned with the effects of vertebrate 
metamorphosis upon innate and acquired behavior. Yet 
tll date. Haubrich (1966) provides the only report of 
successful laboratory training of Xel/opus lael'is. and 
that study suffers from a lack of control for changes in 
act ivity, response bias. and pseudoconditioning. 
Haubrich's task was an air-filled T-maze with water 
immersion used as a reward. Given that water is the 
animal's natural habitat, the present study was designed 
to permit the S to perform in water. Because adult 
X t'Il(lPUS facris are baSically inactive and prefer the dark, 
we sought to train animals to avoid actively a darkened 
chamber. 

METHOD 
Subjects 

Fift~en adult male Xenopus facris between 18 and 30 months 
old \\cre obtained from Nasco (Fort Atkinson. Wis.). Animals 
were maintained in 200 C aged tap \\·a ter in two lO-gal glass 
aquariums with recirculating filter systems and 12 h per day of 
light. food in the form of live goldfish was provided for 1 h per 
day t\\·ice a week. Animals were identified by select clipping ot 
L'laws several days prior to the start of the experiment. 

App:u:atus 
Training was given in a two-compartment Plexiglas tap 

water-filled (20c C) shuttlebox consisting of a black start 
chamber. 12 em wide x 16 em long, and a wliite safety chamber, 
15 cm wide x 25 cm long. Stainless steel plate electrodes covered 
the 16-cm walls of the blaek compartment for the full IO-CIll 
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\\ater dept!.. The electrodes were attached, when activated. to a 
25-V ae sour-:e through 12,000 ohms. To minimize tetanization. 
shock \\·a5 plused O.l-sec on, 1.0 sec off. The two chambers were 
separated by " 12-cm-wide black gate that could be raised 
(opened) 10 em by the E. and by an equally wide clear Plexiglas 
£ate that was hinged at the surface of the water for the frog to 
push open when it shuttled. The latter gate was used to add to 
the distinctiveness of the shuttle response, and it contained 
numerous holes 0.6 em in diam to reduce water resistance to the 
swin~ing of the gate. Illumination was provided by a 7.5-\\ 
inca~de-scent light- bulb positioned 25 cm above center ot the 
\\·hite compartment. The black compartment was shaded frolll 
the bulb and was illuminated only by transmission from the 
white compartment when the black door was open. 
~oncontingent shock \\as given in a green Plexiglas box of the 
same dilll~nsions and electrode configuration as the black 
compartment of the shuttlebox. This box was filled with 10 cm 
of tap w·ater and \\as illuminated by two IS-\\' tluorescent tubes 
located 50 em above the center of the box. The shock source 
servicing the training apparatus was switched to the green box 
when needed. 

Procedure 
On Day I each frog \\as given a black-white preference test in 

the training apparatus with both gates removed. Testing 
consisted of placing the animal in the black compartment facing 
a\\av from the white compartment and recording the frog's 
mo~ements for 30 min. On this and all subsequent days. the 
animals \wre transported the few feet bet\\·een home tank and 
apparatus in a fine mesh cloth net to minimize stress. The gates 
were reinstalled after the preference tests. 

On Da\' 2 each frog received 10 massed pseudo!raining trials. 
A trial c;nsisted of placing an animal in the black compartment 
facing 3\\a\ from the gates. After 10 sec the black gate \\·as 
open~d. pe;mitting light to enter the black compartment. Entry 
bv the fro£ into the white comp:u:tlllent within 5 sec of the 
g~te's being opened was recorded as an "avoidance response" 
(despite the lack of shocks on Day 2). Shuttling during a second 
5-sec interval was recorded as an "escape response." The black 
gate was closed as soon as the frog shuttled or after the gate had 
been open for 10 sec. whichever carne first. Following each trial. 
animals were left wherever they were for a 30-sec intertrial 
interval (ITO and were then netted, even if they were already in 
the black chamber, and returned to the black chamber for the 
next triaL Since high activity levels can produce pseudolearning. 
to prevent a bias toward acquisition, the most active animal was 
assigned to one control group (PT) and the next most active to 
the other control group (PT + NCS). The remaining animals \\ere 
assigned to one of the three treatment groups on the basis of a 
rough counterbalancing of both black preference on Day 1 and 
avoidances (activity) on Day 2. 

