
Running title: Mother-offspring conflict in Ammotragus lervia 1 

sahariensis 2 

 3 

Estación Experimental de Zonas Áridas (CSIC) 4 

C/General Segura 1, 04001-Almería (Spain) 5 

 6 
Mother-offspring conflict in the Saharan arrui, 7 

Ammotragus lervia sahariensis: Relation to weaning 8 

and mother's sexual activity 9 

 10 

JORGE CASSINELLO 11 

 12 

Abstract 13 

Behavioural conflict between mother and offspring was investigated in a 14 

captive population of the Saharan arrui (Ammotragus lervia sahariensis, 15 

Artiodactyla: Bovidae). The frequency of agonistic behaviours (mother's 16 

agressiveness and calf's retreats) and unsuccessful suckling attempts, 17 

Hinde's proximity index and the distances between mother and calf have 18 

been analysed in relation to weaning and sexual activity of the mother. 19 

Mothers that conceive in the following mating season accelerate the 20 

weaning process of their current offspring; furthermore, high-ranking 21 

females wean their male calves earlier. Behavioural conflict occurs 22 

during the resume of mother's sexual activity; however, no conflict 23 

appears to happen during weaning. 24 
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 30 

Introduction 31 

Parent-offspring theory postulates the existence of a behavioural conflict 32 

between parent and offspring, because of a genetic conflict of interest 33 

between them (TRIVERS 1974). Classically, this conflict has been 34 

related to the weaning period and the amount of parental investment 35 

allocated to the offspring (TRIVERS 1974; see also LAZARUS & 36 

INGLIS 1986). Defining weaning and therefore establishing the period 37 

in which conflict may arise is a controversial issue (see GREEN et al. 38 

1993). MARTIN (1984) proposed that weaning be defined as the period 39 

during which parental investment (sensu TRIVERS 1972) decreases 40 

most rapidly, but in some species the investment decreases very slowly, 41 

without a neat inflexion point (GREEN et al. 1993). 42 

 From a theoretical standpoint the evolution of a behaviour 43 

demanding more investment by the offspring has been confirmed by 44 

several authors (MACNAIR & PARKER 1978, 1979; PARKER & 45 

MACNAIR 1978, 1979; STAMPS et al. 1978; PARKER 1985; ESHEL 46 

& FELDMAN 1991), but, in spite of the great interest that parent-47 

offspring theory has generated, few empirical studies have been carried 48 

out to test it, probably due to the lack of clear predictions. On the one 49 

hand, conflict has been shown to occur in some species (see TRIVERS 50 

1985; MOCK & FORBES 1992; GREEN et al. 1993), but on the other 51 

hand, offspring that demand more care may obtain greater investment 52 

from their parents (STAMPS et al. 1985). 53 

 Conflict may be manifested in agonistic behaviours, sometimes 54 

clearly conspicuous, between parent and offspring (e.g. ALTMANN 55 

1980; GAUTHIER & BARRETTE 1985; BABBITT & PACKARD 56 

1990; BECKER & GINSBERG 1990; GOMENDIO 1991), and at other 57 

times by more subtle behaviours, such as the mother's rejection of her 58 
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offspring or unsuccessful suckling attempts (e.g. GALEF 1981; 59 

