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Abstract Small populations in fragmented habitats can

lose genetic variation through drift and inbreeding. The

huemul (Hippocamelus bisulcus) is an endangered deer

endemic to the southern Andes of Chile and Argentina.

Huemul numbers have declined by 99% and its distribution

by 50% since European settlement. The total population is

estimated at less than 2,000 individuals and is highly

fragmented. At one isolated population in Chilean Pata-

gonia we sampled 56 individuals between 2005 and 2007

and genotyped them at 14 microsatellite loci. Despite low

genetic variability (average 2.071 alleles/locus and average

HO of 0.341), a low inbreeding coefficient (FIS) of 0.009

suggests nearly random mating. Population genetic bot-

tleneck tests suggest both historical and contemporary

reductions in population size. Simulations indicated that

the population must be maintained at 75% of the current

size of 120 individuals to maintain 90% of its current

genetic diversity over the next 100 years. Potential man-

agement strategies to maintain genetic variability and limit

future inbreeding include the conservation and establish-

ment of habitat corridors to facilitate gene flow and the

enlargement of protected areas to increase effective pop-

ulation size.

Keywords Huemul deer � Hippocamelus bisulcus �
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Introduction

Reduced genetic variability caused by population bottle-

necks is a major concern in conservation biology (Kirk-

patrick and Jarne 2000). Population genetic theory predicts

that bottlenecks will lead to diminished genetic variability,

lower individual fitness, and decreased capacity to adapt to

environment change (Keller and Waller 2002). In small

populations, habitat fragmentation and limited gene flow

can lead to reduced genetic variability and a rapid reduc-

tion in effective population size (Ne) within remaining

habitat patches (Couvet 2002; Johansson et al. 2007).

Habitat fragmentation can increase mortality of dis-

persing animals that must traverse unsuitable areas (Hanski

and Gilpin 1997). Fragmented populations may also face

reduced population size and gene flow, potentially leading

to lower genetic diversity, inbreeding depression, fixation

of deleterious mutations, reduced population growth rate,

and higher extinction risks (Couvet 2002; Dudash and

Fenster 2000; Newman and Tallmon 2001). Small popu-

lations in fragmented habitats can also lose genetic varia-

tion through drift (Newman and Tallmon 2001; Nunney

1999). If mechanisms for purging deleterious alleles are

inadequate, mating among close relatives can lead to
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Département de biologie, Université de Sherbrooke, Sherbrooke,
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inbreeding depression, and in extreme cases to population

extirpation (Keller and Waller 2002). Collectively, these

effects of habitat fragmentation can accelerate extinction

(Fahrig 2002) which implies that connectivity between

patches is crucial for the long-term persistence of a

population.

The role of genetic factors in species extinctions is

controversial (Caro and Laurenson 1994; Frankham et al.

2002; Lande 1988). Although some have suggested that

endangered species are typically driven to extinction by

habitat loss and overexploitation, before genetic factors can

impact them (Caro and Laurenson 1994; Caughley 1994;

Lande 1988), increasing evidence highlights the impor-

tance of genetic information in the conservation and

management of endangered species (reviewed in Sarre and

Georges 2009). Low genetic variation can increase sus-

ceptibility to disease and reduces the ability to adapt to

environmental changes (Keller and Waller 2002): threa-

tened taxa often have lower genetic diversity than closely

related taxa with healthy populations (Spielman et al.

2004).

The huemul (Hippocamelus bisulcus) is the most

threatened deer in South America (IUCN 2009). It

inhabits the Andes of southern Chile and Argentina, and

has declined dramatically in numbers and distribution

since the arrival of Europeans (Diaz and Smith-Flueck

2000; Flueck and Smith-Flueck 2006). This species was

once abundant from central Chile (34�S) to the Strait of

Magellan (54�S) (Cabrera and Yepes 1960). Currently,

the total population is estimated at less than 2,000 indi-

viduals (Flueck and Smith-Flueck 2006; Vila et al. 2006),

or probably less than 1% of its historical abundance

(Redford and Eisenberg 1992). Such drastic reduction in

numbers and distribution, plus the fragmentation of

remaining populations through habitat loss, likely have

reduced its genetic variability.

