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Abstract  1 

Body condition (BC) is a measure to assess the health status of domestic and wild animals. 2 

When food resources are abundant, a decrease in BC may indicate an increase in the energetic 3 

expenditure due to the effects of growth, reproduction, or disease. BC impoverishment is one of the 4 

most common clinical effects of diseases progressing chronically, such as animal tuberculosis (TB) 5 

caused by the Mycobacterium tuberculosis complex. The Eurasian wild boar (Sus scrofa) is the main 6 

wild TB reservoir in the Mediterranean basin. In this work, we used the kidney fat index (KFI), to 7 

assess the impact of TB progression on the BC of 1,372 hunter-harvested free-ranging wild boar in 8 

seven populations in southern Spain. Surprisingly, TB had only slight effects on wild boar BC and 9 

individuals exhibiting severe TB showed greater BC than TB-free individuals. The age (adults had 10 

greater BC than juveniles) and sex (females had greater BC than males) were the main BC 11 

determinants in wild boar. Sampling population and season explained more BC variability than 12 

individual factors, suggesting that other external factors might play an important role in the BC, and 13 

probably on the impact of the disease on this wild reservoir. 14 
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1. Introduction 28 

Animal body condition (BC), defined as the energy stored in tissues to keep functional normal 29 

life and to overcome periods of food shortages, may also be affected by the sublethal impact of 30 

pathogens. Immune response activity is energetically costly, particularly when hosts face chronic 31 

diseases over long periods (Graham et al., 2011; Lochmiller and Deerenberg, 2000; Yoshida and 32 

Delafontaine, 2015). The energy cost of mounting an immune response by vertebrates has been 33 

suggested to equal that of reproduction and growth (Graham et al., 2011). Ecological, behavioural 34 

and physiological differences support sex- and age-related differences in disease susceptibility in 35 

wildlife (Alexander and Stimson, 1988; Folstad and Karter, 1992; López-Olvera et al., 2015; Malo et 36 

al., 2009). Regarding the sex of the host, females of polygynous species invest more in self-37 

maintenance than males, which prioritize mate attraction by diminishing the energetic resources 38 

available to immune function during the breeding season (Landete-Castillejos et al., 2004). Thus, 39 

males tend to show worse immune responses than females, a fact that is often exacerbated by the 40 

immunosuppressive effects of testosterone (Folstad and Karter, 1992). Consequently, males are often 41 

more susceptible to infection than females (López-Olvera et al., 2015), developing a more severe 42 

presentation of diseases (Alexander and Stimson, 1988; Malo et al., 2009). This male-biased infection 43 

has been reported in the literature for several diseases such as animal tuberculosis (TB), Chronic 44 

Wasting Disease (CWD) and many parasitic diseases in deer (De la Peña et al., 2020; Vicente et al., 45 

2013), or cowpox in rodents (Burthe et al., 2008). Likewise, age is another key factor to understand 46 

host-pathogen relationships in wildlife. For chronic diseases such as TB (Vicente et al., 2013) or 47 

CWD (Miller and Conner, 2005), adults are more likely to be infected than their younger counterparts 48 

because of a higher chance of pathogen encounter during life. However, for pathogens with higher 49 

induced mortality (e.g. some genotypes of classical swine fever) as the infection period increases, 50 

young animals may show higher prevalence than adults, since older infected animals are likely to die 51 

at a faster rate (Cross et al., 2009). Age-related differences also occur regarding disease severity since 52 

young animals are more prone to suffer the impact of the disease because of the immaturity of their 53 

immune system and the limited prior exposure to pathogens stimulating adaptative immunity, 54 

together with the energetic costs of development and growth that they are experiencing (Lesage et al., 55 

2001; Solomon, 1978; Vicente et al., 2013). 56 

Despite the assumption of a negative relationship between infection and BC, a wide range of 57 

associations between both, from strongly positive to strongly negative, have been reported for wildlife 58 

populations (Sánchez et al., 2018). Host-pathogen coevolution implies selective pressure on the hosts, 59 

which have to elaborate more robust and diverse immune responses to cope with pathogen adaptations 60 
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(manipulations in host defences and escaping in detection and elimination by the host immune system; 61 