MARTIN 1986; KÖNIG & MARKL 1987). 60 

 In many studies, the existence of a conflict between parent and 61 

offspring has been interpreted as a result of weaning or the cessation of 62 

nursing (e.g. CLARK 1977; NASH 1978; TRIVERS 1985), but current 63 

research also points to the existence of behavioural conflict which does 64 

not coincide with a cessation of even a decrease in parental investment 65 

(MARTIN 1986; KÖNIG & MARKL 1987; WORLEIN et al. 1988; 66 

GOMENDIO 1991; SMITH 1991; see also OBREGÓN et al. 1992). It 67 

has also been postulated that parent-offspring conflict is related to 68 

maturation and socialization processes, as well as temporal events, such 69 

as the mother's oestrus state (mating season), but not to weaning 70 

(WORLEIN et al. 1988; GOMENDIO 1991; LEE et al. 1991; GREEN et 71 

al. 1993). A recent study in bison (Bison bison) notes the lack of 72 

behavioural conflict during weaning, but states that the mating season of 73 

the mother may be a possible source of conflict (GREEN et al. 1993); 74 

here this possibility has been tested in another ungulate. It is important, 75 

therefore, to reconsider nutritional weaning as the main source of 76 

behavioural conflicts. Furthermore, the assumption that conflict is 77 

correlated with aggressive behaviours may not be justified (GODFRAY 78 

1991; BATESON 1994). Examination of the timing of conflict may 79 

clarify its role in the parent-offspring relationship (GREEN et al. 1993). 80 

 Studies of behavioural conflict should take into account both 81 

agonistic behaviour (see e.g. ALTMANN 1980; GAUTHIER & 82 

BARRETTE 1985; BABBITT & PACKARD 1990; BECKER & 83 

GINSBERG 1990; GOMENDIO 1991) and behaviour that reflects the 84 

mothers' rejection of their offspring in a more subtle way (see e.g. 85 

GALEF 1981; MARTIN 1986; KÖNIG & MARKL 1987). 86 
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 In this paper I investigate the behaviour of mother and offspring 87 

during the lactation period in a captive population of the Saharan arrui 88 

(Ammotragus lervia sahariensis, Artiodactyla: Bovidae). This North 89 

African ungulate is a poorly studied species, probably primitive to both 90 

Ovis and Capra (e.g. GEIST 1971). The Saharan subspecies has become 91 

more well-known recently. Females' social ranks, parental investment 92 

(CASSINELLO 1995; 1996) and females' reproductive success 93 

(CASSINELLO & ALADOS 1996) have already been investigated in 94 

the captive population studied here, so that this population is an 95 

excellent choice to carry out a study on mother-offspring relationships, 96 

focusing on the onset of any behavioural conflict. 97 

 98 

Methods 99 

A. The Study Population 100 
The captive population of Saharan arrui living in the Estación 101 

Experimental de Zonas Áridas, EEZA (Higher Council for Scientific 102 

Research, CSIC), Almería, south of Spain, is descended from three 103 

founder individuals that were captured in Western Sahara in 1975, two 104 

males and one female (ALADOS & VERICAD 1993). The captive 105 

population has bred successfully (CASSINELLO & ALADOS 1996), 106 

despite a high degree of inbreeding (ALADOS et al. 1988). I focused my 107 

observations on herd number three, made up of 17 males and 26 females 108 

at the beginning of the study (density=0.05 individuals/m2), and of 33 109 

males and 43 females at the end (density=0.08 individuals/m2).  A total 110 

of 26 mother-calf pair bonds were sampled, including 8 twins and 18 111 

single calves. 19 calves were followed until weaning, 5 died prematurely 112 

and 2 did not reach weaning during the sampling period. 113 

 114 

B. Sampling Methods 115 
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I carried out this study in the largest herd of Saharan arruis at the EEZA, 116 

and sampled all the females who gave birth during 1990 and 1991 and 117 

their calves, until the latter were weaned. Data from every individual 118 

born have been recorded at the EEZA since the captive population was 119 

established: birth date, parturition type (single or twin), sex, weight, 120 

identification of father and mother, and inbreeding coefficient (see 121 

WRIGHT 1922; BALLOU 1983). A number is also assigned to every 122 

animal using plastic ear tags, which differ in shape and colour. The 123 

study herd was monitored from nearby high ground, so that the animals 124 

were not disturbed. I used a telescope to identify the individuals and a 125 

field computer Psion Organiser II to register behaviours (see 126 

CASSINELLO 1996). 127 

 A previous analysis of the species' daily activity showed that night 128 

activity is lacking or scarce, early in the morning the most active 129 

individuals are the adult males, but from 9:00 h the arruis spend their 130 

time mostly resting until late in the afternoon, when the main activity 131 

starts to take place. Therefore, sampling was performed between 132 

approximately 17:00 and 20:00 h, when the adult females and calves 133 

were more active (D. MORGAN pers. comm., pers. obs.). Focal 134 

sampling was used to record the behaviour of mothers and calves 135 

(ALTMANN 1974; MARTIN & BATESON 1986), and consisted of the 136 

observation of a mother-calf pair for 20 minutes. The focal animals were 137 

sampled according to their numbers, in an increasing order. However, 138 

because it was not possible to sample all the focal individuals in a 139 

complete sampling period (from 17:00 to 20:00 h), the same animal was 140 

never sampled in the same position in the observation order two days in 141 

a row, and all the animals were equally sampled at different times. Every 142 

focal female was sampled 4 times a week during the first two months of 143 

her offspring's life. 1.5 samples per week were made during the 144 
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remainder of the lactation period (see CASSINELLO 1996). During the 145 

