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Abstract
The endangered Barbary macaque (Macaca sylvanus) is the only macaque found wild
outside of Asia. Its population has declined by over 50% in the last 23 years with the main
threats including habitat loss through logging, overgrazing by livestock, illegal trade and
developing negative effects of tourism. The last refuge of this species is in the Middle Atlas
Mountains, Morocco. This refuge is becoming highly degraded through the effects of
overgrazing.
The aim of this study was describe how disturbances created by humans and their
domesticated animals impinge upon the macaques ranging behaviour. This aim was
achieved through the creation of a theoretical framework (anatomy of disturbance) to
characterise the different element of anthropic disturbances events and how they affect the
impact of the disturbance on the macaque troops. A ranking system was created to classify
the severity of each disturbance
Longitudinal data was utilised from the ‘Barbary Macaque project’ and used to calculate
three study troops home ranges (Kernel tests) which were tested for relationships against
temporal, cause and response elements of Disturbance events.
Human disturbance was successfully categorised and shown to have an effect on the study
troops ranging behaviour, linked to seasonal effects on their home range. A significant
relationship was demonstrated between the cause of disturbance and the response of the
macaques and the influence of seasonal effects on the cause of the disturbance events
(combination of Berber shepherd, dog or sheep/goats). Conservation recommendations
were made at the end of study to deal with the effects of overgrazing and feral dogs that
was highlighted through this study.
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1 Introduction
1.1 The Problems faced by Barbary Macaques
The Barbary macaque (Macaca sylvanus) is the only wild non-human primate found north of
the Sahara (Fa, 1983). It is the only species in its genus outside Asia (Fa, 1983; Taub, 1978;
Fooden, 2007). Unlike many of the other macaque species, the Barbary macaque is a
temperate climate monkey, adapted to living in harsh winter conditions. Its historic range
covered most of Europe and North Africa and it has also been reported in southern Europe
in the 1800s though these reports are unconfirmed (Taub, 1976). Currently, the Barbary
macaque is only found in fragmented populations in Morocco and Algeria, with a semi-wild
population in Gibraltar.
The Barbary macaque is listed in Appendix II of the Convention on International Trade in
Endangered Species of Wild Fauna and Flora (CITES). In 2008 it was classified as Endangered
on the International Union for Conservation (IUCN) Red List as its population had declined
by 50 % over three generations (24 years) (Butynski et al, 2008). In 1978, the global
population was estimated at 23,000 with 17,000 (73%) found in Morocco (Taub, 1978). The
most recent population estimate for the entire macaque population was 15,000 in 1999
(Von Segresser et al, 1999).
The main threat reputed to have caused this significant decline in the Barbary macaque
populations is habitat loss. Historically, most of the lowland and mid-altitude forests where
the monkey was found have been cleared for agriculture. Deforestation from the cutting of
trees for firewood, fodder and timber has continued even in the refuge areas in the higher
altitude mountains (Taub, 1978; Camperio Ciani, 2005). Within these areas, overgrazing by
livestock continually degrades the macaque habitat thus limiting the food supply for the
species (Drucker, 1984; Fa, 1994).
In recent years, tourism (Maréchal et al, 2011; Alami et al, 2012) and the removal of
macaques for the illegal pet trade has been a growing threat as evidenced by the significant
increase in macaques handed in to rescue centres across Europe (Van Lavieren, 2008).
Moreover, human- wildlife conflict between forestry and the macaques has arisen because
monkeys bark-strip which damage commercially important trees and reduce their value
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(Camperio Ciani et al, 2001). Crop raiding has also been reported in the past (Taub, 1978)
and may be on the increase. These threats vary in importance across the different localities
where the species is found (Butynski et al, 2008).
In 1978, David Taub described the Middle Atlas Mountains (Morocco) as “essentially the last
refuge for this macaque’s survival” (Taub, 1978). It is also the largest refuge for the North
African Forest Ecosystem (Camperio Ciani et al, 2001); high-altitude forest expanses
dominated by Atlas cedar (Cedrus atlantica) and oak (Quercus spp.). In recent years the
quality of this habitat as well as its range has declined impacting monkey populations as
well as other wildlife. In 1978, macaque densities were reported to be 40-70 macaques per
km2, with a total population estimated at 7000 to 14,000 or 80% of the estimated total
population of Morocco (Taub, 1978). Recent surveys suggest that monkey density may have
dropped from 23- 30 macaques per km2 in 1995 to 7-10 macaques per km2 in 2002
(Camperio Ciani et al, 2005). A 2005 survey indicated densities of between 12.1 and 28.2
macaques per km2 (Van Lavieren & Wich, 2009).
1.2 The Importance of this Research
It is clear that a number of anthropic factors are still affecting the survival of the Barbary
macaque in the Middle Atlas Mountains. However, which of these threats are having the
greatest impact is less clear. Illegal logging is a major issue but is likely to be related to a
lack of adequate control by the forestry authorities. Moreover, the macaque may be used as
a ‘scapegoat’ to cover inadequate control of forestry practices and corruption.
Recent investigations have suggested that the impact of tourism on macaque populations in
the Middle Atlas is an important cause of disruption (and possibly decline) of the species.
Although this may be an increasing problem there is a need to determine the direct impact
on the monkey’s ranging behaviour. Currently, tourism currently affects only a small
number of troops in this area, but may become a more significant issue in the future. How
much of an impact illegal trade is actually having is still under debate.
All threats are driven by human presence and their increased pressure on the macaque’s
habitat. Daily disturbances of Barbary macaques by humans and their domesticated animals
(including feral dogs) is likely to be the most persistent and pervasive factor affecting the
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ecology of the monkeys in the region. Because of the continuous presence of humans using
the forest to graze their livestock, disruptions caused by these will disrupt the monkey’s
ranging behaviour and even impact their feeding patterns. The latter may affect the
animals’ survival.
Given the likely importance of human and livestock disturbance on the macaques’ ranging
patterns it is fundamental to understand the temporal and spatial dynamics of this form of
potential threat. These findings can directly feed into changing policy that will effectively
reduce the threat posed to the macaques by anthropic disturbance. This will allow informed
future conservation actions that engage with local people and target for change the most
damaging behaviours highlighted through this research.
1.3 Aim and Objectives
The aim of this project is to describe how disturbance caused by humans and their
domesticated animals impinges upon the ranging behaviour of Barbary macaques in the
Middle Atlas Mountains (Morocco). This study focuses at the troop level. This will be
achieved through the following objectives:
1. To create a theoretical framework to illustrate what constitutes an anthropic
disturbance event, breaking down the different characteristics into elements that
take into account temporal, spatial, cause and response factors of a disturbance
event.
2. To characterise anthropic disturbance events in relation to temporal variables,
evaluating whether the timing of a disturbances event has importance.
3. To characterise anthropic disturbance events in relation to spatial variables,
evaluating whether the location of the disturbance event in relation to the troop’s
home range has importance.
4. To characterise anthropic disturbance events in relation to what created the event.
Evaluating which causative agent has most impact and if this variable shows a
relationship to the spatial and temporal variables.
5. To develop a scale of macaque troop response to the disturbance events revealing
the impact of disturbance. To evaluate what spatial, temporal and causative
variables affect the impact of an anthropic disturbance event.
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This study used field data collected by the ‘Barbary Macaque Project’, a longitudinal project
that has been collecting data on macaque troops in the Middle Atlas Mountains (Morocco)
since 2008.
1.4 Thesis Structure
Section 2 provides a background, through reviewing the current status of the literature for
human-wildlife conflict with particular reference to human-primate conflicts. Section 3
described the theoretical and methodological framework used in this project, with
information on how the dataset I used was collected and by whom. Section 4 will present
the results of the study structured according to the objectives of this study. Section 5 will
then discuss the results of this project in the context of other similar studies, while also
