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Abstract

Our understanding of the genetics of the muriqui have increased in recent decades. In the mid 1980’s the fi rst data was 

obtained from polymorphisms of allozymes of 10 individuals of B. hypoxanthus (northern muriqui) from Minas Gerais, and 

two individuals of B. arachnoides (southern muriqui) from São Paulo. All specimens were considered to be of a single species. 

Th e DNA was extracted from blood samples, which required capture and anesthesia of animals. We can now extract mito-

chondrial DNA from feces samples. Analyzing more than 120 individuals of the northern muriqui from two populations, 

we are now able make inferences about genetic variability, population distinctiveness as well as intra- and interpopulation 

gene fl ow. DNA sampling through feces is reliable, effi  cient, and economic, and does not risk the physical integrity of the 

animals, and furnishes enough DNA that is easily reproducible for PCR amplifi cation. Using this method it is possible to 

sample a greater number of individuals in nature than would be possible if live capture were necessary. A muriqui feces and 

DNA bank has been set up, and currently has samples of 230 individuals from seven of the twelve known populations of 

northern muriqui. Th e samples resulted from fi eld studies, but more coordinated and systematic eff orts among fi eldwork-

ers at the diff erent muriqui sites are needed to improve representation across populations and species. Future perspectives 

include the use of new genetic markers (nuclear and mitochondrial DNA) to identify parents, off spring, and closely related 

individuals in captive and wild populations; to defi ne units for conservation and the gene fl ow between them; to quantify 

genetic variability in the populations; to assess the rate at which genetic variation has been lost over time; to estimate the 

degree of inbreeding in the population; and to understand better the genetic diff erentiation of the two species.
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General Issues of Genetic Conservation

A major goal of conservation biology is to preserve genetic 

diversity, based on the assumption that higher heterozygos-

ity (the measure of the within-population component of 

genetic variation) increases the probability of a population’s 

survival in the event of ecological or evolutionary changes. 

Under this concept, concerns about the conservation of 

biodiversity represent concerns about the conservation 

of genetic diversity.

For threatened species, hunting and reduction of habitat are 

associated with a reduction of population size. In extreme 

cases, a signifi cant percentage of a population is killed or 

otherwise prevented from reproducing (bottleneck); the 

most frequent cause of loss of heterozygosity. When a large 

percentage of a population is lost, only a subset of the 

genes of the original gene pool will survive. Some alleles 

will be disproportionately represented, while other alle-

les may be gone forever. If one survivor has a rare allele, 

then that allele may come to be represented in the result-

ing population (a few generations later) in greater numbers 

than was the case prior to the population crash (a founder 

eff ect). In small populations, the eff ects of genetic drift on 

loss of genetic variation (stochastic events that alter allele 

frequencies among members of a population and change 

the diversity of the group over time) are much greater than 

they are in larger populations. Some examples of the eff ects 

of habitat reduction on loss of genetic variation have been 

reported for both the Florida panther (Roelke et al., 1993) 

and the cheetah (O’Brien, 1994).

A critical parameter for the management and conservation 

of natural populations, therefore, is the eff ective population 

size, which aff ects the rate at which genetic diversity is lost 

in the population by genetic drift (Franklin, 1980). Th e 

longer the species experiences a bottleneck, the higher the 

eff ects of genetic drift (Futuyma, 1992). Delays in promot-

ing a species’ population recovery can be highly prejudi-

cial in terms of loss of genetic diversity, and measures that 

can rapidly bring about an increase in population size are 

paramount.

Moreover, due to reduction of population size, most of the 

individuals will not mate randomly within the population, 

and the eff ect of inbreeding is that the alleles are prone to 

become homozygous and the hybrid heterozygous advan-

tage is lost. With inbreeding, the chance of unfavorable 

recessive genes turning up in the off spring is greatly en-

hanced. Th us, the presence of recessive alleles in the popu-

lation may lead to inbreeding depression, which means im-

paired fi tness with the reduction in evolutionary potential, 
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and ultimately an increase in the probability of a popula-

tion going extinct (Frankham et al., 2002).