same observation period as the focal sampling the distance between 146 

mother and calf was recorded every five minutes, using a female adult 147 

body length as a unit. 148 

 The most conspicuous agonistic behaviours were: horn display, 149 

butting, horn pushing, horn clashing, rush-charge (together referred to as 150 

"aggressive approach") and subsequent withdrawal. More subtle 151 

behaviours included withdrawals provoked by non-aggressive 152 

approaches or even "staring at", as well as unsuccessful suckling 153 

attempts. In the analyses, all calf's withdrawals have been considered as 154 

a single variable, regardless of the mother's behaviour. Most of the 155 

behaviours are represented by frequencies, i.e. the number of times an 156 

event occurs per minute, except the distances between mother and 157 

calves, which are represented by the proportion of time spent at a 158 

particular distance. 159 

 In relation to the study of proximity between mother and calves, 160 

"approach" was defined as any movement which led to the distance 161 

between two animals becoming one body-length or less and "departure" 162 

was any movement that led to the distance becoming more than one 163 

body-length (LICKLITER 1984; RALLS et al. 1987; CASSINELLO 164 

1996). In defining which individual approached or left the other (see 165 

RALLS et al. 1987; GREEN 1992), "staring at" behaviour resulted in an 166 

individual being defined as the actor (see CASSINELLO 1996). Hinde's 167 

proximity index (HINDE & ATKINSON 1970) was used to quantify 168 

who was responsible for maintaining proximity, the mother or the calf. 169 

This index estimates the difference between the proportions of 170 

approaches and departures carried out by the calf and ranges from -1 to 171 

+1, higher values denoting a more active role by the calf, and lower 172 

values a more active role played by the mother in maintaining proximity.  173 
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 In order to test whether mother-offspring conflict occurs during 174 

mating I investigated when lactating females resumed their sexual 175 

activity, since in the Saharan arrui matings may occur at any time in the 176 

year (CASSINELLO & ALADOS 1996). Females' oestrus state was 177 

easily detected by the conspicuous mating behaviour (HABIBI 1987; 178 

pers. obs.), so that the mother's sexual state during lactation could be 179 

divided into oestrus and non-oestrus. In this species male sexual activity 180 

is very conspicuous (e.g. low-stretch approach, chasing, flehmen, etc., 181 

see HABIBI 1987), and females in oestrus also show a characteristic 182 

permissive behaviour which eventually leads to mounting. A female 183 

may be in oestrus for a few days, and the synchronisation observed in 184 

the herd allowed the dominant male to mate with all the females in heat. 185 

Daily sampling allowed me to monitor the study population without 186 

missing any conspicuous interaction, such as sexual behaviour. Those 187 

females which showed some sexual receptivity for a few days before and 188 

after an effective mounting was recorded were considered as in oestrus 189 

for analysis purposes. All the females conceived during their first oestrus 190 

after parturition. 191 

 Finally, the mothers' social rank was calculated and monitored 192 

throughout the whole sampling period, following the matrix method 193 

established by SCOTT (1980) and LAMPRECHT (1986). The rank 194 

given to a particular individual corresponds to the percentage of 195 

individuals with a lower dominance status (see CASSINELLO 1995). 196 

 197 

C. Definition of Weaning 198 
Suckling in the Saharan arrui decreases markedly in calves older than 199 

one month, declining gradually from then until weaning (see Fig. 1). 200 

Weaning period is defined as the month before the last observed 201 
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successful suckling event by each individual. Behaviour during this 202 

