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ABSTRACT

Current perspectives on ecology areincreasingly incorporating humans as significant components of dynamic ecosystems.
However, these approaches frequently focus on measuring the impact of humans habitat alteration, degradation and
exploitation on animal or plant populations. In many cases non-human organisms and humans co-exist and interact in a
myriad of ways, ranging from competitive to commensal to mutualistic. Understanding these interactive complexes can
enable usto increase our assessment and understanding of complex ecological systems. The macague monkeys (Macaca
sylvanus) living in the Upper Rock Nature Reserve, Gibraltar, have co-existed with humans for centuries and currently
engage in frequent interactions with large numbers of people from across Europe. These interactionsinvolve behavioral,
nutritional, physiological, and potentially epidemiological factors. Humansareacore part of these macaques’ ecology and
the ecosystems in the Upper Rock Nature Reserve. In this paper we present an overview of human-monkey interactions
in Gibraltar with a focus on the role that anthropogenic elements play in the behavioral ecology of these monkey and
consider the implications of these patterns for the ecosystems across the Upper Rock Nature Reserve.
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INTRODUCTION

Current perspectives on ecology areincreasingly incorporating humans as significant components of dynamic ecosystems.
However, these approaches frequently focus on measuring the impact of humans' habitat alteration, degradation and
exploitation on animal or plant populations. In many cases non-human organisms and humans co-exist and interact in a
myriad of ways, ranging from competitive to commensal to mutualistic. Understanding these interactive complexes can
enable us to increase our assessment and understanding of complex ecologica systems.

Itisawidely recognized that a substantia portion of the human adaptive success is effectively represented by ecological
alteration and niche construction (Fuentes 2004, Odling-Smee et al. 2003, Potts 2004). This pattern is described by
geographers and anthropol ogists as the creation of human "place” (sensu Richardson 1989). If there are other organisms
living in or around this "place", they are impacted by the ecological contexts manipulated, produced, and modified by
human action. In other words, anthropogeni c engagement with the environment changes sel ection pressures and ecol ogical
contexts for al sympatric organisms. Humans may be seen as competitive dominants or foundation species in many
anthropogenic systems. However, humans are not the only stakeholders with agency in ecologica systems. Other
mammals, plants, and even microorganisms aso impact the structure of elements within any given ecosystem. Fuller
understanding of the relationships between humans and the other animals with which they share their environments can
facilitate a broader and more inclusive view of ecological systems.

Asisevident from the rapid and dramatic reduction in numbers and range of many species, most large animals do not do
well when they are a part of human "place”. However, in many instances some species, members of the monkey genera
Macaca (the macagues) for example, do quite well around humans (Fuentes et al. 2005). In anthropogenic environments,
certain organisms play major roles in the structuring of the local ecology. In the Upper Rock Nature Reserve, Gibraltar,
the relationship between barbary macagues (Macaca sylvanus) and humans (Homo sapiens) plays a principle role in the
structure of the environment and therefore the ecological system. Inthisessay wewill examinetherole of macague-human
interactionsin ahuman"place" in order to gain insight into the anthropogenic ecol ogy of the barbary macaguesinthe Upper
Rock Nature Reserve, Gibraltar.

ECOLOGICAL CHALLENGES, NICHE CONSTRUCTION, AND FACILITATION

The basic ecological challengesfaced by organismsinclude acquiring energy, avoiding predators and successfully mating
(Denham 1971). These challenges are shaped by variables such as the structure of the local habitat, the type and number
of conspecificsand other organismsin the habitat, the distribution and densities of food sources, and the patterns of climate
change across annual cycles. These variables act asthe proximate pressures eliciting the behavioral strategies practiced by
organisms in a given ecological context. In order to examine organisms that successfully exist in highly anthropogenic
habitats (human "place") two additional concepts need to be added to these basic premises.