Numerous factors can lead to population declines asso-

ciated with anthropogenic activities, such as overharvest-

ing, introduced diseases, exotic species (Caughley and

Gunn 1996), apparent competition (Sinclair et al. 2006),

and habitat loss and fragmentation (Young and Clarke

2000). Many of these causes of decline have been proposed

for huemul (Flueck and Smith-Flueck 2006; Frid 1994;

Povilitis 1998), but thus far none have been investigated.

Recent research on the huemul social organization (Corti

2008), population dynamics (Corti et al. in press), and

ranging behaviour (Gill et al. 2008), allow stronger infer-

ences about the possible genetic consequences of habitat

fragmentation for this deer. Territorial males defend

females in a specific area and sire most offspring, while

non-territorial males rarely sire offspring (Corti 2008).

Because of high site fidelity and small home ranges, iso-

lated huemul populations may be more susceptible to the

loss of genetic variability than other more wide-ranging

species (Forbes and Hogg 1999).

To understand the impact of population reduction and

current habitat fragmentation on genetic variation, we

studied a population of huemul at the Lago Cochrane

National Reserve, Chile, that appears isolated by unsuitable

habitat (agricultural land, human settlements, and steppe).

Habitat fragmentation and the isolation of this population

began at least 90 years ago when settlers started cutting

and burning the southern beech forest (Nothofagus spp.) to

create cattle pastures (Donoso and Otero 2005; Velásquez

et al. 2005). Here, we present the first evaluation of the

genetic variability of a huemul population using micro-

satellite DNA markers. The territorial mating system of

huemul, where one male can monopolize an area with a

group of females for several years (Corti 2008), could lead

to inbreeding. We measured the rate of inbreeding using

FIS (Weir and Cockerman 1984). We also tested for a

recent bottleneck due to a possible population reduction

and habitat fragmentation. Finally, we used simulations to

provide management with conservation targets to maintain

current genetic variability.

Materials and methods

Study area and the huemul population

The study was conducted in the Lago Cochrane National

Reserve (LCNR) (47�120S, 72�300W; 69 km2), Aysén

District, Chilean Patagonia, northeast of the town of

Cochrane (ca. 3,000 inhabitants) (Fig. 1). The LCNR was

created in 1967 to protect lenga tree (Nothofagus pumilio)

forest and the remaining huemul population. A large pro-

portion of the area used by deer is dominated by steep

terrain (23% with slopes [ 45�) and flat rocky outcrops

(Gill et al. 2008). The canopy of the deciduous forest is

dominated by lenga at high altitude and coihue (N. dom-

beyi) at lower elevations; the shrub layer is dominated by

ñirre (N. antarctica) and notro (Embothrium coccineum)

trees, and the shrubs of chaura (Pernettya mucronata),

calafate (Berberis microphylla), and zarzaparrilla (Ribes

spp.); the main forb species is anemona (Anemone multi-

fida). Evidence of old burned areas persists from human-

caused fires in the 1940s. Mean annual temperature is

7.6�C and annual precipitation is nearly 750 mm, mostly

falling between May and August. Snowfall occurs mostly

between June and August.

The huemul population of the Cochrane Lake area,

whose distribution extends beyond the limits of the

LCNR, was bounded by private sheep and cattle ranches

to the north and east until 2004, when additional lands

became a wildlife protection area. To the west, there are
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cattle ranches and the town of Cochrane, and further east,

the Patagonian steppe begins where the mountains end,

with sheep ranching in Argentina. The southern limit of

this huemul population is Cochrane Lake and the Coch-

rane River (Fig. 1). The population appears isolated,

surrounded by unsuitable habitats that prevented connec-

tion with other populations. The total population size is

about 120 individuals (Corti 2008). This estimate com-

bines the 43 individuals identified in the LCNR with 75

deer estimated outside the LCNR from field observations

and non-systematic surveys (Corti 2008). The nearest

population is approximately 10 km to the north, separated

by a 5 km wide valley of steppe habitat, running east–

west that is avoided by huemul (Gill et al. 2008) (Fig. 1).

