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    Chapter 8   
 Endocrinology of Howler Monkeys: Review 
and Directions for Future Research 

             Sarie     Van Belle    

    Abstract      Endocrine studies that investigate the interplay between hormones, 
behavior, and social and ecological environment are critical for our understanding 
of proximate, physiological mechanisms underlying the biology and sociality of a 
species. Nonetheless, only recently have endocrine studies been incorporated into 
research on howler monkeys ( Alouatta  spp.), and only few aspects of endocrinology 
in 6 out of 12 species have been addressed. These include androgen and estrogen 
profi les of juvenile  A. palliata , and progestin and estrogen profi les of the ovarian 
cycle of  A. arctoidea ,  A. caraya , and  A. pigra . In addition, socioendocrine studies in 
 A. pigra  and  A. palliata  have investigated how male androgen levels and male and 
female glucocorticoid levels are infl uenced by intra- and extragroup male–male 
competition, whereas ecologically oriented endocrine studies have revealed that in 
 A. pigra ,  A. palliata ,  A. belzebul , and  A. seniculus  male and female glucocorticoid 
levels are infl uenced by a scarcity of high-quality food resources, habitat fragmenta-
tion, human disturbance, and translocation. Endocrine studies have shed light on 
howler monkey biology and sociality that were not anticipated based on behavioral 
data alone. This includes a nonaggressive form of intragroup male–male competi-
tion over access to females, a more prominent reliance on high-quality food 
resources such as fruits for these primarily folivorous primates, and an apparent 
higher sensitivity to social and ecological stress in females than in males. Additional 
endocrine studies across howler monkey species are needed to further elucidate 
relationships among diet, mating competition, and social interactions.  

  Resumen   Estudios endocrinológicos que investigan la interacción entre las hor-
monas, el comportamiento, y el contexto social y ecológico son fundamentales 
para nuestra comprensión de los mecanismos fi siológicos subyacentes a la biología 
y al sistema social de una especie. Sin embargo, sólo recientemente estudios 
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 endocrinológicos han sido incorporado en la investigación de los monos aulladores 
( Alouatta ), y sólo unos pocos aspectos de la endocrinología en seis de las 12 
especies han sido abordado. Estos incluyen investigar los perfi les de andrógenos y 
estrógenos de juveniles de  A. palliata , y los perfi les de progesterona y estrógeno de 
los ciclos ováricos en  A. arctoidea ,  A. caraya , y  A. pigra . Además, los estudios 
socio-endocrinológicos de  A. pigra  y  A. palliata  han investigado como los niveles 
de andrógenos en machos y los niveles de glucocorticoides en machos y hembras se 
ven infl uidos por la competencia entre machos adentro y entre grupos, mientras que 
los estudios endocrinológicos en  A. pigra ,  A. palliata ,  A. belzebul , y  A. seniculus  
con un enfoque en factores ecológicos han revelado que los niveles de glucocorti-
coides de machos y hembras son afectados por la disponibilidad de alimentos de 
alta calidad, la fragmentación del hábitat, perturbación humana y el estrés acumu-
lado durante eventos de translocación. Estudios endocrinológicos en el mono aul-
lador han revelado aspectos de su biología y su sistema social que no fueron 
anticipados en base a sólo datos de comportamiento. Esto incluye una forma de 
competición no agresivo entre machos por el acceso a hembras, una dependencia 
más prominente en los recursos alimenticios de alta calidad como las frutas para 
estos primates principalmente folívoros, y una sensibilidad superior al estrés social 
y ecológico en hembras en comparación con machos. Otros estudios endocrinológi-
cos entre más especies de monos aulladores serán necesarios para elucidar aún más 
el vínculo entre la dieta, la competición reproductiva, y las interacciones sociales.   

  Keywords     Progesterone   •   Estrogen   •   Testosterone   •   Cortisol   •   Ovarian cycle   • 
  Social system  

8.1         Introduction 

 Endocrine studies that investigate the interplay between hormones, behavior, and 
social and ecological environment are critical for our understanding of proximate, 
physiological mechanisms underlying individual, age, and sex-based variation in 
behavior. Studies of primate socioendocrinology provide a framework for identify-
ing factors that regulate differential reproductive success among individuals 
(Bercovitch and Ziegler  2002 ). Recent advances in noninvasive techniques for 
measuring hormonal profi les in feces and urine have provided primatologists with 
the opportunity to investigate a wide range of endocrine systems and their infl u-
ence on behavior in both captive and wild primates (Strier and Ziegler  2005 ). For 
example, endocrine studies are central in our understanding of reproductive matura-
tion (i.e., puberty), which is driven by an increase in gonadal activity (Plant and 
Witchel  2006 ; Saltzman et al.  2011 ). In addition, reproductive endocrinology is 
essential for understanding the basic biology of reproduction, because “the occur-
rence and timing of largely concealed reproductive events such as ovulation, con-
ception, pregnancy, and natural abortions can only be accurately and reliably 
detected through hormone analyses” (Lasley and Savage  2007 :357). Similarly, 
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socioendocrinology examines how the social environment infl uences the feedback 
loop between hormones and behavior, and has the power to enhance our under-
standing of male and female reproductive strategies (Bercovitch and Ziegler  2002 ; 
Anestis  2010 ), whereas ecological endocrinology investigates how the physical 
environment modulates behavioral and hormonal responses to fl uctuating ecologi-
cal factors such as seasonality in food availability, photoperiod, or weather condi-
tions (Bradshaw  2007 ). Furthermore, endocrine studies may contribute importantly 
to the conservation of endangered primate species by using hormone studies on wild 
populations living in undisturbed habitats as baseline information to evaluate how 
the interplay between behavior and hormones is affected under conditions of demo-
graphic, ecological, and behavioral disruption resulting from habitat alteration due 
to human activity (Cockrem  2005 ). 

 Despite the important contributions that endocrine studies have made to our 
understanding of primate behavior and ecology, such studies only recently have 
been incorporated into research on howler monkeys ( Alouatta  spp.). Hormonal 
studies have been conducted on six howler monkey species: the ursine howler mon-
key ( A. arctoidea ), the red-handed howler monkey ( A. belzebul ), the black-and-gold 
howler monkey ( A. caraya ), the mantled howler monkey ( A. palliata ), the black 
howler monkey ( A. pigra ), and the red howler monkey ( A. seniculus ), and these 
have focused principally on questions of pubertal development, female reproduc-
tion, male competition, the infl uence of ecological stressors, and conservation 
 management (Table  8.1 ).