Niche construction- Among the most salient advances in evolutionary biology and ecology is the recognition of therole
of niche construction, resulting in aremoving of the traditional organism/environment dichotomy and its replacement with
amore integrated and dynamic view of organism/environment interactions and co-evolution. It is becoming increasingly
evident that organisms not only impact their immediate environments but also, in part, shape the selection (ecological/
environmental) pressures that they face (Laland et al. 2001, Stamps 2003). The niche is best characterized as a
“multidimensional hypervolume” (Hutchinson 1957), the*way” that organisms make aliving and the eco-context inwhich
organisms occur. |f organisms exhibit agency in the active construction of their niches there arises a need to discard the
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traditional organism/environment dichotomy and replace it with a concept that more accurately reflects the mutually
engaged set of changes and patternsin organisms and environments that emerge through the course of time. According to
Laland et al. (2001) niche construction, per se, can be seen as “when an organism modifies the functiona relationship
between itself anditsenvironment by actively changing oneof thefactorsinitsenvironment either by physically perturbing
these factors at its current address or by relocating to a different address thereby exposing itself to different factors.” Of
interest for this essay, humans exhibit dramatic patterns of niche construction (cultural practices across human populations
certainly attest to this) that can result in significant ecological changes and subsequent behavioral changesin an array of
sympatric organisms (Fuenteset al. 2005, Odling-Smeeet al. 2003, Potts 2004). Environmental modification/manipulation
isan important part of the human niche and its impact extends to more than just the humans living in that environment.

Facilitation- While competition does occur and is asignificant factor for organisms on this planet, facilitation, or positive
interactions between species, or groups within an ecosystem, also drives evolutionary change. Research from ecology,
especialy intertidal and plant ecosystems, demonstrates that the interactions between two or more species co-existing in
the same location and ecological space may alter the selective environments such that each does better when the other is
aso sharing the environment/ecology (Bruno et al. 2003). Thisis seen at the distinction between realized and fundamental
niches (Hutchinson 1957). The fundamental nicheis the ecological context in which a species can live indefinitely in the
absence of negative interspecific interactions. The realized niche is that eco-space actually occupied by a species after
exclusion/competition by other species/competitors (Bruno et al. 2003). Research has demonstrated that facilitation can
expand therealized niche of many organismsin ashared system, thereby expanding the ecol ogical success of the organisms
viamutual use of the same environment.

Whilethisresearchiscurrently focused on small animals and plants, the theoretical emphasis on examining multi-species,
multi-group, population level interactions for patterns of facilitation can have dramatic impact on our models of what
ecological pressures were and are acting on organisms that co-exist in anthropogenic habitats. In this context, some
organisms currently viewed as engaged in commensal (co-existant) or mutualistic (directly co-beneficial) relationships
with humans could be seen as engaged in a facilitated relationship with humans and/or each other. Facilitation is distinct
from commensualism or mutualismin that the interactors do not directly assist one another but rather impact the ecol ogical
context such that both groupsrealized nichesexpand (and they then receive reduced sel ective pressuresresulting fromniche
constraints). Thisis different from by-product mutualism in that we are not focusing on single benefits to one organism
arising as a by-product of selfish habitat exploitation by another.

Rather than seeing humans and other organisms as exclusively engaging in strict competition with each other over
resources, or directly interacting in mutualistic manners, some level of facilitation may be occurring such that by co-
existingwith humansthe overall pressuresarereduced comparedto livingin non-human occupied environments. Inasense
this reinforces the conceptualization of human as a foundation species (sensu Bruno et al. 2003, box 3). Even if thereis
some level of competition between the humans and the other species, their communal impact on their “living space” may
be enhancing some aspects of survivability. So, rather than seeing other organisms as living alongside humans and simply
competing with them for resources we can potentially view the interaction as one that changes the selective pressures for
one or hoth species such that evolutionary benefits, and therefore possibly biological changes, accrue via co-existence.
Combining the concepts of facilitation and niche construction allowsusto create atemplate in which to assesstheimpacts
and relationships between humans and other sympatric organisms.
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THE UPPER ROCK NATURE RESERVE. AN ANTHROPOGENIC HABITAT

