Demographic decline of the last surviving Moroccan
dorcas gazelles Gazella dorcas massaesyla in M’'Sabih
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Abstract The formerly widespread but now Vulnerable
dorcas gazelle Gazella dorcas has declined markedly during
the last 2 decades. The semi-captive population in M’Sabih
Talaa Reserve, west-central Morocco, is genetically distinct
and may be the last remnant of the Moroccan dorcas
gazelle G. dorcas massaesyla. The last estimate of the size
of this population was c. 200, in 1996. To assess the current
population we used line-transect distance sampling to
survey this population over five seasons from April 2008
to August 2009. The estimated population declined from
113 to 87 individuals from April to November 2008,
increased to 111 in February 2009 (primarily because of
recruitment), declined to 99 from February to April 2009,
and to 95 by August 2009. These results indicate a decline
of nearly 50% in <15 years. The main conservation actions
required for this subspecies are the suppression of poaching
and feral dogs, the creation of other reserves to receive
dorcas gazelles from M’Sabih Talaa (to avoid loss of
the single population from a catastrophic event), and the
implementation of a genetic management programme.
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Introduction

nowledge of population demography is essential
for understanding the ecology of a species, provid-
ing information on fluctuations of population size, and
facilitating monitoring of trends. For threatened species
population estimates are vital for the development of
conservation strategies and for evaluating their effectiveness
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but obtaining population estimates for species that occur
at low densities over a large geographical area is logistically
difficult.

The dorcas gazelle Gazella dorcas is categorized as
Vulnerable on the TUCN Red List (IUCN SSC Antelope
Specialist Group, 2008) and is considered Endangered in
Morocco (Cuzin, 1996, 2003; Aulagnier et al,, 2001). The
species has declined precipitously throughout Morocco
because of poaching and severe habitat degradation from
the expansion of agriculture and increased livestock grazing
pressure. Dorcas gazelles have been fully protected since
1958, when the Moroccan ministerial order that regulates
hunting prohibited their shooting. In Morocco this gazelle
species historically occupied the plains north of the Atlas
mountains (Panouse, 1957; Alados, 1987) but now persists
only as a remnant population, isolated within a 1,987-ha
reserve established in 1952 at M’Sabih Talaa in west-central
Morocco. Recent genetic analyses (Godinho et al., 2012),
including data from Lerp et al. (2011), indicate that the
population in M’Sabih Talaa Reserve is genetically differ-
entiated, both in terms of mtDNA and nuclear DNA,
and may be the last surviving population of G. dorcas
massaesyla, isolated from G. dorcas dorcas and G. dorcas
neglecta by the High and Middle Atlas mountains (Alados,
1987).

The size of the dorcas gazelle population in M’Sabih
Talaa Reserve has fluctuated considerably. In 1987 Loggers
(1992), using data from a 2-year study, estimated the
population size to be c. 210 in the wet season and 190 in the
dry season. Cuzin (1996, in Mallon & Kingswood, 2001)
reported the population to be 8o but based this on estimates
from the Reserve guards rather than on his own obser-
vations. This information appears to be inaccurate, although
during droughts the population probably declines because
of increased mortality and emigration (Loggers, 1992). In
1996, using the line-transect distance sampling method,
Marraha (1996) estimated the mean population size to be
184. However, none of these various estimates contained
confidence intervals and the population has not been
monitored since 1996.

Here we report a recent survey of the dorcas gazelle in
the M’Sabih Talaa Reserve. From spring 2008 to summer
2009 we used the line-transect distance sampling method
(Buckland et al, 2004) to estimate density, and hence
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FiG. 1 Morocco, showing the location of M’Sabih Talaa Reserve
(the black square) on the Ahmar Plain to the west of the Atlas
Mountains.

population size, and seasonal variations, and document
demographic structure. The results obtained were compared
to earlier estimates of the same population.

Study area

The 1,987-ha M’Sabih Talaa Reserve lies on the Ahmar
Plain near Sidi Chiker Village in Safi Province, 65 km west
of Marrakech (Fig. 1). The climate is arid, with a mean
annual precipitation of 238 * 88.3 mm falling mainly
between November and March. The mean annual temp-
erature is 20°C, with a monthly mean minimum and
maximum of 5 °C in January and 40 °C in July, respectively.
The Reserve consists of small ravines among gently rolling
hills covered by a jujube Ziziphus lotus shrub-steppe, with
Stipa cappensis as the dominant grass (Loggers, 1991, 1992).
Along wadis (intermittent streams) that cut through the
Reserve Eucalyptus trees have been sparsely planted. The
Reserve is entirely fenced, and hence the dorcas gazelle is
semi-captive, but the fence is too low and is damaged in
many places, facilitating access by feral dogs and poachers.

