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Introduction 
 

Early life conditions shape fitness 

Developmental processes during early life shape individual differences in morphology, physiology 

and behavior (Pick et al. 2016). These processes are regulated by genes but are also sensitive to 

environmental conditions such as resource availability, parental investment and the physical 

condition of the mother (Marshall et al. 2017; Pick et al. 2016). Early life environment affects the 

phenotype of an individual and thus contributes to variation in survival and reproductive success 

later in life (Pick et al. 2016).  

The “silver-spoon” effect predicts that individuals born during better environmental 

conditions have higher fitness (Monaghan 2008). Consequently, poor early life conditions may 

decrease survival and reproductive success since individuals are not able to allocate as much 

resources into growth or reproduction (Wong & Kölliker 2014). This leads to a permanent 

disadvantage due to for example smaller size or delayed maturation (Monaghan 2008; Wong & 

Kölliker 2014). However, a study on superb starlings (Lamprotornis superbus) found that males 

born during poorer environmental conditions were more likely to breed as adults (Rubenstein et al. 

2016). Poor early life conditions may thus increase fitness or individuals born during poorer 

environmental conditions may be able to compensate by allocating more resources into 

reproduction at the cost of survival (Monaghan 2008; Wong & Kölliker 2014).  

 

Maternal effects impact offspring fitness 

Offspring phenotype is affected by its genotype but also by for example maternal traits. The 

phenomenon where female phenotype influences the phenotype of her offspring is referred to as 

maternal effects (Wolf & Wade 2009). Maternal effects may take place both pre- and postnatally 

(Groothuis et al. 2005). Since maternal effects affect offspring phenotype, they also affect offspring 

fitness (Pick et al. 2016). 

Since environmental conditions affect the maternal phenotype, they may also affect 

offspring phenotype indirectly (Wolf & Wade 2009). The predictive adaptive response theory 

predicts that females may use maternal effects to alter the phenotype of their offspring to match 

future environmental conditions (Inzani et al. 2016; Morales et al. 2018, Van Cann et al. 2019). 

Females may for example compensate for poor environmental conditions by allocating more 

resources to their offspring prenatally (Rubenstein et al. 2016) or alter the anti-predation behavior 
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of their offspring after being exposed to predator cues (Morales et al. 2018). Maternal effects may 

thus dictate how early life conditions affect offspring fitness later in life. 

 

Additional prenatal androgen exposure from littermates or via maternal effects 

Sex-specific differences in anatomical, physiological and behavioral traits in mammals start 

developing during a critical period of foetal development (Vandenbergh 2003; Wolf et al. 2002). 

The development of male and female features is regulated by hormones and it is extremely sensitive 

to changes in hormone concentrations (Wolf et al. 2002). Changes in prenatal hormone levels affect 

the development of sex-specific traits and it leads to variation within same sex individuals 

(Vandenbergh 2003).  

Both males and females go through a peak in sex hormone concentration during 

puberty, but unlike females, males also experience a peak during foetal development (Vandenbergh 

2003). This peak in androgens such as testosterone induces the development of male features 

(Vandenbergh 2003). The testosterone produced by male foetuses may increase the testosterone 

concentrations of nearby foetuses as well since testosterone can move through cell membranes 

(Vandenbergh 2003) and both males and females have functioning testosterone receptors (Wolf et 

al. 2002). Individuals may therefore be exposed to additional testosterone during foetal 

development if they share the womb with male littermates (Vandenbergh 2003). 

Changes in hormone concentrations during foetal development can also happen via 

maternal effects (Groothuis et al. 2005). This is especially important in for example mammals and 

oviparous vertebrates where females provide the environment where the offspring develop in (Pick 

et al. 2016). The egg yolk of all studied bird species contains maternal androgens, and the amount 

of these androgens varies between clutches, populations and species (Groothuis et al. 2005). In 

mammal species females may regulate their hormone concentrations during gestation, leading to 

additional hormones diffusing to their foetuses (Dloniak et al. 2006; Dantzer et al. 2013). 

 

How to estimate prenatal androgen exposure 

Hormone levels may be measured from blood samples, but it is expensive and difficult when 

studying small species or natural populations (Touma & Palme 2005). Additionally, hormone 

concentrations in blood are affected by for example stress that can arise from the capturing and 

handling of animals (Touma & Palme 2005). Metabolites of hormones such as testosterone and 

glucocorticoids may also be measured from faeces but applying this approach to a new species 
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requires careful testing and validation of the methods beforehand to ensure that the results are 

reliable (Touma & Palme 2005). This is why prenatal androgen exposure is often measured with the 

intrauterine position or anogenital distance of the individual. 

The intrauterine position means the position of an individual in the womb in relation 

to its littermates (Vandenbergh 2003). It is usually expressed as the number of males (0M, 1M or 

2M) an individual is surrounded by in the womb (Vandenbergh 2003). This method is mostly used 

in laboratory studies with rodents (Vandenbergh 2003, Correa et al. 2013), and it allows for 

estimating the relative exposure caused by androgens secreted by male littermates but not 

necessarily exposure caused by maternal effects. Therefore, a more common measure of prenatal 

androgen exposure is the distance between the anus and the genitalia, known as the anogenital 

distance. The anogenital distance has traditionally been used to determine the sex of young 

mammals since males have longer anogenital distances than females (Vandenbergh 2003).  

There is also within-sex variation in the anogenital distance. It is known that 0M, 1M 

and 2M female mice (Mus musculus) and rats (Rattus norvegicus) differ in their anogenital distance 

(Vandenbergh 2003).  The anogenital distance of a 2M female is longer than that of an average 

female, but shorter than of an average male (Vandenbergh 2003). 0M females on the other hand 

have shorter anogenital distances than an average female (Vandenbergh 2003). The connection 

between prenatal androgen exposure and anogenital distance in female mice and rats has been 

confirmed by numerous studies (Wolf et al. 2002; Hotchkiss et al. 2007; Guerra et al. 2014).  

Unlike females, 0M and 2M male rats or mice do not differ in their anogenital 

distance (Drickamer 1996; Ryan & Vandenbergh 2002). However, in gerbils (Meriones 

unguiculatus) 2M males have longer anogenital distances (Clark et al. 1990) and blood testosterone 

levels as adults (Clark et al. 1992) than 0M males. This suggests that the anogenital distance may be 

an indicator of additional prenatal androgen exposure in males in some species but not in others. 

Since male foetuses secrete their own testosterone that causes the development of male features and 

behavior, they may not be as sensitive to additional testosterone secreted by littermates.  

In addition to androgen exposure from male littermates, variation in anogenital 

distance has been shown to arise via maternal effects. On yellow-bellied marmots (Marmota 

flaviventris) the variation in anogenital distance of pups was explained by both additive genetic and 

maternal genetic effects (Fouqueray et al. 2014). Maternal genotype creates unique environmental 

conditions that affect the development of pups (Fouqueray et al. 2014). These maternal effects 

explain 6% of the variation in the anogenital distance in this species (Fouqueray et al. 2014). 
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Therefore, the anogenital distance can be thought of a simple non-invasive method of measuring 

prenatal androgen exposure from different sources.  