In addition, ca. 25,000 sheep and 2,500 cattle are held in

the valley; however, since 2004 land has started to be

converted into protected areas (P. Corti pers. obs.).

DNA extraction and genotyping

We collected 58 tissue samples from live-captured or dead

huemul inside the LCNR between 2005 and 2007 (see

Appendix I). Samples were stored in 70% ethanol until

DNA extraction. DNA was extracted using the DNeasyTM

Blood & Tissue Kit (Qiagen, Inc., Valencia, CA, USA).

We used a previously optimized cervid multiplex PCR

(Anderson et al. 2002), consisting of fourteen primers

(Appendix II) that were evaluated in three separate multi-

plex reactions. The 10 ll multiplex reactions contained

0.5 ll of double-distilled water, 5 ll of 2X multiplex PCR

Master Mix (Qiagen), 2.5 ll of DNA template, and 2 ll of

a 10X primer mix in which one primer of each pair was

fluorescently labelled (6-FAM, TET, PET or HEX). The

multiplex PCR began with an initial 15 min denaturation at

95�C, followed by 33 cycles of 30 s at 94�C, 90 s at 60�C,
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Fig. 1 The huemul study population at Cochrane Lake, Aysén

District, Chilean Patagonia. Huemul used the area with black right-
slanted lines north of the lake. Major human impacts (urban areas

with dogs, livestock/agricultural areas, logging and exotic tree

plantations) are indicated by white left-slanted lines. The approximate

range of the closest huemul population is also shown in the northern

range with black right-slanted lines. The valley separating the two

huemul populations recently changed from cattle and sheep ranching

to a private protected area. The black boundaries indicate the Lago

Cochrane National Reserve. Habitat types are indicated with different

tones: ( ) areas above treeline, ( ) forest areas, ( ) shrub areas, ( )

steppe and grassland areas
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and 60 s at 72�C. The run ended after 30 min at 72�C.

Twenty-four additional microsatellite loci (Appendix II)

were screened individually in 10 ll reactions containing

4.94 ll of double-distilled water, 0.8 ll of MgCl2
(20 mM), 1 ll of 10X PCR buffer, 2 ll of dNTPs (0.2 mM

each), and 0.1 ll of Taq. Primer mixes were diluted to a

final concentration of 0.16 lM, with one being fluores-

cently labelled. All PCR consisted of a 3 min denaturing

period at 94�C, followed by 38 cycles of 30 s at 94�C, 60 s

at 49�C, and 60 s at 72�C. The microsatellite amplicons

were run (co-loaded when possible) on an ABI 3730 DNA

sequencer (Applied Biosystems, Foster City, CA, USA)

with a GS500LIZ size standard (Applied Biosystems). All

bands were detected, scored, and manually verified using

GENEMAPPER version 4.0 (Applied Biosystems) (Rine-

hart 2004).

Genetic analysis

We used GENEPOP version 3.4 (Raymond and Rousset

1995) to conduct exact tests for Hardy–Weinberg Equi-

librium (HWE) and linkage disequilibrium for each locus

across all individuals through a Markov chain process (Guo

and Thompson 1992). P values for all loci were Bonfer-

roni-corrected for multiple comparisons, where a new level

of significance is established to test the different P values

across loci (a = P/n) (Rice 1989). We quantified genetic

variability by assessing the number of alleles (A), together

with expected (HE) and observed heterozygosity (HO).

From these data, we calculated Wright’s inbreeding coef-

ficient (FIS; Weir and Cockerman 1984), using GENEPOP

and FSTAT version 2.9.3.2 (Goudet 2000). Null alleles

were identified using CERVUS 3.0.3 (Kalinowski et al.

2007) and MICRO-CHECKER (Van Oosterhout et al.

2004). A subset of samples was genotyped two to three

times to ensure reliability.

