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ABSTRACT 

UNDERSTANDING POOR REPRODUCTION IN THE MANED WOLF 
(CHRYSOCYON BRACHYURUS) HELD EX SITU 

Lauren E. Reiter, MAIS 

George Mason University, 2012 

Thesis  Director: Dr. Michael P. Gilmore 

 

Maned wolves maintained in U.S. zoos have experienced limited reproductive success 

and high neonatal mortality.  Sub-optimal health including, cystinuria, intestinal disorders 

and other health problems, coupled with stress associated with captive management have 

been indicated as potential causes of poor reproduction in the North American ex situ 

population.  The objectives of this study were to: 1) utilize non-invasive endocrine 

monitoring to assess reproductive and stress hormones in female maned wolves of 

various reproductive histories and 2) develop and validate a urinary leptin assay as a 

biomarker for nutritional status in this species.     

For the first objective, data were obtained during 39 reproductive cycles (n = 28 

females), 30 that were of breeding females and the remaining cycles were of individuals 

housed alone.  Of the 30 breeding cycles, 18 were pregnant, 10 of which resulted in births 

of healthy pups surviving to adulthood.  The remaining 12-paired females resulted in 
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pseudo-pregnancy.  Fecal samples were collected from each animal 1-3 times per week 

during the breeding season (October-March) or until pups were produced, and stored at    

-20°C until extraction and analyses of gonadal and adrenal hormone metabolites were 

carried out using validated enzyme immunoassays.  Differences in mean fecal steroid 

metabolites were determined by analysis of variance (ANOVA) followed by multiple 

comparisons.   

Mean progestagen concentrations during the pre-ovulatory phase did not differ 

significantly (P > 0.05) among groups; however, pregnant females (raised pups: 20.0 ± 

3.0 µg/g feces, lost pups: 22.5 ± 3.0 µg/g feces) had higher (P < 0.05) progestagen 

concentrations than pseudo-pregnant (10.3 ± 1.3 µg/g feces) and unpaired (4.2 ± 0.5 µg/g 

feces) counterparts during the peri-ovulatory phase.  During the luteal phase, the highest 

(P < 0.05) mean progestagen metabolite concentration was found in pregnant females 

that raised pups (45.8 ± 2.3 µg/g feces), followed by pregnant wolves that lost pups (43.0 

± 4.0 µg/g feces) and, then, pseudo-pregnant individuals (27.5 ± 1.2 µg/g feces).  Profiles 

of singleton female maned wolves displayed low progestagen concentrations throughout 

the breeding season (mean ± SEM; 4.6 ± 0.3 µg/g feces) and the hormone level was 

lower (P < 0.05) than those of other groups.  Mean fecal cortisol concentrations during 

the pre-ovulatory and peri-ovulatory phases did not differ significantly (P > 0.05) among 

groups; however, females that cared for their pups (1.8 ± 0.1 µg/g feces) had lower (P < 

0.05) corticoid concentrations during the luteal phase than pseudo-pregnant females (3.3 

± 0.2 µg/g feces) and individuals that experienced neonatal loss (3.1 ± 0.3 µg/g feces).  
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Furthermore, females who successfully reared their young excreted the lowest corticoid 

concentrations across all three reproductive phases of the cycle.   

For the second objective, fresh urine (34 samples from 20 maned wolves) was 

opportunistically collected during the 2009-10 and 2009-11 breeding seasons.  

Additionally, 10 serum samples from 10 individuals were collected during routine 

physical examinations.  Urinary and serum leptin concentrations were assessed using 

multi-species leptin radioimmunoassay (RIA) kit.  Curves of serially diluted pooled 

maned wolf serum and urine exhibited parallel displacement to that of the standard curve 

(1.56-50 ng/mL) demonstrating immunoactivity of endogenous antigen similar to the 

assay standards.  Net recovery of 1.56, 3.13, 6.25, 12.5, 25 and 50 ng leptin added to 200 

µL neat urine was 1.12, 0.98, 1.72, 1.97, 3.86 and 8.46 ng, respectively (y = 0.31x + 0.51, 

R2 = 0.98) and indicated a gross underestimation of hormone mass.  Leptin 

concentrations were correlated with biological measures (i.e., age, sex, body weight, etc.) 

obtained opportunistically.  Relationships between serum/urinary leptin and body 

condition were determined using correlation analyses.  Sex did not influence (t17 = -0.52, 

P > 0.05) urinary leptin concentration in the maned wolf (males: 2.30 ± 0.44 ng/mg Cr, 

range: 0.35-4.29 ng/mg Cr, n = 7; females: 2.63 ± 0.41 ng/mg Cr, range: 0.80-5.32 ng/mg 

Cr, n = 12).  Urinary leptin concentrations increased with age for both males and females 

(t5 =-2.98; P = 0.03).  Body length showed a marginally significant positive correlation 

with urinary leptin concentration (r3 = 0.73, P = 0.09, n = 5); however, no other 

significant correlations were found with the remaining biological measures.   
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This study demonstrated that: 1) ovulation only occurs in females paired with a 

male, indicating that the maned wolf is an induced ovulator; 2) pseudo-pregnant females, 

on average, excrete lower progestagen metabolites than pregnant individuals; 3) females 

that lost pups or did not become pregnant exhibit elevated corticoid excretion compared 

to individuals producing and raising pups; and 4) urinary leptin can be detected using a 

multi-species leptin RIA, although there appears to be a gross underestimation of 

hormone mass.  These findings advance understanding about the causes of poor 

reproductive success in captive maned wolves, which is critical for developing an 

improved management strategy for ex situ populations.  Future studies should focus on 

identifying factors contributing to and alleviating stress responses in captive maned 

wolves, which may then help improve pregnancy rates and reduce neonatal loss.  

Additional studies are also required to further explore the usefulness of urinary leptin as a 

biomarker for assessing nutritional status and overall health of maned wolves kept ex situ.  
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I. INTRODUCTION 

The maned wolf (Chrysocyon brachyurus), a neotropical canid, lives in habitats severely 

compromised by agricultural development.  This ‘near threatened’ species once thrived 

and ranged throughout much of South America, but is now found only in Brazil, 

Argentina, Bolivia and Paraguay (Rodden et al., 2004; 2008).  The main threats to wild 

maned wolf populations include habitat loss, conflicts with humans, diseases transmitted 

from domestic dogs and road mortality (Rodden et al., 2004).  Because of a rapidly 

declining and increasingly fragmented native habitat, it is important to sustain a ‘hedge’ 

collection of maned wolves ex situ.  Maned wolves held ex situ are a ‘genetic repository’ 

for retaining all existing heterozygosity, which is especially important in the case of an 

unexpected catastrophic event impacting wild populations.  Ex situ populations also serve 

as ambassadors for their wild counterparts and provide an opportunity to study the 

biology and physiology of this unique canid.  Unfortunately, attempts to breed captive 

maned wolves have proven unsuccessful due to problems involving low pregnancy rates 

and high neonatal mortality (Maia and Gouveia, 2002; Cummings et al., 2007; Songsasen 

and Rodden, 2010).   

Maned wolves are monogamous and monestrus, experiencing one reproductive 

cycle per year (Kleiman, 1972; Dietz, 1984).  Prime reproductive age for this species is 

between three and eight years of age.  The breeding season spans between three and five 
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months occurring from March to June in Latin America and September to February in 

North America (Maia and Gouveia, 2002).  Following an approximate 65-day gestation, 

births occur any time between June and early September in the southern hemisphere and 

between mid- to late November and March in the northern hemisphere (Dietz, 1985; 

Maia and Gouveia, 2002; Rodden et al., 2004). 

Stress, as a result of sub-optimal housing and poor management conditions, is 

known to affect reproduction in zoo-managed species (Rivier and Rivest, 1991).  This 

appears particularly prevalent in specialized carnivores such as leopard cats (Prionailurus 

bengalensis; Carlstead et al., 1993), clouded leopards (Neofelis nebulosa; Wielebnowski 

et al., 2002), cheetahs (Acinonyx jubatus; Marker-Kraus and Grisham, 1993; Jurke et al., 

1997; Terio et al., 2004), maned wolves (Kleiman, 1972; Montali and Kelly, 1989; 

Songsasen et al., 2006), red wolves (Canis rufus; Rabon, Jr. and Waddell, 2010) and 

black-footed ferrets (Mustela nigripes; Poessel et al., 2011).  In cheetahs, a negative 

relationship between adrenal and ovarian activity has been shown (Jurke et al., 1997).  

Female cheetahs with high circulating cortisol concentrations experience less follicular 

activity and prolonged periods of anestrus.  Additionally, cheetahs located near 

conspecifics may experience stress that has led to suppression of ovarian activity (Jurke 

et al., 1997).  For male Pallas’ cats (Otocolobus manul) housed indoors, the artificial 

lighting simulated false photoperiods that delayed onset of the breeding season and 

decreased its length (Newell-Fugate et al., 2007).  Additionally, management factors 

significantly influence the number of litters produced by small-sized felid species in 
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captivity, with those housed larger than a male-female pair resulting with poor 

reproductive success (Mellen, 1991).  

Stress may have undesirable effects in pregnant females prior to parturition and 

post-partum, especially when individuals are housed in an unsatisfactory social or 

physical environment (Comizzoli et al., 2009; Poessel et al., 2011).  In a monogamous 

species, such as maned wolves, pair separation can lead to maternal neglect or infanticide 

(Thompson et al., 2010).  In an attempt to provide appropriate housing and fulfill a 

species’ environmental needs, multiple dens are placed in a maned wolf’s enclosure.  

Therefore, if a female experiences a perceived stressor, she has the choice and control to 

move her litter to another den, which discourages maternal infanticide (Thompson et al., 

2010).  Thus, the degree of control an animal has on its environment greatly impacts its 

response to an aversive event (Mormède et al., 2007). 

Stress associated with sub-optimal health can also result in poor reproductive 

success.  Formulating optimal diets for captive maned wolves has been an ongoing 

challenge for maintaining this species ex situ.  Free-ranging maned wolves are 

omnivores, ingesting approximately 51% plant and 49% animal matter, respectively 

(Dietz, 1984; Motta-Junior et al., 1996).  Furthermore, diet composition of wild maned 

wolves is seasonally variable (Dietz, 1984).  In captivity, most animals are offered a more 

carnivorous diet (~65% animal protein) with less than ~20% plant-based foods annually.  

This discrepancy between diets of zoo-housed and free-ranging maned wolves is 

hypothesized to be a contributing factor to sub-optimal health of this species.  

Additionally, maned wolves have a very sensitive gastrointestinal tract and often respond 
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to minor dietary changes with diarrhea and poor body condition (Bush, 1980).  Diets fed 

to captive maned wolves included foods originally formulated for domestic dogs.  

However, it has been shown that there is species-specificity in digestibility (Childs-

Sanford and Angel, 2006).  Specifically, maned wolves have lower digestibility of dry 

matter, energy and several minerals including copper, magnesium, iron and sodium than 

domestic dogs (Childs-Sanford and Angel, 2006).  Although animal managers are careful 

in offering a well-balanced diet to captive maned wolves, the sub-optimal health 

observed in this species may be due to digestibility differences leading to an energy 

imbalance. 

Maintaining adequate energy stores is critical for survival.  Leptin, a cytokine, is 

secreted by large adipocytes of subcutaneous peripheral fat and regulates body weight 

and energy homeostasis, multiple hypothalamic-pituitary axes and a diverse array of 

other biological responses such as reproductive development and function (Van 

Harmelen et al., 1998; Mantzoros, 2000; Henson and Castracane, 2000; Muehlenbein et 

al., 2003; Bouillanne et al., 2007; Greenstein and Wood, 2010).  Leptin modulates timing 

of the first ovulation onset by signaling to the brain when a certain percentage of body fat 

has been reached for initiation of puberty (Mantzoros, 2000).  Normal leptin levels are 

essential for sustaining ovulatory cycles and reproductive functions in animals and 

humans (Mantzoros, 2000).  Serum leptin is positively correlated with body weight and 

body mass index in domestic dogs (Canis familiaris) and raccoons (Procyon lotor) 

indicating its usefulness as a marker for nutritional status in carnivores (Asikainen et al., 

2004; Shibata et al., 2005).  Measuring leptin concentrations in the maned wolf can help 
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the Maned Wolf Species Survival Plan® (MWSSP) monitor nutritional status and, 

additionally, improve reproduction in the captive population.   

The purpose of this research was to: 1) determine whether or not neonatal loss is 

linked to an adrenal/stress response, and 2) develop a biomarker for assessing nutritional 

and health status of captive maned wolves.  The objectives were to utilize non-invasive 

fecal hormone monitoring to: 1) compare gonadal and adrenal hormone metabolites 

among females that gave birth and successfully raised pups to those that lost pups post-

partum, pseudo-pregnant individuals and unpaired animals, 2) determine the relationship 

between gonadal and adrenal hormone metabolites, 3) develop and validate a noninvasive 

assay for measuring urinary leptin concentrations in maned wolves and 4) correlate 

urinary leptin with circulating leptin levels, age, sex, body weight, body condition and 

reproductive seasonality.  The findings from this research will contribute to efforts in 

understanding causes of poor reproductive success in captive maned wolves. 

