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Abstract �ere is growing evidence that skewed sex ratios at birth may be in�uenced 
by maternal condition around the moment of conception. During 7 years, we 
monitored 11 groups of black howler monkeys (Alouatta pigra) comprising 45 
adult females, and analyzed whether o�–spring sex was related to maternal 
condition around conception measured as: 1) the amount of ingested fruit; 2) 
the occurrence of lactation; 3) the sex of the previous infant; 4) the survival of 
the previous infant; 5) habitat quality. �e probability to produce a son was 
higher for females that were not lactating around conception. However, this 
e�ect was probably determined by a positive relationship between male infant 
mortality and the conception of sons. Our results call for research on the 
physiological mechanisms underlying these patterns to better understand the 
adaptive signi�cance of sex allocation in black howler monkeys.

Resumen La condición materna determina el sexo de los infantes en monos aulla-
dores negros (Alouatta pigra) en México

 La evidencia de que el sesgo en la proporción sexual de las crías parece relacio-
narse con la variación en la condición física de las hembras cerca del momen-
to de la concepción es cada vez más contundente. Durante 7 años, monitorea-
mos 11 grupos de monos aulladores negros (Alouatta pigra) y un total de 45 
hembras adultas, para determinar si el sexo de sus crías estaba relacionado con 
su condición al momento de la concepción medida como: 1) la cantidad de 
fruta ingerida; 2) la ocurrencia de lactancia; 3) el sexo de la cría anterior; 4) la 
supervivencia de la cría anterior; 5) la calidad del hábitat. La probabilidad de 
producir un hijo fue mayor en hembras que no estaban lactando al momento 
de la concepción. Sin embargo, este efecto fue probablemente determinado 
por una relación positiva entre la mortalidad de las crías macho y la concep-
ción de machos. Necesitamos investigar los mecanismos �siológicos subya-
centes a estos resultados para comprender el valor adaptativo de la variación 
en la determinación del sexo en los monos aulladores negros.
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I N T R O D U C T I O N

bison: Rutberg 1986), and sex of preceding o�spring 
(bighorn sheep: Hogg et al. 1992).

Biased sex ratios at birth have been observed in sev-
eral monotocus primate species. Most studies of sex allo-
cation in primates have used female dominance rank as a 
proxy to maternal condition, based on evidence that 
dominant females have priority of access to resources 
(Silk & Brown 2004), which should grant them better 
body condition compared to more subordinate females. 
At the species level, variation in female dominance rank 
has been found to explain di�erences in the number of 
male and female progeny in some studies, but overall 
there is no consistent relationship between dominance 
rank and o�spring sex (Schino 2004; Silk et al. 2005). 
�is inconsistency may be due to the use of an inaccurate 
measure of female condition (e.g., dominance rank does 
not always correlate positively with body condition: Dit-
tus 1998) or to reduced statistical power in most studies 
(Schino 2004). Only three studies have used direct mea-
sures of female condition around conception. In toque 
macaques (Macaca sinica) mothers with higher body 
weight have more sons, whereas those in moderate condi-
tion give birth to more daughters, but both e�ects are 
expressed most strongly among mothers of high rank 
(Dittus 1998). In contrast, infant sex in olive baboons is 
not related to maternal condition or maternal dominance 
rank (Silk & Strum 2007); and fatter rhesus macaque 
(Macaca mulatta) females do not give birth to infants of a 
particular sex (Berman 1988). �ese three species have 
polygynous mating systems, female philopatry, and 
matrilineal social relationships, which are biological traits 
that have been used to explain variation in sex allocation 
in mammals (Trivers & Willard 1973; Clark 1978; Silk 
1983). �us, as predicted by evolutionary theory (Trivers 
& Willard 1973), covariance between sex ratios at birth 
and maternal condition would be expected to occur. 
�erefore, there is also inconsistency among the results of 
studies that have used direct measures of maternal condi-
tion, highlighting the importance of further exploration 
of interindividual variation in birth sex ratios in primates.