     Table 8.1    Review of endocrine studies in howler monkeys   

 Species  Hormones  Context 
 Male/
female 

 Captive/
wild  Reference 

  A. arctoidea   P  Ovarian cycles  F  W  Herrick et al. ( 2000 ) 

  A. belzebul   A, E, 
GC, P 

 Ecological stress  M, F  W  Monteiro et al. ( 2013 ) 

  A. caraya   A  Male reproduction  M  C  Moreland et al. ( 2001 ) 

  A. caraya   E, P  Ovarian cycles  F  C  Kugelmeier et al. ( 2011 ) 

     A. palliata   A, E  Puberty  M, F  W  Clarke et al. ( 2007 ) 

  A. palliata   GC  Male reproductive 
strategies 

 M, F  W  Cristóbal- Azkarate 
et al. ( 2007 ) 

  A. palliata   A  Male reproductive 
strategies 

 M  W  Cristóbal- Azkarate 
et al. ( 2006 ) 

  A. palliata   GC  Translocation  M, F  C, W  Aguilar- Cucurachi 
et al. ( 2010 ) 

  A. palliata   I  Method validation  M, F  C  Wasser et al. ( 2010 ) 

  A. palliata   GC  Ecological stress  M, F  Semi-wild  Aguilar-Melo et al. ( 2013 ) 

  A. palliata   GC  Habitat 
fragmentation 

 M, F  W  Dunn et al. ( 2013 ) 

  A. palliata   GC  Social and 
ecological stress 

 M, F  W  Gómez- Espinosa et al. 
( 2013 ) 

  A. pigra   GC  Habitat 
fragmentation 

 M, F  W  Martínez-Mota et al. 
( 2007 ) 

(continued)
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8.2        Method Validation 

 Of the 22 endocrine studies on howler monkeys (Table  8.1 ), 21 studies used nonin-
vasively collected fecal samples, and 1 study used noninvasively collected urine 
samples (Herrick et al.  2000 ). Both fecal and urine samples contain very low or no 
concentrations of active hormones but are characterized by high concentrations of 
hormone metabolites (Bahr et al.  2000 ; Heistermann et al.  2006 ). This presents an 
opportunity for biased results and therefore samples need to be validated to ensure 
that the substance measured from urine or feces is a metabolite derived from the 
hormone in question, and not a substance that cross-reacts with the antibody of the 
respective immunoassay. This would render the hormone profi le meaningless 
(Whitten et al.  1998 ; Ziegler and Wittwer  2005 ). The procedures required for vali-
dation include providing a stimulus to an individual that will cause an increase in 
circulatory levels of the hormone in question, such as injecting adrenocorticotropic 
hormone (ACTH) or gonadotropin-releasing hormone (GnRH) when interested in 
glucocorticoids or gonadal steroids, respectively, or injecting radioactive-labeled 
forms of the particular hormone, and subsequently assess whether concentrations of 
the metabolites in feces and urine vary in parallel with changes in blood hormone 
concentrations (   Palme  2005 ). 

 When such physiological validations are impossible to perform because of a lack 
of captive individuals or ethical restraints, biological validations are suitable alter-
natives. For example, patterns in production of gonadal steroids can be biologically 
validated by comparing steroid concentrations from samples collected during dif-
ferent reproductive stages (e.g., juveniles versus adults). Similarly, Martínez-Mota 
et al. ( 2008 ) validated the detection and measurement of glucocorticoids in fecal 
samples using enzyme immunoassays (EIA) in black howler monkeys before and 

 Species  Hormones  Context 
 Male/
female 

 Captive/
wild  Reference 

  A. pigra   GC  Method validation  M, F  C  Martínez-Mota et al. 
( 2008 ) 

  A. pigra   E, P  Ovarian cycles  F  W  Van Belle et al. ( 2009a ) 

  A. pigra   A, GC  Male reproductive 
strategies 

 M  W  Van Belle et al. ( 2009b ) 

  A. pigra   GC  Ecological stress  M, F  W  Behie et al. ( 2010 ) 

  A. pigra   A  Male reproductive 
strategies 

 M  W  Rangel-Negrín et al. ( 2011 ) 

  A. pigra   E, P  Method validation  F  W  Torres-Pelayo et al. ( 2011 ) 

  A. pigra   GC  Ecological stress  M, F  W  Behie and Pavelka ( 2013 ) 

  A. seniculus   GC  Method validation  M, F  W  Rimbach et al. ( 2013a ) 

  A. seniculus   GC  Habitat 
fragmentation 

 M, F  W  Rimbach et al. ( 2013b ) 

   P  progestins,  E  estrogens,  GC  glucocorticoids,  A  androgens,  I  thyroid hormones  

Table 8.1 (continued)
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after the application of a stressor, i.e., anesthesia. Levels of fecal glucocorticoid 
metabolites measured in four adults, residing at the Chapultepec Zoo in Mexico 
City, reached peak concentrations 24–96 h after anesthesia, parallel to an increase 
in circulating glucocorticoid concentrations, suggesting that the assay correctly 
measured glucocorticoid metabolites. Similarly, fecal glucocorticoid metabolites 
increased 21 and 24 h after the anesthesia of wild mantled howler monkeys (one 
male and two females, Gómez-Espinosa et al.  2013 ) and wild red howler monkeys 
(one male, Rimbach et al.  2013a ), respectively. Wasser et al. ( 2010 ) validated the 
measurement of thyroid hormones in fecal samples using radioimmunoassay meth-
ods in two adult male and three adult female mantled howler monkeys that were 
temporarily kept in captivity during a translocation project. Thyroid concentrations 
decreased signifi cantly post-capture in females but not in males. The authors argued 
that endocrine differences documented in this study corresponded to the limited 
food intake exhibited by females compared to males, suggesting that the measured 
thyroid levels accurately represented to metabolic state of these individuals. 

 Besides biological validations, the effi ciency by which hormonal metabolites are 
recovered from samples using different extraction methods may need to be assessed 
to optimize endocrine studies, as has been done for estrogen and progesterone in 
black howler monkeys (Torres-Pelayo et al.  2011 ). These authors assessed whether 
the type of substrate (moist versus lyophilized feces), organic solvent (80 or 100 % 
ethanol versus methanol), and extraction method (agitation versus ebullition) affected 
the extraction effi ciency of estrogens and progestins in fecal samples of black howler 
monkeys. Their fi ndings suggested considerable variation in percentages of recov-
ered steroids according to the substrate, solvent, and extraction method, with an 
ebullition extraction method as the most effi cient (Torres-Pelayo et al.  2011 ).  

8.3     Endocrinology of Puberty 

 Puberty in primates is characterized by behavioral, morphological, neurological, 
and endocrine changes, along with the development of distinctive secondary sex 
characteristics (reviewed in Plant and Witchel  2006 ; Saltzman et al.  2011 ). The 
onset of puberty in both males and females is marked by the increase in the pulsa-
tive release of GnRH from the hypothalamus, due to the diminishing inhibitory 
effect of the neurotransmitter GABA on the GnRH neurons. This causes a dramatic 
elevation in circulatory levels of luteinizing hormone (LH), and to a lesser extent 
follicle-stimulating hormone (FSH), released from the pituitary gland. The surge in 
LH stimulates testicular growth, the production of gonadal androgens, and the ini-
tiation of spermatogenesis in males, and the initiation of cyclic ovarian activity and 
the production of ovarian steroids in females (Plant and Witchel  2006 ). The onset of 
ovarian cycles is typically associated with a period of “adolescent infertility” char-
acterized by anovulatory or irregular cycles prior to the onset of fertile ovarian 
cycles. Limited information is available on the onset of sexual maturation in howler 
monkeys. Based on behavioral observations, without the underlying endocrine 
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confi rmation, male howler monkeys are believed to be sexually mature between 2 
and 5.5 years of age, while females are believed to be sexually mature between 2.9 
and 4.5 years of age and experience their fi rst parturition at 3.4–5.0 years of age 
(Table  8.2 ).

