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The wheel-running hierarchy of four inbred mouse 
strains (C57BL/6J, C3H/HeJ, BALB/cJ, and CBA/J) 
under ad lib food condition was compared to the 
exploratory activity hierarchy of the same strains. 
Although there was a difference in the hierarchies, this 
difference could be accounted for by the shift in 
position of the C57BL/6J strain from most active in the 
exploratory situation to third most active in the 
wheel-running situation. Under a 50% ad lib 
food-deprivation regimen, two effects were found. First, 
CBA/J mice differed from the other strains by 
decreasing wheel-running rate during the deprivation 
period, whereas the other strains showed an increase; 
and second, BALB/cJ and C3H/HeJ mice died early in 
the deprivation period. This early death rate may be the 
result of a more rapid weight loss when compared to 
C57BL/6J and CBA/J mice. 

Most behavioral tasks used to assess the performance 
of experimental animals contain an obvious activity 
component. However, the relationships among the 
various types of activity which contribute to 
performance in these tasks (e.g., running, jumping, 
barpressing, and exploration) have not yet been 
subjected to systematic study. Such relationships may be 
an important source of information in attempts to relate 
the performance of Ss in several behavioral situations. 
Two commonly used indices of activity are performance 
in a wheel-turning situation and exploratory behavior in 
an open-field test (Campbell & Lynch, 1967; 1968; 
McClearn, 1960, 1961). 

The performance of inbred mouse strains may be used 
to detect genetic influence upon behavioral measures. 
Where strain differences in behavior occur, it is likely 
that differences in underlying mechanisms are also 
present. 

Bruell (1964) has noted strain differences in 
wheel-running activity when animals were tested for 
limited periods of time, Le., 6 h per strain. Differences in 
exploratory activity have also been found in a number of 
inbred mouse strains (Thompson, 1953, 1956; McClearn, 
1960, 1961; Southwick & Clark, 1966). However, the 
relationship between the strain hierarchy in exploratory 
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activity and hierarchy on wheel running has not been 
determined. 

The relationship between the two activity measures 
could take at least two forms. First, if strains differ on a 
generalized activity level (McClearn & Meredith, 1964), 
then mice of strains that were active in the exploratory 
field might be expected to be active in running wheels. 
On the other hand, if strains differ on different tasks and 
reflect different underlying mechanism, then running 
wheel activity could differ from exploratory activity 
(Treichler & Hall, 1962). 

In order to explore the relationship, four strains 
which were known to differ on exploratory activity were 
tested to determine the activity hierarchy in running 
wheels. This strain ordering was then compared to the 
hierarchy of exploratory activity as determined by 
Thompson (1953, 1956), McClearn (1960, 1961), and 
Southwick & Clark (l966). In addition, since food 
deprivation often increases running activity (Campbell 
et al, 1966; Campbell & Lynch, 1967, 1968), the effect 
of food deprivation on wheel running was investigated to 
discern whether it alters the wheel-running hierarchy of 
the four strains. 

PROCEDURE 
Four strains of mice, C3H/HeJ, C57BL/6J, BALB/cJ, and 

CBAIJ (hereafter referred to as C3H, C57, BALB, and CBA, 
respectively), were obtained from The Jackson Laboratory, 
Bar Harbor, Maine, at 60 days of age. Thirteen Ss were used 
from the C3H, C57, and CBA strains and 12 from the BALB 
strain. When the animals were 120 days old, they were placed 
individually in 14-in.-diam Wahmann running wheels. After a 
10-day adaptation period in which no measures were taken, a 
10-day ad lib period followed when food and water were 
available continually. Measures were taken in this period of 
wheel running (revolutions/24 h), food and water intake, and 
body weight. Based on individual animal's daily food intake 
during the ad lib period, hillf of the Ss of each strain were placed 
on a food-deprivation schedule (50% of ad lib intake). This 
schedule was used because pilot work with white Swiss mice 
indicated an ability to survive on 50% food for long deprivation 
periods. The Ss were matched for wheel running under ad lib 
conditions. Following the deprivation period, food was again 
made available ad lib, with measures of wheel running, food and 
water intake, and body weight taken daily until running returned 
to baseline. 

RESULTS AND DISCUSSION 
Under ad lib food conditions, the wheel-running 

hierarchy differed from the exploratory activity 
hierarchy. In the latter activity, the C57 strain is the 
most active, while the C3H strain is most active in the 
running wheel. The hierarchies from most active to least 
active were C3H, CBA, C57, and BALB for wheel 
running (ad lib) and C57, C3H, CBA, and BALB for 
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Fig. 1. The ratio of mean deprivation body weight to mean 
ad lib body weight over deprivation days for four strains of mice. 

exploratory actiyity (Thompson, 1953, 1956; Southwick 
& Clark, 1966). The hierarchy difference is a reflection 
of the relative decrease in the activity level of C57 mice 
in wheel running. 

