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Abstract: The single remnant Moroccan dorcas gazelle (Gazella dorcas massaesyla) has been isolated for more than 
five decades in the M’Sabih Talaa reserve, an arid area of west-central Morocco. This population has been subject to 
different disturbances, especially poaching and depredation by feral dogs. A five-season line transect survey 
revealed that the population size has been halved in less than 15 years with a lower apparent fecundity rate. In the 
present work, we carried out a population viability analysis simulating different scenarios using VORTEX software 
based on available demographic and life-history data from captive populations,. A sensitivity analysis revealed that 
inbreeding depression and possible catastrophic events could have a considerable impact on the population ’s 
prospects. Scenarios of splitting population into two subpopulations with different management measures 
reducing/deleting mortality sources, is proposed. Such scenarios resulted in reducing the consequences of 
catastrophic events would significantly mitigate the harmful effects of both inbreeding and environmental 
stochasticity. These results may be of a general interest to conservationists dealing with this unique and imperiled 
population. 
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Introduction 

During the last century, North African 

ungulate species had suffered from over-
hunting and habitat loss due to overgrazing 

and agriculture intensification (Loggers et al., 

1992; Cuzin, 2003). Among these species, the 
dorcas gazelle Gazella dorcas L. 1758 

(Antilopinae subfamily) which is globally 

considered as vulnerable (VU) (IUCN 2008), 

has been classified as critically endangered in 
Morocco (Cuzin, 1996, 2003) and has declined 

precipitously throughout the country, due 

primarily to poaching, excessive hunting and 
severe habitat degradation as a consequence 

of the expansion of permanent agriculture and 

increased livestock grazing pressures. The 

Moroccan dorcas gazelle G. d. massaesyla 
(Cabrera, 1928), which is endemic to the 

Moroccan Plateaux’s Atlantic coast north of 

the Atlas range (Panouse, 1957; Gentry, 1971; 
Alados, 1987), has persisted as the single 

remnant and isolated population within a 

1987 ha reserve established since 1952 at 
M’Sabih Talaa (hereafter MT), west-central 

Morocco (Fig. 1). The reserve’s perimeter has 

been fenced since 1960 to exclude poachers 

and livestock grazing. Currently, the gazelle 
population in MT is facing seasonal, albeit 

low-intensity livestock grazing and associated 

disturbance in the form of the occasional 
presence of livestock (sheep and goats) 

illegally introduced by the shepherds into the 

reserve throughout the damaged parts of the 

fence, continue to be important threats to the 
gazelle. Feral dogs and periodic poaching are 

still the major mortality factors on the reserve 

(Loggers, 1992; Ait Baamrane et al., 2009, 
2013). Disease transmission from livestock 

remains a potential threat to the gazelle. The “Peste des petits ruminant” (PPR), which is a 
fatal disease specifically affecting small 

ruminants, has been reported in the livestock 

in Morocco. Captive dorcas gazelle was 
already the subject of contamination in 

African zoos and of a severe outbreak in Saudi 

Arabia (Housawi et al., 2004). Finally, effect of 
drought on the population may be significant. 

The MT gazelle population continued to be 
relatively neglected from a conservation 

viewpoint during more than a half century. 
This remnant population might be subject to 

extinction unless a population recovery 
program and habitat management are 
initiated urgently. Indeed, conservation and 

management of such a small isolated 
population commonly face problems like 

inbreeding depression, genetic drift and high 
susceptibility to catastrophes, diseases and 
environmental stochasticity. 

The population size in MT seems rather to 
fluctuate. In 1987, the population size 

estimate was about 209 animals (Loggers, 
1992). Ten years later (in 1996), the 

population numbered 184 individuals 
(Marraha, 1996). The recent study conducted 
in 2009 using line transect sampling method 

gives a population size of less than 100 
individuals (Ait Baamrane et al., 2013). Any 

bottleneck and a very low long time effective 
population size would cause inbreeding which 

is likely to further diminish the animals’ 
fitness. Population genetic analyses based on 

mtDNA and microsatellites found a low 
genetic variability in the MT population 

comparatively to other dorcas gazelle semi-
captive and captive populations (Lerp et al., 
2011; Godinho et al., 2012). 