On Days 3-6 frogs in the training group (T) recehed 30 
massed training trials per day identical to the pseudotraining 
trials of Day 1 except for the administration of electric shock in 
the black compartment for the second 5 sec that the black gate 
was open. Thus the aninlal that shuttled during the first 5 sec 
that the gate was open avoided shock. and one that shuttled 
during the second 5 sec escaped shock. The pseudotraining group 
(PT) received 30 massed pseudotraining trials per day identical 
to those of Day 2. The third group of animals (PT + NCS) alsl) 
received pseudotraining trials but spent all ITIs in the green box 
in which noncontingent shock was administered. Each animal in 
the PT + NCS grot;p was paired with a different S from the T 
group and received a stream of noncontingent shock pulses in 
the green box which was identical to the shock received by the 
paired T animal on the equivalent training triaL The 
noncontingent shock \\as administered in the middle l)t the' 

139 



.1 !&will. hLW...L !WIU 
T 

I'T 
I'T+NCS 

e-e Tnin .................... Tr.i. e 
&-A ,I.u ... tr.i........ ... .~ 

(i .7 
.~ 

0-0 I's .. ~.tr.i. + / 
1I •• coati., •• t 

~/;........".. /. /' .t: .• 
en 
G) u .5 
C 
ca 

"C 
'0 

/ ~ /' : ~\//:-' 
Fig. 1. Mean number of avoidance 

responses per trial over days. Each animal 
received 10 massed trials on Day 2 and 30 
massed trials on Days 3-6 and 34-37. Each 
group contained five animals. 
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30-sec IT!. The need to analyze the T group shock sequences and 
rewire the shock source to the green box made it convenient to 
run the PT + NCS group some days after the T and PT groups; 
however. the high similarity in behavior of the PT and PT + NCS 
groups on Days 1-6 suggests that this did not introduce any 
significant bias. ~loreover. because of this similarity. we felt it 
unnecessary to train both groups after the retention interval. 
Consequently. the PT group was terminated after Day 6. 

On Day 34. after a 28-day retention interval. frogs in the T 
and PT + NCS groups were "retrained" by a procedure identical 
to the initial training of the T group on Days 3-6. 

RESULTS 
The T group displayed acquisition on Days 3-6 as 

compared to the two control groups, which did not 
differ from one another in their lack of acquisition. 
Significant retention by the T group was seen 28 days 
later. Group means over days are illustrated in Fig. 1. 

On the initial preference test. 14 of the 15 animals 
displayed a preference for the black side. Of the 14 
black-preferring animals, 12 entered the white 
compartment within the fIrst half of the 30-min test 
period. indicating that the observed black preference was 
not an artifact of starting the animals in the black 
compartment. The white-preferring frog was assigned to 
the PI group so as to prevent a bias toward acquisition 
of dark avoidance by the T group. Analysis of variance 
of black compartment times showed no differences 
between the groups (p > .50). consistent with the 
groups' being assigned with intent to counterbalance for 
dark preference. 

A voidance responses on Day 2. the pretraining 
activity test, were few in number, which is consistent 
with the lack of shock on Day 2. Because there were so 
few pretraining avoidance responses over the 10 trials of 
Day 2. comparisons between groups necessitated the use 
of nonparametric statistics. Mann-Whitney U tests 
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between all pairs of the three groups found no 
significant differences between groups (each p> .50). 
which is in accord with group assignments made in an 
effort to counterbalance for Day 2 avoidances (activity) . 