Th e viability of species that survive short-term demograph-

ic and environmental threats may depend upon the genetic 

variability and its spatial distribution prior to the popula-

tion crash. Th e spatial pattern of the population crash also 

has important consequences for the resulting genetic vari-

ability (or lack of it). Th us, small and isolated populations 

are at a higher risk of extinction than large and well-con-

nected populations (Frankham, 1995; Meff e and Carroll, 

1997; Ebert et al., 2002; Frankham et al., 2002).

Over the short term, most endangered species are threat-

ened by extrinsic, environmental factors, but eff ective long-

term conservation planning must also incorporate genetic 

factors. Conservation planning operates at many levels, 

from whole ecosystems and communities to individual 

organisms. At each of these levels, molecular genetic tech-

niques may provide appropriate tools to evaluate processes 

and to develop management strategies. However, it is nec-

essary to understand how molecular analyses can address 

questions about levels of threats and extinction. 

First, threats must be identifi ed clearly, and eff ective steps 

taken to alleviate them (Caughley, 1994). Next, it is nec-

essary to identify priorities for conservation action — an 

understanding of where measures are needed most urgently 

to avoid the situation deteriorating rapidly and irrevocably. 

In both cases, molecular genetic analyses can play an im-

portant role.

Management of genetic heterozygosity is the challenge 

of conservation genetics. In captive populations, control-

ling inbreeding to maintain minimal population sizes and 

adequate levels of heterozygosity is crucial (Queiroz et al., 

2000). In natural populations, measures must be taken not 

only to guarantee the maintenance of the habitat, but also to 

facilitate gene fl ow among individuals of local populations 

in order to avoid inbreeding and loss of heterozygosity.

Th e general importance of genetic factors can be summa-

rized in two points. First, knowledge of genetic variation 

allows an understanding of the current status and the his-

torical evolutionary processes that generated biodiversity 

patterns. Second, future persistence of populations may 

depend upon the preservation of important remnant com-

ponents of genetic diversity.

In the pre-molecular era, most of the studies involved phe-

notypic data amenable to observation (morphology, physi-

ology, behavior) to estimate kinship and phylogeny (Avise, 

2004). However, rapid advances in the development of 

molecular markers over the last two decades have facili-

tated gaining a better knowledge of the genetic structure 

of natural populations. Molecular genetic approaches have 

been used to identify parents, off spring, and closely related 

individuals in captive and wild populations; to defi ne units 

for conservation, and the gene fl ow between such units; 

to quantify genetic variability of historical populations; to 

assess the rate at which genetic variation has been lost over 

time in fragmented landscapes; to estimate the degree of 

inbreeding in the population; to determine limits that dis-

tinguish a species, and so on. All of these areas are impor-

tant in the conservation genetics of endangered species.

Conservation Genetics of the Muriqui

Interspecifi c diff erentiation

Th e genus Brachyteles, the muriqui or mono-carvoeiro, 

belongs to the Family Atelidae. In the past, only one spe-

cies was recognized, Brachyteles arachnoides, distributed 

from southern Bahia to northern Paraná, along the Bra-

zilian Atlantic rainforest. In 1971, Aguirre (1971) esti-

mated that the total number of individuals had been about 

400,000 individuals.

Vieira (1944) it was who recognized two subspecies of 

Brachyteles. Some morphological diff erences such as facial 

skin pigmentation and the presence or absence of vestigial 

thumbs suggested that this monotypic genus should be 

separated into arachnoides É. Geoff roy, 1806 (in the states 

of Rio de Janeiro, São Paulo and Paraná along the Serra do 

Mar) and hypoxanthus Kuhl, 1820, occurring in southern 

Bahia, Minas Gerais, and Espírito Santo south to the Serra 

da Mantiqueira. Lemos de Sá et al. (1990, 1993), Fonseca 

et al. (1991) and Lemos de Sá and Glander (1993) indicated 

that Vieira’s (1944) standing was valid, but that diff eren-

tiation is even more extreme and justifi es the classifi cation 

of the two forms as separate species (Coimbra-Filho et al., 

1993; Groves, 2001), the northern muriqui, B. hypoxanthus 

(Kuhl, 1820), and the southern muriqui, B. arachnoides 

(É. Geoff roy, 1806). Whether the presence or absence of 

vestigial thumbs is a good morphological marker to separate 

the species remains questionable, however (S. L. Mendes, 

pers. comm.). 