Bottleneck tests and simulation of loss of variability

Populations that experienced a bottleneck often exhibit a

reduction of allele number and heterozygosity at poly-

morphic loci, with allele number being reduced faster than

heterozygosity (Frankham et al. 2002; Luikart and Cornuet

1999). Thus, observed heterozygosity is larger than that

expected based on allele numbers assuming mutation drift

equilibrium (Cornuet and Luikart 1996). We tested for a

population bottleneck using BOTTLENECK version

1.2.0.2 (Cornuet and Luikart 1996; Piry et al. 1999), which

is based on the assumption that bottlenecked populations

will show an excess of heterozygotes relative to allelic

diversity. BOTTLENECK was run under three mutation

models: the infinite alleles (IAM), two-phased (TPM) and

stepwise mutation (SMM). The TPM was set at 95%

stepwise mutation model and 5% multi-step mutations, as

recommended by Piry et al. (1999). Wilcoxon signed-rank

tests were used to identify heterozygosity excess (Piry

et al. 1999).

We also calculated the M-ratio of Garza and Williamson

(2001) for a sample of microsatellite loci to detect reduc-

tions in effective population size in relation to former hu-

emul population sizes. The ratio is simply M = k/r, where

k is equal to the number of alleles and r is the allelic size

range, averaged across all loci (Garza and Williamson

2001). To assess for significance we calculated the critical

ratio (MC) using 10,000 simulations under one-step muta-

tions (ps) and the average size of multistep mutations (Dg)

parameters respectively set to 90% and 3.5 as suggested by

Garza and Williamson (2001). The h parameter was esti-

mated using a mutation rate of 5 9 10-4 (Estoup and

Angers 1998) and a range of potentially historically bio-

logically relevant Ne values expressing previous population

sizes when this huemul population was more wide spread,

connected with other populations, and higher in numbers

(200, 500, 1000 and 2000).

To assess the chance of maintaining 90% of observed

genetic variation over the next 100 years, as suggested by

Frankham et al. (2002), we used BOTTLESIM version 2.6

(Kuo and Janzen 2003). Using present genetic diversity,

BOTTLESIM simulates future population genetic param-

eters (observed number of alleles [OA] and HO) based on

different bottleneck scenarios. Genetic diversity estimates

over 100 years were simulated when retaining 100, 90, 75,

50, and 25% of the current population of 120 deer. We

performed 1,000 iterations with constant parameters (life-

span = 15 years, age at maturity = 3 years, completely

overlapping generations, random mating, dioecious repro-

duction, and sex ratio of F:M: 1.5:1).

Results

Genetic diversity

Of 38 microsatellite loci screened (see Appendix II), six

did not amplify, 16 were monomorphic and 16 were vari-

able and amplified from 56 unique individuals (Table 1).

Two samples taken from dead huemul did not amplify.

Two loci, BL6 and N, deviated from HWE (both

P \ 0.001), with the latter containing a null allele

according to MICRO-CHECKER (Van Oosterhout et al.

2004). Both loci were omitted from analysis. After cor-

recting for multiple tests, no deviation from HWE was

observed in the remaining 14 variable loci. Fisher’s exact

test for linkage disequilibrium showed no evidence of

linkage (P = 0.93) among these 14 loci. The constructed

genotype matrix was 98.72% complete with only 20 alleles
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missing from a total of 1,568 (calculated from 56 indi-

viduals, 14 microsatellite markers, and two alleles). The

mean number of alleles per locus was 2.071

(SE = ±0.071), mean HE was 0.344 (±0.046) and HO was

0.341 (±0.046). FIS across all loci was 0.009.

Bottleneck tests and simulations

Under the three mutation models in BOTTLENECK, 10 of

14 loci showed significant heterozygosity excess. Overall,

Wilcoxon signed-rank tests showed evidence of a bottle-

neck (P = 0.003 for IAM; P = 0.05 for TPM; P = 0.06

for SMM). The M-ratio was 0.89 which exceeded MC

(0.83, 0.80, 0.77, and 0.74) at all four Ne values respect-

fully. For the estimated population size of 120 individuals

BOTTLESIM projected a continued decrease in genetic

diversity over the next 100 years (Fig. 2). HO was expected

to decrease faster than observed allele diversity (OA), with

a minimum of 75% (90 individuals) of the population

required to maintain 90% of its current genetic diversity.