   In mantled howler monkeys that usually live in groups with a large number of 
resident adult males, male puberty is also characterized by the descent of the testes 
from the inguinal canal into the scrotum around 3 years of age (Glander  1980 ), 
while in other howler monkey species, testes descend during infancy (Crockett and 
Eisenberg  1987 ). Prior to the descent of the testes, the non-pendulous scrotum of 
juvenile male mantled howlers cannot be visually differentiated from female juve-
nile genitalia, and juveniles can only be reliably sexed when they are newborn or by 
external palpation of captured individuals (Glander  1980 ; Clarke et al.  2007 ). In 
order to determine whether developmental differences in hormone concentrations 
can be used to differentiate between juvenile males and females, Clarke et al. ( 2007 ) 
collected fecal samples from 31 mantled howler juveniles (0.8–3.5 years old) of 
known sex (19 males and 12 females; juveniles were captured or positively sexed as 
infants) from fi ve social groups at Hacienda La Pacifi ca, Costa Rica, during three 
1-month fi eld studies across 3 years. Mean fecal androgen and estrogen  concentrations 
did not differ signifi cantly between 1-year-old, 2-year-old, and 3-year-old males and 
females. Male fecal androgen levels increased during puberty with 3-year-old males 
( N  = 6) having signifi cantly higher fecal androgen levels than younger males ( N  = 13). 
However, three 3-year-old males who were observed to be actively evicted from 
their natal group by other group members had lower fecal androgen levels than 
3-year-old males who remained in their natal group ( N  = 3), and these hormonal dif-
ferences could have resulted from increased aggression and harassment received 
and a decrease in competitive ability prior to eviction (Bernstein et al.  1979 ). 

 Clarke et al. ( 2007 ) argued that juvenile monomorphic genitalia in mantled 
howler monkeys might serve to prolong the period that juveniles remain in their 
natal group because aggressive eviction from the natal group frequently occurred 
immediately after the appearance of adult genitalia. Because other howler monkeys 
do not exhibit juvenile genitalia monomorphy, comparative data on hormonal pro-
fi les underlying juvenile development, puberty, and eviction from their natal group 
across other howler monkey species are needed to better understand whether hor-
monal profi les observed in mantled howler juveniles are unique or represent a com-
mon pattern in  Alouatta . Furthermore, given that dichromatism has evolved in four 

   Table 8.2    Parameters of sexual maturation in howler monkeys   

 Species 

 Male age 
(months) of 
sexual maturity 

 Female age 
(months) of 
sexual maturity 

 Female age 
(months) of fi rst 
parturition  Reference 

  A. arctoidea   58–66  43–54  48–60  Crockett and 
Eisenberg ( 1987 ) 

  A. caraya   24–37  35–42  41–48  Shoemaker ( 1982 ) 
  A. palliata   42  36  43  Glander ( 1980 ) 
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howler taxa ( A. caraya ,  A. guariba clamitans ,  A. seniculus puruensis , and  A. ululata ) 
and males change to their adult coat color starting at 6 months of age (Bicca-Marques 
and Calegaro-Marques  1998 ), it would be important to study the interplay between 
hormonal profi les and adult–juvenile social interactions during changes from natal 
to adult coat coloration in these sexually dichromatic howler species, to assess 
whether natal pelage patterns serve as sexual mimicry during puberty. This is espe-
cially true when considering that a delay in the onset of coat color change observed 
in two black-and-gold howler juvenile males might have been linked to the increased 
probability of being evicted from their natal group due to the reduced size (0.3 ha) of the 
forest fragment they resided in compared to other groups with lower ecological and 
demographic pressures (Bicca-Marques and Calegaro-Marques  1998 ). The authors 
suggested that the delay in color change might be a mechanism allowing a juvenile male 
to remain in their natal group for a longer period attaining larger body sizes before being 
forcefully evicted, similar to mantled howler juvenile genitalia mimicry.  

8.4     Reproductive Endocrinology 

 Information on estrogen and progestin profi les of the howler ovarian cycle is limited 
to three species ( A. arctoidea ,  A. caraya , and  A. pigra , Table  8.1 ). Steroids were 
measured from urinary ( A. arctoidea ) or fecal samples ( A. caraya  and  A. pigra ), and 
the steroid profi les of the ovarian cycle followed the pattern unique to platyrrhines. 
In all platyrrhines examined to date, the urinary and fecal estrogen and progestin 
profi les do not match the profi les present in circulating steroid hormones in that the 
urinary and fecal estrogen profi les do not exhibit a follicular surge prior to ovulation 
(reviewed in Ziegler et al.  2009a ). Instead, urinary and fecal estrogen levels show a 
sustained increase during the luteal phase of the cycle, similar to urinary and fecal 
progestin profi les. Several studies have indicated that the onset of the sustained 
increase in urinary and fecal progestin concentrations occurs shortly after the serum 
luteinizing hormone (LH) peak, which triggers ovulation, while the delay in the 
excretion of estrogens is more variable (Fig.  8.1 , Ziegler et al.  2009a ). Therefore, in 
New World monkeys urinary and fecal progestin profi les are more reliable to esti-
mate days of ovulation than estrogen profi les, and days of ovulation are estimated 
as the sample preceding the fi rst sustained rise in urinary and fecal progestin levels. 
The length of the ovarian cycle is calculated as the time interval between two con-
secutive estimated days of ovulation (Van Belle et al.  2009a ). A representative hor-
monal profi le of a black howler female is shown in Fig.  8.2 .   

 Following these methods, the mean ovarian cycle length for three adult black-
and- gold howler females living in captivity was 19.1 ± SD 2.1 days (range = 9–47 
days,  N  = 18; Kugelmeier et al.  2011 ). For four wild multiparous black howler 
females, mean ovarian cycle length was 18.4 ± SE 1.4 days (range = 13–25 days, 
 N  = 12; Van Belle et al.  2009a ), and for two wild adult ursine howler females, mean 
ovarian cycle length was 29.5 ± SE 1.5 days (range = 28–31 days,  N  = 2; Herrick 
et al.  2000 ). The average ovarian cycle length of 18–19 days observed in black 
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howler and black-and-gold howler monkeys is similar to the average ovarian cycle 
lengths estimated from patterns of observed copulations in ursine howler monkeys 
(mean = 17 days, range = 11–27 days, Crockett and Sekulic  1982 ) and mantled 

  Fig. 8.1    Mean ± SE of fecal estrogen and progesterone levels across the ovarian cycle, aligned 
relative to estimated day of ovulation (=day 0,  n  = 18) in four wild female black howler monkeys 
( A. pigra ). The average profi le shows that fecal progesterone concentrations decrease to baseline 
levels during the follicular phase when the ovum is growing. The rise in fecal progesterone levels 
indicates that ovulation has occurred. Fecal estrogen levels remain relatively constant during ovu-
lation but show an increase about 2–4 days later       

  Fig. 8.2    The fecal hormonal profi le for a female black howler monkey ( A. pigra ) at Palenque 
National Park, Mexico Van Belle et al.  2009a        
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howler monkeys (mean = 15.8 days, range = 10–24 days, Glander  1980 ; Jones  1985 ). 
The longer estimates of ovarian cycles from urinary progestin profi les in ursine 
howler monkeys (Herrick et al.  2000 ) could refl ect an artifact of limited sample size. 