In the present study, we carried out a 
population viability analysis based on 

available  demographic, biological and  genetic  
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Fig. 1: Map of Morocco showing the location of the M’Sabih Talaa Reserve 

data with the particular aim of estimating the 

population’s relative susceptibility to 

inbreeding depression and catastrophes 

(“sensitivity testing”) and to assess the 

relative effect of suggested management 

measures. In particular, we used our data set 

to infer the consequences of splitting the 

population into two subpopulations to reduce 

its susceptibility to environmental 

stochasticity as was suggested by Cuzin et al. 

(2007) and Godhino et al. (2012). 

Materials and Methods 

Experiments: 

Among the main criteria adopted by the IUCN 

(International Union for the Conservation of 
Nature) for the classification of threatened 

species in various categories, the fifth and last 

criterion "E" is based on the quantitative 

assessment of the extinction risk. In 

conservation biology, this assessment is called 

Population Viability Analysis (PVA) which 

consists on the examination and analysis of 

factors placing a species or a local population 

in danger (Lacy, 1993). The PVA is so a 

decision-making tool in management and 

conservation of endangered species. Its use 

has increased significantly during the last 

decades and became a credible means for the 

appreciation of the viability of a species 

(Soulé, 1987; Boyce, 1992; Beissenger and 

Westphal, 1998). The models used to predict 

the viability of a population take into account 

all the threats which could affect the growth 

and the sustainability of the small 

populations, including either demographic     
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or environmental stochasticities, the 

catastrophes, the depression due to the 

inbreeding and the deterministic pressures as 

the loss and the destruction of habitats (Reed 

et al., 2002). The only known PVAs carried out 

in gazelles are those on the Przewalski's 

gazelle Procapra przewalskii (Büchner, 1891) 

in China (Li and Jiang, 2002) and the   

Goitered gazelle Gazella subguttorosa 

(Güldenstädt, 1780) in Turkey (Çobanoğlu,  
2010). This kind of analyses requires the 

acquisition of accurate data on various 

demographic parameters, life history and 

even genetic traits. 

We present the use of the PVA in the 

remnant population of the Moroccan dorcas 
gazelle in the MT reserve. We used VORTEX 

(Lacy, 1993, 2000) to simulate the dynamics 

of the MT population. This analysis should be 
considered as a preliminary because of the 

lack of some demographic and genetic data, 

particularly actual age-specific mortality rates 
and inbreeding coefficient. 

Few demographic data are available for 

dorcas gazelle in the wild (Baharav, 1980; 

Loggers, 1992; Lawes and Nanni, 1993; 

Marraha, 1996) and data on survivorship are 

particularly lacking. In the wild, uncertainty 

about the survival status of animals lost to 

follow up and imprecision of age assignment 

are important obstacles to the accurate 

assessment of survival. Both in the wild and in 

captivity, the small number of animals 

typically under observation entails substantial 

variability in estimates. In order to address 

this deficiency of data on dorcas gazelle 

survival in MT, we used a period life table of 

captive dorcas gazelle based upon age-specific 
mortality rates observed during the period 

from January 1, 1998 to December 31, 2003 

(Kohler et al., 2006). Such a period life table 

follows a synthetic cohort of births and 

assumes that they are subject at each age to 

the age-specific death rates observed during a 

particular period (Preston et al., 2001). 

Although the mortality profile in captivity can 

be expected to differ from that in the wild, and 

given that the longevity is about the same (9-

10 years), we can assume that the age-pattern 

of mortality in dorcas gazelle is similar in both 

cases with mortality rate rising with age 

above the juvenile stage. The animals in 

captivity have the benefits of veterinary care, 

a lack of predators, and a regular supply of 

food. On the other hand, captive animals may 

suffer from higher levels of obesity (Taylor 

and Poole, 1998; Ward et al., 2003), injuries 

from exhibits (Leong et al., 2004), and poor 

adaptation to captivity or to a zoo’s climate 

(Karstad and Sileo, 1971; Gozalo and Montoya, 

1991) and from inbreeding that results in 

higher perinatal mortality (Wielebnowski, 

1996). Although, the age-specific mortality 

rates in captivity can be considered as the 

minimal levels for small isolated wild 

populations which are facing predation and 

diseases and are often subject to inbreeding 

depressions. 

The PVA was carried out using the 

VORTEX V9.99b software (Lacy 1993)          

and testing two categories of scenarios 
(Tables 1, 2). 