We have previously reported a 2:1 male to female 
sex ratio at birth in a population of black howler mon-
keys (Alouatta pigra: Dias et al. 2015), a proportion that 
di�ers signi�cantly from unity (Binomial probability 
test, P = 0.002, N = 96 births). �e aim of the present 

Why do some animal species have skewed sex ra-
tios at birth? �is question has been the focus of abun-
dant research, and sex allocation theory continues to 
be an important topic in behavioral ecology (Cameron 
2004; Silk & Brown 2004). Whereas the ultimate evo-
lutionary signi�cance of sex ratios that deviate from 
unity is still disputed, there is consensus over the im-
portance of understanding variation in sex ratios, as 
sex ratios in�uence many dimensions of animal repro-
ductive strategies, behavior and demography (Clutton-
Brock & Iason 1986; West & Sheldon 2002; Silk & 
Brown 2004).

Attention has recently been drawn to the study of 
proximate explanations for sex ratios at birth, resulting 
in growing evidence that the physiological mechanism 
for sex determination is linked to the maternal condi-
tion around the time of conception: variation in intra-
uterine glucose levels (Cameron 2004), �uctuation in 
hormone levels (James 2008), and asynchrony in em-
bryo development (Krackow 1995), which are related to 
maternal condition, explain variation in infant sex at 
birth in several species. For instance, in tammar walla-
bies (Macropus eugenii), high access to food resources 
causes increased glucose levels in females, which in 
turn favors the production of daughters (Schwanz & 
Robert 2014). In several bird species, elevated levels of 
circulating glucocorticoids also skew sex ratios at birth 
in favor of females (e.g., Japanese quails, Coturnix ja-
ponica: Love et al. 2005; white-crowned sparrows, 
Zonotrichia leucophrys: Bonier et al. 2007). Despite 
such progress, most studies about sex determination in 
wild mammals still rely on indirect measures of mater-
nal condition around the time of conception, as it re-
mains di�cult to monitor female reproductive physiol-
ogy non-invasively, and long-term datasets are required 
to perform empirical tests of proximate or ultimate hy-
pothesis of sex bias in long-lived animals. Examples of 
indirect measures of maternal condition include rain-
fall (red deer, Cervus elaphus: Kruuk et al. 1999; black 
rhinoceros: Diceros bicornis minor: Law et al. 2014), 
dominance rank (primates: van Schaik & Hrdy 1991; 
Schino 2004), age (olive baboons, Papio anubis: Packer 
et al. 2000; ungulates: Saltz 2001; bighorn sheep, Ovis 
canadensis: Martin & Festa-Bianchet 2011), lactation 
around the time of conception (American bisons, Bison 
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study was to determine which factors could explain this 
skew. In this population, black howler monkeys live in 
groups of two to 13 individuals, including one to four 
adult males and one to four adult females, with an adult 
sex ratio that varies from 0.5 to 4 females per male (Dias 
et al. 2015). In this species no clear dominance hierar-
chies can be discerned among females and among males, 
although usually one male monopolizes reproduction 
(Van Belle et al. 2008, 2011). Both sexes leave their natal 
groups, and secondary dispersal has been also observed 
(Van Belle et al. 2009a; Dias et al. 2015). Mean lactation 
length is 14 months (Dias et al. 2011) and interbirth 
interval is 16 months (Dias et al. 2015, 2016). As gesta-
tion length is six months (Van Belle et al. 2009b) fe-
males may conceive while still lactating her about 
10-month-old infant. Births are clustered in the wet sea-
son (71.9% of all births), indicating that conceptions are 
more frequent in the dry season, when the availability of 
energy-rich foods is lower (Scha�ner et al. 2012).

