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Abstract: The Andean (spectacled) bear (Tremarctos ornatus) is the only extant species of bear

in South America. This species is considered Vulnerable by the International Union for
Conservation of Nature (IUCN), although current population sizes are unclear. To study

Andean bears using DNA and non-invasive sampling, we screened 13 microsatellite loci using

DNA extracted from blood, saliva, hair, and feces from 16 captive bears. Polymorphic loci were

tested with samples from wild bears using DNA extracted from hair and feces collected in the

Oyacachi territory inside the Cayambe-Coca Reserve in Ecuador during 2000 and 2001. Ten loci

produced reliable results and were polymorphic with a mean of 4 alleles/locus. A minimum of 7

loci were needed for individual identification of wild bears using a probability of identity for

siblings PID(sib) threshold of ,0.01. Andean bears in the Oyacachi territory had moderate levels
of genetic diversity (expected heterozygosity, HE 5 0.45). Although genotyping success rates

were low in this pilot study, noninvasive genetic sampling of Andean bear hair and feces

provides a useful alternative method for studying this species. When launching a project to

census wild animals using hair or fecal samples, we recommend re-evaluating at least the 9 most

informative microsatellite loci (G10M, UarMu50, G10H, G10B, G10J, G10X, G10P, G10O,

and CXX20), recalculating probability of identity (PID) values and considering genotyping error

rates.
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The Andean bear (Tremarctos ornatus) is the only

extant species of bear in South America and the only

living member of the subfamily Tremarctinae.

Andean bears live on the slopes of the Andes

Mountains from Venezuela to the border between

Bolivia and Argentina, including Colombia, Ecua-

dor, and Peru (International Union for Conserva-
tion of Nature [IUCN] 2008). Population estimates

for the species based on empirical data do not exist,

but wild populations of Andean bears are declining

rapidly across the distribution (IUCN 2008). An-

dean bear habitat has been lost and fragmented, and

bears are poached throughout their range (Rodrı́-

guez et al. 2003, Kattan el al. 2004, Goldstein et al.

2008)
Andean bears are elusive and difficult to study in

the wild (Cuesta et al. 2003). Non-invasive genetic

sampling is advantageous when studying elusive

species because hair and feces can be collected and

used as sources of DNA (Taberlet et al. 1999,

Paetkau 2003, Bellemain et al. 2005, Waits and

Paetkau 2005). Polymorphic microsatellite loci

(variable sites in the nuclear DNA) are amplified,

and the genotype is used to uniquely identify the

animal. Molecular analysis combined with non-

invasive sampling can generate valuable biological

and ecological information for free-ranging species

(Taberlet et al. 1999, Woods et al. 1999, Waits and

Paetkau 2005).

In recent years, interest in using genetics to study

Andean bears has increased, but still little informa-

tion is available. Two previous genetic studies

conducted nuclear DNA microsatellite analysis

across Andean bear range (Ruiz-Garcı́a 2003,

Ruiz-Garcı́a et al. 2005). They tested 9 microsatellite

loci and found that 2 were monomorphic (G1A,

UarMu59) and 1 nearly monomorphic (G1D; Ruiz-

Garcı́a et al. 2005). Here, we used a diversity of

sample types collected from captive and wild animals

to identify a set of polymorphic microsatellite loci

for future use in Andean bear studies. Our objectives

were to screen 13 dinucleotide microsatellite loci,

including 8 loci used in earlier studies (Ruiz-Garcı́a2mpviteri@uidaho.edu 3lwaits@uidaho.edu
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2003, Ruiz-Garcı́a et al. 2005) and 5 loci not

previously evaluated for Andean bears. For each

locus, we evaluated PCR amplification success and

ease of scoring, genetic diversity statistics, and

genotyping error rates from captive animals and a

wild population in Ecuador. We compare our results

to previous studies and recommend future genetic

analyses of Andean bears.