The basic scenarios were conceived with 
the aim of estimating the average mortality 

rate which would have prevailed over a 

period of 22 years, since the first population 
size estimate in 1987 (Loggers, 1990, 1992),  
and that would have resulted in the present 
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Table 1: Summary of the various scenarios used in the population viability analysis of Gazella dorcas massaesyla 
from M' Sabih Talaa reserve, West central of Morocco 
 

Scenario Population size Mortality rate  Catastrophe’s impact 
Survival Reproduction 

Basic scenario 

1 

209 individuals 

100% the rate in captivity - - 

2 150% the rate in captivity - - 

3 200% the rate in captivity - - 

4 250% the rate in captivity - - 

5 300% the rate in captivity - - 

Single 

population 

scenario 

No Option 

99 individuals 

200% the rate in captivity -50% -25% 

Option 1 250% the rate in captivity -50% -25% 

Option 2 300% the rate in captivity -25% -10% 

Splitting 

population 

scenario 

No Option 
Two populations: 

66 and 33 individuals 

200% the rate in captivity -50% -25% 

Option 1 250% the rate in captivity -50% -25% 

Option 2 300% the rate in captivity -25% -10% 

 

Table 2: VORTEX required data for the viability analysis of the population of Gazella dorcas massaesyla in the   
M' Sabih Talaa reserve, West central Morocco. 

Parameter Basic scenarios Single - splitting population scenarios 

Number of iterations 1000 

Number of years 22 (1987-2009) 100 (2009-2109) 

Number of populations 1  population 1  then 2 populations 

Extinction definition Only one sex remains 

Inbreeding 6.29 Lethal Equivalents (LE)  None at all, 6.29 LE and 12.3 LE 

Type of catastrophes No catastrophe Bush fires/ drought and diseases 

Breeding system Polygamous 

Females first age of offspring 2 years (Mendelsohn et al., 1995; Ward and Saltz 1994) 

Males first Age offspring 2 years (Alados and Escos 1988). 

Breeding maximum 9 years (Loggers 1992) 

Sex-ratio at birth 1-1 

Number of progeny per year Only one fawn (Furley 1986) 

%  of breeding females 63.4% (Loggers 1992) and 62.5% (Ait Baamrane et al., 2013) 

%  of breeding males 66.7% (Loggers 1992) and 79.0% (Ait Baamrane et al., 2013) 

Mortality rate in captivity (Kohler et 

al., 2006) 

Age Females mortality Age Males mortality 

0-1 years 8.62 % 0-1 year 8.62 % 

1– 2 years 11.32 % 1 – 2 years 11.32 % 

>2 years 16.60 % >2 years 16.60 % 

Carrying capacity 209 individuals 

Harvest and supplementation No harvest and No supplementation 
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population size obtained by line transect 

method  (Ait  Baamrane  et  al.,  2013).  In  this   

purpose, we tested four levels (100, 200, 250 

and 300%) of the age-specific mortality rates 
reported by Kohler et al. (2006) for captive 

dorcas gazelle. The initial size of the MT 

dorcas gazelle population in 1987 was 209 
individuals according to Loggers (1992). 

On the basis of the likely mortality rates of 
the population during the last two decades 

(1987 to 2009), different scenarios were 

tested to predict the likely trend of the 
population size over a period of the 

forthcoming 100 years; the initial population 

size considered in this analysis was              

that obtained in the last line transect session 
(April 2009). 

The VORTEX software has been shown to 

produce especially good results in a 

comparative study of PVA programs (Brooks 

et al., 2002). In particular, we carried out a 

sensitivity analysis to infer which parameters 

are most important to the population’s 

viability. By using a range of possible values 

for uncertain parameters we can determine 

what effects these uncertainties are likely to 

have on the PVA outputs. This approach has 

been proved to be particularly fruitful in 

conservation and management (Frankham et 

al., 2002; Allendorf and Luikart, 2007). We 

specifically tested the relative effects of 

inbreeding depression, catastrophes, and 

splitting the population into two 

subpopulations. Inbreeding depression was 

chosen because the MT gazelle population has 

been isolated with no supplementation for a 

long time (more than 60 years) resulting in a 

low genetic variability (Lerp et al., 2011; 
Godinho et al., 2012) and has drastically 

declined during the last 15 years and genetic 

consequences of the long-term low effective 

population size and the severe bottleneck of 

the MT dorcas gazelle are likely to be relevant 

to their viability. Catastrophes such as bush 

fires (abundant dry grasses in late spring-

summer) or diseases (contamination risks 

from neighboring sheep and goat livestock 

that sometimes illegally invades the reserve), 

even uncommon, constitute a serious 

potential risk on a unique population confined 

to a small area. The effect of establishing two 

subpopulations with a higher total carrying 

capacity was assessed because this approach 

would reduce the gazelle’s susceptibility to 

environmental stochasticity compared to that 

of a single population. 