Chapter Two describes the biology and physiology of the maned wolf, its status in 

the wild and the history of the North American captive maned wolf population.  An 

examination of hormone monitoring, specifically gonadal and adrenal hormones, in zoo-

managed maned wolves is explored in Chapter Three.  Additionally, measuring adrenal 

activity in animals and using cortisol concentrations as a proxy for measuring stress are 

described.  These techniques have been applied to captive maned wolves and a thorough 

analysis follows along with longitudinal profile characterization based on reproductive 

outcomes.  The latter chapter focuses on leptin and the more recent studies focusing on 

animals and its potential for use as a biomarker.  This is the first study to collect and 
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analyze leptin concentrations in the maned wolf.  Finally, the thesis will culminate with a 

summary of the findings and recommendations for future studies. 

 
 



24 
 

II. LITERATURE REVIEW 

Natural	  History	  of	  the	  Maned	  Wolf	  
The maned wolf (Chrysocyon brachyurus) is the largest canid inhabiting the grasslands 

and scrub forest of central South America from the mouth of the Parnaiba River in north-

eastern Brazil, south through the Chaco of Paraguay into Rio Grande do Sul State, Brazil, 

and west to the Pampas del Heath in Peru (Dietz, 1985; Rodden et al., 2004).  Evidence 

has confirmed the presence of this species in Argentina with a reported wolf sighting in 

1999 (Rodden et al., 2004).  This has subsequently been corroborated by Salvatori et al. 

(2004).  The last account indicating the presence of maned wolves in northern Uruguay 

was in 1990.  Unfortunately, no confirmations have been validated since, and it is 

possible that maned wolves have gone extinct in this country (Rodden et al., 2004).  

However, the species still inhabits Argentina, Bolivia, Brazil, Paraguay and Peru with an 

estimated population totaling 23,000 individuals (de Paula et al., 2008; Songsasen and 

Rodden, 2010). 

Physical	  Description	  
Maned wolves are sometimes described as a “fox on stilts” due to their fox-like 

appearance and character (Emmons et al., 2004; MWSSP, 2007).  However, maned 

wolves are neither a fox nor a ‘true’ wolf, but rather exist in a separate genus, 

Chrysocyon, which does not include any other canid species (Dietz, 1985; MWSSP, 

2007).  The maned wolf is the tallest canid standing approximately a meter tall at 
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shoulder height and weighing roughly 26 kilograms (Dietz, 1984; Emmons et al., 2004).  

Maned wolves do not display considerable sexual dimorphism (MWSSP, 2007).  Their 

pelage, with almost no observable individual variation, consists of rusty golden-red with 

black covering their legs, a white-tipped tail and a mane of long black-tipped hair running 

down their neck and shoulders (Fig. 2.1A).  Their throat along with the inside of their 

large ears is white (Fig. 2.1B; Dietz, 1985; Emmons et al., 2004).  Dietz (1984) reports 

significantly longer pinnae in males as compared to females.  Another unique 

characteristic of the maned wolf is their gait.  Their long legs are not well-equipped for 

running and are adapted for living in grasslands.  Locomotion is achieved by moving the 

legs on the same side of the body together, rather than alternatively (MWSSP, 2007).  

Their long legs, large ears, unique gait and pelage enable them to survive in the tall 

grasslands (Rodden et al., 2004). 
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Figure 2.1 Photographs of a maned wolf housed at the Smithsonian Conservation Biology Institute reveal the 
canid’s long dark legs, orange-brown coat with a black mane (A) and large ears and white throat (B).           
Photo credit: Lauren Reiter 
 

Free-‐Ranging	  Maned	  Wolves	  
Maned wolves live solitary lifestyles in low densities.  Naturally, a mated pair (1♂.1♀) 

will defend a shared territory (Dietz, 1984).  During the non-breeding season, the pair 
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lives separately, despite sharing the same home range (MWSSP, 2007).  Individual paths 

intertwine with one another, but the pair rarely meets, except during the breeding season 

(March-June) when mated pairs are often seen together and when pups are born (June-

August) (Rodden et al., 2004; MWSSP, 2007).  Home range size varies among studies 

from 38.14 km2 (Melo et al., 2007) up to 80 km2 (Jácomo et al., 2009).  This species is 

highly territorial using olfactory, visual and auditory mechanisms to communicate and 

mark territorial boundaries.  Site-specific defecation spots, found on termite mounds, ant 

mounds, shrubs, trees and grass and any landmarks that present physical barriers, such as 

roads and rivers, define a wolf’s territory and is communicated via both visual and 

olfactory cues (Dietz, 1984).  Additionally, maned wolves employ a roar-bark, as a 

means to communicate with their mate and to announce their location within their 

territory, which may serve to space individuals appropriately and avoid intraspecific 

aggression (Kleiman, 1972).  Other vocalizations include whines and growls, which 

expresses the disposition of the individual (Kleiman, 1972; MWSSP, 2007).  

Maned wolves are opportunistic omnivores and do not compete with humans for 

food (Emmons et al., 2004).  Roughly half of their diet consists of plant matter and the 

other half comprises small animals (Jácomo et al., 2004; Childs-Sanford, 2005).  Lobeira 

(Solanum lycocarpum) or “Fruit of the Wolf” is a plant that produces a tomato-like fruit 

that is a major and consistent dietary component of free-ranging maned wolves living in 

Brazil (Dietz, 1984; Allen, 1995; MWSSP, 2007).  The increased presence of humans 

and their use of resources have impacted food sources consumed by the maned wolf.  The 

lobeira fruit, for example, has been severely reduced due to habitat conversion of the 
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Cerrado for agriculture (Courtenay, 1994).  Animal and plant matter consumption 

changes according to available resources, and these vary throughout the year (Motta-

Junior and Martins, 2002; Rodden et al., 2004).  Small mammals and foliage are more 

often consumed during the dry season (June-September), while fruits and insects are 

more prevalent during the wet season (December-March) (Allen, 1995; Aragona and 

Setz, 2001).  

The maned wolf’s primary habitat comprises 80% of the Cerrado and is being 

severely reduced and replaced by pasture and agriculture (Trolle et al., 2007; Sollman et 

al., 2010).  To date, only 20% of natural habitat remains.  As the human population 

continues to increase, the demand for food and natural resources will further damage and 

fragment remaining core habitats and maned wolf territories (Karanth and Chellam, 

2009).  

The	  North	  American	  Population	  of	  Captive	  Maned	  Wolves	  
Due to the continual decline in natural habitat and increasing threats to wild maned 

wolves, maintaining a captive population of this species is important.  Ex situ 

conservation, aims to maintain sustainable populations, with zoos playing a stewardship 

role in creating reservoirs of wildlife that are managed to be as genetically close as 

possible to free-living counterparts (Comizzoli et al., 2009).  The aim of management is 

to take a representative ‘snapshot’ of the species’ genetic diversity and preserve it (Lees 

and Wilcken, 2009).  Zoo populations may also act as ‘insurance’ against catastrophic 

events or disasters that are capable of wiping out small populations occurring in the wild 

(Wildt et al., 2001; Cummings et al., 2007).  They provide opportunities for research such 
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as affording access to specific animals for studying behaviors, reproductive biology, 

health, diseases, nutrition and genetics (Hosey et al., 2009; Songsasen and Rodden, 

2010).  Finally, zoo populations serve as ambassadors for their wild relatives in their 

disappearing habitats.  This is especially important for carnivores because they are highly 

vulnerable to environmental change and human persecution (Comizzoli et al., 2009). 

Maned wolves were first imported from Brazil into the United States in 1965 

(MWSSP, 2011).  The Association of Zoos and Aquarium’s (AZA) Maned Wolf Species 

Survival Plan® (MWSSP) population descended from 31 founders (MWSSP, 2011).  The 

AZA Canid and Hyaenid Taxon Advisory Group (TAG) have set the target Species 

Survival Plan (SSP) population of maned wolves at 100 individuals (MWSSP, 2010).  

The captive population was greatest in 1995 with a total of 97 individuals [48.49 (♂.♀)] 

(M. Rodden, pers. comm.).  Since 2004, the maned wolf population has gradually 

declined primarily due to poor reproductive success, as paired individuals have failed to 

reproduce and successfully rear pups (MWSSP, 2011).  The current population consists 

of 92 individuals (46.46) housed across 30 institutions (M. Rodden, pers. comm.).  One 

of the fundamental goals for the MWSSP program is to maintain a viable self-sustaining 

captive North American population.  This includes maintaining gene diversity above 

90%.  However, due to poor reproduction (Maia and Gouveia, 2002), as well as a small 

and aging population, it is apparent that this goal is not achievable (M. Rodden, pers. 

comm.).  Under the current situation, it is expected that this population can retain genetic 

diversity > 90% for the next five years, and only 28% for the next 100 years.  Once gene 

diversity declines to below 90% of that in the founders, inbreeding depression could 
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significantly impact the viability of the population (Ebenhard, 1995; Lees and Wilcken, 

2009).   

Inbreeding has been linked to increased abnormalities, fatal mutant phenotypes, 

recessive deleterious mutations, decline in fitness, genetic diseases and lower fertility, 

survival and growth rates of individuals (Charlesworth and Willis, 2009; Rabon Jr. and 

Waddell, 2010).  Asa et al. (2007) report an inverse relationship between high levels of 

inbreeding with semen quality, as measured by percentages of motile sperm and sperm 

with normal morphology in the Mexican gray wolf (Canis lupus baileyi).  Additionally, 

Asa et al. (2007) conclude the level of defective sperm observed could depress fertility.  

In a captive gray wolf (Canis lupus) population, Laikre and Ryman (1991) describe 

decreased juvenile weight, diminished reproductive success and reduced longevity as 

effects of inbreeding.  Because low genetic diversity has been shown to impact animals’ 

health and reproductive fitness, there is an urgent need to improve reproductive capacity 

of captive maned wolves. 

In addition to poor reproduction and an aging population, another challenge in 

maintaining a viable maned wolf population is sub-optimal health.  Maned wolves are 

confronted with poor body conditions, chronically soft stools, rapid ingesta passage, 

gingivitis and cystinuria (Childs-Sanford and Angel, 2006).  Captive breeding of maned 

wolves is additionally hindered by metabolic and digestive system disorders, as well as 

the lack of an optimal diet (Maia and Gouveia, 2002; Soler et al., 2005; Songsasen and 

Rodden, 2010).  As of 2010, a diet was developed specifically for maned wolves through 
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the partnership between the MWSSP and Land-O-Lakes/Mazuri.  The newly formulated 

diet is currently being assessed (MWSSP, 2011). 

Reproductive	  Endocrinology	  of	  the	  Maned	  Wolf	  
The prime reproductive age for maned wolves is between three and eight years of age.  

However, wolves as young as two years and as old as twelve years have produced pups 

(MWSSP, 2010).  As seasonal breeders, maned wolves are limited to only one 

opportunity for conception per season (Asa and Valdespino, 1998).  Reproduction in 

maned wolves is affected by photoperiod (Velloso et al., 1998).  Under natural 

photoperiods, maned wolves are seasonal breeders demonstrating gonadal activity from 

late September through February in North America and occurring from March to June in 

Latin America (Dietz, 1985; Maia and Gouveia, 2002).  This species is monogamous 

cohorting with its mate during the breeding season, despite living a solitary lifestyle for 

the remainder of the year (Kleiman, 1972).  In captivity, breeding pairs [1.1 (♂.♀)] may 

be housed together (MWSSP, 2010).  Following a gestation period of 60 to 65 days, 

litters produce three pups on average, although as few as one and as many as seven pups 

have been documented (Rodden et al., 1996; Maia and Gouveia, 2002). 

Current knowledge on the canid reproductive cycle has been largely gleaned from 

studies on the domestic dog (Canis familiaris; Wildt et al., 1979; Concannon et al., 

1989).  The reproductive cycle of canids can be divided into four distinct phases: 

proestrus, estrus, diestrus and anestrus.  Proestrus, which is dominated by increased 

follicular activity, averages nine days in the domestic dog (Feldman and Nelson, 1987).  

This phase is characterized by vulvar swelling and sanguineous discharge and late in 
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proestrus, females will allow mounting attempts from the male (Velloso et al., 1998).  In 

the domestic dog, it has been shown that estrogen concentration gradually increases and 

reaches the peak level at the end of this period (Concannon, 2009).  The increase in 

circulating estrogen causes extensive vaginal epithelial cell proliferation and cornification 

(Concannon, 2009).  The onset of estrus coincides with the decline in estrogen level and 

the rise of circulating progesterone concentration.  The duration of estrus is highly 

variable in the domestic dog, ranging from 1-2 weeks with an average of nine days 

(Songsasen et al., 2006; Concannon, 2011).  Irrespective of pregnancy, the estrus period 

is followed by diestrus, a luteal phase with an average duration of two months 

(Songsasen and Wildt, 2007).  Towards the end of diestrus, corpus luteum function 

declines causing females to enter a prolonged anestrous period that lasts two to ten 

months in the domestic dog.  Anestrus is characterized by the lack of external signs of 

ovarian activity and nadir concentrations of circulating progesterone (Concannon, 2011).  

