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Abstract The Barbary macaque Macaca sylvanus is im-
periled throughout its distribution range in north-west
Africa. In the summers of  and  we used the piece-
wise line-transect distance sampling method to study the
southernmost population in the High Ourika valley, in the
western High Atlas of Morocco. This rugged mountainous
area is dominated by degraded fruit-poor environments,
mostly holm oakQuercus rotundifolia forest patches. We lo-
cated four and two groups in  and , respectively,
and estimated population sizes of  and  individuals.
The mean group size was  individuals in  and  in
. The estimated mean density (individuals per km) var-
ied among groups (–), with a mean of . The popula-
tion structure varied significantly among groups and years.
Our records comprised . and % adult males, . and
% adult females,  and % subadults,  and % juveniles
and . and .% infants in  and , respectively. In
both years –% of the population consisted of young in-
dividuals (subadults excluded). The mean sex ratio among
adults was  : . The apparent fecundity rate was . infants
per adult female. We propose conservation actions to pro-
tect this peripheral population of Barbary macaques.
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Introduction

The Barbary macaque Macaca sylvanus is the only non-
human primate in Africa north of the Sahara desert

(Fooden, ). In Morocco the existing populations live
in fruit-poor environments and habitats that have been

significantly modified by people. In the past – years
the North African population declined from c. ,–
, (Taub, ; Fa, ) to fewer than ,–, in-
dividuals (Lilly & Mehlman, ; von Segesser et al., ).
The species is categorized as Endangered on the IUCN Red
List (Butynski et al., ) and listed in CITES Appendix II
(CITES, ). TheMoroccan population, which is estimated
to comprise ,–, individuals (Waters et al., ),
with –% occurring in the cedar Cedrus atlantica forests
of the Middle Atlas, has undergone a significant decline
(Camperio Ciani et al., ; van Lavieren & Wich, ;
Ménard et al., a,b). Before and during the s most
of the Moroccan population was concentrated in the
Middle Atlas, representing % of the total global popula-
tion, which was estimated to comprise a maximum of
, individuals at that time (Deag, , ; Taub,
). In the High Atlas a total of  groups were detected
in small and fragmented habitats, with  individuals
counted (El Alami et al., ). Fourteen populations were
previously reported in the southern Middle Atlas and High
Atlas (Cuzin, ). In the High Ourika valley, western High
Atlas, four groups were reported (Cuzin, ).

Distance sampling is the most common method of con-
ducting primate population censuses (e.g. Glenn, ;
Gonzalez-Kirchner, ; Wallace et al., ) and has
been used to estimate the Barbary macaque population in
the Middle Atlas (van Lavieren & Wich, ; Ménard
et al., a,b). In areas with rugged terrain, piecewise line
transects (Patterson, ) can be used as an alternative,
as demonstrated for the booted macaque Macaca ochreata
in South Sulawesi, Indonesia (Riley et al., ). The pur-
pose of the research reported here was to determine the
size and structure of the groups and population of
Barbary macaques in the High Ourika valley.

Study area

The High Ourika valley (–, m elevation) is in the
peripheral zone of Toubkal National Park,  km south-east
of Marrakech (Fig. ). The climate is Mediterranean, with a
late spring–summer dry season and an autumn–winter to
early spring wet season. The mean annual temperature
range is .–.°C. The vegetation cover is dominated by
forest patches of degraded holm oak Quercus rotundifolia
along with other sparsely distributed tree species, and
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numerous herbaceous species (Ouhammou, ). Various
fruit trees are cultivated and crop-raiding is frequently a
cause of conflict between people and macaques.