Th e fi rst question, therefore, about muriqui genetics in-

volves whether the southern specimens, B. arachnoides, 

possess enough genetic diversifi cation from northern speci-

mens, B. hypoxanthus, to be designated as a separate spe-

cies under phylogenetic approaches, and whether, in an 

a priori, non-discriminated analysis, specimens from the 

south group together separately from the ones from north-

ern areas.

In general, mitochondrial DNA allows for analysis of phy-

logenetic relationships refl ecting the history of maternal 

lineages within a population, requiring only one-fourth 

of the eff ective population size when compared to auto-

somal nuclear genes. Th e use of mtDNA is inappropriate 

for detecting paternal gene fl ow between populations. On 

the other hand, mtDNA is only a single genetic locus, lack-

ing recombination, which reduces its power to detect the 

structure and the genetic history of the population at spa-

tial and temporal levels. DNA sequence data allow both a 
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phylogenetic and an allele-frequency approach to the anal-

ysis of population structure and patterns of population var-

iation. Because eff ective population size calculated under 

mitochondrial loci in a given population is one-fourth of 

nuclear loci, genetic drift is more powerful at mitochon-

drial loci; populations separated recently can show mito-

chondrial divergence unlike nuclear loci (Neigel and Avise, 

1986). Th us, the mtDNA analyses involving samples from 

several localities of northern and southern muriqui would 

seem to be suffi  cient to address this question. 

Genetic structure of populations

Th e historical deforestation of the Brazilian Atlantic forest 

since the 1500s has reduced it to small fragments with little 

or no connection between them. Th is has resulted in few, 

small and widely separated muriqui populations which 

represent genetic bottlenecks, and has eliminated oppor-

tunities for gene fl ow through the migration of individuals 

between these populations.

Currently, about 1,000 southern muriquis occur in rela-

tively large and well protected areas. Th e situation of the 

northern muriquis is, however, more dramatic with fewer 

than 900 individuals in 12 separate populations, a large 

number restricted to unprotected forest fragments (Rylands 

et al. 2003; Mendes et al., 2005a). Brachyteles hypoxanthus 

is considered one of the world’s 25 most endangered pri-

mates (Strier et al., 2006a).

Th e ecology, behavior, reproduction, and demography of a 

population of northern muriquis have been investigated by 

Karen B. Strier and her students since 1982 at the Carat-

inga Biological Station (EBC), also called the RPPN Feli-

ciano Miguel Abdala (EBC/RPPN-FMA), in Minas Gerais 

(Strier, 1999). Th e population at the EBC has been grow-

ing steadily since long-term monitoring began, increas-

ing from about 50 – 70 individuals in the 1980’s to about 

226 individuals as of January 2005 (Strier et al., 2006b). 

Since 2001, some new populations have been studied by 

Sérgio Mendes in the municipality of Santa Maria de Jetibá, 

in the state of Espírito Santo (Mendes et al., 2005b). Since 

2003, Luis G. Dias has also initiated studies of muriqui 

populations in other areas of the state of Minas Gerais (Rio 

Doce and Serra do Brigadeiro state parks, and the Mata do 

Sossego private reserve).

In large populations with multiple groups, female muri-

quis leave their natal groups and move into others before 

reaching reproductive maturity, reducing the risks of close 

inbreeding (Printes and Strier, 1999; Strier and Ziegler, 

2000). However, in smaller populations living in highly 

fragmented and disconnected areas, dispersal is restricted, 

and females with nowhere to go have been observed at 

the periphery of their natal groups (S. L. Mendes, pers. 

comm.). Research into the genetic variation and gene fl ow 

among muriqui populations and the relationship of popu-

lation size to within-population genetic variability is criti-

cally needed for the formulation and implementation of a 

management plan to ensure the long-term persistence of 

remaining muriqui populations.

Th e fi rst study involving muriqui genetics was conducted 

by Pope (1998), based on polymorphisms of allozymes of 

10 individuals of B. hypoxanthus from Fazenda Esmeralda, 

Minas Gerais, and two individuals of B. arachnoides from 

Fazenda Barreiro Rico, São Paulo. Th e DNA for these ge-

netic analyses was extracted from blood, with an invasive 

method that depended on the capture of live specimens 

(Lemos de Sá and Glander, 1993). At that time, Pope ana-

lyzed all individuals as the same species, B. arachnoides (the 

possibility of two species was not generally recognized). 

