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ABSTRACT: A case study on the viability of small populations with a restricted distribution and
reduction in habitat quality is addressed using the peninsular pronghorn (Antilocapra americana
peninsularis) of Baja California Peninsula, Mexico. The present size of its wild population is less than
250 individuals, being in an IUCN “Critically Endangered” status. Captive management of peninsular
pronghorn began in 1998 in El Vizcaino Desert with 22 founders. We predicted future trends in the
pronghorn population, and assessed the risk of extinction through population viability analysis (PVA)
using VORTEX. Deterministic and stochastic factors designed to simulate human activity on the
landscape were evaluated for their impact on this endemic taxon. The concept of “supportive breeding”
was assessed. The results of PVA simulations indicate that removal of founder animals to initiate the
captive breeding did not significantly reduce the viability of the wild population. However, a population
size <100 individuals greatly increase the risk of extinction. Also, one of the most important factors for
the viability of the peninsular pronghorn population is the survival of fawns. The risk of extinction can
be significantly reduced using “supportive breeding”. We propose that the likelihood of successful
population management of peninsular pronghorn could be increased establishing a number of
subpopulations across the species’ historic range and, even more importantly, the establishment of
ecologically functional connections between these subpopulations to create a proper metapopulation.
Captive breeding can be an important factor to decrease the probability of extinction of this subspecies.
Key Words: Antilocapra americana, endangered, management, PVA, recovery.
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RESUMEN: Se evaluó el riesgo de extinción de la población del berrendo peninsular (Antilocapra
americana peninsularis) en la península de Baja California, México que presenta distribución
restringida y deterioro en la calidad de su hábitat. En el año 2000, el tamaño de la población silvestre
del berrendo peninsular era menor a 250 individuos. Se desarrolló un análisis de viabilidad de
Recibido: 16/06/2009; aceptado: 17/02/2010.
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poblaciones (PVA) usando Vortex, que incluyó variables determinísticas y estocásticas, e información
de 25 años para proyectar cambios en la población, y evaluar su riesgo de extinción. Con el PVA se
evaluó el concepto de “Reproducción de Apoyo”. En 1998 se inició el manejo en cautiverio del berrendo
peninsular con 22 animales fundadores. Los modelos sugirieron que una población de menos de 100
individuos incrementa considerablemente el riesgo de extinción, siendo uno de los factores más
importantes para la viabilidad de la población la sobrevivencia de las crías. Se propone que el éxito del
manejo de la población del berrendo peninsular puede incrementarse estableciendo subpoblaciones
dentro de su rango histórico de distribución con una perspectiva metapoblacional donde se conecten las
subpoblaciones. Y se concluye que la reproducción en cautiverio puede ser un factor importante para
disminuir la probabilidad de extinción de esta subespecie.
Palabras clave: Antilocapra americana, amenazado, manejo, PVA, recuperación.