 

The effects of additional prenatal androgen exposure in females 

Higher prenatal testosterone levels affect the development of sex-specific traits and lead to variation 

within same sex individuals (Vandenbergh 2003). More specifically, additional exposure to 

testosterone during foetal development causes masculinization of sex-specific traits in females 

(Vandenbergh 2003; Correa et al. 2013). This includes differences in the anatomy and function of 

reproductive organs (Wolf et al. 2002; Vandenbergh 2003; Hotchkiss et al. 2007; Guerra et al. 

2014), as well as changes in behavioral traits such as aggressiveness (Vandenbergh 2003; Correa et 

al. 2013). These effects may be either fitness enhancing or impairing depending on the amount and 

timing of exposure, as well as the physiology and ecology of the species. Below I detail some 

specific effects of additional prenatal androgen exposure found in laboratory and field studies. 

 

Laboratory studies  

Female masculinization has been studied in multiple laboratory studies on rats by exposing 

pregnant females to testosterone propionate and observing the effects different doses have on the 

female pups. The testosterone doses used in these studies range between 0,1-10 mg/kg/day (Wolf et 

al. 2002; Hotchkiss et al. 2007; Guerra et al. 2014). The lower doses of 0,1 and 0,2 mg/kg/day 

(Wolf et al. 2002; Guerra et al. 2014) are likely to be closer to testosterone concentrations in most 

natural populations. 

The most common signs of masculinization in female morphology in rats include 

longer anogenital distances, faint or missing areolas, development of prostatic tissue and genital 

malformations such as missing vaginal opening (Wolf et al. 2002; Hotchkiss et al. 2007; Guerra et 

al. 2014). The lower testosterone doses resulted in a longer anogenital distance (Guerra et al. 2014) 

and more individuals displaying faint areolas (Wolf et al. 2002). The more drastic changes to 

normal physiology and sexual differentiation started occurring at medium doses (Wolf et al. 2002; 

Hotchkiss et al. 2007) but became more severe and were displayed by a higher percentage of 

individuals with higher doses (Wolf et al. 2002; Hotchkiss et al. 2007). 

In addition to changes in morphology, prenatal androgen exposure may affect life-

history traits in juveniles and adults. Female mice exposed to dihydrotestosterone during foetal 
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development had delayed puberty and therefore had their first litter later than control individuals 

(Witham et al. 2012). The dose used by Witham et al. (2012) was 0,25 mg/pregnant female/day, 

meaning that the actual exposure depends on the weight of the female. Delayed puberty was also 

seen in rats that were exposed to a testosterone propionate dose of 2,5 mg/kg/day (Hotchkiss et al. 

2007).  

These studies demonstrate that additional prenatal androgen exposure affects the 

female morphology even in smaller doses. The more drastic changes, however, require higher doses 

that are likely rare in natural populations. In addition to changes in morphology, exposure to 

testosterone during foetal development may affect life-history traits such as time of first 

reproduction. These changes may affect the reproductive potential of females if they for example 

mature later or are not able to mate due to malformations. 

  

Field studies 

Exposing individuals to additional androgens in laboratory conditions provides information on how 

different doses affect the phenotype, but it is difficult to predict the actual effects on fitness in based 

on only laboratory studies. Ecological field studies are valuable when studying natural exposure to 

androgens since fitness is not affected only by optimal fecundity but also by competition and 

survival. 

Female spotted hyenas (Crocuta crocuta) produce large amounts of androgens during 

pregnancy, exposing their foetuses to additional testosterone (Licht et al. 1998, Dloniak et al. 2006). 

This has been found from both blood (Licht et al. 1998) and faecal samples (Dloniak et al. 2006). 

Due to this prenatal exposure, females are extremely masculinized in both anatomical and 

behavioral traits (Licht et al. 1998). Females have masculinized genitalia that make mating and 

giving birth difficult (Licht et al. 1998; Dloniak et al. 2006). They are also more aggressive than 

males, which makes them socially dominant since aggressiveness and fighting with other members 

of the pack are connected to social rank (Holekamp & Smale 1998).  

Due to their higher social rank females have access to more resources, which increases 

their reproductive success (Dloniak et al. 2006). The social rank is also inherited via maternal 

effects; females that were exposed to more androgens in the womb have a higher social rank and 

produce more androgens during gestation, leading to their offspring being exposed to more 

androgens and having higher social rank (Dloniak et al. 2006). This suggests that despite the costs 
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of masculinization, additional androgen exposure via maternal effects in female hyenas is adaptive 

(Dloniak et al. 2006). 

Prenatal androgen exposure also affects aggressiveness and social rank in the degu 

(Octodon degus, Correa et al. 2013). Female degus that had a longer anogenital distance were more 

aggressive and more likely to be socially dominant in the hierarchy of their social group (Correa et 

al. 2013). These social groups were allowed to form in laboratory conditions, and they had different 

amounts of feminized, masculinized and intermediate phenotypes (Correa et al. 2013). The most 

stable hierarchies formed in groups that consisted of all three phenotypes, and signs of submissive 

behavior towards dominant individuals were especially important in hierarchy formation (Correa et 

al. 2013). Variation in anogenital distance may therefore be adaptive in social species where stable 

hierarchies are beneficial. 

Prenatal androgen exposure has also been connected to reproductive potential and 

attractiveness. Exposure to androgens from a male twin reduced fertility in human females 

(Bütikofer et al. 2019). Female rabbits (Oryctolagus cuniculus L.) with a longer anogenital distance 

produced smaller litters and lighter pups (Bánszegi et al. 2012). Male rabbits responded more often 

to chemical signals from females that had shorter anogenital distances, suggesting that males aim to 

choose the most fecund females (Bánszegi et al. 2012). Male mice have also been reported to 

choose 0M females over 2M females (Vandenbergh 2003). In addition to decreased attractiveness, 

2M female mice assume different mating postures than 0M and 1M females, which makes 

fertilization more difficult (Vandenbergh 2003). These studies further demonstrate that prenatal 

androgen exposure may decrease the reproductive success of masculinized females if they are not as 

fertile or attractive or their behavior otherwise differs from average females (Vandenbergh, 2003; 

Bánszegi et al. 2012; Bütikofer et al. 2019).  

However, these potential costs on female reproductive success depend on the ecology 

and breeding system of the species. Aggressiveness and social rank may increase mating 

opportunities, which helps to mitigate the potential costs of additional androgen exposure. More 

aggressive individuals are also likely to gain more resources, which contributes to their fitness and 

survival. Therefore, in order to understand the evolution of androgen exposure and maternal effects, 

studies looking at lifetime reproductive success in wild populations are needed.  
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The effects of additional prenatal androgen exposure in males 

In addition to decreased neonatal weight similar to females (Hotchkiss et al. 2007), 

laboratory studies have not found any effects of additional prenatal testosterone exposure on male 

rats (Wolf et al. 2002). In some cases, additional prenatal testosterone exposure in laboratory 

studies led to male rats having shorter anogenital distances, but these effects were not permanent or 

statistically significant when body weight was accounted for (Wolf et al. 2002). However, prenatal 

exposure to chemicals that interfere with hormonal processes (endocrine disruptors), such as anti-

androgens (McIntyre et al. 2001) or phthalates (Mylchreest et al. 2000) decreases the anogenital 

distance in males. Therefore, the anogenital distance is used as an indicator of exposure to 

endocrine disruptors rather than additional androgens in males. 