Pope observed a high level of genetic divergence using al-

lozyme investigations, despite the small size and isolation 

of the populations. Th e variability observed was probably 

large due to between-species rather than within-population 

genetic diversity. 

Th e fi rst study using 126 individuals from two north-

ern muriqui populations (Estação Biológica de Caratin-

ga – EBC, Minas Gerais, and Santa Maria do Jetibá – SMJ, 

Espírito Santo) investigated the polymorphisms of restric-

tion fragments (PCR-RFLP) of 480 base pairs (bp) of  a 

hypervariable region of mtDNA or D-loop (Paes, 2005; 

Fagundes et al., in press). DNA was obtained from feces 

samples, a noninvasive method useful for endangered spe-

cies (Chaves et al., 2006). Th e overall level of genetic dif-

ferentiation between these muriqui populations was high. 

Th e test of genetic diff erentiation (F
ST

), which character-

izes genetic diff erentiation among populations, indicated 

that there was extensive genetic diff erentiation (F
ST 

= 

0.635, P-value = 0.000) between the EBC and SMJ popu-

lations (Fagundes et al., in press). Values of Nm [Nm = 

(1/F
ST

-1)/4] indicated less than 1 migrant per generation 

between SMJ and EBC, and related F
ST 

data revealed an 

absence of gene fl ow and high genetic distinction between 

these two populations.

Also, Chaves (2005) studied the sequence of 280 bp from 

the hypervariable internal segment of D-loop of 84 indi-

viduals from EBC and SMJ, and also observed high genetic 

diversity among these populations (F
ST 

= 0.56). Despite the 

distinction in mtDNA, the alleles did not cluster by geo-

graphic origin. Alleles from EBC and SMJ are interspersed 

in both clades, which mean that these populations are not 

completely distinct at this locus. Chaves (2005) also ob-

served that values of nucleotide diversity of B. hypoxanthus 

are considerably lower when compared to other endan-

gered species of mammals, including the gorilla (Garner 

and Ryder, 1996), chimpanzee (Deinard and Kidd, 2000), 

and the giant panda (Lu et al., 2001).

Our previous studies have shown that the loss and frag-

mentation of once contiguous habitat has caused the loss of 

genetic variation in the muriqui, and that genetic variation 

in the populations is among the lowest reported for any 

species of primate. Th is substantial loss of genetic variation 
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has contributed to extensive genetic diff erentiation among 

populations.

Th e next steps to measure genetic variability among pop-

ulations of northern muriquis will require fi eld eff orts to 

sample new populations and individuals. Currently, our 

collection of feces is from individuals of seven of the twelve 

populations (Table 1). Some populations are still poorly 

sampled, however, and not yet representative of the total 

population. Just a few genetic samples for southern muri-

quis are available from blood, which makes it diffi  cult to 

conduct comparative analysis of genetic variability between 

B. arachnoides and B. hypoxanthus. New approaches to eval-

uate genetic variability, including nuclear loci, are needed 

to better understand the consequences of fragmentation, 

reduction of population size and genetic drift in muriquis, 

and to assess the degree of genetic variation between the 

northern and southern populations.

Th e genetic markers used in the last two decades have 

changed, and there is an improved understanding of their 

potential to answer the most important questions in con-

servation genetics. Th ey include either mitochondrial 

(mtDNA) or nuclear loci analyses, each with their advan-

tages and disadvantages (Avise 2004). Analyses of nuclear 

DNA microsatellite loci have become an important ap-

proach for the conservation geneticist. Th is class of highly 

variable repeated sequences, polymorphic and single locus 

markers is routinely used to assess levels of genetic vari-

ability in small, endangered populations using non-inva-

sive samples, with important implications in conservation 

biology. Because of their high mutation rates, microsatel-

lites can be excellent markers for studying genetically dep-

auperate populations, which show little or no variation at 

allozyme loci or mitochondrial DNA. Moreover, because 

of their short sequences, microsatellite loci can be ampli-

fi ed from degraded DNA, as often occurs when DNA is 

obtained non-invasively from hair and scat samples. 