INTRODUCTION
The peninsular pronghorn (Antilocapra americana peninsularis) is an endemic
ungulate with a significant risk of extinction that is recognized both nationally
(NOM-ECOL-059 2001), and internationally (IUCN 2003). This taxon has a very
narrow distribution in the middle portion of Mexico’s Baja California peninsula,
located within an area of approximately 500 000 ha (Fig. 1). In 2000, the size of the
wild population was estimated to be less than 250 individuals, with most animals
living in the natural protected area known as the El Vizcaino Biosphere Reserve
(SEDUE 1988). This Reserve was officially decreed in 1988 and, although a few
herds and some individuals have been recorded exploring outside the Reserve, it
contains nearly the entire peninsular pronghorn population. A portion of this
population is being managed in captivity (Cancino et al. 2005). Estimates of
population size within the core area of the Reserve have fluctuated considerably over
the past 30 years, ranging from just 20 animals to nearly 200 (Table 1).
The low number of individuals and restricted distribution of this population, in
combination with human pressures like habitat modification and poaching, make this
subspecies susceptible to extinction in the short term, as has been found for other
species with these characteristics (e.g. Apps & McLellan 2006). Because of this
critical conservation status, a Peninsular Pronghorn Recovery Plan was established
by the Mexican government in 1983. Nevertheless, the viability of this population
should be urgently evaluated in order to design more effective conservation
strategies. Towards that end, the El Vizcaino Biosphere Reserve initiated actions
from the Recovery Plan in 1994, first organizing a workshop with the objectives of
evaluating the condition of the peninsular pronghorn habitat and assessing the status
of the population. These activities would constitute significant steps in updating the
species’ Recovery Plan. The 1994 workshop was conducted under the guidance of
the Conservation Breeding Specialist Group, of the IUCN – World Conservation
Union’s Species Survival Commission, in a format known as the Population and
Habitat Viability Assessment (PHVA) process (Cancino et al. 1995; Westley & Miller
2003). This process is thoughtfully designed with the specific goals of bringing
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Figure 1. Former (* Hall 1981) and current (**) distribution of the peninsular pronghorn, location of
the peninsular pronghorn captive facilities, and borders of the El Vizcaíno Biosphere Reserve
(SEDUE 1988).

Table 1. Estimated population (number of individuals observed) of peninsular pronghorn in the
largest Core Zone of the El Vizcaino Biosphere Reserve.
Year

