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ABSTRACT  

Body form and function of animal species have been shaped over time in response to prevailing local conditions that affect 

survival and reproduction. Morphological variation in size and shape thus occurs within-species across eco-geographic 

regions. Different theories have been proposed to explain this variation. For example, Bergmann’s rule posits that intra-

species body size increases positively with latitude and negatively with temperature. Alternatively, the resource rule 

suggests that the quantity and quality of available resources is the primary determinant of body shape and size. Here, we 

used photogrammetry to quantify morphological variation among wild dogs (Lycaon pictus) across eight African countries 

within three regions (western, eastern and southern), using the skeletal ratio of shoulder height to body length. We found 

that morphological variation was explained mostly by country and region, with latitude also being an influential predictor. 

Wild dogs in eastern Africa (Kenya and Tanzania) had the lowest measured skeletal ratio while the western population 

especially in Senegal had the highest. The effect of latitude, although not strongly linear, suggests some support for 

Bergmann’s rule. However, variations in latitude are associated with changes in other environmental conditions that 

directly influence resource availability. This makes the resource rule a better theory to explain morphological variation 

among wild dogs. Nevertheless, these findings indicate phenotypic plasticity among wild dog populations which can be 

taken as basis for rigorous genetic comparisons. Also, these remaining populations should all be conserved regardless of 

current size and movement between them should occur naturally without translocation especially for populations which are 

phenotypically distinct.  

Keywords: Bergmann’s rule, Photogrammetry, Lycaon pictus resource rule, Shoulder height.  

INTRODUCTION 

Animal bodies have been evolutionarily shaped over time 

in relation to the impact of abiotic and biotic characteristics 

on animal survival and reproduction (Kruuk and Parish, 

1985). While the general form of a species might appear 

relatively consistent across its range, variation in body 

shape and size does exist (Cavallini, 1995). Various 

theories have been presented to explain such variation. For 

instance, Bergmann’s rule states that among homeothermic 

species, body size tends to be positively associated with 

latitude and negatively with temperature (Mayr, 1956). 

Animals from comparatively colder and higher latitudes 

thus tend to have bigger bodies than their counterparts in 

warmer and lower latitudes (Rensch, 1938). An alternative 

theory, broadly referred to as the resource rule (McNab, 

2010) suggests that differences in body size can be 

attributed to spatial variation in resource availability. 

According to the rule, there is a correlation between 

resource availability and body size, with a reduction in 
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available resources being linked to a corresponding 

reduction in body size (McNab, 2010;  McNutt and Gusset, 

2012). The resource rule was however synthesized from a 

collection of rules which have a direct link to resource 

availability. These include Bergmann’s rule, island rule, 

Dehnel’s phenomenon, and Cope’s rule (McNab, 2010). 

The island rule states that large mammals on small islands 

reduce both in mass and mass-independent expenditures 

due to a reduction in available resources (McNab, 1994).  

Dehnel’s phenomenon states that species reduce in size 

towards winter (Dehnel, 1949), while Cope’s rule proposes 

a general increase in mammal body mass and size over time 

due to increased thermal efficiency, competence in hunting 

for example in carnivores and increased longevity (Stanley, 

1973;  Kingsolver and Pfenning, 2004). These theories 

have however not been widely tested on large and highly 

mobile carnivore species occurring over a broad 

geographical scale (Mayr, 1956;  Girman et al., 2001) . 

Wild dogs (Lycaon pictus) are the only surviving 

species of the Lycaon genus following the 

Pleistocenextinction of Lycaon sekowei (Girman et al., 

1993;  Hartstone-Rose et al., 2010). Their phylogenetic 

distinctiveness and ecological niche as hyper-carnivorous 

cursorial hunters makes them a species of conservation 

concern (Girman et al., 1997;  Hartstone-Rose et al., 2010). 

Although their long distance dispersal ensures genetic 

stability by decreasing the probability of inbreeding, their 

cursorial nature and commensurate high energetic 

requirement (Rasmussen et al., 2008), makes them highly 

sensitive to variation in environmental factors. They are 

therefore a good model species to understand 

morphological variations across populations and or 

conformity to eco-geographic rules. 

In this study, we used photographs and 

photogrammetry to quantify morphological variation 

among wild dogs residing in eight African countries. 