Schmid-Hempel, 2009; Schulenburg et al., 2009). This immune activation increases the energetic 62 

demands of the infected host that uses their body reserves to compensate for the cost of infection 63 

(Graham et al., 2011; Lochmiller and Deerenberg, 2000). However, tolerance to infection would 64 

reduce such energetic demands minimising such cost of infection (e.g. Budischak et al., 2018; 65 

Medzhitov et al., 2012).  66 

TB is a zoonotic, chronic and debilitating disease caused by bacteria belonging to the 67 

Mycobacterium tuberculosis complex (MTC) whose natural hosts are wild and domestic mammals 68 

(Gortázar et al., 2012). The main clinical sign exhibited by most infected species including humans 69 

is emaciation, especially in those individuals with severe disseminated TB (Renwick et al., 2007; 70 

Silva and Faccioli, 1988). As consequence, those infected individuals with impoverished BC are more 71 

susceptible to disease progression and experience higher pathogen load, further weakening their 72 

health status (Beldomenico et al., 2008; Beldomenico and Begon, 2010). In consequence, mortality 73 

due to TB infection ranges from 11% in African buffalo (Syncerus caffer; Jolles et al., 2005) 21 to 74 

30% in Eurasian wild boar (Sus scrofa; Barasona et al., 2016).  75 

TB severity is also positively related to a higher load of mycobacteria with the subsequent 76 

elevated MTC DNA shedding (Santos et al., 2015b). These individuals suffering from severe TB, 77 

also known as disseminated or widespread tuberculosis, show proliferative lesions in the lungs and 78 

in other organs.  79 

The most frequent shedding routes for MTC include the oral and nasal route (through aerosols 80 

and exudates) and the faecal route in the most affected animals (Barasona et al., 2017; Santos et al., 81 

2015a). Accordingly, the infection spreads through direct (aerosols or scavenging) and indirect routes 82 

(environmental contamination with exudates and faeces), the latter being key for the inter‐species 83 

transmission (Caron et al., 2003; Morris et al., 1994). Thus, animals showing severe TB are expected 84 

to be “super-shedders”, being individuals with poor BC and exhibiting high mycobacteria load. These 85 

individuals, which excrete considerable amounts of mycobacteria for long periods (persistently 86 

infected) or through several routes simultaneously (Delahay et al., 2000), play a substantial role in 87 

the transmission and maintenance of TB in host populations (Santos et al., 2015a). Despite the well-88 

known debilitating effect of TB, there are previous studies on ungulates that evidenced that BC was 89 

not statistically associated with the risks of being infected or testing positive to different shedding 90 

routes simultaneously (Barasona et al., 2017; Vicente et al., 2007). Both studies suggest that 91 

population factors somehow associated with BC may determine the spread of the MTC.  92 
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The wild boar constitutes the main reservoir of the MTC in the Mediterranean basin (Naranjo 93 

et al., 2008), where ungulates suffer from substantial inter-annual variations of in terms of food 94 

availability. Summer is the hardest season due to the drought and the subsequent reduced quality and 95 

quantity of food resources, leading to impoverish BC in ungulates (Bugalho and Milne, 2003; 96 

Rodriguez-Hidalgo et al., 2010). Furthermore, high densities of wild ungulates and free-ranging 97 

livestock coexist in these environments, exacerbating the impact of food restriction periods on the 98 

health status of wildlife (Gortázar et al., 2012). However, supplementary feeding is often provided to 99 

deal with these food shortages in private hunting estates of south-central Spain. This management 100 

strategy increases the carrying capacity of ecosystems and BC of animals (Vicente et al., 2007). So, 101 

populations fed with supplementary food are expected to show a better BC and an improved resistance 102 

against infections. However, the aggregation of animals around food may increase the transmission 103 

rates of pathogens (Acevedo et al., 2007; Laguna et al., 2018; Navarro-Gonzalez et al., 2013), thus 104 

promoting pathogen maintenance in the host community (Murray 2016). In wild boar, TB is 105 

characterized by high prevalence and generalization rates (Barroso et al., 2020; Vicente et al., 2013). 106 

