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Abstract 20	

Early-life adversity can affect health, survival and fitness later in life, and recent evidence 21	

suggests that telomere attrition may link early conditions with their delayed consequences. 22	

Here, we investigate the link between early-life competition and telomere length in wild 23	

meerkats. Our results show that, when multiple females breed concurrently, increases in the 24	

number of pups in the group are associated with shorter telomeres in pups. Given that pups 25	

from different litters compete for access to milk, we tested whether this effect is due to 26	

nutritional constraints on maternal milk production, by experimentally supplementing 27	

females’ diets during gestation and lactation. While control pups facing high competition had 28	

shorter telomeres, the negative effects of pup number on telomere lengths were absent when 29	

maternal nutrition was experimentally improved. Shortened pup telomeres were associated 30	

with reduced survival to adulthood, suggesting that early-life competition for nutrition has 31	

detrimental fitness consequences that are reflected in telomere lengths. Dominant females 32	

commonly kill pups born to subordinates, thereby reducing competition and increasing 33	

growth rates of their own pups. Our work suggests an additional benefit of infanticide may be 34	

that it also reduces telomere shortening caused by competition for resources, with associated 35	

benefits for offspring ageing profiles and longevity.  36	
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Introduction 42	

The early period of an animal’s life can have a disproportionately influential role in 43	

determining health, survival and reproductive success later in life, even though it accounts for 44	

a relatively minor proportion of total lifespan [1]. Despite the importance of the early-life 45	

environment, our understanding of the physiological mechanisms underpinning its lasting and 46	

delayed consequences remains poor [2]. 47	

 48	

Telomere loss has recently been proposed as a potential molecular mechanism linking early-49	

life adversity with later-life performance and ageing [3]. Telomeres are non-coding 50	

sequences at the ends of eukaryotic chromosomes that play a critical role in protecting 51	

genome integrity [4]. Telomeres shorten with each cell division, and this shortening is 52	

accelerated during early development and by stressors including oxidative damage and stress 53	

hormone exposure [5-7 but see 8]. When telomeres shorten beyond a critical point, the cell 54	

enters replicative senescence, and accumulation of senescent cells can impair tissue function 55	

in later life when cell renewal capacity is reduced [9]. A number of studies have shown that 56	

telomere length or rate of loss predicts survival and longevity in vertebrates [10-12] including 57	

humans [reviewed in 13], and short telomeres are associated with the systemic loss of 58	

function frequently observed in ageing individuals [14]. Accelerated telomere loss early in 59	

life may therefore advance the onset of senescence, thereby linking early-life conditions with 60	

later-life health and survival.  61	

 62	

Early-life adversity promotes telomere shortening in a range of species, including salmon, 63	

humans and several birds [15-19]. In birds, offspring competing with more rivals, or rivals 64	

higher in the competitive hierarchy, exhibit accelerated telomere loss [20-25]. Studies of the 65	

consequences of offspring competition on telomere dynamics have thus far focussed almost 66	

exclusively on biparental species; the importance of early-life competition in species with 67	

other social systems therefore remains unclear.  68	

 69	

In animal societies where multiple females breed the effects of early-life competition on 70	

telomere lengths are likely to be particularly pronounced, because the number of competing 71	

offspring is expected to be higher and competition therefore more intense. Where females 72	

breed asynchronously, greater age asymmetries between offspring will likely further 73	

exacerbate telomere loss for offspring that are younger or lower in the competitive hierarchy 74	

[23, 25]. Alternatively, sharing offspring care between multiple females may buffer offspring 75	



against unpredictable environments [26] and improve growth and health [27], thus relaxing 76	

competition and slowing telomere attrition. Whether the effects of early-life competition on 77	

the rate of telomere attrition in animal societies are exacerbated by increased offspring 78	

number, or mitigated by cooperative care of young, remains unknown. 79	

 80	

Where early-life adversity promotes the accumulation of ageing-related damage and poor 81	

telomere integrity, we would predict that selection would favour parental strategies that 82	

protect offspring, either by improving the environment or enhancing offspring resilience to 83	

adversity. Despite extensive evidence that early-life adversity is reflected in enduring 84	

deleterious effects on telomere lengths [15-20], and that short telomeres are linked with poor 85	

health and curtailed survival [12, 14, 28, 29], little is known about parental strategies 86	

associated with slowed offspring telomere attrition, and how effective they are [30]. 87	

