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Abstract  
A study was conducted to determine morphological discrimination in body measurements 
of Lepus capensis collected from different geographic regions of Sudan and to test if the 
morphological results are consistent in the different regions. Ninety six hares (44 males 
and 52 females) were examined  for body weight, total length, ear length, tail length, hind 
foot length, length of front leg, length of back leg, distance between ears, distance between 
eyes, neck length, height and back length.  Body measurements were taken by a tape, live 
weight by digital balance with 0.05 mm precision.  The results revealed that tail length, 
distance between eyes and height varied in hares among the geographical regions; females 
were heavier, with shorter necks compared with males. The conclusion of the study the 
hares from Western region had longer tails than those between the White and Blue Niles, 
and those from the Eastern region. Also females were heavier than males, this is indicating 
to sexual dimorphism, 
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Introduction 
Hares belong to the order Lagomorpha. 
This order was recognized in 1912, when 
a review by Gridley (1912) separated 
lagomorphs from rodents (order 
Rodentia), to which they were previously 
allocated. The distinction was based on 
some morphological characters, as the 
presence of a second set of incisors 
(named peg) behind the upper front 
incisors in lagomorphs. An elongated 
rostrum of the skull (Flux and 
Angermann, 1990) and the presence of a 

leporine lip were other characteristic 
anatomical traits of Lagomorpha in 
comparison with Rodentia. Within 
Lagomorpha, two families are currently 
recognized, Ochotonidae and Leporidea. 
While the former is a monotypic family 
harbouring the genus Ochotona (pikas), 
the latter contains eleven genera divided 
in true rabbits (ten of the eleven genera) 
and true hares (genus Lepus). 

Mammals' body size is most frequently 
described by means of body weight and 
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certain linear measurements - usually the 
body length; other measurements, like 
sternum length or chest circumference, 
are less often used (Szuba et al., 1988; 

Schmidt-Nielsen, 1994).  

In small mammals, apart from body 
weight and body length, ear length and 
hind foot length measurements are also 
used (Yom-Tov and Geffen, 2011). The 
mentioned parameters are used in 
systematic, morphological, ontogenetic, 
and ecological studies; sometimes also in 
establishing appropriate relations of 
allometric characters (Gould, 1966; 
Szuba et al., 1988; Reiss, 1991). 
Krunoslav et al., (2014) found that the 
family of hares (Leporidae) expressed 
significant variation of morphological 
features under the influence of 
environment and diet. Temporal and 
geographical variation in body size of 
animals is a common phenomenon, and 
has been related to many factors (Yom-

Tov and Geffen, 2011). 

Among these factors is predation, 
ambient temperature, fluctuations in 
various climatic phenomena including 
climate changes, interspecific 
competition and food availability (Gosler 
et al., 1995; Grant and Grant, 1995; Yom-
Tov, 2003; Yom-Tov et al., 2003; Ozgul 
et al., 2009). Reduction in body size of 
many species was generally attributed to 
global climate change (Gardner et al., 
2011; Sheridan and Bickford, 2011). On 
the other hand, an increase in body size 
was attributed to increased food 
availability, either by human activity or 

higher primary productivity in northern 
latitudes (Yom-Tov and Geffen, 2011).  

Recently, McNab (2010) argued that the 
tendency of mammals to vary in size 
depends on the abundance, availability 
and size of resources, and termed this 
pattern the “resource rule”. Among 
mammals, food availability, especially 
during the growth period, is a key 
predictor in determining final body size. 
Quantity and quality of nutrition during 
this period affects growth rates and final 
body size, and these have effects on 
skeletal size and carry over into 
adulthood (Searcy et al., 2004; Ho et al., 

2010).  

In mammals, body size is influenced by 
food availability during the short period 
of juvenile growth (Henry and Ulijaszek 
1996; Lindstrom 1999). Food availability 
is influenced by biotic factors and 
fluctuates accordingly in time and space, 
in turn affecting body size. Demirbas, et 
al., (2013) suggested that environmental 
conditions and nutrients do not have 
much effect on the body and cranial 
measurements of hares from Turkey; 
because there were significant 
differences only in body weight and hind 

foot length. 

The aim of this study was to determine 
the morphological discrimination in body 
measurements of hares from different 
regions of Sudan. Also to test and 
determine if the morphological results are 

consistent in the different regions.     