Thus, a large proportion of wild boar becomes an important source of MTC contamination, especially 107 

adults showing disseminated lesions, since they possess the ability to excrete MTC bacteria through 108 

several routes simultaneously (Barasona et al., 2017). Cachectic moribund diseased wild boar 109 

roaming in the surrounding the farms and, to lesser extent individuals in good BC (especially dispersal 110 

young wild boar), may facilitate the spread of TB to wildlife and livestock from neighbouring areas 111 

since they cross roads, urban areas, open fields and croplands (Casas-Díaz et al., 2013; Hampton et 112 

al., 2004).  113 

In this study, we explore the relationships between sex, age, TB severity and BC in hunted 114 

wild boar from south-central Spain. The specific aims of the work were to assess the relationship 115 

between sex, age and TB severity altogether on the BC of wild boar. Specifically, we tested the 116 

following hypothesis: as reported in previous studies and due to the trade-off related to the life history 117 

(Orłowska et al., 2013; Santos et al., 2013), adults and female wild boar should exhibit higher BC 118 

than juveniles and males, respectively. On the base of this premise, among wild boar showing 119 

tuberculosis-like lesions (TBL), juveniles and males are expected to be more sensitive to the 120 

emaciating effects of TB.  121 

 122 

2. Methods 123 

2.1 Study area  124 
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This study was carried out on seven big game estates located in Castilla-La Mancha, in south-125 

central Spain (Figure 1). The study area includes the Toledo Mountains (MT), the Sierra Morena 126 

Mountains (SM), and the Guadiana River valley (GV; transition area between MT and SM). These 127 

regions have a Mediterranean climate (with Atlantic influence in the case of DNP), characterized by 128 

strong seasonality and higher inter-annual oscillations in rainfall levels (annual rainfall ranks between 129 

300 and 700 mm). During the wet season (autumn-spring) most of the yearly rains occur, providing 130 

high-quality pastures. However, the drought season (summer) is the critical period for ungulates due 131 

to the shortage of food and water resources. Mediterranean vegetation is adapted to these 132 

circumstances, predominating Mediterranean woodlands of oak trees (mainly composed by Quercus 133 

ilex), scrublands with scattered pastures and small plots of croplands. In all the sampling sites 134 

included in this study, seasonal feeding provided to wild ungulates before hunting events is based on 135 

hay and alfalfa bales. Wild boar usually coexist with red deer (Cervus elaphus) in the sampling sites 136 

so as, in specific areas, with fallow deer (Dama dama) and roe deer (Capreolus capreolus).  137 

2.2 Animal sampling 138 

Between the hunting seasons, 2010/2011 and 2020/2021 (which typically occur from October 139 

to February), carcasses of 1,372 harvested wild boar were sampled in seven Spanish localities 140 

(sampling sites) belonging to four geographic areas (Figure 1). In big game hunting states, we 141 

arbitrarily selected a random age- and a sex-stratified subset of approximately 20 wild boar by season.  142 

Necropsy examination and sample collection were performed in the field by qualified 143 

veterinarians. During the animals’ necropsy, the right kidney with its surrounding fat was dissected 144 

(Santos et al., 2013) and the sex and age of the animals were determined. Animals (including 616 145 

males and 756 females) were classified into three age classes based on the eruption of dentition 146 

patterns (Saenz de Buruaga et al., 2001): juveniles (<12 months; n= 269), yearlings (1-2 years; n= 147 

306) and adults (>2 years; n= 797). 148 

To obtain a BC index, the amount of surrounding fat was standardised based on the surface 149 

of the kidneys and the surplus fat was removed (Caughley and Sinclair, 1994). The right kidney was 150 

weighed both with fat and after removing the fat, on an electronic precision balance to the nearest 0.1 151 

g. Thus, we got a single kidney mass (KM) and kidney fat (KF) values for each wild boar individual. 152 

2.3 Tuberculosis diagnosis and severity assessment 153 
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The presence of TBL was recorded by macroscopic inspection of the head, thoracic, and 154 

mesenteric lymph nodes as well as abdominal and thoracic organs (Martín-Hernando et al., 2007; 155 