Methods

Distance sampling has been used extensively to survey wild
ungulates, by observing animals or their signs, in various
habitats (Marques et al, 2001; Biswas & Sankar, 2002;
Koenen et al., 2002; Seddon et al., 2003; Whittaker et al,,
2003; Focardi et al, 2005). The line-transect method
(Buckland et al., 1993) was used to survey the dorcas gazelle
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population in the M’Sabih Talaa Reserve as it is one of the
most frequently used and widely accepted methods for
estimating the density of wild animals (Seber, 1986; Schwarz
& Seber, 1999). The method requires that animals are
counted while an observer moves along a transect line, and
the density estimate is based on the detection probability
estimated from the linear distances between detected
animals and the observer (Buckland et al., 1993).

Fourteen line transects, with a total length of 42.3 km,
were defined randomly using a global positioning system, to
ensure that the entire Reserve was covered systematically.
The study was conducted over five successive seasons
(spring and autumn, 2008 and winter, spring and summer,
2009), with four surveys per season. Surveys were conducted
to coincide with the daily activity of gazelles (05.30-09.30
and 16.00-19.30). Transects were not repeated on the same
or consecutive days. The observer walked at an average of
5kmh™, traversing each transect alternately once or twice per
week. For each individual or group detected, the observer
measured the distance to the subject with a laser rangefinder
and measured the angle to the transect. The data were
analysed using Distance v. 5.0 (Thomas et al., 2010), which
models the function of the detection, describing the decrease
in the probability of detecting the subject according to the
perpendicular distance from the centre of the transect line.

The total population size was estimated by extrapolating
the mean density to the total area of the Reserve. The
population structure was determined using age classes based
on body size and horn structure (Loggers, 1992). The classes
considered were fawns (0o-12 months), subadults (12-18
months for males, 12-24 months for females), and adults
(up to 18 months for males, up to 24 months for females).
Observations were made using a 20-60x telescope. The
groups of animals encountered along transect lines were
assumed to be representative of the population’s demo-
graphic structure.

We tested 12 models (Thomas et al., 2005, 2010) using
Distance. The selection of the adequate model (Buckland
et al, 1993, 2004) was based on the shape of the curve
describing the probability of detecting gazelles in relation
to the recorded perpendicular distances, the AIC (Akaike
information criterion) value, and the value of a * goodness-
of-fit test. The best models have a curve showing a reduction
in the probability of detection with increase in distance
between the observer and the animal, and the lowest
AIC value.

As we wished to detect any seasonal variations we
computed density separately for each season. Seasonal
comparisons of density estimates were made with paired
sample t-tests. All statistical tests were carried out using
SPSS v. 10 (SPSS, Chicago USA). ANOVAs were used to test
for significant seasonal changes, and paired Student f-tests
to examine differences between means. Differences were
considered statistically significant at P < 0.05.
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TasLE 1 Analysis of the results of the line-transect surveys of the Moroccan dorcas gazelle Gazella dorcas massaesyla in M’Sabih Talaa
Reserve, Morocco (Fig. 1), in five seasons from spring 2008 to summer 2009 (there were four surveys in each season), with the selected
models (key/adjustment) and their AIC (Akaike information criterion) value, probability of the x* goodness-of-fit test, effective strip width
(ESW), mean estimated density and its coefficient of variation (CV), and the estimated population size for each line transect survey session

and for the season overall.

Survey (by season) Model* AIC v P ESW (m) Density (ha™) CV of density Population size
Spring 2008

1 HR/C 214.5 0.34 284.28 0.062 19.2 123
2 HR/C 115.2 0.55 215.22 0.05 20.8 99
3 HN/HP 126.8 0.72 248.68 0.061 22.2 121
4 HR/C 103.7 0.39 217.85 0.055 18.5 109
Mean £ SD 29149 £ 73.97 0.057 = 0.006 20.18 £ 1.66 113 £ 11
Autumn 2008

1 U/C 354.6 0.63 178.55 0.041 24.5 81
2 U/SP 336.5 0.47 302.44 0.037 19.4 74
3 U/C 316.5 0.52 174.40 0.056 21.9 111
4 U/HP 246.9 0.44 250.07 0.041 19.9 81
Mean = SD 226.37 £ 61.47 0.044 = 0.009 21.43 +£2.32 87 +18
Winter 2009

1 v/C 3323 0.34 149.24 0.052 24.7 103
2 u/C 294.5 0.55 145.39 0.057 224 113
3 U/SP 341.9 0.72 272.66 0.053 24.1 105
4 U/C 308.4 0.39 152.72 0.061 22.2 121
Mean + SD 180.00 + 61.84 0.056 = 0.004 23.35+1.24 111 £8
Spring 2009