Estimated population

Year

Estimated population

1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1988
1990

83
80
54
26
47
39
46
67
97
97
48
22

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2002
2003

60
60
175
52
149
78
59
52
88
161
52
41
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together conservation scientists and practitioners, along with their information, in
order to create scientifically rigorous practical recommendations for managing
endangered species. Much of the rigor derives from computer simulation of
alternative future management scenarios and their efficacy of reducing extinction
risk – a technique known broadly as Population Viability Analysis or PVA (Soulé
1987; Beissinger & McCullough 2002). The models serve as a tool to make better
decisions in the management. An advantage is to simulate scenarios and the impact
of the variables on the studied population. This process had been used with many
species; Miller & Lacy (2005) cited more than 150 cases. The advantages and
disadvantages of using PVA models when comparing with subjective judgment or
between PVA’s have already been discussed elsewhere (Brook et al. 1999; Coulson
et al. 2001, Croos & Beisinger 2001; McCarthy et al. 2004).
In 1998, after reviewing the status of the peninsular pronghorn and considering
its continued high risk of extinction, in part because of drought and poaching
(Cancino et al. 2005), the managers of the Reserve decided to capture a number
of wild animals and start a captive management program based on studies as that
of Rodríguez-Clark & Sánchez-Mercado (2006) for Andean bears (Tremarctos
ornatus). Harvest of the animals was made without the support of a tool such as
PVA. A new species assessment was conducted in 2004, using demographic and
ecological data through 2003. The resulting simulation model considered only the
size of the wild population prior to the captures used to initiate the captive
population (Cancino et al. 2005). Here, we present the results of a PVA
considering: a) the current status of the wild population, b) the a posteriori
analysis and effects on the wild population of extraction of individuals to begin
the captive program, and c) the feasibility of establishing a “new” subpopulation
in the Biosphere Reserve considering the potential release of captive animals.
This release is not yet a case of supportive breeding as described by Ryman et al.
(1994) because the release will likely be made into an “artificial island”. This is
also not a marooning case (Wilson & Stanley 1994) because this zone was part of
the original range of the species. Thus, conditions defining this potential release
of adults and young during captive management are planned mainly to avoid
predation and to provide an adequate food supply. Supportive breeding is planned
for future releases: some animals produced in captivity would reinforce an
existing wild population (Ryman et al. 1994). This practice has being successfully
used in different taxa (e.g. Brightsmith et al. 2005). In this PVA, we first wanted
to determine the intrinsic and extrinsic factors that influence peninsular pronghorn
population dynamics. Second, we wanted to evaluate the effects of the extraction
of the 22 animals from the wild population in order to establish the captive herd.
Third, we wanted to evaluate the effects of increasing the wild population size
with individuals produced by the captive herd. Lastly, we wanted to evaluate the
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effects of taking animals from the new “semi-wild” pronghorn population for
future use in reintroduction programs in different areas of the Baja California
peninsula where the subspecies has disappeared.
MATERIAL AND METHODS
Population Viability Analysis (PVA) has been developed to assess extinction risk
and to compare management options. PVA is a methodology for predicting the