Thelocal habitat of interest for this essay isthe Upper Rock Nature Reserve of Gibraltar. The reserve covers 2.5-3 Km of
the middle and upper reaches of a Jurassic limestone uplift, called the Rock of Gibraltar or EI Pefion, with the highest point
in the reserve being approximately 424 meters above sealevel. Thereserve containsninefloral habitat typeswith unequal
distribution, over 350 plant species, an extensive variety of migratory and some resident bird species, at least 11 mammal
species, 12 species of reptile, and adiverse array of invertebrates (Cortés 1979, Pérez and Bensusan 2005). Of the various
animal species in the reserve a few seem to be clearly benefiting from the anthropogenic environment; the barbary
macaques, the yellow-legged gull (Larus michahellis), feral cats (Felis catus), the black rat (Rattus rattus alexandrinus)
and feral goats (Capra hircus). Other medium to large mammalsincluding the Spanish Ibex (Carpa pyrenaeica), the red
fox (Vulpesvulpes silacea), thewild boar (Sus scrofa) and the small-spotted genet (Genetta genetta) all went extinct inthe
reserve area by the middle on the 20" century. This suggests that specific components of the anthropogenic environment
favor certain animals on the Rock.

Currently, thereserve containsan extensiveroad system, two restaurants, acable car system, anumber of privateresidences
and varioustourist attractionsranging from caves, to gun batteriesto monkey viewing sites. However, thisextensivehuman
modification of the environment is not completely recent. The lower reaches of the Rock have experienced continuous
human habitation since at | east the early 8" century AD, with numerous indications that human residents used at least part
of the upper reaches of the Rock since then. Beginning in the 15" century fortifications, buildings and pathways were
constructed and mai ntained throughout the upper Rock (Pérez and Bensusan 2005). Today, numerousroad systemstraverse
the reserve and create open areasin between patches of high maquis, cliff faces, and the other habitat types. The numerous
fire breaks impact the structure and composition of vegetation types and maintenance of electrical and water servicesalso
create pathways and blockages amongst the habitat types in the middle and upper reaches of the Rock.

Themaintourist attractionsand theroadsact to consolidate and direct human movement inthereserve, however, foot traffic
asodivergesfromtheroad and maintourist areas. Whilethereislittledirect contact between humansand any animalsaside
from the macaques (see below), feral cats congregate and are fed at main tourist sites and feral goats take advantage of the
extensive cover provided by the maquis vegetation.

With 718, 919 visitorsfrom more than 19 countriesto the upper Rock in 2003, including more than 72,000 amonth during
peaks season (June-September (Pérez and Bensusan, 2005)) a very large number of humans visit the Upper Rock Nature
Reserve. Humans can access the Rock with on foot, via automobile/coach or by the cable car service. In 2002 alone,
1,758,460 motor vehicles (including 12,407 coaches) crossed into Gibraltar from Spain and an estimated 60,000 vehicles
(taxis, coaches, and private vehicles) passed through the main tourist sitesin the Upper Rock Nature Reserve (Pérez and
Bensusan, 2005). Thevolumeof human presence onthe Rock carrieswithit adiversearray of habitat influencing contexts.
The noise and litter from the daily visits to the reserve create a cyclical pattern of rubbish abundance and ambient noise
that varies across the year in intensity (Pérez and Bensusan 2005). The traffic movement throughout the road system also
actsasamajor source of mortality for thelarger mammals and the yellow-legged gullsin the reserve (Pérez and Bensusan
2005). Asnocturnal accessis limited to those with permission or resident in the reserve, the density and impact of human
activity isvery low during the hours of darkness. However, as residents of Gibraltar can drive at higher speeds, or less
impeded speeds, along the roads at night, the potential risk to animals using those roads may be higher. Currently, there
islittle evidence of any sustained hunting or capture of animalsin the reserve, except for the culling of yellow-legged gulls
(Pérez and Bensusan 2005).
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AN ABBREVIATED HISTORY OF THE BARBARY MACAQUES