exploring the strengths and limitations of the project and concluding with conservation
recommendations for the Barbary Macaque.
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2 Background
2.1 Human- wildlife conflict
Human-wildlife conflict occurs when human populations’ requirements overlap with those
of wildlife, creating costs to the wildlife and residents (World Park Congress, 2003). It can
have far reaching environmental impacts on ecosystem equilibrium, biodiversity
preservation and make species more prone to extinction. In addition to having social and
economic costs for humans it can undermine human welfare, health and safety (Distefano,
2005).
At their extremes these conflicts can result in deaths for both wildlife and humans. An
example of this is the human-elephant conflict in Northeast India where between the period
of 1980 to 2003, up to 1,150 humans and 370 elephant died as a result (Choudhury, 2004).
Extreme consequences can also include a high financial cost, as shown by the U.S. Federal
Agency (responsible for controlling agriculture damage by wildlife) who spent over $60
million in 2001 and had estimated losses of nearly one billion dollars (Treves et al, 2006).
Conflict does not always arise when human and wildlife requirements overlap. In
Madagascar a set of cultural taboos (fady) impose a strict social norm against harvesting in
certain areas and for certain species. This has prevented a potential human-wildlife conflict
and has led to the protection of vulnerable species such as the Lemur (Propithercus
edwardsi) and carnivore (Cryptoprocta ferox) (Jones et al, 2008).
2.2 Primate-human conflict and varying perceptions of the issue
Humans and other primates’ geographical ranges have overlapped through most of Africa,
the Mediterranean region, South and Southeast Asia, Central and South America since our
early evolution (Fuentes, 2012). The rapid increase of human population observed over the
past century (Holdren & Ehrlich, 1974), has resulted in greater human encroachment into
wildlife habitats thus creating more primate conflicts (Siex & Struhsaker, 1999). The more
common examples of conflict are crop raiding resulting in the primate becoming an
agricultural pest (Balakrishnan & Ndhlovu, 1992; Hill, 1998; Marchal & Hill, 2009; Siex &
Struhsaker, 1999) and conflicts arising when primates become tourist attractions (Fa, 1992;
Fuentes, 2006; Maréchel et al, 2012).
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Human-wildlife conflicts can be perceived to be occurring when they are actually not. This
was the case for the Red Colobus monkey in Zanzibar which was considered by local farmers
to be an agricultural pest in their coconut plantations. In reality, the monkeys’ actions were
shown to benefit coconut production through a pruning effect (Siex & Struhsaker, 1999). In
other cases the perceived driver behind the conflict can be inaccurate while the conflict still
exists. An example of this is the bark stripping behaviour of the Barbary Macaque in
Morocco. Officials believed it was due to increasing populations of macaques while it was
shown to be a response to overgrazing, drought and exclusion from water resources
(Camperio Ciani et al, 2001).
How humans interpret the behaviour of primates has been shown to affect how they
respond to these conflicts. Hill & Webber (2010) discussed two case studies of similar crop
raiding by baboons (Papio Anubis) and chimpanzees (Pan troglodytes) in Uganda. The
baboons were dealt with far more harshly as they behaviour was seen as militaristic while
the chimpanzees behaviour was seen to be more endearing. Local people were applying
their sense of morality onto the primates’ behaviour which influenced their response to the
crop raiding conflict.
The issue of how people perceive primate-human conflicts demonstrates the importance of
carrying out research into these perceived conflicts, to confirm if there is a conflict, what is
driving the conflict and thus be able to determine what are the most effective management
actions to resolve the conflict.
2.3 Ethnoprimatology; A new way to study human-primate conflict
Ethnoprimatology is a new research approach bringing human-primate interface into
context of both ecological and cultural factors, and applying the findings for more effective
conservation (Riley, 2007). Ethnoprimatology research consists of large, multidisciplinary
projects that break down human-primate conflict into different components including
social, economic and the political history of the local people (Fuentes, 2012). Its main
underlying themes are that the influence of human pressure has touched every habitat and
primate species and that human evolution has run alongside that of primates for millennia,
therefore we have been interacting with primates since our early origins (Riley, 2007).
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Ethnoprimatology helps to provide clarity to the complexity of primate-human conflicts.
Although in some cases I feel this style of research may be over thinking the issue and not
finding the right balance of when to take action, before it is too late.
2.4 Examples of two types of conflict; crop raiding and tourism
Primates that display phenotypic plasticity in their behaviour allowing them to adapt to
survive in agricultural land use systems, fall into direct competition with humans. This is the
basis of crop raiding conflict (Marchal & Hill, 2009; Siex & Struhsaker, 1999). Cultural
conceptions of what is a ‘Pest’ may influence local people’s perceptions of primates with
regard to crop raiding issues (Hill & Webber, 2010).
Primates dominate lists of crop-raiders in the surrounding areas around African parks and
reserves (Balakrishnan & Ndhlovu, 1992). Research has shown that different primates will
eat different plants and their parts, and have a different monthly pattern of crop foraging,
with temporal peaks in crop raiding throughout the year (Naughten Treves et al, 1998;
Marchal & Hill, 2009). The position of a farm in relation to the forest edge has been shown
to also affect the level of crop raiding (Hill, 2000).
Work has been carried out that primarily focuses on the conflict at the primates level
(Balakrishnan & Ndhlovu, 1992) although other research looks more at the human aspect of
the conflict (Marachal & Hill, 2009) utilising questionnaires and gaining information from
local people while the direct costs of crop damage and indirect costs of additional labour
have been quantified (Hill, 2000) A study by Marachal & Hill (2009) demonstrated that
twenty different crop protection techniques were used, ranging from passive deterrence
methods to active deterrence methods. They separated active deterrence methods into
those that caused harm (shooting, trapping & chasing with dogs) and those that didn’t
(shouting, throwing sticks). More of a conflict arises when the primates carrying out the
raiding are protected by law which results in farmers bearing the brunt of conservation
policy (Hill, 2000).
The Barbary macaques (Macaca sylvanus) of Gibraltar are a prime example of the primatehuman conflict that can surround tourism. A semi-wild provisioned population exist on the
rock of Gibraltar which has become a key tourism site since Gibraltar became more open to
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tourists through the opening of the border with Spain in 1985. Fa (1992) showed that the
biting of tourists was a density dependent phenomenon with more bites in summer and in
the afternoon linking to increased tourist numbers. The increase of high calorific food fed to
the macaques led to range and behaviour change. The findings of a paper published later by
(2006) suggested that biting of tourists was more dependent upon food availability than
tourist density although they admitted that thy density and food availability was linked.
Both papers propose the possible infection risk for both macaques and humans from these
tourist interactions.
2.5 Attempts to categorise disturbance and effects of home range
Fuentes 2008 categorised the interaction patterns between humans and the long tailed
macaque (Macaca fascicularis) in Singapore where the macaques have not been marketed
as a tourist attraction. The study included 92.5 hours of observations over a period of 16
days reporting 730 human-macaque interactions. It demonstrated that people were less
likely to feed macaques than to feed them although the presence of human children
increased the likelihood of feeding interactions. This paper focused more on the human
side of interaction rather than the macaque instead of presenting a balanced view. The
study period was also only 16 days which is not enough to show change in interaction
through change in seasons.
Bishop et al (1980) attempted to standardise a method of rating human disturbance trialling
it on primates within South Asia. They felt that the terminology of ‘disturbance’ imposed a
negative connotation. To demonstrate how the impact of human influence could vary, they
created an ordinal scale for data already collected through choosing four variables and
classifying them on a four point scale,
1. Home range. Ranging from undisturbed habitat to urban habitat.
2. Harassment of animals by people through hunting, harassing or driving off crops.
Ranges from animals being undisturbed to intensive disruption.
3. Habituation to humans. How much the presence of humans disrupts the monkey’s
behaviour. Ranges from wild (flee and hide when humans appear) to habituated and
routinely commensal. Does not move away from benign human approach.