future fate of wildlife populations based on demographic, environmental and
genetic parameters, most commonly with the use of computer simulation (Brook
et al. 1999). A Population Viability Analysis requires information on the demography, ecology and habitat requirements of a species (Beissinger & McCullough
2002; Miller & Lacy 2003). More accurate information on these parameters will
permit researchers to more realistically simulate alternative future population
scenarios (Durant & Mace 1994; Brook et al. 2000; Ellner et al. 2002). Most
information on the peninsular pronghorn ecology and biology is known from
several studies in the area (Cancino et al. 1995; Cancino 2003; Cancino et al.
2005). However, in cases where data were absent we used the abundant literature
on the biology and ecology of the pronghorn species (O’Gara 1978; Lee et al.
1998; O’Gara & Yoakum 2004). In particular, we used particular useful data from
surrogate subspecies present in similar habitat (Hosack et al. 2002; Bright &
Hervert 2005). We also convened a meeting of pronghorn experts from USA and
Mexico to use a Delphi method to determine some values of the variables required
(Table 2). The meeting was done on April, 2004 at La Paz, Baja California Sur,
Mexico. Three main sets of analyses were performed to: a) Assess the probability
of survival for the wild source population in the Biosphere Reserve; b) Assess the
probability of survival for the wild source population given the “harvest” of 16
fawns and six wild adults to establish a captive herd; and c) Evaluate the
likelihood of successfully establishing a new wild population derived from the
captive herd under different management possibilities.
For simulations and analyses of the PVA we used VORTEX Version 9.45 (Lacy et
al. 2003; software available at http://www.vortex9.org). This population dynamics
model is designed specifically for stochastic simulation of the extinction process in
small wildlife populations. VORTEX incorporate age (or stage) structure, demographic
and environmental stochasticity, density dependence, inbreeding depression,
systemic pressures such as habitat decline, catastrophic events and metapopulation
structure. The baseline input parameters for our analyses were as follows:
Breeding System: Pronghorn are polygynous species. The social system in the
reproductive season can be territorial or harem breeding. We did not consider the
potential multiple paternity in this subspecies as Carling et al. (2003) found for the
species.
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Table 2. Baseline information obtained from the Delphi workshop and the range of variation of
parameters simulated for the original peninsular pronghorn wild population and for the new
population.

PARAMETER

Original wild population
Baseline (a)
Variation

% Adult females breeding
Female mortality from age 0-1 y
Female mortality from age 1-2 y
Female mortality from age 2-3 y
Male mortality from age 0-1 y
Male mortality from age 1-2 y
Male mortality from age 2-3 y
Male mortality from age 3-4 y
Mortality of males older than 4 y
% Males breeding
Initial population size

95
70
10
10
70
15
15
15
15
40
150

Carrying capacity
Harvest
Supplementation
Drought (frequency) (c)
Drought (severity)

500
Yes
No
0.66
Low

90, 100
60, 80
5, 15
5, 15
60, 80
10, 20
10, 20
10, 20
10, 20
30, 50
50, 100, 125, 200
250, 300
250, 750
Yes
0, 0.1
High

New population
Baseline (a)
Variation
95
70
10
10
70
10
10
10
10
100
19 (b)

50
5
5
50
5
5
5
5
-

500
No
No
0.66
-

Yes
No
0, 0.1
-

(a) For adult mortality we considered that 40% of mortality (see Bright & Hervert 2005) was extremely high for
the peninsular pronghorn because adults are very well adapted to desert conditions. The same was true for
fawns. Experts in the workshop agreed on this.
(b) Structure known.
(c) Affecting the percentage of females breeding.