Vicente et al., 2006). This analysis routinely included submandibular lymph nodes and tonsils in the 156 

head, tracheobronchial and mediastinal lymph nodes and lungs in the thorax, and mesenteric lymph 157 

nodes and spleen in the abdomen. The positivity to MTC was confirmed by culture in a sample of 158 

positive individuals. To consider the TB severity, wild boar were classified into three categories: TB 159 

free (wild boar without TBL), mild (wild boar with a localized lesion pattern, observed in one 160 

location: head, thorax or abdomen) or severe (wild boar with a disseminated lesion pattern, observed 161 

in two or more locations).  162 

2.4 Statistics 163 

We calculated the Kidney Fat Index (KFI) according to Riney (1955), an index that measures 164 

the retroperitoneal fat stored around the kidneys. KFI was calculated by dividing KF by the KM and 165 

multiplying by 100, and it was used as an indicator of the BC for both descriptive statistics and 166 

statistical modelling. Along with the text, we will use BC rather than KFI to mention the energy stored 167 

by wild boar to support the costs of biological activities.  168 

Then, we fit a set of linear mixed models (LMMs) to assess the relationship between sex, age 169 

class, disease severity and BC (as a response). In these models, sex, age class, the severity of the TB 170 

infection, and all their possible two-way interactions were included as fixed terms whereas the 171 

population (seven levels) and season of sampling (autumn: October-November; winter: December-172 

February) as random-effect terms. LMMs were fitted with a normal error distribution and the identity 173 

link function (Zuur et al., 2009). Model selection was based on Akaike’s Information Criterion 174 

(Akaike, 1974). We also estimated the Akaike weight (wi), which is the probability that a model is 175 

the best among those compared 52. Models which differed in less than two AIC units (ΔAIC < 2) were 176 

considered good candidates for explaining the observed BC variability (Burnham and Anderson, 177 

2002). Once the best model/s was selected, we checked for normality and the absence of residual 178 

patterns in data variation. LMMs were fitted in the library “lme4” 1.1-21 version 53, and the library 179 

MuMIn 1.42.14 (Barton, 2019) was used to calculate the conditional and marginal coefficient of 180 

determination for LMMs (R2). All statistical analyses were performed in the R 4.0.2 version (R Core 181 

Team, 2020). 182 

3. Results 183 
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Mean ± standard error (SE), minimum and maximum KFI values, and sample size (n) 184 

according to sex, age class and TB status are shown in Table 1. For the three age classes considered, 185 

all the individuals with severe TB showed higher BC than TB free animals (difference of 5.92, 13.37 186 

and 1.18 in % of KFI values in juveniles, yearlings, and adults, respectively, see Table 1). However, 187 

these differences were not statistically significant in models which include this interaction (models 4, 188 

8 and 14). Concerning the sex, the wasting effect of the severe TB was only revealed in females, 189 

specifically, differences between TB free and severe TB in juvenile individuals were 2.67 % of KFI 190 

values (see Table 1). These differences were statistically significant in those models including this 191 

interaction (models 3, 6 and 9). However, these descriptive results should be interpreted with caution, 192 

accounting for possible cofconfoundingctors. Therefore, the results of the LMMs are interpreted 193 

below. 194 

According to our LMM selection (Table 2), BC is driven by sex, age and TB (wi = 0.53, 195 

Table 3). The next candidate model (Δi =1.46) suggests that BC variability is only affected by sex 196 

and age differences (wi = 0.24, Table 3). BC was higher in females (82.99 ± 1.54) than in males 197 

(50.74 ± 2.03) and sexual differences in BC increase with age (F1, 1351 = 21.01, p-value <0.01, Figure 198 

2a). For example, differences between females and males BC are 5.51 in juvenile (relative change in 199 

% of predicted KFI values), but 37.77 in adult wild boar (Figure 2a).  200 

Regarding TB severity, no significant effect in the BC was revealed in the best model (F1, 201 

1351= 2.44, p=0.09). Interestingly, in general, wild boar with severe TB showed higher BC than 202 

individuals without TBL (differences of 3.60 in % of predicted KFI values, p-value = 0.02, Figure 203 

2b). Overall, higher BC was observed in females and adults, regardless of the TB severity status. 204 