9

4. Presence of predators. Range from full component of predators to no predators at
all including no dogs (has not been shown in study)
They included additional measures of human presence that could be added in developing a
more accurate assessment. This paper was one of the first attempts to measure less
obvious effects of human pressure on habitats. Their ordinal scale allows retrospect scoring
which is highly advantageous. Through being able to score human impact like this we can
then rate and compare different.
Riley (2008) Investigated Tonkean macaques (Macaca tonkeana) in Sulawesi comparing two
troops of that lived in habitats with different levels of human alteration and habitat quality.
He demonstrated that the troop with the most altered habitat showed a larger home range
and utilized a more limited area within their home range. He concluded that was a display
of the macaques adapting to the human-modified areas.

2.6 Introduction to the field site

The Study site was Ifrane National Park (33⁰25’N; 05⁰10’W) near Azrou which is 70km south
of Fez in the Middle Atlas Mountains of Morocco and has an altitude ranging from 1,500 to
1,900 metres. The study site lies within the Mediterranean climate belt and can be
categorised by four distinct seasons; Arid summer with little rainfall, autumn with high
levels of rainfall and some frost, cold winter with high levels of precipitation as either snow
or rainfall and spring containing very high rainfall with high temperatures.
The Middle Atlas Mountains are the last remaining large north African forest with the
vegetation consisting of mixed oak and cedar forest, mainly characterised by cedar (Cedrus
atlantica) and various species of oak (Quercus rotundifolia and Quercus faginea). There are
over 30 species of tree and over 300 species of shrubs and herbs found there. The areas still
host a small population of lynx (Lynx serval) and relict populations of Berber deer (Cervus
elaphus). Foxes (Vulpes vulpes), jackals (Canis aureus) and wild boar (Sus scrofa) are more
common.
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3 Methodology
In this section I will first outline the theoretical framework created to illustrate the different
elements of an anthropic disturbance event for the macaque troops. I will then introduce
the database (provided by the ‘Barbary Macaque Project’) used in this investigation, clearly
demonstrating how the data was collected and the different questions it related to. The
final part of this section outlines my methodological framework, the statistical test used and
the justifications for their use.
3.1 Anatomy of Disturbance: a theoretical framework
The first objective of this investigation is to create a theoretical framework that breaks
down an individual anthropic disturbance event into its different explanatory variables and
demonstrates how they could interact to affect the severity of impact. The data used for
analyses was already collected previous to my project therefore I made the ‘Anatomy of
Disturbance’ (illustrated by Fig 3.1.) as an working framework. It categorises a disturbance
event to comprise of four elements: Temporal, Spatial, Causes and Responses and
demonstrates what sphere of influence each element has on another.
The first three elements (Spatial, Temporal and Cause) are explanatory variables that
categorise a disturbance event while the last (Response) is an explanatory variable
demonstrating the troops response to the disturbance. The four elements are described in
more detail below:
1. Temporal: Places the disturbance event into the context of when it occurred within
the day, month and season allowing me to find any pattern to when disturbances
occur.
2. Spatial: Describes the location of the disturbance event and places it into the context
of the home range of the study troop allowing me to see any pattern in the location
of disturbances.
3. Cause: Informs what causative agent created the disturbance event enabling me to
see which agent creates most of the disturbances.
4. Response: Describes the impact that a disturbance event has on the behaviour of
the study troop demonstrating a range of severity of impact that can be connected
to the explanatory elements.

11

Figure 3.1 Anatomy of disturbance, describes elements of anthropic disturbance events for
Barbary macaques. Compromises of four elements (each colour coded); Cause (red),
Response (blue), Spatial (green) and Temporal (maroon). Each element has a variable or
variables (Response & Temporal) which data has been collected for. Variable is in a colour
coded box with a number before it, a description of the variable and categories of the data
are located directly below the box. Large colour coded line for each element indicates
sphere of influence, Temporal encloses all other elements and Spatial encloses Cause and
Response. Arrow from Cause to Response box indicates the direct effect of one upon the
other.
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These elements theoretically interact together as shown by Fig 3.1. The Cause element is
directly responsible for creating the disturbance event and thus influences the Response
element. The other two elements place the disturbance into context of its surroundings
both spatially and temporally. Cause and Response elements could be compared to a heart
and lung, with Spatial and Temporal representing the flesh and muscle. The heart and lungs
power the body, but the flesh and muscles can determine how hard the heart and lungs
have to work.
3.2 ‘Barbary Macaque Project’: a longitudinal project
The database used in this investigation was provided by the ‘Barbary Macaque Project’
through collaboration with Dr Bonaventura Majola (director & creator) from the University
of Lincoln. This longitudinal project started in January 2008. It was initially created as a
collaboration between the University of Lincoln and Ecole Nationale Forestière d’lngénieurs
(Morocco), with subsequent collaborations from the University of Roehampton, Gottingen
and Gent.
The aim of this longitudinal project is to understand the “socio-ecology of the Barbary
Macaque” to calculate how socio-ecological factors shape social evolution and behavioural
diversity (www.barbarymacaque.blogs.lincoln.ac.uk). Human wildlife interaction is the
research topic of this project (7 total research topics as shown by Table 3.1.) which directly
relates to my investigation. Therefore by using this database I am taking data that has been
collected mainly for behavioural and ecological purposes and using it for conservation
research.
Table 3.1. Research topics of the ‘Barbary Macaque Project’ demonstrating which institutes
are contributing to the topics.
1
2
3
4
5
6
7

Research Topic
Ecology and food competition
Social relationships and cooperation
Conflict management
Reproductive tactics and stress hormones
Between-group competition
Parasite infection
Human Wildlife Interactions

Collabrating Universities
ENFI, Lincoln & Roehampton
Lincoln
Lincoln
Gottingen & Lincoln
Lincoln
Lincoln & Gent
ENFI, Lincoln & Roehampton
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Through the life of this project PhD, Masters and Bachelors students have made
contributions. The main data collection was undertaken by four PhD students. Information
on them and their research is listed below:
1. Dr Richard McFarland. Started 2007. Current status: finished. Title of thesis: ‘The socioecology of Barbary Macaques (Macaca sylvanus), Morocco.
2. Chris Young. Started 2009. Current status: final write up. Topic: Cooperation and
competition in wild Barbary Macaque males.
3. Sandra Molesti. Started 2010. Current status: finished field work collection. Topic: To
assess the mechanism underlying the choice of social partner in cooperative situations.
4. Laetitia Marachel. Started 2011. Current status: carrying out fieldwork. Topic: The
impacts of tourism on anxiety and physiological stress of Barbary Macaques.
3.3 Introduction to the Database
The database contains data on five Barbary macaque troops collected over 4 years from the
Middle Atlas Mountains (Morocco). The study troops were named: Green, Large, Scarlet,
Tourist and Flatface. Each troop’s data is divided into range and disturbance data. Each
troop was studied for a different period and their data contains different amounts of
observations (Table 3.2 & 3.3).
Table 3.2 Disturbance data parameters for each study troop and troops combined.
Parameters include total data entries, time period of research and total days observations
were made.
Troop
Flatface
Large
Green
Scarlet
Tourist
Combined

Start date
25/06/2008
22/10/2008
24/10/2009
06/05/2010
07/09/2011
25/06/2008

Finish date Total days Total data entries
14/05/2009
11
14
05/09/2009
70
109
07/01/2012
75
131
17/04/2011
62
123
07/01/2012
16
28
07/01/2012
234
405
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Table 3.3 Range data parameters for each study troop and troops combined. Parameters
include total data entries, time period of research and total days observations were made.
Troop
Flatface
Large
Green
Scarlet
Tourist
Combined

Start date
24/06/2008
23/09/2008
08/10/2009
07/07/2010
29/11/2010
24/06/2008

Finish date Total days Total data entries
03/09/2009
172
730
21/08/2009
100
386
09/01/2012
482
3483
17/04/2011
103
573
13/01/2012
128
4325
13/01/2012
985
9497

Initially Flatface and Large troop were habituated by Richard McFarland. The winter of 2009
was particularly harsh with a prolonged period of snow cover which the troops did not
survive. To continue his PhD Richard re-habituated Green troop. Chris Young habituated
Scarlet troop in 2010 and data collection was started on the Tourist troop also in 2010.
3.4 How the data was collected
Initially the troops were habituated through prolonged exposure to the investigators.
Researchers were frequently present among the troops and this allowed the macaques to
become accustomed to their presence and behave normally in front of them. The following
main steps were carried out in the data collection:
1. The team would drive to the closest parking point to the home range of the macaque
troop to be studied that day.
2. The team would then search the home range of the troop until they located them. Once
the troop was located they would record its location using GPS and take a range of
observations linked to their research questions.
3. They would then follow the troop for the rest of the day taking GPS recordings of the
troop’s location combined with other observations approximately every hour, until the
point they had finished their data collection for the day.
4. If they observed any disturbance events that affected the troop they would record the
GPS location and observations categorising the disturbance.
5. Once they had collected all the information they required for the day they would return
to their vehicle and leave.
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Steps 2 and 3 contributed to the range data and step 4 contributed to the disturbance data.
Many other behavioural and ecological recordings were taken that were not in the
database. The collection steps resulted in variation in the amount of data collected for each
troop as:


The time taken to locate the troop would vary. In some cases the troop could be found
instantaneously while other days it could take up to 5 hours. Therefore the time spent
with the troop would vary resulting in different totals of observations carried out each
day for the studied troop.



The frequency a troop was visited within the research period depended on the schedule
of the PhD student (what days they had off in the week, holiday periods etc.). Also bad
weather conditions at times prevented access to the field.

