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1  | INTRODUC TION

Protected areas aim to conserve ecosystems and the wildlife they 
support from threatening anthropogenic processes (Sinclair & 
Dobson, 2015). While tourism provides important economic reve‐
nue for conservation efforts, increased human disturbance might 
on the other hand have negative impacts on wildlife populations. 
Nature‐based tourism is the fastest growing sector in the tourism in‐
dustry, with developing countries having the highest increase in vis‐
itor numbers (Balmford et al., 2009). National parks and wilderness 
areas with high levels of biodiversity are popular areas for tourists. 

In Tanzania for example, tourism has grown from 783,000 tourists 
in 2010 to 1.14 million in 2014 (Turner, 2015), of which ca. 25% visit 
Serengeti National Park (SNP).

Many wildlife species avoid areas with human activities, displac‐
ing such species into less suitable habitats, or negatively affecting 
the amount of time spent on parental care, foraging, resting and 
mating displays (Brubaker & Coss, 2015, 2016; Burger, 1981; Gander 
& Ingold, 1997; Klein, Humphrey, & Percival, 1995; Manor, Saltz, & 
McCorquodale, 2005). However, certain species seemingly thrive 
within human‐altered habitats and can adapt to survive in urban en‐
vironments by directly or indirectly increasing their fitness through 
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Abstract
Many animal populations are exposed to disturbance originating from human ac‐
tivities. In response to human disturbance, certain animals display a variety of po‐
tentially costly behavioural responses, such as increased antipredator behaviour or 
relocation to new areas. In contrast, other animals seemingly thrive in the presence 
of humans and benefit from human‐derived resources. Flight initiation distance (FID: 
the distance between predator and prey when prey starts to flee) is a measure com‐
monly used to assess animals’ tolerance to humans. In this study, we tested how FID 
changes in relation to human presence in two hyrax species in Serengeti National 
Park. Hyraxes living on kopjes (rock outcrops) among human settlements showed a 
significantly shorter FID than hyraxes living on kopjes without human settlements. 
In addition, we found that hyraxes feeding before the experiment had shorter FID 
than hyraxes resting or being vigilant, and hyraxes disturbed during the early morn‐
ing had shorter FID than hyraxes disturbed during late morning. We did not find any 
significant effects of group size or species composition on FID. Our results suggest 
that hyraxes living in the presence of humans are habituated and are not adversely 
affected by human settlements.
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exploiting human‐induced resources and benefits such as cultivated 
plants, garbage, decreased predation pressure and shelter (Kark, 
Iwaniuk, Schalimtzek, & Banker, 2007; McKinney, 2002). Normally, 
antipredator behaviour such as vigilance is costly through time and 
energy loss, and it should thus be adjusted based on the perceived 
level	 of	 threat	 (Lima	&	Dill,	 1990).	One	way	 to	 evaluate	 this	 is	 to	
measure the distance between predator and prey when prey start to 
flee, called flight initiation distance (FID) (Stankowich & Blumstein, 
2005; Stankowich & Coss, 2005; Ydenberg & Dill, 1986). Given the 
potentially fatal consequences, fleeing as soon as a predator is de‐
tected is seemingly the safest decision. Such a strategy is, however, 
not necessarily the most beneficial, as costs are incurred when the 
animal flees early as it loses time and energy that could be spent on 
fitness‐enhancing activities, such as energy gain through foraging. 
Optimal escape theory (Cooper Jr. & Frederick, 2007; Ydenberg & 
Dill, 1986) predicts that animals will flee when the cost of staying 
exceeds potential benefits.

