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Abstract 
Trophy hunting has severe consequences on wild animals’ behaviors, which 
in return has implications for affecting wildlife populations. The Selous Game 
Reserve is a protected area in Tanzania that has been subjected to commercial 
trophy hunting for decades, and information about the effects of trophy 
hunting on animals’ welfare is still scarce. The Flight Initiating Distance (FID) 
can be a good measure to evaluate the welfare of animals and the level of risk 
perception towards anthropogenic disturbances, including trophy hunting. 
The study used linear mixed models to assess the flight responses of twelve 
commonly hunted species in the Selous game reserve (S.G.R.). The study 
compared animal vigilance between species, vegetation types, and group size. 
The FID varied between species, with which more vigilance was observed in 
zebras, elands, wildebeests, and sable antelopes. The study found a significant 
influence of vegetation cover on individual species’ FID. Further, the study 
found a significant influence of group size on animals’ vigilance (L. M. M., 
95% CI = 0.590 - 4.762), in which there was a decrease in FID with an in-
crease in group size for wildebeests. At the same time, other species, such as 
buffaloes, eland, hartebeests, and zebras, had their FIDs increasing with the 
increase in group size. We conclude that the impact of trophy hunting on sa-
vannah ungulates varies between species, vegetation covers, and group size of 
individual species. Regulatory authorities should consider minimum approach 
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distances by trophy hunters in different vegetation cover to reduce animal bi-
ological disturbances. 
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1. Introduction 

In the ecosystem where trophy hunting is conducted, the hunters interact with 
animals in different ways, including walking on foot, driving vehicles, shooting 
animals, and camping [1]. Human activities/disturbances that are highly lethal 
to wildlife influence the movement pattern of wild animals, home ranges, forag-
ing costs, resting, and level of vigilance [2] [3] [4]. The effects of these human 
disturbances can have long-lasting impacts on wild animals in various ways in-
cluding reduction of reproductive success [3], changing home ranges, activity 
patterns [4], and physical (fitness) health of animals [1] [5].  

Trophy hunting is one of the anthropogenic stressors that affect the flight- 
initiating behavior of hunted animal species, increasing trophy searching efforts 
which possibly affects hunting success. Flight initiation distance (FID) is the 
distance at which an animal or prey flees from an approaching threat, and it has 
been used to study the optimal escape theory and risk assessment [6]. The ani-
mals’ decision to flee is influenced by several factors, and they would normally 
flee when the costs of staying exceed the benefits [7]. It is also normally used to 
reflect the amount of danger perceived by an animal and has been used to study 
factors prompting the decision to flee [7] [8] [9]. FID can be a very suitable tool 
for wildlife managers in developing buffer and setback distances between animal 
nesting or feeding areas and human visitors [10], and it can be used in the as-
sessment of animal welfare states as an indicator of fear or distress [11]. 

There are other factors that influence animals’ flight decisions which include 
group size, [12], environmental conditions [1], habitat cover [2] [11], and level 
and types of anthropogenic stressors [13]. The number of times the hunting 
group or observer comes into contact with the hunted animal species provides 
an encounter rate [14]. The encounter rate of different species in the hunting 
blocks may help to explain the search effort, which is the amount of time in 
hours or days used to find a certain trophy animal. Assuming that other factors 
remain constant, an increased search effort to harvest a particular species of the 
same trophy quality may indicate a declining population of that species [14].  

Having a better understanding of how hunting pressure is accounted for by 
animals, wildlife conservation and management should consider ways of man-
aging wildlife through monitoring of flight initiating distances between species 
[15]. It is important to know whether animal species therefore habituate or sen-
sitize (perceive greater risk) to regular exposure to human disturbance in the 
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protected area [11] [16]. Several studies have used the FID to measure the short- 
term effects of human disturbances on wild animals [1] [9] [11] [17] [18] [19] 
[20]. The aim of this study was to assess the impact of trophy hunting on wild 
animals’ behaviour in Selous Game Reserve, where hunting has been in practice 
for many years, and a recent assessment of behaviour of hunted animals is lack-
ing. The study also aimed to assess how animals respond to human encounters 
across different vegetation covers. 