 Despite not necessarily being an indicator of additional prenatal androgen exposure, 

anogenital distance predicts behavior and life-history traits in males, probably due to differences in 

the individual’s own testosterone production during early development. Male mice with longer 

anogenital distances were more aggressive (Drickamer 1996). Male mice are more likely to disperse 

than females, and males with a longer anogenital distance were more likely to disperse than males 

with a shorter anogenital distance (Drickamer 1996). In gerbils males with a longer anogenital 

distance were more attractive to females and had higher reproductive success (Clark, Tucker & 

Galef 1992). This indicates that similar to females, increased anogenital distance may be connected 

to masculinization in males as well. Masculinization of morphology and behavior may affect the 

fitness of males positively or negatively (Drickamer, 1996). However, since the effect of additional 

prenatal androgen exposure on anogenital distance has only been found in some species, using the 

anogenital distance as a proxy for additional androgen exposure in males should be done with 

caution.  

 

Aims of this study 

I will study the effects of prenatal androgen exposure measured by variation in anogenital distance 

in the banded mongoose (Mungos mungo). I will focus on both traits predicting the anogenital 

distance and traits that are predicted by the anogenital distance.  More precisely, I will study how 

the sex of the individual predicts its anogenital distance. I will also study how the intensity of 

reproductive competition faced by females predicts the anogenital distance of their pups. Finally, I 

will study whether anogenital distance predicts weight in early life or maturity, as well as important 

life-history traits that determine fitness. These traits include the amount of care received as a pup 

and lifetime reproductive success.  
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The effects of prenatal androgen exposure have been widely studied in laboratory 

conditions, but studies on wild populations are rare and usually manipulate androgen concentrations 

instead of measuring natural androgen exposure (for example injecting avian eggs with androgens, 

Müller et al. 2005; Tschirren 2015). Few studies measure androgen exposure with the anogenital 

distance in wild populations (Bánszegi et al. 2012; Fouqueray et al. 2014), even though laboratory 

studies have found it to be a good indicator (Hotchkiss et al. 2007; Vandenbergh 2003).  

Additionally, prenatal androgen exposure has not previously been studied in the 

banded mongoose. If it increases aggressiveness it may be connected to better competitive abilities. 

There is a silver-spoon effect where heavier females give birth to heavier pups (Hodge et al. 2009) 

that receive more care (Vitikainen et al. 2019). When the competition faced by females during 

gestation is more intense, females may either abort their pregnancy (Inzani et al. 2019) or increase 

the size of their foetuses via maternal effects (Inzani et al. 2016). Open questions are whether on top 

of increased size, females might use androgen exposure via maternal effects to prime their offspring 

to compete for available resources and care during early life in response to competition. 

 

 

Materials and methods 

 

The study species 

This study uses data from a long-term research project on a population of banded mongooses started 

in 1995 (Cant et al. 2013). The banded mongoose is a cooperatively breeding mammal living in 

groups of 10-30 individuals across sub-Saharan Africa (Cant et al. 2013). The study population is 

located in the Queen Elizabeth National Park in Uganda (0° 12’ S, 29° 54’ E) and contains 10-12 

groups and around 250 individuals at any given time (Cant et al. 2013).  

 

Breeding 

Reproduction within groups is synchronized and there are usually 3-4 breeding events in a group 

each year (Cant et al. 2013). In most cases the females give birth on the same day and therefore 

each litter contains pups from multiple females and males (Hodge et al. 2011). The synchronized 

births may have evolved because pups that are born earlier or later than others do not survive as 

females often kill pups when they can be sure they are not their own (Cant et al. 2013). 
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During oestrus the males guard females, following them around to prevent other males 

from mating with them (Cant 2000). Only the oldest males breed since they have a higher rank in 

the social hierarchy and are better at mate-guarding (Cant et al. 2013). All adult females can breed 

but on average four females give birth in a breeding event (Hodge et al. 2011). Males prefer to 

guard the older dominant females and therefore the younger females mate later (Cant 2000) and are 

forced to give birth prematurely to be in synchrony with the other births (Cant et al. 2013). This 

may explain why younger females produce fewer surviving offspring than older females (Cant et al. 

2013). 

 

Female reproductive competition 

Pup survival decreases due to increased competition when resources are scarce or when there are 

more than 8 pups in the litter (Cant et al. 2013). Dominant females may breed in each communal 

litter, but subordinate females are more likely to breed only when there are ample resources 

(Nichols et al. 2012). When too many females breed at once or resources are scarce dominant 

females may evict subordinates from the group, targeting especially pregnant females (Nichols et al. 

2012; Cant et al. 2013). This is a form of reproductive suppression since eviction often leads to 

pregnant females aborting their foetuses before returning to the group (Nichols et al. 2012, Cant et 

al. 2013).   

Females may respond to increased competition by investing more resources into their 

current offspring (Inzani et al. 2016). Females produce larger foetuses when they are heavier at the 

time of conception or when there are more potentially breeding females in their group (Inzani et al. 

2016). However, larger size did not predict pup weight or survival which indicates that the benefits 

of investing more resources into current reproduction are difficult to measure (Inzani et al., 2016). 

Females may also respond to competition by aborting their foetuses without being 

evicted. Abortions are more common when more females breed and when resources are scarce 

(Inzani et al. 2019). A female is also more likely to abort when it is subordinate, lighter or its 

foetuses are smaller (Inzani et al. 2019). This indicates that if a female is not able to invest more 

resources into its foetuses to make them bigger, it may abort its foetuses to save resources for future 

breeding attempts (Inzani et al. 2019). 
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Cooperative parental care 

Banded mongoose pups are cared for by most of the adults regardless of relatedness and most carers 

are not parents of the pup that they look after (Cant et al. 2013; Vitikainen et al. 2017). This 

suggests that parents are not able to recognize their pups, or that kin recognition is possible but 

costly due to infanticide risk (Cant et al. 2013; Vitikainen et al. 2017). Pups are born in an 

underground den where they are nursed by multiple lactating females indiscriminately (Cant et al. 

2013). Multiple group members also babysit the pups to keep them safe from predators while others 

forage (Cant et al. 2013). After emerging from the den at approximately 30 days old the pups are 

escorted by adults while foraging (Cant et al. 2013). Escorting includes protecting the pup from 

predators, carrying it and feeding it (Cant et al. 2013; Gilchrist 2004).  

The pups compete for access to escorting adults (Hodge et al. 2009). The escorting 

relationships are one-sided at first so the pups must chase away competitors to maximize the 

amount of care they receive (Gilchrist 2008). Within a few days the pups and escorts form one-to-

one relationships that last until the pups are about three months old and nutritionally independent 

(Cant et al. 2013).  

The amount of care received varies within and between litters (Cant et al. 2013). 

Variation within litters increases when litters are larger and there is more competition for escorting 

adults (Hodge et al. 2009). Heavier pups are better at competing for access to escorts and therefore 

receive more care (Hodge et al. 2009). Since males are generally larger than females, they receive 

overall more care (Vitikainen et al. 2017). However, the amount of care received increases more 

abruptly with body size in females (Vitikainen et al. 2017), meaning that female pups are more 

likely to benefit from being bigger.  

