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SUMMARY 
This study estimated the magnitude of sexual dimorphism, i.e. sex specific heritabilities and 

correlations between ewes and rams for weaning, post weaning, yearling and hogget weights in 3 
sheep breeds (Coopworth, Poll Dorset and White Suffolk). Rams were heavier than ewes at all 
ages, but higher heritability estimates were observed for ewes, although few of these differences 
were significant. Genetic correlations between ewes and rams varied from 0.97 to 0.59 and 
decreased with increasing age at measurement. 

  
INTRODUCTION 

While it is well known that rams are larger than ewes (sexual dimorphism), there has been little 
effort to quantify the genetic factors that contribute to this phenomenon and how sexual 
dimorphism may be utilised in breeding programs. Unequal heritabilities for traits measured on 
ewes and rams and/or correlations between the sexes of less than unity could have implications for 
the accurate estimation of breeding values and the optimal multiple trait selection response in each 
sex. Moreover, sexual dimorphism could potentially be exploited in breeding programs because it 
may be beneficial to divergent selection between sexes within breeds for growth and maternal 
traits. 

  
MATERIALS AND METHODS 
 
Data. Pedigree and performance data for the Coopworth, Poll Dorset and White Suffolk breeds 
were extracted from the Sheep Genetics database. This database consists of pedigree and 
performance records from Australian and New Zealand studs and is used for genetic evaluation 
purposes. Data for weaning (wwt - 40 to 120 days), post weaning (pwt - 80 to 340 days), yearling 
(ywt - 290 to 430 days) and hogget (hwt - 410 to 550 days) weights were extracted. Analysis of 
adult weights is not reported due to insufficient data. Only data that met the following criteria was 
used: 1) dates of birth and measurement were recorded, 2) both sire and dam were known, 3) the 
sex of the animal was known, 4) the animal resulted from natural conception (not artificial 
insemination or embryo transfer) and 5) the contemporary group (based on flock, birth year and 
trait management group) the animal belonged to had more than 10 records from the same sex 
recorded. The number of records used for analysis for each breed and trait is shown in table 1. 
 

Table 1: Size of the Coopworth, Poll Dorset and White Suffolk datasets for each sex 
 

 Coopworth Poll Dorset White Suffolk 
 ram ewe ram ewe ram ewe 
wwt 17271 18719 51956 48413 50935 51415 
pwt 4409 4070 56326 38737 47495 38549 
ywt 9959 9673 44379 30165 25053 19104 
hwt 433 5357 19341 10164 7290 3924 
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Analysis.  The mixed model analysis was carried out using the ASReml program (Gilmour et al. 
2006). All models included the interaction between birth and rearing types, the age of the dam 
(years), the age of the animal at the time of measurement (days) and contemporary group as fixed 
factors. These fixed factors are the same as those used in the OVIS program used by Sheep 
Genetics for the genetic evaluation of industry studs (Brown et al. 2000). Random effects fitted in 
the model included additive genetic and, when significant, maternal additive genetic and maternal 
permanent environmental effects. The significance of additional random effects was established 
using Log Likelihood ratio tests. In the across sex multitrait analyses, the residual covariance was 
set to zero as the same animal could not be represented in both sexes. 
The heritability (h2), phenotypic standard deviation (σp) and genetic correlation between rams and 
ewes (rg) obtained from this analysis, along with selection intensities (i) for each breed and sex 
that were obtained from 10 year averages (1999-2008) in the Sheep Genetics Database (Sheep 
Genetics, unpublished data, 15/5/2009), were used to predict the response to mass selection in 
each sex (R) using the following equation from Cheverud et al. (1985): 

RSex A  =  (0.5) (h2
Sex A  σpSex A  iSex A  +  hSex A  hSex B  rg   σp Sex A  iSex B) 

Using this equation, the response of sexual dimorphism for a trait can be defined as the difference 
between the responses obtained for ewes and rams (Cheverud et al. 1985). 
 