 88	

Here, we investigate whether early-life adversity, in the form of intense pup competition, is 89	

associated with shortened telomeres in wild Kalahari meerkat pups at emergence from the 90	

natal burrow. Meerkats (Suricata suricatta) live in stable cooperatively breeding groups of up 91	

to 50 individuals. Reproduction is largely monopolised by a single dominant female, but 92	

older subordinate females also attempt to breed at a lower frequency [31]. Mean litter size is 93	

4.1 pups (range 1-8) [32]. Mixed litters are suckled indiscriminately by all lactating females 94	

[32], and pups therefore compete both with their littermates and with pups from other litters. 95	

Previous research suggests that pups compete for access to milk before emerging from the 96	

natal burrow, as experimental contraception of subordinate females leads to increased growth 97	

of the dominant’s pups at emergence from the birth burrow [33]. Pups are also frequently 98	

observed aggressively competing for access to provisioning helpers after emergence [34]. 99	

After investigating whether variation in the number of competing pups affects their telomere 100	

lengths, we test whether supplementing the mother’s food intake during gestation and 101	

lactation mitigates the effects of competition on pup telomeres. We then investigate whether 102	

early-life telomere lengths predict survival into adulthood. Finally, we explore the extent to 103	

which mothers reduce pup competition by killing litters born to other females, and discuss 104	

how this strategy might impact telomere dynamics in her own pups. Such infanticide is 105	

common in meerkat groups, and is almost always perpetrated by heavily pregnant females 106	

[35]. 107	

 108	
  109	



Methods 110	

Study population 111	

Data collection was conducted in the context of a long-term study, monitoring a naturally 112	

regulated population of wild meerkats at the Kuruman River Reserve, South Africa (26˚ 58’S, 113	

21˚ 49’E), between 1994 and 2015. All meerkats were habituated to close observation (<1m) 114	

and individually recognizable using small dye-marks (ca. 2cm2, for adults and older pups) or 115	

trimming small patches of fur (ca. 0.5cm2, for newly-emerged pups) [36]. Virtually all 116	

(>95%) meerkats could be voluntarily weighed on electronic scales (± 0.1g, Durascale, UK) 117	

before they commenced foraging in the morning, at midday and after sunset. Groups were 118	

visited 2-3 times per week to collect behavioural, life-history and body weight data. 119	

Observations of pregnancy, birth, infanticide, dominance, group size and rainfall were made 120	

using protocols detailed elsewhere [36, 37]. Mother and father identity were assigned 121	

genetically [38, 39].  122	

 123	

Pup tail tip sampling 124	

Meerkats are born in an underground burrow, emerging for the first time at age 3-4 weeks. 125	

Shortly after the litter’s first emergence, a small biopsy of skin from the tail-tip was collected 126	

from each pup (age 28.3 ± 3.4 days) for the determination of telomere length and parentage 127	

[39]. Skin samples were immediately transferred to 96% ethanol and stored at -20˚C until 128	

DNA extraction.  129	

 130	

Supplementary feeding experiment 131	

To investigate the effects of early nutritional environment on telomere lengths, we fed 132	

pregnant females during gestation and lactation. In order to minimize inter-individual 133	

differences in body condition, our experimental procedure was limited to dominant females. 134	

The supplementary feeding protocol consisted of one hard-boiled egg per day (divided 135	

equally between the morning and afternoon observation sessions) commencing six weeks 136	

after the end of a dominant female’s pregnancy, and continuing until the next parturition [40]. 137	

Thereafter, fed dominant females received four eggs per week, until the pups were weaned. 138	

This feeding protocol occurred between August and November in 2011 and 2012. Control 139	

females were pregnant during the same period, and did not receive supplemental food.  140	