Surprisingly, in both candidate models, the sampling population and season explained most of the 205 

variability in the BC (15.18% and 15.26% in models 1 and 2, respectively, see Table 2). The 206 

variability explained by fixed factors was 14.80% for model 1 (variability explained by both fixed 207 

and random factors: 29.98%) and 14.46% for model 2 (variability explained by both fixed and random 208 

factors: 29.71%).  209 

4. Discussion 210 

We describe the BC in a sample of more than one thousand wild boar, evidencing the age- 211 

and sex-dependent pattern, which is similar to those reported in previous studies on wild boar 212 

populations in Europe (Albrycht et al., 2016; Mocała et al., 2012; Orłowska et al., 2013). In general, 213 

the results show greater BC in females and older age classes, since the tendency to accumulate fat 214 
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rises with the age of the animals (Risco et al., 2018). However, the most remarkable point is the 215 

tolerance of the wild boar to infections by TB, since its BC is not affected by the severity of the TB-216 

related lesions, as has been reported in other species of ungulates (see Vicente et al. (2007) for red 217 

deer and Dejene et al. (2016) for cattle), which suggests that this species can act as a super-shedder 218 

of this pathogen.  219 

Sex-related differences in susceptibility to infections have been previously reported (e.g. 220 

Alexander and Stimson, 1988; Schalk and Forbes, 1997; Vicente et al., 2007), showing males higher 221 

impact and rates of parasitism and infection as well as less effective immune responses than females 222 

(Moore and Wilson, 2002). The sexual differences in BC (more marked in adults), may also be 223 

associated with the relationship between BC and reproductive success in each sex, which response to 224 

different strategies (Festa-Bianchet et al., 1998; Gaillard et al., 2000). While adult females focus on 225 

achieving appropriate weight and BC for reproduction, males invest their resources in sexual 226 

competition during the breeding season (which takes place during the hunting seasons), as has been 227 

reported in polygynous ungulates (Festa-Bianchet et al., 1998). Hence, adult females of reproductive 228 

age are expected to show higher BC than younger females, even than yearlings that begin to 229 

reproduce, which sustain higher metabolic requirements derived from their growth and development 230 

processes (Albrycht et al., 2016; Lesage et al., 2001). By contrast, adult males are expected to be in 231 

worse BC than younger individuals around the breeding season, due to the immunosuppressive effect 232 

of the testosterone and its subsequent impact on BC, together with the sexual competition (Cizauskas 233 

et al., 2015; Ezenwa et al., 2012; Folstad and Karter, 1992; Malo et al., 2009). Moreover, from the 234 

second year of life onwards, males sustain high metabolic costs. These energetic demands are derived 235 

from the development of muscle tissue, skeletons and canines, which is more expensive metabolically 236 

than producing fat (Oftedal, 1983). During this age, males focus on increasing these tissues because 237 

heavier wild boar achieve greater reproductive success rates.  238 

The low impact of TB on boar BC is in line with previous research concluding that BC is not 239 

linked to testing positive for TB or with the super-shedder condition in wild boar (Barasona et al., 240 

2016; Vicente et al., 2007). Vicente et al. (2007) showed as in red deer BC was mainly dependent on 241 

the amount of supplemental food provided, but also on environmental conditions. However, our 242 

results contrast with other studies found in the literature which reported an impact of the infection 243 

progress on BC in other wild ungulates (Caron et al., 2003; Munyeme et al., 2010), as well as the 244 

consequences for immune response in wild boar (Gassó et al., 2016). The better BC found in wild 245 

boar showing severe TB, considered as super-shedders of MTC (Santos et al., 2015a), implies higher 246 
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survival rates and the subsequent relevant epidemiological consequences for the spread and 247 

maintenance of TB in certain areas, thus acting as a TB reservoir (Naranjo et al., 2008; Risco et al., 248 