3.5 Troop selected for analyses in this study
Flatface troop (n=44) and Tourist troop (n=28) had a limited amount of disturbance data
collected in relation to them (Fig 3.2). Therefore I chose not to include these troops in my
analyses as the sample size was too small. The remaining three troops had a large enough
sample size for analyses and were used for the remainder of the project and discussed as
the ‘study troops’.
The transitional database contained a lot of data that was not relevant to my research
question and in parts it also lacked standardisation as a result of the transitional project
evolving through its life. From the range data I only used the spatial coordinates to calculate
the troop’s home range (contributing to objective 3). The disturbance data was used to
categorise and evaluate impact of the disturbance events (contributing to objectives 1-5).
The disturbance data had to be standardised into a format to allow comparisons and the
coordinates converted to a system GIS would accept.
The data for each troop also contained errors in the coordinates due to human error in the
data entry. These errors were highlighted through plotting the data in GIS. Once a possible
error was located I either corrected it (when obvious typo) or left it (when unclear). Errors
could be deducted from how far the observation had moved from the previous and
subsequent hourly observation for that day.
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3.6 Methodological approach
To complete objective 2 of this project the rate of disturbance per month and per season
was calculated for each hour of the day (7am to 5pm) for the study troops. The disturbance
rate was calculated by dividing the total number of disturbances for an hour of the day by
the total number of days observations were made for in the specific time period (month or
season); this was repeated for each hour of the day in each time period.
I chose to calculate the rate of disturbance to make the findings comparable to other
studies, while calculating the rate of disturbance assisted me not to make the assumption
that all anthropic disturbances had been recorded for each troop over the study period.
Making this assumption could have possibly biased my findings.
To investigate the spatial element of disturbance event (objective 3) I calculated the home
range of the three study troops and then overlaid the disturbance data. Giving each
disturbance event a label for which zone of the home range it occurred in (either core, outer
or outside), I then calculated the disturbance rate per day per km2 for each zone of the
home range. Calculating this rate allowed relationships in the data to be clearly seen.
I used the Kernel density estimator to calculate home ranges of the study troops. This
method is a nonparametric statistical test that produces unbiased density estimates directly
from data which is then used to estimate home ranges (Powell, 2000). I chose the Kernel
test over the other estimators as it provides the most accurate home range estimations.
(Seamen & Powell, 1996) I used the statistical package R and the programme
‘adehabitatHR’ to carry out the tests.
For the Kernel test I chose to use the Reference Bandwidth (Href) for the smoothing
parameter over the Least Square Cross Validation (LSCV) method. I made this decision after
trialling each smoothing parameter on the range data for Green troop (Fig A.1). Both of
these parameters produce a home range that covered the same core zone areas, although
LSCV produced a much smaller home range that was disconnected and disjointed in
comparison to Href home range. Using the Href smoothing parameter gave a home range
which the disturbances events could be overlaid onto. Although the LSCV home range
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provided a more accurate range of where the macaques spent their time, it was not realistic
enough to use in this study.
For Scarlet and Large troop the home range was calculated for a year (365 days) and Green
troop was calculated for 10 seasons (853 days) as this was the time period that the
disturbance data had been collected for each troop. For Green troop home range estimates
were also made for each season of the troop’s study period to show if home range changed
through the seasons.
The Kernel test calculated the home range to be the smallest area where 95% of the range
observations (used as input into test) fitted into the smallest area. The Core range was
chosen arbitrarily to be the smallest area where 40% of range observation fitted. Then the
outer range was classified as the remainder of the home range that is not the core range.
To investigate the Cause element (objective 4) each disturbance event was given a code
depending on what caused the disturbance. There were seven codes used comprising of
combinations of Berber (B), Sheep (S) and Dog (D). Berber represented any interaction
when people were present as these are the local people who occupy the study area. Sheep
represented the Berber shepherds livestock, either sheep or goats (no division was made in
the observations). Dog interactions were either domestic or feral dogs. Chi-squared test of
independence was carried to see if the count of disturbances for each code was significant.
Independence test was carried out to examine the relationship between the Cause element
(disturbance code) the Spatial element (home range zone) and the Temporal element
(season and time of day disturbance occurred) for each study troop. A number of zero
counts and low expected outcomes for categories can affect the reliability of chi-squared
test. To make sure a significant value was not given as an error for these comparisons the
following tests were carried out to check their reliability:


Pearson's Chi-squared test with simulated p-value (based on 2000 replicates)



Fisher's Exact Test for Count Data (alternative hypothesis: two sided)



Fisher's Exact Test for Count Data with simulated p-value (based on 2000 replicates)
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To investigate the Response element (objective 5) each disturbance was given a ranking of
severity from 1 to 5 based on the macaque troop behaviour response and the level of
aggression shown by the causative agent (Table 3.4).
Independence tests (same as for Causes comparison to other elements) were carried out to
examine the relationship between the Response element (troop response rank), the Spatial
(home range zone), Temporal (season and time of day disturbance occurred) and the Cause
(disturbance code) elements for each study troop.
Table 3.4 Troop response rank to disturbance events description, including example.
Ranking Disruption level
1

Not disruptive

Description

Example

No response from macaques.

No troop movement and no
alarm calls.

2

Minimally

Small response from

Dog barks, a few macaques

disruptive

macaques. Low level of

move to trees, a few alarm

aggression from causative

calls

agent.
3

4

Fairly disruptive

Very disruptive

Response from macaques,

Dog chases a macaque. Half

with mild aggression shown

move to trees, half alarm

by causative agent.

call

Large response from

Child throws stone at

macaques, aggressive

macaques. All troop in trees,

behaviour from causative

all alarm calling.

agent.
5

Highly disruptive

Causes high impact on the

Dog bites and injures

macaques, lasting damage.

macaque, all troop in trees,

Highly aggressive from

alarm calling.

causative agent.
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4 Results

This section is divided to five parts corresponding to each objective set out in this study.
The first four parts cover objectives 2 to 5 and present results on Temporal, Spatial, Cause
and Response factors involved in human-macaque conflict. The final part of this section
explores the significant relationships between the different factors and how these are
correlated with disturbance for each troop.
4.1 Temporal Characteristics (Objective 2)
Disturbance events recorded for all three study troops covered a period of 40 months from
October 2008 to January 2012. Events were recorded for a year for Scarlet troop (May 2010
to April 2011) and Large troop (October 2008 to September 2009), and 28 months for Green
troop (October 2008 to June 2012). There was an overlap in recordings of 12 months
between Green troop and Scarlet troop, with observations intially carried out on Large
troop.
Large troop exhibited a bimodal distribution of disturbances during autumn (2008) and
spring (2009), with the first peak at 11am and the second around 2pm (spring 2009) to 3pm
(autumn 2008) (Fig 4.1). During the summer (2009) there was a peak of disturbance in the
morning, after which there was a fairly constant disturbance rate of below 0.2. Disturbance
rates were lower during winter and no disturbances were recorded from January 2008 to
March 2009 (Fig A2.1).
Green troop showed a similar bimodal distribution for winter 2009/2010 (peaks: 10am &
2pm, trough: 11am), spring 2010 (peaks: 10am & 3pm, trough: 1pm) and autumn
2011(peaks: 10am & 2pm, trough: 1pm) (Fig 4.2 & Fig 4.3). Summer 2010 also shows a
bimodal distribution with a larger second peak (rate of 0.714) much later in the day (4pm)
than the other bimodal distributions. Autumn 2010 and winter 2011/2012 display a single
peak in rate of disturbance (A10: 1pm, W11/12: 12pm) and winter has a smaller distribution
from this peak than autumn. Autumn 2009, winter 2010/2011 and spring 2011 have
disturbance rates for a small amount of the hours of the day (A09: 3pm; W10/11: 8am,
11am, 1pm; Sp11: 2pm & 3pm), as less disturbances were recorded for the months in these
seasons (Fig A2.2 & Fig A2.3). No disturbances were observed for summer 2011.
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There was also a bimodal distribution of disturbance in Scarlet troop for winter 2010/11
with a large disturbance peak at 10 am (0.6) and a second smaller peak at 2pm (0.3),
troughing at 1pm. Spring 2011 had a single peak in disturbance rate at midday as did
autumn 2010 but with a larger distrubution of disturbance rate around the peak. Spring
2010 had a limited number of disturbance events observed (Fig A2.3) with two rates of 0.5
for 12pm and 5pm.
Scarlet and Green troop showed a very similar change in rates of disturbance for the hours
of the day for autumn 2010. They were completely different for spring 2010 but for the
remaining seasons the observations overlapped or showed a basic level of similarity.

Figure 4.1 Rate of disturbance for each hour of the day shown by season for Large troop.
Graph for each season, covering in total one year, from autumn 2008 to summer 2009.
Each season shows a bimodal distribution apart from winter.
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Figure 4.2 Rate of disturbance for each hour of the day shown by season. Graph for each
season, covering in total one year, from autumn 2009 to summer 2010. Autumn 2009
covers the rate for Large and Green troop, spring and summer of 2010 covers both Green
and Scarlet troop, while winter (2009/2010) only has rates for Green troop.
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Figure 4.3 Rate of disturbance for each hour of the day shown by season. Graph for each
season, covering in total one and half years, from autumn 2010 to summer 2010. Autumn
2010 to spring 2011 covers the rate for Green and Scarlet troop, while the remaining
seasons show the rate for Green troop. No disturbances were recorded for summer 2011
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4.2 Spatial characteristics (Objective 3)
The shape and number of core zones of the home range changed for each season of the
study period (Fig 4.4). Autumn 2011 & 2010 had one core zone, winter 2009 & 2010 and
spring 2010 had two core zones while the remainder had three (summer 2010 & 2011,
autumn 2009 and winter 2011).