Methods
Sample collection

Samples from 16 bears were obtained directly at

captive facilities in Ecuador with the permit of the

Environmental Ministry of Ecuador (019-IC-FAU-

DFP). These facilities included the Quito Zoo at

Guayllabamba, Jambelı́ Wildlife Rescue Center,

Yamburara Recreational Center, and Hacienda

Mazan. The origin of most captive bears was not

confirmed. Bears were immobilized with an intra-

muscular injection of SedazineTM (Fort Dodge

Laboratories, Fort Dodge, Iowa, USA) and keta-

mine hydrochloride (Encalada 1998) and blood,

saliva, hair, and feces were collected from each

individual. Blood samples were collected in vacutai-

ner tubes with EDTA or heparin. Cotton swabs

were used to rub the gums of the animals to collect

saliva and cells. Approximately 10 hairs were

plucked from the animal and stored in paper

envelopes with silica gel. Fecal samples (2–3 cm3)

were collected from each animal or from fresh feces

and stored in a 15-ml sterile plastic tube filled with

10 ml of ethanol.

Samples were also collected opportunistically

from wild animals as part of a study of Andean

bear habitat use in the Oyacachi River basin in

Ecuador (Cuesta et al. 2003). Hair samples were

collected using sterilized tweezers and deposited in

paper envelopes with silica gel desiccant; 2–3 cm3 of

feces were collected using a wooden stick or rubber

gloves and placed in a 15-ml sterile plastic tube with

10 ml of ethanol. Ninety five (95) feces and 22 hair

samples were analyzed at the Laboratory for

Conservation and Ecological Genetics at the Uni-

versity of Idaho after transportation under CITES

permit EC9119898.

Genetic analysis

DNA was extracted using standard protocols with

the QIAamp Blood Kit (QIAGENH, Valencia,

California, USA) for blood samples, and QIAamp

Tissue Kit (QIAGENH) for saliva. Chelex was used

for hair samples (Walsh et al. 1991), and fecal

samples were extracted using the QIAamp Tissue Kit

as described in Murphy et al. (2000). Thirteen

independent (unlinked) microsatellite loci developed

from canids (CXX20; Ostrander et al. 1993), brown

(Ursus arctos) (UarMu50, UarMu59; Taberlet et al.

1997) and black bears (Ursus americanus) (G1A,

G10B, G10C, G10H, G10J, G10L, G10P, G10M,

G10O, G10X; Paetkau and Strobeck 1994, Paetkau

et al. 1995) were tested. Annealing temperatures are

described in Table 1. PCR final reaction volume was

15 ml in the following concentrations: primers

0.2 mM (G10J, G10X, G10O, UarMu50, G1A,

G10B, G10C, G10L, UarMu59, CXX20), 0.4 mM

(G10M), 0.1 mM (G10P), 0.26 mM (G10H), MgCl2
(2.5 mM), Amplitaq GoldH (Roche Molecular Sys-

tems Inc.) (0.5 U), DNTPs (0.2 nM) and 2 ml of

DNA. After 40 cycles, amplified products were

visualized on an ABI PRISMH 377 DNA Sequencer

(Applied BiosystemsTM, Foster City, California,

USA) and genotypes were determined using the

Genescan and Genotyper software packages (Ap-

plied BiosystemsTM). In the case of fecal samples, the

number of cycles was increased to 55. The number of

PCRs performed per locus ranged from 3 to 7.

Consensus genotypes were determined after obtain-

ing 3 replicates of the same genotype from at least 3

independent PCRs/locus for homozygous and 2

PCRs/locus for heterozygous. For captive Andean

bears, we first screened blood and saliva samples

from all bears at all loci to establish a reference

genotype. Subsequently, we screened hair and feces

from each bear at all loci. After the initial screening,

Table 1. Annealing temperature and fragment sizes
in base pairs (bp) of 10 microsatellite loci tested on
16 captive Andean bears. Loci are listed from most
(G10M) to least informative (G10C) based on
probability of identity, PID.

Locus
PCR annealing
temperature, uC

Size range
(bp)

G10M 52 209–225

UarMu50 51 109–131

G10H 51 233–245

G10B 57.5 153–159

G10J 48 94–102

G10X 50 122–130

G10P 52 148–162

CXX20 51 128–134

G10O 50 173–179

G10C 57.5 96–104
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we obtained replicates and final genotypes using the

best sample among all sources (ease of scoring,

higher fluorescence resolution due to DNA quality/

quantity).