2019). This may be mediated by the seasonal supplementary feeding practices carried out in these 249 

hunting estates. Providing wild boar with food could lead to an improved BC as well as a higher 250 

frequency of generalized TB due to a higher spatial aggregation and risk of TB transmission (Vicente 251 

et al., 2007, 2006). However, a great BC does not necessarily mean a better health and nutritional 252 

status, since this is conditioned by the type of supplement provided (i.e. corn-based supplementary 253 

fed wild boar have a great BC but they are malnourished (Murray et al., 2016)). Further studies are 254 

necessary to evaluate the relationship between BC, TB severity and the wild boar health status, 255 

including e.g. type of supplementary food or unspecific indicators of health status such as serum 256 

acute-phase proteins (Chen et al., 2003). 257 

One possible explanation for our findings may be that wild boar hunted as presumably healthy 258 

are those that survive, whereas the cachectic and severely diseased wild boar maybe not be spotted 259 

or may die hidden in the dense scrubland (Barasona et al., 2016). However, the host-mycobacteria 260 

co-evolutionary process, in which mycobacteria and their hosts developed mechanisms to modulate 261 

the immune response, promotes the host survival with the subsequent benefits to the mycobacteria by 262 

increasing the probability of transmission. In this regard, López et al. (2016) reported a reduction in 263 

anaemia progression from adult wild boar exhibiting mild to severe TB, probably associated with this 264 

co-evolutionary phenomenon.  265 

Our findings are consistent with those reported in managed (year-round fed) red deer 266 

populations, as compared to natural ones, in which the amount of supplemental food provided, as 267 

well as environmental factors in terms of habitat quality were positively associated with the BC 268 

(Rodriguez-Hidalgo et al., 2010; Santos et al., 2013; Vicente et al., 2007).  These factors may include 269 

the supplementary feeding degree (classified by Laguna et al. (2022)), the nutritional quality of the 270 

food provided or the ground primary production.  271 

According to our results, the sampling population and season explained most of the 272 

variability in the BC. In this sense, intrinsic features of each area, as well as the potential differences 273 

in food and water availability characteristic of each season, may drive BC (Laguna et al., 2022). 274 

Further research is warranted to elucidate the factors linked to population and season which drive 275 

differences in BC and the underlying ecological mechanism. Specifically, if the variability observed 276 

in BC between sampling populations is influenced by supplementary feeding degree, the nutritional 277 

quality of the food provided, the ground primary production, and population densities.  278 

 279 
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Tables 486 

Table 1. Average body condition (Kidney Fat Indexes ± standard error) by sex, age classes and TB 487 
status. The range is indicated in brackets and the total sample size (N) is also shown 488 

 489 

Age class  Sex 

 Female Male 

Juveniles  55.30 ± 2.98 

(2.38-183.78) 

N: 142 

47.75 ± 2.96 

(4.35-158.33) 

N: 127 

T
B

 s
ta

tu
s 

No visible 

lesions 

55.04 ± 3.94 

(2.38-183.78) 

N: 97 

44.25 ± 3.85 

(4.35-158.33) 

N: 78 

Mild 58.42 ± 5.50 

(15.63-115.00) 

N: 26 

48.66 ± 5.68 

(9.38-117.14) 

N: 28 

Severe 52.37 ± 6.18 

(20.00-108.33) 

N: 19 

59.56 ± 7.31 

(16.67-134.29) 

N: 21 

Yearlings  77.13 ± 3.94 

(4.41-402.27) 

N: 178 

56.40 ± 3.73 

(4.20-200.00) 

N: 128 

T
B

 s
ta

tu
s 

No visible 

lesions 

73.22 ± 4.95 

(4.41-249.21) 

N: 104 

50.88 ± 5.07 

(4.20-190.38) 

N: 65 

Mild 79.00 ± 10.32 

(5.66-402.27) 

N: 39 

59.15 ± 6.79 

(11.94-200.00) 

N: 37 

Severe 86.67 ± 7.28 

(22.50-206.90) 

N: 35 

66.32 ± 9.12 

(9.23-185.00) 

N: 26 
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Adults  94.40 ± 2.83 

(4.17-390.91) 

N: 436 

49.79 ± 2.01 

(1.49-263.01) 

N: 361 

T
B

 s
ta

tu
s 

No visible 

lesions 

88.37 ± 4.14 

(4.17-390.91) 

N: 192 

51.61 ± 3.30 

(1.49-263.01) 

N: 159 

Mild 102.31 ± 5.44 

(11.98-346.67) 

N: 141 

44.14 ± 3.19 

(3.09-157.89) 

N: 94 

Severe 94.78 ± 5.31 

(6.41-261.11) 

N: 103 

52.01 ± 3.71 

(6.13-214.58) 