�e aim of the present study was to determine if 
o�spring sex depended on maternal condition around 
conception in black howler monkeys. Maternal condi-
tion should be a function of both the investment in de-
pendent o�spring and the availability of resources for 
reproduction around conception. We assumed that the 
production and rearing of infant males is costlier than 

that of infant females because in black howler monkeys 
the body mass of adult males is 22-41% greater than 
that of females (Kelaita et al. 2011), and adult body size 
is reached at 5 yr by males and 4 yr by females (Kitchen 
2000). Furthermore, in other howler monkey species, 
male weight gain during the �rst year of life is faster 
than in females (Froehlich et al. 1981; Leigh 1994). 
�erefore, as documented for other mammals (Gomen-
dio et al. 1990), energetic investment in rearing male 
infants should be higher. We therefore expected that fe-
males in better condition would produce males, and the 
probability of conceiving a male would be higher when 
females had no dependent infants (i.e., were not lactat-
ing), when the previous infant was a female (i.e., lower 
energetic investment in rearing), and when the con-
sumption of high-quality food resources was higher 
(fruits: Behie & Pavelka 2015). Howler monkeys cur-
rently live under very contrasting ecological conditions 
as a consequence of anthropogenic habitat disturbance 
(Arroyo-Rodríguez & Dias 2010). Habitat attributes 
could a�ect female behavior and physiology through a 
number of mechanisms, including variation in disease 
risk or stress levels (Rangel-Negrín et al. 2014; Canales-
Espinosa et al. 2015). �erefore, we also explored the 
possibility that habitat quality indirectly a�ected sex de-
termination in black howler monkeys.

M E T H O D S

Ethical note

Our research protocols complied with the Mexican 
legal requirements and were approved by permits ap-
proved by SEMARNAT/SGPA/DGVS/01273/06 and 
SEMARNAT/SGPA/DGVS/04949/07.

Study area and subjects

�e study was conducted in the State of Campeche, 
Mexico. From February 2006 to February 2012 we stud-
ied 11 groups of black howler monkeys in 11 di�erent for-
est fragments (Dias et al. 2014, 2015; Figure 1). Each year, 
each group was sampled at least twice in each climatic 
season (i.e. dry and rainy season). One group could only 
be sampled from 2006 to 2010, because the forest frag-
ment in which it lived was logged. Demographic sampling 

during each season encompassed a mean (±SD) of 67 (± 
5.4) days (range = 57-73 days). We accumulated a total of 
10,083 sampling days, with a mean (±SD) of 918.5 (± 
125.3) sampling days per group. All monkeys were indi-
vidually recognizable by researchers via ankle bracelets or 
their natural anatomical and physiognomic characteris-
tics, such as body size and proportions, scars, broken �n-
gers, and genital morphology and pigmentation.

Each time a newborn was observed, its sex was re-
corded. �e contrast of the white scrotum of male in-
fants against their black pelage allows for the easy dis-
crimination of sex from the moment of birth. Because 
infants (i.e. individuals < 12 months) are highly depen-
dent on their mothers and cannot survive alone, when 
an infant could not be located for more than two sam-
pling days, but the mother was still in the group, we 
considered that it died.
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Dietary data

Dietary data was collected for each adult female 
(N = 45) in each group as described by Dias et al. (2011, 
2014). Brie�y, each female was observed during 1-hr 
focal samples, in which the duration of feeding epi-
sodes was recorded. Time spent feeding from fruits was 
multiplied by feeding rates to obtain an estimation of 
the amount of ingested fruit (in grams) as described in 
Dias et al. (2014). From these data, we calculated per-
centages of ingested fruit weight per female per sam-
pling month. Mean (± SD) monthly sampling time per 
female was 3.2±5.8 h.

Characterization of habitat quality

It has been previously proposed that habitat quali-
ty for howler monkeys is a function of the availability of 
habitat (both at a forest fragment and at a landscape 
scale), large trees, and plant species; and of population 
density (e.g., Arroyo-Rodríguez & Dias 2010; Arroyo-
Rodríguez et al. 2013; Dias et al. 2014, 2015). Based on 
the methods described by Dias et al. (2013, 2014, 2015) 
we calculated these attributes for the fragment in which 
each sampled group lived (Table 1). With the resulting 
data we performed a cluster analysis to identify similari-
ties among groups in the quality of their habitats. Two 
main clusters of quality of the habitat where the sampled 

groups lived were identi�ed (Figure 2), which di�ered 
signi�cantly in terms of fragment size (one-way ANO-
VA F1,9 = 16.7, P = 0.002), amount of habitat in sur-
rounding landscape (F1,9 = 54.4, P < 0.001), basal area of 
trees (F1,9 = 22.3, P = 0.001), plant species richness (F1,9 
= 7.1, P = 0.026), and population density (F1,9 = 6.7, P = 
0.029). �erefore, in high-quality fragments the avail-
ability of habitat, large trees and plant species was high-
er than in low-quality fragments, whereas population 
density was lower.