Materials and Methods  
Hares used in this study were collected 
from three geographic regions in Sudan 
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under the control and permission of the 
Wildlife Conservation General 
Administration (WCGA) during the 
period 2012 to 2015; the regions were the 
West river Nile, East river Nile and 
between the Blue Nile and the White Nile 

(Figure 1). In total 96 specimens were 
collected and examined from the three 
regions as 19 specimens from the West, 
59 from the East and 20 between the Blue 

Nile and White Nile (Table 1). 

  



SUST Journal of Agricultural and Veterinary Sciences (SJAVS)  
Vol. 18 No.( 1) 

ISSN: 1858 6775  

June  2017  

 

 

 
4 

 Table 1:  Sample sizes and Regions of Hares collection 

 

 
     Figure 1: Map showing regions of samples collection in Sudan 

Region States Females Males Total 
East of  the Nile Sinner 5 6 11 

Gedarif 4 7 11 
Northern State 4 4 8 

River Nile 13 11 24 
Khartoum 2 1 3 

Gazira 1 1 2 
West of the Nile North Kurdofan 4 4 8 

River Nile 5 4 9 
Between Blue and White Niles. Gazira 14 6 20 

Total 52 44 96 
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Source : https://en.wikipedia.org/wiki/Sudan. 

Morphometric:  
Immediately after the collection of the 
samples from the field live weight was 
recorded from fresh animals, using a 
digital balance with an accuracy of 0.05 
mm (Nagorsen, 1985; Harrison and 
Bates, 1991).  The samples were then 
transported to the laboratory where body 
measurements were taken, with the help 
of a tape: body length was measured from 
tip of nose to tip of fleshy part of the tail 
vertebrae, the tail length was measured as 
the distance between the base of the tail 
close to the body to the tip of the tail. Ear 
length is the distance between the tip of 
the ear and the white base according to 

Anthony and Robert (1979). 
Statistical analysis:  

Analysis of Variance, LSD for means 
separation, T-test and   SPSS version 22 

were used. 

Results  
Morphometrics parameters of hares are 
presented in Table (2). Three parameters 
differed considerably among the three 
geographic regions; these were the tail 
length (P < 0.0001), the distance between 
eyes (P < 0.0001) and the height (P < 
0.004). Hares from the Western region 
had longer tails (9.12± 0.90 cm) 
compared with those between the Blue 
and White Niles (8.18± 0.80 cm) and 
from the Eastern region (7.37 ± 1.5 cm). 
Contrary, the distance between eyes was 
wider (4.25± 0.70) for hares between the 
two Niles compared with those from the 
Western region (3.33 ± 0.80) and the 
Eastern region (2.87 ± 0.50). Hares from 
the Eastern region were taller (16.91 ± 
3.2) than the hares between the two Niles 
(15.53 ± 2.40 cm) and hares from the 

Western region (14.18 ± 2.90 cm). 
Table 2: The body measurements of hares collected from three geographical regions* 

Parameters  Geographical region 

East  

(n = 59) 

West 

 (n = 19) 

Between Blue 
and White  Niles 

(n = 18)  

95% 
confidence 

P-
values 

Body weight (Kg) 1.42±0.3 1.57±0.4 1.34±0.3 1.36-1.5 0.129 

Total length (cm) 43.13±6.4 42.71±4.4 41.81±4.1 41.46-43.61 0.884 

Ear length (cm) 10.75±1.4 10.59± 1.0 10.00± 0.7 10.41-10.92 0.724 

Tail length (cm) c7.37± 1.5 a9.12±0. 9 b8.18±0.8 9.84-10.25 0.000 

Hind Foot (cm) 10.02±1.2 9.85± 0.5 10.28 ± 0.6 9.84-10.25 0.432 

Length of font leg (cm) 22.55±3.4 21.53±2.2 22.95±1.9 21.85-23.05 0.324 

Length of back leg (cm) 27.63±3.8 26.94±2.0 28.60±2.5 27.03-28.39 0.313 
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Length between ears (cm 3.25±0.9 3.00±0.7 3.58±0.6 3.11-3.43 0.084 

Distance between eyes (cm) c7±0.52.8 b3.33±0.8 a4.25±0.7 3.11-3.43 0.000 

Neck length (cm) 4.15±1.3 3.91±0.6 4.63±0.8 3.98-4.44 0.293 

Height (cm a16.91±3.2 b14.18±2.9 ab 15.53±2.4 15.5-16.77 0.004 

Back length (cm) 26.84±3.8 28.29±1.9 27.65±2.7 26.59-27.94 0.242 

*The geographic regions were: West of the Nile, East of the Nile and between the White Nile and the Blue 
Nile. 