Photogrammetry is particularly useful for non-invasive 

morphological studies on species highly sensitive to human 

handling (Bell et al., 1997;  Trimble et al., 2011). 

Consequently, it is a valuable research tool for threatened 

species such as wild dogs. Further, these techniques have 

been productively applied to a number of species involving 

different questions such as body weight estimation in 

Southern elephant seals  Mirounga leonina (Bell et al., 

1997), sub-species classification in grey wolves (Canis 

lupus; (Cavallini, 1995), fluctuating asymmetry in wild 

dogs   (Edwards et al., 2013) and age determination in lions 

Panthera leo  (Ferreira and Funston, 2010). Using the 

skeletal ratio equivalent of shoulder height to body length 

ratio as our response variable we compared different 

populations of wild dogs for morphological differences. We 

hypothesised that most variation would be explained by 

country and/or region, due to differences in geographical 

conditions, which directly influence resource availability. 

Examining such variation in morphological characteristics 

provides insights into the adaptations and ecological 

importance of individual natural populations (Haush et al., 

2013). The understanding of the available morphological 

differences in morphology also provides a foundation for 

rigorous genetic comparison and the classification of wild 

dogs into unique ecotypes (varieties of the same species 

adapted to a specific environment) which is essential for 

effective conservation strategies.  

MATERIALS AND METHODS 

Data collection 

We collected photographs of wild dogs from tourists, safari 

guides and researchers across eight African countries 

between 2005 and 2014. Among the large batch of 

photographs that we collated, we used only those which 

showed the entire body of an individual from either the left 

or right-side. Measurements, with precision at pixel level, 

were completed using Adobe Photoshop CS3 (Andrews, 

2007), using the protocol shown in Figure 1. We made a 

total of 13 morphometric measurements (Figure 1) from 

each picture. Body length (BL) was measured from the 

caudal ischiatic process on the pelvis that forms a 

taxonomically discrete point to the protruding anterior side 

of the greater tubercle on the humerus. Three metrics of 

shoulder height (FL1 + FL2 + FL3) were taken from the 

bottom of the foot to the top of the shoulder blade via the 

hock and elbow. We also measured the back leg length 

taking the summation of metatarsus, tibia and femur (HL1 

+ HL2 + HL3). To account for cases when the dog was not 

standing perpendicular to the camera, we recorded the 

angles of a FL3 and BCL and used trigonometric equations 

to adjust the shoulder height using the formula shoulder 

height = FL1 + FL2 + (Tan (FL3 BCL angle) * FL3). In 

other studies, camera-specific calibration formulae that 

translated pixel counts from the photograph into 

centimetres were used (Trimble et al., 2011). While some 

used distance between the camera, animal and camera focal 

length to calculate the actual height of the animal (Shrader 

et al., 2005;  Ferreira and Funston, 2010). For our study 

such data were not available hence our measurements were 

done at pixel level. Because photographs were captured at 

different distances with different cameras, we converted 

our measurements from pixels to ratios relative to BL to 

enable comparisons between populations, age classes and 

sexes (Clarke, 1995). 
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Figure 1. Protocol for photogrammetric measurements in pixels using Adobe Photoshop CS3. A total of thirteen 

measurements were made from each photograph. 

 

Explanatory variables 

We developed a database of six variables to explain 
morphological variation among wild dogs. This included 

country, region, latitude, sex, age class and pack size. Our 

wild dog data were collected across eight African nations 

(Figure 2), which we then grouped into three regions; 

western (Senegal and Central African Republic), eastern 

(Kenya, Tanzania and Mozambique) and southern 

(Zambia, Zimbabwe and Botswana) as in (Girman et al., 

1993;  Woodroffe et al., 1997). When known, the age 

class (pups <1 year, yearling 1-2 years, and adults > 2 

years), sex and pack size were recorded.  