At 50% of the current population size, HO was projected to

drop below the 90% threshold in 80 years, but not OA

(Fig. 2). Simulations were also run with a sex ratio of 1:1

(F:M), and the same trend was observed.

Discussion

The huemul population of LCNR showed essentially ran-

dom mating (FIS = 0.009) yet very low genetic diversity

(HO = 0.341, mean number of alleles = 2.071). Although

interspecific comparisons of microsatellite variation suffer

from ascertainment bias, they are useful in this context to

compare huemul genetic diversity to that of other mountain

ungulates and endangered species. Studies that used the

same loci as reported here including mountain goats

Oreamnos americanus (Mainguy et al. 2005; Poissant

et al. 2009), chamois Rupicapra spp. (Pérez et al. 2002),

and wild sheep Ovis spp. (Worley et al. 2004) all reported

higher numbers of alleles per locus (range 2–22, average 5)

than the huemul (Table 1). Two closely related Neotropical

deer, the pampas deer (Ozotoceros bezoarticus) and the

marsh deer (Blastocerus dichotomus), also have been

screened for genetic variability through microsatellite

markers (Cosse et al. 2007; Gilbert et al. 2006; Leite et al.

2007). Pampas deer showed much higher diversity (mean

alleles per locus = 15 and HO = 0.703) (Cosse et al.

2007) as did the marsh deer (mean alleles per polymorphic

locus = 2.57 and HO = 0.413; Leite et al. 2007). The

screening of 38 microsatellite markers in the LCNR hu-

emul population, of which only 14 were polymorphic,

further supports our findings of extremely low levels of

genetic diversity. Loss of genetic variability in the huemul

is also supported by preliminary results using mitochon-

drial DNA which showed few haplotypes (range between 1

and 4) remaining in many huemul populations (J. Marı́n

unpublished data).

Our simulation results showed a faster decline in HO

than OA and is likely a result of low allelic richness and/or

the absence of rare alleles in this population. In a similar

Table 1 Genetic diversity of huemul measured at 14 microsatellite loci

Locus N A A size range (bp) HE HO FIS Reference

RT27 55 2 171–173 0.071 0.073 -0.028 Wilson et al. (1997)

Q 56 2 271–275 0.419 0.339 0.149 Jones et al. (2000)

INRA011 56 2 203–205 0.473 0.500 -0.063 Vaiman et al. (1992)

ILSTS011 50 2 266–268 0.489 0.540 -0.077 Brezinsky et al. (1993)

BM203 56 2 218–220 0.404 0.411 -0.050 Bishop et al. (1994)

BM1225 55 2 231–235 0.467 0.509 -0.074 Bishop et al. (1994)

BBJ11 53 2 184–186 0.440 0.453 -0.038 Wilson and Strobeck (1999)

BBJ2 56 2 174–176 0.207 0.196 0.056 Wilson and Strobeck (1999)

BL25 56 2 180–184 0.164 0.179 -0.086 Bishop et al. (1994)

BM6438 56 2 271–273 0.018 0.018 0.000 Bishop et al. (1994)

BM6506 56 2 188–194 0.260 0.232 0.088 Bishop et al. (1994)

RT30 56 2 193–195 0.369 0.375 -0.027 Wilson et al. (1997)

RT5 56 3 151–157 0.589 0.500 0.177 Wilson et al. (1997)

RT7 56 2 207–209 0.446 0.446 0.017 Wilson et al. (1997)

Average 2.071 0.344 0.341 0.009

Sample size (N), allele number (A), allele size range (bp), expected (HE) and observed heterozygosity (HO), and coefficient of inbreeding (FIS) for

each locus (calculated in GENEPOP and FSTAT) are shown for huemul from Lake Cochrane, Chile. References indicate in which species the

primers for each locus were developed
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analysis of the endangered copper redhorse (Moxostoma

hubbsi), an opposite trend was observed, where the OA

declined faster than HO (Lippé et al. 2006). The opposite

trend is likely a result of higher retained diversity (both OA

and HO) due to a greater number of alleles (4 to 23) and

larger population sizes in this fish (Lippé et al. 2006).