Methods

We surveyed the macaque population using the line transect
sampling method, based on the detection probability esti-
mated from the linear distances between detected animals
and the observer (Buckland et al., ). We used piecewise
linear transects, segmented according to the topography; the
length of the survey was the sum of all the transect segment
lengths (Burnhamet al., ; Patterson, ).We used a glo-
bal positioning system (GPS) to define eight line transects,
with a total length of . km, alongmountain ridges and val-
leys (Fig. ) to ensure that the study area was covered system-
atically, with a total of  individual linear segments with an
overallmean lengthof m(–mper transect). Basedon
behavioural observations, the survey was conducted when
macaques are most active (.–. GMT) in mid July–
late August  and , after the end of the birth season.

An observer walked at a speed of  km.h−, traversing each
transect alternately once or twice per week; each transect
survey was replicated three times. Transect surveys were
not repeated on the same or consecutive days. For each indi-
vidual or group detected the observer used a laser rangefind-
er to measure the distance between the line segment and the
individual or the centre of the group, along with the angle
between the forward direction of the line segment and the

initial location of the macaques. Time, location, number of
individuals and group composition were also recorded. The
detected groups were identified after being monitored on
several occasions during –. The sex and age class
of observed individuals were determined using criteria de-
fined by Turckheim & Merz () and used by Ménard
et al. (). The sex ratio was calculated as the number of
adult males to adult females, and the apparent fecundity as
the mean number of infants per adult female on the basis of
all detected adult females and infants (age up to  year).

One key assumption of the line transect method is that all
individuals are detected at their initial location. Movement
independent of the transect and observer can thus cause
substantial bias in abundance estimates and its possible ef-
fects should be considered in line transect surveys. It arises
from both the detection process inherent in line transect
sampling and from the movement characteristics of the tar-
get animal. There are currently no analytical methods to
deal with this reality; however, bias can be reduced by
searching further perpendicularly to the line, searching
less far ahead and ignoring individuals that overtake the ob-
server (Glennie et al., ).

The data were analysed using Distance v. . (Thomas
et al., ), which models the function of the detection, de-
scribing the decrease in the probability of detecting the tar-
get species according to the perpendicular distance from the
transect line. The selection of adequate models among 

tested was based on the shape of the curve describing the
probability of detecting macaques in relation to the recorded

FIG. 1 The locations of eight line
transects in the Ourika valley, in the
western High Atlas Mountains, Morocco,
used to survey for the Barbary macaque
Macaca sylvanus.
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perpendicular distances, the Akaike information criterion
(AIC) value, and the value of a χ goodness-of-fit test. The
AIC is defined by AIC =−*Loge (L) + p, where L is the
log-likelihood function evaluated at the maximum likeli-
hood estimates of the model parameter and p is the number
of parameters in the model. This criterion provides a meth-
od to select the best model from a set of models to fit the data
at hand. For a given data set, AIC is computed for each
model and the model with the smallest AIC is considered
to be the best. The best models have a curve showing a re-
duction in the probability of detection with increased dis-
tance between the observer and the animal, and the lowest
AIC value (Buckland et al., , ). We conducted
ANOVAs to test for significant differences (α = .) in
mean size and density among groups and years, using
STATISTICA . (StatSoft Inc., Tulsa, USA).

Results

In summer  four groups were identified ( observa-
tions in total) in the study area, from north-east to south-
west, as follows: group , Tourcht; group , Setti Fatma;
group , Tamatert; and group , Kissaria. However, in sum-
mer  only groups  and  were detected ( observations
in total; Fig. ). The mean group size varied from  indivi-
duals (Kissaria) to  (Setti Fatma), and from  (Tamatert)
to  (Setti Fatma), in  and , respectively (Table ).