Data analysis 

With shoulder height to body length ratio as our response 

variable (FL1 + FL2 + FL3 / BL), we fitted generalized 

linear models (GLMs) from the Gaussian family with an 

identity link to quantify morphological variation in wild 

dogs. We developed models using all possible 
combinations of explanatory variables. We then ranked 

model performance using Akaike’s Information Criterion 

corrected (AICc) for small sample sizes, with the model 

with the lowest AICc being the most supported (Burnham 

and Anderson, 2002). We then performed further tests to 

determine the magnitude of effect of each explanatory 

variable in the top performing models as well as to 

determine the specific differences between countries, 

regions, age classes, sexes as well as the effect of latitude 

and pack size. In all post-hoc tests we tested the null 

hypotheses of no significant differences between 
countries, regions, age classes, sexes and no effect of 

latitude and pack size using regression analysis. All 

statistical analyses were done using R software  (R Core 

Development Team, 2014) and significance was taken           

p < 0.05. 
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Figure 2. Map showing distribution of African wild dogs, with sampling locations indicated by small rectangles. Country 

codes Senegal, SEN; Kenya, KEN; Tanzania, TZA; Mozambique, MOZ; Zambia, ZMB; Zimbabwe, ZWE; and Botswana, 

BWA. 

 
RESULTS 

We collected a total of 279 photographs of wild dogs across 
eight African countries between 2005 and 2014. These 

included 152 individuals from Zimbabwe, 23 from 

Botswana, 8 from Zambia, 24 from Tanzania, 36 from 

Kenya, 30 from Mozambique, 4 from Senegal, and 2 from 

the Central African Republic. From the total samples, 210 

were adults (102 males, 106 females and 2 unknown sex), 

28 were yearlings (17 males and 11 females) and 41 were 

pups (19 males, 16 females and 6 unknown sex). 

The least parameterized model with country only was 

the best-performing model amongst the considered             

(Table 1). This model had the lowest AICc and received 

almost half of the total weight of evidence (wi = 0.45). The 

second-ranked model included country, region and latitude 
as explanatory variables. This model had a ∆AICc of 1.51 

and a wi = 0.21 which shows that it’s also a plausible 

model. 

There were also significant differences in morphology 

between countries (F7, 278 = 5.34, p < 0.001). A multiple 

country by country pairwise post-hoc analysis of the top 

model with country only as the explanatory variable, 

showed that significant differences were between Kenya 

and Botswana, Tanzania and Botswana, Zimbabwe and 

Botswana, Tanzania and Mozambique, Tanzania and 

Senegal, and Zimbabwe and Tanzania (Table 2; Figure 3).  
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Table 1. Top performing models with ∆AICc < 6 for explaining morphological variation among African wild dogs in 

Africa, K is the number of parameters, ∆AICc is the difference in AICc between each model and the best model, wi is the 

model AICc weight and cum wi is the cumulative AICc weight. 

Model K AICc ∆AICc wi cum wi 

      

country 9 -739.05 0.00 0.45 0.45 

country + region + latitude 10 -737.54 1.51 0.21 0.67 

country + age 11 -736.90 2.16 0.15 0.82 

country + sex 11 -736.24 2.82 0.11 0.93 

country + sex + age 13 -734.34 4.71 0.04 0.98 

country + sex + age+ latitude 14 -733.08 5.97 0.02 1.00 

 

Table 2. Multiple pairwise country by country comparison of morphological differences in African wild dogs across eight 

range states. 

 Comparison Difference Lower Upper P  Significance 

       

 Central Africa-Botswana -0.05 -0.19 0.09 0.96 ns 

 Kenya-Botswana -0.06 -0.11 -0.004 0.02 * 

 Mozambique-Botswana -0.04 -0.09 0.02 0.36 ns 

 Senegal-Botswana 0.04 -0.07 0.14 0.95 ns 

 Tanzania-Botswana -0.1 -0.15 -0.042 <0.0001 *** 

 Zambia-Botswana -0.03 -0.11 0.05 0.95 ns 

 Zimbabwe-Botswana -0.05 -0.1 -0.003 0.03 * 

 Kenya-Central Africa -0.006 -0.15 0.13 1 ns 

 Mozambique-Central Africa 0.01 -0.13 0.15 0.99 ns 

 Senegal-Central Africa 0.09 -0.08 0.25 0.75 ns 

 Tanzania-Central Africa -0.05 -0.19 0.09 0.96 ns 

 Zambia-Central Africa 0.02 -0.13 0.17 0.99 ns 

 Zimbabwe-Central Africa 0.004 -0.13 0.14 1 ns 

 Mozambique-Kenya 0.017 -0.03 0.07 0.95 ns 

 Senegal-Kenya 0.09 -0.01 0.19 0.09 ns 
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 Tanzania-Kenya -0.04 -0.09 0.01 0.18 ns 