In addition to direct survival benefits arising from being protected from predators 

(Gilchrist 2004; Hodge 2005; Vitikainen et al. 2019), escorting brings long-term benefits for both 

female and male pups (Vitikainen et al. 2019). Pups that are escorted more grow faster and are 

heavier both at nutritional independence (Hodge 2005) and when they reach maturity at 1 year old 

(Vitikainen et al. 2019). Being heavier at maturity increases lifetime reproductive success for both 

males and females (Hodge 2005; Vitikainen et al. 2019). Females that receive more care as pups are 

more likely to produce surviving litters and they reproduce at a faster rate (Vitikainen et al. 2019).  
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Data collection 

The data I use in this study is collected by trained field assistants as a part of a long-term study 

(Cant et al. 2013). The dataset includes data from 9 years and 629 individuals.  

 

Field data collection 

Group visits 

The groups in the study area are visited every 1-3 days to collect life history data, behavioral data 

and weights. Life history events such as births, deaths, dispersals and evictions are noted in every 

visit. Individuals usually disperse or are evicted in groups which makes it easier to distinguish 

between deaths and dispersals. 

Behavioral data is collected by monitoring a focal individual for 20 minutes and 

recording its interactions with other group members. During oestrus, pregnancies and escorting 

periods the groups are visited daily to improve the accuracy of collected behavioral data.  

Every group is weighed before and after foraging twice a week. Most of the 

individuals have been trained to step on a scale in return for a small reward, but some are not 

habituated enough and cannot be weighed in the field. Since the individuals do not always stay still 

on the scale and other individuals may disturb the weighing, the weights are given a measurement 

of accuracy where 1 is the most accurate. In this study, I only used weights with accuracy 1. 

 

Capture data 

Mongooses are captured regularly to collect DNA samples, morphometrical measurements and to 

mark individuals for easier recognition. The whole group is captured with bait boxes when the pups 

first emerge from the underground den at approximately 30 days of age. The pups are anaesthetized 

either with an injection of ketamine and medetomidine or with isoflurane gas. Neither method has 

been shown to have negative effects on the health of individuals (ketamine and medetomidine, 

Hodge 2007; isoflurane, Jordan et al. 2011). All trapping and handling of animals is done with 

permission from the Uganda National Council for Science and Technology (UNCST) and the 

Uganda Wildlife Authority (UWA). 

All individuals are weighed whenever captured. When pups are first captured, a 1 mm 

tissue sample is taken from the tip of the tail to extract DNA for parentage analysis. The parentage 

analysis is based on 43 microsatellite markers and described in more detail in Sanderson et al. 
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(2015). Several morphometric measurements are taken, such as head width and length, body and 

tail length and tail circumference. The anogenital area of each pup is photographed next to a 

measuring tape to be able to measure the anogenital distance later from the images. The pups are 

also marked individually with a coloured collar or a pattern cut in their fur and a microchip is 

inserted under the skin for permanent identification and lifetime monitoring. 

 

Compiling the dataset 

Anogenital distance 

I measured the anogenital distance from images of the anogenital area of banded mongoose pups 

using ImageJ software (Schneider et al. 2012). There were 3 images of most individuals, but the 

number of images per individual varied between 1-10. Therefore, the final measurement of 

anogenital distance was either one measurement or the average of multiple measurements, 

depending on how many images there were and how many were suitable for measuring. I excluded 

images where the anogenital area was not visible or clear enough. I scaled each image separately by 

measuring a 3-centimetre line on the measuring tape included in the image. I measured the 

anogenital distance from the lowest point of the anus to the end of the genitals since these points 

were easiest to see from most of the images. I converted the final anogenital distance measurement 

to an index by dividing it with a measurement of head width that was taken on the same day as the 

images. Since the anogenital distance is converted to an index, I can study its effects on weight 

independent of body size. I excluded all individuals that were older than 62 days when the 

measurements were taken since their anogenital distance index would not be comparable anymore. 

Both anogenital distance and head width were measured in millimetres, at 0,01 mm accuracy. 

 

Escorting index 

Escorting index was measured as in a previous study, by using focal observations of the pups 

recorded in the long-term database (Vitikainen et al. 2019). If the focal pup spent more than half of 

the time of an observation session near an adult, it was recorded as being escorted in that session 

(Vitikainen et al. 2019). Escorting index is the proportion of behavioral observation sessions (an 

average of 12 observations per group) a pup was seen with an escort and it correlates with the 

amount of care such as grooming, feeding and protection received by a pup (Vitikainen et al. 2019). 

Escorting index varies between 0 and 1 with 0 being that the pup was never escorted and 1 being 

that the pup was escorted in every observation session (Vitikainen et al. 2019). 
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Lifespan 

I calculated lifespan by transforming dates of births and deaths into serial numbers (where date 

number 1 is 01.01.1900.) and then subtracting the date of birth from the date of death. The data 

included 71 individuals that had no date of death. Most of these were marked as missing and for 

these I marked their date of death as the date they were last seen. Some individuals had no date of 

death because they were still alive, in which case I assigned the current date as the date of death. I 

did not measure lifespan for 4 individuals since it was unclear when they had disappeared. 

 

Lifetime reproductive success 

The lifetime reproductive success of an individual is measured as the number of pups assigned to it 

by parentage analysis based on highly variable genetic markers (Sanderson et al. 2015). This is 

known for only some of the individuals and it only includes pups that survived until their DNA 

sample was taken during their first capture. I also created a variable that described whether the 

individual reproduced at all or not (1/0).  

 

Weight 

To measure weight at maturity I extracted from the long-term database the measurement of weight 

that was as close as possible to the individuals first birthday, but no more than 35 days before or 

after it. For weight at emergence I extracted the first measurement of weight but excluded all 

individuals that were older than 62 days when they were first weighed. To increase the sample size, 

I used weights collected in the field as well as from capture events. I used only weights where the 

accuracy measurement was 1, meaning that no other individuals disturbed the weighing and the 

individual stayed still for long enough. 

 

Environmental conditions 

Environmental conditions are measured since they affect the fitness of individuals (Marshall et al. 

2017). More variable early life conditions result in higher lifetime reproductive success in males 

(Marshall et al. 2017). These individuals also weigh more as adults (Marshall et al. 2017). Males 

born during poorer environmental conditions live longer but have poorer reproductive success 

(Marshall et al. 2017). Poor environmental conditions also increase female reproductive 

competition (Inzani et al. 2016; Inzani et al. 2019). 
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Variation in environmental conditions in the study area is measured by changes in 

rainfall, since it is more variable than temperature and correlates with the availability of invertebrate 

prey which is the main food source for the mongooses (Marshall et al. 2017). Weather data is 

collected daily by the weather station located in the study area and rainfall is measured in 

millimetres. There are two dry and two wet seasons in a year so individuals may face very different 

conditions depending on when they are born (Marshall et al. 2017). Similar to Inzani et al. (2019) I 

use the cumulative rainfall for 60 days before birth as a proxy for resource abundance during foetal 

development. 

 

Amount of competition 

The number of mature females in a group is a proxy for both the reproductive competition faced by 

females and the competition for alloparental care faced by the offspring (Inzani et al. 2016), with 

intensity of competition increasing with the number of reproducing females within each social 

group. I used the number of mature females in the group at the start of gestation as a measurement 

of the intensity of competition during foetal development and early life.  

 

Research questions and hypotheses  

Question 1: Do males and females differ in their anogenital distance? 

The null hypothesis is that sex does not predict anogenital distance index. The alternative 

hypothesis is that the sex of the individual predicts the anogenital distance index, since testosterone 

produced by the growing foetus affects the anogenital distance and consequently in other mammal 

species males have longer anogenital distances than females (Vandenbergh 2003).  