Age of First Reproduction: VORTEX considers the age of first reproduction as the
age of the first parturition, not simply the onset of sexual maturity. Female pronghorn
can be pregnant as early as seven months (Mitchel 1967) but the most common age
is in the second year (Lee et al. 1998). As a gregarious species, young males are often
excluded so we therefore used data from Hosack et al. (2002) to establish age of first
breeding in males at five years of age.
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Age of Reproductive Senescence: In its simplest form, VORTEX assumes that
animals can reproduce at the normal rate throughout their adult life. A reproductive
female of 16 years old was recorded in the Minnesota Zoo (T. Hill pers. comm.).
However, as we do not have real data on senescence in the wild population, we set it
as 10 years, assuming that the rigors of life in the wild would reduce the longevity of
individual adult animals.
Offspring Production: Production of triplets has been documented in the
literature (O’Gara 1978). However, we assumed that most females (90%) would
produce two fawns and the remainder would successfully bear only one offspring.
This choice of parameter values is based on the low probability of survival of at least
one individual in triplet births. The sex ratio at birth was set at 1:1 (Zimmer &
Lindzey 2002).
Male Breeding Pool: There are species in which some adult males may be
socially restricted from breeding despite being physiologically capable. This is the
case for the pronghorn. This can be modeled in VORTEX by specifying a portion of the
total pool of adult males that may be considered “available” for breeding each year.
We used 40% in our baseline for the wild population analysis, and 100% for the
simulations involving population re-establishment because the plan includes only
one male.
Mortality: Detailed estimates of age-sex-specific mortality rates do not yet exist
for wild populations of peninsular pronghorn in the Biosphere Reserve.
Consequently, we were forced to use data from other subspecies and expert opinion
to guide our choice of model parameters. Fawn survival among pronghorn
populations in North America can be heavily influenced by predation, primarily by
such predators as coyotes (Canis latrans) and bobcats (Felis rufus). For example,
fawn mortality due to coyote predation in Alberta, Canada was nearly 50% (Barrett
1984). This level of mortality was in an area of relatively low coyote density,
estimated conservatively at one per 13 km2. Research in the Vizcaino Desert suggests
that coyote densities may be much higher. In addition, data from American
pronghorn populations in zoos indicate juvenile mortalities can approach 50%. Taken
together, we chose peninsular pronghorn fawn annual mortality to be 70%. No
specific data are available for adult mortality of peninsular pronghorn, but data from
Sonoran pronghorn populations indicate that adult mortality is about 10% for females
and perhaps slightly greater for males as they compete for breeding opportunities.
Catastrophe: VORTEX can consider one or more catastrophes with different
characteristics: type, dimension, severity, and frequency. Considering the Sonoran
experience (Hosack et al. 2002; Bright & Hervert. 2005) we included a simulated
severe five year drought event that impacts the reproductive output of adult females.
We assume that this type of event occurs on average once approximately every 15
years, thereby giving an annual probability of occurrence of 0.066. This was
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simulated through the use of a complex function to define the percent of adult
females breeding in a given year. If a drought is called at any point in the simulation,
the percentage of adult females that are expected to breed is decreased cumulatively
by 10% each year for five years. Therefore, if 95% of adult females breed in the
absence of a drought, only 45% are expected to breed by the end of a five-year
drought event.
Inbreeding Depression: Specific data on the presence and/or severity of
inbreeding depression in peninsular pronghorn do not yet exist. However, we suspect
that inbreeding could lead to additional mortality, perhaps concentrated among
fawns, as has been described in the broad population genetics literature. In its
simplest form, VORTEX simulates inbreeding depression through the reduction of
juvenile survival as a function of an individual’s inbreeding coefficient. The severity
of inbreeding depression in mammal populations can be measured as the number of
“lethal equivalents” contained in the genome of the population of interest. Data for
some captive ungulate species suggests that these species harbor about three lethal
equivalents, a value very close to the median value of 3.14 obtained in a larger
dataset of 40 captive mammalian species analyzed by Ralls et al. (1988). Consequently, we modeled inbreeding depression using this median lethal equivalent value.
Initial Population Size: Census size estimates for the extant peninsular
pronghorn population in the Vizcaino Desert refer only to the core zone of the
Reserve. Because of the uncertainty in these estimates (Cancino et al. 1995) we
present the results of seven different initial size estimates for our simulated
peninsular pronghorn population. For the analysis of population size on persistence
probabilities we studied N0 = 50, 100, 125, 200, 250, and 300 individuals. Our first
baseline model had an initial population size of 150 individuals with a stable age
structure calculated from the life table.
Carrying Capacity (K): This is used to define the upper limit for the population
size. Above this limit, additional mortality is imposed randomly across all age classes
in order to return the population to the value set for K. The estimation of carrying
capacity is quite difficult (Dhondt 1988) and has not yet been formally assessed for
the Biosphere Reserve population of peninsular pronghorn. Based in part on past
observations of pronghorn census estimates in and around the Reserve, we set our
baseline value of K at 500 individuals.
Population Augmentation and Harvest: An important issue for the recovery
and management of the peninsular pronghorn is the feasibility of increasing the size
of the original Reserve population or perhaps to produce one or more new
populations in situ. In our case the meaning of in situ management is to develop a
reintroduction program within the species’ original range in order to increase the
number of subpopulations (Bretagnolle et al. 2004). To address this issue, we
developed a set of scenarios that included the potential release of some animals to the
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wild population which was the original source. The current plan is to release a group
of 18 females with one male into an “artificial island” (Biosphere Reserve “El
Vizcaino” R. Castellanos pers. comm.). Therefore, the simulations included this
“potential” release to assess some management practices including one additional
model with some extractions after the fifth year. There is no legal hunting of
peninsular pronghorn but poaching is suspected. Also, if a plan of reintroduction
through the former peninsular pronghorn habitat is considered, it is important to
simulate the effects of extractions from the “new population”. With time and several
reintroductions, we consider feasible to create a metapopulation dynamics into the
Vizcaino region and adjacent areas.
Iterations and Years of Projection: All population projections (scenarios) were
simulated 500 times for 50 years. Each projection has demographic information
obtained at annual intervals.
Although simulations produce a suit of data sometimes with a wide variation
within a range, we obtained from Vortex the average value of predictions for each
parameter in order to present the trends of population growth. Table 2 summarizes
the baseline input dataset upon which all subsequent VORTEX models are based for
the wild and the new population. Table 3 shows the sources for each parameter used
in the simulation process.