 Zambia-Kenya 0.03 -0.05 0.1 0.95 ns 

 Zimbabwe-Kenya 0.01 -0.03 0.05 0.98 ns 

 Senegal-Mozambique 0.08 -0.03 0.18 0.3 ns 

 Tanzania-Mozambique -0.06 -0.11 -0.007 0.015 * 

 Zambia-Mozambique 0.01 -0.07 0.09 0.99 ns 

 Zimbabwe-Mozambique -0.01 -0.05 0.03 0.99 ns 

 Tanzania-Senegal -0.14 -0.24 -0.03 0.002 ** 

 Zambia-Senegal -0.07 -0.19 0.05 0.7 ns 

 Zimbabwe-Senegal -0.08 -0.18 0.013 0.15 ns 

 Zambia-Tanzania 0.07 -0.01 0.15 0.13 ns 

 Zimbabwe-Tanzania 0.05 0.01 0.095 0.005 ** 

 Zimbabwe-Zambia -0.02 -0.09 0.05 0.99 ns 

       

 

 

Figure 3. Box and whisker plot showing differences in shoulder height to body length ratio (FL1 + FL2 + FL3 / BL) for 

African wild dogs across eight African range states using digital photogrammetry. 

 

Wild dogs in Senegal had the highest shoulder height 
to body length ratio, while Tanzania had the lowest (Figure 

3). There were also significant differences between the 

three regions F2, 278 = 5.09, p = 0.007), with significant 

differences being between the eastern and southern region 

(p = 0.015) and between the eastern and western region (p 
= 0.01). The eastern region (Kenya and Tanzania) had the 

lowest shoulder height to body length ratio, while the 

western had the highest (Figure 4).  
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Figure 4. Box and whisker plot showing differences in shoulder height to body length ratio (FL1 + FL2 + FL3 / BL) for 

African wild dogs in their three current regional populations; western (Senegal and Central African Republic), eastern 

(Kenya, Tanzania and Mozambique) and southern (Zambia, Zimbabwe and Botswana) using digital photogrammetry. 

 

Shoulder height to body length ratio was also 

significantly influenced by latitude (p = 0.005), however, 

the relationship was not strongly linear (r = 0.17). In 

general, wild dogs shoulder height to body length ratio 

decreased as we got closer to the equator with Tanzania and 

Kenya having the least ratios. There were no significant 

differences in morphology between the different age 

classes (p = 0.35) and across different sexes (p = 0.58) in 

our data There was also no significant influence of pack 

size on the observed morphological variations (p = 0.87, r = 

0.03), and all models, which included pack size as an 

explanatory variable, performed poorly. 

DISCUSSION 

We found that differences in wild dog morphology across 

Africa could be explained mostly at country and regional 

levels. Although eco geographic rules have mainly used 

body size to describe factors which influence 

morphological variation (Bergmann’s rule, resource rule, 

Island rule, Cope’s rule among others), we believe that 

shoulder height to body length ratio can also be used to 

understand morphological variation among wild dog 

populations, and the factors involved as applied to the 

different eco-geographic rules proposed. According to 

Bergmann’s rule, body size is positively associated with 

latitude and negatively with temperature (Mayr, 1963;  

Meiri et al., 2007). In our study latitude significantly 

influenced the variation in shoulder height to body length 

ratio, but its effect was not strongly linear as predicted by 

Bergman’s rule rule. Others have however suggested that 

these relationships may not be linear as predicted by 

Bergman’s rule (Blackburn and Hawkins, 2004;  Rodriguez 

et al., 2010), which agrees with the lack of a strong linear 

relationship in our results. These associations between body 

size and shape, temperature and latitude have been shown 

to be stronger in colder regions of northern Europe and 

weaker in warmer regions (Rodriguez et al., 2010). 

However, because wild dogs are only found in Africa there 

is no data over a broader latitudinal scale, with which 

stronger relationships could be expected. 

Changes in latitude are associated with changes in 

other environmental variables, which indeed vary between 

the countries and the regions considered (McNab, 2010).  

Often it is the change in those environmental variables that 

affect food availability to animals that dictate 

morphological differences (Yom-Tov and Geffen, 2006). 