Sexual Dimorphism:  
Morphometrics parameters of sexes were 
presented in Table (3). Among the 12 
measurements, only live weight and neck 
length varied between males and females. 
Females were heavier than males (P < 
0.003). The mean body weight of females 

was 1.49 ± 0.4 kg (n = 51) compared to 
that of males (1.36 ± 0.3 kg, n = 43). 
Contrarily, males had longer necks (P < 
0.034) compared to females, the 
respective neck lengths being 4.46 ± 1.30 

cm and 4.00 ± 0.90 cm.   

Table 3: Sex morphometric of hares collected from three geographical regions* 

Parameters  Sex P -value 

Male (n=43) Female (n=51) 

Body weight (Kg) 1.36±0.3 1.49±0.4 0.003 

Total length (cm) 42.22±5.1 42.81±5.4 0.637 

Ear length (cm) 10.57±1.8 10.75± 1.3 0.290 

Tail length (cm) 7.81± 1.6 7.89±1.3 0.256 

Hind Foot (cm) 10.08±1.1 10.01 ± 0.9 0.269 

Length of front leg (cm) 22.68±2.8 22.26±3.1 0.373 

Length of back leg (cm) 27.78±3.6 27.64±3.1 0.695 

Distance between ears (cm 3.25±0.7 3.29±0.9 0.356 

Distance between eyes (cm) 3.18±0.7 3.45±0.8 0.171 

Neck length (cm) 4.46±1.3 4.00±0.9 0.034 

Height (cm 16.11±3.4 16.15±3.0 0.414 

Back length (cm) 27.11±3.4 27.39±3.3 0.995 
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*The geographic regions were: West of the Nile, East of the Nile and between the White Nile and the Blue 
Nile. 
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Discussion  
Variations in Hares morphometric parameters in different geographic regions are attributed by 
many researchers to environmental factors. Variations in body sizes of both homeotherms and 
ectotherms is a common phenomena that are related to intraspecific compotation, food availability 

and  reaction to ambient temperature in accordance to Bergmann’s rule (Ashton et al., 2000; 
Freckelton et al., 2003; Meiri and Dayan 2003). A study conducted by Yom-Tov and Nix (1986) 
in a largely dry region in Australia has shown that  body size variations in five species of mammals 
was better correlated with moisture index and precipitation than with temperature, leading to the 
conclusion that food supply was the main factor determining body size. These findings support the 
hypothesis that body size of mammals inhabiting relatively dry areas is often influenced by 
primary production (and its correlate, food availability) and not by ambient temperature alone 
(Kolb 1978; Geist 1987). Mace et al., (1981) compared body weights of brown hares living in 
Poland to representatives of this species from Western Europe and found that fully grown-up 
individuals from Poland were about twice as heavy as those from Western Europe. Studies on the 
geographical variation of Lepus capensis (Yom-Tov 1967), Acomys cahirinus (Nevo 1989) and 
Spalax ehrenbergi (Nevo et al., 1986) in Israel and Sinai reveal that in these species, northern 
animals were larger than southern ones, and that body size was negatively correlated with 
temperature variables and positively with plant cover (reflecting productivity or food resources) 
and water-related parameters such as the number of rainy days, annual rainfall and relative 

humidity.  
These results support James (1970) who claims that body size variation is related to a combination 
of climatic factors. Referring to available literature, the findings that the tail length, the distance 
between eyes and the height are different among hares in the three geographic regions has not been 

reported before.  

Although the three regions have different environmental factors, live weights of hares collected 
from these regions were equal which is not in line with the findings of previous investigators 
(Yom-Tov 1967, James, 1970, Mace et al., 1981, Kolb 1978; Nevo et al., 1986,Yom-Tov and Nix 

1986, Geist 1987Ashton et al., 2000; Freckelton et al., 2003; Meiri and Dayan 2003).  