Table 3. Information sources for the modeling with Vortex.
Information

Source

Breeding system

General bibliography for the species

Age of first reproduction

Bibliography from subrogate subspecies

Age of reproductive senescence

Delphi method

Offspring production

General bibliography for the species

Male breeding pool

Delphi method

Mortality

General bibliography for the species and Delphi method

Catastrophe

Delphi method

Inbreeding depression

Vortex option

Initial population size

Our data

Carrying capacity

Delphi method

Population augmentation and harvest

Delphi method

Iterations and years of projection

Delphi method
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RESULTS
We will not present the full suite of models that represent all combinations of the different
parameter values that were run, but instead will focus on only the key analyses of viability
for the original wild population and for the potential new population, according to the way
in which this population was initiated. We focused only on those parameters that may be
crucial to the permanence of the species and its management.
For the first case, assessing the probability of survival for the wild source population
in the Biosphere Reserve as part of the risk analysis, we present the effect of the initial
population size (Fig. 2). If the initial population size is <100 animals (Nt = 50) the
population do no grow up, the probability of extinction is high P(E) = 0.642, and
genetic issues become pronounced. Fawn mortality was also a very important
parameter in determining overall pronghorn population dynamics in our simulations.
With small changes in the baseline values the trend in stochastic population growth
changed in a very significant way (Fig. 3). When fawn mortality was reduced from the
baseline value of 70% to just 60%, the stochastic population growth rate increased to
0.097 with a very low extinction risk [P(E) = 0.006]. On the other hand, if mortality
increased to 80% the stochastic population growth rate became strongly negative (r =
-0.044) and the risk of population extinction is high [P(E) = 0.842]. Similarly, our
models showed strong sensitivity to changes in pronghorn reproductive rates (Fig. 4).
In our analysis, the impact of variability in adult mortality depended strongly on sex:
perturbations in adult male mortality produced almost imperceptible changes in
population dynamic behavior, while identical changes in female mortality caused quite
strong impacts (Fig. 6). Probabilities of extinction were P(E) = 0.010 and P(E) = 0.572,
for the 5 and 15% of female mortality, and P(E) = 0.090 and P(E) = 0.124 for the 10
and 20% of male mortality.

Figure 2. Average peninsular pronghorn
population size trends with different initial
population size.
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Figure 3. Average peninsular pronghorn
population size trends with different female
fawn mortality rates.
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Figure 4. Average peninsular pronghorn
population size trends with different females
breeding rates.

Figure 5. Average peninsular pronghorn
population size trends in different drought
scenarios.

As part of our overall sensitivity analysis, the effect of drought was evaluated as
a function in the reproductive rate among breeding females, with two levels of
severity. In addition, we changed the carrying capacity as an effect of the drought and
vice versa (Fig. 5). The increment in the mortality of breeding females is important
when it is combined with the initial population size and the presence of inbreeding
(Fig. 6). The probabilities of extinction are from P(E) = 0.25 to P(E) = 0.96 in the
extreme values. It seems that factors act synergistically in severe conditions.

Figure 6. Average peninsular pronghorn
population size trends with different adult
mortality rates. F = female mortality; M = male
mortality.