Whilethereis some contention regarding thefirst appearance of the barbary macaquesin Gibraltar, itisgenerally assumed
that macaques have been on the Rock sincethe M oorish occupation (711-1462 AD) (Perez and Bensusan 2005). Thehistory
of the macagues on Gibraltar hasbeenwell reviewed by Fa(1984), O’ Leary and Fa(1993), and Shaw and Cortés(in press),
so wewill not attempt to provide athorough historical overview here. However, abrief summary of the provisioning and
interaction history with humans is relevant. From the 19" century until the mid 1990s there were two main groups of
macaques in the population on the Rock; one a Ape's Den (formerly Queen’s Gate) and another at Princess Caroline's
Battery. By 1946 both groupswere provisioned by the British military separately, and by 1970 provisioning for the Princess
Caroline’s Battery group was moved to Middle Hill (a restricted military reservation areq) to reduce the macaques
incursionsinto Gibraltar town (Fa 1984). From 1972 onward the Middle Hill group had minimal interactions with non-
military humanswhereasthe Ape' s Den group hasbeenregularly visited by touristsat the sitesince at least 1936 (Fa1984).
Increased human interactions began in 1960 with the promotion of the Gibraltar apes as atourist attraction. As tourism
increased substantially during the 1980s-90s economic pressures came to bear on thetaxi drivers and tour guidesferrying
touriststo visit the macagues. Thismay have led toillegal provisioning by some Gibraltarans at new areas on the Rock of
Gibraltar (Pérez and Bensusan, 2005). By thelate 1990s thishad contributed to afissioning of extant groupswhich by 2004
had resulted in the permanent presence of approximately 250 macaquesin 6 groupsonthe Rock (Shaw and Cortésin, press).
Today the main interaction sites are Ape’s Den, Anglian Way/St. Michael's cave, Prince Phillips Arch and the cable car
station at the top of the Rock.

Itisclear that interactions with humans have been a substantial aspect in the daily lives of the Gibraltar macaques for several
generations and that these interactionsimpact the social behaviour and ecology of the macaques (Fa1984; Faand Lind 1996;
O'Leary and Fa 1993; Pérez and Bensusan 2005, Shaw and Cortés,in press). Throughout this history of interactions some
records on the impact of disease have also been kept. In the period of 1936-1944 gastroenteritis appears to have had a
substantial mortality impact on the Gibraltar macaque population and pneumonia caused high mortality amongst infantsin
the late 1980s (Fa 1984; O'Leary and Fa 1993). Both of these cases may reflect pathogen transmission from humans to
macagues. Unpublished observations of intermittent outbreaks of hasal discharge and coughing amongst the macague groups
a so suggeststhat the macagues may be acquiring mild respiratory pathogensfrom humans (A. Fuentes Pers. Observation and
Pers. Communication Staff members of Gibraltar Ornithological and Natural History Society (GONHS)). To date there are
no published recordsof aviral pathogen transmission event from the Gibraltar macaguesto humans, however thetransmission
of campylobacter and a macague louse to humans may be possibilities (Dr. M. Pizarro pers. Comm.).

Currently the feeding, management and care of the macagues is undertaken by the Gibraltar Ornithological and Natural
History Society (GONHS) under an agreement with the government of Gibraltar. GONHS provision the macaques at five
locationsin the reserve providing aselection from 15 or 16 kinds of fruits and vegetables plus grains every day of the year
(Pérez and Bensusan 2005). Although no formal dietary study has been conducted across this population it appears that
the macagues derive the mgjority of their annual diet from provisioning, however, they do feed daily on both vegetation
and invertebrates in the reserve.
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HUMAN-MACAQUE INTERACTIONS

Interactions with humans have been a substantial aspect in the daily lives of the Gibraltar macaques for several generations
and that these interactionsimpact the social behavior and ecology of the macaques (Fa1984; Faand Lind 1996; O’ Leary and
Fa 1993; Pérez and Bensusan 2005, Shaw and Cortés in press). Long-term exposure and subsequent habituation of the
macagues to human presence suggeststhat the macaques are fully acclimatized to being around humans (Fuentes 2006; Shaw
and Cortésinpress) Fa(1984) suggested that human presenceand tourist provisioning may have anegativeimpact on macague
reproduction and lead to other physiologically stressful outcomes. It may be that the current provisioning strategy of feeding
groups atotal of over 43,000 kilograms of food annually (Pérez and Bensusan 2005) lessens the impact of humans and that
the multi-generational exposureto high numbers of humansin the current population of macaques has altered the perceptions
and physiological responses of the macaques relative to earlier times (see Fa 1984 for demographic data 1936-1980).