Various factors influence FID, for example patch forage quality, 
reproductive state, risk of capture (e.g. distance from hiding place), 
speed and direction of the approaching predator, number of preda‐
tors, individual fitness, group size and starting distance (SD: i.e. the 
distance between predator and prey when approach begins) (Cooper 
Jr. & Blumstein, 2015). Repeated low‐risk exposure to a potential 
predator can facilitate change in risk assessment towards the spe‐
cific predator. Through this process, the animal reduces its response 
over time as it learns that there is no advantage or disadvantage 
to the stimulus (Rankin et al., 2009; Shulgina, 2005). This process 
is called habituation and is a plastic behavioural response found in 
many animals (Blumstein, 2016; Thompson, 2009). Habituation re‐
fers to stimulus repetition due to sustained exposure that results 
in an individual becoming inattentive towards an object or situation 
that initially conveyed important cues (Rankin et al., 2009; Shulgina, 
2005). This kind of behaviour is often developed towards humans for 
animals inhabiting areas with human activity (McGowan, Patel, Stroh, 
& Blumstein, 2014; Rodriguez‐Prieto, Fernández‐Juricic, Martín, & 
Regis, 2009; Samia, Nakagawa, Nomura, Rangel, & Blumstein, 2015; 
Samuni, Mundry, Terkel, Zuberbühler, & Hobaiter, 2014). The risk al‐
location	hypothesis	(Lima	&	Bednekoff,	1999)	predicts	that	if	animals	
experience frequent or prolonged high‐risk events, they must make 
a trade‐off between antipredator behaviour and fitness‐increasing 
activity and reduce the antipredator behaviour to meet its needs for 
food and rest. In both cases of habituation and risk allocation, FID is 
expected to decrease with increased non‐threatening human activ‐
ity. For example, when approached by a human, impalas (Aepyceros 
melampus) exposed to illegal hunting pressure outside SNP fled at 
greater distances compared to those inside the protected national 
park (Setsaas, Holmern, Mwakalebe, Stokke, & Røskaft, 2007).

Minimal levels of human activity can have serious effects on 
wildlife. Even a temporary tented camp, a small research station 
or a popular hiking area can be a source of disturbance that could 
increase the risks for different animals (McGowan et al., 2014). 
Human settlements (villages), livestock keeping and hunting are not 
allowed within SNP, but there are several hotels, lodges and tented 

camps with staff villages, as well as a visitor and research centre. 
They are often built on or around rock outcrops called kopjes, and 
these natural features are also home to two species of hyraxes (the 
rock hyrax—Procavia capensis johnstoni and the bush hyrax—Hetero‐
hyrax brucei). We have previously documented that hyraxes in SNP 
seem to benefit from human presence with human‐inhabited kopjes 
having higher hyrax densities than other kopjes (Mbise et al., 2017). 
The behaviour and socio‐ecology of hyraxes in habitats influenced 
by human presence might therefore differ from populations with‐
out human presence due to lower predation pressure, higher pop‐
ulation densities and human‐induced stress affecting their energy 
budget (Ditchkoff, Saalfeld, & Gibson, 2006). Frequent non‐threat‐
ening exposure to humans in these areas may result in shorter FID 
compared to hyrax populations in kopjes lacking human presence. 
Studies on bird FID in relation to varying levels of non‐threatening 
human disturbance found a decrease in FID with increasing expo‐
sure	rates	(Engelhardt	&	Weladji,	2011;	Malo,	Acebes,	&	Traba,	2011;	
McGowan et al., 2014; Mikula, 2014).

However, previous experiments on different mammals in 
the Serengeti Ecosystem have shown that some mammals flee 
at greater distances in areas associated with threatening human 
activities compared to the well‐protected central areas of the 
national park (Holmern, Setsaas, Melis, Tufto, & Røskaft, 2016; 
Marealle, 2011; Setsaas et al., 2007). Furthermore, hyraxes living 
around dwellings are more relaxed because predation rate is very 
low (Mbise et al., 2017). In animals, when predator encounters prey, 
the flight initiation distance (FID) is often quantified to examine 
the perception of security for an individual (or group) (Stankowich 
& Blumstein, 2005; Williams, Samia, Cooper, & Blumstein, 2014). 
The FID helps to differentiate between various factors that ex‐
plain animals’ alertness (Blumstein, 2014; Stankowich & Blumstein, 
2005). One potential factor is the presence of humans (Williams et 
al., 2014); hence, we examined various factors in an experimental 
setup with heterogeneity of human presence. To our knowledge, 
there have not been any FID experiments conducted on hyraxes. 
The objective of this study was to test how FID changes in relation 
to dwellings and other factors such as hyrax species, presence of 
young, behaviour of hyraxes before the onset of the experiment, 
time of day and group size. We expected FID to be shorter for 
hyraxes that were regularly exposed to human activities, as their 
tolerance towards humans would be greater than for hyraxes un‐
familiar with humans.