  141	



Observations of Infanticide 142	

We investigated how infanticide by dominant females affects the number of competing pups, 143	

and the likely consequences for telomere lengths in her own litter. While previous analyses of 144	

the distribution of infanticide have focussed on consequences for the victim mother (i.e. 145	

whether her litter survives or is killed [35, 37]), we quantified the benefits of infanticide for 146	

the perpetrator (i.e. how many competitor pups she removes). We identified periods when the 147	

dominant female is most likely to kill pups born to other females (the 30 days prior to her 148	

own parturition, hereafter termed ‘high infanticide period’) and least likely (the 30 days 149	

immediately after giving birth, hereafter termed ‘low infanticide period’) [27]. We then 150	

assessed subordinate litter survival probabilities and the total number of subordinate pups 151	

surviving to emergence during these two periods. Parturition for all females could be 152	

identified by sudden weight loss and change in body shape [36], and pup production for each 153	

period was measured as the number of pups born that survived to emergence from the birth 154	

burrow. 155	

 156	

qPCR determination of telomere lengths 157	

We used quantitative PCR (qPCR) analysis to measure telomere length in skin samples, 158	

based on published protocols with some modifications [41, 42]. This measure represents the 159	

average telomere length across cells in a sample, and is reported as the level of telomeric 160	

sequence abundance relative to a reference non-variable copy number gene (T/S ratio). 161	

Further details of DNA extraction and qPCR analysis can be found in the supplementary 162	

methods.  163	

 164	

Statistical analysis 165	

Statistical analyses were carried out in R version 3.2.3, using a step-wise model 166	

simplification approach [43, 44]. Initially all fixed terms of interest were fitted, followed by 167	

the stepwise removal of terms whose removal from the model resulted in a non-significant 168	

change in deviance (using maximum log-likelihood estimation), until the minimal adequate 169	

model (MAM) was obtained, in which only significant terms remained. Dropped terms were 170	

then added back in to the MAM to confirm their non-significance. The homoscedasticity and 171	

normality of residuals were confirmed by visual inspection, and all continuous predictors 172	

were scaled to a mean of 0 and standard deviation of 1. The significance of all terms was 173	

tested either by removing the terms from the MAM (if the term was in the MAM) or adding 174	

the terms to the MAM (if the term was not included in the MAM). Analysis using Akaike's 175	



information criterion correcting for small sample size (AICc) and inspection of the top model 176	

set (for which AICc differed by < 2) yielded qualitatively identical results [45]. We ran three 177	

sets of statistical models, first to investigate the determinants of pup telomere lengths in the 178	

large correlative dataset, second to investigate how experimental supplementary feeding of 179	

mothers impacted pup telomere lengths, and third to investigate the consequences of 180	

infanticide for pup competition. 181	

 182	

1) What are the determinants of pup telomere lengths? 183	

Our primary interest was the effect of the number of competing pups on telomere lengths at 184	

emergence from the natal burrow. For each sampled pup, we assessed the number of rival 185	

pups (aged under 90 days) present in the group, every day between the focal pup’s birth and 186	

day of sampling for telomere length. The average of these daily rival counts represents our 187	

measure of overall competition experienced by the focal pup prior to sampling, hereafter 188	

termed ‘pup number’. This estimate of pup competition includes littermates and pups from 189	

older and younger litters born to the dominant female and subordinate females. 190	

We controlled for maternal factors that may influence offspring quality, including weight at 191	

conception, age (mean 4.9 years, range 1.2 - 8.0) and dominance status (dominant or 192	

subordinate) [46]. Social group size (average number of adult group members calculated as 193	

above for pup number) and rainfall (mm) in the month before birth can also both influence 194	

offspring quality [47]. Pup sex (male, female or unknown) and age at capture were also 195	

controlled for. We included these individual, maternal, environmental and social predictors, 196	

with our estimate of pup number, in a general linear mixed effects model (GLMM), with pup 197	

telomere length as the response. Cohort year, group ID, mother ID and litter ID were 198	

included as random terms, to account for the non-independence of pups within years, groups, 199	

mothers, and litters. Telomere lengths were available for 230 pups from 63 litters in 13 200	

groups, born between 2009 and 2012. We also tested the effect of paternal age (mean 4.1 201	

years, range 1.4 - 6.1) on pup telomere lengths in a reduced dataset for which the father’s 202	

date of birth could be accurately determined (78 pups from 23 litters in 7 groups). 203	

