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Human mating and reproductive behaviour can vary depending on various

mechanisms, including the local sex ratio. Previous research shows that as

sex ratios become female-biased, women from economically deprived

areas are less likely to delay reproductive opportunities to wait for a high-

investing mate but instead begin their reproductive careers sooner. Here,

we show that the local sex ratio also has an impact on female fertility sche-

dules. At young ages, a female-biased ratio is associated with higher birth

rates in the poorest areas, whereas the opposite is true for the richest

areas. At older ages, a female-biased ratio is associated with higher birth

rates in the richest, but not the poorest areas. These patterns suggest that

female–female competition encourages poorer women to adopt a fast life-

history strategy and give birth early, and richer women to adopt a slow

life-history strategy and delay reproduction.
1. Introduction
Humans exhibit considerable within-species variation in reproductive behav-

iour. One well-established finding is that high-mortality, harsh environments

favour early reproduction [1]. Yet, research on many species has demonstrated

that the operational sex ratio (OSR) affects the relative importance of reproduc-

tive behaviours, such as mate choice and sexual competition, which can have a

knock-on effect to actual fertility scheduling. OSR is the ratio of sexually active

males to sexually receptive females [2], and in both animal and human popu-

lations the scarcer sex becomes in demand and has greater influence on

subsequent behaviour [3,4].

In humans, male-biased populations have been associated with higher

crime rates, perhaps indicating increased male–male competition [5]. Further-

more, where there is a male-biased ratio, women’s mate preferences become

more selective resulting in the limited marital success of low socioeconomic

status men [6]. By contrast, societies with female-biased ratios favour male-

mating preferences. For example, female-biased populations across cultures

tend to have higher marital instability as demonstrated by increased divorce

rates and lower remarriage rates [7]. In addition, female-biased OSRs increased

non-marital reproduction amongst females living in deprived areas as they

failed to attract high-investing spouses and began to reproduce at younger

ages [8]. There is also evidence that a female-biased ratio lowers women’s

expectations of the opposite sex. This has been shown experimentally where

women’s expectations of the amount of money men will spend on them

when dating is lowered when there are fewer men available [9].

In this study, we aim to shift the discussion from mate market dynamics to

fertility scheduling by examining the effect of OSRs on birth rates between neigh-

bourhoods in England. Birth rates can serve as another important indicator of

intrasexual competition, as females may adjust their reproductive timing based

on the relative number of potential mates in their local environment. Further-

more, women’s responses to female-biased OSRs are likely to differ based on

their socioeconomic status and position on the life-history continuum.
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Women of high socioeconomic status with slow life-

history characteristics may respond to environmental stressors

by moving further towards the slow end of the life-history

continuum and delaying reproduction [10]. Conversely,

low socioeconomic status women with fast life-history strat-

egies may seek to have children sooner in response to the

same environmental conditions. Therefore, low socioeconomic

status women in female-biased neighbourhoods may begin

reproducing earlier in a bid to maximize their fitness by

strategically adopting fast life-history characteristics rather

than delaying reproduction in the hope of attracting a high-

investing mate and investing in offspring quality. We predict

that (i) in the most deprived UK neighbourhoods, birth rates

at young ages will be higher when the OSR is female biased

and (ii) in the least deprived neighbourhoods, birth rates at

older ages will be higher when the OSR is female biased.
0027
2. Material and methods
We focused on England, where economic inequality is high

relative to other developed nations and material conditions

between neighbourhoods can vary markedly within the

space of a few kilometres, particularly in urban areas. We

conducted our analysis at ward level as wards are the pri-

mary unit of British administrative geography and the

smallest area of geography for which the Office for National

Statistics (ONS) releases data on birth rates.

There are a total of 7933 Census Area Statistical wards in

England, which were used for the 2001 census outputs. As

wards can vary in both geographical and population size

we retained 5223 urban wards for analysis. We focused on

urban wards because in rural areas wards can be sparsely

populated which might result in less intrasexual competition.

Furthermore, owing to greater distances in rural areas, indi-

viduals must travel to reach their workplaces or to socialize

with friends and family; individuals may be more mobile

and may leave their local area more frequently. Hence the

sex ratio that affects their behaviour may not be because of

the ward itself. Wards are defined as urban if they belong

to a metropolitan area whose population is greater than

10 000 (mean population ¼ 7984, s.d. ¼ 4342) [11].

Data on live births, by ward and mother’s age, were

released as the rate of live births per 1000 female population

in aggregate 3 year bands [12]. Data were taken for the years

2005–2007, and mothers’ ages were aggregated into quintiles

from 15–19 years to 35–39 years. Strict password protection

arrangements prevent individuals being identified. Wards

with fewer than five conceptions were suppressed to further

protect individuals from identification, leaving 2876 wards.

We calculated the OSR for each ward as the ratio of males

to females between 15 and 50 years of age living in a particu-

lar ward [13]. OSRs greater than one indicate a male bias.

Population figures were taken from the Mid Year Popula-

tion Estimate released by the ONS for 2007 (mean ¼ 1.00,

s.d. ¼ 0.84) [14]. The range for OSRs in the most deprived

50 per cent of urban wards was 0.74–1.71 (s.d. ¼ 0.97), and

in the least deprived 50 per cent of urban wards 0.68–1.79

(s.d. ¼ 1.10). These figures include individuals normally resi-

dent in a ward, including prisoners, boarding school students

and armed forces personnel, meaning that some such wards

with small populations were heavily male-biased (OSRs .
1.4). Exclusions of these wards from the analysis do not alter

the statistical significance of the model.