Statistical analysis

Given that gestation in black howler monkeys 
lasts ca. 184 days (Van Belle et al. 2009b), for each 
recorded birth we quantified the percentage of in-
gested fruit in the diet of each female and the occur-
rence of lactation (assessed through the observation 
of nipple contact: Rijt-Plooij & Plooij 1987) on the 
seventh month before birth date to characterize ma-
ternal state around conception. We additionally re-
corded the sex of the previous infant and whether it 
survived, and the quality of the fragment in which 
mothers lived. We performed generalized linear 
mixed models (GLMM) to explore relationships be-
tween predictive variables (Rabe-Hesketh et al. 
2005). For categorical variables, such as the occur-
rence of lactation around conception or sex of previ-

Figure 1. Location of the 11 groups of black howler monkeys studied in the state of Campeche, Mexico. Groups: 1 = AA Álamo; 
2 = Chicbul; 3 = Manantiales; 4 = Oxcabal; 5 = R Álamo; 6 = Calakmul N; 7 = Calakmul S; 8 = Calaxchil; 9 = T61 Calax; 
10 = Tormento N; 11 = Tomento S. 
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ous infant, we used GLMM with 
a binomial error structure and 
logit‐link function. The percent-
age of ingested fruit in the diet of 
each female around conception 
was arcsine‐square‐root trans-
formed and analyzed with Gauss-
ian error structure and identity 
link function. We diagnosed mod-
el validity through distribution of 
residuals and quantile-quantile 
plots to verify normality and re-
siduals plotted against predicted 
values to assess homogeneity.

For modeling predictors of 
infant sex we used GLMM with a 
binomial error structure and logit‐
link function, with infant sex as a 
binomial response variable (i.e., male/female) and the 
following predictive variables: 1) percentage of ingest-
ed fruit in the diet of each female around conception; 
2) occurrence of lactation around conception; 3) sex of 

the previous infant; 4) survival of previous infant; 5) 
habitat quality. To assess collinearity among predictive 
variables we used the ‘perturb’ package (Hendrickx 
2015) in R (R Development Core Team 2016). We 

Figure 2. Similarity among habitats in attributes that define habitat quality for black howler mon-
keys in Campeche, Mexico, studied between 2006 and 2012.

Table 1. Attributes of the fragments occupied by 11 black howler monkey groups in Campeche, Mexico, studied between 
2006 and 2012