Similarly, white-tailed eagle populations (Haliaeetus albi-

cilla) in northern Europe retained significant levels of

genetic diversity despite passing through demographic

bottlenecks during the last century (Hailer et al. 2006).

Our simulations projected a future decline in genetic

diversity. Because these simulations mimic genetic drift,

they do not take into account gene flow between popula-

tions; this is an appropriate assumption because our

observations suggest gene flow to this population is very

small or non-existent. The LCNR population is surrounded

by unsuitable habitat (see Methods and Fig. 1) and known

maximum dispersal movements of adult huemul are limited

to about 8 km (Gill et al. 2008). Known maximum dis-

persal distances for juveniles (1–3 years) do not go beyond

4 km (P. Corti unpublished data). The closest known

population is 10 km to the north, and in 9 years of moni-

toring at the LCNR, no migration events have been docu-

mented. However, if migrants from a source population

with novel alleles were to enter the LCNR and successfully

reproduce, the loss of genetic diversity would be reduced;

conversely, if current population levels are not maintained,

the loss of genetic diversity will be exacerbated (Fig. 2).
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Fig. 2 Simulated genetic

diversity of the huemul

population in the Lago

Cochrane National Reserve over

100 years using BOTTLESIM.

At least 75% (90 individuals) of

the current population is

required to maintain 90% of

current genetic diversity over

the next 100 years. Both a the

observed number of alleles

(OA) and b the observed

heterozygosity (HO) were

projected to decline (sex ratio:

1.5:1 F:M)
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Huemul have suffered a drastic decrease and many

subpopulations have been extirpated (Redford and Ei-

senberg 1992). The last glaciation may have affected the

genetic structure of huemul as populations became frag-

mented along the Andes during glacial advances in the

Quaternary (Hewitt 2000). The arrival of European set-

tlers some 500 years ago slowly accelerated the reduction

of the huemul population, further exacerbated with

increasing human settlement (Redford and Eisenberg

1992). The M-ratio analysis suggests that this huemul

population has persisted in a small and isolated state for a

long time (Garza and Williamson 2001); but BOTTLE-

NECK indicates that a relatively recent reduction occur-

red in our study population. Approximately 90 years ago

settlers arrived near the study area, which previously was

sporadically used by native South Americans (Goñi et al.

2004; Velásquez et al. 2005). The entire area was used

for cattle ranching and forest logging for firewood until

1967 when the LCNR was created. With the clearing of

land for human settlement and cattle ranching starting

90 years ago, huemul populations became increasingly

fragmented, and exposed to livestock-related diseases and

poaching (Flueck and Smith-Flueck 2006). These cumu-

lative effects are likely partly responsible for the reduced

genetic diversity.

The reduction of genetic diversity in isolated popula-

tions can be accelerated due to the social and mating sys-

tem (Banks et al. 2007). In a wood bison (Bison bison

athabascae) population in northwestern Canada, two male

founders monopolized the females and sired over 90% of

offspring, reducing genetic diversity (Wilson et al. 2005).

Huemul live in small mixed groups and territorial males

defend a few females (Corti 2008). Both sexes are highly

philopatric, and use a small home range of ca. 350 ha,

defended by males all year for several years. Eight of 16

sexually mature males sampled (older than 2 years) and

present during the rutting season of 2005–2007 sired no

offspring, and 44% of fawns were sired by two males

(Corti 2008). A few males appear to sire most fawns for

several consecutive years with the same group of females

(Corti 2008), possibly contributing to reductions in the

genetic variation. More data on male lifetime reproductive

success are required to properly evaluate the impact of

huemul breeding system on genetic variability. Neverthe-

less, if mating opportunities are limited, inbreeding

avoidance is often not detected in fragmented habitats,

even when relatedness among potential mates is high

(Banks et al. 2007).