 The fecal steroid profi les of three black howler females who had lost their young 
infants showed a resumption in cyclicity 1–3 weeks later, indicating an almost 
immediate physiological switch from lactational amenorrhea to ovarian cyclicity 
(Van Belle et al.  2009a ). Nonetheless, the fi rst cycle these females experienced after 
losing their infant may have been anovulatory because they were noticeably shorter 
(9–11 days) and had lower fecal estrogen and progesterone levels (Van Belle et al. 
 2009a ). This delay in returning to reproductive condition might be linked to the 
replenishment of maternal energetic reserves as has been noted for several other 
primates (reviewed in Ziegler et al.  2009a ). 

 Mean ovarian cycle length has also been estimated from cytological profi les of 
vaginal swabs in captive black-and-gold howler females. Based on the recurrence of 
squamous epithelial cells, Colillas and Coppo ( 1978 ) estimated a mean cycle length 
of 19.7 ± SD 1.0 days (range = 17–24 days), with ovulation estimated to occur 
immediately after the surge of squamous cells. Kugelmeier et al. ( 2011 ) estimated a 
mean ovarian cycle length of 19.8 ± SD 0.9 days (range = 18–22 days,  N  = 4) based 
on profi les of erythrocytes in vaginal swabs with a mean bleeding period of 4.1 ± SD 
1.0 days (range = 1–7 days), coinciding with basal levels of both fecal progesterone 
and estrogen. 

 A reliable estimate of the day of ovulation and peak fertility based on hormonal 
profi les allows for mapping copulations and male and female sexual solicitations 
onto profi les of the ovarian cycle to provide critical insights into male and female 
reproductive strategies and reproductive success. Examining the occurrence of these 
behaviors during the periovulatory period, when conception is most likely to occur, 
compared to outside the periovulatory periods, allows one to assess the degree to 
which dominant or central howler males successfully mate-guard fertile females 
and the extent to which cycling females might undermine a male’s ability to monop-
olize reproductive opportunities through female mate choice. This type of study has 
only been conducted in black howler monkeys, and revealed that female sexual 
solicitations, male mate-guarding efforts, male’s monitoring of a female’s reproduc-
tive state by sniffi ng her genitalia, and copulations were largely confi ned to the 
periovulatory period (Van Belle et al.  2009a , reviewed in Van Belle and Bicca- 
Marques  2014 ).  

8.5     Socioendocrinology 

 Socioendocrine studies in howler monkeys have investigated how male androgen 
levels and male and female glucocorticoid levels are infl uenced by intra- and extra-
group male–male competition. The challenge hypothesis posits that an increase in 
adult male androgen levels, above baseline levels required for spermatogenesis and 
full display of sexual behavior, are closely associated with levels of male intrasexual 
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competition for access to fertile females (Wingfi eld et al.  1990 ). Evidence of the 
challenge hypothesis in primates has been found in species in which males aggres-
sively compete for social rank resulting in dominant males having higher androgen 
levels than subordinate males throughout the year (e.g., chimpanzees,  Pan troglodytes , 
Muehlenbein et al.  2004 ; Muller and Wrangham  2004a ; mandrills,  Mandrillus sphinx , 
Setchell et al.  2008 ). Because of the high costs and potentially detrimental effects 
(e.g., suppression of immune system, suppression of parental care, reduced survival) 
associated with chronically elevated androgen levels (Braude et al.  1999 ; Muehlenbein 
and Bribiescas  2005 ; Hau  2007 ), rank-related differences in androgen levels may be 
expected to only coincide with periods of heightened male–male aggression during 
social instability due to rank reversal, immigration events, or reproductive competition 
(e.g., Verreaux’s sifakas,  Propithecus verreauxi , Brockman et al.  2001 ; chacma 
baboons, Papio ursinus, Bergman et al.  2005 ). Consistent with the challenge hypoth-
esis, androgen levels were found not to differ among males in species with limited 
aggressive competition over access to fertile females (e.g., Northern muriquis, 
 Brachyteles hypoxanthus , Strier et al.  1999 ; tufted capuchin monkeys,  Sapajus 
nigritus , Lynch et al.  2002 ; moustached tamarins,  Saguinus mystax , Huck et al.  2005 ). 

 The stress response is characterized by a marked increase in circulating gluco-
corticoids released from the adrenal gland that accelerates carbohydrate metabolism 
and leads to an increased availability of glucose in the bloodstream, which in turn 
enables individuals to deal with short- and long-term threats (Sapolsky  2002 ). 
Short-term stress responses are generally thought to be benefi cial in that they mobi-
lize energy reserves. In contrast, chronic stress can result in the suppression of 
reproduction, the immune system, growth, and muscle wasting (reviewed in 
Sapolsky  2005 ). Potential threats or stressors include predation, nutritional defi -
ciencies, and conspecifi c agonism. The frequency and degree of aggressive interac-
tions among conspecifi cs, as well as the degree of social support available to 
individuals, are expected to contribute to variation in glucocorticoid concentrations 
within and among individuals (Abbott et al.  2003 ; Goymann and Wingfi eld  2004 ). 
As such, dominant individuals are expected to have higher glucocorticoid levels 
than subordinates when they are frequently challenged by others and need to regu-
larly assert their high social status (e.g., female ring-tailed lemurs,  Lemur catta , 
Cavigelli et al.  2003 ; male chimpanzees, Muller and Wrangham  2004b ), or subor-
dinates might have higher glucocorticoid levels than dominant individuals when 
subordinates endure frequent attacks by higher ranking individuals and have limited 
social support such as alliances and grooming partners to cope with these social 
stressors (e.g., chacma baboons, Sapolsky  1993 ). In other species, dominant and 
subordinate individuals might not differ in their glucocorticoid levels because the 
stressors faced by dominants are similar to those faced by subordinates (e.g., long- 
tailed macaques,  Macaca fascicularis , van Schaik  1991 ; mountain gorillas,  Gorilla 
beringei , Robbins and Czekala  1997 ) or social status may not be directly related to 
frequent intragroup aggression (e.g., northern muriquis, Strier et al.  1999 ; tufted 
capuchin monkeys, Lynch et al.  2002 ; moustached tamarins, Huck et al.  2005 ). 

 The social system of howler monkeys is characterized by very low levels of intra-
group male–male competition with low frequencies of resident male–male aggression 
( A. pigra : mean rate = 0.007 interactions/dyad/h, Van Belle et al.  2008 ; mean rate = 0.04 
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interactions/ind/h, Rangel-Negrín et al.  2011 ;  A. palliata : mean rate = 0.018 interac-
tions/ind/h, Wang and Milton  2003 ; reviewed in Kowalewski and Garber  2014 ). Overt 
male–male aggression is principally confi ned to immigration events and intergroup 
encounters, which may result in injuries or death ( A. arctoidea : Sekulic  1983 ; Crockett 
and Pope  1988 ;  A. palliata : Glander  1992 ; Cristóbal- Azkarate et al.  2004 ; Dias et al. 
 2010 ;  A. pigra : Horwich et al.  2000 ; Van Belle et al.  2008 ;  A. seniculus : Izawa and 
Lozano  1991 ; Izawa  1997 ). Both single males or pairs of males have been observed to 
successfully immigrate into established groups during which none, one, several, or all 
of the resident males might be evicted ( A. arctoidea : Pope  1990 ; Crockett and Pope 
 1993 ; Agoramoorthy and Rudran  1995 ; Crockett and Sekulic  1984 ;  A. palliata : Clarke 
 1983 ; Glander  1992 ; Dias et al.  2010 ;  A. pigra : Horwich et al.  2000 ; Van Belle et al. 
 2008 ;  A. seniculus : Izawa and Lozano  1991 ; Kimura  1992 ; Izawa  1997 ). Take-over 
attempts may be accompanied by infanticidal attacks (reviewed in Crockett  2003 ) and 
both take-over attempts and intergroup encounters may involve extragroup copula-
tions (reviewed in Van Belle and Bicca-Marques  2014 ), indicating that encounters 
with extragroup males may pose substantial threats to the reproductive success of resi-
dent males and females. 