Group Fragment size (ha)a Amount of habitat 
in surrounding 

landscape (ha)b

Sum of basal 
areas of trees 

(cm)c

Plant species 
richness c

Population 
density (ind/km2)d

Low-quality fragments

AA Álamo 35.3 193.1 1,334.8 17 52.1

Chicbule 5 33.7 1,436.2 16 120.0

Manantiales 50 268.5 1,626.1 22 28.0

Oxcabal 7 52.6 1,436.2 5 62.6

R Álamo 96 161.2 1,656.2 25 3.5

Mean (±SE) 38.7±16.7 141.8±44 1,497.9±61.5 17.0±3.4 53.2±19.6

High-quality fragments

Calakmul N 51,503 1,190.8 3,003.9 22 5.3

Calakmul S 140,000 1,200 3,353.7 33 6.3

Calaxchil 3,000 985.6 2,577.9 24 1.9

T61Calax 300 540.1 2,237.9 25 2.5

Tormento N 600 1,017.4 1,920.8 26 10.1

Tormento S 800 1,097.5 2,650.4 29 15.9

Mean (±SE) 32,700.5±22,983.1 1,005.2±99.6 2,624.1±210 26.5±1.6 7±2.2

a This variable was log-transformed before analysis.
b Measured in 1,200 ha landscapes (Rangel-Negrín et al. 2014).
c Determined through ten 50 x 2 m linear transects inside each group’s home range (Gentry 1982).
d Calculated through direct counts of individuals in each fragment (Dias et al. 2013).
e This group was only sampled from 2006 to 2010.
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found that sex and survival of the previous infant had 
signi�cant e�ects on parameter estimations of other 
predictors, so they were excluded from the �nal model. 
Female identity was included as a random factor in all 

GLMMs to account for repeated observations of fe-
males contributing more than one birth to the data set. 
GLMMs were performed with SPSS 20.0 (SPSS Inc., 
Chicago, Illinois, USA).

R E S U LT S

We recorded a total of 76 births for which moth-
ers were observed in the putative conception month. 
Females had a frugivorous diet at conception (mean ± 
SD = 61.2 ± 13.4% of fruit in overall diet), with 58% 
of conceptions being associated with diets including 
50-70% of fruit. Females were usually not lactating 
(72.4% of births) around conception. For 77.1% of 
births that were analyzed, the previous infant was a 
male and 48.7% of previous infants were dead by con-
ception time. �e sex of the previous infant signi�-
cantly predicted its survival (F1,74 = 13.3, P < 0.001) 
and the occurrence of lactation at conception (F1,74 = 
10.1, P = 0.002). Speci�cally, when the previous infant 
was a male, the probability that it survived was lower 
than when it was a female and mothers were not usu-
ally lactating around conception (Table 2).

We recorded 49 births in high-quality fragments 
and 27 in low-quality fragments. In high-quality frag-
ments the proportion of fruit in the diet of females 
around conception was signi�cantly higher than in low-

quality fragments (F1,74 = 6.3, P = 0.014). When com-
pared with high-quality fragments, in low-quality frag-
ments there was a signi�cantly lower proportion of 
births associated with lactation around conception (F1,74 
= 5.9, P = 0.017), a lower proportion of previous infant 
survival (F1,74 = 7.4, P = 0.008), and a higher proportion 
of males born (F1,74 = 5.6, P = 0.020) (Table 3).

Predictors of sex at birth

From the 76 births that were analyzed 57 corre-
sponded to male births, which represented 75% of all 
births. Variation in the sex of infants was signi�cantly 
explained by our model (Z4,76 = 31.4, P < 0.001; per-
centage of cases correctly predicted = 84.2%), although 
only the occurrence of lactation around conception 
had a signi�cant e�ect. Speci�cally, male births were 
signi�cantly more likely when mothers were not lactat-
ing at conception (GLMM estimate = -3.22, F = 18.7, 
P <0.001).

D I S C U S S I O N

Maternal condition has been associated to o�-
spring sex determination through a number of proxi-
mate mechanisms, including variation in uterine glu-
cose levels, hormone levels, and sex biased embryo 
development (Krackow 1995; Cameron 2004; James 
2008). We could not test these mechanisms in this 
study, but using indirect measures of maternal condi-
tion, we found support for the hypothesis that mater-
nal condition around conception a�ects o�spring sex 
determination in black howler monkeys. Our model 
indicated that the probability to conceive a male in-
fant increased when females were not lactating 
around conception.

Lactation a�ects ovarian function. During lacta-
tion maternal energy is consistently diverted from repro-
duction to milk production, resulting on a negative en-