2  | METHODS

2.1 | Study area, species and data collection

The Serengeti‐Mara ecosystem lies on the border between 
Tanzania	 and	 Kenya	 in	 east	 Africa,	 situated	 on	 a	 plateau	 cover‐
ing approximately 30,000 km2. Fieldwork was conducted in dif‐
ferent	parts	of	SNP;	around	Seronera	in	the	central	area,	Lobo	in	
the north, and Moru, Simba, Gol and Barafu in the south of the 
park (Figure 1).
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The rock hyrax and the bush hyrax are both diurnal and may 
occur sympatrically or allopatrically on kopjes throughout SNP 
(Hoeck, 1975). They belong to the order Hyracoidea and are related 
to the elephants and sirenians, and include three extant genera: 
Dendrohyrax, Heterohyrax and Procavia (Hoeck, 1982).

Fieldwork	was	 carried	out	 between	 June	 and	August	2015	on	
dry and sunny days, during this time we visited 43 kopjes and FID 
experiments were done only on the kopjes which are easy to access 
while approaching focal individuals (20 kopjes) (Figure 1). Kopjes 
which were surrounded by thick bushes were not included. Kopjes 
were randomly selected and categorized as either part of dwellings, 
that is an establishment with permanent human activity as lodges, 
campsites, workers villages, etc., or kopjes devoid of any form of 
human	dwellings.	At	each	kopje,	we	used	binoculars	and	recorded	
number of individuals and species. There were two observers all the 
time, but only one that identified species and did the final counting 
at each spot to avoid double counting. Observed individuals had two 
age groups which were classified according to their body size; adult 
(n = 211) and young (n	=	37)	(Hoeck,	1989;	Ilany,	Lee	Koren,	&	Hoeck,	
2013). Before doing experiments, we recorded hyraxes’ behaviour 
as; resting (laying down with no any activity), feeding (focused on 
browsing, grazing or eating insects) or vigilant (head up and looking 
around).

2.2 | Flight initiation distance

Flight initiation distance experiments were done between 7 a.m. 
and 6 p.m. General methods were done in accordance with Setsaas 
et al., (2007) and Holmern et al., (2016). When we sighted indi‐
vidual hyrax or a group of hyraxes on a kopje, we stopped the car 
or stood still and recorded the number of individuals, species, age 
and behaviour. The same observer and test person (person who 

initiated the flight response) were used in all experiments. The ob‐
server used a rangefinder (Phoxx 600M) to measure the starting 
distance, and then the test person walked towards the animal or 
group in a straight line and at a constant speed (1.3 metres per 
second) and immediately stopped when the focal individual fled. 
The focal individual was picked randomly by observer. Then the 
observer measured the distance to the test person and recorded 
it. The species and age of the first and last individual to flee were 
also recorded. The FID was recorded as the difference between 
the starting distance and the distance at which the test person 
stopped his approach in response to the targeted individual tak‐
ing flight. In some dwellings, the flight distance was less than 10 
metres. Because the rangefinder only was able to record distances 
between 10 and 1,000 metres, we had to estimate distances in 
such cases.

2.3 | Statistical analyses

Starting distance can influence FID and should be taken into consid‐
eration when doing FID experiments (Blumstein, 2003; Engelhardt 
& Weladji, 2011). Hence, we used the traditional way of controlling 
for starting distance in our models by including starting distance as a 
covariate. We used a linear mixed model to analyse our data with FID 
as response variable and starting distance, human presence, number 
of individuals, hyrax species and behaviour at start of experiment 
as predictor variables. FID + 1 was log‐transformed to fit a normal 
distribution, and starting distance + 1 m was also log‐transformed 
to operate on the same scale. Kopje identity was included as a ran‐
dom factor. Statistical analyses were performed in R (R Core Team, 
2017), and we used the package “lmerTest” (Kuznetsova, Brockhoff, 
& Christensen, 2015) to run mixed models and the package “effects” 
to illustrate the modelled effects (Fox, 2003).