 Cristóbal-Azkarate et al. ( 2006 ,  2007 ) investigated how male fecal androgen and 
male and female fecal glucocorticoid levels were infl uenced by the threat of solitary 
males in ten mantled howler monkey groups living in six forest fragments at Los 
Tuxtlas Biosphere Reserve, Mexico. Groups had, on average, 3.4 adult males 
(range = 1–6) and 5.4 adult females (range = 2–9). A total of 31 samples were col-
lected from 17 males, with a mean of 3.1 (range = 1–7) male fecal samples per 
group, while a total of 35 samples were collected from 18 different adult females 
and 12 unidentifi ed adult females, with a mean of 3.5 (range = 1–10) female fecal 
samples per group. Hormonal levels were averaged across all sampled males and all 
sampled females per group. No encounters between social groups and solitary males 
were observed during the study. Nonetheless, mean male fecal androgen levels per 
group were positively correlated with the number of extragroup males living in the 
same forest fragment, suggesting that mantled howler males on average exhibited a 
hormonal response proportional to the potential threat posed by solitary males 
(Cristóbal-Azkarate et al.  2006 ). Fecal glucocorticoid levels averaged across all 
sampled males per group were not signifi cantly correlated, while those averaged 
across all sampled females per group were positively correlated with the number of 
solitary males living in the same forest fragment (Cristóbal-Azkarate et al.  2007 ). 
The authors suggested that differences in the ways in which males and females cope 
with stressful, unpredictable situations posed by the presence of extragroup males in 
their forest fragment may account for different mean fecal glucocorticoid levels 
among resident males and females. The passive response displayed by resident man-
tled howler females towards solitary males might be associated with an activation of 
the hypothalamic–pituitary–adrenal (HPA) axis resulting in chronically elevated 
fecal glucocorticoid levels, whereas the more active and aggressive response dis-
played by resident males seemed not to be associated with the activation of the HPA 
axis resulting in lower fecal glucocorticoid levels (Cristóbal-Azkarate et al.  2007 ), 
similar to differential glucocorticoid levels associated with passive versus active 
coping styles in captive rodents (Koolhaas et al.  1999 ; Ebner et al.  2005 ). 
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 Similarly, a study of fi ve black howler monkey groups living in fi ve different 
sites in the state of Campeche, Mexico that were each observed for two sampling 
periods of 4 weeks separated by 3–8 months provided evidence that extragroup 
male–male competition also may be refl ected in male fecal androgen levels in this 
species (Rangel-Negrín et al.  2011 ). In this study, mean fecal androgen levels aver-
aged across samples per male were signifi cantly higher for males living in one-male 
groups ( N  = 2 adult males) compared to males living in two-male or three-male 
groups ( N  = 7 adult males). Furthermore, two of the three multimale groups changed 
from multimale to unimale groups between the fi rst and the second observation 
period, and mean fecal androgen levels of both males who remained in their respec-
tive groups increased signifi cantly when being the sole male in a unimale group 
compared to when part of a multimale group. Because the probability of resident 
males being evicted by extragroup males during take-over attempts might be higher 
for unimale compared to multimale groups ( A. arctoidea , Agoramoorthy and Rudran 
 1995 ;    Pope  2000 ;  A. pigra , Horwich et al.  2000 ; Van Belle et al.  2008 ), Rangel-
Negrín et al. ( 2011 ) argued that unimale groups might be more attractive targets to 
dispersing males, and resident males of unimale groups might manifest elevated 
androgen levels in response to possible confrontations with extragroup males and 
increased risk of being ousted from their groups. 

 In contrast, a 14-month study of two multimale–multifemale black howler 
groups in Palenque National Park, Mexico, suggested that intragroup male–male 
competition, but not extragroup male–male competition, modulated male fecal 
androgen and glucocorticoid concentrations (Van Belle et al.  2009b ). During this 
study, both focal groups underwent several changes in male group membership. 
These included (1) three take-over events during which three coalitions of two 
extragroup males each took over one of the study groups and evicted all adult resi-
dent males ( N  = 2 males per event) and (2) three male immigration events during 
which a single extragroup male joined either of the two study groups that had one, 
two, or three resident males at the time of immigration. This did not result in the 
eviction of resident males, except for one case in which one of the three adult resi-
dent males was evicted (for more details see Van Belle et al.  2008 ). Immigrant 
males ( N  = 9) had no signifi cant differences in their fecal glucocorticoid and andro-
gen levels during week 1 and week 2 following the take-over/immigration com-
pared to week 3 and week 4. Similarly, resident males ( N  = 5) did not differ in their 
fecal glucocorticoid and androgen levels 2 weeks before and 2 weeks after a male 
immigration event (Van Belle et al.  2009b ). Also, the fi ve resident females in the 
two study groups did not have consistently higher fecal glucocorticoid levels 2 
weeks after compared to 2 weeks before changes in male membership in their 
social group (Van Belle, unpubl. data; see Appendix  1 ). Furthermore, biweekly 
rates of encounters with either adjacent social groups or extragroup males were not 
correlated with changes in male hormonal levels (Van Belle et al.  2009b ). These 
fi ndings suggest that actual events of male–male competition over group member-
ship, as opposed to potential threat, are not readily refl ected in the fecal hormonal 
levels of black howler males and females in Palenque National Park. It is possible, 
however, that the unusually rapid turnover of male group membership in one of the 
study groups (7 changes in 6 months) might have affected the researchers’ ability 
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to evaluate the infl uence of male immigration on male and female hormonal levels. 
Additional studies are needed to elucidate and compare changes in hormonal pro-
fi les during extragroup male–male competition across howler monkey species and 
groups living in both unimale and multimale social groups to better understand the 
social and demographic factors mediating hormonal responses to extragroup male–
male competition. 

 Instead of extragroup male–male competition, Van Belle et al. ( 2009b ) found that 
intragroup male–male competition is refl ected in male fecal steroid levels in black 
howler monkeys. Although, resident black howler males seldom engaged in intra-
sexual agonistic (mean rate = 0.007 interactions/h/dyad) or affi liative interactions 
(mean rate = 0.009 interactions/h/dyad) and no agonistic dominance hierarchy could 
be discerned (Van Belle et al.  2008 ), one resident adult male per group, referred to 
as the “central” male, was found to monopolize almost all mating opportunities, 
spent signifi cantly more time in close proximity to females, and engaged in affi lia-
tion at signifi cantly higher rates with cycling females than did “noncentral” males 
(Van Belle et al.  2009b ). Noncentral males had very limited mating opportunities 
and accounted for only 4 % of copulations (Van Belle et al.  2008 ). In addition, cen-
tral males had signifi cantly higher fecal androgen and glucocorticoid levels com-
pared to noncentral males, suggesting that their efforts of fostering social 
relationships with females might represent a nonaggressive form of male–male 
competition over sexual access to females. This nonaggressive form of male–male 
competition might be socially challenging to central males as indicated by their 
higher fecal glucocorticoid levels (Van Belle et al.  2009b ). 