 

Question 2: Does a) intensity of competition or b) resource availability during gestation affect 

the anogenital distance of pups? 

a. The null hypothesis is that the number of mature females present in a group during gestation does 

not predict the anogenital distance index of the pups. The alternative hypothesis is that an increasing 

number of mature females increases the anogenital distance index of the pups due to mothers 

preparing their offspring for future competitive environment via maternal effects (Inzani et al. 

2016). 



20 
 

b. The null hypothesis is that cumulative rainfall during gestation does not affect the 

anogenital distance index of the pups. The alternative hypothesis is that cumulative rainfall during 

gestation affects the anogenital distance index of the pups since decreasing rainfall increases the 

competition and mothers may prepare their offspring for future competition (Inzani et al. 2016).  

 

Question 3: Does anogenital distance index predict a) weight at emergence, b) the amount of 

care received, c) weight at maturity or d) lifetime reproductive success or whether the 

individual reproduces or not? 

a. The null hypothesis is that anogenital distance index does not predict weight at emergence. The 

alternative hypothesis is that anogenital distance index predicts weight at emergence through 

correlating with the competitive ability (Hodge et al. 2009), which may already influence the care 

and nutrition an individual receives during the first few weeks it spends in the den. The effect of a 

longer anogenital distance on emergence weight may also be negative since prenatal androgen 

exposure leads to smaller weight at birth for both male and female rats (Hotchkiss et al. 2007). 

b. The null hypothesis is that anogenital distance index does not predict escorting 

index. The alternative hypothesis is that anogenital distance index predicts escorting index, since 

pups with a greater anogenital distance index may be more aggressive (Drickamer 1996; 

Vandenbergh 2003; Correa et al. 2013), which may boost their competitive skills and allow them to 

extract more care from escorting adults.  

c. The null hypothesis is that anogenital distance index does not predict weight at 

maturity. The alternative hypothesis is that anogenital distance index predicts weight at maturity, 

since a greater anogenital distance index may boost the competitive skills of pups. This leads to 

access to more food and care, which in turn leads to being heavier at maturity (Hodge 2005). The 

effect may also be negative due to the negative effect prenatal androgen exposure has on birth 

weight (Hotchkiss et al. 2007). 

d. The null hypothesis is that anogenital distance index does not predict lifetime 

reproductive success or the individual becoming a reproducer. The alternative hypothesis is that 

anogenital distance index indirectly predicts lifetime reproductive success or the individual 

becoming a reproducer because of the positive effects it may have on escorting index and weight at 

maturity. Both of these traits have been shown to increase lifetime reproductive success (Vitikainen 

et al. 2019). The anogenital distance index may also have an indirect effect if it affects the 

competitive abilities and social hierarchy. The social hierarchy of banded mongooses is mostly 
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based on age, but more aggressive males may get more mating opportunities by being better mate-

guarders for example. The effect on females may also be negative, since prenatal androgen 

exposure has negative effects on female reproduction, for example in the form of delayed puberty 

(Witham et al. 2012).  

In addition to the number of offspring an individual produces in its lifetime, 

anogenital distance index may also affect the rate at which individuals reproduce, i.e. how many 

offspring an individual produces in relation to its lifespan. These effects may be positive or negative 

as described above.  

 

Statistical analysis 

I did all statistical analysing using R version 4.0.2. (R Core Team 2017). I fitted the statistical 

models using package lme4 (Bates et al. 2015). Additionally, I used package corrplot (Wei & 

Simko 2017) to make correlation plots, packages ggplot2 (Wickham 2009) and interactions (Long 

2019) to make figures and package gt (Iannone et al. 2020) to make tables. 

 

Measurement error of the anogenital distance 

I estimated the accuracy of my measuring of the anogenital distance using the Within-subject 

standard deviation method (Synek 2008). I took a random sample of 50 from all of the anogenital 

distance measurements and measured these images again as described previously. I calculated the 

standard error of the squared differences between the first and second measurements. The 

measurement error is the standard error divided by the mean of all measurements and multiplied by 

100.  

The measurement error was 5,8 %. This is considered a low percentage, but it likely 

still increases sample variance in the data (Yezerinac et al. 1992). This means that the likelihood of 

type II errors increases, and some true effects may not be found (Yezerinac et al. 1992). 

 

Correlation between variables 

I tested correlations between explanatory variables to ensure that none of the variables were highly 

correlated as this would cause model fit issues (Freckleton 2011). I analysed all explanatory 

variables used in the models in one correlation matrix, apart from the variables in analysis 5 which I 

analysed separately. This was because maturity weight was only used as a predictor in analysis 5 
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and since most individuals die before reaching maturity, this variable decreased the sample size 

drastically. I performed the correlation tests for males and females separately. 

Correlations between explanatory variables are presented in Figures 1 and 2. None of 

the correlations between explanatory variables were high enough to potentially cause model fit 

issues (max r= 0,4; Freckleton 2011).  

 

Figure 1. Correlation coefficients between explanatory variables used in models 1-4. Emergence 
weight and anogenital distance index are positively correlated in females, but not in males.  

 

Figure 2. Correlation coefficients between explanatory variables used in model 5. Maturity weight 
and anogenital distance index are negatively correlated in females, but not in males.  
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Statistical models 

I fitted the data to generalized linear mixed effects models (GLMMs). I standardized all explanatory 

variables except for anogenital distance index and escorting index to improve converge of the 

models. I only included interactions that were relevant based on previous research. I removed 

nonsignificant interactions from the final models since this allowed me to test the significance of 

the main effects (Engqvist 2005) by comparing the full model to one without the variable of interest 

using likelihood ratio tests. I did not simplify the models further due to problems observed in 

stepwise model reduction methods (Forstmeier & Schielzeth 2011). I analysed model fit by visually 

checking that the residuals were normally distributed with homogenous variance.  

 

Model 1: What predicts the anogenital distance index? 

This model answers research questions 1 and 2. I used a GLMM with binomial error structure and 

logit link function. The response variable was anogenital distance index, i.e. the anogenital distance 

divided by head width. As the response variable is a ratio, to analyse it appropriately both measures 

were transformed to tenth of millimetre, rounded into integers and used together as a response 

variable in the analysis with the command cbind. The explanatory variables were sex, number of 

adult females in the group during gestation, cumulative rainfall during gestation, the interaction 

between sex and number of adult females and the interaction between sex and rainfall during 

gestation. I used pack and litter IDs as random effects to account for similarities within groups by 

letting the intercept vary in each group. I had to remove pack ID from the final model due to 

singular fit issues.   

 

Models 2-5: What are the consequences of variation in the anogenital distance: effects on 

emergence weight, amount of care received, maturity weight and whether the individual 

reproduced or not 

These models answer research question 3. I did these analyses separately for males and females, 

since the anogenital distance in males is less likely to be an indicator of additional prenatal 

androgen exposure. Additionally, previous research has found more effects in females, so at least 

some of the effects are likely to be sex specific. Therefore, analysing females and males separately 

may improve model convergence.  
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Model 2 

I used a GLMM with Poisson error structure and log link function. The response variable was 

weight at emergence. The explanatory variables were anogenital distance index and cumulative 

rainfall during gestation. Random effects were litter, pack and individual ID. Individual ID was 

added as a random effect to fix overdispersion for both models (Harrison 2014). 