N: 108 

 490 

 491 
Table 2. Model selection for body condition, defined as the Kidney Fat Index, to sex, age class, and 492 
TB severity in 1,372 wild boar from seven sampling areas of South-central Spain. The models were 493 
fitted using the population and season as random effect factors. Age of animals was classified into 494 
three categories: juveniles, yearlings and adults. TB severity was expressed as free, mild or severe. 495 
Best model highlighted in bold font. The asterisk “*” means interaction between terms; K number 496 

of parameters, including both the intercept and the error terms; AIC Akaike's Information Criterion; 497 
Δi difference of AIC with respect to the best model; wi Akaike weight 498 

 499 

 500 
Reference Biological models  K AIC Δi wi 

1 Sex*age class + TB severity 11 668.31 0.00 0.53 

2 Sex*age class 8 669.77 1.46 0.26 

3 Sex*age class + sex*TB severity 14 670.58 2.07 0.19 

4 Sex* age class + age class*TB severity 17 674.45 6.14 0.02 

5 Sex + TB severity + age class 10 705.92 37.61 0.00 

6 Sex*TB severity + age class 11 706.07 37.76 0.00 

7 Sex + age class 7 706.63 38.32 0.00 

8 Age class*TB severity + sex 13 711.10 42.79 0.00 

9 Sex*TB severity 8 727.56 59.25 0.00 

10 Sex + TB severity 7 727.60 59.29 0.00 

11 Sex 4 732.32 64.01 0.00 

12 Age class 5 886.91 218.60 0.00 

13 Age class + TB severity 8 887.34 219.03 0.00 

14 Age Class*TB severity 11 893.12 224.81 0.00 

15 TB severity 5 908.88 240.57 0.00 

16 Null model 2 911.93 243.62 0.00 

 501 

 502 
 503 
 504 
 505 
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Table 3. Summary of the best two Linear Mixed Model candidates examining the relationship 506 
between body condition, sex, age class and TB severity, including the population and season as 507 

random factors. Reference categories were female for sex, juveniles for age class and TB free for 508 
TB severity. The screenplay “-” means interaction between terms 509 

 510 

Model 1: Sex-age class + TB severity 
F  

df 
Estimate ± SD p 

Sex 
204.34 

(1, 1351) 
Male: -0.05 ± 0.04 <0.01 

Age Class 
15.43 

(2, 1351) 

Yearling: 0.17 ± 0.03** 

Adult: 0.23 ± 0.03** 
<0.01 

Sex-age class 
21.01 

(2, 1351) 

Male-Yearling: -0.12 ± 0.05* 

Male-Adult: -0.27 ± 0.04** 
<0.01 

TB severity 
2.44 

(2, 1351) 

Mild: 0.03 ± 0.02 

Severe: 0.06 ± 0.02* 
0.09 

Model 2: Sex-age class 
F 

df 
Estimate ± SD p 

Sex 
203.86 

(1, 1353) 
Male: -0.05 ± 0.04 <0.01 

Age Class 
15.39 

(2, 1353) 

Yearling: 0.18 ± 0.03** 

Adult: 0.24 ± 0.03** 
<0.01 

Sex-age class 
20.66 

(2, 1353) 

Male-Yearling: -0.12 ± 0.05* 

Male-Adult: -0.27 ± 0.04** 
<0.01 

*p>0.05, **p>0.01 511 

 512 
 513 
 514 

 515 
 516 

 517 

 518 
 519 

 520 
 521 
 522 

 523 

 524 

 525 
 526 
 527 
 528 
 529 
 530 
 531 
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Figures 532 
 533 

Figure 1. Map of South Central Spain showing the location of the seven sampling sites. The shaded 534 
area represents the two Spanish provinces in which the sampling areas were located: Toledo and 535 

Ciudad Real 536 

 537 

 538 

 539 

 540 

 541 

 542 

 543 

 544 

 545 

 546 

 547 

 548 

 549 

 550 
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Figure 2. Mean predicted body condition (Kidney Fat Index ± standard error represented by the 551 
error bars) depending on (a) the sex and age classes, and (b) the TB severity (no visible lesions 552 

(free), mild and severe) 553 

 554 

 555 