 During this study, central males had signifi cantly higher hormonal levels than 
noncentral males during resident female periovulatory and nonperiovulatory peri-
ods of ovarian cycles, as well as when none of the resident females were cycling 
(Van Belle et al.  2009b ). This suggests that central males had elevated steroid levels 
throughout the year, even during periods when resident females were not sexually 
active. Furthermore, central male hormonal levels did not increase during the times 
when at least one resident female was cycling or during periovulatory periods of 
cycling females, despite higher copulation rates and heightened efforts by central 
males to spend time close to and groom cycling females compared to noncycling 
females (Van Belle et al.  2009a ,  b ). In contrast, noncentral males had signifi cantly 
lower mean fecal androgen levels during resident female periovulatory periods, 
which might be indicative of some suppression of testicular endocrine function at 
times when resident females are most likely to conceive (Van Belle et al.  2009b ). 
Yet, it is unlikely that these lower androgen levels fully suppressed the sexual func-
tion of noncentral males because at least one noncentral male was observed copulat-
ing during the periovulatory period of a cycling female (Van Belle et al.  2009a ). 
Furthermore, a study that investigated male reproductive physiology and sperm 
 production in three adult male and three juvenile male black-and-gold howler 
 monkeys in captivity revealed that even low levels of fecal androgens were 
suffi cient for normal sperm count, quality, and motility (Moreland et al.  2001 ). 
Additionally, small testes size relative to body size characteristic for black howler 
monkeys suggests an overall weak level of sperm competition in this howler mon-
key species (Kelaita et al.  2011 ). 
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 In Rangel-Negrín et al.’s ( 2011 ) study of  A. pigra , mean fecal androgen levels in 
males of two focal groups for which copulations were observed were not signifi cantly 
higher in weeks when copulations were observed compared to weeks without 
observed copulations. One of these two study groups contained only one adult male, 
while the other study group had two adult males. In the latter group, both males were 
observed to copulate with the resident females. In contrast to the fi ndings of Van Belle 
et al. ( 2009b ), Rangel-Negrín et al. ( 2011 ) did not observe signifi cant differences in 
mean fecal androgen levels between central and noncentral males in three multimale–
multifemale groups. These different results could refl ect variable hormonal responses 
underlying individual male reproductive strategies associated with group size, group 
composition, number of reproductively active females, female mate choice, or demo-
graphic factors such as the number of solitary males in the local area. 

 Further studies are needed to elucidate hormonal profi les underlying alternative 
male and female reproductive strategies in this and other howler monkey species. 
This is especially true when considering that the genus  Alouatta  is characterized by 
a highly fl exible social system including great variability in group size and compo-
sition with a mixture of unimale and multimale bisexual groups in most populations 
regardless of the species (Di Fiore et al.  2011 ). As such, the reproductive strategies 
and the underlying endocrine correlates of individual males and females may be 
infl uenced by the number of resident adult males and females, population density, 
the number of extragroup males, the intensity of intra- and intergroup male–male 
competition over access to the fertile females, individual social status, age, kinship 
patterns, the degree to which females exert mate choice, and dispersal opportunities 
(Fig.  8.3 ). It remains unclear exactly how each of these social and demographic 
 factors differentially affect male and female reproductive strategies across howler 
monkeys species. What is clear is that endocrine studies will help elucidate subtle 
distinctions not revealed by behavioral observations alone.   

8.6     Ecological Endocrinology 

 The physiological stress response of increased circulating glucocorticoids and subse-
quent elevated glucose levels is also affected by a wide range of environmental fac-
tors. For example, elevated glucocorticoid levels is characteristic of individuals 
facing ecological challenges such as food scarcity (e.g., ring-tailed lemurs, Pride 
 2005 ), cold temperatures (e.g., chacma baboons, Weingrill et al.  2004 ), prolonged 
daylight duration (e.g., gray mouse lemurs,  Microcebus murinus , Génin and Perret 
 2000 ), high gastrointestinal parasite load (red colobus monkeys,  Piliocolobus teph-
rosceles , Chapman et al.  2006 ), increased risk of predation (e.g., gray-cheeked mang-
abey,  Lophocebus albigena , Arlet and Isbell  2009 ), and habitat fragmentation and 
degradation (e.g., red colobus monkeys, Chapman et al.  2006 ; spider monkeys,  Ateles 
geoffroyi yucatanensis , Rangel-Negrín et al.  2009 ). In addition, elevated glucocorti-
coid levels can be experienced by individuals residing in atypically large or small 
social groups (e.g., ring-tailed lemurs, Pride  2005 ) or by females during the energeti-
cally demanding period of lactation (e.g., chacma baboons, Weingrill et al.  2004 ). 
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 Female primates face different energetic demands across different reproductive 
stages, with lactation exerting the highest energetic demands (Dufour and Sauther 
 2002 ). To offset the energetic demands of lactation, black howler females are 
reported to increase caloric intake, rest less, and range further distances during the 
fi rst 10 months of lactation compared to adult non-lactating females (Dias et al. 
 2011 , see also Serio-Silva et al.  1999 ). In parallel with these behavioral changes, 
black howler females also may increase their metabolic rate by experiencing signifi -
cantly higher fecal glucocorticoid levels, and therefore purportedly higher level of 
circulating glucose, when lactating compared to less energetic demanding repro-
ductive stages (Fig.  8.4 , Van Belle, unpubl. data; see Appendix  1 ). Elevated fecal 
glucocorticoid metabolites in pregnant and lactating females compared with nonre-
producing females were also reported for mantled howler monkeys (Dunn et al. 
 2013 ). These elevated glucocorticoid levels in pregnant and lactating females might 
be partially a result of an increased stress response towards psychosocial stressors 
such as agonistic interactions during periods when energetic demands are high, as 
was observed for eight mantled howler females from two social groups (Gómez- 
Espinosa et al.  2013 ).  