1 U/C 4199 0.74 127.00 0.053 23.5 105
2 u/C 284.3 0.75 141.64 0.046 23.1 91
3 U/HP 340.6 0.22 187.31 0.048 17.6 95
4 U/HP 399.9 0.69 203.52 0.053 19.1 105
Mean £ SD 164.87 + 36.38 0.050 £ 0.004 20.83 £2.93 99 £ 8
Summer 2009

1 U/HP 345.2 0.44 139.53 0.051 20.3 101
2 v/C 297.3 0.75 158.90 0.042 17.9 83
3 U/SP 314.5 0.25 213.06 0.044 21.5 87
4 U/SP 401.2 0.32 264.25 0.055 24.2 109
Mean £+ SD 193.94 + 56.27 0.048 = 0.006 20.98 +2.62 95+ 12

*U, uniform; HR, hazard rate; HN, half normal; C, cosine; SP, simple polynomial; HP, Hermite polynomial (Buckland et al., 2004)

Results

The vegetation of the Reserve is sparse and consequently
visibility is good, and the transect lines enabled us to
obtain a large sample size and cover a large proportion
of the area. The sampling efficiency is indicated by the
percentage cover of the study area, which depends on the
effective strip width. This varied among observation series
(127-302 m; Table 1). The areas sampled along transects,
calculated from the effective strip width and transect
length, were 6.97-9.58 km” (i.e. 35-48% of the total area of
the Reserve).

The mean density estimates (Table 1) varied significantly
among seasons (one-way ANOVA: F, , = 3.607, P < 0.05).
The estimated population declined significantly from 113
to 87 individuals between April and November 2008 (f = 4.045,
df =3, P<o0.05), and then increased non-significantly
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to m (t=-2.209, df =3, P=o0.14) in February 2009,
primarily because of recruitment. After a non-significant
decline to 99 (t = 2.649; df = 3; P = 0.077) from February to
April 2009, the estimated population remained nearly
constant, at 95, in August 2009.

A total of 1,835 animals were detected over all surveys
(Table 2), of which 54% were adults (21.4% males, 32.6%
females), 40.1% were subadults (14.1% males, 26% females)
and 5.9% were fawns. Irrespective of age, and excluding
fawns, 36.1 and 63.9% of individuals were male and
female, respectively. One-way ANOVAs indicated no
significant seasonal changes in demographic structure
(proportions of males/females, and of age classes, excluding
fawns). The female: male ratio averaged 1.64 + SD o.07
(range 1.53-1.73). Estimates of fecundity were based on
results from the transect surveys (i.e. fawns accompanying
their mothers) and do not account for post-partum mortality.
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TaBLE 2 Demography (numbers and percentages) of the Moroccan dorcas gazelle in the M’ Sabih Talaa Reserve, Morocco (Fig. 1), surveyed

over five seasons in 2008-2009.

Spring 2008 Autumn 2008 Winter 2009 Spring 2009 Summer 2009

n % n % n % n % n %
Males 184 39.48 127 36.59 165 38.01 103 37.73 95 37.25
Females 282 60.52 220 63.41 269 61.99 170 62.27 160 62.75
Adult males 105 21.04 78 22.51 103 20.45 62 21.18 57 21.69
Adult females 166 33.27 115 3321 156 31.09 89 31.17 89 34.21
Subadult males 79 15.83 49 14.01 62 12.44 41 13.89 38 14.53
Subadult females 116 23.25 105 30.27 113 2251 78 26.52 71 27.23
Fawns 33 6.61 0 21 13.51 7 7.24 2 2.34

The maximum apparent fecundity rate, recorded in winter
(February) 2009, was 0.44 £ SD 0.02 fawns per adult female.

Discussion

The mean population estimates of 111 and 99 dorcas gazelles
in winter and spring 2009, respectively, in M’Sabih Talaa
Reserve are 42.8 and 52.6% lower than Marraha’s (1996)
corresponding estimates of 194 and 209, the only other
available estimates. The corresponding density estimates of
0.056 individuals per ha in winter 2009 and 0.050 in spring
2009 are also lower than those estimated by Marraha (1996;
0.105 in winter 1996 and 0.092 in spring 1995) and by
Loggers (1992; 0.096 in late summer—autumn 1986 and 0.104
in winter 1987), suggesting a population decline during the
previous 14 years. Present and past density estimates in
M’Sabih Talaa are lower than the density of dorcas gazelles
in the Ténéré Nature Reserve (Niger), a sandy hyperarid
(annual rainfall range 0-75 mm) region in the south central
Sahara, where the density reached 0.16 ha™ (Grettenberger,
1987), but higher than the density of the species in Makhtesh
Ramon (mean annual rainfall 56 mm) in the Negev desert
(0.002-0.020 ha™"; Lawes & Nanni, 1993). Both of these areas
are sparsely vegetated, with most vegetation concentrated
along watercourses.