Reproductive physiology of the maned wolf is largely similar to that of domestic 

dogs.  For the maned wolf, average duration of proestrus is 10.6 days (Velloso et al., 

1998).  By utilizing non-invasive hormone monitoring, it has been shown that estrogen 

metabolite concentrations increase during this period and reach peak level 1-2 days prior 

to the onset of breeding, then, decline to baseline on the day of lordosis or copulation 

(Fig. 2.2; Songsasen et al., 2006).  During estrus, females accept males as indicated by 

solicitous tail flagging, play invitations, sniffing, anogenital investigation and lordotic 

stances (Rodden et al., 1996; Velloso et al., 1998).  Breeding is considered successful 

when a copulatory tie lasting up to several minutes has been achieved (Rodden et al., 
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1996, 2004).  During estrus, progestagen metabolite concentrations gradually increase 

and remain elevated in females housed with a male, regardless of breeding outcome.  It 

has been shown that progestagen metabolite levels are significantly higher in pregnant 

females from proestrus to parturition (Songsasen et al., 2006).  However, unlike the 

domestic dog, progestagen concentrations of a single female remains at a low level, 

indicating that the maned wolf may be an induced ovulator (Songsasen et al., 2006).  

Following an average 65-day gestation period, progestagen concentrations drop at 

parturition (Dietz, 1984; Velloso et al., 1998; Maia and Gouveia, 2002).  Diestrus ends 

with the onset of seasonal anestrus.  In captive maned wolves, mutual avoidance and 

minimum levels of scent marking and vocalization are characteristic of anestrus (Dietz, 

1985).  
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Figure 2.2 Longitudinal profiles of fecal gonadal (estrogen and progestagen) metabolites for (A) a pregnant 
maned wolf from 28 days before estrogen peak to parturition (Songsasen et al., 2006) and (B) a pseudo-pregnant 
maned wolf from 13 days before estrogen peak to the end of the luteal phase.    
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Non-‐Invasive	  Hormone	  Monitoring	  
Non-invasive hormone monitoring is practiced in humans and many domestic species 

(e.g. dogs, cats, and sheep).  This nonintrusive technique has become useful, as it has 

proven to be a valuable means for assessing hormones in wildlife living ex situ and in 

situ.  Fecal and urinary hormone analysis has been applied to captive and wild animals 

(Lasley and Kirkpatrick, 1991; Millspaugh and Washburn, 2004).  Fecal glucocorticoids 

have been used to assess adrenal activity.  For example, in captive leopard cats, reduced 

exploration was determined to be a behavioral indicator signifying chronically elevated 

adrenocortical activity (Carlstead et al., 1993).  Wielebnowski et al. (2002) found higher 

fecal corticoid concentrations in clouded leopards maintained on public display or 

adjacent to heterospecifics in comparison to individuals maintained off exhibit or in the 

absence of predators.  Analysis of fecal and urinary gonadal hormone metabolites has 

permitted longitudinal monitoring of reproductive activity in various wildlife species 

living ex situ including bottlenose dolphins (Tursiops truncates; Biancani et al., 2009), 

Asian and African elephants (Elephas maximus and Loxodonta africana; Brown, 2000), 

felids (Brown et al., 1994; Jurke et al., 1997; Wielebnowski et al., 2002; Newell-Fugate 

et al., 2007), black and white rhinoceros (Diceros bicomis and Ceratotherium simum; 

Carlstead and Brown, 2005; Dorsey et al., 2010), western lowland gorillas (Gorilla 

gorilla gorilla; Clark et al., 2011), black-footed ferrets (Mustela nigripes; Poessel et al., 

2011), African wild dogs (Lycaon pictus; Monfort et al., 1998) and many others.  This 

technology has proven useful in studying wildlife in their native habitat.  Creel et al. 

(2002) assessed fecal glucocorticoids in wild wolves (Canis lupus) and elk (Cervus 

elaphus) and concluded that snowmobile activity induced stress in these species.  
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Non-invasive hormone monitoring has also been used to study reproductive 

physiology of the maned wolf (see above).  It has been shown that female maned wolves 

that have lost their neonates demonstrate lower progesterone levels during the second half 

of gestation as compared to female maned wolves that successfully raise their young 

(Songsasen et al., 2006).  It has been proposed that lower progestagen excretion in female 

maned wolves that lose their pups may be linked to an adrenal/stress response, which 

may be caused by suboptimal management.  Preliminary analysis of fecal corticoid 

metabolites, when compared between females that successfully raised young to those 

females that lost their pups, showed that the latter group revealed significantly higher 

cortisol levels, especially during the periovulatory period (MWSSP, 2007).  Thus, 

females that experience neonatal loss exhibit elevated cortisol concentrations that may be 

stress-induced. 

Reproductive senescence has been eliminated as a cause of poor reproduction 

because individuals between ages ten and twelve have successfully reproduced (MWSSP, 

2010; Songsasen and Rodden, 2010).  MWSSP recommends maned wolves for breeding 

when individuals are at prime-breeding age (MWSSP, 2010).  

Stress	  
Stress, coupled with sub-optimal management, has been proposed as a contributing factor 

to low reproductive success and neonatal mortality in maned wolves.  Only 38% of 166 

recommended breeding pairs produced pups from 1996 through 2007 with 50% of 

pregnant maned wolves losing neonates (Songsasen and Rodden, 2010).  Animals living 

in captivity experience a more static habitat, unlike their free-living counterparts 
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(Cummings et al., 2007).  A top research priority for the MWSSP is to determine if 

chronic stress affects reproduction in maned wolves held ex situ. 

No single, standard definition of stress exists nor does a single biochemical assay 

system exist to measure it (Möstl and Palme, 2002).  Rivier and Rivest (1991) defined 

stress as any disruption of homeostasis.  This can include, but is not limited to, energetic, 

immunological and psychological challenges (Padgett and Glaser, 2003; Hosey et al., 

2009).  Stress, resulting from intense physical, physiological or immune challenges will 

activate the hypothalamus, pituitary and adrenal cortex (HPA) axis (Fig. 2.3).  

 

 

Figure 2.3 Diagram illustrates the mechanisms by which the hypothalamic-pituitary-adrenal (HPA) axis 
responds to a stressor.  Adapted from Irwin and Cole (2011). 
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A stressor initially acts upon the hypothalamus triggering the secretion of 

corticotropin-releasing hormone (CRH), which in turn stimulates the pituitary gland to 

produce adrenocorticotropic hormone (ACTH) (Fig. 2.3; Schatz and Palme, 2001).  The 

release of ACTH, then, stimulates the adrenal cortex to secrete cortisol, a glucocorticoid 

hormone (Hosey et al., 2009).  After cortisol has been released into the blood stream, it 

circulates back to the pituitary gland and hypothalamus where cortisol can bind and 

inhibit the stress response preventing more cortisol from being released.  This negative 

feedback results in the return of cortisol to baseline levels.   

Stressors are perceived differently among individuals and the degree to which the 

adrenal cortex responds varies with the type of stress (Liptrap, 1993).  Stress may be 

acute or chronic, adaptive or maladaptive.  Additionally, the type of stress intensity 

(innocuous, aversive, noxious or extreme), duration and how the animal perceives them 

will determine its impact on biological functions (Hosey et al., 2009).   

Short-term stress, also called acute stress, often promotes adaptation and increases 

survival (McEwen, 2004; Sheriff et al., 2011) and, thus, acute stress may be beneficial 

and increase fitness.  An acute stressor results in the short-term elevation of 

glucocorticoid concentrations (Wikelski and Cooke, 2006; Sheriff et al., 2011) with the 

feedback mechanism operating efficiently and the system rapidly returning to normal 

(Sheriff et al., 2011).  Short-term stress is most often a form of good stress and benefits 

the organism and its survival.   

The other form of stress is chronic and may result in long-term damage (McEwen, 

2004).  A chronic stressor produces weak feedback signals and the system remains active 
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for prolonged periods of time preventing the body from returning to and maintaining 

homeostasis (Wikelski and Cooke, 2006; Seaward, 2008; Sheriff et al., 2011).  

Consequently, the effects of ‘chronic stress’ are known to have a wide variety of 

deleterious, potentially fatal physiological and immunological consequences (Carlstead, 

1996; Sheriff et al., 2011).  Chronic stress, as measured by persistent elevated levels of 

cortisol, can negatively impact reproduction, suppress immune function and lead to a 

number of other pathophysiological consequences (Stoskopf, 1983; Moberg, 2000; 

McEwen, 2004; Seaward, 2008).  

Extreme demands, such as chronic exposure to a threat, can impair the HPA axis 

and harm the body and cause reproductive problems (Nepomnaschy et al., 2004).  The 

adaptive value of reproductive suppression mechanisms allows females to avoid mating 

during inopportune situations and instead focuses scarce resources on survival, 

improvement in overall condition, and investment in existing offspring (Sapolsky et al., 

2000).  This process, modulated by various substances, acts to maintain the fitness of the 

individual rather than wasting energy on reproduction and any potential to further exhaust 

energy, especially if offspring are produced.  

Nutritional	  Management	  
It is well established that there is a link between nutritional resources and fertility.  

Reproduction (pregnancy, parturition and lactation) requires enormous energy demands 

(Songsasen and Rodden, 2010).  However, formulation of appropriate diets for captive 

maned wolves has been a challenge.  Historically, this species has been fed like a 

carnivore with raw meat comprising the entire diet (Childs-Sanford and Angel, 2006; 
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MWSSP, 2007).  However, unlike felids, canids require a broader array of foods (Allen, 

1995).  Unfortunately, general diet composition of wild maned wolves has only been 

approximated since no nutrition studies have been conducted on wild maned wolves or 

their diets (Childs-Sanford and Angel, 2006).  Presently, manufactured maned wolf diets 

are now formulated with canid diets (Childs-Sanford and Angel, 2006).  North American 

facilities feed dog chow-based diets supplemented with a variety of fruits and vegetables 

in addition to small amounts of whole prey items (i.e. rats, mice and chicks) (Allen, 1995; 

Songsasen and Rodden, 2010). 

Maned wolves have a very sensitive gastrointestinal tract and often respond to 

minor management changes with soft stools or diarrhea (Childs-Sanford and Angel, 

2006).  In addition to poor body condition, maned wolves have a lower digestibility of 

dry matter, energy and several minerals including copper, magnesium, iron and sodium 

than domestic dogs and a rapid ingesta passage (Childs-Sanford and Angel, 2006).  

Therefore, poor reproduction in maned wolves may be a result from an energy imbalance 

causing suboptimal deposit of body fat despite efforts to provide a well-balanced diet.   

Leptin	  
Leptin is an adipocyte hormone critical to the regulation of the state of equilibrium of 

energy (Moschos et al., 2002).  It is a peptide hormone predominantly produced by white 

adipose tissue and a mediator in balancing food intake and energy expenditure and 

conservation (Greenstein and Wood, 2010).  Since being discovered in 1994, studies have 

shown leptin influences reproduction in two ways: (1) timing of the onset of first 

ovulation and (2) maintaining reproductive function during adulthood (Capiro et al., 
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2001; Henson and Castracane, 2006).  Rising leptin levels are associated with initiation 

of puberty in animals and humans.  Furthermore, normal leptin levels are required for 

maintaining normal reproductive function (Mantzoros, 2000).  It has been suggested that 

leptin modulates the release of gonadotropin-releasing hormone (GnRH) from the 

hypothalamus, which in turn attenuates the secretion of follicle stimulating hormone 

(FSH) and luteinizing hormone (LH), which regulates gonadal functions.   

Leptin, while most commonly studied in humans and mice, is an endocrine 

hormone contributing to body weight regulation and energy metabolism (Muehlenbein et 

al., 2003; Greenstein and Wood, 2010).  In humans, radioimmunoassays (RIA) have been 

developed and validated for measuring levels of serum leptin (Henson and Castracane, 

2006).  A positive correlation has been found between leptin concentrations in the blood 

and body fat content, indicating that leptin acts as an indicator for mass of fat storage 

(Muehlenbein et al., 2003; Goodman, 2009), and circulating concentration of this protein 

hormone can reflect acute changes in nutritional state (Goodman, 2009). 

During the past decade, several studies have been conducted to assess the 

relationship between leptin and various biological events in captive and free-ranging 

wildlife.  Banks et al. (2001) measured serum leptin levels in wild and captive 

populations of baboons (Papio anubis, Papio hamadryas and Papio anubis/hamadryas 

hybrids) and found that captive baboons have levels roughly three times higher than wild 

baboons and about ten times higher leptin/weight ratio indicating that fat in captive 

baboons represents a higher proportion of body weight and body mass in wild baboons 

consists of less adipose tissue and more other tissues.  Additionally, baboons demonstrate 
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a clear inverse relation between age and leptin levels (Banks et al., 2001).  Spady et al. 

(2009) measured serum leptin and reports leptin is highly predictive of percent body fat 

black bears (Ursus americanus); thereby recommending the use of leptin as a wildlife 

management tool to monitor adiposity in American black bears.  Raccoons (Procyon 

lotor) have seasonal variations in circulating leptin concentrations with low 

concentrations from February to June and high concentrations from October to November 

(Shibata et al., 2005) with higher concentrations during the latter period most likely 

linked to body fat accumulation in preparation for winter.  Additionally, Shibata et al. 

(2005) reported that serum leptin concentrations are significantly positively correlated 

with body weight, as well as body mass index (BMI) in raccoons.  They also concluded 

that circulating leptin is a good marker of nutritional condition (Shibata et al., 2005).  In 

Iberian red deer (Cervus elaphus hispanicus), a positive relationship exists between 

plasma leptin concentrations during antler growth and final antler length with peak 

amplitude when males obtain the final antler size (Gasper-López et al., 2009).  These 

results demonstrate that the relationship between leptin, body mass and body condition 

score (BCS) changes throughout the year for this seasonal breeder (Gasper-López et al., 

2009).    