 204	

2) Does an experimentally improved nutritional environment mitigate the effects of pup 205	

number? 206	

To test the effect of supplementary feeding of the pregnant and lactating mother on pup 207	

telomere lengths, we included experimental treatment (fed/control) as a two-level factor in a 208	

GLMM, with pup telomere length as the response and litter ID as the random term. Given our 209	



smaller sample size for the experimental dataset, only terms found to be significant in the 210	

larger correlative model were included, and two-way interactions between these and 211	

treatment. Telomere lengths were available for 25 pups from 8 litters in each treatment. 212	

 213	

3) Do pup telomere lengths predict survival to adulthood? 214	

 215	

We investigated whether pup telomere lengths predicted survival to adulthood (1 year old). 216	

Sub-adult meerkats do not disperse [31, 48], and any disappearance from the group before 217	

reaching adulthood is therefore likely to reflect mortality. We removed any individuals dying 218	

before reaching nutritional independence (90 days), as death at this early stage typically 219	

occurs due to starvation, predation, or becoming separated from the group, these sources of 220	

mortality are unlikely to reflect variation in telomere lengths. We used a binary term for 221	

survival to adulthood as the response in a binomial mixed effects model. We included pup 222	

telomere length as a predictor. We also controlled for other predictors known to influence 223	

telomere lengths and survival in young meerkats: sex, group size, rainfall, maternal 224	

dominance status, maternal age [47]. We controlled for the effects of pup body weight on 225	

survival, by including their bodyweight at age 40 days in the model. Group ID, mother ID 226	

and litter ID were included as random terms. This model was fitted to a dataset of 178 227	

individuals: 161 pups from 51 litters born to dominant females, and 17 pups from 7 litters 228	

born to subordinates. The maximum confirmed lifespan for meerkats in our population is 229	

12.2 and 12.4 years, for males and females respectively. 230	

 231	

4) How does infanticide affect the number of competing pups? 232	

 233	

We contrasted the fates of subordinate litters born in periods of high and low dominant 234	

female infanticide. First, for each dominant female parturition (n = 158), we counted 235	

subordinate parturitions during the two periods (30 days before and after dominant 236	

parturition). Infanticide typically takes places shortly after birth, so we classed each 237	

subordinate parturition as a ‘success’ or ‘infanticide’ according to whether the litter survived 238	

its first two days (litter loss after this point is more likely to be due to starvation or predation 239	

[35, 37]). Although new-born litters remained in the burrow for up to four weeks, their 240	

survival could be recorded daily by observing whether the group continued to leave baby-241	

sitters during foraging trips [35]. The number of successes and infanticides were then used as 242	

the response term in a binomial mixed effects model, with the high/low infanticide period 243	



fitted as a two-level predictor. The random terms were dominant female pregnancy ID, 244	

dominant female ID and group ID. Second, for each dominant female parturition, we 245	

calculated the total number of emerging subordinate pups born during the two infanticide 246	

periods, and fitted this as the response term in a GLMM with a Poisson distribution. The 247	

main predictor of interest was the two-level high/low dominant female infanticide period, and 248	

we controlled for the number of subordinate females giving birth. 249	

  250	



Results 251	

1) What are the determinants of pup telomere lengths? 252	

Male and female pups had similar telomere lengths at four weeks (χ2
2= 1.14, p = 0.47, 253	

supplementary table 1). Pup telomere lengths were not associated with their mother’s 254	

dominance status, the number of helpers in the group, the pup’s age or the amount of rainfall 255	

in the month before their birth (all χ2
1< 1.53, p > 0.23). Older mothers produced pups with 256	

significantly longer telomeres (χ2
1= 9.57, p = 0.002, Fig 1 a). There was a trend for lighter 257	

mothers to produce pups with slightly longer telomeres, but this was not statistically 258	

significant (χ2
1= 3.56, p = 0.06). In contrast to the positive effect of maternal age, in a 259	

reduced dataset for which father age was known, older fathers tended to produce pups with 260	

shorter telomeres, although this association was not significant (χ2
1 = 3.28, p = 0.07). 261	