We reviewed other estimates of the population of the
dorcas gazelle in M’Sabih Talaa Reserve. Cuzin et al. (2007)
reported an estimated 600-700 individuals in October
2006 based on accounts given by Reserve rangers. However,
population estimates based on non-systematic methods
should not be considered when making comparisons, as
such estimates can establish incorrect assumptions
(Caughley, 1974) that can drive misguided management
strategies. The periodic fluctuation of the population size
and age structure of the dorcas gazelle in the Reserve may
indicate that recruitment of young cannot compensate for
mortality. Causes and levels of mortality in this population
need to be examined and monitored.

The observed population structure of the dorcas gazelle
in M’Sabih Talaa Reserve is similar to that of other
territorial, polygynous ungulates. The sex ratio is biased in
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favour of females, as reported for other populations of the
same species (Grettenberger, 1987; Lawes & Nanni, 1993).
The mean sex ratio observed in our study was higher than
that reported for the same population in September 1986
(1.30; Loggers, 1992) but slightly lower than reported in April
1995 (1.85; Marraha, 1996). The highest value recorded for
the species is 3.00, for the Hai-Bar dorcas gazelle population
in the Negev desert (Baharav, 1980).

As the breeding period of the dorcas gazelle in the
arid environment of Israel is from September to November
(Yom-Tov et al, 1995) and given a gestation period of
c. 6 months recorded in captive individuals (Slaughter,
1971), the maximum number of fawns would be expected to
occur from winter to early spring . The maximum apparent
fertility rate (the number of fawns per adult female)
recorded in the M’Sabih Talaa Reserve population, in
February 2009, was lower than those recorded for the same
population in January 1995 (0.77; Marraha, 1996), September
1986 (0.91) and January-February 1987 (0.83; Loggers, 1992).
These values are within the range of 0-2.18 recorded
in captive 1-8 year old female dorcas gazelles in the Estacion
Experimental de Zonas Aridas, Spain (Alados & Escos,
1991).

In all seasons adults constituted the largest percentage
of the total population (51-59%), followed by immatures
(35-41%). Marraha (1996), using the same methods,
recorded similar percentages of adults (58-61%) but lower
percentages of immatures (14.7% in April 1995, and 31.4% in
January 1996). The decline of fawns from 13.5% of the
population in February 2009 to 2.34% in August 2009, with
no significant increase in immature individuals (41-39%),
may indicate either a decrease in fertility rate or an increase
in fawn and immature mortality rates during spring and
summer. This could have been caused by feral dogs and/or
poachers (Baba Khouya, pers. comm.). We suggest that the
combined effects of the apparently lower fertility rate and
higher mortality rate may explain the apparent decline of
the dorcas gazelle population in the M’Sabih Talaa Reserve.

The population of dorcas gazelles in M’Sabih Talaa
Reserve is the remnant of the Moroccan dorcas gazelle
population formerly widespread on the interior plains north
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of the Atlas mountains. The nearest groups of wild dorcas
gazelles are in the Souss Valley, south of the western High
Atlas mountains, where the last record of dorcas gazelles
was in 1987 (Cuzin, 2003). In eastern Morocco, on the other
side of the Atlas range, the species currently occurs only
within the fenced reserve of El Kheng (Cuzin, 2003). The
M’Sabih Talaa population has therefore probably been
isolated for c. 60 years, which could have led to inbreeding
depression. This is yet to be examined genetically, however.
Long-term monitoring is needed to obtain more infor-
mation on population dynamics, particularly mortality
and fecundity rates. Such data, along with information on
population genetics, are required for a population viability
analysis. Such an analysis would provide the appropriate
authorities with a robust scientific base from which to
establish a conservation strategy for the remnant and
isolated population in the M’Sabih Talaa Reserve.

Because of a lack of technical staff and rangers the
population of the M’Sabih Talaa Reserve continues to
decline and may soon fall below the minimal viable
population size unless action is taken. The last estimate of
the population size, in autumn 2010, was < 8o individuals
(authors, unpubl. data). We recommend that strict
conservation measures are implemented to preserve this
threatened subspecies of the dorcas gazelle. The main
conservation actions required are the suppression of
poaching and feral dogs, the creation of other reserves to
receive dorcas gazelles from M’Sabih Talaa (to avoid loss
of the single population from a catastrophic event), and
the implementation of a genetic management programme.
Reinforcement programmes also need to be avoided, as
suggested by Mallon & Kingswood (2001), as these would
compromise this unique population by the admixture
of individuals of different origins.
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