A leptin assay has been developed in the domestic dog and has been used to 

assess the level of this peptide hormone in other carnivores such as raccoon dogs 

(Nyctereutes procyonoides; Nieminen et al., 2002), raccoons (Shibata et al., 2005) and 

mink (Mustela vison; Tauson and Forsberg, 2002).  It has been shown that there are 

seasonal variations in leptin levels, and circulating hormone concentration is associated 
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with body weight and BMI in some carnivores.  To date, there is no information on leptin 

levels in the maned wolf or how this peptide influences reproductive function in this 

species.   
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III. REPRODUCTIVE AND STRESS HORMONE MONITORING IN THE 
CAPTIVE MANED WOLF (CHRYSOCYON BRACHYURUS) 

Introduction	  
Ex situ conservation of threatened species is necessary in a world of ever expanding 

human population.  Maintaining sustainable populations of animals is a fundamental goal 

of ex situ management and entails creating a reservoir of individuals as genetically close 

as possible to their conspecifics in the wild; thus, preserving genetic diversity (Comizzoli 

et al., 2009).  Zoo populations act as a hedge against cataclysmic events that may 

extinguish populations in nature (Wildt et al., 2001; Cummings et al., 2007).  

Additionally, captive animals also provide scientists with research opportunities to study 

behavior, reproductive biology, health, disease, nutrition and genetics (Hosey et al., 2009; 

Songsasen and Rodden, 2010).  They also serve as ambassadors for their conspecifics in 

the wild and for disappearing habitats.  The main threats to wild maned wolf (Chrysocyon 

brachyurus) populations include habitat loss, conflicts with humans, diseases transmitted 

from domestic dogs (Canis familiaris) and road mortality (Rodden et al., 2004).  

Carnivores are unique because they are highly vulnerable to environmental change and 

human persecution (Comizzoli et al., 2009).  Consequently, it is critical to sustain captive 

populations of carnivore species, such as maned wolves.  Yet, maintaining a self-

sustaining captive maned wolf population is not without its challenges.   
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Zoo-managed maned wolves breed poorly despite efforts to optimize captive 

management.  Causes contributing to poor reproduction may include, but are not limited 

to, inadequate diet, lack of physiological or environmental requirements, behavioral 

incompatibility and inbreeding depression (Snyder et al., 1996).  In addition to poor 

reproductive success, ex situ maned wolves suffer high neonatal mortality.  Maia and 

Gouveia (2002) reported 1,532 births recorded from 1980 to 1998; however, only 44.3%, 

or 678, survived past year one.  Of the 854 that did not survive past year one, parental 

incompetence comprised 66.1% of pup deaths followed by infectious disease, digestive 

system disorders, lesions and accidents and respiratory disorders (Maia and Gouveia, 

2002).  During the 2010-11 breeding season, 16 pups were born, of which 11 (69%) 

survived (MWSSP, 2011).  Pup survival has shown signs of improvement, in part 

because the Maned Wolf Species Survival Plan® (MWSSP) has increased the number of 

recommended pairings.  Nevertheless, maned wolves still exhibit poor reproductive 

success in captivity and the population experienced a significant decline from 93 animals 

in 2007 to 79 animals in August 2009.   

Non-invasive hormone monitoring has provided insight in understanding poor 

reproductive success and has been successfully used to monitor the reproductive health of 

a number of populations of captive species, including maned wolves.  Female maned 

wolves that experienced neonatal loss demonstrated lower progestagen concentrations 

during the second half of gestation as compared to female wolves that successfully raised 

their young (Songsasen et al., 2006).  Lower progestagen excretion in female maned 

wolves that lost their pups may be linked to an adrenal-stress response caused by 
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undetermined variables within their environment.  Preliminary analysis of fecal corticoid 

metabolites comparing females that successfully raised young with those females that lost 

their pups showed that the latter group experienced significantly higher cortisol levels, 

especially during the peri-ovulatory period (MWSSP, 2007), indicating that poor 

reproduction in this species may be due to stress associated with captive management. 

Suboptimal housing and/or poor management conditions have been shown to 

cause stress and affect reproductive success in other zoo-managed species, particularly in 

specialized carnivores (Rivier and Rivest, 1991).  Small and large felids including 

leopard cats (Prionailurus bengalensis; Carlstead et al., 1993), clouded leopards (Neofelis 

nebulosa; Wielebnowski et al., 2002) and cheetahs (Acinonyx jubatus; Jurke et al., 1997) 

are sensitive to stress.  For instance, cheetahs exhibiting high circulating cortisol 

concentrations experience less follicular activity and prolonged periods of anestrus (Jurke 

et al., 1997).  Additionally, reproductive success in small felids decreases when animals 

are housed in groups larger than a pair (1.1; Mellen 1991).  

Hypothesis	  
It was hypothesized that female maned wolves that failed to produce offspring, as defined 

by pups living longer than 30 days, have abnormal perturbed concentrations of gonadal 

hormones associated with persistent elevation of corticoids.  

Objectives	  
The findings from this research may provide insight into the underlying causes of poor 

reproductive success in captive maned wolves.  This study has attempted to address the 

question of whether or not neonatal loss is related to an adrenal/stress response.  The 
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objective of this study was to compare gonadal and adrenal hormones among female 

maned wolves of various reproductive outcomes.  

Animals	  and	  Facilities	  
The sample population consisted of female maned wolves within the Association of Zoos 

and Aquariums’ (AZA) MWSSP program that were within prime reproductive age, 

between three and eight years.  Forty-two reproductive cycles from 29 individuals were 

collected for this study.  However, three cycles were removed from analysis due to 

implantation of contraceptive devices.  Thus, 39 reproductive cycles from 28 individuals 

were analyzed for gonadal and adrenal hormones (see Table 3.1).  Individual maned 

wolves were located at 14 breeding facilities throughout North America: Smithsonian 

Conservation Biology Institute (SCBI), National Zoological Park, Front Royal, VA; 

White Oak Conservation Center (WOCC), Yulee, FL; Connecticut’s Beardsley Zoo, 

Bridgeport, CT; Houston Zoo, Houston, TX; Wildlife World Zoo, Litchfield Park, AZ; 

Pueblo Zoo, Pueblo, CO; Louisville Zoo, Louisville, KY; Buffalo Zoo, Buffalo, NY; 

Birmingham Zoo, Birmingham, AL; San Antonio Zoo, San Antonio, TX; Sedgwick 

County Zoo, Wichita, KS; Oklahoma City Zoo, Oklahoma City, OK; Omaha’s Henry 

Doorly Zoo and Aquarium, Omaha, NE; and Little Rock Zoo, Little Rock, AR.  All 

females for this project experienced the same breeding season, October though February.  

The study monitored reproductive and stress hormones for the 2002-03, 2003-04, 2004-

05, 2009-10 and 2010-11 breeding seasons.  Eighteen out of the 39 (46.2%) maned wolf 

reproductive cycles analyzed for this study resulted in pregnancies (n = 10 raised pups; n 

= 8 lost pups).  Nine profiles were collected on unpaired females.  Lastly, 12 breeding 
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attempts concluded with no birth, but hormone profiles showed sustained elevations of 

progestin concentrations indicative of a pseudo-pregnancy. 

Sample	  Collection	  
Fecal samples (10 g) were collected three to five times per week from each maned wolf 

from October 1 until February 28, or until pups were produced.  The fresh samples were 

placed in a plastic bag labeled with the animal’s name or studbook/identification number, 

facility name, and date, and stored at -20ºC until transported to the Smithsonian 

Conservation Biology Institute (SCBI) for hormonal analysis (Brown et al., 2008). 

Hormone	  Extraction	  from	  Feces	  
Estrogen, progestagen and cortisol metabolites were extracted from fecal samples using 

the dry weight shaking extraction method, which has previously been validated for 

maned wolves (Songsasen et al., 2006).  Frozen fecal samples were lyophilized (VirTis 

Ultra Lyophilizer, SP Scientific, Gardiner, NY), and, then, pulverized into fine powder 

and stored frozen (-20ºC) until steroid extraction (Fig. 3.1).  Well-mixed powdered feces 

(0.2 g ± 0.02) was combined with 5 mL of 90% ethanol, vortexed so that fecal material 

was thoroughly mixed in the solution and vigorously shaken using a Multi Pulse vortexer 

(Glas-Col, Terre Haute, IN) for 30 minutes (speed 60-70 RPM).  Subsequently, the tubes 

were centrifuged at 2200 RPM for 20 minutes, the supernatant transferred into a glass 

tube and the pellet resuspended in an additional 5 mL of 90% ethanol, vortexed for 30 

seconds and recentrifuged at 2200 RPM for 20 minutes.  The supernatants were 

combined, dried under air and resuspended in 1 mL of 100% ethanol.  Extractants were 

then sonicated (5 minutes), vortexed (30 seconds) and dried under air.  Samples were 
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reconstituted in 1 mL of a phosphate buffer (0.2 M NaH2PO4, 0.2 M Na2HPO4, 0.15 M 

NaCl; pH 7.0), vortexed (30 seconds), sonicated (15 minutes) and then, stored frozen      

(-20ºC) until analysis (Songsasen et al., 2006; Brown et al., 2008). 

To monitor extraction efficiency, 3H-progesterone was added to the fecal sample 

prior to extraction.  Steroid extraction efficiency was determined by the recovery of 

tritiated progesterone.  All efficiencies were >65%.  CV was 0.13%.  Samples were 

further diluted before analysis for estrogen (1:10-1:100), progestagen (1:500-1:40,000) 

and glucocorticoid (1:5-1:500) metabolites.   

Hormone	  Analysis	  
All samples were quantified for progestagen and cortisol metabolite concentrations by 

enzyme immunoassay (EIA), while samples collected during the 2009-10 breeding 

season also were assessed for estrogen metabolites (Munro and Stabenfeldt, 1984; 

Gudermuth et al., 1998; Brown et al., 2008).  Due to unidentified problems in the 

laboratory setting, the estrogen EIA became unreliable and unusable, thereby preventing 

estrogen metabolite analysis for all samples collected.  Antibodies for estrogen 

(polyclonal anti-estrone conjugate [EC] R522), pregnane (monoclonal pregnane CL425) 

and cortisol (R4866) metabolite analysis were obtained from Coralie Munro (University 

of California, Davis, CA). 

Fecal	  Estrone	  Conjugate	  (EC)	  Enzyme	  Immunoassay	  
Fecal estrogen concentrations from each sample were quantified in duplicate using a 

previously described EIA procedure (Munro and Stabenfeldt, 1984; Gudermuth et al., 

1998; Brown et al., 2008).  The R522-2 cross-reacts with estrone-3-glucuronide (100%), 
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estrone-3-sulfate (66.6%), estrone (238%), estradiol-17β (7.8%), estradiol-3-glucuronide 

(3.8%), estradiol-3-sulfate (3.3%), estradiol-17-sulfate (0.1%), estradiol-3-disulfate 

(0.1%), ethinyl estradiol-17β (< 0.1%), estriol (< 0.1%), progesterone (< 0.1%), 

pregnanediol (< 0.1%), cortisol (< 0.1%), testosterone (< 0.1%) and androsterone (< 

0.1%) (Munro et al., 1991).  Serial dilutions of pooled fecal extracts produced 

displacement curves parallel to those of the appropriate standards.  Linear regression 

analysis was performed on the recovery of added standard to pooled fecal extracts and 

yielded the equation y = 0.69x + 4.13 (R2 = 0.99).  Assay sensitivity was 0.78 pg/well.  

Intra- and inter-assay coefficients of variation were less than 10% and 8%, respectively. 

Fecal	  Progestagen	  (Pg)	  Enzyme	  Immunoassay	  
Each sample was quantified in duplicate using a previously described EIA procedure 

(Munro and Stabenfeldt, 1984; Gudermuth et al., 1998; Brown et al., 2008).  The EIA 

used a monoclonal antibody produced against 4-pregnen-11-ol-3,20-dione 

hemisuccinate:BSA (CL425, 1:10,000; C. Munro, University of California, Davis, CA).  

The CL425 cross-reacts with various progestagen metabolites, including 4-pregnen-3,20-

dione (100%), 4-pregnen-3α-ol-20-one (188%), 4-pregnen-3β-ol-20-one (172%), 4-

pregnen-11α-ol-3,20-dione (147%), 5α-pregnan-3β-ol-20-one (94%), 5α-pregnan-3,20-

dione (64%), 5β-pregnan-3β-ol-20-one (55%), 5β-pregnan-3,20-dione (8%), 4-pregnen-

11β-ol-3,20-dione (2.7%), 5β-pregnan-3α-ol-20-one (2.5%), 5β-pregnan-3α,20α-diol (< 

0.1%), 5α-pregnan-3α,20β-diol (< 0.1%), 5β-pregnan-3,17-dione (< 0.1%) and 5β-

pregnan-11β,21-diol-3,20-dione (< 0.1%) (Munro et al., 1991).  Serial dilutions of pooled 

fecal extracts produced displacement curves parallel to those of the appropriate standards.  
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Linear regression analysis was performed on the recovery of added standard to pooled 

fecal extracts and yielded the equation y = 0.93x – 0.20 (R2 = 0.99).  Assay sensitivity 

was 0.78 pg/well.  Intra- and inter-assay coefficients of variation were less than 10% and 

14.3%, respectively.   