To measure ward-level deprivation, we used the Index of

Multiple Deprivation (IMD) for 2007 [15]. The IMD is a com-

posite index of socioeconomic hardship that includes income,

employment, health, education, housing and access to ser-

vices. Higher scores indicate more-deprived areas; scores

range from 1.44 to 79.18 (mean ¼ 23.80, s.d. ¼ 13.83).

Using R [16], we created generalized linear models fitted

by the Laplace approximation [17] with OSR, IMD and age as

fixed variables and birth rate as the response variable, treated

as a proportion and analysed with logistic regression. We ran

individual models for live births at each age category to

determine the direction of effects of OSR, IMD and their

interaction at separate birth rate quintiles.
3. Results
Up to the age of 29, increased deprivation was associated

with a higher birth rate, whereas after the age of 29,

decreased deprivation was associated with a higher birth

rate; these results suggest that poorer women gave birth at

young ages, whereas wealthier women delayed reproduction

until they were older. In general, female-biased OSRs were

associated with higher birth rates, although for two out of

five age categories this effect was not significant. The inter-

action between OSR and IMD was significant at each age

category accept for ages 25–29. Under the age of 25,

female-biased OSRs were associated with higher birth rates

in deprived areas, but lower birth rates in less-deprived

areas. After the age of 29, this pattern reversed, and female-

biased OSRs were associated with higher birth rates in less-

deprived areas, and lower birth rates in more-deprived

areas, supporting both predictions (table 1).

To display the shift in the direction of the interaction

effect after age 25, we present the regression line for birth

rates by age quintile plotted against OSR for socioeconomic

status terciles in figure 1.
4. Discussion
We show that in addition to the well-established effect of

deprivation, OSR also predicts the birth rate. Furthermore,

female-biased OSRs predict early reproduction in the most

deprived wards. This effect reverses at older ages, such that

from the age of 30 it is in the least deprived wards where

female-biased OSRs predict higher birth rates. Each variable

only explained a small amount of the variance in overall

birth rate, but this is not surprising given that the decision

to have children is complex, with many different factors con-

tributing to birth rates [18]. Furthermore, the effect size of

OSR is at similar levels to effects of deprivation which is a

well-established antecedent of age of first birth. These find-

ings are consistent with Pedersen’s [4] prediction that

individuals will adjust their behaviour as a result of same

sex competition induced by differences in the sex ratio. Our

interpretation of the findings is that as the chance of attracting

a high-investing partner is reduced in female-biased wards,

perhaps owing to increased female–female competition,

women from deprived areas calibrate towards the fast end

of the life-history continuum. Thus, they begin to reproduce

earlier, boosting early reproduction in these areas. By contrast,



Table 1. Parameter estimates with effect sizes for birth rate by age quintile. (Data presented from five generalized linear models.)

parameter estimate s.e. p-value partial h2

model 1: 15 – 19 birth rate intercept 24.879 0.083 ,0.001

OSR 20.069 0.083 n.s. 0

IMD 0.038 0.002 ,0.001 0.018

OSR � IMD 20.006 0.002 ,0.05 0.006

model 2: 20 – 24 birth rate intercept 23.257 0.049 ,0.001

OSR 20.179 0.049 ,0.001 0.011

IMD 0.034 0.002 ,0.001 0.002

OSR � IMD 20.020 0.002 ,0.001 0

model 3: 25 – 29 birth rate intercept 22.388 0.043 ,0.001

OSR 20.502 0.043 ,0.001 0.028

IMD 0.004 0.002 ,0.01 0.005

OSR � IMD 20.002 0.002 n.s. 0.009

model 4: 30 – 34 birth rate intercept 22.226 0.042 ,0.001

OSR 20.438 0.042 ,0.001 0.014

IMD 20.024 0.002 ,0.001 0.018

OSR � IMD 0.015 0.002 ,0.001 0.013

model 5: 35 – 39 birth rate intercept 23.265 0.054 ,0.001

OSR 20.027 0.053 n.s. 0.003

IMD 20.027 0.002 ,0.001 0.002

OSR � IMD 0.018 0.002 ,0.001 0.001
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Figure 1. Birth rates plotted against OSR. Logistic regression lines (solid line, high; dotted line, intermediate; dashed line, low) are presented for each socioeconomic
status terciles, and the data points have been removed for clarity. Significant interactions are marked with an asterisk.
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women from less-deprived areas with slow life-history charac-

teristics adopt the opposite strategies in response to female-

biased OSRs and delay reproduction [10]. We suggest, there-

fore, that the interaction between ward-level deprivation and

OSR is vital to understand individual adjustments to fertility

schedules. Given the geographical scale of wards, we must
consider the psychological and biological reality of such

neighbourhood divisions. Previous research has highlighted

the importance that subjective experiences of local neighbour-

hoods play in predicting teenage pregnancy, even compared

with environmental predictors such as ward IMD [19].

Wards are local ecologies which individuals can monitor for
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perceived environmental risks and perhaps the supply of one

sex to the other which may be related to reproductive behav-

iour accounting for our results. Wards might be especially

salient for those from the low end of the socioeconomic gradi-

ent owing to lower geographical mobility, as reduced car

ownership and greater unemployment may mean individuals

are less likely to travel beyond their local neighbourhoods,

making the environment of their ward particularly important.

To our knowledge, this is the first time that the effect of

the OSR on human birth rates has been shown in a national

sample in a developed country at the level of small geo-

graphical areas, that is, wards. This study adds to the
growing evidence that the ratio of sexually active and com-

peting males to females explains various aspects of male

and female behaviour. In principle, this study demonstrates

that an oversupply of females within a local economically

deprived environment leads young women to adjust their

strategies for reproductive success by beginning their repro-

ductive careers earlier and thus predicts an increase in the

rate of teenage pregnancy within that environment.
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