 Using a large set of fecal samples ( n  = 350) collected from ten social groups dur-
ing a 21-month study spread across 4 years, Behie et al. ( 2010 ) investigated varia-
tion in fecal glucocorticoid levels in the black howler population at Monkey River, 
Belize in relation to group size, presence of tourists, and maximum monthly tem-
perature. Only lactating females were considered in this study to control for the 
effect that different reproductive stages have on glucocorticoid concentrations. 
These authors found that fecal glucocorticoid levels of both males and females were 
not infl uenced by group size and maximum monthly temperature, but were posi-
tively infl uenced by the presence of tourists. The two study groups that were fre-
quently visited by tourists had signifi cantly higher fecal glucocorticoid levels than 
other groups that experienced limited human contact. Behie et al. ( 2010 ) suggested 
that either the unpredictability of tourist visits or the intrusive and noisy behavior by 
tourists might account for the elevated fecal glucocorticoid levels in these groups. 
However, a group of red-handed howler monkeys exposed to loud noises from 

  Fig. 8.4    Mean fecal glucocorticoid levels (fGC) of female black howler monkeys ( A. pigra ,  n  = 5) 
during different reproductive states during a 14-month study at Palenque National Park, Mexico       
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nearby mining practices did not have signifi cantly higher fecal glucocorticoid levels 
compared with a nearby group living away from these mining practices (Monteiro 
et al.  2013 ). Similarly, in two mantled howler groups residing in a recreational for-
est reserve of which a section is a zoological park open to tourism and that had been 
exposed to humans throughout their lives, daily number of people visiting the park 
did not infl uence fecal glucocorticoid levels (Aguilar-Melo et al.  2013 ). In addition, 
fecal glucocorticoid levels in 31 red howler monkey groups residing in 10 different 
forest fragments also were not infl uenced by the level of human disturbance (i.e., 
minimal, logging, hunting, and logging and hunting), suggesting that howler mon-
keys might have a lower sensitivity to anthropogenic disturbance compared to other 
species such as spider monkeys (   Rimbach et al.  2013b ). 

 During their 21-month study, Behie and colleagues also measured fruit produc-
tion of 200 trees belonging to the top 12 food species for the black howler monkeys 
at Monkey River and assessed parasite load in fecal samples. Infection by multiple 
parasite species, but not parasite prevalence, negatively infl uenced fecal glucocorti-
coid levels, suggesting greater physiological stress on the body when it is parasit-
ized by more than one species that compete with each other for the host’s nutrients 
and energy (Behie and Pavelka  2013 ). Fruit availability also infl uenced male and 
female fecal glucocorticoid levels with elevated levels when fruits were scarce. 
These data suggest that black howler monkeys may be more dependent on fruit than 
previously believed, resulting in a subtle form of feeding competition in this primar-
ily folivorous primate species (Behie et al.  2010 ; Behie and Pavelka  2013 ). 

 Similarly based on data collected during an 8-month study, limited fruit avail-
ability in particular, or low food quality in general, may have partially accounted for 
the higher mean fecal glucocorticoid levels found in two black howler groups inhab-
iting small forest fragments (<2 ha, Ejido Leona Vicario, Balancán, Mexico) com-
pared to two black howler groups living in a more continuous forest (>1,400 ha, 
Calakmul Biosphere Reserve, Mexico; Martínez-Mota et al.  2007 ). Groups inhabit-
ing the forest fragments rested, fed, and socially interacted with group members at 
similar rates as those in the continuous forest, but traveled more frequently. Members 
of one of the howler groups living in forest fragments spent 11 % of their traveling 
time walking on the ground, which may have increased their exposure to terrestrial 
predators including dogs or coyotes, or their contact with fecal material and increased 
their susceptibility to infection from anthropogenic diseases such as gastrointestinal 
parasites (Martínez-Mota et al.  2007 ). However, the precise factors that resulted in 
elevated fecal glucocorticoid levels in these howler groups remain unclear. 

 Fecal glucocorticoid levels in two groups of mantled howler monkeys residing in 
forest fragments of 244 ha and 7 ha, respectively, at Los Tuxtlas Biosphere Reserve 
were signifi cantly and positively correlated to the percentage of time traveling, pro-
viding critical insight into the proximate mechanisms mediating elevated glucocor-
ticoid levels in primates in fragments (Dunn et al.  2013 ). Although fecal 
glucocorticoid levels were not signifi cantly infl uenced by fruit consumption per se, 
increased travel time was associated with reduced fruit consumption, decreased 
time feeding in large trees, and decreased time feeding on primary food resources 
resulting in increased feeding efforts in the study group living in the small and more 
disturbed forest fragment than the study group living in the more conserved  fragment 
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(   Dunn et al.  2009 ,  2010 ). As such, in 31 groups of red howler monkeys living in 10 
forest fragments ranging in size from 4 to 500 ha in Colombia, fragment size was 
not a signifi cant predictor of fecal glucocorticoid levels (Rimbach et al.  2013b ). The 
authors suggested that the apparent absence of physiological stress in the small for-
est fragments may be due to the fact that the study region has been undergoing 
fragmentation recently (<10 years), and hence that drastic changes in food avail-
ability might not have occurred yet. 

 A subsequent 4-month study spread evenly over the dry and wet season observ-
ing two additional mantled howler groups living in forest fragments of 230 ha and 
15 ha, respectively, at the Los Tuxtlas Biosphere Reserve demonstrated that the 
group in the small fragment had higher fecal glucocorticoid levels during the dry 
season, but not the wet season, than the study group in the larger forest fragment 
(   Gómez-Espinosa et al.  2013 ). However, this was not due to decreased food avail-
ability in the small forest fragment, nor were time spent traveling and ranging dis-
tance signifi cant predictors of weekly glucocorticoid levels in these study groups, 
contrasting with the results by Dunn et al. ( 2013 ). Instead, Gómez-Espinosa et al. 
( 2013 ) hypothesized that anthropogenic disturbance concentrated during the dry 
season when humans visited the river running through the small forest fragment 
more regularly might better explain the seasonal pattern of glucocorticoid levels in 
the group members residing in the small forest fragment. These inconsistent pat-
terns of glucocorticoid profi les in howler monkeys inhabiting forest fragments 
reveal that multiple factors, including fragment size and history, food availability 
and associated feeding efforts, and the level of human disturbance, mediate the 
stress response in howler monkeys in fragments. 

 Endocrine studies also contribute directly to conservation programs, especially 
when researchers actively monitor glucocorticoid levels during translocation proj-
ects. One Mexican mantled howler group, composed of two adult males and two 
adult females, was translocated from a 4.9 ha forest fragment that was scheduled to 
be converted to agricultural land. The group was moved to an 80 ha protected forest 
50 km away from their pre-translocation area (Aguilar-Cucurachi et al.  2010 ). The 
translocation followed a soft-release protocol in which the four adults were fi rst 
held in captivity close to the post-translocation site and were provided with food for 
1 month. They were then released into a 0.18 ha outdoor enclosure where the mon-
keys could forage on natural vegetation for 1 month, and fi nally released into the 
wild at the post-translocation site and monitored for an additional month. Each 
stage of the process from their pre-translocation site, to captivity, to semi-captivity, 
to their post-translocation site involved recapturing the four individuals, and fecal 
samples were collected during all four stages. Male fecal glucocorticoid levels 
remained stable throughout the translocation process, whereas female fecal gluco-
corticoid levels progressively increased from pre-translocation, to captivity, to 
semi-captivity, after which their glucocorticoid levels dropped below those recorded 
at the pre-translocation site once released at the post-translocation site and human 
handling was minimal. Females had signifi cantly higher fecal glucocorticoid levels 
than males during all translocation stages, except during the pre-translocation stage, 
suggesting that female mantled howler monkeys were more sensitive to stressors. In 
addition, the data suggest that the increase in female howler stress response during 
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translocation to a new habitat were lower than their response to being captured, 
handled, confi ned, and in close proximity to humans (Aguilar-Cucurachi et al. 
 2010 ). Possible ways to reduce stress during translocation include minimizing 
human handling and the period of confi nement by curtailing the period in captivity 
in favor of semi-captivity.  