However, because such variables are related to latitude the 

results are often misinterpreted as conforming to 

Bergmann’s rule (Yom-Tov and Geffen, 2006). Our 

observed morphological differences between populations 

are thus likely to be greatly influenced by differences in 

primary productivity, temperature, species diversity, 

vegetation, terrain, competition and prey density across the 

countries and regions. Such variables have a direct 

influence on prey availability to wild dogs and all form 

basis for the resource rule. According to the rule, reduction 

in resource availability leads to reduction in body size and 

or mass-independent energy expenditure (McNab, 2010), 

hence can explain our observed differences in shoulder 

height body length ratio. In Botswana, wild dogs were 

shown to have decreased by 17% over the past 20 years 

attributed to a 30% decrease in the density of impalas  
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(Aepyceros melampus) in the ecosystem (McNutt and 

Gusset, 2012), which supports the resource rule. Among 

cheetah (Acinonyx jubatus) resource availability was also 

the main factor influencing morphological variations 

observed between Botswana and Namibia (Boast et al., 

2013). Because the two have little variation in latitude 

makes the resource rule more appropriate to explain the 

observed variation. Future studies should however, seek to 

quantify the effect of several environmental predictors 

before concluding which one best explains morphological 

variation (Yom-Tov and Geffen, 2011). 

We did not get many samples from the western 

population, which is justifiable given that the species is 

endangered and there are fears that the western population 

might now be functionally extirpated (Sillero-Zubiri, 1995;  

Breuer, 2003;  Angwafo, 2006;  Croes et al., 2012). Our 

data shows that the population is different from other 

populations. Populations near the equator (Kenya and 

Tanzania) had the smallest shoulder height to body length 

ratio (shorter legs in relation to body length) while the 

western population particularly Senegal had the biggest 

indicating longer legs in relation to body length. These 

variations indicate phenotypic plasticity among wild dogs, 

probably due to long term adaptation to prevailing 

conditions for maximising food acquirement. The species is 

well known to hunt small to medium prey in its 

geographical extent (Reich, 1981;  Hayward et al., 2006), 

hence morphological differences i.e. of shoulder height to 

body length are likely to favour survival within the 

different regions. Nevertheless, these wild dog populations 

should all be conserved regardless of current size. Small 

populations such as the those in the western region are 

mostly likely to be ignored in favour of bigger populations, 

with which conservation actions are likely to yield better 

results within a short period of time (Dickman et al., 2015;  

Lindsey et al., 2015). However, their status and distribution 

have potential to recover if management strategies and 

regulations are put in place (Croes et al., 2012). Also, 

because of the distinctiveness of regional populations we 

recommend that movement between populations should 

only be allowed to occur naturally and not involve 

translocation especially if the population are very 

phenotypically or genetically distinct. 

We found no significant differences between male 

and female wild dogs in our study, supporting the lack of 

sexual dimorphism in this species as previously observed 

(Girman et al., 1993), and common among the Canidae 

(Bekoff et al., 1981). Our results however, contradict those 

from Botswana in which significant sexual differences in 

all morphometric measurements were observed (McNutt 

and Gusset, 2012), with fluctuations in food supply being 

thought to constrain growth patterns between sexes (Isaac, 

2005;  McNutt and Gusset, 2012;  Boast et al., 2013). Age 

also did not significantly explain morphological variation 

in wild dogs as observed in Botswana (McNutt and Gusset, 

2012), and there were no significant differences between 

the different age classes. The morphometric skeletal ratio 

of shoulder height to body length can therefore not be used 

to distinguish age classes among wild dogs. With lions, age 

assignment using shoulder height was also more precise for 

lions below two years, after which shoulder height becomes 

constant across all ages (Ferreira and Funston, 2010). 

CONCLUSION 

Morphological variation among wild dogs was explained 

mainly by country, region and latitude, whilst age, sex and 

pack size were all insignificant. Shoulder height to body 

length ratio can therefore be used to effectively distinguish 

populations, but not age or sex. Nevertheless, our study 

sheds light on the phenotypic plasticity and possible 

adaptations to the different geographical conditions within 

which the species exist. Such results can be taken as a basis 

for rigorous genetic comparisons of the populations, in 

order to classify them as ecotypes or as different sub-

species, which for now should all be conserved regardless 

of current population size. Our study also highlights the 

importance of non-invasive techniques such as 

photogrammetry in understanding morphological variation 

among rare and wide ranging wildlife populations.  
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