We applied three different levels of 

inbreeding depression in terms of diploid 
lethal equivalents (LE) (0, 6.29 and 12.3 LE) 

with a lethal-sublethal ratio of 1:1 (Simmons 

and Crow, 1977; Brooks et al., 2002). The 
value of 6.29 LEs per diploid individual is the 

combined mean effect of inbreeding on 

fecundity and first year survival reported by 

O’Grady et al. (2006). The higher value of 12.3 
LEs is the average value obtained in a meta-

analysis of inbreeding depression across the 

life-history of 30 species of mammals and 
birds (O’Grady et al., 2006). 

We considered two types of catastrophes 

in our analyses: an environmental catastrophe 

(bush fires/drought) and diseases each with a 

probability of 0%, 1% or 3%. The severity of 

these catastrophes was defined as follows: 

while bush fires/droughts cause a decrease in 

breeding and survival rate to 75% of the 

mean, diseases are expected to be more 

harmful and reduce these two parameters to 
50% of their mean. These arbitrary values are 

in concordance with those used for other 
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terrestrial mammal species (e.g., Lions 

Panthera leo (Packer et al., 1999) and Red 
deers Cervus elaphus (Zachos et al., 2009). 

Carrying capacity is difficult to estimate, 

but we consider the highest population 

estimate (209 ind. in 1987) ever reported 

(Loggers, 1992) and the value (418 ind.) 

based on the suggestion that the MT 

population might be divided into two 

subpopulations of about 209 animals. 

Since the splitting of the MT population 

has been suggested as a conservation measure 
(Cuzin et al., 2007), we also simulated 

possible effects of this scenario. We based our 

simulations on two subpopulations both with 

a carrying capacity of 209 individuals and 
initial population sizes of 2/3 and 1/3 of the 

last population estimate (April 2009), 

respectively for the first subpopulation and 
second subpopulation. For this latter, the 

animal group to be translocated from the first 

to another area would have a sex-ratio of 1.64 

females per male, the mean value reported in 
the present study. Establishing several 

subpopulations from a single endangered 

population is an appropriate way of 
minimizing the susceptibility to 

environmental stochasticity (Frankham et al., 

2002; Zachos et al., 2009). To reduce the 
inbreeding rate, a translocation of an average 

one adult female per year between the two 

subpopulations was incorporated into the 

calculations as a probably sufficient amount of 
artificial gene flow. The simulations for a 

single population and two subpopulations 

were all run with the same demographic data 
as indicated in Table 2, but based on lower 

mortality rates of 125% the values recorded 

in captivity (Management option 1). This 
mitigation could, for instance, be achieved by 

suppressing the depredation by feral dogs and 

the effect of poaching. 

As the impact of catastrophes on 

population viability revealed to be important, 

we also ran simulations with less severe 

consequences of catastrophic events 
(decrease in reproduction and survival rate to 

90% and 75% of the mean for bush 

fires/drought and diseases, respectively), but 
with the same mortality rate as in 

management option 1 for the single 

population and two subpopulations 
(Management option 2). This management 

measure could be achieved by veterinary 

treatment (vaccinations) and effective fire 

prevention or by additional management 
measures aiming at enhancing the fitness of 

surviving animals. We compared the 

prospects of the PVAs without management, 
with management option 1 and with 

management option 2 for a single population 

and two subpopulations and between these 

two cases. 

Statistical analysis: 

All the statistical tests were carried out using 
SPSS program (Version 10.0). The mean 

values are given with their standard deviation. 
The Wilcoxon test was used to test the effect 

of the different variables on the viability 
parameters. The differences are considered 

statistically significant at a threshold lower 
than 5%. 