 

Model 3 

I used a GLMM with binomial error structure and logit link function. The response variable was 

escorting index, which was analysed as a ratio as above (number of sessions an individual received 

escorting and total number of sessions, together as the response variable using command cbind). 

The explanatory variables were anogenital distance index, weight at emergence, cumulative rainfall 

during gestation and interactions between anogenital distance index and weight at emergence and 

weight at emergence and rainfall during gestation. Random effects were litter and pack ID. 

 

Model 4 

I used a GLMM with Poisson error structure and log link function. The response variable was 

weight at maturity. The explanatory variables were anogenital distance index, escorting index and 

cumulative rainfall during gestation. Random effects were litter, pack and individual ID. Individual 

ID was added as a random effect to fix overdispersion for both models (Harrison 2014). Since 

escorting index had no significant effect in females, I did the model again without it to increase 

sample size. Since the diagnostics plots in all of the models showed some potentially problematic 

patterns, I also used a LMM where the response variable was the square root of weight at maturity 

to see if it would give qualitatively the same results as the GLMM. 

 

Model 5 

I used a GLMM with binomial error structure and logit link function where the response variable 

was whether the individual reproduced or not (1/0). The explanatory variables were anogenital 

distance index, lifespan, weight at maturity, cumulative rainfall during gestation and the interaction 

between anogenital distance index and weight at maturity. I used pack and litter IDs as random 

effects but removed pack ID from the final model due to singular fit issues.  
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 I used this model since a Poisson error structure with lifetime reproductive success as 

the response variable was not a good fit for the data, possibly due to zero-inflation. I measured 

lifespan in order to use it as an offset to analyse the rate at which individuals reproduce. After 

changing my response variable, I decided to include the lifespan as an explanatory variable instead, 

since older individuals reproduce more often (Cant et al. 2013) and longer lifespan includes more 

opportunities to reproduce than a shorter one. 

 

 

Results 

 

Question 1: Do males and females differ in their anogenital distance? 

Sex had a significant effect on anogenital distance index, but since the interaction between sex and 

rainfall was also significant (Table 1), the effect of sex cannot be estimated separately. Males had 

longer anogenital distances than females (Figure 3). 

 

Figure 3. a) The anogenital distance in males and females. b) Images of the anogenital area of a 
female and a male. Males have longer anogenital distances than females. 

 

 

 

 

 

b) a) 
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Table 1. Predictors of anogenital distance index in the banded mongoose (Model 1). Results from a 
GLMM with litter ID as a random effect. Number of adult females and rainfall were standardized 
by subtracting the mean and dividing by the standard deviation to improve model fit. 

 

 

Question 2: Does intensity of competition or resource availability during gestation affect the 

anogenital distance of pups? 

Resource abundance during gestation had a positive effect on the anogenital distance in males 

(Table 1, β ± s.e. = 0,019 ± 0,009, Χ2= 3,978, p-value= 0,046), but not in females. The number of 

adult females did not affect the anogenital distance index of the pups (Table 1, β ± s.e. = -0,006 ± 

0,006, Χ2= 0,906, p-value= 0,341). 

 

 

Figure 4. Cumulative rainfall during gestation and anogenital distance index in a) females and b) 
males. 
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Question 3: Does anogenital distance index predict emergence weight, the amount of care 

received, maturity weight or whether the individual reproduced or not? 

 

Predictors of emergence weight   

Emergence weight was predicted by resource abundance during gestation in both males and 

females, though in males this effect was only significant on p <0,1 level (Table 2, females: β ± s.e.= 

0,048 ± 0,023, Χ2= 4,315, p-value= 0,038, males: β ± s.e.= 0,035 ± 0,019, Χ2= 3,279, p-value= 

0,07, Fig. 6). In males emergence weight was also predicted by anogenital distance index (Table 2, 

β ± s.e.= 0,841 ± 0,237, Χ2= 12,425, p-value< 0,001, Fig. 5). 

 

 

Figure 5. Anogenital distance index and emergence weight in a) females and b) males.  

 

 

Figure 6. Cumulative rainfall during gestation and emergence weight in a) females and b) males. 
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Table 2. Predictors of emergence weight in banded mongooses (Model 2). Results from a GLMM 
with litter, pack and individual ID as random effects. Individual ID was added as a random effect to 
fix overdispersion (Harrison 2014). Rainfall was standardized by subtracting the mean and dividing 
by the standard deviation to improve model fit. 

 

 

Predictors of escorting index 

Emergence weight predicted the amount of care received in females (Table 3, β±s.e. = 0,117 ± 

0,056, Χ2= 4,393, p-value= 0,036). In males the amount of care received was affected by the 

interaction of emergence weight and rainfall (Table 3, β±s.e. = -0,152 ± 0,048, Χ2= 10,364, p-

value= 0,001, Fig. 7).  

 

 

Figure 7. The effect of emergence weight on escorting index with high and low rainfall during 
gestation in a) females and b) males. In males care increased with emergence weight particularly 
steeply during low rainfall. I did the analysis with a continuous variable, but divided rainfall into 
high and low in this plot for visualising purposes. The low and high rainfall are the 25% and 75% 
quantiles of the variable. 
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Table 3. Predictors of escorting index in male and female banded mongooses (Model 3). Results 
from a GLMM with litter and pack ID as random effects. Emergence weight and rainfall were 
standardized by subtracting the mean and dividing by the standard deviation to improve model fit. 

 

 

Predictors of maturity weight 

The LMM produced similar results to the GLMM, though the diagnostics plots in males still 

showed some potentially problematic patterns. I report the results of the GLMM despite this since 

some effects are statistically significant. Escorting index predicted maturity weight in males (Table 

4, β ± s.e. = 0,098± 0,043, Χ2= 4,968, p-value= 0,026, Fig. 8). Anogenital distance index also 

predicted maturity weight in males, but the effect was only significant on p <0,1 level (Table 4, β ± 

s.e. = 0,42± 0,236, Χ2= 3,086, p-value= 0,079, Fig. 9). However, the biological relevance of the 

effects may be small since the estimates of the significant variables are small (Table 4, escorting 

index β ± s.e. = 0,098± 0,043, anogenital distance β ± s.e. = 0,42± 0,236) and the effects are barely 

seen in the figures (Fig. 8 and 9). 

None of the variables predicted maturity weight in females, but when females were 

analysed again without escorting index to increase sample size, higher anogenital distance index 

predicted lighter weight at maturity (Table 5, β ± s.e. = -0,663 ± 0,277, Χ2= 5,513, p-value= 0,019, 

Fig. 9). Doing this increased the sample size from 69 to 101 (Table 4, Table 5). 
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Figure 8. Escorting index and maturity weight in a) females and b) males.  

 

 

Figure 9. Anogenital distance and maturity weight in a) females and b) males. 

 

Table 4. Predictors of weight at maturity in male and female banded mongooses (Model 4). 
Results from a GLMM with individual, litter and pack ID as random effects. Individual ID was added 
as random effect to fix overdispersion (Harrison 2014). Rainfall was standardized by subtracting 
the mean and dividing by the standard deviation to improve model fit. 
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Table 5. Predictors of maturity weight in female banded mongooses when escorting index was 
dropped from the analysis. Results of a GLMM with individual, litter and pack ID as random 
effects. Individual ID was added as random effect to fix overdispersion (Harrison 2014). Rainfall 
was standardized by subtracting the mean and dividing by the standard deviation to improve 
model fit. 