RESULTS AND DISCUSSION 

The sex specific heritabilities for each of the 3 breeds and at each of the 4 ages are summarised 
in Table 2. Although there is a consistent trend in all analyses that ewes have larger heritability 
estimates than rams, the difference was only significant (95% confidence interval) in 2 out of 13 
analyses. These findings are consistent with those found in literature (e.g. Pattie 1965, Baker et al. 
1979). Comparison of variance components indicated that ewes had relatively lower residual and 
higher additive genetic variances than rams. Rams had significantly more phenotypic variation 
(Vp) than ewes, which was partly due to strong correlations between phenotypic variation and 
weight.  

The genetic (rg) correlations between the sexes for each of the 3 breeds and at each of the 4 
ages are summarised in Table 3. The genetic correlation estimates between the sexes were high 
and varied between 0.97 at weaning in the Poll Dorset and White Suffolk breeds to 0.59 at 1 year 
of age in the White Suffolk breed. Estimates for the Coopworth breed were contained within this 
range. There was a noticeable decrease in the across sex genetic correlations between weaning and 
post weaning for the Poll Dorset and White Suffolk breeds and between post weaning and yearling 
for the Coopworth breed. This decrease could be possibly attributed to the fact that ram lambs 
reach sexual maturity before ewe lambs as reported in Taylor (1968).  

Between sex genetic correlations of less than 1 allow response to selection for sexual 
dimorphism and examples of the sex specific responses are given in Table 2. Divergent selection 
objectives could be used to optimise selection for the sex specific roles present in a self replacing 
production system. An example of this would be to have a higher selection emphasis on growth in 
rams than ewes, thus producing male progeny that reach sale weight earlier and restrict or reducing 
mature ewe weight. Mature weight has a correlated influence on feed intake and the feed intake of 
the ewe can comprise over 80% of the total feed costs in a production system (Thompson, 1991). 
The responses shown in Table 2 are merely illustrative as they are based on single trait mass 
selection, whereas usually responses are optimized in a multiple trait objective. However, these 
results do suggest that a reasonable amount of response for sexual dimorphism is possible.  

There was little variation in maternal heritability (m2) between rams and ewes with estimates 
larger in rams in 7 out of the 9 analyses where this effect was estimated, but only on one occasion 
was this significant. No identifiable trend in maternal permanent environmental effects (pe) was 
found. The lack of variation in the maternal heritability and permanent environmental effects 



Animal Genetics 

16 

between the sexes is not surprising and indicate that the differences between dams affect ewe and 
ram lambs equally. For the analyses where the maternal additive genetic and maternal permanent 
environmental effects were estimable, the correlations between the sexes were high and positive. 

 
 

Table 2: Phenotypic variance (Vp), heritability (h2), maternal heritability (m2), maternal 
permanent environmental effect (pe) and the predicted response to selection for 

each trait in ewes or rams. 
 

Trait Breed Sex Vp h2 m2 pe Response 
 Coopworth ram 20.12a 0.308a 0.181a 0.119a 1.85 

   ewe 15.94b 0.394a 0.134a 0.122a 1.67  
wwt Poll Dorset ram 30.94a 0.280a 0.138a 0.131a 3.57  
   ewe 24.09b 0.338a 0.148a 0.128a 2.72  
 White Suffolk ram 31.71a 0.506a 0.265a 0.130a 2.35  
    ewe 23.83b 0.517a 0.191b 0.131a 1.99  
 Coopworth ram 22.25a 0.272a 0.220a  1.72  
   ewe 17.06b 0.284a 0.104a  1.47  
pwt Poll Dorset ram 52.36a 0.298a 0.189a 0.092a 2.13  
   ewe 30.98b 0.447b 0.160a 0.086a 1.71  
 White Suffolk ram 43.97a 0.416a 0.185a 0.121a 2.60  
    ewe 27.62b 0.482a 0.210a 0.105a 1.75  
 Coopworth ram 26.99a 0.323a 0.198a  2.00  
   ewe 22.89b 0.364a 0.113a  1.92  
ywt Poll Dorset ram 62.68a 0.295a 0.236a  2.68  
   ewe 31.17b 0.350a 0.220a  1.74  
 White Suffolk ram 49.31a 0.285a 0.195a 0.072a 2.25  
    ewe 32.87b 0.444b 0.133a 0.125b 1.79  
 Coopworth ram 60.75a 0.120a   2.57  
   ewe 31.15b 0.411a   2.44  
hwt Poll Dorset ram 76.14a 0.324a   3.42  
   ewe 30.38b 0.368a    2.23  
 White Suffolk ram 56.16a 0.249a   2.08  
    ewe 33.37b 0.344a    1.69  