Microsatellite performance was evaluated by

comparing PCR success, microsatellite error rates,

ease of scoring, alleles/locus, heterozygosity, and

probability of identity (PID) for unrelated individuals

and for siblings PID(sib) (Woods et al. 1999, Waits et

al. 2001, Paetkau 2003). Genetic statistics were

obtained using GIMLET (Valière 2002), and Har-

dy-Weinberg equilibrium was tested with a 5 0.005

after Bonferroni correction using GENEPOP (Ray-

mond and Rousset 1995). We report the unbiased

estimates of genotyping errors according to Broquet

and Petit (2004). Allelic dropouts (ADO) are

calculated only for heterozygous individuals. For

each locus j we obtained the ratio (pj) of the observed

number of amplifications where one of the 2 alleles

was missing (i.e., allelic dropout error) (Dj), and the

total number of positive amplifications (Ahetj); we

report the rate of ADO across all loci (L) using

Equation (2) in Broquet and Petit (2004):

ADO~

PL

j~1

Dj

PL

j~1

Ahetj

False alleles (FA) were calculated using all the

data (homozygous and heterozygous amplifications)

across all loci L using Equation (4) in Broquet and

Petit (2004):

FA~

PL

j~1

Fj

PL

j~1

Aj

where Fj is the number of observed amplifications

that resulted in one or more false alleles at locus j

and Aj is the total number of positive amplifications

at locus j (Broquet and Petit 2004).

Results
Samples collected from captive bears had an

amplification success rate of 98% across all loci

(157 of 160 genotypes amplified). We did not

perform a rigorous evaluation of the amplification

success rate per sample type. However, DNA from

hair and feces was amplified across all loci. From the

original 13 microsatellite tested, 3 loci were excluded

from further analysis because 1 was monomorphic

(G1A, as also found by Ruiz-Garcia et al. 2005), 1

did not amplify (UarMu59), and 1 produced

ambiguous results due to difficulties in accurately

scoring alleles (G10L). The other 10 loci were

polymorphic with a range of 2–6 alleles and a mean

of 4 alleles per locus (Table 2). Six of 10 loci were out

of Hardy-Weinberg equilibrium at P , 0.05, but

after Bonferroni correction only loci G10J and

G10H still deviated (P , 0.005). These samples

were taken from captive animals that are not likely

to represent a single population, so Hardy-Weinberg

conditions were not expected. The average observed

and expected heterozygosities were HO 5 0.38 (SD 5

0.17), HE 5 0.50 (SD 5 0.14) and the PID(sib) varied

from 0.41 to 0.72 per locus (Table 2). Mean false

allele rate was 0.007 and allelic dropout rate was

0.01.

Table 2. Summary of genetic diversity: expected HE

and observed heterozygosity HO, and probability of
identity for siblings per locus PID(sib) (locus) and
cumulative PID(sib) (cumulative) for 10 microsatellite
loci for captive and wild bears. Loci are listed from
most to least informative based on PID.

Locus n
PID(sib)

(locus)
PID(sib)

(cum) HE HO

Captive bears

G10M 14 0.414 0.414 0.73 0.44

UarMu50 16 0.450 0.186 0.68 0.81

G10H 16 0.466 0.087 0.66 0.25

G10B 16 0.579 0.050 0.49 0.44

G10J 16 0.610 0.031 0.45 0.25

G10X 15 0.626 0.019 0.43 0.25

G10P 16 0.628 0.012 0.43 0.44

CXX20 16 0.642 0.008 0.41 0.38

G10O 16 0.657 0.005 0.40 0.19

G10C 16 0.719 0.004 0.31 0.38

Average 0.579 0.50 0.38

Wild bears

G10H 8 0.403 0.403 0.75 0.3

G10J 9 0.446 0.180 0.69 0.7

G10M 3 0.490 0.088 0.63 0.2

G10O 4 0.494 0.044 0.62 0.3

G10X 4 0.526 0.023 0.58 0.4

G10B 9 0.606 0.014 0.48 0.6

CXX20 8 0.678 0.009 0.36 0.4

G10C 6 0.778 0.007 0.24 0.2

UarMu50 6 0.874 0.006 0.13 0.1

G10P 6 1.000 0.006 0 0

Average 0.630 0.45 0.32
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We obtained consensus genotypes for 10 samples

collected in the wild: 3 hairs (from 22 analyzed) and

7 feces (from 95 analyzed) that represented 9 bears

with complete genotypes at 6–10 loci (PID(sib) ,

0.02). The number of alleles detected across loci was

lower than observed in captive animals (Table 2).