 

 

Predictors of an individual becoming a reproducer 

I failed to find a model that would fit my data, most likely due to small sample size and small 

number of individuals that reproduced compared to those that did not. In females, 31 individuals 

reproduced and 34 did not (sample size 65) whereas in males 24 individuals reproduced and 61 did 

not (sample size 85). I report the results despite problems in model fit, but the predictors of an 

individual becoming a reproducer should be studied with a larger dataset to confirm my results. 

 Higher maturity weight predicted an individual becoming a reproducer in both 

females and males (Table 6, females: β ± s.e. = 0,88 ± 0,487, Χ2= 4,847, p-value= 0,028, males: β ± 

s.e. = 1,26 ± 0,468, Χ2= 10,389, p-value= 0,001, Fig. 10.). A longer lifespan also predicted an 

individual becoming a reproducer in both females and males (Table 6, females: β ± s.e. = 1,878 ± 

0,819, Χ2= 14,016, p-value <0,001, males: β ± s.e. = 1,193 ± 0,369, Χ2= 20,874, p-value< 0,001, 

Fig. 11). 
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Figure 10. Maturity weight and whether the individual was a reproducer or not in a) females and 
b) males. 

 

Figure 11. Lifespan in years and whether the individual was a reproducer or not in a) females and 
b) males. 

 

Table 6. Predictors of an individual becoming a reproducer in banded mongooses. Results from a 
GLMM with litter ID as random effect. Pack ID was removed from the model due to singular fit 
issues. Maturity weight, rainfall and lifespan were standardized by subtracting the mean and 
dividing by the standard deviation to improve model fit. 
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Discussion 

 

As expected, the anogenital distance was affected by sex and males had longer anogenital distances 

than females. Additionally, more abundant resources during gestation had a positive effect on the 

anogenital distance in males, indicating that mothers are able to invest more into their offspring 

during better environmental conditions. In males the anogenital distance index correlated positively 

with emergence weight, suggesting that increased anogenital distance may lead to increased 

competitiveness and growth in the den. The anogenital distance also predicted maturity weight in 

both males and females. In males the effect was positive and in females it was negative. Therefore, 

this study offers evidence that the anogenital distance has both positive and negative sex-specific 

consequences on the fitness of banded mongooses. 

 

Anogenital distance predicts a cumulative advantage effect in males 

Males with a higher anogenital distance index were heavier both at emergence (Figure 5) and 

maturity (Figure 9). Higher emergence weight led to receiving more care (Figure 7), which in turn 

led to higher maturity weight (Figure 8). 

Prenatal androgen exposure may cause a cumulative advantage effect if it increases 

aggressiveness. More aggressive individuals may be better competitors and have access to more 

food and care, which leads to higher maturity weight and reproductive success (Vitikainen et al. 

2019). Based on previous studies, in females this effect most likely reflects additional prenatal 

androgen exposure. Despite the anogenital distance not necessarily being an indicator of additional 

prenatal androgen exposure in males, it is still connected to increased aggressiveness in male mice 

(Drickamer 1996). Therefore, the anogenital distance may be an indicator of competitive abilities 

and lead to a cumulative advantage in both sexes. 

This interpretation is supported by my results in males. Pups that are better 

competitors may be able to extract more care and food from adults during their first weeks, which 

would lead to them being heavier at emergence when they are approximately 30 days old. In 

addition to a higher emergence weight, a longer anogenital distance was also connected with higher 

maturity weight in males. This may be caused by direct benefits arising from increased 

competitiveness, such as having access to more food which leads to a higher growth rate. 
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The effects of anogenital distance on maturity weight may also be indirect. Anogenital 

distance did not predict the amount of care received directly, but it predicted emergence weight, 

which in turn predicted the amount of care received. Males that received more care were also 

heavier at maturity. The amount of care received predicted maturity weight also in a previous study 

(Vitikainen et al. 2019). These results give further support to the cumulative advantage hypothesis 

in males: a longer anogenital distance leads to long-term fitness benefits. 

This suggest that pups with a longer anogenital distance have a competitive advantage 

during their first weeks in the den, but not when the pups are competing for escorts. These pups still 

receive more care because a longer anogenital distance increases emergence weight and bigger pups 

receive more care. Pup mortality rate in the banded mongoose is as high as 0,7 (Otali & Gilchrist 

2004), so competition is very intense during the first weeks. Therefore, pups are expected to benefit 

from better competitive abilities especially during this period.  

 

The cumulative advantage effect is not supported in females 

In females the effect of anogenital distance on weight was the opposite: females with a higher 

anogenital distance index were lighter at maturity (Figure 9). My results do not therefore support 

the cumulative advantage mediated by prenatal androgen exposure in females, where the situation 

may be more complicated owing to potential adverse effects of androgens on female growth and 

development. 

Prenatal androgen exposure is known to decrease birth weight in rats (Hotchkiss et al. 

2007), but other previous studies do not suggest anogenital distance to directly correlate with 

weight or growth rate. Since banded mongoose pups cannot be weighed until they emerge from the 

den, their birth weight is unknown. However, anogenital distance did not affect emergence weight 

in females (Figure 5) so even if it decreases birth weight the effect is not likely to be permanent.  

A longer anogenital distance is known to delay the onset of puberty (Witham et al. 

2012). If prenatal androgen exposure causes delayed puberty in female banded mongooses, they 

may mature and grow slower, which would explain the decreased maturity weight. This could be 

addressed in a future study in the banded mongoose since the time of first oestrus is known for most 

females. 

There could also be costs to increased aggressiveness since fights are energy 

consuming and may increase predation risk. However, this would more likely affect survival than 
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growth, and future studies should assess the impact of prenatal androgen exposure on short and 

long-term survival of pups.  

 

Resource abundance predicts anogenital distance in males 

More abundant resources during gestation correlated with increased anogenital distance in males 

(Figure 4). This suggests that male pups that develop during better environmental conditions are 

more competitive. Higher rainfall during gestation was also connected with increased pup weight in 

a previous study (Nichols et al. 2012).  

My results do not therefore support the hypothesis that females would prepare their 

offspring for future competition by exposing them to androgens when there are more females 

present in the group, or when rainfall during gestation is low. Instead, females may be able to invest 

more into their offspring during better environmental conditions, leading to their male pups being 

more competitive. This and the result that a higher emergence weight is also predicted by more 

abundant resources (Figure 6) indicates that the cumulative advantage effect of anogenital distance 

in males is caused by favourable environmental conditions. 

 

Escorting has long-term benefits: support for previous studies 

My results are also in line with previous research done on the banded mongoose. The amount of 

care received was predicted by emergence weight in females (Figure 7), and by the interaction of 

emergence weight and rainfall in males (Figure 7). In a previous study the amount of care received 

was predicted by sex and emergence weight (Vitikainen et al. 2017). I did not compare the amount 

of care in males and females, but the effect of emergence weight on escorting index is similar.  

In males the effect of emergence weight on the amount of care received depends on 

resource abundance during gestation (Figure 7). Heavier pups receive more care, but this effect is 

stronger when rainfall during their foetal development is low. Therefore, heavier pups can benefit 

from being born during poor environmental conditions or small pups may do particularly badly 

when there is scarcity of resources. This is an example of how unfavourable early life 

environmental conditions may also increase the fitness of individuals through competition. 

Resource abundance during foetal development likely predicts resource abundance in early life. 