Identical superscripts indicate that the sexes are not significantly different within trait 
(95% confidence interval) from each other. 

 
Table 3: Genotypic correlations between ewes and rams 

 
 Coopworth Poll Dorset White Suffolk 
wwt 0.93 ±0.03 0.97 ±0.01 0.97 ±0.01 
pwt 0.94 ±0.09 0.82 ±0.03 0.80 ±0.03 
ywt 0.84 ±0.06 0.74 ±0.04 0.59 ±0.06 
hwt 0.78 ±0.52 0.80 ±0.06 0.75 ±0.16 

 
Corrected weights for each sex at each of the 4 ages were obtained from the ASReml program 

(Gilmour et al. 2006) and are shown in figure 1. In each of the 3 breeds and at each of the 4 ages, 
rams were significantly (95% confidence interval) heavier than ewes and the degree of sexual 
dimorphism (ram weight/ewe weight) increased with age, from around 1.10 at weaning in all 3 
breeds to 1.26 in the Coopworth breed, 1.27 in the White Suffolk breed and 1.30 in the Poll Dorset 
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breed in the hogget age group. Based on this evidence, it appears that not only do rams grow faster 
than ewes up to puberty but they continue to do so until hogget age. 

 

 
 

Figure 1: Growth curves for ewes and rams. Error bars represent a 95% confidence interval 
for each value. 
 
CONCLUSIONS 

Sexual dimorphism (rams larger than ewes) clearly exists in sheep and could be increased by 
selection. Weight traits measured on ewes had slightly higher heritability estimates compared with 
rams, but lower phenotypic variation, and the genetic correlations between the sexes were 
significantly less than 1. The combination of these results potentially have implications for 
determining the optimal models required for the accurate estimation of breeding values and in 
determining the optimal selection response in each sex, particularly in a scenario where one sex is 
recorded preferentially. Sexual dimorphism could also be combined with the sex specific roles 
found in self replacing lamb production systems to reduce the total feed requirements of the 
production system. 
 
ACKNOWLEDGMENTS 

This research was supported by Meat and Wool New Zealand (MWNZ), Meat and Livestock 
Australia (MLA) and the University of New England (UNE). The assistance of Arthur Gilmour is 
also gratefully acknowledged. 
 
REFERENCES 
Baker, R. L., Clarke, J. N., Carter, A. H., and Diprose, G. D. (1979) N.Z. J. Ag. Res. 22:9 
Brown, D.J., Tier, B., Reverter, A., Banks, R. and Graser, H.U. (2000) Wool Tech. Sheep Breed. 

48:285 
Cheverud, J.M., Dow, M.M. and Leutenegger, W. (1985) Evolution 39:1335 
Gilmour, A.R., Gogel, B.J., Cullis, B.R. and Thompson, R. (2006). ASReml User Guide Release 

2.0 VSN International Ltd, Hemel Hempsteed, HP11ES, UK. 
Pattie, W. A. (1965). Aus. J. Exp. Ag. Anmi. Husb. 5:353  
Taylor, ST C.S. (1968) Anim. Prod. 10:157 
Thompson, J.M. (1991) In “Australian Sheep and Wool Handbook”, p.243, editor D. Cottle, Inkata 
Press, Melbourne. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