Expected heterozygosity was similar between the

group of captive animals (HE 5 0.5) and the single

wild population of Oyacachi (value HE 5 0.45).

Major differences between both data sets were

observed at loci UarMu50, G10P, and G10O

(Table 2). Based on PID values, the most informative

locus for the wild population was G10H and the

least was G10P (Table 2). A minimum of 7

microsatellite loci were needed to meet the PID(sib)

threshold of P , 0.01 suggested by Waits et al.

(2001). As expected, genotyping error rates from hair

and fecal samples collected opportunistically in the

wild were higher than from samples taken from

captive animals under controlled conditions. The

average allelic dropout rate was 0.07 and the false

allele rate was 0.01.

Discussion
Identifying polymorphic markers for Andean

bears is important for future efforts to evaluate

genetic diversity and gene flow and to distinguish

individual bears using noninvasive genetic sampling.

An early review of the genetics of bears revealed no

progress evaluating the genetics of Andean bears

across their range or for local populations (Waits et

al. 1999). However, in recent years, researchers have

begun to evaluate the genetic diversity and popula-

tion structure of Andean bears across their range

using polymorphic microsatellite loci (Ruiz-Garcı́a

2003, Ruiz-Garcı́a et al. 2005). The work of Ruiz-

Garcı́a (2003, 2005) demonstrated moderate levels of

diversity across the range and low levels of diversity

in Ecuador. Our research further advanced the

previous effort by evaluating additional microsatel-

lite loci for Andean bear research. Fourteen micro-

satellite loci that were tested on Andean bears in our

study and previous analyses (Table 3). In a review of

best practices for noninvasive genetic sampling,

Paetkau (2003) recommended using molecular mark-

ers with expected heterozygosity levels .0.6. Not all

markers tested in this study reached this threshold;

however, loci G10H and G10M were consistently

above 0.6 in our data sets (captive and Oyacachi

populations).

Our study showed levels of genetic diversity that

are above those reported for Andean bears (Ruiz-

Garcı́a 2003, Ruiz-Garcı́a et al. 2005). However, as

Ruiz-Garcı́a (2003) and Ruiz-Garcı́a et al. (2005)

pointed out, these levels are still low when compared

to other bear species (Paetkau and Strobeck 1994,

Waits et al. 2000, Paetkau 2003). The expected

heterozygosity in Andean bears is comparable to

isolated brown bears populations in the Yellowstone

Ecosystem (HE 5 0.55) and Baranof and Chicagof

Islands in Alaska (HE 5 0.49) with mid to lower

Table 3. Number of alleles found in Andean bears using 14 microsatellite loci. Studies by Ruiz-Garcı́a (2003)
and Ruiz-Garcı́a et al. (2005) include information from Andean bears from many countries, while our study
focuses on captive and wild bears sampled in Ecuador. Number of alleles per locus (A) and expected
heterozygosity (HE) are for the Ecuadorian data.

Locus Ruiz-Garcı́a 2003 Ruiz-Garcı́a et al. 2005 Captive bears (n = 16) Oyacachi 2001 (n = 9)

G1A monomorphic monomorphic monomorphic monomorphic

G1D 4 4 not tested not tested

G10B 6 6 4 2

G10C 5 5 3 2

G10L not tested 7 failed not tested

G10M not tested 9 5 3

G10P not tested 9 3 1

G10X 8 8 4 3

UarMu59 not tested monomorphic failed not tested

G10H not tested not tested 6 5

G10J not tested not tested 4 4

G10O not tested not tested 2 3

CXX20 not tested not tested 4 3

UarMu50 not tested not tested 5 2

A 4 2.8

HE 0.25 0.40 0.50 0.45

POLYMORPHIC MICROSATELLITE LOCI FOR ANDEAN BEARS NViteri and Waits 105

Ursus 20(2):102–108 (2009)



diversity levels (Paetkau et al. 1998, Waits et al.

2000).

There are multiple possible explanations for the

low genetic diversity observed in current studies of

Andean bears. Genetic diversity may be naturally

low in this species due to low densities and small

effective population sizes, or recent anthropogenic

effects may have led to a loss of diversity due to

habitat fragmentation and declines in population

size. Alternatively, genetic diversity assessed using

these microsatellite loci may be low due to a process

known as ascertainment bias (Primmer et al. 1996).