2. Study Area and Methods 
2.1. Study Area 

Selous game reserve (SGR) is located in central south-eastern Tanzania between 
130 and 500 km southwest of Dar-es-Salaam at 7˚20’ to 10˚30’S, and 36˚00’ to 
38˚40’E (Figure 1). The study was conducted at the three hunting blocks within 
the game reserve which are LR2, LR3, and LL2 found in the Kingupira sector. 
The LL2 hunting block was without a trophy hunting investor for almost five 
years before being reinstated in 2020, while the LR2 and LR3 hunting blocks 
were in continuous operation. The combined size of the hunting blocks is 3562 
km2. The hunting blocks receive 1300 millimeters of average rainfall annually, 
and a temperature ranging between 23.1˚C in July and 37˚C in December [21].  
 

 

Figure 1. Map showing major vegetation zones from the selected hunting blocks in SGR. 
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The vegetation is dominated by Brachystegia spp. found in miombo woodland 
that covers most part of the game reserve [22]. 

2.2. Study Species 

The study incorporated twelve (12) hunted species that were more encountered 
during the road transects survey in the Selous game reserve. The names of the 
selected species are; Cape buffalo (Syncerus caffer), bushbuck (Tragelaphus syl-
vaticus), common duiker (Sylvica pragrimmia), eland (Taorotragus oryx), great-
er kudu (Tragelaphus strepsiceros), impala Southern (Aepyceros melampus), 
Liechtenstein hartebeest (Alcelaphus buselaphus), Nyasaland wildebeest (Con-
nochaetestaurinus johnstoni), sable antelope (Hippotragus niger), warthog 
(Phacochoerus africanus), waterbuck (Kobus ellipsiprymnus), and plains zebra 
(Equus quagga).  

2.3. Methods 
2.3.1. Study Design 
The study applied a cross-sectional study design for primary data collection, 
where data were collected at a one-time point [23] The hunting blocks were se-
lected because of their varied vegetation cover, good accessibility through roads, 
and border one another (landscape homogeneity). We surveyed all roads availa-
ble that are used by trophy hunters and management during patrol operations 
because of their good accessibility. Data were collected during the dry season 
when the majority of the roads were accessible and trophy hunting was at its 
peak in August and September 2022.  

2.3.2. Data Collection Techniques 
All animals observed along the transects were recorded. The principal investiga-
tor (PI) selected six (total of 230 Km) accessible road transects during the hunt-
ing season which cross different vegetation types. The distances covered between 
transect roads varied. As conducted by Tarakini et al. (2014) [11], a vehicle was 
driven along road transects at a low speed of 25 - 30 km/hr., allowing easy ani-
mal detection for the two observers on top of the vehicle. When a solitary or 
herd of study species was detected, the vehicle was immediately stopped and the 
engine switched off. The PI recorded the type of animal species encountered, 
and the unit size (number of individuals observed). From the field observations, 
the vegetation cover was classified as follows; 1) Miombo forest: trees with 
height above 5 meters and a canopy cover of >70%; 2) Woodland: trees covering 
between 25% - 69% of an area; and 3) wooded grassland: Scattered trees covering 
between 5% - 24% of an area.  

For flight initiation distance (FID) following the procedure of Setsaas (2007) 
[24] a rangefinder was used to measure the starting distance (SD) measured as 
the distance from the vehicle to the animal(s). The PI accompanied by an armed 
ranger walked on foot slowly toward the animal/herd, and then record the dis-
tance where the animal/herd starts moving away (flight), and the distance from 
the PI to the original position of the animals was defined as the FID.  
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2.3.3. Data Analysis 
The analysis for variation of FID between species, the influence of vegetation 
types and group size on wild animals’ behaviour were performed by using R 
software (R Core Team, 2021) [25], and the linear mixed model (LMM) was 
used with the utilization of the lme4 package from R. The FID was treated as a 
response variable, while the species name was treated as an explanatory variable. 
Since the transect length was not uniform, transect length was treated as a ran-
dom variable. A similar model was used to assess the influence of vegetation 
types on the behaviour of animals in which FID was treated as a response varia-
ble, while vegetation type was treated as an explanatory variable. To assess the 
influence of group size, a similar model was used, in which FID was treated as a 
response variable, while the group size of the animals encountered was treated as 
an explanatory variable.  