The limited genetic variability of this huemul popula-

tion suggests a need to expand genetic screening to other

populations. A wider assessment will determine the global

genetic diversity and connectivity of huemul populations,

and establish whether the limited variability observed at

LCNR is a general characteristic of this species. The

historical small population size of huemul might have

purged deleterious recessive alleles through natural

selection (Hedrick 1994; Wang et al. 1999). In addition,

because of their long history of isolation, huemul may

have a low risk of inbreeding depression, as observed in

some ungulates introduced to islands (e.g. Kerguelen

mouflon Ovis aries) (Kaeuffer et al. 2007). To properly

assess the risks posed by inbreeding and loss of genetic

variability, a survey of several huemul populations to

detect evidence of inbreeding depression (i.e. birth

defects, low juvenile survival and fecundity) is required.

Conservation efforts should seek to maintain current

levels of genetic variability, using the projections pre-

sented here as a guideline. In the LCNR, a minimum of

90 individuals is required to maintain the current genetic

diversity for the next 100 years. These simulations were

based on the current low levels of diversity, highlighting

the urgency to prevent any additional loss. Our finding of

low genetic variability in the LCNR suggests that

increasing connectivity and gene flow between popula-

tions should be a priority. Across the huemul’s range, we

recommend the enlargement of current protected areas, or

the creation of buffer zones to facilitate migration and

offset potential inbreeding depression (Brashares et al.

2001; Woodroffe and Ginsberg 1998). Conservation

efforts should focus on identifying and preserving former

(or contemporary) corridors used by huemul, so gene flow

between populations can occur.
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Appendix I

Appendix II

Table 2 Huemul sampled at Lago Cochrane National Reserve,

Chilean Patagonia

N� Sex Age Year of sampling

1 F A 2005

2a F A 2005

3 F F 2005

4 F F 2005

5 M A 2005

6 M A 2005

7 M A 2005

8 M A 2005

9 M F 2005

10 M F 2005

11 F A 2006

12 F A 2006

13 F A 2006

14 F A 2006

15 F A 2006

16 F A 2006

17 F A 2006

18 F F 2006

19 F F 2006

20 F F 2006

21 M A 2006

22 M A 2006

23 M A 2006

24 M A 2006

25 M F 2006

26 M F 2006

27 M F 2006

28 M F 2006

29 M F 2006

30 M F 2006

31a M F 2006

32a U F 2006

33 F A 2007

34 F A 2007

35 F A 2007

36 F A 2007

37 F A 2007

38 F A 2007

39 F A 2007

40 F F 2007

41 F J 2007

42 M A 2007

43 M A 2007

44 M A 2007

45 M A 2007

Table 3 Loci names, number of alleles (A), chromosome number,

and original reference for 38 microsatellite loci screened in huemul

deer

Loci names A Chromosome

number

Reference

ARO28 1 2 Crawford et al. (1995)

BBJ11 2 – Wilson and Strobeck

(1999)

BBJ2 2 – Wilson and Strobeck

(1999)

BL25 2 28 Bishop et al. (1994)

BL6 2 24 Grosz et al. (1997)

BM121 1 16 Bishop et al. (1994)

BM1225 2 20 Bishop et al. (1994)

BM203 2 27 Bishop et al. (1994)

BM4025 1 15 Bishop et al. (1994)

BM4107 1 20 Bishop et al. (1994)

BM415 No amplicon 6 Bishop et al. (1994)

BM4208 No amplicon 29 Bishop et al. (1994)

BM6438 2 1 Bishop et al. (1994)

BM6506 2 1 Bishop et al. (1994)

BM848 1 15 Bishop et al. (1994)

BovPRL 1 7 Moore et al. (1994)

Cervid1 No amplicon – DeWoody et al. (1995)

D 1 – Jones et al. (2000)

ETH152 1 5 Steffen et al. (1993)

Table 2 continued

N� Sex Age Year of sampling

46 M A 2007

47 M A 2007

48 M F 2007

49 M F 2007

50 M F 2007

51 M F 2007

52 M F 2007

53 M F 2007

54 M F 2007

55 M J 2007

56 M J 2007

57 M Y 2007

58 M Y 2007

Number of individuals captured is indicated in the first column. Sex of

the animal is indicated with F (female), M (male), and U (undeter-

mined). Age is indicated with A (adults [3 years old), J (juveniles 1–

3 years old), and F (fawns 0–1 year old). Also the year the animal

was sampled is indicated
a Dead animals
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