Results 

The basic scenarios 1, 2, 3, 4 and 5 have  aim 

to estimate the mean mortality rate having 

prevailed under natural conditions during the 
last two decades (from 1987 to 2009). The 

results obtained for these five scenarios are 
given in the Table 3. 
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Table 3: Results of the simulation by VORTEX of the population viability analysis of the M'Sabih Talaa reserve 
based Moroccan dorcas gazelle population (Basic scenarios) 

                                                Mortality Rate 

 100% 150% 200% 250% 300% 

PE 0.00 0.00 0.00 0.015 0.331 

TFE - - - 20.07 18.58 

GR 0.249 0.168 0.081 -0.024 -0.140 

N 204 196 162 96 24 

HE 96.53 96.36 95.75 92.03 82.13 

PE: Probability of extinction, TFE: Mean time to the first extinction, GR: Growth rate, N: Non-extinct population 
size,  HE: Heterozygosity expected. 

 

The basic scenarios 1, 2 and 3 showed that 

the MT gazelle population would have a 

population size of  204, 196 and 162 

individuals, respectively and corresponding 

mean growth rates (GR) of 0.249±0.185; 

0.169±0.197, respectively and 0.081±0.208 

per year; the extinction probability (PE) 

remains null. 

According to the basic scenario 4, the 

obtained population size in 2009 was 96 

individuals with a negative mean GR of 

0.024±0.236/year. Under this scenario the 

risk of extinction is 1.5±0.004 % at an average 

time of 20.07 years to the first extinction. 

With the basic scenario 5, an average 

population size of only 24 individuals would 

be reached in 2009. In that case, GR would be -

14 ±0.274% per year with an extinction 

probability of 33.1±0.015% and an average 

time of 18.58 years to the first extinction. The 

genetic variety which is indicated by the 

heterozygosity rate (Lacy, 2000; Miller and 

Lacy, 2005) would decrease with increasing 

mortality rate (e.g., from 96.53 % to          

82.13 %, respectively under the basic 

scenarios 1 and 5). 

These results showed that the mortality 

rate which would have prevailed for 22 years 
(1987-2009) and which would have given the 

current population size in the MT reserve 

would be similar to that of the basic scenario 4 
which is 250% the mortality rate reported in 

captivity. This rate would result in a 

population size of 96 individuals in 2009, 

which is quite similar to the average estimate 
obtained in 2009 (102 ind.; range: 95-111). 

The comparison between the simulations 

with and without management options 

expectedly yielded generally better prospects 

for the first case (Table 4). The mean 

probability of extinction in 9 runs (each 

possible combination of the three levels of 

inbreeding depression and catastrophe 

probability; carrying capacity was 209 for a 

single population) was 93.83% without and 

72.18% and 60.92%, respectively with 

management options 1 and 2 (significant 

differences, Wilcoxon test: no option vs. 

option 1 and no option vs. option 2, Z= -2.666, 

p=0.008 in both cases and option 1 vs. option 

2: Z= -2.549, p=0.011). The respective values 

for  final  expected  heterozygosity  (relative to  
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Table 4: Effect of single population scenarios on extinction probability (PE), growth rate (GR), expected heterozygosity (HE) and Non-extinct population size 
(N) of the M'Sabih Talaa reserve based dorcas gazelle population. 

 

   Inbreeding level 

   0 LE 6.29 LE 12.3 LE 

   No Option Option 1 Option 2 No Option Option 1 Option 2 No Option Option 1 Option 2 

Catastrophe’s 

occurrence 

probability 

0% 

PE 0.824 0.373 0.377 0.88 0.483 0.463 0.992 0.829 0.815 

GR -0.0067 0.0387 0.0412 -0.0217 0.0211 0.0235 -0.0477 -0.0171 -0.0156 

HE 67.9 77.7 78.8 69.1 78.5 78.0 73.4 76.7 77.7 

N 88.94 137.59 131.74 58.98 117.39 106.45 37.88 51.71 44.07 

1% 

PE 0.852 0.5120 0.499 0.907 0.650 0.590 0.997 0.898 0.873 

GR -0.0127 0.0378 0.0433 -0.0281 0.0158 0.0244 -0.0587 -0.0195 -0.0119 

HE 67.4 74.2 76.7 68.7 74.9 77.6 79.5 76.7 79.8 

N 89.30 123.85 132.1 59.59 96.47 104.7 21.67 51.44 54.78 

3% 

PE 0.918 0.61 0.531 0.982 0.749 0.622 0.998 0.97 0.91 

GR -0.0376 0.0161 0.0358 -0.0529 -0.005 0.0152 -0.0763 -0.0385 -0.0231 

HE 56.7 71.2 75.8 66.3 71.3 76.5 64.6 76.6 76.2 

N 49.99 104.42 127.63 55.11 71.84 96.15 13.0 50.23 45.38 
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generation 1 whose heterozygosity is defined 