We detected  and  macaques in total in  and
, respectively. The effective strip width varied among
observation series from  to m (Table ). Probabilities
of the χ goodness-of-fit tests for all AIC values of the se-
lected models were. %. In summer  the mean density
estimates (Table ) varied significantly among groups (one-
way ANOVA: F, = ., P, .) from the north to the
south of the study area: . ± SD . individuals in
Tourcht, . ± SD  in Setti Fatma, . ± SD  in
Tamatert, and . in Kissaria. The mean group size was
c.  individuals. The corresponding mean densities were
. ± SD , . ± SD , . ± SD  and . indivi-
duals km−. The total population size was estimated to be
 individuals, with a mean global density of . indivi-
duals km−. In summer  the mean group size in Setti
Fatma and Tamatert was  ± SD . and  ± SD . indivi-
duals, respectively; the total population size was estimated to
be  individuals. Two-way ANOVAs (Table ) indicated
that mean density and population size estimates were sig-
nificantly higher in Setti Fatma than in Tamatert in both
years, with higher values in both localities in  than
. However, there was no significant year–locality inter-
action for the two variables (P. .), indicating that the
effects of these two factors on the mean density and popu-
lation size were independent.

In  the whole population comprised .% adults
(.% males and .% females), .% subadults,

.% juveniles and .% infants. Male to female-biased
adult sex ratios of . and .were observed in Tourcht and
Kissaria, respectively. In Setti Fatma and Tamatert adult sex
ratios were relatively balanced (. and ., respectively).
Overall the population showed a balanced adult sex ratio
(.). The mean apparent fecundity rate was . infants
per adult female. In summer we recorded lower percen-
tages of adult males and females (. and .%, respective-
ly) and relatively higher proportions of subadults and
juveniles (. and .%, respectively) but a similar propor-
tion of infants (.%). As in , relatively balanced adult
sex ratios were recorded in Setti Fatma and Tamatert (.
and ) and for the two groups combined (.). The mean
apparent fecundity rate was . infants per adult female.

Discussion

This was the first reassessment of group number, size and
structure of this peripheral population of Barbary macaques
in the High Ourika valley, using the line-transect distance

FIG. 2 Age and sex structure of the four Barbary macaque
groups located in the High Ourika valley (Fig. ) in the summer
of (a)  and (b) .
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sampling method, since the descriptive report of Cuzin
(). The four groups detected in summer  had
been identified previously at the same sites (Cuzin, ).
Regardless of counting methods, there were evident changes
in group sizes and numbers of macaques observed between
our study and that of Cuzin (). Groups  (Tourcht) and
 (Kissaria) were present in summer  but not in ;
they may have exploited more favourable areas outside the
surveyed area, perhaps in the adjacent valleys, following the
chronic drought that occurred after . Group 

(Kissaria) was slightly larger in summer  than in sum-
mer  ( vs  individuals). For group  (Setti Fatma) at
least  individuals were recorded in  and – indi-
viduals in , reported by Drucker and Paine, respectively
(cited in Cuzin, ). The large group size reported in the
early s (Cuzin, ) was probably a result of dynamic
events (i.e. group fusion). Group  (Tamatert) was larger in
summers  and  than in summers ,  and

 ( and  vs – individuals). Overall, the group
size varied from  to , which is comparable to that gen-
erally observed under natural conditions in Morocco (Deag,
; Taub, ; Fa, ). The smaller population size in
summer  (– vs  individuals in ) could be at-
tributable to either natural or human-caused mortalities, or
emigration of macaques chased out of the valley by farmers
in response to crop-raiding.

The population density varied with area, habitat type and
time period (Table ). The estimated mean density in the
High Ourika was – individuals km−, depending on
the group. The particularly high density estimates for
group  (Setti Fatma) could be related to the relatively
small surface area of the surrounding uncultivated lands oc-
cupied by macaques. A home range of  ha, which did not
include the surrounding potentially exploited zones, namely
waterfalls and the adjacent Tourcht valley, was reported for
this group (Cuzin, ). The mean population density of

TABLE 1 The results of line transect surveys of the Barbary macaque Macaca sylvanus in the High Ourika valley, Western High Atlas,
Morocco (Fig. ) in the summers of  and , with the selected models (key/adjustment) and their AIC values, effective strip
width, mean estimated density and coefficient of variation (CV), and the estimated size of each survey group.