ergy balance which leads to lactational amenorrhea 
(Gittleman & �ompson 1988; Valeggia & Ellison 
2004). Dependency of infants from maternal nursing 
correlates negatively with energy balance, such that en-
ergy balance shifts progressively towards a positive state 
as infants start complementing their diet with solid 
foods, allowing for the resumption of ovarian activity 
(Emery �ompson 2013a). �e duration of lactational 
amenorrhea is highly variable both within and among 
individuals (e.g., humans: Wood 1994; chimpanzees, 
Pan troglodytes: Emery �ompson 2013b), but there is 
evidence that infant sex a�ects maternal investment in 
nursing. For instance, the nutritional value of milk (red 
deer: Landete-Castillejos et al. 2005; rhesus macaques: 
Hinde 2007; tammar wallaby: Robert & Braun 2012) 
and the duration of the lactation period (chimpanzees: 
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Fahy et al. 2014) may vary between sexes. Such di�eren-
tial investment should a�ect maternal energy balance, 
the timing of ovarian function resumption, and mater-
nal condition around conception. Based on sex di�er-
ences in maturation and adult body size (Froehlich et al. 
1981; Leigh 1994; Kitchen 2000; Kelaita et al. 2011), we 
assumed that the production of male black howler mon-
keys was costlier than that of females, and therefore the 
probabilities of conceiving a male should increase with 
increasing maternal condition. Our results support this 
prediction, as more male births occurred when mothers 
were not lactating around conception. However, high 
maternal condition around the conception of a male was 
related to the death of a previous son, rather than being 
associated with the conception and rearing of a female 
infant, and therefore, lower maternal investment in pre-
vious o�spring as observed in other mammals (e.g., big-
horn sheep: Berube et al. 1996; fallow deer, Dama dama: 
Birgersson 1998). Sixty �ve percent of male infants ana-
lyzed as a previous birth died, whereas only 16% of fe-
males did. �erefore, high mortality of sons, and the 
consequent interruption in maternal investment in 
nursing, seems to be the main determinant of better ma-
ternal condition around the conception of males in this 
population of black howler monkeys.

�is putative e�ect of nursing e�ort around con-
ception on sex determination mediated by previous in-
fant sex and survival probability had not been reported 
before in non-human primates. Compared to other 
mammals, primates have longer lactation (Dufour & 
Sauther 2002), which is the costlier part of the repro-
ductive process of primate females (Emery �ompson 
2013b). It is therefore possible that lactation is a better 
predictor of maternal condition than other indirect 
measures of maternal condition for which a physiologi-

cal signi�cance on females has not been demonstrated, 
such as dominance rank in some primate species. For 
instance, the basis for dominance relationships in spider 
monkeys is not well understood (Strier 1999): agonistic 
interactions and spatial displacements among female 
spider monkeys (Ateles spp.) are infrequent, making the 
discrimination of dominance relationships di�cult 
(Aureli & Scha�ner 2008). �erefore, using female 
dominance rank as a predictor of maternal condition in 
spider monkeys (Symington 1987) may be problematic. 
We thus consider that the use of nursing e�ort around 
conception represents an interesting area for future non-
invasive research on sex allocation in primates.

Body weight has been used in previous studies of 
sex allocation in mammals as a proxy for maternal con-
dition (e.g., toque macaques: Dittus 1998; roe deer, Ca-
preolus capreolus: Hewison et al. 1999; red deer: Luna-
Estrada et al. 2006). Due to the non-invasive character 
of our study, we could not determine body weights of 
females around conception. However, during periods 
of fruit scarcity howler monkeys lose weight (Glander 
2006; Espinosa-Gómez et al. 2013), so we expected the 
amount of consumed fruit to have a positive e�ect on 
maternal condition, and therefore to a�ect sex determi-
nation. Furthermore, because fruits are the main source 
of soluble sugars in the diet of howler monkeys (Espi-
nosa-Gómez et al. 2013), variation in fruit consump-
tion should covary with circulating levels of glucose, 
which have recently been demonstrated to a�ect sex 
determination in mammals (Ryan et al. 2012; Schwanz 
& Robert 2014). Fruit consumption around conception 
did not have, however, a signi�cant e�ect on sex alloca-

Table 3. Frequencies of sex and survival of previous infant, 
and occurrence of lactation at conception according to 
habitat quality in black howler monkeys (N = 76 births) 
studied in Campeche (Mexico) between 2006 and 2012

Habitat quality

High Low

Sex of previous 
infant

Male 28 23

Female 21 4

Previous infant 
survived?