period was compared with behaviour in the periods before and after. 203 

 204 

D. Analyses 205 
Analysis of Variance was used throughout, and when the variables did 206 

not follow the normal distribution they were transformed (see ZAR 207 

1984). Specifically, the frequency of maternal aggression and calf's 208 

withdrawal were transformed into the form √(x+0.5), and Hinde's 209 

proximity index into the form arcsin√x. The proportion of unsuccessful 210 

suckling attempts and the proportion of time mother and calves spend 211 

within 1 body-lengths were normally distributed. Mother's mating 212 

behaviour and calves' weaning period may coincide in time, so that a 213 

two-way ANOVA was used to test for interaction.  214 

 Furthermore, data of different calves from the same mother were 215 

considered as independent because a previous analysis of the intra and 216 

inter-group variance showed for all the behavioural variables that the 217 

inter-group variance was not greater than the intra-group variance. Thus, 218 

the results for the most characteristic variables analysed here are: 219 

maternal aggression: F(13,522)=1.35, p=0.18; calf's withdrawal: 220 

F(13,522)=1.03, p=0.42; Hinde's proximity index: F(13,238)=0.65, 221 

p=0.81 (cf. GOMENDIO et al. 1995; CASSINELLO 1996). 222 

 223 

 224 

 225 

 226 

Results 227 

A. Weaning and The Causes for Its Variation 228 
The age of weaning is extremely variable in the Saharan arrui (Fig. 2), 229 

ranging from 3.2 to 16.1 months. There is no difference in the age of 230 
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weaning of individuals with or without a living twin at one month of age 231 

(unpaired t-test: t=-0.72, df=15, p=0.48), nor is there a relationship 232 

between weaning age and mother's age (r2=0.002, n=15, p=0.89). 233 

However, weaning occurs earlier when the interbirth interval is shorter 234 

(r2=0.88, n=16, p<0.0001; Fig. 3). Finally, calf's age at weaning and 235 
mother's rank are significantly correlated for male calves (rs=-0.66, 236 