F I G U R E  1  A	map	of	the	Serengeti	
National Park with the 43 kopjes we 
visited
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3  | RESULTS

A	total	of	112	experiments	in	20	different	kopjes	were	conducted.	
Only bush hyraxes were present in 62 experiments (mean group 
size = 1.76), only rock hyraxes in 42 experiments (mean group 
size = 1.88), while both species (mean group size = 7.88) were pre‐
sent in eight experiments. Median starting distance was 23 metres 
(95% CI: 10.5–61.5), and median FID was 7 metres (95% CI: 1–36). 
Among	 the	predictors,	we	 found	 statistically	 significant	effects	of	
human presence, behaviour at the onset of the experiment and 
time of day for the experiment in addition to the expected effect 
of starting distance (Table 1). Hyraxes living in kopjes with human 
presence had shorter FID (mean FID = 5.9 m ± SE 0.5) than hyraxes 
living in other kopjes (mean FID = 22.4 ± SE 2.8; Figure 2a). Hyraxes 
feeding at the onset of the experiment had significantly shorter FID 
than hyraxes being vigilant and had shorter FID than resting hyraxes 
(Figure 2b). Hyraxes disturbed during early morning (07:00–09:00) 
had significantly shorter FID than hyraxes disturbed during late 
morning (09:30–11:30) (Figure 2c). We also tested the model with 
the other categories as reference, but none of the other three cat‐
egories differed significantly from each other. We did not find any 
significant effects of hyrax species or number of individuals on FID 
(Table 1).

4  | DISCUSSION

Hyraxes living on human‐inhabited kopjes showed decreased sen‐
sitivity towards human approach and had significantly shorter FID 
than hyraxes living on kopjes without human settlements. This is 
consistent with our prediction of habituation to humans. In addition, 
we found that hyraxes feeding before the initiation of experiments 
had shorter FID than hyraxes being vigilant, and hyraxes disturbed 
during early morning had shorter FID than hyraxes disturbed during 
late morning.

There are several possible explanations for why FID is shorter 
around dwellings. One is that animals can learn through experience 
with human encounters and adjust antipredator behavioural re‐
sponses (Bateman & Fleming, 2014; Deecke, Slater, & Ford, 2002). 
Human settlements within SNP are not associated with any direct 
harvesting or persecution of hyraxes, so encounters with humans 
constitute	 low	risk.	Lowering	FID	decreases	 the	costs	of	unneces‐
sary fleeing leaving animals with more time for fitness‐increasing 
activities	 such	 as	 foraging.	 According	 to	 optimal	 escape	 theory	
(Cooper Jr. & Frederick, 2007; Ydenberg & Dill, 1986), it is advan‐
tageous to adjust antipredator behaviour according to the degree 
of risk posed in order to optimize fitness. Reduction in FID due to 
habituation towards humans has been found in several other species 
such as zebras (Equus quagga and E. grevyi), eastern grey squirrels 
(Sciurus carolinensis), skinks (Eumeces laticeps), tricoloured blackbirds 
(Agelaius tricolor) and yellow‐bellied marmots (Marmota flaviventris) 
(Brubaker & Coss, 2016; Engelhardt & Weladji, 2011; McGowan et 
al., 2014; Rodriguez‐Prieto et al., 2009; Williams et al., 2014). Hyrax 
habituation towards humans seems likely as there is non‐threaten‐
ing, year‐round human activity in all dwellings included in our study. 
We have also previously shown that hyrax numbers are higher in 
kopjes with human settlements than in other kopjes (Mbise et al., 
2017).

Another	possible	explanation	to	the	shorter	FID	around	dwell‐
ings	 could	 be	 explained	 by	 the	 risk	 allocation	 hypothesis	 (Lima	
& Bednekoff, 1999). The constant high disturbance level could 
cause the hyraxes to make a behavioural trade‐off between anti‐
predator behaviour and fitness‐increasing activities, consequently 
lowering FID to meet their needs. Rodriguez‐Prieto et al. (2009), 
suggested that both risk allocation and habituation were acting 
together in reducing FID in an experiment on blackbirds. Possibly, 
both mechanisms are also acting on the hyraxes. Predators have 
longer FID than prey around dwellings (Møller & Ibáñez‐Álamo, 
2012), and hence dwellings could act as refuges from predators 
for the hyraxes.