Multiple studies have shown that microsatellite loci

are more polymorphic in the species from which the

primers were developed (ascertained; Webster et al.

2002, Garner et al. 2005). Since the microsatellite loci

used for Andean bears were originally cloned from

domestic dogs, brown bears, and black bears, they

may not accurately reflect the genetic diversity of

Andean bears. To better understand the reasons for

low genetic diversity in Andean bears, data are

needed from more populations and from historic

samples. To evaluate the possible effect of ascertain-

ment bias, future research could focus on developing

microsatellite loci from an Andean bear DNA

library.

Previous studies generated genetic data for An-

dean bears from multiple locations across the

distribution range (Ruiz-Garcı́a 2003, Ruiz-Garcı́a

et al. 2005) using samples from captivity and from

the wild. Our estimate for genetic diversity in wild

bears from Ecuador is slightly higher than previously

reported (Table 3, Ruiz-Garcı́a 2003, Ruiz-Garcı́a et

al. 2005). As shown in our study, genetic diversity

statistics from captive bears may not accurately

reflect the diversity of wild populations. In this

study, the geographic origin of the 11 captive bears

was unknown, and 6 were first-degree relatives,

which clearly biases the genetic diversity results. The

number of alleles found across their range (Ruiz-

Garcı́a et al. 2005) and within bears in captivity in

Ecuador is higher than within the single wild

population of Oyacachi. This suggests that restric-

tions in gene flow have led to the accumulation of

private alleles in different geographic areas, and

studies of genetic diversity, genetic structure, and

gene flow will be particularly valuable.

Trapping Andean bears is particularly challenging

(Cuesta et al. 2003). Thus, efforts to estimate

population size and evaluate genetic diversity and

gene flow will likely rely heavily on noninvasive

genetic sampling methods. This study demonstrates

that nuclear DNA microsatellite loci can be ampli-

fied from Andean bear hair and feces collected non-

invasively, and that it has the potential to be an

effective approach to study and monitor this elusive

species in other areas of the distribution. However,

finalized genotyping success rates were low (approx-

imately 10%) in our pilot project partially because

we collected all samples regardless of age or quality.

Other studies have demonstrated that DNA ampli-

fication success will depend on the original condition

of the sample, the number of hair follicles extracted,

the preservation method, and the time between

collection and laboratory analysis (Murphy et al.

2000, Paetkau 2003, Roon et al. 2003, Waits and

Paetkau 2005, Hájková et al. 2006). We recommend

evaluating the rate of degradation of DNA in hair

and fecal samples under local conditions to deter-

mine a threshold for obtaining high quality DNA.

The low success rate for wild samples could also be

because some markers have a relatively long

amplification length (209–225 for G10M), which

renders very difficult to amplify non-invasive sam-

ples. As a recommendation for future studies, such

markers could be redesigned to amplify shorter

fragments.

We increased the set of polymorphic loci that can

be used for individual identification and noninvasive

genetic sampling of Andean bears in Ecuador. The 7

most polymorphic loci (Table 2) provide a suffi-

ciently low PID(sibs) for individual identification.

Future work using noninvasive genetic sampling will

also require a rigorous laboratory protocol to

minimize genotyping errors (Paetkau 2003, Waits

and Paetkau 2005). When initiating a genetic study

on Andean bears populations in a new geographic

area, we recommend testing the 9 most informative

loci (Table 2), recalculating PID values, and estimat-

ing genotyping error rates. Given the low levels of

genetic diversity observed in all current studies of

Andean bears, future efforts to develop microsatel-

lite primers directly from an Andean bear DNA

library would be particularly valuable.
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VALIÈRE, N. 2002. GIMLET: A computer program for

analyzing genetic individual identification data. Molec-

ular Ecology Notes 2:377–379.

WAITS, L.P., D. PAETKAU, AND C. STROBECK. 1999.

Genetics of the bears of the world. Pages 157–198 in

Bears Status Survey and Conservation Action Plan.

International Union for Conservation of Nature,

Gland, Switzerland.

POLYMORPHIC MICROSATELLITE LOCI FOR ANDEAN BEARS NViteri and Waits 107

Ursus 20(2):102–108 (2009)



———, P. TABERLET, J.E. SWENSON, F. SANDEGREN, AND R.
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