Which methodology and DNA segments are more appro-

priate to study is always subject to doubt. To answer this 

question, it is necessary to look at the evolutionary proper-

ties of each class of DNA segment (mitochondrial or nucle-

ar, single or multiple copy, coding or non-coding sequence, 

functional or non-functional) to evaluate the mutation rate 

and forces that drive the evolutionary patch of each seg-

ment. In general, most molecular data have proved to sup-

port rather than contradict previous statements based on 

other molecular markers. Nonetheless, the use of multiple 

molecular markers allows for more accurate conclusions.

Genetic approaches to the study of reproductive and social 

behavior

Developments in techniques of molecular genetics have 

been widely used to address important issues in the biol-

ogy and behavioral ecology of mammal species (Woods 

et al., 1999; Aitken et al., 2004). In particular, knowledge 

of the current level of genetic variability and diff erentiation, 

relatedness between individuals, extent of inbreeding, and 

pedigree reconstructions are required to develop eff ective 

strategies for the conservation of endangered populations.

Many of the demographic features of Brachyteles, such as 

small and isolated populations, long inter-birth intervals, 

slow maturation rates, and long and overlapping genera-

tions, make them vulnerable to the eff ects of genetic drift 

and inbreeding, with the risks of lowering genetic variabil-

ity and viability (Strier, 2000; Strier et al., 2002). None-

theless, demographic data on the muriquis have not yet 

revealed any evidence of deleterious signs of close inbreed-

ing. Reproductive rates have remained stable, and infant 

mortality has been low in one group (Matão group) that 

has been monitored since 1982 (Strier, 2000). Females 

typically disperse from their natal groups prior to the onset 

of puberty or sexual activity, thereby reducing the risks of 

close inbreeding between siblings or father-daughter pairs 

(Strier, 1996; Printes and Strier, 1999; Strier and Ziegler, 

2000).

Th e mating patterns of northern muriquis at the EBC are 

based on a system in which each female copulates with 

several males during their peri-ovulatory periods (Strier, 

1997). Although females generally mate with multiple 

partners, copulations between mothers and their adult sons 

are very rarely observed (Strier, 1997). Also, behavioral 

observations have revealed a high tolerance of adult males 

to all infants (Guimarães and Strier, 2001). It is possible 

that behavioral mechanisms for inbreeding avoidance have 

contributed to the growth of the EBC muriqui popula-

tion, which has more than quadrupled in the past 24 years 

(Strier et al., 2006b). 

Because of the muriquis’ promiscuous mating system, it is 

impossible to determine the paternity of infants without 

Table 1. Samples of feces collected from individuals of northern 
muriqui populations.

Population
Minimum 
population 

size

Total of 
sampled 

individuals

Percentage 
of sampled 
population

Espírito Santo

Santa Maria do 

Jetibá
115 43 37.4

Caparaó National 

Park 
82 2 2.4

Minas Gerais

Caratinga Biological 

Station
226 130 57.5

Serra do Brigadeiro 

State Park
285 20 7.0

Rio Doce State Park 132 22 16.7

Serra do Ibitipoca 5 3 60.0

RPPN Mata do 

Sossego 
42 10 23.8
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direct genetic data. Results from paternity studies can pro-

vide new insights into understanding muriqui mating be-

havior, and the relationship between adult male tolerance 

toward infants and male-infant genetic relatedness.

Known as Short Tandem Repeats (STR) sequences, mic-

rosatellites have the potential to evaluate inter-individual 

genetic variability. Microsatellite loci have been extensively 

used to genotype samples of primates. Many of them, iso-

lated from the closely-related spider monkey (Ateles), can 

also be used to genotype the northern muriqui (Di Fiore 

and Fletcher, 2004). Th e use of heterologous primers is a 

good strategy to initiate new investigations on endangered 

species because the development of new primers of mic-

rosatellite DNA demands training, time and heavy fi nan-

cial investments. Heterologous primers were successful in 

amplifying the DNA of black and brown bears (Lorenzini 

et al., 2004). Also, tests of several human microsatellite loci 

were positive and compatible in baboons (Morin et al., 

1998) and chimpanzees (Constable et al., 2001), and may 

also be an option in muriqui studies.