Survey Model1 AIC ESW (m) Density, km−2 (CV) Group size

Group 1 (Tourcht) 2009
1 U/C 100.11 94.66 30.581 (0.171) 30.44
2 U/SP 102.95 109.91 23.013 (0.359) 22.91
3 U/C 95 115.58 17.625 (0.271) 17.54

Mean ± SD 106.717 ± 10.82 23.74 ± 7 (0.267) 23.63 ± 6.5

Group 2 (Setti Fatma) 2009
1 U/NE 72.91 52.019 95.26 (0.292) 25.60
2 U/C 109.7 96.63 153.846 (0.133) 41.35
3 U/C 87.18 126.88 113.125 (0.222) 30.40

Mean ± SD 91.843 ± 37.66 120.744 ± 30 (0.216) 32.45 ± 8

Group 2 (Setti Fatma) 2013
1 U/NE 108.226 77.216 141.402 (0.433) 38.03
2 U/C 143.808 126.674 201.680 (0.174) 54.20
3 U/C 131.052 190.731 170.054 (0.334) 45.71

Mean ± SD 131.54 ± 57 171.045 ± 30 45.97 ± 8

Group 3 (Tamatert) 2009
1 U/C 44.73 87.65 15.203 (0.278) 14.58
2 U/C 35.39 83.38 17.635 (0.137) 16.91
3 U/C 54.44 93.38 18.698 (0.378) 0.36

Mean ± SD 2013 88.137 ± 5.02 17.179 ± 2 (0.264) 16.48 ± 9

Group 3 (Tamatert) 2013
1 U/C 62.278 122.037 21.167 (0.387) 20.30
2 U/C 55.974 131.876 27.892 (0.217) 26.75
3 U/C 104.469 179.195 35.881 (0.725) 34.44

Mean ± SD 150.37 ± 40.85 28.313 ± 7.36 27.16 ± 7

Group 4 (Kissaria) 20092

1 U/C 44.07 82 10.157 (0.218) 11.50
2
3

Mean ± SD 82 10.157 (0.218) 11.50

U, uniform; C, cosine; SP, simple polynomial; NE, negative exponential (Buckland et al., ).
For this group only one of the models tested provided the best estimate.
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Barbary macaques in the High Ourika valley ( individuals
km−) is within the range of estimates reported – years
ago at Ain Kahla, Middle Atlas (– individuals km−;
Taub, ; Fa, ). However, it is lower than that reported
in  ( individuals km−; Deag, , ) and higher
than more recent estimates for various areas in the Middle
Atlas (Camperio Ciani et al., ; van Lavieren & Wich,
; Ménard et al., a,b).

The groups studied presented the multi-male and multi-
female structure typical of the species (Fooden, ). The
adult sex ratio in the population was balanced, as was also

reported in Algeria (Ménard & Vallet, ). However,
this is above the range estimates for Macaca spp. (.–
.; e.g. Sugiyama, ; Mukherjee & Mukherjee, ;
Simonds, ).

Overall, there were equal proportions of sexually mature
and immature (juveniles and subadults) individuals in the
studied population. This is comparable to –% imma-
ture individuals reported in the western Rif range, in nor-
thern Morocco (Mehlman, ), and in Kabylie, Algeria
(Ménard & Vallet, ). According to the rule of
Southwick et al. (), when the subpopulation of

TABLE 2 Results of ANOVA comparing density and population size of Barbary macaque groups in Setti Fatma and Tamatert, in the High
Ourika valley, western High Atlas, Morocco (Fig. ), in  and .

Sum of squares Degree of freedom Mean square P

Year Population size 439.71 1 439.71 0.014789
Density 2,830.32 1 2,830.32 0.00001

Locality Population size 907.58 1 907.58 0.002152
Density 45,496.66 1 45,496.66 0.000009

Year × locality Population size 6.08 1 6.08 0.725432
Density 1,150.54 1 1,150.54 0.1551

Error Population size 367.36 8 45.92
Density 3,736.36 8 467.04

TABLE 3 Population and density estimates for the Barbary macaque in Algeria and Morocco since .