Significant strain differences were found on wheel 
running during ad lib food conditions. These differences 
are mainly due to the high running rate of the C3H 
strain. Thus, when Tukey comparisons are made 
between the strains following a significant analysis of 
variance across the four strains (F = 32.50, df = 3,47, 
p < .001), a number of strain differences are apparent. 
The C3H strain differed significantly from the other 
three strains. The BALB and CBA strains differed from 
each other significantly, whereas the C57 strain did not 
differ from the BALB or CBA strain. 

It appears that the C57 mice react to the two activity 
situations differently. Exploratory activity and 
wheel-running activity yield different levels of activity. 
The other strains, however, maintained their relative 
positions in the activity hierarchy. 

Having established a strain hierarchy of wheel 
running, we then investigated the effect of food 
deprivation on wheel running. Two results of deprivation 
were found. First, food deprivation results in different 
survival rates for the four strains. The BALB and C3H 
mice died early in the deprivation period, while CBA and 
C57 mice were able to endure the full deprivation 
period. The BALB and C3H mice probably die earlier 
during food deprivation because of a rapid weight loss. 
This rapid weight loss is also reflected in the high 
running rates for these two strains on the first 
deprivation day. Figure 1 presents the ratio of mean 
daily deprivation weight to mean ad lib body weight and 
indicates that the BALB and C3H strain lose weight at a 
greater rate than the C57 or CBA strains. 

The second effect of food deprivation on wheel 
running was to produce running rates which differed 
from the ad lib rates in the four strains. It was found 
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that the mean running rates of two of the strains, C3H 
and C57, during food deprivation exceeded the mean 
running rates of the same mice during the ad lib food 
condition, as well as the mean rates of nondeprived 
control Ss. The mean running rates of BALB mice 
appear relatively unchanged, although there is an 
increase in running rate on the first deprivation day. The 
CBA strain was the most unusual and differed from the 
other strains in that a gradual, but steady, decrease in 
wheel running occurred during the entire 
food-deprivation period. Figure 2 shows the mean daily 
running rate during ad lib (top) and food-deprivation 
conditions for the control and experimental groups 
(bottom). 

The strain differences that were found in both ad lib 
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Fig. 2. Mean daily running rate for four strains of mice under 
ad hb conditions (top) and running rate during food deprivation 
for the same four strains of mice (bottom). 
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and food-deprived conditions are important and should 
be noted whenever inbred mouse strains are used in 
behavioral research. The implication from the present 
research is that the genotypes of the various strains 
result in unique responses to behavioral situations, 
especially in the food-deprived state. This is clearly 
evident in the CBA strain, which responds to food 
deprivation by decreasing wheel running, whereas the 
remaining three strains increase. Further evidence of the 
genetic influence is also provided by the fact that two of 
the strains died early in the deprivation condition. 
Research in possible physiological mechanisms which 
accompany the various behavioral responses would be 
valuable in determining the genetic contribution to 
behavior. 

REFERENCES 
Bruell. J. H. Heterotic inheritance of wheel running in mice. 

Journal of Comparative & Physiological Psychology. 1964. 68. 
169-163. 

Campbell. B. A .• & Lynch. G. S. Activity and thermoregulation 
during food deprivation in the rat. Physiology & Behavior. 
1967.2.311-313. 

80 

Campbell. B. A .• & Lynch. G. S. Influences of hunger and thirst 
on the relationship between spontaneous activity and body 
temperature. Journal of Comparative & Physiological 
Psychology. 1968. 66. 492-498. 

Campbell. B. A .• Smith. N. F .• Misanin. J. R .• & Jaynes. J. 
Species differences in activity during hunger and thirst. 
Journal of Comparative & Physiological Psychology. 1966.61, 
123-127. 

McClearn. G. E. Strain differences in activity of mice: Influence 
of illumination. Journal of Comparative & Physiological 
Psychology, 1960.63.142-143. 

McCleam. G. E. Genotvpe and mouse activity. Journal of 
Comparative & Physiological Psychology, 1961.64. 674-676. 

McClearn. G. E .• & Meredith. W. Dimensional analysis of activity 
and elimination in a genetically heterogeneous group of mice 
(Mus musculus). Animal Behaviour. 1964. 12. 1-10. 

Southwick. C. H .• & Clark, L. H. Aggressive behavior and 
exploratory activity in fourteen mouse strains. American 
Zoology. 1966,6,699 (abstract). 

Thompson, W. R. The inheritance of behavior: Behavioral 
differences in fifteen mouse strains. Canadian Journal of 
Psychology. 1963,7,146-148. 

Thompson. W. R. The inheritance of behavior: Activity 
differences in five inbred mouse strains. Journal of Heredity, 
1966, 47, 147-148. 

Treichler, F. R .• & Hall, J. F. The relationship between 
deprivation, weight loss. and several measures of activity. 
Journal of Comparative & Physiological Psychology. 1962.66. 
346-349. 

(Received for publication October 27,1972.) 

Bull. Psychon. Soc., 1973, Vol. 1 (lB) 



<<
  /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