as 100%) were 62.0% without vs. 74.1% and 

76.7%, respectively with management options 

1 and 2 (significant difference, Wilcoxon test: 
no option vs. option 1: Z= -2.547, p=0.011,  no 

option vs. option 2: Z=-2.666 p=0.008, and 

option 1 vs. option 2: Z= -2.310, p=0.021), and 
the corresponding final sizes of non-extinct 

populations averaged 47.52 vs. 85.6 and  

90.05 individuals (significant difference, 

Wilcoxon test: no option vs. option 1: Z= -
2.666, p=0.008 and no option vs. option 2: Z=-

2.668 p=0.008, but not for option 1 vs. option 

2: Z= -0.770, p>0.05). 

Both inbreeding depression and 

catastrophes had a large impact on the 
population’s viability parameters. Prospects 

were especially more pessimistic with a 

combination of a high inbreeding depression 
and a high probability for the occurrence of 

catastrophes. However, the buffering effect of 

the management option 1 and particularly 

option 2 was considerable. Apart from the 
significantly different means given above it is 

of particular interest that these measures 

were able to largely compensate for the 
consequences of inbreeding and that negative 

stochastic growth rates were only found for 

worst-case scenarios (with inbreeding 
depression of 12.3 LE and any catastrophe 

level) whereas with no management measures 

were never positive. 

Splitting of the MT population into two 

subpopulations further mitigated the negative 
consequences of inbreeding depression and 

catastrophes (Table 5). Except the cases 

without management measures and two 

subpopulations with management option 1 vs. 
Single population with management option 2, 
mean probability of extinction and relative 

expected heterozygosity – were statistically 

significantly more favorable under the two-

subpopulations-scenarios than they were 

when assuming only one population. 

However, apart from the comparisons of two 
subpopulations with management option 2 vs. 

Single population with management option 1 

and subpopulations with management option 
1 vs. Single population with management 

option 2, respectively for the corresponding 

stochastic growth rates and final population 

sizes, the mean values are statistically better 
in all other cases under the splitting 

population-scenarios than they were only 

under single population scenarios. 

Comparisons among the different splitting 

population scenarios, attested that mitigation 

of the effect of catastrophic events 

(management option 1 and 2) revealed to 

have a high potential to increase population 

viability. With management option 2 the two 

subpopulations performed much better than 

under management option 1. All the 

differences were statistically significant for all 

four parameters, and this also yields for the 

worst-case scenario: extinction probability 

was reduced by 15%, population decline was 

three times lower and final population size 

was 2/3 of the initial one instead of a total 

extinction without any management option. 

Discussion 

Small populations are subject to whims of 
breeding and natural catastrophes, and are 

vulnerable to extinctions due to demographic 

and environmental stochasticities (Soulé 
1987) and genetic constraints (Bijlsma et al., 

2000). Demographic stochasticity influences 

how many offspring are produced, and to 
what extent adults can bred successfully, while 
the environmental stochasticity determines 

the  survival  and the fertility of the population 



211 

 

 
 
 
 
 
 
 
 
Table 5: Effect of splitting population scenarios on extinction probability (PE), growth rate (GR), expected heterozygosity (HE) and Non-extinct population 
size (N) of the M'Sabih Talaa reserve based dorcas gazelle population. 

 

   Inbreeding level 

                                  0 LE                             6.29 LE                                 12.3 LE 

   No Option Option 1 Option 2 No Option Option 1 Option 2 No Option Option 1 Option 2 