This implies that hares in the three geographic regions are not conspecific (the same species), 
supporting the hypothesis that ‘hares populations separated by geographical barriers, hinder gene-
flow and leading to genetically differentiated populations’. Further research is needed to verify 
this hypothesis. It is worth mentioning that the distance between eyes and height are not standard 

measurements in mammology. 

These comparisons which were carried out by Riga et al., (2001) and Cervantes and Lorenzo, 
(1997) revealed that morphometric parameters of males and females are similar for the genus 
Lepus which, contradicts Demirbaş et al, (2013) and Yom-Tov (1967) respective findings that 
Turkish hares vary in body weight and hind-foot length with variations in geographic areas, and 
Israeli hare decreases in body size from north to south. It remains whether neck length and body 

weight is accepted as a standard measurement 
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In conclusion the hares from Western region had longer tails than those between the White and 
Blue Niles, and those from the Eastern region. Generally, females were heavier than males, 

indicating sexual dimorphism. 

Acknowledgement  
We express our due thanks to Professor Amel Omer Bakhiet the Dean of the Deanship of Scientific 

Research, SUST, for the financially support to complete this study. 
References 

Anthony, A. and Robert, B. (1979). A Manual of Mammalogy with Keys to Families of World. 
WM.C. Brown company publishers. Library of Congress, card Number 73-82707, ISBN 

0-697-04586.   
Ashton, KG., Tracy, MC, and Queiroz, A. (2000). Is Bergmann’s rule valid for mammals? Journal 

of American Naturalist, 156: 390-415. 
Cervantes, F. A. and Lorenzo, C. (1997). Morphometric differentiation of rabbits (Romerolagus 
and Sylvilagus) and jackrabbits (Lepus) of Mexico. Gibier Faune Sauvage, Game Wildlife, 

14: 405-425. 
Demirbaş, Y., Albayyrak, N., and Yilmaz, A. (2013). Studies of eco-morphological variation of 
this European hare (Lepus europaeus) in Turkey. Archives of Biological Sciences. 

Belgrade, 65 (2): 559-566. 
Flux, J. E. C. and Angermann, R. (1990). The hares and jack rabbits. Pages 61–94 in: Rabbits, 

Hares and Pikas: Status conservation action plan (J. A. Chapman and J. E. C. Flux, eds.). 
International Union for Conservation of Nature and Natural Resources, Gland, 

Switzerland. 
Freckelton, RP., Harvey, PH., and Pagel, M. (2003). Bergmann rule and body size in mammals. 

American Naturalist, 161: 821–825. 
Gardner, J.L., Peters, A., Kearney, M.R., Josef, L., and Heinsohn, R. (2011). Declining body size: 

a third universal response to warming? Trends Ecology and Evolution, 26: 285–291. 
Geist, V. (1987). Bergmann’s rule is invalid. Canadian Journal of Zoology, 65:1035–1038. 

Gosler, A.G., Greenwood, J.J.D., and Perrins, C.M. (1995). Predation risk and the cost of being 
Fat. Nature, 377: 621–623. 

Gould, S.J. (1966). Allometry and size in ontogeny and phylogeny. Biological Reviews, 41: 587-
640. 

Grant, P.R., and Grant, B.R (1995). Predicting micro-evolutionary responses to directional 
selection on heritable variation. Evolution, 49: 241–251. 

Gridley, J. (1912). The lagomorphs and independent order. Science, 36: 285-286. 
Harrison, D.L. and Bates, P.J.J. (1991). The Mammals of Arabia. Harrison Zoological Museum, 

Kent, UK. 
Henry, CJK. and Ulijaszek, SJ. (1996). Long-term Consequences of Early Environment. 

Cambridge University press, Cambridge. 
Ho, C.K., Pennings, S.C., and Carefoot, T.H. (2010). Is diet quality an overlooked mechanism for 

Bergmann’s Rule? Journal of American Naturalist, 175: 269–276. 



SUST Journal of Agricultural and Veterinary Sciences (SJAVS)  
Vol. 18 No.( 1) 

ISSN: 1858 6775  

June  2017  

 

 

 
10 

James, FC. (1970). Geographic size variation in birds and its relationship with climate. Ecology, 
5: 365–390. 