Pups born during wet seasons likely have access to more resources during early life than pups born 

during dry seasons. Therefore, during dry seasons the competition is more intense, and the 
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competitive advantage of heavier pups is emphasized (Hodge 2005). Females always benefit from a 

larger size, but males benefit from a larger size more when resources are scarce and there is more 

competition (Hodge 2005, Vitikainen 2019). 

Environmental conditions predict how much adults invest in helping behavior. Males 

babysit pups more when environmental conditions during previous year are more variable (Marshall 

et al. 2016). Males are more likely to escort pups than females (Gilchrist & Russell 2007), so males 

may also increase escorting behavior during more variable conditions. Male helpers are also more 

likely to escort male pups (Vitikainen et al. 2017). Therefore, the effect of environmental conditions 

and emergence weight on the amount of care received by male pups could also be explained by 

male adults increasing their helping behavior also during poorer environmental conditions and 

directing that effort more towards heavier male pups. 

Males that received more care were also heavier as adults (Figure 8). This result is 

similar to Vitikainen et al. (2019), but they also found this effect in females. Therefore, my results 

in females contradict with previous results by Vitikainen et al. (2019), possibly due to my smaller 

sample size.  

Individuals that were heavier at maturity (Figure 10) and had a longer lifespan (Figure 

11) were more likely to reproduce. Previous research has found that higher maturity weight leads to 

higher reproductive success in both males and females (Vitikainen et al. 2019). These long-term 

effects are important to study, but hard to measure especially in males which have such strong 

hierarchy that only a few males get to reproduce at all (Vitikainen et al. 2019). In a previous study 

most of the pups were assigned to the three oldest males of the group (Nichols et al. 2010), so even 

if a male reproduces it is unlikely to produce many pups. This is the problem I faced when 

analysing the predictors of an individual becoming a reproducer. Due to my small sample size and 

the high reproductive skew especially in males (less than one third of the males reproduced whereas 

half of the females reproduced), I was unable to find a model that would fit my data. Even though 

my results are in line with previous research (Vitikainen et al., 2019), they should be confirmed 

with a larger dataset. In conclusion, studying the long-term effects of early life conditions and 

development requires a larger dataset than what was available for this study.  

 

Possible sources of error that could affect the results 

There was a 5,8 % measurement error in the anogenital distance, which could lead to some 

significant effects not being found. Measurement accuracy can be improved by practice and training 
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(Yezerinac et al. 1992). In a long-term study on yellow-bellied marmots, the measurement error of 

anogenital distance is reduced by intensive training of new field assistants (Fouqueray et al. 2014). 

Since I measured all images myself, the measurement error may be caused by not having much 

practice before starting the measuring. Additionally, the images are taken while the animal is 

anaesthetized and even though the assistants are trained there are differences in the angles from 

where the image is taken, lighting and how the field assistant is holding the pup for example, all of 

which affect the sample size and accuracy of measurements and may obscure true patterns by 

increasing random variation in the data. 

In addition to measurement errors, the patterns predicted by the models may not 

reflect true patterns since some variance affecting the response variables may not be included the 

statistical models. For example, emergence weight is predicted by the weight (Hodge 2009) and 

social rank of the mother (Nichols et al. 2012). I was not able to include pedigree data in this study, 

so the mothers of the pups are not identified in the dataset I used. 

 

Suggestions for additional research 

The results of this study suggest that prenatal androgen exposure has both positive and negative 

impacts on the fitness of banded mongooses and that these impacts are sex specific. To further 

study these effects, it is important to confirm the connection between prenatal androgen exposure 

and anogenital distance especially in males. This would require measuring the actual testosterone 

levels of the pups, for example from hair or faeces samples, and comparing them to their anogenital 

distances. 

Additionally, the actual effects of prenatal androgen exposure on the behavior of 

banded mongoose pups should be studied. The pups fight aggressively for the care of adults when 

the escorting relationships are forming, and these confrontations could be used to study the 

aggressiveness of the pups in relation to their anogenital distance, to test the hypothesis that 

increased androgen exposure increases aggression and competitiveness. The costs of prenatal 

androgen exposure in females I discovered in this study should also be studied further by looking at 

the possible effects of prenatal androgen exposure on puberty, fertility and rate of reproduction with 

a larger dataset. 

The effects of anogenital distance are also likely to be different depending on the 

competitive environment. It is known that heavier pups are better competitors, but the effect is only 

seen when resources are scarce, and competition is more intense (Hodge 2005). Therefore, the 
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effects of anogenital distance may depend on for example resource availability and group size. This 

should be considered in future studies by including measurements of current and not only prenatal 

environmental conditions and group size.  

In order to understand the sources of prenatal androgen exposure, the roles of maternal 

effects and intrauterine position should also be studied. My results do not exclude the possibility of 

maternal effects affecting prenatal androgen exposure in the banded mongoose. Fouqueray et al. 

(2014) studied the sources of variation in anogenital distance in yellow-bellied marmots with the 

help of an extensive pedigree. However, they state that it was difficult to isolate additive genetic 

and maternal genetic effects despite having data from over a decade (Fouqueray et al. 2014). Still, 

studying the source of the variation may help with identifying potential predictors for future studies. 

A 9-generation deep pedigree is also available in the banded mongoose study system and future 

study should look into identifying mothers, to look at specific influences of maternal weight and 

dominance, as well as the effects of sharing the womb with male or female siblings. 

Additional prenatal androgen exposure also happens due to the intrauterine position 

effect where individuals are exposed to hormones of their littermates. However, the intrauterine 

position is difficult to study in natural populations, especially in a species like the banded mongoose 

where the births are synchronized and happen in an underground den. Litter sex ratio has been 

successfully used as a predictor of prenatal androgen exposure instead of intrauterine position in 

yellow-bellied marmots (Monclús & Blumstein 2012). Litter sex ratio is also predicted by the 

anogenital distance of the mother (Szenczi et al. 2013; Seyfang et al. 2018). Determining litter sex 

ratio in banded mongooses is possible through ultrasound scans, which are done regularly during 

captures to for example confirm pregnancies. Litter sex ratio could also be determined with the 

pedigree data in litters where all pups survived until they were genotyped. Therefore, litter sex ratio 

is another possible indicator of prenatal androgen exposure, but it only predicts exposure from 

littermates. 

 

Conclusions 

I studied the effects of additional prenatal androgen exposure on weight and life-history in banded 

mongooses and found sex-specific fitness consequences. In males a longer anogenital distance 

likely correlates with competitiveness and leads to a long-term cumulative advantage effect. In 

females a longer anogenital distance predicted lighter maturity weight but had no effect in early life. 

In order to better understand the mechanisms behind the costs, further study focusing on the 
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consequences of additional prenatal androgen exposure on the morphology and behavior, as well as 

the sources of prenatal androgen exposure in banded mongooses is needed. 

Prenatal androgen exposure affects the development and reproduction of many 

mammal species. These effects may arise from additional androgen exposure, leading to 

masculinized phenotypes in females (Vandenbergh 2003) and in some cases also males (Clark et al. 

1990). These effects may also arise from endocrine disruptors blocking the effects of androgen and 

leading to feminized phenotypes in males (Thankamony et al. 2016) and females (Brehm et al. 

2018). The anogenital distance is a non-invasive and easily implemented method of studying the 

effects of additional androgens and endocrine disruptors in mammals. 
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