Catastrophe’s 

occurrence 

probability 

0% 

PE 0.608 0.146 0.153 0.879 0.309 0.287 0.999 0.822 0.826 

GR -0.023 0.0384 0.0455 -0,0464 0.0156 0.0157 -0.0806 -0.0318 -0.0319 

HE 66.33 81.17 81.24 69.58 81.17 80.05 62.5 77.19 77.4 

N 81.4 199.26 232.51 50.36 154.22 146.69 4 58.68 60.05 

1% 

PE 0.809 0.308 0.241 0.969 0.485 0.421 0.998 0.977 0.859 

GR -0.0396 0.031 0.0395 -0.0634 0.0063 0.014 -0,093 -0.037 -0.0328 

HE 60.68 76.75 79.5 58.09 77.93 78.99 66.25 74.55 79.39 

N 72.63 162.91 176.28 36.61 119.74 133.17 3.5 38.81 59.1 

3% 

PE 0.899 0.507 0.303 0.976 0.696 0.508 1 0.904 0.919 

GR -0.0497 0.0072 0.0291 -0.0682 -0.0159 0.0036 -0.0991 -0.0562 -0.0334 

HE 63.68 71.48 78.88 60.33 73.67 76.72 0 77.22 77.99 

N 56.96 132.05 163.00 22.71 83.39 114.85 0 39.04 47.77 
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by its effects on the food supply. Genetic 

stochasticity influences the change in 

frequency of desirable or harmful alleles 

between generations (Stephens and 
Sutherland, 1999; Bhatnagar et al., 2007).  All 

these stochastic, and the aforementioned 

deterministic factors can precipitate the 
extinction of small populations such as the MT 

dorcas gazelle. Thus, although, predictable 

factors such as poaching and predation by 

feral dogs may bring about population 
declines, the final extinction is often a result of 

smallness of a population that is unable to 

recover from short-term disturbances. 

It is a general problem of PVAs that for 

some of the required input parameters no 
actual field data are known. Demographic and 

life-history data for MT dorcas gazelle used in 

the present work, such as total population size 
and age-specific mortality rates, were derived 

respectively from actual field studies  and 

from captive populations of the same species.     

Survival was assumed to have a similar 

pattern as in captivity and was constant and 
did not change throughout the year. This could 

be partly true if we consider that in the MT 

reserve water is supplied during the dry 

periods, particularly in summer and even food 
is offered during seasons of low productivity. 
However, it would be better, if a representative 

sample of gazelles could be captured, 
individually marked and surveyed by Mark-

Resight method during a relatively long 

period, so a complete actual survival rate 
would be calculated. 

As for fecundity, similarly, if a 
representative number of female gazelles 

were marked and monitored using the Mark-

Resight method for sufficient periods, 
detection of calves of females of different ages 

would allow to determine specifically the 

actual fecundity rates. 

For carrying capacity, this was considered 

just as the highest total population size 

reported for the MT dorcas gazelle (209 ind. 

or a density of 0.105 ind./ha). As was 

indicated before, the actual carrying capacity 

is difficult to obtain, but in the case of dorcas 

gazelle in MT, this could be higher given that 

the density can be more important in less 

productive environment such as the Ténéré 

Reserve with a population density of 0.16 

ind./ha (which would correspond to a 

potential carrying capacity of at least 318 

individuals for MT). However, in any further 

assessment of the actual carrying capacity, one 

should take into account either the availability 

of spaces (home range size) or the food 

requirements in relation with the habitat 

suitability and productivity. 

The inbreeding (number of diploid lethal 

equivalents per individual) was tested for 

three different values including the total 

absence of inbreeding and the median and 

highest LE known among mammals. The 

actual inbreeding level has not been 

determined yet for the MT population, but the 

present small population size along with the 

low genetic diversity (Cassinello, 2005), could 

be associated with a relatively high inbreeding 

coefficient, but probably not higher than the 

mean value (F = 0.051) reported for captive 

dorcas gazelles in the EEZA (Spain) 

(Cassinello, 2005). Indeed, genetic variability 

of the MT population was found to be lower 

than other (in Morocco and Spain) semi-

captive gazelle populations (heterozygosity: 

33.47% vs. 66.0% and 2.75 alleles/loci vs 3-

4.25 alleles /loci) (Cassinello, 2005). 
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The output of our PVA analyses confirm 

that given the presumed demographic data 

and history of the MT reserve dorcas gazelle, 

inbreeding depression has an important 
impact on extinction risk and other viability 

parameters. The difference between 12.3 and 

6.29 lethal equivalents was clearly more 
distinct than the one between 6.29 and 0 LEs. 