Yes 31 8

No 18 19

Lactation at 
conception?

Yes 18 3

No 31 24

Table 2. Frequencies of previous infant survival and 
occurrence of lactation at conception according to the sex of 
the previous infant in black howler monkeys (N = 76 births) 
studied in Campeche (Mexico) between 2006 and 2012

Sex of previous infant

Male Female

Previous infant survived? Yes 18 21

No 33 4

Lactation at conception? Yes 8 13

No 43 12
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tion in our model. �is result is probably linked to an 
important degree of reproductive seasonality in this 
population, as approximately 70% of all births occur in 
the wet season (Dias et al. 2015). �e clustering of 
births is linked to a strategy of o�setting the energetic 
demands of lactation by consuming more fruits (Dias et 
al. 2011). �is suggests that, because females prioritize 
synchronizing lactation with high availability of fruits 
over conceiving during periods of fruit abundance, 
variation in the amount of ingested fruit around con-
ception is low. �us, the dietary patterns of female 
black howler monkeys around conception are a poor 
predictor of sex determination. Still, results on female 
feeding behavior should be interpreted with caution 
due to small sample size.

Previous research has demonstrated that spatial 
and temporal environmental heterogeneity is linked to 
variation in maternal condition (Pederson & Harper 
1984; Dittus 1998; Banks et al. 2008). We thus predict-
ed that, because females sampled in this study lived in 
highly heterogeneous environmental conditions, if ma-
ternal condition determined o�spring sex, sex ratios at 
birth should vary among fragments. Contrary to this 
prediction fragment quality had a non-signi�cant e�ect 
on sex determination. Because low-quality fragment 
were associated with more male births, lower infant sur-
vival and fewer females lactating around conception, it 
is possible nevertheless that the above mentioned inter-
play of infant sex, infant survival and maternal condi-
tion is in�uenced by habitat quality, and that the lack of 
a direct e�ect of this variable on sex determination re-
sulted from low statistical power (e.g., only 27 births 
were recorded in low-quality habitats, only four daugh-
ters were analyzed as a previous birth). Furthermore, we 
have previously suggested that the mortality of infant 
black howler monkeys is higher in low-quality frag-
ments due to a reduction in nursing quality of mothers 
caused by low access to food resources (Dias et al. 2015). 
�ese results raise the possibility that the observed pat-
terns of sex determination derive from a mismatch be-
tween a mechanism that evolved for allowing females in 
good condition to skew o�spring sex ratios in favor of 
the sex that provided higher �tness returns (i.e., sons; 
Trivers & Willard 1973) and adverse contemporary eco-
logical conditions that lead to a feedback between male 
mortality and maternal condition, as explained above. 
�e fact that black howler monkeys living in disturbed 
habitats have higher fecal glucocorticoid levels (Rangel-

Negrín et al. 2014) could additionally account for male 
skewed sex ratios at birth if variation in these hormones 
is proximally associated with sex determination, as ob-
served in other species (Ryan et al. 2012). Disentangling 
current environmental heterogeneity of physiological 
mechanisms for sex determination and selective pres-
sures that have led to them is a considerable challenge 
for future research of sex allocation in black howler 
monkeys and other mammals. Non-invasively measur-
ing variation in the metabolic status of females through-
out the reproductive process will be our next step. In 
any case, these patterns raise the possibility that the vi-
ability of populations living in disturbed habitats is de-
creasing due to higher infant mortality.

In sum, we found evidence that maternal condi-
tion a�ects sex determination in black howler monkeys: 
the occurrence of lactation around the time of concep-
tion increased the probabilities of conceiving daughters. 
However, this e�ect was probably determined by a posi-
tive relationship between male infant mortality and the 
conception of sons: females that were not lactating 
around the time of conception produced more sons. We 
speculate that this relationship allowed females to be re-
leased of the energetic burden of nursing when a new 
infant was conceived. Future research on the physiologi-
cal mechanisms underlying these �ndings should allow 
understanding the adaptive signi�cance of sex alloca-
tion in black howler monkeys, which cannot currently 
be assessed.
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