   262	

Controlling for the effect of mother’s age, pup telomeres were significantly shorter when the 263	

number of competing pups was high (χ2
1= 5.55, p = 0.018, Fig 1b): telomeres were 13.3% 264	

longer when pup number was lowest compared to highest.   265	

 266	

 267	
 268	

Figure 1 a) the positive association between maternal age and pup telomere length at 269	

emergence from the natal burrow. The line represents the model predictions from a GLMM, 270	

with an average pup number of 5.43. b) The negative association between the number of 271	

competitors a pup encounters in the first weeks of life, and its telomere length at emergence 272	

from the natal burrow. The line represents the model predictions from a GLMM, with an 273	



average maternal age of 4.86 years. In both figures, the points represent raw data, which are 274	

translucent for clarity. Shaded areas represent the 95% confidence intervals of each model 275	

prediction. 276	

 277	

2) Does an experimental feeding of mothers mitigate the effects of pup number? 278	

 279	

The effect of maternal supplementary feeding on pup telomere lengths was evident as a 280	

significant interaction between experimental treatment and pup number (χ2
1= 16.47, p < 281	

0.001, Fig 2, Supplementary table 2). While control pups had shorter telomeres under greater 282	

pup competition, no similar pattern was observed in pups from fed mothers. In contrast to our 283	

larger, correlative dataset, in our restricted experimental dataset, pup telomere lengths were 284	

not significantly affected by maternal age, either as a single term or in the interaction with 285	

treatment (both χ2
 < 2.23, p > 0.14). Retention of the non-significant maternal age in the 286	

model did not qualitatively change the results. 287	

 288	

 289	
 290	

Figure 2 the effect of experimental maternal feeding (during gestation and lactation) on pup 291	

telomere lengths is dependent on the number of competitor pups. In control litters (filled 292	

points and solid line) there is a negative relationship between the number of pups and 293	

telomere lengths, while in litters from mothers receiving supplementary feeding (open 294	

triangles and dashed line) this negative association disappears. Lines represent model 295	

predictions for a mean maternal age of 4.5 years, from a GLMM with telomere length as the 296	



response, and maternal age, experimental treatment, and the interaction between treatment 297	

and number of pups. Shaded areas represent the model’s 95% confidence intervals for each 298	

model prediction line. Points represent raw data, and are jittered on the x-axis for clarity. 299	

 300	

3) Do pup telomere lengths predict survival to adulthood? 301	

A pup’s probability of survival to adulthood was positively predicted by its weight (χ2
1= 302	

16.24, p < 0.001, Supplementary table 3) and its mother’s age (χ2
1= 4.88, p = 0.027). In this 303	

dataset, pups born to dominant females were less likely to survive to adulthood compared to 304	

those born to subordinates (χ2
1= 14.03, p < 0.001), however this may be driven by poor data 305	

availability for subordinates: only 17 pups (9% of this dataset) were born to subordinates. 306	

Pups were less likely to survive in larger groups (χ2
1= 4.15, p = 0.042). Controlling for these 307	

significant effects, pups with longer telomeres were significantly more likely to survive to 308	

adulthood (χ2
1= 17.93, p < 0.001, Figure 3). Survival to adulthood was not significantly 309	

predicted by pup sex or rainfall (both χ2
1 < 0.82, p > 0.36). 310	

 311	

 312	
 313	

Figure 3 The positive association between pup telomere length and survival to adulthood. 314	

The line represents the model predictions from a GLMM, for a pup with a dominant mother 315	

and all other significant predictors at their mean (pup weight: 230g , maternal age: 4.8 years,  316	

group size: 19.2). The points represent raw data (jittered on the y-axis for clarity) and the 317	

shaded areas are 95% confidence intervals of the model predictions. 318	

  319	



4) How does infanticide affect pup competition? 320	

 321	

Pregnant dominant females commonly kill pups born to subordinate females shortly after 322	

they are born [35]. The probability of a subordinate litter surviving its first two days was 323	

9.4% if it was born during the high dominant female infanticide period (the 30 days before 324	

dominant female parturition), compared to 71.6% during the low dominant female infanticide 325	

period (the 30 days after dominant female parturition) (χ2
1= 118.57, p < 0.001, Fig. 4 a, 326	

Supplementary table 4i).  327	

 328	

After controlling for the number of subordinate females giving birth (χ2
1= 41.38, p < 0.0001, 329	