Kolb, HH. (1978). Variation in size of foxes in Scotland. Biological Journal Linnean Society, 10: 
291–304. 

Krunoslav, Pintur., Nino, Dancevic., Ivan, Stedul., Nina, Popovic. and Vedran, Slijepcevic. (2014). 
Craniometric features of European hare (Lepus europaeus Pall.) from North-west Croatia 

and the island of Vir. Vetrinarski Arhiv, 84 (4): 387-400. 
Lindstrom, J. (1999). Early development and fitness in birds and mammals. Trend in Ecology and 

Evolution, 14: 343–348. 
Mace, G.M., Harvey, P.H., and Clutton-Brock, T.H. (1981). Brain size and ecology in small 

mammals. Journal of Zoology, London 193: 333-354. 
McNab, K.B. (2010). Geographic and temporal correlations of mammalian size reconsidered: a 

resource rule. Oecologia, 164: 13–23. 
Meiri, S. and Dayan, T. (2003). On the validity of Bergmann’s rule. Journal of Biogeography, 30: 

331–351. 
Nevo, E. (1989). Natural selection of body size differentiation in Spiny mice, Acomys. Z 

Saugertierkund, 54: 81–99. 
Nevo, E., Beiles, A., Heth, G. and Simson, S. (1986). Adaptive differentiation of body size in 

speciating mole rats. Oecologia, 69: 327–333.  
Nagorsen, D. W. (1985). A morphometric study of geographic variation in the snowshoe hare 

(Lepus americanus). Canadian Journal of Zoology, 63: 567–579. 
Ozgul, A., Tuljapurkar, S., Benton, T.G., Pemberton, J.M., Clutton-Brock, T.H., and Coulson, T. 
(2009). The dynamics of phenotypic change and the shrinking sheep of Street. Kilda 

Science 325: 464–467. 
Reiss, M.J. (1991). The Allometry of Growth and Reproduction. Cambridge University Press. 

Riga, F. Trocchi, V. Randi, E. and Toso. S. (2001). Morphometric differentiation between the 
Italian hare (Lepus corsicanus De Winton, 1898) and the European brown hare (Lepus 

europaeus Pallas, 1778). Journal of Zoology, London, 253: 241-252. 
Schmidt-Nielsen, K. (1994). Dlaczego tak wa¿ne s rozmiary zwierzt. Skalowanie. PWN, 

Warszawa. Abstract in English.  
Searcy, W.A. Peters, S. and Nowicki, S. (2004). Effects of early nutrition on growth rate and adult 

size in song sparrows Melospiza melodia. Journal of Avian Biology, 35: 269–279. 
Sheridan, J.A. and Bickford, D. (2011). Shrinking body size as an ecological response to climate 

change. Natural Climate Change, 1: 401–406. 
Szuba, Z., Kalisinska, E. and Babula, Z. (1988). Grown of body weight and length of bovine 

fetuses. Anatomia Histologia Embryologia, 17: 53-59. 
Yom-Tov, Y. (1967). On the taxonomic status of the hares (Genus Lepus) in Israel. Mammalia, 

31: 246-259. 
Yom-Tov, Y. and Geffen, E. (2011). Recent spatial and temporal changes in body size of terrestrial 

vertebrates: probable causes and pitfalls. Biological Reviews, 86: 531–541. 



SUST Journal of Agricultural and Veterinary Sciences (SJAVS)  
Vol. 18 No.( 1) 

ISSN: 1858 6775  

June  2017  

 

 

 
11 

Yom-Tov, Y. and Nix, H. (1986). Climatological correlates for body size of five species of 
Australian mammals. Biological Journal Linnean Society, 29:245-262. 

Yom-Tov, Y. Yom-Tov, S. and Baagoe, H. (2003). Increase of skull size in the red fox (Vulpes 
vulpes) and Eurasian badger (Meles meles) in Denmark during the 20th century: an effect 

of improved diet? Evolutionary Ecology Research, 5:1037–1048. 
Yom-Tov, Y., (2003). Body sizes of carnivore's commensal with humans have increased over the 

past 50 years. Functional Ecology, 17: 323–327. 
 