Location Population/density Year of survey Source

Algeria
Cedar–oak 30 individuals km−2 Unknown Ménard et al. (1986)
Oak 7–30 individuals km−2 Unknown Fa (1984)

Morocco
All forest types 17,000 individuals Unknown Taub (1975)

10,000 individuals 2002 Camperio Ciani et al. (2003)
6,000–10,000 individuals Unknown Ross (2004)
5,000 individuals Unknown Camperio Ciani (in van Lavieren & Wich, 2010)

Rif
Oak/fir 6.73 individuals km−2 1982–1983 Mehlman (1989)

249 individuals 2010 Waters et al. (2015)
200 individuals 1980 Fa (1982)
89 individuals 2004 Waters et al. (2007)

Middle Atlas
All forest types 70 individuals km−2 1968 Deag (1974, 1984)

43 individuals km−2 1977 Taub (1977)
21.3 (12.1–28.2) individuals km−2 2005 van Lavieren & Wich (2010)
9.2 (0.2–23.4) individuals km−2 2007–2008 Ménard et al. (2013a,b)

Cedar 49.5–82.6 individuals km−2 1994 Camperio Ciani et al. (2005)
9.3–14 individuals km−2 2002 Camperio Ciani et al. (2005)

Oak 9.4–19.3 individuals km−2 1994 Camperio Ciani et al. (2005)
2.1–4.4 individuals km−2 2002 Camperio Ciani et al. (2005)

Cedar–oak 23.4–32.2 individuals km−2 1994 Camperio Ciani et al. (2005)
5.2–16 individuals km−2 2002 Camperio Ciani et al. (2005)

Western High Atlas
Oak 43 individuals km−2 2009; 2013 This study

Global Up to 21,500 individuals Unknown Taub (1975)
10,000–16,000 individuals 1992 Lilly & Mehlman (1993)
15,000 individuals Unknown von Segesser et al. (1999)
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immature individuals is , . times the subpopulation of
adult females the population begins to decline, which may
have occurred in the High Ourika, where the value is c. ..
However, the age structure of the population in the High
Ourika indicates a demographically stable population, with
pre-reproductive individuals comprising only –% of the
total population. These values are comparable to those re-
ported for wild populations of other macaque species (Pirta
et al., ; Okamoto et al., ; Kumara et al., ). A simi-
lar mean percentage was found in the Middle Atlas in non-
provisioned groups far from tourist sites (%) but a much
lower value was found in groups near to tourist sites (%;
Ménard et al., a,b). The recorded proportionswere higher
than those found in Middle Atlas populations in the s
(%, calculated fromTable  inDeag, ) and those in vari-
ous habitat types in undisturbed sites in Algeria (–%;
Ménard et al., ; Ménard & Vallet, ; Ménard, ).

The mean apparent fertility rate of . infants per adult
female is slightly higher than the values reported in similar
environments in Algeria (.–.; Ménard & Vallet, ).
This may be related to the availability of cultivated crops
that supplement the diets of young, growing macaques
with more abundant and energy-rich food resources, thus
enhancing their survival rates.

The conservation of the small, peripheral population of
Barbary macaques in degraded and fruit-poor natural envir-
onments in the High Ourika valley requires restoration of
natural habitat and evaluation of the effects of human influ-
ences. We recommend () halting the clear-cutting of holm
oaks, and restricting the number of sheep and goats within
the forest patches, () restoring holm oak forests and favour-
ing the expansion of new forests at higher altitudes, and ()
developing the local economy through an ecotourism project
to compensate farmers for their crop losses. At aworkshop in
Marrakech in November we discussed these recommen-
dations with the Administration of the Toubkal National
Park, Regional Waters and Forests Service. The recommen-
dations have been included in the regional strategic conserva-
tion action plan for the Barbarymacaque in the High Ourika
valley; the first two are about to be implemented, and a
community-based ecotourism project is in preparation.
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