Figure 4.4 Home range for Green troop calculated through a Kernel test (smoothing
parameter: Href) for each season of their study period. Home range is divided into core
(smallest area 40% of range observation fit) and outer (smallest area 95% of range
observation fit). Home range calculated for each season from autumn 2009 to winter 2011.
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Winter 2009, 2010 & 2011 have the largest home range (largest outer range as well): 2009:
4.54km2 & 3.8 km2, 2010: 5.04 km2 & 4.34 km2, 2011: 5.06 km2 & 4.01 km2 (Fig. 4.5). Spring
and summer for 2010 & 2011 had the smallest home ranges; Sp10: 3.98 km2, Sp11: 3.58
km2, S10: 3.67 km2, S11: 3.58 km2. The size of the core ranges remained more constant
through the seasons than the outer range.

Figure 4.5 Area (km2) of home range for each season of the study period for Green troop.
Area of home range is split by zone (either core of outer) demonstrating how each part
contributes to the total area.
Large troop had the largest home range (8.52 km2) and Scarlet troop had the smallest (2.618
km2) (Table 4.1). Large troop had one core range zone, while Scarlet troop (2 core zones)
and Green troop (3 core zones) had more than one (Fig 4.5). Higher rates of disturbance
were observed within the core areas of all three troop’s home ranges, with Scarlet troop
showing the largest value (0.784) (Fig 4.6). The area for the outer zone was up to four times
bigger than the core zone. Scarlet troop had no disturbances outside of its home range
while Green troop had 1 and Large troop had 2.
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Table 4.1 Area of each zone of home range including total area, for each study troop
Homerange Scarlet
Green
Large
Core
0.53 km2 0.71km2 1.23km2
Outer
2.08km2 3.54km2 7.289km2
Full
2.61km2 4.25km2 8.52km2

Figure 4.5 Home range for Scarlet, Green & Large troops calculated through Kernel test
(smoothing parameter= href, time period of 1 year for Scarlet & Large troop and 10 seasons
for Green troop). Displaying location of disturbance events for each troop. Core home
range corresponds to where 40% of the data used to calculate occurs in the smallest area.
Outer home range corresponds to where 95% of the data used to calculate occurs in the
smallest area, deducting the core home range.
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Figure 4.6 Disturbance rate per day per km2 for each study troop (Green, Scarlet and Large)
for each area of their home range. Home range calculated using a kernel test.
4.3 Causative agent’s characteristics (Objective 4)
All the anthropic disturbance events were caused by either Berbers, livestock (sheep) or
dogs, or a combination of the three. This gave seven possible types of disturbance which
was categorised by a code that was a combination of B (Berber), S (livestock) or D (dogs)
depending on what combination of causative agents were present. Large troop had the
highest average for number of sheep (avg=126, SD=45.5) for a disturbance that contained
sheep, while Green troop has the largest for Berber (avg=1.33, SD=0.71) and dog (avg=2.72,
SD=2.09) (Table 4.2)
Table 4.2 Summary values for the disturbances that contained Berber, Dogs and Sheep,
while also providing the total number of each that were in all the disturbance events for
each of the study troops. For values; n =number of disturbance, avg= average number per
disturbance, SD= standard deviation.
Troop
Berber values
B Total
Dog values
D total
Sheep values
S Total
Scarlet n=29, avg= 1.21, SD=0.77
35 n=111, avg= 2.59, SD= 0.95 288 n=30, avg= 54.4, SD= 15.5 1470
Green n=63, avg= 1.33, SD= 0.71
84 n=101, avg= 2.72, SD= 2.09 275 n=23, avg= 40.8, SD= 21.2 734
Large n=12, avg= 1
12 n=55, avg=2.16, SD= 1.12
119 n=102, avg=126, SD= 45.5 11463
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Each troop showed a significant relationship for number of disturbance events for each
code; Scarlet troop (χ² = 269.8133, df = 6, p< 0.001), Green troop (χ² = 162.8837, df = 6, p<
0.001) and Large troop (χ² = 159.5046, df = 6, p< 0.001). Dogs caused the most disturbances
for Scarlet (n=88) and Green troop (n=66), for Large troop sheep (n=47) closely followed by
sheep & dogs (n=43) (Fig 4.7.).

Figure 4.7 Total count of disturbance events for each disturbance code shown for the three
study troops. Disturbance code indicates what created the disturbance event; B: Berber, BD:
Berber & dog, BDS: Berber & dog & sheep, BS: Berber & sheep, D: dog, DS: dog & sheep, S:
Sheep. Disturbance count values are shown for the highest value for each code. Dogs had
the largest count at 88 for Scarlet troop.

For Scarlet and Green troops dog disturbance added up to the highest proportion of all
disturbances. They have similar proportions for the codes apart from Scarlet troop having
proportionally less disturbances for Berber and Berber & Dog (Fig 4.8.). Large troop was
unlike the other troops as dogs contributed little to the overall disturbances with Sheep and
Dog & Sheep contributing the most. Large troop had no Berber disturbance while Green
troop had no Sheep disturbances.
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Scarlet and Large troop showed a significant relationship to the season data (part of the
Temporal element) (Scarlet troop: Chi-squared independence test, χ² =43.2085, df =18,p<
0.001, Green troop: Fisher's Exact Test for Count Data with simulated p-value based on 2000
replicates, p<0.001) (Table 4.3). Green troop also showed a mild significant relationship with
season (Fisher's Exact Test for Count Data with simulated p-value based on 2000 replicates,
p=0.1124).
All disturbances that contained sheep or dogs (except Berber & dog disturbances) showed
higher counts of disturbance events in winter and autumn, with dogs creating the largest
amount of disturbances in winter (38) for Scarlet troop (Fig A3.1). All disturbances that
contained Berber and Dog had a higher count of disturbances in winter and autumn except
for code B (6) and D (25) when spring showed the highest count for Green troop (Fig A3.3).
Large troop had a low level of disturbance count for winter and sheep showed the highest
count of all disturbances types in Autumn (21) (Fig A3.2).
Green troop showed a significant relationship for the spatial element (Fisher's Exact Test for
Count Data with simulated p-value based on 2000 replicates, p=0.03698)and one parts of
the Temporal element; part of day (Fisher's Exact Test for Count Data with simulated pvalue based on 2000 replicates, p=0.03648). Green troop had a higher count of disturbance
in the outer range for BD, BDS, BS and DS, while B & D disturbances had more in the core
zone (Fig A3.4). Dogs showed the highest number of disturbances (38) created for all
disturbance types for the core range. Each disturbance type (except BS & S) showed a
higher count of disturbances in the morning from 09:01 to 13:00) (Fig A3.5).
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Figure 4.8 Each study troop’s total proportion of disturbance for that troop categorised by
each disturbance type and highlighting similarities between Scarlet and Green troop and
differences of these two troops to Large troop.
Table 4.3 Results of independence tests carried out on the three study troops looking for
significant relationships between the causative element to the spatial and temporal
elements of disturbance events. Tests include; Pearson's Chi-squared test for
independence, Pearson's Chi-squared test with simulated p-value (based on 2000 replicates)
Fisher's Exact Test for Count Data (alternative hypothesis: two sided), Fisher's Exact Test for
Count Data with simulated p-value (based on 2000 replicates). n/a represent where test
could not be completed due to too many zero values in the dataset.
Troop
Scarlet
Scarlet
Scarlet
Green
Green
Green
Large
Large
Large

Comparison
Cause to Part of Day
Cause to Season
Cause to Spatial
Cause to Part of Day
Cause to Season
Cause to Spatial
Cause to Part of Day
Causeto Season
Cause to Spatial

χ² test
χ² =7.2454, df =12, p= 0.841
χ² =43.2085, df =18,p< 0.001
χ² =7.2454, df =12, p=0.841
n/a
n/a
n/a
n/a
n/a
n/a

χ² test (2000 rep)
p=0.8761
p=0.003
p=0.8851
n/a
n/a
n/a
n/a
n/a
n/a

Fischer's exact
p=0.9354
p= 0.0132
p=0.9354
n/a
n/a
n/a
n/a
n/a
p=0.5201

Fisher's(2000 rep)
p=0.934
p= 0.0155
p=0.934
p=0.03648
p=0.1124
p= 0.03698
p=0.5202
p<0.001
p= 0.5267
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3.4 Macaque response (Objective 5)
The duration of the disturbances was recorded for Scarlet and Green troop but not for Large
troop. The duration of disturbances were categorised into 5 time bands; 0 ≤time(min)>10,
10≤time(min)>20, 20≤time(min)>30, 30≤time>40, 40≤time(min) . The relationship between
duration of disturbance and count of disturbance events for both troops was highly
significant; Scarlet troop (χ² =130.4553, df = 4, p< 0.001) and Green troop (χ² = 125.2165, df
= 4, p< 0.001).
For both troops the largest disturbances lasted from the first time band (Scarlet troop= 58,
Green troop =59) and secondly for the second time band (Scarlet troop=53, Green
troop=28) (Fig 4.9). Altogether there were only 3 disturbances that lasted for more than 40
minutes. The proportion of total disturbances for each time category was very similar for
the two troops with the last three bands showing a very small proportion, although the first
two time bands had similar proportions for Scarlet troop (1st time band= 0.472, 2nd time
band=0.431) which was not the case for Green troop (1st time band= 0.608, 2nd time
band=0.289) (Fig 4.10.).