During 2004 observers collected general data on 5489 human-macague interactions with 808 of the interactions recorded
infull detail during focal follows (Fuentes 2006). Acrossdl of the five interactions sitesin the Upper Rock Reserve there
aresignificantly more contact interactionsthan non contact interactions (X*=459, p<.001) between humans and macaques.
There does not appear to be a simple relationship between the number of humans in proximity to a macaque and the
occurrence of contact interactions and/or aggressive interactions. Across the sites 382 (47%) of the 808 focal interactions
involved tourist/taxi driver/tour guide provisioned food. However, each site varies substantialy in the relative impact of
food presence during interactions, and overall presence of food does not appear to have a direct, linear relationship to
interaction rates or aggression (Anderson et al.unpublished). A comparison of the two main interaction sitesin the Upper
Rock Reserve (Apes Den and Prince Phillips Arch) was made to examine the participation of taxi/coach drivers in the
interactions. | nteractions between taxi/coach driversand the macaquesusually involvethetaxi driver luring with food, and/
or physicaly assisting, the macague onto the head and shoulders of atourist for a photo opportunity. Additionally, many
taxi/coach drivers feed the macaques, often placing food items directly into the monkey’s mouth. These tourist couriers
accounted for 18.1% of al recorded interactions observed during focal follows at Apes Den and 33.8% percent of all
interactions recorded during focal follows at Prince Phillip’s Arch. Asthere are usually no more than afew (0-3) of these
individualsat agivenlocation during asampleperiod, they make up amaximum of ~8% of humansat aninteractionlocation
(Fuentes 2006). Taxi/coach drivers are significantly overrepresented in interactions with the macagques (Apes Den X?=
38.4, p<.001, Prince Phillip's Arch X?= 202.8, p<.001).

MODELING AN ANTHROPOGENIC ECOLOGY FOR THE GIBRALTAR MACAQUES

It is obvious that the macaques in the Upper Rock Nature Reserve are doing well. Their population size has grown
consistently across the last 20 years. Can this simply be explained by invoking by-product mutualism; that human
provisioning has led to increased nutritional intake and increased reproductive rates? Or can we envision these macagues
as participantsin an anthropogenic ecosystem (along with the other successful animals) and see this scenario as potentially
an example of facilitation in a human "place"? What role does assessing the anthropogenic environment play in
understanding the ecology of this habitat? To answer these questions we will review aspects of the macaques’ behaviour,
habitat, ranging and general ecology.

It is fairly clear that, contrary to the assertion of Fa (1984), provisioning and high rates of human interaction are not
suppressing the reproductive rate of the population. However, it may be possible that human patternsand provisioned food
act as selective pressures and areimpacting the behaviour and activity patterns of the macagues. Current research suggests
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no linear, or simple, relationship between human density and macaque aggression (Fuentes 2006, Anderson et al.
unpublished). Preliminary dataal so suggest that thereisnot aclear association between the presence of food and aggression
between humans-macagues or macaques-macaques (Fuentes unpublished data). However, these data reflect only peak
tourist season, when food sources are extremely plentiful and thus may not accurately reflect the overall impact of
provisioned food on the levels of aggression in the macagques.

Ranging patterns appear to have shifted over the last decade in response to human activity. Increased feeding at diverse
locationshy taxi driversappearsto correlate with the break up of multiple groups. Thisfractioning of two groupsinto as many
as Six groups signals a significant shift in the demographic structure of the macague population. Subsequent management
decisions to provision the new groups may have acted to reinforce these entities as socia units as did the earlier changein
feeding regimes in 1946. In addition to the provisioning impact on ranging two other elements appear to shape the patterns
with which macagues use the Rock area. As of 2003 at least one group has begun spending substantial amount of timein the
waste dumping site on the Southeast corner of the Limestone uplift. They aretolerated at the site by thelocal human workers
and appear to split their time between the dump areaand the habitat around one of the mgjor tourist sites(St. Michael’s Cave).
They appear to partition the use of the tourist site with another group (from which they may have split off) (E. Shaw pers.
comm). Thepresenceof thetrash dump combined with thetol eranceof the human workersmay have opened up anovel ranging
andforaging sitefor thisgroup. Previoustothis, the dump sitewasnot apart of any group’ srange. Another impact onranging
is that the reserve is bounded by urban areas (Gibraltar Town and Caleta Bay Village). While individual macaques have
ventured into these areas for centuries, consistent use by groups of fringe areas bordering the reserve such as housing estates
and hotels appears to be relatively new. In part this ranging shift by some groups or subgroups may be elicited by human
activity. Macaques are highly opportunistic and plastic foragers. As new feeding sites appear in proximity to current ranges,
macagues are likely to explore them. Active provisioning by humans and access to uncovered and overflowing rubbish bins
may be powerful stimuli eliciting an adaptive foraging response. In both of these cases the shift in macaque ranging must be
understood both as a foraging response and in the context of human activity and habitat change.