Paternity and relatedness among members of northern 

muriqui populations can be obtained from analyses of ge-

netic variability of STR sequence data. Analyses could be 

conducted on infants and juveniles, their mothers and pos-

sible fathers. However, this approach is only possible in a 

population such as that at the EBC, where data on paterni-

ty and genetic variation can be used to evaluate hypotheses 

derived from long-term behavioral data.

Monitoring and Management of Populations

Th e Management Plan for Muriquis, proposed by Mendes 

et al. (2005a), includes recommendations for monitor-

ing unknown populations, conducting long-term studies 

of ecology and behavior, the reforestation of habitats in 

order to facilitate dispersion of females, and reductions in 

hunting and deforestation. Isolated groups and females in 

muriqui populations would seem to be more frequently 

observed in areas of highly fragmented forest. Transloca-

tion of reproductive individuals into potential receptor 

groups is a diffi  cult challenge, but it is necessary in order to 

rescue the genetic variation represented by these individu-

als, which would otherwise die without leaving descend-

ants. Due to the relatively recent history of translocations 

in muriqui (S. L. Mendes, pers. comm.), it is unknown 

what eff ects they can have on the genetic structure of the 

populations. 

Th e problem of preserving the remaining wild popula-

tions is pertinent to concerns about the most appropriate 

conservation and management units, such as Evolutionary 

Signifi cant Units (ESUs) and Management Units (MUs) 

as defi ned by Waples (1991) and Moritz (1994). Distinct 

MUs can be defi ned as populations connected by little or 

no contemporary gene fl ow, but not separated historically 

for very long periods of time (Waples, 1991).

Th e population viability of endangered species can be es-

timated based on demographic data (such as birth rates, 

death rates, longevity, reproductive rates, eff ective popula-

tion size). Nonetheless, genetic studies of small populations 

can provide fundamental evidence of how observed patterns 

of mating and dispersion aff ect the loss of rare alleles within 

and between groups. In addition, comparative genetic 

studies can help to identify populations that are at such 

high risk of extinction due to the loss of heterozygosity that 

interventions (such as translocations) might be necessary.

Th e Muriqui Feces Bank

Most of the molecular genetic analyses of primates have 

been restricted to DNA extracted from blood or tissue sam-

ples (Surridge et al., 2002), limiting the number of sam-

ples and risking the individuals due to anesthesia, capture 

and handling. Th e quantity of material required for DNA 

analyses may be infi nitesimal using noninvasive methods, 

which are essential to studies of endangered species. Hairs, 

archeological or museum samples of pelts and bones, or 

feces from wild subjects, for example, can be obtained non-

invasively. Th e fi rst successful eff ort in isolating human 

shed epithelial cells mixed with feces was performed by Iy-

engar et al. (1991), and since then, studies in conservation 

genetics using DNA from faecal samples have been carried 

out on many threatened species. 

Th e non-invasive technique of obtaining DNA from feces 

to investigate the genetic variability of northern muriquis 

has been applied in the past few years. DNA sampling 

through feces is a reliable, effi  cient, and economic method, 

which does not risk the physical integrity of the animals, 

and furnishes enough DNA that is easily reproducible for 

PCR amplifi cation of fragments up to 800 bp in length 

(Chaves et al., 2006). Also, it is a way of sampling a greater 

number of individuals in nature than would be possible if 

live captures to obtain blood were necessary. 

At the same time, intensive fi eldwork is needed to be able 

to obtain reliable fecal samples from individuals in nature. 

Th is may require long-term investment to habituate wild 

animals to human presence. An extensive study involving 

monitoring populations is the limiting factor in enabling 

the collection of feces from individually-known animals.

Currently, the feces bank comprises samples of 230 indi-

viduals from seven out of twelve populations of northern 

muriqui, all the result of extensive fi eld studies (Table 1). 

Th e bank represents still a minor percentage of the north-

ern populations, and a more coordinated and systematic 

eff ort among fi eldworkers at the diff erent muriqui sites 

is needed to achieve better representation across popula-

tions and species. Although the present studies are not as 

complete as would be desirable, they represent a landmark 

in the conservation genetics of free-living populations 

of muriqui, since the lack of completeness of the data is 
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a situation that confronts all population geneticists and be-

havioral ecologists studying endangered species.
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