Figure 4.9 Count of disturbances events for the five time bands for the duration of the
disturbance events. Results are shown for both Scarlet and Green troop which have very
similar patterns apart from the second time band (10≤time(min)>20).
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Figure 4.10 Breakdown of the proportion of total recorded disturbances for Scarlet troop
and Green troop by the five time bands. Scarlet troop has a similar proportion for the first
two band widths which is the only way it varies from Green troop.
The data collected on the macaque behaviour response to the disturbances was used to give
each disturbance event a ranking, in which 1 was the least impact and 5 was the highest
impact (as discussed in methods). Large troop only had 16 disturbances ranked due to
limited data on the macaque response recorded. All the three study troops showed a highly
significant relationship between ranking and count of disturbance event; Scarlet troop (χ²
=76.3089, df = 4, p< 0.001), Green troop (χ² =63.4419, df = 4, p< 0.001) and Large troop (χ²
=19.625, df = 4, p< 0.001).
Scarlet troop showed the highest count of disturbances for rank 3 (n= 59), Green troop for
rank 1(n=56) and Large troop for rank 4 (n=8) (Fig 4.11.). Green troop shows a relationship
with progressing severity of rank increases, the proportion of the total disturbances
decreases (Fig. 4.12) while Scarlet has a low proportion for rank 1 (0.13) which increase and
peaks at rank 3 (0.48) and then drops to the second highest proportion at rank 4 (0.116).
Both Scarlet and Green troop show the lowest proportion of total disturbance events for
rank 5 (Scarlet troop=0.008, Green troop =0.016). Large troop had no disturbances for rank
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3 and 5 (may be a result of the small sample size), this troop showed a relationship with two
peaks at rank 1 (0.438) and rank 4 (0.5) with a trough at rank 2 (0.063).

Figure 4.11 Count of disturbance events for troop response, rank for each of the study
troops; Scarlet troop (n=123), Green troop (n=129) and Large troop (n=16). Rank 1 is the
lowest in severity and 5 is the highest for troop response to the disturbance event. Large
troop has no disturbances for rank 3 or 5.
All three study troops showed a significant relationship between the Responses and Causes
element; Scarlet troop(chi-squared independence test, χ² =37.9851, df =24,p=0.03479),
Green troop(Fisher's Exact Test for Count Data with simulated p-value based on 2000
replicates, p<0.001) and Large troop (Fisher's Exact Test for Count Data ,alternative
hypothesis: two sided, p<0.001)(Table 4.4). With troop response rank 5 being caused by
BDS (Scarlet troop), B and D (Green troop) (Fig A4.1 & Fig A4.2). Dogs created more
disturbances for ranking 1 to 4 for both Scarlet and Green troop while creating the most for
rank 1 in Green troop ( 28 ) and rank 3 (50 ) for Scarlet troop. Berber & sheep created the
highest count of disturbances for rank 1 (6) (Fig A4.2).
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Figure 4.12 Proportion of observed disturbance events for each troop by ranking of the
troop disturbance. Rank 1 is the lowest in severity and 5 is the highest for troop response to
the disturbance event. Scarlet and Green troop show an interesting contrasting
distribution.
Scarlet and Green troop showed no other significant relationships. Green troop showed
another significant relationship between the Response element and the seasonal (Temporal
variable) (chi-squared independence test, χ² =21.654, df =12, p<0.5). with all rank 5
disturbances occurring in spring, although spring also had the highest count for rank 1
disturbances (22) as well (Fig A4.4). Winter had the highest count for disturbances for rank
2 (19) and 3 (9).
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Table 4.4 Results of independence tests carried out on the three study troops looking for
significant relationships between the responsive element to the spatial, temporal and
causative elements of disturbance events. Tests include: Pearson's Chi-squared test for
independence, Pearson's Chi-squared test with simulated p-value (based on 2000 replicates)
Fisher's Exact Test for Count Data (alternative hypothesis: two sided), Fisher's Exact Test for
Count Data with simulated p-value (based on 2000 replicates). n/a represent where test
could not be completed due to too many zero values in the dataset.
Troop
Scarlet
Scarlet
Scarlet
Scarlet
Green
Green
Green
Green
Large
Large
Large
Large

Comparison
Response to Part of Day
Response to Season
Response to Spatial
Response to Causative
Response to Part of Day
Response to Season
Response to Spatial
Response to Causative
Response to Part of Day
Response to Season
Response to Spatial
Response to Causative

χ² test
χ² test (2000 rep)
χ² =10.0578, df =8, p=0.261
p=0.2704
χ² =13.7964, df =12, p=0.3139 p=0.3268
n/a
n/a
χ² =37.9851, df =24, p=0.03479 p= 0.1244
χ² =21.6454, df =12, p=0.04169 p=0.8791
χ² =251, df =59, p< 0.001
p=0.03998
χ² =4.8285, df =8, p= 0.7757 p=0.7581
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

Fischer's exact
p=0.2378
p=0.2758
p=0.3754
n/a
p=0.8105
n/a
p=0.6248
n/a
p=1
p=0.65
p=0.2433
p<0.001

Fisher's(2000 rep)
p= 0.2309
n/a
p=0.3708
p<0.001
p=0.8106
p=0.01949
p=0.6317
p<0.001
p=1
p= 0.6427
p= 0.2599
p<0.001

3.5. The Anatomy of Disturbance (Objective 1)
All the significant relationship between the different elements of the anatomy of
disturbance have been displayed for each troop within their own anatomy (Fig 4.13). Scarlet
and Large troop have a very similar anatomy of disturbance, which only differs by one
partially significant comparison; Scarlet troop (responsive to part of day) and Large troop
(responsive to spatial). Green troop has the most complex anatomy of disturbance with 6
significant comparisons and one partially significant comparison.

These anatomies demonstrate which elements have the most impact over the
characteristics of a disturbance event. Scarlet and Large troop demonstrate the basic
anatomy with Response element being linked to the Cause element and this being linked
with the season (Temporal element). Also showing a relationship between variables that
make up elements (Cause and Response element). Green troop demonstrates a more
complex anatomy where more relationship play important roles.
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Figure 4.13 The anatomy of disturbance for all three study troops demonstrating significant
relationships between the elements. Each anatomy code in top left corner of box relates to
troop; S: Scarlet, G: Green and L: Large. Each element is colour coded; Cause: red, Response:
blue, Spatial: green and Temporal: maroon. Full connecting lines indicate significant
relationships while dotted lines indicate partially significant relationships. The probability
value is situated next to the connecting line.