Fecal	  Cortisol	  (F)	  Enzyme	  Immunoassay	  
The cortisol EIA used a polyclonal cortisol antibody generated against cortisol-3-CMO 

(R4866, 1:20,000; C. Munro, University of California, Davis, CA).  Fecal cortisol 

concentrations from each sample were quantified in duplicate using a previously 

described EIA procedure (Munro and Stabenfeldt, 1984; Gudermuth et al., 1998; Brown 

et al., 2008).  The polyclonal antiserum (R4866) cross-reacts with cortisol (100%), 

prednisolone (9.9%), prednisone (6.3%), cortisone (5.0%), corticosterone (0.7%), 

deoxycorticosterone (0.3%), 21-deoxycortisone (0.5%) and 11-desoxycortisol (0.2%) 

(Young et al., 2001; Young et al., 2004).  Serial dilutions of pooled fecal extracts 

produced displacement curves parallel to those of the appropriate standards.  Linear 

regression analysis was performed on the recovery of added standard to pooled fecal 

extracts and yielded the equation y = 1.01x + 4.98 (R2 = 0.99).  Assay sensitivity was 3.9 

pg/well at maximum binding.  Intra- and inter-assay coefficients of variation were less 

than 10% and 9.9%, respectively. 

High	  Performance	  Liquid	  Chromatography	  (HPLC)	  
The numbers and relative proportions of immunoactive corticosteroid metabolites in 

maned wolf fecal extracts were determined using reverse phase high performance liquid 

chromatography (HPLC) (Reverse Phase Microsorb MV 100 C-18, 5 µm diameter 
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particle size; Varian, Woburn, MA).  Six fecal extracts were combined, air dried, re-

suspended in 1 mL methanol, dried under air and stored at -20°C.  The pooled extract 

was reconstituted with 0.5 mL phosphate buffered saline and filtered through a C-18 

cartridge (SpiceTM, Analtech, Newark, DE) eluted with 5 mL methanol, air dried and 

spiked with known radiolabelled corticosteroids (3H-cortisol and 3H-corticosterone, 

~2,500 dpm).  Samples were then dried down and resuspended in 300 mL methanol.  

Corticosteroid metabolites were separated using a gradient of 20-100% methanol in water 

within 80 minutes (1 mL/min flow rate, 1.0 mL fractions) for 55 µL portion of pooled 

fecal extract. 

Co-elution profiles of the radiolabelled corticosteroids in the HPLC run were 

determined by adding 100 µL of each HPLC fraction to 3 mL of scintillation fluid 

(Ultima Gold; Packard, Meriden, CT) and counted in a dual-label channel β scintillation 

counter (LS6500, Beckman, Fullerton, CA).  Quench correction was automatically 

performed by the counter.   

Each HPLC fraction was evaporated to dryness, reconstituted in 125 µL assay 

buffer and quantified for immunoactivity using cortisol EIA, as described above, and an 

established 125I corticosterone radioimmunoassay using a double-antibody 125I 

radioimmunoassay (RIA) (ICN Biomedicals, Inc., Costa Mesa, CA).  Each fraction was 

assayed in singleton.  

Statistical	  Analysis	  
Standard descriptive statistics, including mean and standard error of the mean (SEM), 

were used to evaluate data.  All statistical analyses were conducted using Microsoft Excel 
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2011 (Version 14.1.4, Microsoft Corporation, Seattle, WA) and IBM SPSS Statistics 

(Version 19, SPSS Inc., Chicago, IL) software for the Macintosh.  For all analyses, 

significance was assessed at the P = 0.05 level.   

Data were reported as the mean ± SEM.  Profiles of estrogen and progestagen 

metabolites were aligned to the day of the estrogen peak (Day 0).  If estrogen was not 

measured, Day 0 was defined as the first day progestagen concentrations exceeded the 

baseline values plus 1.5 standard deviations (SD) or was calculated by subtracting 65 

days from the day of pup birth (Brady and Ditton, 1979; Wasser et al., 1995; Songsasen 

et al., 2006).  Fecal hormone levels across an individual’s profile were pooled into 3-day 

means (Songsasen et al., 2006).  Longitudinal steroid metabolite profiles were divided 

into three reproductive stages: pre-ovulatory (days -31 to -10), peri-ovulatory (days -9 to 

9) and luteal (days 10 to 70) using modified criteria of those described by Velloso et al. 

(1998) and Walker et al. (2002).  Baseline values for each individual animal were 

calculated by an iterative process, whereby high values (exceeding 𝑥 + 1.5 [SD]) were 

excluded (Songsasen et al., 2006).   

Mean daily fecal progestagen concentrations were compared among groups of: 1) 

pregnant females that produced and successfully raised pups (n = 10), 2) pregnant 

females that conceived but lost pups early post-partum (n = 8), 3) pseudo-pregnant 

females (n = 12), and 4) unpaired females (n = 9) for each phase of the reproductive 

cycle, whereas cortisol concentrations were compared for all paired females.  Means ± 

SEM were calculated from raw data of hormone metabolites during each reproductive 

phase for each class of reproductive outcome.  Values exceeding 𝑥 ± 2(SD) were 
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considered as outliers and excluded from the analysis.  Consequently, reproductive 

hormone data was based on 27 cycles for paired females (n = 9 raised pups, n = 7 lost 

pups and n = 11 pseudo-pregnant females) and eight cycles for single maned wolves. All 

pregnant (n =18) and pseudo-pregnant (n = 12) cycles exhibited prolonged elevation of 

progestagen concentrations above baseline assumed to represent luteal activity. 

Differences in fecal steroid metabolites between various stages of the breeding 

cycle among reproductive groups were determined by analysis of variance (ANOVA) 

followed by multiple comparisons.  For all analyses, the Welch’s F-test was used because 

the assumption of homogeneity of variances was violated.  Games-Howell post-hoc 

statistical tests were conducted for pair-wise comparisons.   

Characterization	  of	  Glucocorticoid	  Metabolites	  by	  HPLC	  
Evaluation of fecal extracts by HPLC revealed two immunoreactive peaks (fractions 35-

40 and 44-51; Fig. 3.2), one of which partially co-eluted with cortisol (fraction 37-43). 

Hormone	  Analysis	  
Females gave birth as early as mid-November and as late as the end of March.  However, 

most births (67%) occurred in the months of December and January (Fig. 3.3). 

Fecal	  Progestagen	  Hormone	  Analysis	  
Fecal progestagen concentrations (µg/g feces) across reproductive phases in female 

maned wolves of various reproductive outcomes are provided in Table 3.2.  Following 

with sexual receptivity, fecal progestagen metabolite concentrations rose steadily and 

remained elevated during pregnancy for females that successfully raised pups (Fig. 3.4A) 

and lost pups early post-partum (Fig. 3.4B). 
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We found no statistically significant differences between group means for fecal 

progestagen concentrations during the pre-ovulatory phase (F3,266 = 1.708, P = 0.17).  

During the peri-ovulatory phase, there was a statistically significant (Welch’s F3,123.982 = 

25.468, P < 0.001) difference between group means for fecal progestagen concentrations 

(Table 3.2).  No statistically significant difference was found between females that raised 

pups and those that lost pups (Games-Howell, P > 0.05).  However, all pregnant females, 

those that raised pups and lost pups, had higher fecal progestagen concentrations in the 

peri-ovulatory phase than pseudo-pregnant bitches (Games-Howell, P < 0.05) and 

unpaired females (Games-Howell, P < 0.05).  Lastly, pseudo-pregnant females had 

higher progestagen metabolite concentrations than unpaired females (Games-Howell, P < 

0.05) in the peri-ovulatory phase of estrus.   

Similar to the peri-ovulatory phase, there was a statistically significant difference 

(Welch’s F3,364.898 = 238.865, P < 0.001) between group means for fecal progestagen 

concentrations during the luteal phase.  Again, no statistically significant difference was 

found between pregnant females that raised pups and those that lost pups (Games-

Howell, P > 0.05).  But, all pregnant females excreted higher progestagen concentrations 

than pseudo-pregnant (Games-Howell, P < 0.05) and unpaired (Games-Howell, P = 0.05) 

females.  Finally, pseudo-pregnant females had higher fecal progestagen metabolite 

concentrations than unpaired females during the luteal phase (Games-Howell, P < 0.05). 

Fecal	  Cortisol	  Hormone	  Analysis	  
We found no statistically significant differences between group means for fecal cortisol 

concentrations during the pre-ovulatory phase (F2,234 = 2.057, P = 0.13), as well as the 
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peri-ovulatory phase (F2,272 = 2.953, P = 0.054).  However, there was a statistically 

significant difference between group means (Table 3.3) for fecal cortisol concentrations 

during the luteal phase (Welch’s F2,345.167 = 28.315, P < 0.001).  Pregnant maned wolves 

that successfully raised pups had lower fecal cortisol metabolite concentrations (Table 

3.3) than pregnant females that lost pups and pseudo-pregnant females (Games-Howell, P 

< 0.05) during the luteal phase.  No differences were found between pseudo-pregnant 

females and those that suffered a neonatal loss (Games-Howell, P > 0.05) (Fig. 3.5). 

Discussion	  
The present study demonstrated that: 1) pseudo-pregnant females, on average, excreted 

lower fecal progestagen metabolites than pregnant bitches; 2) maned wolves are induced 

ovulators; and 3) females that conceived and raised pups excreted significantly lower 

fecal corticoid concentrations compared to females that became pseudo-pregnant, as well 

as pregnant females that experienced neonate loss. 

The results of this study confirmed previously published observations on the 

reproductive physiology of the maned wolf (Wasser et al., 1995; Velloso et al., 1998; 

Songsasen et al., 2006).  Bestlemeyer (2000) reported most maned wolves entered estrus 

between October and December with peak estrogen levels 1-2 days prior to breeding.  

Females in this study gave birth as early as mid-November and throughout late March 

with the majority of births occurring in December and January, all of which coincides 

with the specified breeding season in the Northern hemisphere and agrees with Maia and 

Gouveia’s (2002) report of peak number of births occurring in December.  
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Females that conceived and raised pups excreted the highest mean progestagen 

concentrations during the luteal phase, which may be useful for predicting pregnancy.  

Our findings agree with the findings of studies conducted by Songsasen et al. (2006) and 

Velloso et al. (1998), which report lower mean progestagen concentrations in pseudo-

pregnant bitches when compared to their pregnant counterparts using EIA and RIA.  We 

concluded that fecal progestagen profiles might be used for pregnancy diagnosis.  

Progestagen values from a single sample would not be effective due to individual 

variations in metabolite concentrations; one female may excrete overall elevated values 

compared to another female that may yield lower concentrations.  However, longitudinal 

hormone monitoring with frequent sampling (3-5 samples per week) for one month 

following breeding may predict whether a female is pregnant or not.  Based upon the 

results from this study, we suggest that mean values < 30 µg/g feces indicate pseudo-

pregnancy.   

Fecal progestagen concentrations in unpaired females of prime reproductive age 

remained at baseline throughout the breeding season indicating a failure to ovulate.  

Thus, ovulation only occurred in females paired with a male, indicating that the maned 

wolf is an induced ovulator.  By understanding this mechanism, assisted reproductive 

technologies can be developed and methods improved for inducing ovulation and 

increasing reproductive success.  

A preliminary report by the MWSSP (2007) describes significantly higher fecal 

corticoid metabolite concentrations during the peri-ovulatory phase in females that lost 

pups compared to females that raise pups.  In addition to those findings, we showed that 
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with a larger sample size, females that became pseudo-pregnant or experienced neonate 

loss excreted significantly higher fecal corticoid concentrations during the luteal phase 

compared to pregnant females that raised pups. 

Approximately half, 55%, of all pregnant maned wolves in the present study 

successfully raised pups.  Based on the results from this study, pup mortality may be 

directly linked to increased adrenocortical activity, which may be in response to stressful 

events (e.g., suboptimal enclosure environment and health).  Increased adrenal activity 

may be an indicator for predicting false pregnancies and pup loss in captive maned 

wolves.  If so, this would contribute to cost-effective monitoring around parturition, as 

such advanced notice would permit management to prepare for whelping and, perhaps 

discourage infanticide (Wasser et al., 1995; Velloso et al., 1998).  Stress-induced changes 

in the secretion of pituitary hormones including corticotropin-releasing hormone (CRH) 

have been linked to reproductive failure by inhibiting the secretion of gonadotropin-

releasing hormone (GnRH), which stimulates luteinizing hormone (LH) secretion 

(Moberg, 2000).  Future research should focus on identifying ‘stressors’ and developing 

strategies toward alleviating stress.   

The research supported our hypothesis, which stated, pregnant female maned 

wolves that lost pups early post-partum would present abnormal gonadal hormone 

concentrations and/or elevated concentrations of corticoids in comparison to females that 

successfully raised pups.  Although mechanisms of stress-induced changes in 

progesterone concentrations are not well understood, Cooper et al. (1995) reported 
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cortisol and progesterone secretions in response to acute stress in steers and suggested 

that the ratio may offer a useful method for assessing stress.   

Quantifying adrenal activity in female maned wolves beginning in mid-August 

throughout the beginning of April would prove to be more effective as some females bred 

before October.  This would also provide more data for determining baseline corticoid 

concentrations prior to the onset of the reproductive period.  Additionally, comprehensive 

behavioral analyses on females recommended for breeding should be considered.  

Perhaps, some behaviors may predict pup loss prior to birth.  For example, individual 

differences in response to stress may forecast which females are more likely to 

experience pup loss (Schmalz-Peixoto, 2003).  Bakken et al. (1999) describe farmed 

silver fox (Vulpes vulpes) females that commit infanticide are more sensitive to stressors 

(e.g., social competition) and respond faster to perceived stimuli, whereas non-

infanticidal females expressed weaker responses.  Bakken (1992; 1993) shows that 

females removed from visual access to conspecifics raised their cubs successfully. 