Supplementary table 4ii), infanticide by the pregnant dominant female significantly reduced 330	

the number of subordinate pups surviving to emergence (χ2
1= 107.36, p < 0.0001, Fig 4 b), 331	

and the number of surviving non-littermates that pups born to the dominant female had to 332	

compete with fell from a median value of 4 to zero. This suggests that the infanticidal 333	

behaviour of dominant females leads to a substantial reduction in pup competition for her 334	

own litter. From our analysis of the effects of pup number on telomere lengths, we estimate 335	

that the removal of 4 rival pups is likely to be associated with a 7.3% increase in telomere 336	

lengths for the dominant female’s pups. 337	

  338	

 339	
 340	

Figure 4 a) the effect of dominant female infanticidal behaviour on the probability of 341	

subordinate litters surviving their first two days of life. Points represent predicted means and 342	



standard errors from a binomial mixed model with dominant female infanticide risk as the 343	

only predictor. b) The effects of infanticide by dominant females on the total number of 344	

surviving pups produced by all subordinate females in their group. 345	

  346	



 347	
Discussion 348	

Our results show that early-life competition is associated with shortened telomeres in wild 349	

meerkats, and that this effect is evident by the time pups leave the natal burrow at 350	

approximately 28 days old. The detrimental effect of competition on pup telomere lengths 351	

disappears when mothers are given supplementary food during gestation and lactation, 352	

suggesting that the reduction in telomere lengths in pups facing more rivals is a consequence 353	

of competition for food. Pups with short telomeres show a lower probability of survival to 354	

adulthood. Dominant females can reduce pup competition through killing other pups born in 355	

their group at times while they are pregnant, with likely benefits for their own pups’ telomere 356	

lengths and survival. 357	

 358	

Our findings from a wild, social mammal extend evidence that in several biparental bird 359	

species, offspring competing with more rivals, or rivals higher in the competitive hierarchy, 360	

exhibit accelerated telomere loss [20-25]. There are several non-mutually exclusive 361	

explanations for the association between high numbers of competing offspring and shortened 362	

telomeres in meerkats. Under greater competition, offspring typically expend more energy 363	

gaining access to food (either through elevated begging, or competing to access food [49-364	

51]). Early-life adversity can also trigger physiological stress mechanisms, which confer 365	

short-term benefits, but are costly in the long-term, as they allocate resources to immediate 366	

survival at the expense of somatic maintenance [52]. Greater competition can also promote 367	

accelerated growth profiles, whereby offspring grow faster than their optimal developmental 368	

rate in order to out-compete rivals [53]. Aggressively competing to access food, 369	

physiological stress cascades and accelerated growth can all lead to elevated oxidative 370	

damage and accelerated telomere attrition [54-58 but see 8]. 371	

 372	

Our experimental results show that high numbers of competing pups are no longer associated 373	

with reduced telomere lengths when maternal food intake is increased during gestation and 374	

lactation. Previous evidence suggests that experimental food supplementation of weaned 375	

meerkat pups reduces aggressive pup competition [59], and that a relaxed early-life 376	

competitive environment slows telomere shortening in other species [23]. Increased maternal 377	

weight during gestation is positively associated with meerkat pup weight at weaning [46], 378	

suggesting that heavier females are better able to provision their young, leading to reduced 379	

early-life competition. Pups from experimentally fed mothers may therefore exhibit longer 380	



telomeres due to a relaxed early competitive environment, arising from improved pup quality 381	

at birth (thus enhancing pup competitive ability), or elevated maternal milk yield or 382	

micronutrient content (thus reducing the pups’ need to compete for food) [60]. 383	

 384	

Our finding that variation in offspring telomere lengths is associated with maternal and 385	

paternal age should be interpreted with caution. Pups born to older mothers had longer 386	

telomeres, and while a female could provide better care for offspring as she grows older, it is 387	

equally possible that early mortality of poor-quality females leads to disproportionate 388	

numbers of high-quality females in older cohorts [61, 62]. The positive effect of maternal age 389	

on pup telomere lengths may therefore be due to selective disappearance, rather than within-390	

female change. Furthermore, maternal age at conception is unrelated to offspring telomere 391	

length in other mammals [63]; whether subsequent litters of pups have longer telomeres as 392	