8.7     Conclusion 

 Howler monkey studies that included the examination of hormonal profi les underly-
ing behavioral strategies have revealed several important insights into their biology, 
social interactions, and mating strategies that were not anticipated based on behav-
ioral data alone. For example, endocrine studies have suggested a nonaggressive 
form of intragroup male–male competition over access to fertile females in black 
howler monkeys based on elevated androgen and glucocorticoid levels in central 
compared to noncentral males (Van Belle et al.  2009b ), despite otherwise neutral 
male–male social relationships based on tolerance and avoidance (Van Belle et al. 
 2008 ). A direct relationship between male steroid levels and male–female social 
and sexual interactions also has been observed in tufted capuchin monkeys (Lynch 
et al.  2002 ), Japanese macaques ( Macaca fuscata , Barrett et al.  2002 ), and bonobos 
( Pan paniscus , Surbeck et al.  2012 ), suggesting that social relationships of males 
with cycling females may be a more pervasive driver of male endocrine function 
than generally thought. In this regard, howler monkeys are not unique but fi t a 
broader pattern and may serve as an important instructive model for examining 
questions regarding male endocrinology underlying male–female relationships. In 
addition, the two endocrine studies investigating the infl uence of inter- and intra-
group male–male competition on male androgen profi les in black howler monkeys 
(Van Belle et al.  2009b ; Rangel-Negrín et al.  2011 ) revealed considerable differ-
ences in hormonal profi les, most likely refl ecting distinct male reproductive strate-
gies in different social and demographic settings. This suggests that howler 
endocrine function is highly adaptable and responds to subtle proximate changes in 
the social environment. 

 Endocrine studies also revealed that glucocorticoid levels were higher during 
periods of fruit scarcity compared to periods of fruit abundance in a black howler 
population recovering from a population collapse and habitat destruction caused by 
a hurricane in Belize. This suggests more prominent reliance on fruits as a staple 
food resource than was previously thought for howler monkeys (Behie et al.  2010 ; 
Behie and Pavelka  2013 ; also see Behie and Pavelka  2014  and Garber et al.  2014  
on the importance of fruit in the diet of several howler species). At a proximate 
level, increased feeding effort by spending more time traveling between feeding 
sites may result in elevated glucocorticoid levels during periods of fruit scarcity or 
in degraded forest fragments (Dunn et al.  2013 ). Such fi ndings can be incorporated 
into conservation programs for howler monkeys by examining fruit species diver-
sity and seasonal availability in howler monkey habitats that have been degraded 
and fragmented because of human activity. For example, effective conservation 
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policies could include the planting of particular fruiting species in fragmented 
 habitats occupied by howler monkeys. 

 Finally, comparison of glucocorticoid levels between males and females has 
revealed that females of mantled howler monkeys appear to be more sensitive than 
males to either social (e.g., threat of extragroup males in habitat; Cristóbal-Azkarate 
et al.  2007 ) or ecological stressors (e.g., translocation and human handling; Aguilar-
Cucurachi et al.  2010 ), information that could only have been identifi ed by combin-
ing behavioral observations with endocrine studies. 

 I advocate for additional endocrine–behavioral–ecological studies on other 
howler monkey species and populations encompassing a wider range of environ-
mental conditions, such as environments exhibiting prominent seasonality in food 
resources, rainfall, or temperatures, and a wider range of social/demographic condi-
tions, including groups containing one male versus multiple males, groups with 
adults coresiding with kin versus nonkin, or well-established groups versus newly 
formed groups. Such studies are needed to assess how social, demographic, and 
ecological fl uctuations affect male and female hormonal profi les and reproductive 
strategies. Although a limited number of studies of howler monkeys have focused on 
ovarian cycles, the effects of male–male competition, fruit availability, fragmenta-
tion, and translocation, information is extremely limited on hormonal profi les during 
infant development, the onset of sexual maturation, pregnancy, and patterns of hor-
monal fl uctuation in response to seasonal changes in food availability across dis-
turbed and undisturbed habitats. In addition, endocrine studies exploring the nature 
and formation of social bonding among male–male coalitions, mother–offspring 
bonds, or the role of paternal care during infant social development focusing on 
peptide hormones like oxytocin, prolactin, and vasopressin (e.g., Schradin and 
Anzenberger  2004 ; Seltzer and Ziegler  2007 ; Ziegler et al.  2009b ; Anestis  2010 ; 
Moscovice and Ziegler  2012 ) are needed, especially in order to compare differences 
between howler groups or species in which collective action, male–male tolerance, 
and female–female tolerance, and female mate choice have been reported (Pope 
 1990 ,  2000 ; Van Belle et al.  2008 ,  2009a ,  b ,  2011 ; Kowalewski and Garber  2010 ; 
Garber and Kowalewski  2011 ).  

      Appendix: The Effect of Male Migration and Reproductive 
Status on Black Howler Female Fecal Glucocorticoid Levels 

    Methods 

 Two multimale–multifemale black howler ( A. pigra ) groups were studied in 
Palenque National Park, Mexico from June 2006 through July 2007. The Balam 
group had three adult females at the onset of the study, but one female (MI) disap-
peared on October 18, 2006. The Motiepa group had two adult females throughout 
the study period. Both groups underwent several changes in adult male group 
 membership (Balam,  n  = 7; Motiepa,  n  = 2; for detailed description, see Van Belle 
et al.  2008 ). Fresh fecal samples were collected from each adult female, on average, 
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every 4.1 ± 1.4 days, resulting in a total of 246 samples. Methods used for sample 
storage, hormone extraction, assay validation, and glucocorticoid EIA are described 
in detail in Van Belle et al. ( 2009b ). Values of hormone concentrations were log 10  
transformed to normalize the distribution and equalize the variance (Kolmogorov–
Smirnov tests and Levene’s tests,  P  > 0.05), allowing the use of parametric tests. 

 General linear mixed models (GLMM) were used to analyze whether glucocorticoid 
levels of females differed between the 2 weeks prior to and the 2 weeks after male 
migration events in their groups. Random factors in the GLMM included female iden-
tity to account for the repeated sampling of the same individual, which was nested 
within groups to account for the possibility that coresiding females had correlated hor-
mone levels and migration events nested within groups to account for the possibility that 
coresiding females changed hormonal levels similarly to the same migration events. To 
examine whether female glucocorticoid levels changed according to their reproductive 
status, a GLMM was used with female identity nested within groups as random factors 
and reproductive status as predictor variable. Female reproductive status was classifi ed 
as acyclic, cycling, pregnant, or lactating based on their fecal estrogen and progestin 
profi les and presence of young offspring (Van Belle et al.  2009a ).  

    Results 

 Adult females did not differ in their fecal glucocorticoid levels between the 2 weeks 
before and after male migrations in their groups (Mean Before  = 0.99 ± SE 0.09, 
Mean After  = 1.05 ± 0.07,  F  2,39.6  = 0.650,  P  = 0.527). However, female fecal glucocorti-
coid levels across different reproductive states were signifi cantly different with 
females having higher fecal glucocorticoid levels when lactating compared to other 
reproductive states (Fig.  8.3 ,  F  3,240.7  = 10.48,  P  < 0.001)      
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