Analysis of variance of daily avoidances on Days 3-6 
found a significant treatments effect (F = 49.91. df = 
2.12, P < .00 I) and Days by Treatments interaction (F = 
4.38, df = 6.36. p < .005). but not a days effect 
(p > .50). As is evident in Fig. 1. the lack of a days 
effect is due to the fact that the improvement over days 
of the T group is paralleled by a decrement in avoidances 
by the PT and PT + NCS control groups. Individual 
two-tailed t tests on total avoidances over Days 3-6 
showed that the T group differed from the PT group (t = 
10.12, df = 8. P < .001) and from the PI + NCS group (t 
= 4.59, df = 8, P < .002). while the two control groups 
did not differ from each other (p < .50). The first of 
these t values was particularly large owing to the small 
variance of the PI group. Examination of T group scores 
within days found that performance on the second half 
of each day always exceeded that of the first half and 
almost always exceeded that of the first half of the next 
day. This latter point suggests either partial forgetting or 
a decrement in motivation overnight. 

Analysis of variance bf daily avoidances on 
Days 34-37 found a significant treatments effect (F = 
11.01, df = 1,8, p < .02) and days effect (F = 19 .25, df 
= 3,24, p < .001) but not a Treatments by Days 
interaction (p > .05). Comparison of the T group on 
Days 3-6 with the PI + NCS group on Days 34-37, i.e. , 
initial training for each group, yielded no difference in 
total number of avoidances (p> .50). However , 
comparison within groups between Days 3-6 and 
Days 34-37 found increased avoidances in the latter 
period for the T group (t = 6.85 , df = 4. P < .005) and 
for the PI + NCS group (t = 10.55, df = 4, p < .001). 
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DISCUSSION 
The' illlpr'"~Jl1c'Jlt' in pl'rfl>rlllaJll' ~ \\ithin d;ll'S and b~t\\T~n 

del\' "I' til~ T ~rollp ,,\'~r Day' 3-6 and the PT + NCS ~roup over 
Dan 34-37. cOll1p;lJ~d tl> the PT and PT +NCS groups over 
DeI~" 3-h. "-'rve tn dell1ol"trate the acquisition of active 
;In>idance in Xel/ofl/II laais. The PT and PT + NCS control 
.CT" II P' \' <lid ;lT~lllllenb fllr p,,-'udokarning and other 
Ihln''''''l'iati\c' c' ff~cts . In ord~r for acquisition over trials to 
"(dlr. thc'rc' mu,t Df cours~ be retention over trials. The 
iI11~'r(>v~lllenl lller da,s l>f th~ ~rLlups receiving training indicates 
rc'te'nti(,n O\'~r day,: ho\\cver. th~ n~l'd fur \\ 'arm-up suggests that 
""nc' limited forget ting ma, ha\'e taken place. Performance on 
Da,.14 nf the T group bard, e.\cccded that oi Day 3, but the 
rapid imprll\cment of thl' T ~roup o\"~r Days 35, 36. and 37. 
(lllnpared tl> either th~ PT + "CS group l'h'r the same days or to 
thc' T ~rour itself oler Days 4. 5. and 6. argues that there must 
have been considerable retention by the T group over the 28-day 
retc'ntion p~riod. 

This demonstration of acquisition Jnd retention of active 
,,,',,idalKl' b, Tel/opus lael'is should be of particular interest to 
researdlers interested in the eftects of metamorphosis on 
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karning. memor, . and innate behavior. First. Xenopus iaeris is a 
vertebrate species that undergoes metamorphosis without 
changing its aquatic habitat. Second, a reinforcer was used that 
should be ,imilarly motivating to adult and larvae. This similarity 
is not availahle using food as an appetitive reinforcer because of 
the change in diet that occurs over metamorphosis. Third. 
retention has been demonstrated over intervals that are 
comparable to the dura tion of metamorphosis. 

REFERENCES 
Elsdale, T. R . , Gurdon, J. R .. & Fischberg, M. A description of 

the technique for nuclear transplantation in Xenopus laevis. 
Journal of Embryology & Exp~rimental Morphology, 1960, 8, 
437-444. 

Haubrich, R. Comparisons between aggressive beha\'ior and 
learning rate in the South African clawed frog, Xenopus lael'is 
Daudin. Journal of the Scientific Laboratori~s, Denison 
Unin·rsity. 1966. 47,55-68. 

(Received for publication November 5.1973.) 

141 



<<
  /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