36

5 Discussion
5.1 Temporal patterns of disturbance related to anthropic activity
A year’s study during 1980 - 1981 reported 27 anthropic origin disturbance events in 13
months for a study troop in the Middle Atlas Mountains (Drucker, 1984). These disturbance
events totalled 2.96% of daylight hours. The number of disturbance events recorded for my
study troops over a similar period of time was significantly higher than in Drucker’s study.
This rise in number of recorded disturbances may indicate an increase in anthropic pressure
on the macaques in the region.
In my study, disturbance events exhibited a bimodal daily pattern in most seasons
(especially apparent in summer and spring) and for all troops. This pattern was likely to be
determined by the movement patterns of the Berber shepherds. There was a peak of
activity in the morning and evening relating to the cooler parts of the day while disturbance
rate troughed around the hottest part of the day when shepherds stopped moving through
the forests. Scarlet and Green Troops show the same relationship over the period of spring
2010 to 2011 indicating that the change in season has effects across the study area.
Fewer disturbances were recorded during the winter of 2008/2009 which may relate to the
amount of snow cover present, providing limited access into the macaques’ habitat and
resulting in reduced disturbance rate. This is in contrast to the colder seasons (autumn &
winter) of 2009/2010 and 2011/ 2012 when disturbance events continued to be observed
throughout these months. This suggests that the practice of Berber shepherds moving their
flocks in late autumn and winter to lower lying pastures, as observed by Drucker (1984), has
ceased. Mouna & Camperio Ciani (2006) suggested that the high disturbance events
observed in their study macaque troops were linked to drought and shortening of snowfall
periods.
5.2 Home range ranges according to season and food availability
Studies of Barbary macaque diets in Morocco and Algeria confirm that the species is a
generalist herbivore and is able to use scarce food resources (such as conifer leaves) during
times of stress (Drucker, 1984; Fa, 1984; Fooden, 2007; Ménard, 2002; Alami et al, 2012).
Macaques consume a wide range of plants, 107- 200 species in the Middle Atlas cedar-oak
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forests (Camperio Ciani et al, 2005; Fooden, 2007). They will change their diet across the
different seasons depending on the availability of different food resources. In my study, the
observed changes in the core zones utilised by the study troops during the year may reflect
changes in food availability. The smaller home ranges observed during the winter for two
study troops except Green troop can be explained by animals feeding on cedar leaves and
staying on trees when herbaceous plants are covered by snow (Drucker, 1984). However,
Green troop had a larger home range in the colder months than during other time of the
year. This may correspond to the greater plant availability due to the decrease in snow
cover, leading to the macaques’ dependence on lower nutritional cedar leaves (Fa, 1994).
Therefore the macaques must cover a larger area to obtain their calorific intake in contrast
with to the spring months when there is a rise in growth of deciduous leaves and ground
herbs.
5.3 Home range size related to disturbance type
The observed level of disturbance detected in this study caused by Berber shepherds and
their accompanying livestock & dogs indicates that anthropic pressure is high, and likely to
be a strong negative influence on the ecology of the species in the Middle Atlas (Drucker,
1984; Fa 1983; Camperio Ciani et al, 2001). For all study troops, disturbances occurred
across the whole of their range. However, disturbance rates were higher in the each troop’s
core zones. This means that the amount of disruptions of the monkeys’ daily patterns is
concentrated in areas which are likely to be important for the monkeys’ feeding or resting
behaviour.
Large troop has the largest home range and also exhibited the highest number of
disturbances caused by sheep. Overgrazing has been shown in the literature to reduce the
quality of food resources available forcing the macaques to search further for food
resources to fulfil their calorific intake (Mehlman, 1988). This is reflected in my study
findings in that the troop with the largest home range also has the most sheep disturbance
and grazing occurring.
Green and Scarlet troops have a smaller home range area than Large troop. The findings
from both of these study troops showed dog disturbances to be the main cause of anthropic
disturbance events. Dogs have been shown to affect macaque ranging patterns by creating
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avoidance routes that macaques follow (Mehlman, 1986). The cedar forest has gone
through a progressive decline in quality and open oak and grassland has increased
(Camperio Ciani et al, 2005). The presence of dogs is preventing the macaques from
spreading out into new areas as they will not cross patches of open grassland (Ménard,
2002). The large occurrence of dog disturbance explains the smaller home ranges for these
study troops, while it apparent that grazing still occurs in these areas, possibly placing these
study troops in a home range that is less productive (more degraded) and preventing them
from expanding due to dog predation and dog avoidance behaviour.
5.4 Interpretations from the Cause element
Macaques will often seek refuge when in the presence of goat herders and domestic dogs
(Mehlman, 1989; Waters et al, 2007). This has been demonstrated by a large proportion of
disturbance events creating more than a level 1 (no reaction) response.
For each study troop there were different key causes of disturbance events which could
indicate that anthropic influence is not standardised across the study area. Large and
Scarlet troops home ranges occupied the same region but at different time periods, which
indicates that sheep were herded at much higher rates in this area from 2008-2009 reducing
in 2010 to 2011. Green troop is approximately 15 km away from the location of the other
two troops and has very few sheep related disturbances. This clearly shows that the cause
of disturbance is not standardised. These could be as a result of different land ownerships or
different quality of grazing habitat.
There were few disturbances that comprised of Berber shepherds with sheep & dogs. This
indicates that commonly the shepherd will lose contact with the herd and its working dogs.
Drucker (1984) observed that goats and sheep are permitted limited free ranging, while the
Berbers select the major routes. So through this separation of the herd, dogs and shepherd
they are covering more of the area at any one time and more likely to create disturbances
for macaque troops.
For all the disturbance events observed in the study the largest cause was lone dogs. It is
has been observed in the literature that dog predation and harassment of macaques is an
issue (Mouna & Camperio Ciani, 2006). For the majority of Muslims, dogs are seen to be
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ritually unclean, resulting in them being only socially acceptable when they have a use and
they are rarely kept as pets (Menache, 1997). They have often not been trained or cared for
properly, beatings are not unusual and they are allowed to roam in packs at night time
(Waters 2012, pers.comm.) This explains the high numbers of dogs, presumably feral or
strays, that are causing disturbances within our study site. It is also clear that working dogs
have not been trained not to chase the macaques.
5.5 Interaction of explanatory variables on the impact of the disturbance events
For all the study troops the Cause variable showed a relationship with Response of the
macaques demonstrating how different types of disturbance had varying levels of impact on
the macaques. The findings of the study showed that the occurrence of the causative agent
was influenced by the seasons, thus influencing the impact on the study troops. This allows
us to demonstrate which causative agent has the largest impact on the macaques for each
season.
Findings from Green & Scarlet troops (they had the most data for impact) showed that dogs
cause the most high impact disturbances on the macaque troops, more frequently in winter
and autumn. It would appear that disturbances of Berber and Sheep without a dog present
have less impact on the macaque troops and that these events occur more in summer and
spring. It would therefore seem that Berbers can cause either high or low impact
disturbances and this will most likely depend on the Berbers attitude to the macaques.
Generally they are herding sheep they will ignore the macaques but when they are with
dogs they tend to be more disruptive as has been previously observed (Drucker, 1984).
It has been argued that during spring and early summer when the macaques are giving birth
(Fooden, 2007) anthropic disturbance is likely to induce a bigger reaction by the macaques
in order to protect their young. Green troop provides some support for this with higher
impact disturbances occurring in spring, although this is not the case for the other two study
troops.
5.6 Anatomy of disturbance- a final look
I have used the term ‘anatomy of disturbance’ as an integrative way to look all aspects
relating to anthropic disturbance events on a species. This framework can illustrate how
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each element involved in a disturbance event are interlinked and therefore assist in
determining possible ways of dealing with a response.
Only Scarlet and Large troops showed strong relationships between the Causes to
Responses elements and the Causes to seasonal (Temporal elements), but their data was
only collected over a year. Green troop demonstrated much stronger relationships with the
other explanatory variables while this data had been collected for 12 seasons. Obviously
this longer period of data collection with regard to Green troop has enabled more
relationships to be observed.
The anatomy of disturbance was created in relation to the available data that had been
collected as part of the ‘Barbary Macaque Project’. In certain aspects this framework of the
anatomy may be too simplistic and missing possible variables that could affect anthropic
disturbance events. Other variables that would be interesting to place within the anatomy in
further studies of anthropic disturbance include weather, altitude, steepness of incline,
more descriptive details of the causative agents to see if macaques recognise certain
causative agents and have remembered responses to certain dogs. Aside from these
additional factors I feel the anatomy of disturbance has presented anthropic disturbances in
a clearer light. This model could be improved in the future.
5.7 Possible limitations of the project
To determine how detrimental each disturbance event was I gave a ranking deducted from
the macaques behavioural responses (alarm calls and fleeing to trees). We can assume that
time spent fleeing and waiting in trees results in reduced feeding time within a day leading
to a decline in the macaques fitness while disturbance could create stress in the macaques
leading to negative impacts on their health. In some cases there was a clear negative
impact of these disturbances through injury or death. Recent published work on Tourist
troop has indicated that aggressive interaction with human tourists increases the level of
faecal glucocorticoid concentrations in macaques, an indication of physiological stress
(Maréchel et al, 2011). With a troop response ranking level 4 & 5 shows an aggressive
interaction between the causative agent and the macaques, on par with an aggressive
tourist interaction. It would be safe to assume a similar physiological response would occur.
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It would be interesting to test this although the process of collecting faecal samples is
difficult and time consuming, unpractical for this investigation.
The three study troops had been habituated by the research team. This may have resulted
in the study troops having a greater tolerance to the presence of humans and therefore
showing a reduced response to Berber presence. The research team may have also affected
the behaviour of the causative agent amongst the macaque troops or intervened to chase
off dogs. This would possibly lead to an underestimation in our results of the impact of
disturbance events on the macaques.
The original database contained a lot of errors in the GPS co-ordinates which were clarified
or omitted while the lack of standardisation between the data collected for each troop was
concerning. All disturbance events may not have been seen or recorded depending on
which project was being completed at the time. This issue has been overcome through the
statistics we have used as calculating the rate of the disturbance means that we have not
made the assumption that we have recorded all the disturbances. Possibly the results for
Large troop could be a database error, in that the research team only collected data for
sheep as this was the particular research topic at this period of the research although I feel
this does not affect our overall findings of the study.
5.8 Conservation recommendations
Since the first studies which raised concerns about the status of the Barbary macaque in
1970’s (Taub, 1978) there have been many conservation recommendations made through
this period to the present. They have covered various threats that the macaques face from
habitat degradation, illegal trade, tourism and overgrazing (Alami et al, 2012; Camperio
Ciani et al, 2001; Camperio Ciani et al, 2005; Drucker 1984; Fa, 1994; Maréchal, 2011). Some
have been implemented with varying degrees of success.
My study has highlighted the issues relating to anthropic disturbance on the macaques in
the Middle Atlas and has identified the biggest cause of impact being dogs and the activities
of Berber shepherds through overgrazing of their flocks. Various conservation
recommendations have been made in the literature in respect of these issues (Table 5.1).
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Table 5.1 Examples of conservation recommendations made in the literature in response to
the issue of overgrazing. The reference to the recommendations is also provided.
Conservation recommendation

References

Reduce mixed flock of sheep and goats.