n=10, p=0.048), but not for females (rs=-0.05, n=7, p=0.89). 237 

 238 

B. The Analysis of Conflict 239 
In Table 1 a summary of the two-way ANOVA carried out for five 240 

dependent variables is shown. Maternal aggressive approaches towards 241 

her calf were more frequent when she was in oestrus; however, they did 242 

not differ significantly between the three lactation stages (Fig. 4). Calf's 243 

withdrawals did not vary significantly depending on the weaning period 244 

or the mother's sexual state (Fig. 5). Hinde's proximity index does vary 245 

significantly between the two mother's oestrus states, but it does not 246 

between the three lactation stages (Fig. 6). On the contrary, the 247 

proportion of unsuccessful suckling attempts is significantly higher after 248 

weaning (Fisher's post-hoc test: before vs after: p=0.0001; during vs 249 

after: p=0.001; Fig. 7). Finally, the proportion of time spent at 0-1 body-250 

lengths is the same whichever the weaning period or the mother's oestrus 251 

state (Fig. 8). 252 

 253 

 254 

Discussion 255 

The present paper has studied behavioural conflict between mother and 256 

offspring in the Saharan arrui. Firstly, the lactation period is shorter 257 

when mothers conceive in the following mating season, and high-258 

ranking females wean their male calves earlier. A behavioural conflict 259 



Cassinello: Mother-offspring conflict in Ammotragus lervia sahariensis 10 

occurs when the mother resumes her sexual activity, being most evident 260 

in the mother's agonistic behaviour towards her calves, which is more 261 

frequent during this period. 262 

 Calf's age at weaning is very variable. The time of resumption of 263 

sexual activity by the mother explains most of the variability in age at 264 

weaning, as it also does in other species (CLUTTON-BROCK et al. 265 

1982; DUNCAN et al. 1984; LEE 1984; LEE & MOSS 1986; HAUSER 266 

& FAIRBANKS 1988; GREEN 1990; TANAKA 1992). Moreover, in 267 

the case of male calves, age at weaning depends on maternal rank (cf. 268 

e.g. WHITTEN 1983). No relationship between age at weaning and the 269 

age of the mother was found. The increase expected on theoretical 270 

grounds (see CLUTTON-BROCK 1991) probably does not occur in the 271 

study population because no female is old enough for reproductive 272 

investment to risk her survival chances. Finally, a recent study 273 

(CASSINELLO & ALADOS 1996) found that the interbirth interval is 274 

shorter in high-ranking females, so that a negative relationship is 275 

expected between mother's rank and offspring age at weaning, consistent 276 

with the observed relationship between the age at weaning of male 277 

calves and mothers' social rank. 278 

 The results show the lack of a behavioural conflict between 279 

mother and calf when the cessation of nursing is taking place. After 280 

weaning, by definition, all of the calves suckling attempts are 281 

unsuccessful, but this does not explain the onset of a conflict. There was 282 

no variation in Hinde's proximity index and the proportion of time that 283 

the mother and calf were within one body-length. 284 

 As found in other species (see WORLEIN et al. 1988; LEE et al. 285 

1991; GOMENDIO 1991; GREEN et al. 1993), there was an increase in 286 

maternal aggression during the resumption of sexual activity by the 287 

mother, although the frequency of withdrawal by calves did not vary. 288 
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When the mother is in oestrus, she is also less active in maintaining 289 

proximity with her offspring. Such conflict probably stems from the 290 

differing priorities of mother and offspring, i.e. mating and being nursed, 291 

during this period. 292 

 In this paper evidence of a sort of "agreement" between mother 293 

and offspring when weaning is taking place is provided. It appears that 294 

during this period no conflict arises, but, on the contrary, a gradual 295 

process during which mother and offspring needs are progressively 296 

diverging. Thus, the calves may be interpreting their mother's changing 297 

attitude, while the mother is acquiring information regarding their 298 

calves' maturation process, in order to determine when the cessation of 299 

nursing should preferably take place (GODFRAY 1991). Eventually the 300 

young calves become independent members of the herd, whereas the 301 

mother focus her attention on a new generation to come. Finally, and on 302 

the contrary, when the resumption of sexual activity by the mother is 303 

taking place a behavioural conflict does happen, as a consequence of the 304 

differing priorities which lead mother and calves' behaviour. 305 

 306 
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Table 1. Two-way ANOVA results for five dependent variables and the 

two factors weaning period and mother's oestrus state. 

Dependent variable Weaning period1 Mother's state1 Interaction 

Maternal aggression2 1.68(2,61)ns 8.34(1,61)*** 0.89(2,61)ns 

Calf's withdrawal3 1.26(2,61)ns 1.51(1,61)ns 0.63(2,61)ns 

Proximity index4 0.02(2,55)ns 4.73(1,55)* 0.54(2,55)ns 

Unsuccessful suckling 2.98(2,42)(*) 0.002(1,42)ns 0.03(2,42)ns 

0-1 body-lengths 0.54(2,57)ns 0.89(1,57)ns 0.54(2,57)ns 

1: F(df)p, where p: (*) 0.10>p>0.05; * p<0.05; ** p<0.01; *** p<0.001 

2: √(Maternal aggression + 0.5) 

3: √(Calf's withdrawal + 0.5) 

4: Arcsin√(Proximity index) 
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Figure Legends 

Figure 1. Proportion of time suckling during the calves' first year in the 

Saharan arrui. Values are means ± SE and the sample size is shown.  

Figure 2. Frequency distribution for the age of weaning (last suckling 

event registered) of 19 Saharan arrui calves. 

Figure 3. Relationship between the interbirth interval and offspring age 

at weaning in the Saharan arrui. Y = 103.63 + 1.10X; r2 = 0.88. 

Figure 4. Maternal aggressive approaches before, during and after 

weaning, according to the mother's oestrus state, in the Saharan arrui. 

Sample size is shown. Values are means ± SE. 

Figure 5. Calf's withdrawals before, during and after weaning, 

according to the mother's oestrus state, in the Saharan arrui. Sample size 

is shown. Values are means ± SE. 

Figure 6. Hinde's proximity index before, during and after weaning, 

according to the mother's oestrus state, in the Saharan arrui. Sample size 

is shown. Values are means ± SE. 

Figure 7. Proportion of unsuccessful suckling attempts before, during 

and after weaning, according to the mother's oestrus state (white: in 

oestrus; black: not in oestrus), in the Saharan arrui. Sample size is 

shown. Values are means ± SE. 

Figure 8. Proportion of time per sample that mother and calf spend at 0-

1 body-length before, during and after weaning, according to the 

mother's oestrus state, in the Saharan arrui. Sample size is shown. 

Values are means ± SE. 
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FIG. 1 
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FIG. 5 
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