If we can see that a significant portion of the macaques foraging strategies are being impacted by human patterns of
provisioning, trash creation and management then we also must consider the nutritional impact. In general human foods
are high in readily utilizable carbohydrates and lipids (fats). If some of the macaques are supplementing their GONHS
provisioned foods with a significant percentage of human trash and handouts, then the energetic balance of some groups
or individualswill be quite different fromthat of others. This canimpact ranging, daily activity cyclesand possible overall
health. The site with the longest history of tourist provisioning, Ape's Den, does appear to have the highest rate of
overweight animal's (as assessed by overt skin folds). Understanding the nutritional ecology of these monkeys requires an
assessment of the various foraging opportunities and the diversity of food chemistries in these choices.

The physical structure of the sites where macagues spend much of their time (the tourist interaction sites) also might impact
macague behaviour. Most sites where moneys interact with tourists are along a roadway. However, the highest density
interaction sites (Ape’s Den and Prince Phillip’s Arch) differ dramatically in structure. Ape's Den hasalarge (~10m x 50m)
multi-level area where macagques and humans can interact. The macaques can avoid human interaction by moving over a
retainingwall onto thewestern cliff face (|ow wind, not asheer cliff) or by moving to the north or south. Humans cannot follow
inany of these cases. This suggests that when macaques are interacting with humans they are doing so explicitly by choice.
At Prince Phillip’s Arch the road way itself is the main interaction location. With asmall (~10m x 5m) interaction area and
asmall (~Imx 2.5m) raised platform (the architself). The eastern cliff faceis minimally accessible to dueits sheer drop and
thefrequent highwindsthat buffetit. To avoid humaninteractionsthe macaguesmust move off of theroad to thewestern slope
or north towardsthe cable car station and restaurant. It is possible that the human manipulation of physical structure (theroads
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and the existing structures at the two sites) combined with the different micro-habitats on the east (Prince Phillip’s Arch)and
west (Ape's Den) faces of the Rock create a different set of costs and benefits for interacting with humans.

\\

Onefina and important component of anthropogenic environments deserves attention: the potential risk of pathogen transfer.
The frequent overlap of macagues with human use areas suggests the possibility for the acquisition of human pathogens.
Macaques are potentially at risk to an array of human pathogensincluding measles, influenzas and other respiratory diseases
(Jones-Engel, et al. 2001). Physical contact and climbing of macagues onto tourists (with encouragement/training from taxi/
coach drivers) places human and macague faces in close proximity and thus respiratory zonesinto close contact. Pathogens
most easily transmitted via mucosal contact or aerosol dispersal may pose a significant danger to this macague population.

THE MACAQUESIN CONTEXT

Interactionswith humans and the structure and patternswithin the anthropogenic environment are acore part of the barbary
macague ecology and potentially areason why these macagues are doing so well. However, the macaques themselves are
amajor part of upper Rock ecosystem both because they are large mammals and due to the human use of the reserve. One
canarguethat the Upper Rock Nature Reserve can beviewed asan ecosystemwith afew large animal sasfoundation species
in the structure of the habitats and thus selection pressures on al of the inhabitants. In this essay we focused only on the
macaques and humans as we see these two primates as main elementsin structuring the ecology of the reserve. However,
the other successful non-human animals in the reserve also contribute to its structure and context.