Unfortunately, 12.3 LEs are probably much 

more realistic than 6.29 as the latter value was 

calculated taking into account only life-time 
breeding success, whereas the higher number 

of 12.3 was estimated across the life-history 

and thus encompasses more fitness 
parameters than breeding success alone 

(O’Grady et al., 2006). Our analysis generated 

pessimistic expectations for the MT dorcas 
gazelle population with high probabilities of 

extinction, but we could also show that 

management measures, in particular the 

establishment of two subpopulations with 
artificial gene flow among them and 

mitigation of the effect of annual all class 

mortality, are able of significantly reducing the 
risk of extinction and the critical decay of 

genetic variability as indicated by the final 

expected heterozygosity levels. 

One of the objectives in the management of 

endangered populations is to retain 90% of 
their genetic diversity for 100 years (Soulé, 

1987; Frankham et al., 2002). Given the very 

low initial genetic diversity of the MT reserve 

dorcas gazelle (0.3347) and taking into 
account that heterozygosity is correlated to 

fitness in many cases (Reed and Frankham, 

2003), management actions should explicitly 
aim at creating conditions under which as 

little heterozygosity as possible will be lost in 

the future. 

Artificially increasing genetic diversity 

through introduction of non-related dorcas 

gazelle (as was done with the Florida panther 

Puma concolor coryi (Pimm et al., 2006)) 

should be absolutely avoided as this would 

mean polluting the genetic integrity of this 
unique gazelle population. Indeed, with its 

clear genetic differentiation from other dorcas 

gazelle (Godinho et al., 2012), the MT reserve 
population clearly meets the criteria of being 

treated as a separate management unit 

(Moritz and Cicero, 2004). Our sensitivity 

analyses have shown that there are 
alternatives to the introduction of animals of 

which the establishment of two 

subpopulations (with artificial gene flow) and 
the mitigation of the impact of mortality rate 

seem to be particularly promising. By 

implementing these measures, loss of 
heterozygosity and probability of extinction 

can be further reduced. If actual inbreeding 

depression reveals to be obviously decisive 

factor, then the final options could be to 
artificially increase the effective population 

size by equalizing family sizes, removing long-

term reproductive males and exchanging more 
individuals between subpopulations once 

established (splitting population scenario). 

Variation of catastrophic impacts showed 

that this parameter was crucial as was the 

probability of the occurrence of catastrophic 
events. This is the strength of sensitivity 

analyses – applying a range of values for 

uncertain input parameters and having an 

idea of the relative effect of different 
parameters on population viability (Miller and 

Lacy, 2005). 

The most important results of our 

simulations are the relative increase in 

viability with management measures 
(suppression of poaching and predation by 
feral dogs), and by duplicating the original 

population. These management measures led 
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to significantly better prospects in our 

simulations and were shown to be valuable 

tools for the future management and 

conservation of the MT reserve population. As 
these gazelles are demographically non-

performant, it might be assumed that the 

establishment of a second population in 
suitable similar habitat will show better 

demographic characteristics, in particular a 

higher fecundity rate and a higher proportion 

of juveniles. 

Before splitting the population into two 

subpopulations, an important step to be 

undertaken simultaneously is to clearly 

identify all areas where Moroccan dorcas 

gazelle were known to occur in the past on the 
Plateaux’s Atlantic coast. The potential threats 

to gazelles or their habitat in these sites will 

need to be understood, and their suitability 

for restoration assessed based on the habitat 

quality, human pressures, and potential for 

connectivity (even artificial) with the original 

population. After identification of the most 

suitable site, habitat restoration, addressing 

potential threats to the gazelles, and enlisting 

local support for gazelle reintroduction will 

need to be undertaken. Constant monitoring 

and research will assist in assessing the 

suitability of the selected site for 
reintroduction. 

The MT reserve dorcas gazelles are the last 

remaining genetic legacy from the formerly 

widespread Moroccan dorcas gazelle 

population on the Plateaux’s Atlantic coasts. A 

large body of data from a long term 

population survey is needed to improve the 

PVA and to provide local authorities with 

further information to realize the 
recommendations of the HCEFLCD (Haut 
Commissariat aux Eaux & Forêts & à la Lutte 

Contre la Désertification) report (Cuzin et al., 

2007) and to estimate the costs involved in 

this. Further, our study highlights the positive 

effects of population splitting, a conservation 

measure that is also being carried out in other 

species (e.g., the Asiatic lion Panthera leo 

persica (Johnsingh et al., 2007), the Red deer 

Cervus elaphus (Zachos et al., 2009) and that 

may turn out to be of great value in 

conservation biology in general. 
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