the mother grows older is therefore unclear. We also find that paternal age has a weak 393	

negative effect on pup telomeres lengths. This result is surprising, given that paternal age at 394	

conception is typically positively associated with offspring telomeres  (e.g. in humans [63] 395	

and chimpanzees (Pan troglodytes) [64]). It is possible that older male meerkats lose 396	

condition faster than humans or chimpanzees, with concomitant decreases in sperm and pup 397	

telomere lengths, but further work would be needed to clarify the role of paternal age at 398	

conception in meerkat telomere dynamics. 399	

 400	

Shortened pup telomeres following early-life competition may be associated with significant 401	

fitness costs, given our finding that reduced telomere lengths predicted low survival to 402	

adulthood. Short telomeres and rapid telomere attrition are associated with reduced survival 403	

and curtailed longevity in a number of species, both in captivity and in the wild [10-12, 28]. 404	

Given that we found short telomeres were linked to reduced survival during meerkats’ first 405	

year of life, this likely does not reflect accelerated senescence, as senescence is typically only 406	

manifest after meerkats reach three years old [65]. Similarly, early-life telomere dynamics are 407	

linked with survival during the first years of life in other wild mammals [29], suggesting that 408	

telomeres are not only linked with ageing-related mortality, but provide an integrative bio-409	

marker of somatic damage which can be associated with mortality at any age [66]. Whether 410	

telomere dynamics in adult meerkats are predictive of age-related mortality requires further 411	

investigation. 412	

 413	



Our results suggest that infanticide by dominant females leads to marked reductions in the 414	

number of competitors faced by their own litters. Previous evidence suggests that 415	

experimental reductions of pup number, either by temporary pup removal or contraception of 416	

subordinate females, leads to increased weight gain in the remaining pups [33, 67]. Heavier 417	

pups are subsequently more likely to survive to adulthood and acquire dominance [67, 68], 418	

suggesting that this accelerated growth does not exceed the optimal growth rate, and 419	

therefore confers little costs. By eliminating rival offspring, dominant females are therefore 420	

likely to improve the condition, survival and probability of dominance acquisition of their 421	

own litters.  422	

 423	

Our findings highlight a further potential benefit of infanticide: removal of competitor pups 424	

may be associated with a significant increase in pup telomere lengths. Longer telomeres are 425	

associated with improved early-life survival in meerkats, and later-life benefits including 426	

delayed senescence and improved longevity in a number of other species [10-12, 14]. Such 427	

later-life benefits may be particularly important in meerkats: in dominants (who monopolise 428	

reproduction), the primary determinant of lifetime reproductive success is dominance tenure 429	

length [69]. Dominants of both sexes exhibit senescence and their tenure typically ends when 430	

they are unable to repel same-sex challengers [36, 39, 65, 70]. In addition to the above 431	

benefits for offspring condition and dominance acquisition, infanticide may therefore allow 432	

dominant females to improve pup telomere lengths, thus delaying their onset of senescence, 433	

extending their dominance tenures and increasing their lifetime reproductive success. While 434	

the level and type of parental care has been shown to influence offspring telomere lengths in 435	

humans and captive rhesus monkeys [30, 71, 72], to our knowledge this is the first evidence 436	

that a specific maternal strategy (killing competitor pups) has associated benefits for 437	

offspring telomere lengths.  438	

 439	

Conclusion  440	

Our results suggest that in a social species, where offspring competition may be particularly 441	

pronounced, an unfavourable early-life competitive environment accelerates telomere loss 442	

under natural conditions, with potentially lifelong consequences [12]. Despite the observed 443	

enduring detrimental effects of early-life adversity on telomere dynamics [20-25, 28, 58], and 444	

the clear selection pressure this places on parents, few studies have investigated whether 445	

parents are able to protect offspring telomeres by improving the early environment. In 446	

meerkats, dominant females kill rival litters to reduce competition for their own pups, 447	



resulting in improved pup condition and likely benefits for telomere lengths and longevity. 448	

Overall, our results highlight that both the early environment and protective parental 449	

strategies may affect offspring telomere lengths, and without detailed consideration of both 450	

we are likely to underestimate the role of telomere dynamics in shaping life-histories, ageing 451	

profiles and fitness.  452	
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