Understanding the source for elevated corticoids should be examined closer, 

especially if the cause is due to suboptimal management.  Schmalz-Peixoto (2003) 

reports that species with elaborate nutrition and environmental needs increase the 

likelihood for poor reproductive success in captive conditions (Donoghue and 

Langenberg, 1994; Carlstead and Shepherdson, 1994; Lyons et al., 1997).  Schmalz-

Peixoto (2003) reports significantly higher rates of neonatal mortality in species that prey 

on small to very small animals, as well as a significant effect of type of diet on infant 

mortality in captivity whereby insectivorous and omnivorous animals show the highest 
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rates of neonatal mortality in comparison to piscivorous, herbivorous and carnivorous 

animals.  

According to Maia and Gouveia (2002), 67% of maned wolf pup deaths are 

caused by parental involvement such as inadequate maternal behavior including maternal 

cannibalism, infanticide and neglect.  We remain unsure about cases of neonatal mortality 

and if maternal infanticide occurred or if pups were born unhealthy.  Future efforts 

should focus on defining the time of pup mortality, as well as exploring infanticidal 

episodes by males.  Pup death could be broken down, for example, according to longevity 

of offspring (e.g. < 1 day, 1-30 days and 30+ days).  Further analysis on cause of death 

may also provide more insight.  

A wide range of factors may impact reproductive success in captive maned 

wolves.  Schmalz-Peixoto (2003) describes a strong positive correlation between 

transfers and relocations by females and the incidence of infant mortality in carnivores.  

Subsequently, this warrants further investigation as this claim may significantly influence 

reproductive success in captive maned wolves.  Other elements including enclosure size, 

climate, proximity to conspecifics and heterospecifics, type of rearing (i.e. 

parent/hand/foster), feeding schedule and enrichment program among others should be 

examined.  To provide the best care and produce optimal reproductive rates, systematic 

data should continue to be collected, analyzed and shared.   

Close examination of changes in absolute concentrations and hormonal ratios (i.e. 

progestagen/cortisol) may prove to be more informative.  We recommend continuing this 

study and potentially expanding sample size via cooperation with international 
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institutions housing captive maned wolves.  Additionally, hormone concentrations should 

be compared to environmental variables, as they may be sources contributing to stress 

and reduced progestagen excretion.  Studies focusing on the maned wolf should continue 

to examine noninvasive means for diagnosing early pregnancy, perhaps through urinary 

steroid concentrations.  But other considerations include examining behavioral 

inadequacies, effects of management practices by zoological institutions and others as 

potential factors influencing stress and reproductive outcomes in the maned wolf.  

Wielebnowski (1998) suggests that non-invasive techniques to assess the adaptation of 

individuals to husbandry protocols can be very useful in reducing the impact of stress in 

reproduction.  Metabolically monitoring stress and reproductive status is encouraged in 

the search for better understanding of the factors that may affect breeding in captive 

maned wolves. 
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Table 3.1 Summary of female maned wolves sampled with corresponding study 
periods analyzed and reproductive outcome. 
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Figure 3.1 A maned wolf fecal sample after it has been lyophilized and pulverized into a fine powder.  Photo 
credit: Lauren Reiter 
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Figure 3.2 HPLC profiles of immunoreactive glucocorticoids (cortisol and corticosterone) from female maned 
wolf feces.    
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Figure 3.3 Frequency distribution with number of female maned wolves that gave birth for each month of the 
North American maned wolf breeding season (n = 18). 
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Table 3.2 Fecal progestagen concentrations (µg/g feces) across reproductive phases in female maned wolves of 
various reproductive outcomes.  Different letters within the same reproductive phase indicate differences (P < 
0.05). 
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Figure 3.4 Mean (± SEM) longitudinal profiles of fecal progestagen metabolites for female maned wolves that: 
(A) conceived and successfully raised pups (n =9); (B) conceived but lost pups early post-partum (n = 7); (C) 
became pseudo-pregnant (n = 11); and (D) were unpaired (n = 7).  Each data point is a pool of 3-day means. 
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Table 3.3 Overall mean ± SEM fecal cortisol concentrations (µg/g feces) for three groups of female maned 
wolves across reproductive phases.  Ranges were calculated from raw data.  Different letters within the same 
reproductive phase indicate differences (P < 0.05). 
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Figure 3.5 Mean (± SEM) longitudinal profiles of fecal cortisol metabolites for female maned wolves that: (A) 
conceived and successfully raised pups (n =10); (B) conceived but lost pups early post-partum (n = 8); and (C) 
became pseudo-pregnant (n = 12).  Each data point is a pool of 3-day means 
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IV. NON-INVASIVE ASSESSMENT OF LEPTIN CONCENTRATIONS IN THE 
CAPTIVE MANED WOLF (CHRYSOCYON BRACHYURUS) 

Introduction	  
The North American captive maned wolf (Chrysocyon brachyurus) population 

(46♂.46♀) has fallen below the target number, 100, set by the Association of Zoos and 

Aquariums’ (AZA) Canid and Hyaenid Taxon Advisory Group (TAG) due to poor 

reproductive success, high neonate mortality and suboptimal health (M. Rodden, pers. 

comm.).  Health issues in the ex situ population is demonstrated through poor body 

conditions, chronically soft stools, rapid ingesta passage, gingivitis and cystinuria 

(Childs-Sanford and Angel, 2006).  Furthermore, captive maned wolves have exhibited 

metabolic and digestive system disorders (Maia and Gouveia, 2000; Soler et al., 2005; 

Songsasen and Rodden, 2010).  Lastly, creating an optimal diet for this species has 

proven difficult.   

Historically, zoo-managed maned wolves have been fed a typical carnivore diet 

comprised of raw meat (Childs-Sanford and Angel, 2006; MWSSP, 2007).  However, 

maned wolves are omnivorous with a diet consisting of ~50% plant materials and the 

remainder comprised of small mammals (Dietz, 1984; Motta-Junior et al., 1996; 

Bestelmeyer, 2000; Songsasen and Rodden, 2010).  Feeding maned wolves a diet high in 

animal protein has been linked to this species’ predisposition to cystinuria (Songsasen 

and Rodden, 2010).  Cystinuria, an autosomal recessive disorder, which can lead to 
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complications including urinary tract infections and renal insufficiency, is highly 

prevalent in captive maned wolves (Childs-Sanford and Angel, 2006).  Medical 

management and dietary modification along with prescribed supplements can aid in 

altering urine pH from acidic to basic and, therefore, reduce the likelihood of cysteine 

crystallization.  Consequently, zoos in the United States have moved away from 

carnivore diets and currently provide maned wolves with dog chow-based diets 

supplemented with various fruits and vegetables in addition to small amounts of whole 

prey items (Allen, 1995; Songsasen and Rodden, 2010).   

Determining the right diet is not the only gastrointestinal issue with maned 

wolves.  For instance, they have a very sensitive gastrointestinal tract and often respond 

to minor management changes with soft stools or diarrhea (Childs-Sanford and Angel, 

2006).  Maned wolves are less able to digest dry matter and several minerals including 

copper, magnesium, iron and sodium than domestic dogs (Childs-Sanford and Angel, 

2006), which could contribute to poor body condition.  Furthermore, this canid has a 

rapid ingesta passage, which affects the amount of nutrient and intestinal microflora 

exposure and absorption (Childs-Sanford and Angel, 2006).  All of these digestive 

problems can be detrimental to a self-sustaining maned wolf population because nutrition 

is a key determinant of reproductive capability (Mantzoros, 2000; Williams et al., 2002).  

Reduced nutrition leads to the suppression of pulsatile luteinizing hormone (LH) release, 

which in turn terminates gonadal activity in several monogastric species (Nagatani et al., 

2000). 
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Leptin, a 16-kDa adipocyte-secreted protein, has been indicated as a biomarker 

for energy balance and nutritional status in many mammalian species, including humans 

(Friedman, 2002).  Leptin is predominantly produced by white adipose tissue and 

circulates in plasma in the free and bound form (Mantzoros, 2000).  This peptide 

hormone plays a critical role in regulating body weight and energy homeostasis, as well 

as a diverse array of biological functions, including reproduction through the regulation 

of the hypothalamic-pituitary axis (Van Harmelen et al., 1998; Mantzoros, 2000; Henson 

and Castracane, 2000; Bouillanne et al., 2007).  The level of circulating leptin is 

associated with food intake and nutritional status.  Circulating leptin concentrations 

increase directly with fat mass and may act as an indicator for mass of fat storage, as well 

as reflecting acute changes in nutritional status (Nagatani et al., 2000; Muehlenbein et al., 

2003; Goodman, 2009).  A positive correlation occurs between the release and synthesis 

of leptin and body mass index (BMI) or percentage of body fat (Garcia-Mayor et al., 

1997; Smith et al., 2002).  High leptin concentrations are found in obese individuals 

compared to normal-weight individuals (Ahima et al., 1996; Garcia-Mayor et al., 1997).  

In contrast, low leptin concentrations are found in underweight individuals (Garcia-

Mayor et al., 1997).  

Leptin influences the timing of the onset of the first ovulation and maintenance of 

reproductive function during adulthood (Capiro et al., 2001; Henson and Castracane, 

2006).  Leptin modulates the release of gonadotropin-releasing hormones (GnRH) from 

the hypothalamus, which in turn regulates gonadal functions through the secretion of 

follicle stimulating hormones (FSH) and luteinizing hormones (Henson and Castracane, 
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2006).   In studies of infertile rats, leptin fully restored gonadal function, accelerated 

puberty and reversed starvation-induced gonadal failure (Ahima et al., 1996; Garcia-

Mayor et al., 1997).  Additionally, the onset of puberty is accelerated in juvenile mice 

and nonhuman primates administered with leptin (Mantzoros, 2000; Henson and 

Castracane, 2000).  Leptin also can diminish the stress response via lessening the stress-

induced activity of the hypothalamic-pituitary-adrenal (HPA) axis (Roubos et al., 2012).  

Leptin deficiency affects feedback efficiency of adrenal corticosteroids and, thus, leptin 

acts directly on the cortical cells to inhibit corticosteroid production (Roubos et al., 

2012).   

During the past decade, there has been increased interest in utilizing leptin as a 

biomarker for assessing body condition in wildlife species.  Banks et al. (2001) report 

captive baboons (Papio anubis) with serum leptin levels roughly three times higher than 

wild baboons (Papio anubis, Papio hamadryas and Papio anubis/hamadryas hybrids) 

suggesting wild baboons exhibit a lower percentage of their body weight comprised of 

adipose tissue.  Buff et al. (2002) indicate concentrations of leptin increased with body 

condition score (BCS) in equids; BCS is a numerical scoring system used to assess the 

body condition or adiposity of animals (thin to overweight).   

A leptin assay developed for the domestic dog (Canis familiaris) reveals plasma 

leptin is a reliable marker of adiposity in dogs regardless of breed, age and sex (Ishioka et 

al., 2007).  Additionally, a positive relationship exists between plasma leptin 

concentration and body fat content in dogs (Sagawa et al., 2002).  The canine leptin 

specific assay has also been used to assess levels of this peptide hormone in other 
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carnivores such as the raccoon (Procyon lotor; Shibata et al., 2005) where blood leptin is 

shown to be a good marker of nutritional status.  Results from a multi-species leptin assay 

demonstrate that seasonal variations in leptin levels occur in the raccoon dog 

(Nyctereutes procyonoides; Nieminen et al., 2002; Kitao et al., 2011) and mink (Mustela 

vison; Tauson and Forsberg, 2002), and circulating leptin concentrations are associated 

with body weight and BMI.  To date, there are no data on leptin levels in the maned wolf, 

nor is there any information regarding how this peptide may influence reproductive 

function in this species. 

Objectives	  
The goals of the present study were two-fold: 1) to develop and validate a noninvasive 

assay for measuring urinary leptin concentrations in maned wolves, both female and 

male; and 2) to correlate urinary leptin concentrations with circulating leptin levels, age, 

sex, body weight and BMI.  This information may prove valuable, enabling leptin to be 

used as a biomarker for nutritional condition and body adiposity in maned wolves.  

Increasing our knowledge about leptin and how it relates with biological factors can help 

to improve management and reproductive success in this endangered species. 

Animals	  and	  Facilities	   	  
From 2009 to 2011, a total of 20 (8 ♂.12 ♀) maned wolves aged 3 to 10.5 years of age 

were included in the study (n = 34 urine samples).  Study subjects were housed under 

comparable conditions, as set forth in the husbandry guidelines for maned wolves, at 

zoological facilities across North America.  These institutions included the Smithsonian 

Conservation Biology Institute (SCBI), Front Royal, Virginia (n = 9 (4.5) maned 
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wolves); Houston Zoo, Houston, Texas (n = 3 (1.2) maned wolves); Dickerson Park Zoo, 

Springfield, Missouri (n = 5 (3.2) maned wolves); White Oak Conservation Center 

(WOCC), Yulee, Florida (n = 2 (0.2) maned wolves) and Connecticut’s Beardsley Zoo, 

Bridgeport, Connecticut (n = 1 (0.1) maned wolf).  