 Estimate SE df T p

Intercept −0.47 0.45 100 −1.055 .294

Log(Starting	distance	+	1) 0.63 0.14 100 4.337 <.001

Number of individuals 0.04 0.03 100 1.191 .236

Resting versus feeding 0.24 0.15 100 1.564 .121

Vigilant versus feeding 0.61 0.21 100 2.874 .005

Late	morning	versus	early	
morning

0.27 0.15 100 1.785 .077

Midday versus early morning 0.04 0.19 100 0.216 .829

Evening versus early 
morning

0.14 0.181 100 0.763 .447

Both species versus rock 
hyrax

−0.18 0.28 100 −0.674 .502

Bush hyrax versus rock 
hyrax

−0.01 0.13 100 −0.120 .905

No human presence 0.69 0.19 100 3.509 <.001

TA B L E  1   Output of fixed factors from 
a linear mixed model with the logarithm 
of FID + 1 as response variable and 
kopje‐ID as a random factor. In total 112 
experiments in 20 different kopjes were 
conducted
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Feeding hyraxes had shorter FID than vigilant hyraxes. This could 
either stem from feeding hyraxes being less observant or potentially 
due to a higher cost of fleeing in accordance to optimal escape the‐
ory (Cooper Jr. & Frederick, 2007; Ydenberg & Dill, 1986), that is 
there is likely a higher cost of leaving feeding than leaving a less 

fitness‐related behaviour. We also found that hyraxes had shorter 
FID in the early morning than during late morning, which also could 
be associated with most animals feeding during this time, or that the 
risk	of	predation	is	higher	during	this	period.	Although	not	statisti‐
cally significant, it appears that FID was also shorter during midday 
(12:00–14:00) and longer during evenings (16:30–18:30) (Figure 1c).

Similarly as in zebras (Brubaker & Coss, 2016), we did not find 
any significant effect of group size or species composition (Table 1). 
Hence, whether the two species were found together or in separate 
groups, or the number of individuals in each group, did not affect 
FID. Because group sizes were large when both species were pres‐
ent, it was not possible to disentangle the effect of heterospecific 
presence and group size. However, large group size in general could 
increase FID via the “many eyes” hypothesis, but also reduce FID 
via the “dilution” hypothesis, such as found in crab‐eating macaques 
(Macacafascicularis) (van Schaik, Noordwijk, Warsono, & Sutriono, 
1983), house sparrows (Passer domesticus) (Barnard, 1980) and brant 
geese (Brantabernicla) (Owens, 1977). Thus, we encourage specific 
testing of such an effect.

Starting distance was, as expected, strongly associated with FID, 
which has also been found in many other studies (Blumstein, 2003; 
Cooper Jr., 2005; Cooper Jr. & Blumstein, 2014; Williams et al., 
2014). Recent studies have suggested alternative ways of assessing 
FID in order to escape the mathematical dependency between start‐
ing distance and FID (Bonnot et al., 2017). However, this method‐
ology requires more information than we recorded during our field 
experiments. We used a car to look for hyraxes outside dwellings, 
and the hyraxes were probably aware of us before we started the 
experiment.	Around	dwellings,	 the	alert	distance	 could	have	been	
misinterpreted since the hyrax may have been aware of our pres‐
ence and alert without looking directly at us or halt in the ongoing 
activity (showing an alert response). Ydenberg and Dill (1986) pre‐
dicted that FID increases with increasing distance to refuges and this 
model has been supported in several studies (Bonenfant & Kramer, 
1996; Cooper Jr., 1997; Gotanda, Turgeon, & Kramer, 2009; Kramer 
& Bonenfant, 1997). Other variables that could affect FID are po‐
sition between approaching predator and prey's refuge (Kramer & 
Bonenfant, 1997), eye contact, patch quality for feeding animals and 
temperature	(Cooper	Jr.,	1997;	Fernández‐Juricic,	Jimenez,	&	Lucas,	
2002; Sreekar & Quader, 2013). Taking one or more of these vari‐
ables into consideration would probably help explain more of the 
variation in FID. Other variables that could be interesting to take into 
consideration is how far the animal flees (Bateman & Fleming, 2014), 
if it flees directly into refuge or stops to look back, which is observed 
in the woodchuck (Bonenfant & Kramer, 1996), and time it takes for 
the animal to resume to the former activity after flight which could 
be used to interpret how much human disturbances affect them.

Due to non‐detrimental effects posed by human presence on 
hyraxes in SNP, we conclude that hyraxes show a lower FID around 
dwellings because they are habituated towards human disturbances. 
We suggest that future studies should investigate how trade‐offs 
between fitness, predation pressure and access to refuges might 
interplay.

F I G U R E  2   Graphical representation of the modelled effects 
estimated in the linear mixed model in Table 1 between log FID + 1 
and (a) human presence, (b) behaviour at the start of the experiment 
and (c) time of day. Error bars denote 95% confidence intervals
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