Although the barbary macagues are large bodied mammals there are no actual comparative data to address their relative
contribution to the overall mammalian biomassin thereserve. However, with approximately 250 individualsinthe population
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they contribute over 1000 K g to the overall mammalian biomass, probably significantly morethan theferal goatsor cats, and
potentialy any other mammals aside from the black rats and possibly rabhits (Oryctolagus cuniculus). However, above and
beyond their biomass contribution, the macagues are integrally tied to the human presence in the reserve. At least 20% of
touristsvisiting thereserve specificaly cometo seethe macagquesand amuchlarger percentage participateontoursthat include
avigt the macaque sites (Fuentes unpubl . data). Additionally, local taxi drivers market their toursto visitorsto Gibraltar with
the specific reference to seeing and interacting with the macagues. This suggests that the macaques' presence in the reserve
isamgjor contributor to the human tourist presence and thus contributesto the daily cycle of traffic and rubbish dispersal. The
rubbish alone providesforage for many of the other organismsin the reserveincluding the ubiquitous yellow-legged gullsand
theblack rats. The continued presence of touristsal so stimul atesthe Gibraltaran government not only to maintain arelationship
with GONHS for the continued provisioning of the macaques but also for the support network of road maintenance, water
dispersal and fire control crews. This constant use and managing of the reserve, stimulated in part by the economic benefits
themacaquesprovide, actsto maintain relatively static habitat structureand to providedirect human assistanceto some species
(suchasferal cats) and protectionto others(feral goats). Eventheyellow-legged gulls, whoareactively culledinhigh numbers
annudly, receive atrade-off in the form of protection for amyriad of predators found in other areas of their breeding range
but extinct or non-resident in Gibraltar (figure 1).

Isthis more than by-product mutualism? The cats, gulls, rats, goats all benefit from structure and context of roads, macague
tourism, and the trash situation. They benefit from the ongoing relationship between the macaques and the humans and its
pattern of impact on the Upper Rock Nature Reserve. Thismay be seen as, in part, some degree of facilitation resulting from
ahumanimpacted habitat and activerolethat the macaques havewithin it. Other organisms, such assomeof the plant species,
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migratory birds, the endemic barbary partridge (Alectoris barbara), and some resident reptiles may not benefit, and might in
fact suffer from the extensive human use and management. In this case the anthropogenic environment that is in part
congtructed viainteraction with the macaques has created sets of ecological challenges (selection pressure) that are beneficial
for some inhabitants and not for others (figure 2). In a sense, we can see a potential expansion of realized niche for a select
group of resident specieswhileat thesametimeareductioninthereaized nicheof others. Theactiveand dynamicrelationships
between the resident organisms and their environment is structured, shaped and changed in an anthropogenic context.

In the broadest sense we can tackle an assessment of the Upper Rock Nature Reserve from the perspective of the macagues
by envisioning a dynamic ecosystem with two large mammals as major stakeholders; humans and macaques. The
relationships between these two species acts to structure the habitat, provide forage options and opportunitiesfor an array
of organisms and maintain a high volume human use of the area. Although other organisms also act as significant
components in this ecosystem, the macaques and humans represent two of the major factors (foundation species)
influencing the structure of the niches available (figure 3).

WHAT ISTHE BENEFIT OF THE PERSPECTIVE PUT FORWARD IN THISESSAY?

If niche construction entails an organism modifying “the functional relationship between itself and its environment by
actively changing one of the factorsin its environment either by physically perturbing these factors at its current address
or by relocating to a different address thereby exposing itself to different factors’ (Laland et al. 2001) then one can argue
that we are seeing niche construction by humans as well as the macagues on the Rock. If facilitation entailsinteractions
hetween two or more species co-existing in the same | ocation and ecol ogical space altering the selective environments such
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that each does better when the other is also sharing the environment/ecology (Bruno et al. 2003), the possibility remains
that in the Upper Rock Nature Reserve we may be seeing some facilitation via niche expansion amongst various animals.
Looking at this ecosystem with both an eye towards management and with an evolutionary perspective, our analyses may
produce a more comprehensive set of results.

Many researchers would agree that seeing anthropogenic influence as a core component of an environment allows for a
more realistic management approach to studying ecosystems. If we take this a step further and include the roles of other
significant non-human contributors to the shaping of the anthropogenic environment, such as macaques in this case, we
can expand our assessments and move towards a complexity based, multi-stakeholder approach. Thinking about realized
niches and their partitioning within an environment in the context of the active management and construction of local
ecologies alows for the use of tools from a diverse array of fields. Toolkits from disciplines such as ecology, animal
behavior, anthropol ogy, and resource management can be brought to bear on the same questionsin the hopes of producing
more effective and engaged results. Results that then may be of relevance not just to ecologists or resource managers but
aso to evolutionary theorists, animal behaviorists, and other researchers trying to understand relationships between
organisms in an increasingly anthropogenic world.
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