Sex, age and institution number were determined using Maned Wolf Population 

Analysis and Breeding Plans and Single Population Animal Records Keeping Software 

(SPARKS) based on house name and studbook number labeled on samples.  Body length, 

measured in meters (m) from the tip of the nose to tip of tail (see Appendix B), along 

with body mass, measured in kilograms (kg) were collected opportunistically in six male 

maned wolves during physical examinations. BMI was calculated based on body mass 

and length using the formula:  

 

𝐵𝑀𝐼 =
𝑚𝑎𝑠𝑠  (𝑘𝑔)

(𝑙𝑒𝑛𝑔𝑡ℎ   𝑚 )! 

Urine	  Samples	  
Fresh urine (~5 mL to 10 mL) was collected opportunistically via a collection tray, which 

was mounted on the fence in the animal’s enclosure, or during examination.  Urine from 

each individual was collected in a separate tray and kept frozen at -20ºC until transported 

to SCBI for leptin analysis using a radioimmunoassay (see below).  Additionally, nine 

urine specimens, from maned wolves that were banked at SCBI, were thawed and used in 

this study.  These samples were collected between 2004 and 2007 (see Appendix A for 

complete dates). 
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Blood	  Samples	  
If possible (i.e. during physical examinations), it was requested that blood samples be 

collected from the maned wolves in a red-top tube (with no anticoagulant) twice each 

year: once during mid-breeding season (November through January) and once during 

non-breeding season (May through August).  Serum samples were collected from ten 

maned wolves.  Each serum sample (n = 10) was centrifuged, and the serum obtained was 

stored at -20°C before being shipped to SCBI for leptin analysis.   

Leptin	  Radioimmunoassay	  	  
Urinary and serum leptin concentrations were assessed using a multi-species leptin 

radioimmunoassay (RIA) kit that utilized 125I-labeled human leptin and a multi-species 

leptin antiserum (Cat. # XL-85K, Millipore, St. Charles, MO).  Samples were assayed as 

described by Millipore (2011).  The antibody displayed broad cross reactivity to leptin 

molecules in many species including human leptin (100%), porcine leptin (67%), rat 

leptin (61%) and canine leptin (3%) (Millipore, 2011).  Assay sensitivity was 0.801 

ng/mL + 2SD Human Equivalent (HE).  Inter-assay CV for two separate internal controls 

(n = 2 assays for all samples) were 8.74 and 12.59% and intra-assay CV was < 10%. 

The multi-species leptin RIA was validated by demonstrating: 1) parallelism 

between serial dilutions of maned wolf serum and urine extract and the standard curve 

and 2) recovery of exogenous hormone added to urine extract as described below.   

Creatinine	  Enzyme	  Immunoassay	  
Creatinine (Cr) levels were determined for each urine sample to adjust for inter-sample 

differences in water concentration, as previously described (Munro et al., 1991).  Samples 

with  < 0.1 ng/mL Cr at 1:10 dilution were too dilute and consequently excluded from 
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analyses (n = 3 samples).  Hormone mass in a urine sample was divided by Cr 

concentration and expressed as mass of hormone per milligram Cr (ng/mg Cr). 

Assay	  Validation	  
Parallelism was determined by comparing serially diluted pooled maned wolf urine and 

pooled serum samples to the standard curve.  Blood and urine samples collected on the 

same day from males and females were used to make pooled samples.  Pooled urine and 

serum samples were serially diluted nine times (neat to 1:512) and then assayed each 

aliquot for leptin concentration.   

A sample pool was made from the urine of both male and female maned wolves.  

Then, aliquots of the pooled sample were spiked with an equal amount from each 

standard, except the lowest.  The spiked samples were run as unknowns in the assay.  The 

amount of endogenous hormone present was determined by running the sample pool 

without any standard added, which was later subtracted from each spiked sample (Brown 

et al., 2008).  The amount expected (concentration of standard spiked with/2) was plotted 

against the amount observed (concentration observed from assay results − background) 

and linear regression (y = mx + b) analysis was conducted.  Slopes > or < 1 suggested an 

over or underestimation of hormone mass, respectively (Brown et al., 2008).  Linear 

regression analysis (R2) was used to evaluate a relationship between standard and urinary 

leptin concentrations.  

All samples for enzyme immunoassay (EIA) and radioimmunoassay (RIA) 

analysis were assessed in duplicate, and samples with a coefficient of variation (CV) 
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greater than 10% were excluded.  Standard curves along with recovery and accuracy 

checks were prepared with each assay.  

Statistical	  Analysis	  
All statistical analyses were conducted using Microsoft Excel 2011 (Version 14.1.4, 

Microsoft Corporation, Seattle, WA) and SPSS Statistics (Version 19, SPSS Inc., 

Chicago, IL) software for the Macintosh.  For all analyses, significance was assessed at 

the P = 0.05 level.   

Descriptive statistics were run on all variables.  Outliers were defined as high 

values of urinary leptin concentration (exceeding 𝑥 + 1.5 [SD]).  Relationships were 

analyzed between urinary leptin concentrations and all variables.  Linear regression 

analysis was performed on the leptin recovery.  In the cases where a maned wolf 

contributed more than one urine sample, the most recent sample was used for analysis to 

avoid pseudo replication.  Sex differences in urinary leptin were determined using an 

independent samples t-test.  Correlation analyses were carried out to determine any 

relationship between urinary leptin with age, body weight and BMI.  Lastly, a paired 

samples t-test was used to compare the effect of age on urinary leptin in 12 samples 

where identified maned wolves (n = 6) had multiple urine samples collected spanning 

over a minimum of at least one year.  Serum leptin concentrations were not analyzed with 

respect to sex, age or body condition measures due to an insufficient number of samples.  

All results were reported as mean ± standard error, unless otherwise noted and 

significance was determined at P < 0.05. 
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Serum	  and	  Urinary	  Leptin	  Assay	  Validation	  
Serial dilutions of pooled serum and pooled urine displayed parallelism with the standard 

curve; therefore, demonstrating immunoactivity of endogenous antigens similar to the 

assay standards (Fig. 4.1).   Net recovery of 1.56, 3.13, 6.25, 12.5, 25 and 50 ng leptin 

added to 200 µL neat urine was 1.12, 0.98, 1.72, 1.97, 3.86 and 8.46 ng, respectively (y = 

0.31x + 0.51, R2 = 0.98; Fig. 4.2). 

Measuring	  Urinary	  Leptin	  Concentrations	  
Mean urinary leptin concentrations measured in the maned wolf were 2.70 ± 0.43 ng/mg 

Cr.  One urine sample (14.80 ng/mg Cr) provided by a male was determined to be an 

outlier and removed from further analyses.  Subsequently, the mean concentration 

adjusted without the outlier was 2.31 ± 0.20 ng/mg Cr (n = 31 samples).   

Effect	  of	  Sex	  
Sex did not influence (t17 = -0.52, P > 0.05) urinary leptin concentration in the maned 

wolf (males: 2.30 ± 0.44 ng/mg Cr, range: 0.35-4.29 ng/mg Cr, n = 7; females: 2.63 ± 

0.41 ng/mg Cr, range: 0.80-5.32 ng/mg Cr, n = 12).  

Effect	  of	  Body	  Weight,	  Length	  and	  Body	  Mass	  Index	  
Maned wolves, on average, weighed 26.1 ± 0.6 kg (Range: 20.5-30.5 kg) with males 

weighing significantly (t18 = 2.31, P = 0.03) more than females (males: 27.7 ± 0.9 kg, 

range: 24.0-31.0 kg, n = 8; females: 25.1 ± 0.7 kg, range: 20.5-29.5 kg, n = 12).  

However, no significant correlation between weight and urinary leptin concentration was 

found (r17 = 0.21, P > 0.05).  

Male maned wolves had a nose-to-tail length of 1.07 ± 0.03 m (range: 0.99-1.16 

m, n = 6).  Results indicated a marginally significant correlation between urinary leptin 
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concentration and body length (r3 = 0.73, P = 0.09, n = 5).  Based on six male maned 

wolf samples (Table 4.1), mean BMI was 24.27 ± 0.80 (range: 21.78-27.51, n = 6).  BMI 

was not related to (r4 = -0.26, P > 0.05) urinary leptin concentrations in these six maned 

wolves.  However, when the outlier (2954) was removed, BMI was shown to have a 

marginally significant correlation with urinary leptin (r3 = -0.70, P = 0.09, n =5). 

Effect	  of	  Age	  
Preliminary findings suggest a positive association between age and urinary leptin 

concentration.  A paired samples t-test revealed a positive correlation between age and 

urinary leptin concentrations (t5 = -2.98, P = 0.03), where all of the maned wolves had 

higher leptin concentrations in the second sample collected from them (Fig. 4.3) (see 

Appendix C for raw data). 

Discussion	  
This investigation provides the first examination of leptin hormone concentrations in the 

maned wolf.  We confirmed that leptin concentrations could be measured in maned wolf 

serum and urine.  Using a multi-species leptin RIA kit, we showed serial dilutions of 

pooled serum and pooled urine displayed parallelism with the standard curve.  However, 

the slope indicated serum and urine were possibly interfering with the accuracy of 

hormone quantification (Wasser et al., 1991).  Thus while this RIA kit was able to detect 

serum and urine concentrations of leptin, it revealed a gross under estimation of hormone 

mass, which may have been caused by unknown hormones interfering with the RIA kit.  

Similarly, Kitao et al. (2011) report relatively low serum leptin concentrations in raccoon 

dogs when using the multi-species leptin RIA kit, the same assay used in this study.  
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Based upon the results of these two studies, we do not recommend using the multi-

species RIA kit for determining canine leptin concentrations.  Leptin concentrations 

measured by the canine leptin-specific enzyme-linked immunosorbent assay (ELISA) kit, 

which uses dog leptin as a standard, yields concentrations 20-fold higher than the 

concentrations obtained by the multi-species leptin RIA kit (Kitao et al., 2011).  

Consequently, it may be necessary to utilize the canine leptin-specific ELISA kit for 

determining baseline values of leptin concentrations in the maned wolf, despite the 

significantly higher cost, if other assays reveal an underestimation of hormone mass. 

Preliminary findings suggested mean urinary leptin concentrations in the maned 

wolf to be 2.31 ± 0.20 ng/mg Cr.  Based on the results of this study, there were no 

variations in leptin concentrations between males and females.  Maned wolves exhibit no 

sexual dimorphism and this may explain why there is no effect of sex on leptin 

concentration.  In spite of a lack of dimorphism in maned wolves, these results of the 

present study agree with previous studies on canids.  Serum leptin concentrations 

measured by the canine leptin-specific ELISA kit reveal no significant differences 

between male and female raccoon dogs (Kitao et al., 2011).  Similarly, Ishioka et al. 

(2007) describe no significant difference in plasma leptin between male and female 

domestic dogs.  Perhaps, sex does not affect leptin concentrations in canids, as it does in 

other species.  For example, Buff et al. (2002) show greater serum concentrations in 

geldings and stallions than in mares.  Thus, gender differences in leptin concentrations 

may be linked to a species-specific role. 
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We were unable to conclude any correlation between body weight and urinary 

leptin concentrations.  It is possible that maned wolf leptin concentrations and body 

weight are positively correlated, but we were simply unable to detect this correlation due 

in part to a small sample size.  Other canid species including the domestic dog and 

raccoon dog report a positive correlation between serum leptin concentrations and body 

weight (Jeusette et al., 2005; Kitao et al., 2011).  We suggest repeating this study using 

different assays and utilizing a larger sample size of maned wolf subjects, increasing the 

quantity of opportunistic serum sample collection and implementing longitudinal urine 

sample collection. 

Length positively correlated with urinary leptin concentrations in the maned wolf.  

Generally, it would be expected that the longer the body length, as measured from tip of 

nose to tip of tail, would correlate with larger sized individuals (i.e. body mass).  Leptin 

levels tend to rise as weight increases and, then, decrease as weight goes down (Jéquier, 

2002; Oswal and Yeo, 2010).  Therefore, an animal with greater body length would be 

expected to have higher leptin concentrations because they tend to weigh more.  

Similar to our findings with body weight, we were unable to determine any 

significant correlation between BMI and urinary leptin concentration.  Measuring BMI, 

while convenient, safe and of minimal cost, is imprecise and outdated (Shah and 

Braverman, 2012).  Furthermore, BMI is not a measurement of adiposity (Romero-Corral 

et al., 2008; Shah and Braverman, 2012).  In domestic dogs, Nishii et al. (2010) describe 

significant correlation between plasma leptin concentration and body condition score 

(BCS).  The BCS or body condition index (BCI) is a numerical scoring system used to 
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assess the body condition of animals (Buff et al., 2002).  Other studies have utilized BCS, 

which may prove to be more effective in the maned wolf.  We do not suggest using BMI, 

but recommend developing a body condition scoring system specifically designed for the 

maned wolf and examining any relationship between the maned wolf specific BCS 

system with leptin concentrations.    

In our study, we reported 14.80 ng/mg Cr for one maned wolf, which was the 

highest value among all subjects measured.  This individual, also, exhibited the highest 

BMI, which lead us to question whether BMI was an appropriate tool or if another 

measurement, such as BCS, may be more effective and, if so, would it reveal a positive 

correlation with leptin concentrations in the maned wolf.  Perhaps, this warrants further 

study with a greater sample size.   