Figure 7. Trends of the first peninsular
pronghorn group released in an artificial island
in different scenarios including extraction.
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For the second case, assessing the probability of survival for the wild source
population given the “harvest” of 16 fawns and six wild adults to establish a captive
herd, and after analyzing the VORTEX simulations, it seems that there was not a
relevant negative effect of that “harvest”. It seems also that the collect of the 16
fawns did not significantly change the population growth after some years later.
For the third case, to evaluate the likelihood of successfully establishing a new wild
pronghorn population on an artificial island, Figure 7 shows four scenarios designed to
investigate this proposed program under different associated conditions. First, it should be
considered to release at least two males, in order to increase the population size higher and
faster. Second, two of these scenarios include potential extraction. In the presence of
extraction under captive management, there is no additional increase in the probability of
extinction for this newly-established population.
DISCUSSION
Respect to the population size analysis (Fig. 2), if the initial population size is <100
animals (Nt = 50) the population do not grow up and the probability of extinction is
high P(E) = 0.642. Hosack et al. (2002) obtained a similar response in their scenarios
with a small initial population size (N = 100) with the Sonoran pronghorn. The
probability of extinction of the population increased to 12% within 50 years. The
recommendation would be that, if the initial population size is probably one of the
most important parameters, it is important to obtain more precise estimates of initial
population size with the best available technology, perhaps including conventional
radio or satellite telemetry (Song 1996; Ticer et al. 1999; Bright et al. 2001). It is also
important to maintain the Peninsular pronghorn population size above 200
individuals in order to keep the risk of extinction as low as possible according to our
simulations (Fig. 2).
Another factor, fawn mortality was one of the most important parameters in the
demographic scenarios for the Peninsular pronghorn. It is important to note that
similar findings on the importance of fawn mortality on pronghorn numbers was
found for both Peninsular and Sonoran pronghorns populations (Hosack et al. 2002).
The rate of fawn mortality could be modified through different actions. Keeping a
captive herd, the predator control access to the captive population could be an
effective action to control fawn mortality (Cancino et al. 2005). Also fawn mortality
could be decreased by increasing food supply. These factors should be considered in
planning the methods by which the first group of individuals is to be released in order
to reinforce the wild population. Rosemarino (2001) and Robinson et al. (2002)
documented the importance of fawn predation in the population dynamics of other
ungulate species. The results of our simulations using the removal of 22 individuals
(founders) from the original population apparently did not show relevant effects that
could increase the probability of extinction of the wild population (Fig. 3). Although
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it seems that this management practice did not apparently affect the previous
peninsular pronghorn population status, caution should be taken when new potential
extractions of the wild population would be planned. In the future when extractions
of fawns would be considered, harvest should be analyzed independent of fawn
natural mortality. It means that harvest of fawns should be analyzed in simulations as
an additive factor in mortality rates of this population parameter instead of as
included in the natural mortality parameter. We were unable to perform these
analyses independently because official extractions were done without previous
simulation analysis.
After some years of the Vizcaino Desert experience, and their simulations,
Hosack et al. (2002), started to suggest “the establishment of a population in a secure
environment (perhaps captive or semi-captive in a fenced area)…” in order to
increase the numbers of Sonoran pronghorn, and then Krausman et al. (2005) pointed
out the collaborative effort to replicate the Mexican experience. Thus, we believe that
for this objective the captive management has been a successful practice.
Mortality in different ages and sex is important. Studies in other species have
assessed the effects of mortality reducing the reproductive rate and considered that
its importance is similar to other factors such as emigration (Albon et al. 2000;
Clutton & Coulson 2002; DelGiudice et al. 2002). The management of the wild
Peninsular pronghorn population should consider control mortality in order to
maintain the survival of the taxon.
Regarding the effect of drought, some studies assessed its impact on the carrying
capacity for other ungulates as the mule deer, white-tailed deer and bison (Wakelin
2001; Hudson & Jeon 2003; and Sweitzer et al. 2003, respectively). All of these
studies concluded that the first effect of drought is on the habitat, defined as changes
in food availability, and secondarily as a direct impact in the population itself.
Management actions for the Peninsular pronghorn should consider to increase food
availability during droughts.
As part of the captive management strategy for this population, it was considered
a release of an initial group of pronghorns onto an artificial island. We propose that
the likelihood of successful population management of peninsular pronghorn could
be increased through an increase in the number of subpopulations across the species’
historic range and, even more importantly, the establishment of ecologically
functional connections between these subpopulations to create a proper
metapopulation. We propose to consider an analogous way to that of van Aarde &
Jackson (2007) for the elephant (Loxodonta africana), and Hellgren et al. (2005) for
the black bear (Ursus americanus). Animals to be used for such a strategy would
ideally come from both multiple captive facilities as well as from other newlyrepopulated areas. Caution should be taken when considering the use of captive
individuals for release in the wild. Care should be taken of not impronting captive
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animals to be released in the wild. In fact, the program for the management of the
peninsular pronghorn in captivity was planned taking into account that the new
generation produced after the second generation had a behavior similar to wild
animals.
It is urgent to determine the genetic structure of the current captive population.
This will avoid problems of inbreeding and will let to select the best individuals for
the proposed reintroduction. We also recommend that a continuous monitoring of
released animals should be implemented to record survival and behavioral changes
(White et al. 2003, Steury & Murray 2004, Molony et al. 2006). Wild population
management strategies that are supported by a captive breeding program and release
should be considered with caution, due in large part to their high financial costs and
the significant efforts required for their success (Mathews et al. 2005).
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