Camperio Ciani et al, 2001;

Reduce livestock competition.

Fa, 1994

Restrict access of grazing animals to forest

Camperio Ciani et al, 2005, Van Lavieren &

with fencing and zonation.

Wich, 2009

Education about sustainable use of the

Camperio Ciani et al, 2005

forest.
Control and reduction of livestock

Drucker, 1984

movements, varying access to alternative
plots.

It is clear that there is no simple solution to the issues of overgrazing. Attempts at national
parks and fenced areas have not worked, as they are not policed well enough and fences are
broken. Removing herd animals from the forest would be too difficult as they are people’s
livelihoods. The population increase in Morocco and the subsequent reduction in land
availability must also be a driving force in this issue. More research is required on the
anthropological factors such as why Berbers have stopped moving their flocks and solutions
must be found to these problems.
We need to work with local communities, become accepted by them and gain an
understanding of their perspectives so that we can recommend a solution that will work for
the macaque and for the people. Until we do this we cannot realistically make a
recommendation to reduce overgrazing in the Middle Atlas.
In the interim before further research is carried out it may be possible to undertake a short
survey of herding practices of the Berbers shepherds, leading to the creation of a
programme that teaches them more efficient herding methods that will benefit the Berber
Shepherd while reducing the impact of their flocks. This would include training for the
shepherds to be able to control and train their dogs. People could be encouraged to treat
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their dogs with more respect which may prevent strays from accumulating and thus reduce
this problem of dog disturbances.
If this programme was carried out effectively it would improve local peoples trust in
conservationists, while allowing us to better inform them of the family structures of the
macaques, instilling them with a sense that macaques are sentinel beings, displaying
similarities in family structure to humans.
5.9 Concluding remarks
I have through this study developed and tested a framework to describe anthropic
disturbance events. This has helped to clarify the variables that influence a disturbance
while leaving room for this framework to be improved with further research. My key
findings have supported an increase in anthropic pressure on the Middle Atlas Mountains
since the 1980’s, while highlighting a bimodal distribution of disturbance rate categorising
the temporal aspect of disturbance events. I have demonstrated that home range is affected
by the changing seasons as well as anthropic pressure induced by humans and their
domesticated animals and therefore achieved the aim of this study.
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Appendix 1

Kernel smoothing parameter trial

Figure A1.1 Home range illustrations of kernel calculation for Green troop over three time
periods of 2009, 2010 & 2011. Demonstrates difference that bandwidth parameter (Href or
LSCV) has on home range calculation, each home range shown separately and overlapped
for parameter. Home range value of 95 represent the limit to the home range where 95% of
the data points fit into, with the smaller values demonstrating what areas the troop spend
more of their time.
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Appendix 2

Disturbance rate graphs per month

Figure A2.1. Rate of disturbance for each hour of the day by month for large troop. Each
graph represents the month named above it. Covers the time period of one year from
October 2008 to September 2009.
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Figure A2.2. Rate of disturbance for each hour of the day by month for green troop. Each
graph represents the month named above it. Covers the time period of seven months from
October 2009 to April 2010. No disturbances were recorded for November 2009.
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Figure A2.3. Rate of disturbance for each hour of the day by month for green and scarlet
troop. Each graph represents the month named above it. Covers the time period of a year
from May 2010 to April 2011. No disturbances were recorded for November 2009.
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Appendix 3 Graphs for significant relationships between Causative and Spatial &
Temporal.

Figure A3.1 Scarlet troop’s count of disturbance events for disturbance code categorised by
season. Significant relationship was shown between disturbance code and season (Chisquared independence test, χ² =43.2085, df =18,p< 0.001). Disturbance code indicates what
created the disturbance event; B: Berber, BD: Berber & dog, BDS: Berber & dog & sheep, BS:
Berber & sheep, D: dog, DS: dog & sheep, S: Sheep.
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Figure A3.2 Large troop’s count of disturbance events for disturbance code categorised by
season. Significant relationship was shown between disturbance code and season (Fisher's
Exact Test for Count Data with simulated p-value based on 2000 replicates, p<0.001).
Disturbance code indicates what created the disturbance event; B: Berber, BD: Berber &
dog, BDS: Berber & dog & sheep, BS: Berber & sheep, D: dog, DS: dog & sheep, S: Sheep.

Figure A3.3 Green troop’s count of disturbance events for disturbance code categorised by
season. Mild significant relationship was shown between disturbance code and season
(Fisher's Exact Test for Count Data with simulated p-value based on 2000 replicates,
p=0.1124). Disturbance code indicates what created the disturbance event; B: Berber, BD:
Berber & dog, BDS: Berber & dog & sheep, BS: Berber & sheep, D: dog, DS: dog & sheep, S:
Sheep.
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Figure A3.4 Green troop’s count of disturbance events for disturbance code categorised by
location of disturbance in relation to troop’s home range. Significant relationship shown
between disturbance code and home range (Fisher's Exact Test for Count Data with
simulated p-value based on 2000 replicates, p=0.03698). Disturbance code indicates what
created the disturbance event; B: Berber, BD: Berber & dog, BDS: Berber & dog & sheep, BS:
Berber & sheep, D: dog, DS: dog & sheep, S: Sheep.
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Figure A3.5 Green troop’s count of disturbance events for disturbance code categorised by
part of the day disturbance occurred. Significant relationship was shown between
disturbance code and part of day (Fisher's Exact Test for Count Data with simulated p-value
based on 2000 replicates, p=0.03648). Disturbance code indicates what created the
disturbance event; B: Berber, BD: Berber & dog, BDS: Berber & dog & sheep, BS: Berber &
sheep, D: dog, DS: dog & sheep, S: Sheep. Part of day indicates; Dawn: 05:00 to 09:00,
Morning: 09:01 to 13:00, Afternoon: 13:01 to 18:00.
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Appendix 4

Graphs for significant relationships between Responsive and Spatial,
Temporal & Causative elements.

Figure A4.1 Scarlet troop’s count of disturbance events for troop response rank divided by
disturbance code. A significant relationship was found between troop response rank and
disturbance code (chi-squared independence test, χ² =37.9851, df =24, p=0.03479). Rank 1 is
the lowest in severity and 5 is the highest for troop response to the disturbance event.
Disturbance code indicates what created the disturbance event; B: Berber, BD: Berber &
dog, BDS: Berber & dog & sheep, BS: Berber & sheep, D: dog, DS: dog & sheep, S: Sheep.
Part of day indicates; Dawn: 05:00 to 09:00, Morning: 09:01 to 13:00, Afternoon: 13:01 to
18:00.
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Figure A4.2 Large troop’s count of disturbance events for troop response rank divided by
disturbance code. A significant relationship was found between troop response rank and
disturbance code (Fisher's Exact Test for Count Data, alternative hypothesis: two sided,
p<0.001). Rank 1 is the lowest in severity and 5 is the highest for troop response to the
disturbance event. Disturbance code indicates what created the disturbance event; B:
Berber, BD: Berber & dog, BDS: Berber & dog & sheep, BS: Berber & sheep, D: dog, DS: dog
& sheep, S: Sheep. Part of day indicates; Dawn: 05:00 to 09:00, Morning: 09:01 to 13:00,
Afternoon: 13:01 to 18:00.

59

Figure A4.3 Green troop’s count of disturbance events for troop response rank divided by
disturbance code. A highly significant relationship was found between troop response rank
and disturbance code (Fisher's Exact Test for Count Data with simulated p-value based on
2000 replicates, p<0.001). Rank 1 is the lowest in severity and 5 is the highest for troop
response to the disturbance event. Disturbance code indicates what created the disturbance
event; B: Berber, BD: Berber & dog, BDS: Berber & dog & sheep, BS: Berber & sheep, D: dog,
DS: dog & sheep, S: Sheep. Part of day indicates; Dawn: 05:00 to 09:00, Morning: 09:01 to
13:00, Afternoon: 13:01 to 18:00.
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Figure A4.4 Green troop’s count of disturbance events for troop response rank to
disturbance, each troop response rank is divided into contributing seasons. A significant
relationship was shown between troop response rank and seasons (chi-squared
independence test, χ² =21.654, df =12, p<0.5). Rank 1 is the lowest in severity and 5 is the
highest for troop response to the disturbance event.