Based upon a subset of samples we described a significant positive correlation 

between age and urinary leptin concentrations in the maned wolf.  Young maned wolves 

exhibit lower body fat, as they are developing into mature individuals.  It would be 

expected that mature maned wolves would present with greater body mass and only 

require resources (e.g., nutrients, energy, adiposity) to sustain their activity level.  Lastly, 

higher leptin concentrations found in post-reproductive individuals may be attributed to 

less active lifestyles and metabolic changes.  Age-dependent increases of serum leptin are 

reported in domestic dogs, as well (Nishii et al., 2010).  Similar trends are shown in other 

species including humans (Baumgartner et al., 1999; Ram and Malathi, 2007) and horses 

(Buff et al., 2002).   
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In summary, we showed that age and length, but not sex and body weight or BMI 

influence urinary leptin concentration in the maned wolf.  Despite the small sample size, 

this study demonstrates that leptin monitoring may serve as a valuable management tool.  

Measuring leptin concentrations twice monthly noninvasively may alert management to 

changes in body condition and permit assessments of nutritional status.  While the multi-

species leptin RIA was able to detect leptin in the maned wolf, the anti-human leptin 

antibody was not as specific for canine leptin and, thus, is not appropriate for measuring 

this peptide hormone in this species.  The lack of some differences obtained in this study 

may be due to the gross under estimation of hormone mass from the multi-species assay. 

Maned wolves are seasonal breeders and, as such, it would be expected that 

individuals would modify their winter energy expenditures and metabolic rate.  We were 

unable to obtain seasonal samples from maned wolves.  Consequently, future studies 

should assess seasonal fluctuations in leptin concentrations in males and females, as well 

as monitoring leptin concentrations in females throughout the reproductive cycle.  Maned 

wolves that successfully reproduce and become pregnant would be expected to increase 

food intake and, therefore show an increase in body mass and fat stores, thus increasing 

leptin concentrations.  Comparing leptin concentrations in pregnant and pseudo-pregnant 

captive maned wolves could help researchers learn more about leptin and its role in 

pregnancy in the maned wolf and, thereby, warrants further exploration.   

Maned wolves require a diverse and palatable diet in captivity.  Leptin monitoring 

can be used to measure nutritional status and act as a proxy to inform management 

whether nutritional requirements are not being met to avert prolonged periods of 
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inadequate nutrition, thereby preventing severe health problems.  Vigilantly monitoring 

leptin concentrations along with body condition and other biological markers throughout 

an animal’s life will collectively provide a normal profile for that specific animal and 

help to alert management when significant changes occur.  Leptin monitoring will 

provide insight into changes in the nutritional and metabolic state of individual maned 

wolves.  Once baseline values have been determined in zoo-managed maned wolves, 

future studies should examine and compare leptin concentrations between maned wolves 

held ex situ to those managed in situ.   

There is considerable variability in leptin concentrations among individuals, so it 

is advised that a more effective means of measuring body fatness in the maned wolf be 

developed or that current measurements are supplemented with additional biological 

measures (e.g. girth measurement and height) (see Appendix D for more examples of 

measurements).  Consistently measuring urinary leptin concentrations in the maned wolf 

may help the Maned Wolf Species Survival Plan® (MWSSP) monitor nutritional status 

and, additionally, improve reproduction in the captive population.  Further studies need to 

focus on which assays are best applicable to measuring leptin concentrations in the 

maned wolf before more complex and informative leptin studies are to be devised and 

executed in this species. 
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Figure 4.1 Parallelism curves resulting from RIA of serially diluted leptin standards and pooled serum and 
pooled urine.  Based on the above graph, urine samples should be run at neat given the binding inhibition results 
observed at ~50%.   
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Figure 4.2 Maned wolf urinary leptin recovery. 
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Table 4.2 Age, leptin concentration, weight, length and BMI measurements for six male maned wolves. 
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Figure 4.3 Mean leptin concentrations (ng/mg Cr) for six maned wolves where urine samples were collected 
more than 1 year apart from the same individuals (Age A = initial sample, Age B = subsequent sample).   
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V. CONCLUSION 

With the overall goal of improving understanding of the causes of poor reproduction in 

maned wolves (Chrysocyon brachyurus) maintained ex situ, this thesis compared 

reproductive and stress hormones among females with various reproductive outcomes.  

Because nutritional and health status may have contributed to poor reproduction in this 

species, a noninvasive urinary leptin assay was validated in both male and female maned 

wolves and, then, values were correlated with several biological parameters.  

The present study demonstrated that: 1) females that conceived and raised pups 

excreted significantly lower fecal glucocorticoid metabolite concentrations compared to 

females that became pseudo-pregnant, as well as pregnant females that experienced 

neonate loss; 2) pseudo-pregnant females, on average, excreted lower fecal progestagen 

metabolite concentrations than pregnant bitches; 3) maned wolves are induced ovulators; 

and 4) urinary leptin concentrations can be detected using a multi-species leptin 

radioimmunoassay (RIA), although there appeared to be a gross underestimation of 

hormone mass. 

Although a preliminary report describes significantly higher fecal glucocorticoid 

metabolite concentrations during the peri-ovulatory phase in females that lost pups 

compared to females that raise pups (MWSSP, 2007), we showed that with a larger 

sample size, significantly higher fecal glucocorticoid concentrations were excreted during 
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the luteal phase by females that became pseudo-pregnant and females that lost pups, 

whereas pregnant females that raised pups excreted significantly lower corticoid 

concentrations. 

Approximately half, 55%, of all pregnant maned wolves in the present study 

successfully raised pups.  The data obtained from monitoring reproductive and stress 

hormones indicate that there is a relationship between pup mortality and elevated 

corticoids.  Factors linked to elevated corticoid concentrations (e.g., suboptimal enclosure 

environment and health) may also have contributed to neonatal loss.  Thus, future 

research should focus on identifying ‘stressors’ and developing strategies toward 

mitigating stress.  Furthermore, the information that females raising pups excreted the 

highest mean progestagen metabolite concentrations during the luteal phase compared to 

females that lost pups and pseudo-pregnant individuals may be useful for predicting 

pregnancy and potential pup loss in captive maned wolves, which would contribute to 

cost-effective monitoring around parturition (Wasser et al., 1995).  Such advanced notice 

permits management to prepare for whelping and, perhaps, discouraging infanticide 

(Velloso et al., 1998). 

Unpaired females, of prime reproductive age, failed to ovulate as indicated by 

sustained baseline fecal progestagen metabolite concentrations throughout the breeding 

season.  Ovulation only occurred in females paired with a male, which indicated that the 

maned wolf is an induced ovulator.  This study is the first to confirm that the maned wolf 

is an induced ovulator.  By understanding this mechanism, assisted reproductive 
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technologies can be developed and methods improved for inducing ovulation and 

increasing reproductive success. 

This study presents the first research to analyze leptin in the maned wolf.  A 

multi-species leptin RIA kit was validated and, then, modified for measuring urinary 

leptin concentrations in maned wolves.  Based upon the results of this study, sex did not 

influence urinary leptin concentration in the maned wolf, nor did weight or BMI.  We did 

report a significant positive correlation between body length and urinary leptin 

concentrations, as well as age and urinary leptin concentration in the maned wolf.  Maned 

wolves with longer body lengths would presumably have larger body mass and fat stores 

and, therefore, higher leptin concentrations as larger individuals require higher caloric 

intake to sustain their current physical state.  Similarly, as maned wolves mature, it is 

expected that fat stores would increase.  Young maned wolves are still developing and 

will exhibit lower body fat stores as compared to mature maned wolves that require 

greater body mass and fat stores to sustain their body weight and energy level.  

Unfortunately, urinary leptin recovery revealed a gross underestimation of hormone 

mass.  Therefore, the concentrations reported in this study are most likely relatively low 

due to the leptin RIA used and, in reality, may actually be significantly higher.  

Consequently, we do not recommend using the multi-species leptin RIA for measuring 

maned wolf leptin.  The next step should focus on evaluating other RIAs and enzyme-

linked immunosorbent assays (ELISAs) for determination of leptin concentrations in 

serum and urine samples from maned wolves. 
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Establishing baseline leptin concentrations for each individual maned wolf held in 

captivity and general values applicable to the captive population would benefit 

management in monitoring nutritional status, body condition changes and other measures 

throughout the animal’s lifetime.  Leptin has the potential to be used in different 

capacities, in addition to acting as a biomarker for measuring nutritional status. 

Future studies should seek to evaluate leptin and its changes throughout the 

reproductive season, as well as comparing concentrations based on female reproductive 

status.  These studies could provide insight into leptin’s influence in pregnant versus 

pseudo-pregnant and unpaired females, and expand our knowledge of leptin and its role 

throughout the reproductive process.  A larger sample size coupled with a longer 

sampling period would enhance data results for determining leptin concentrations in the 

maned wolf.  Leptin monitoring can be applied to non-reproductive individuals, as well.  

For example, urinary leptin can be used as an indicator for health status (i.e. responses to 

dietary changes, irritable bowel disease, etc.).  Creating a specific Body Condition Score 

(BCS) system for maned wolves based on specific measurements (i.e. nose to base-of-

tail, girth, neck, etc.) may aid in establishing a more precise monitoring system for 

assessing the well-being of zoo-housed maned wolves. 

We, as animal management staff, need to examine and try to understand what 

maned wolves, as a species and as individuals, perceive to be threats.  Stimulus levels, 

proximity of conspecifics and heterospecifics, noise levels, enrichment and training 

programs, type of facility (i.e. research, breeding or display), individual animal 

temperaments, enclosure size, enclosure type, nutritional status, climate, etc. are factors 
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that should be measured and applied when quantifying reproductive and adrenal 

hormones. 

Relatively few individual maned wolves are located at one single facility, adding 

variability when monitoring stress.  Housing conditions are not the same across zoos and 

may influence an animal.  Cases where an animal has been recently transferred per 

breeding recommendations or heavy construction took place during the breeding season 

should be taken into consideration in addition to examining and even quantifying the 

amount of control and choice an animal has in its environment.   

Study design can be improved with minor adjustments.  Since copulation may not 

always be observed, documenting affiliative behaviors and corresponding dates would be 

advantageous and valuable for data analyses.  For future studies, a package including a 

short questionnaire (e.g., Appendix E), sample inventory and necessary supplies for 

sample collection would overcome discrepancies and increase efficiency, overall. 

In summary, maned wolves continue to reproduce poorly in captivity and exhibit 

persistent health problems.  It is a challenge in attempting to understand and isolate 

potential threats contributing to increased adrenal activity in this species, but we need to 

examine internal and external factors as potential stressors in captive maned wolves 

before we can improve reproductive success.  Females that raise pups experience lower 

cortisol concentrations, overall.  Exploring biotic and abiotic factors that impact pairs 

recommended for breeding may enlighten us to potential husbandry issues and 

monitoring leptin concentrations noninvasively can be used as a biomarker for assessing 

status in this species.   Longitudinal monitoring of fecal gonadal and adrenal hormones 
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along with urinary leptin concentrations together will provide a bigger picture into how 

an animal perceives and responds to their environment. 
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APPENDIX A 

Urinary leptin concentrations (ng/mg Cr) and morphometric measures for 20 (8.12) 
maned wolves.  
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APPENDIX B 

Maned wolf body length measurements were based on values from tip of nose to tip of 
tail as shown below.   

 

 

 

NOSE-TO-TAIL 
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APPENDIX C 

Mean urinary leptin concentrations (ng/mg Cr) for six maned wolves where urine 
samples were collected more than 1 year apart from the same individuals (Age A = initial 
sample, Age B = subsequent sample).  
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APPENDIX D 

Specific morphometric measures suggested for collection in future studies on maned 
wolves. 
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APPENDIX E 

Short questionnaire to be filled out in future studies by institution holding female maned 
wolves participating in reproductive study.  
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APPENDIX F 

National Zoological Park – Institutional Animal Care and Use Committee (IACUC) 
proposal approval. 
 

 

 

    
 
 

MEMORANDUM 
 
 
DATE:  June 13, 2011 
 
TO:   Nucharin Songsasen 
 
FROM: Dr. William McShea 
  Chair, NZP Institutional Animal Care and Use Committee 
  Pierre Comizzoli 

Designated Reviewer 
 
SUBJECT:  NZP-IACUC Action on Proposal #11-20 
 
I am pleased to notify you that your proposal, entitled “Relationship between leptin 
production, body condition and reproductive success in maned wolves” has been 
approved by the NZP Institutional Animal Care and Use Committee (NZP-IACUC). 
 
Approval for this submission is granted with the understanding that no changes will be 
made in the animal handling and care protocols specified in your proposal and 
subsequent response without prior consultation with, and approval from, the NZP-
IACUC.  This approval is valid for three (3) years from the date of this 
memorandum.  If your project will go beyond three years, you must request a 
renewal of the ACUC approval when this one expires.  This approval will expire on 
6/13/14. 
 
As a part of ongoing review of approved IACUC activities, we require that you 
provide, as mandated, a brief annual update on the progress of your animal 
handling and care protocols prior to one year from the date of this letter (6/13/12).  
If in the course of your research you experience unexpected morbidity or mortality, 
you are required to contact the IACUC Chair and provide a detailed accounting of 
the circumstances surrounding these events, within one month of the event. 
 
Please be advised that it is your responsibility to obtain all necessary permits and/or 
authorizations that may be required to conduct this research or to import or export any 
biological samples.  Please contact Laura Morse, Registrar of the Smithsonian National 
Zoological Park, to clarify permit issues. 
 
We hope that your research is a success.   

Smithsonian 
National Zoological Park 
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