3. Results 
3.1. Variation of Flight Initiating Distances (FID) between Species 

A total of 12 species were mostly encountered in different road transect surveys 
which are waterbuck, zebra, wildebeest, hartebeest, common duiker, buffaloes, 
sable antelopes, bushbuck, eland, Greater kudu, impala, and warthog. For all 
species, the minimum flight initiating distance was approximately 33 meters. 
The study found that FID varied significantly between species (LMM, 95% CI = 
52.339 - 103.744). Species that appeared to have higher flight initiating distances 
were Zebra, Eland, Sable antelopes, and Wildebeests (Figure 2).  

3.2. The Influence of Vegetation Types on Wild Ungulates’  
Behavior 

Through observation and image analysis, three major vegetation or habitat types 
identified were wooded grassland, woodland, and miombo forests. The study 
significant variation of animal species FID with vegetation types (LMM, 95% CI 
= 9.197 - 54.190). Species had high flight distances in wooded grassland vegeta-
tion than woodland and miombo forest vegetation types (Figure 3). 
 

 

Figure 2. Mean FID between different species. The arrows indicate standard error. 
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Figure 3. Mean FID of species in different vegetation types. The arrows indicate standard 
error. 
 

Instead of assessing all species encountered during the survey, this study used 
four species that had the highest FID as species of focus to assess the variation of 
their FID in different vegetation types. These four species are zebra, eland, sable 
antelopes, and wildebeests. The study found that the selected species were en-
countered in wooded grassland and woodland only, indicating that these se-
lected species were not observed in the miombo forest vegetation. Generally, the 
FID for all four selected species varied significantly between wooded grassland 
and woodland vegetation types (LMM, 95% CI = −76.513 - −1.251). Sable ante-
lopes were observed in woodland vegetation only, while other three species were 
encountered in both wooded grassland and woodland vegetation types (Figure 
4). Significant higher flight distances were observed for both zebra (LMM, 95% 
CI = −150.688 - −11.561) and wildebeest (LMM, 95% CI = −125.076 - −5.713) in 
the wooded grassland than in woodland vegetation types (Figure 4). Contrary to 
zebra and wildebeest, there was no significant difference of FID for elands in re-
lation to vegetation types (LMM, 95% CI = −37.176 - 58.307). 

3.3. The Influence of Animal Group Size on Flight Behaviour 

Six species were selected to assess the effect of group size on ungulates’ behav-
iour as their encounters were enough for this analysis. These species are buffa-
loes, elands, hartebeests, waterbucks, wildebeests, and zebras. The study found a 
significant influence of group size animals’ vigilance (LMM, 95% CI = 0.590 - 
4.762), in which the FID decreased with an increase of group size for wilde-
beests, while for other five species (buffaloes, eland, hartebeests, and zebra) their 
FID increased with an increase of group size (Figure 5). 

4. Discussion 

The results suggest that Plains zebras had the highest FID, with a mean FID of 
140 m, followed by three other species that were elands, wildebeests, and sable 
antelopes (Figure 2). In all observations, three species (zebra, elands, and sable  
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Figure 4. Mean FID for the four key selected species in different vegetation types. The 
arrows indicate standard error. 
 

 

Figure 5. The FID of the six key selected species in different group sizes. The shadow in-
dicates a 95% confidence interval. (a) Buffalo, (b) Eland, (c) Hartebeest, (d) Waterbuck, 
(e) Wildebeest, (f) Zebra.  
 
antelopes) were encountered in groups rather than solitary, and the higher FID 
can be explained by Tammie et al. (2005) [26] hypothesis called the ‘many eyes’ 
hypothesis, which proposes that there is a greater chance of predators (in this 
case refers to humans) being detected earlier by individuals in a larger group. 
This hypothesis has been assessed and verified with a study that used FID as a 
proxy [11]. 

The effect of vegetation type on the FIDs of animals cannot be overshadowed 
as this study suggests that it plays a role in animals’ vigilance. As Stankowich & 
Blumstein (2005) [18] suggested, the decreased FIDs in closed habitats may be 
caused by the limited ability to detect incoming threats at longer distances. It is 
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noted that the perceived risk of animals increases by 43% when they are far from 
their potential refuge, and they are expected to have higher FIDs from the po-
tential threat [18]. This has been observed in our findings, in which higher FIDs 
in wooded grassland than in woodland for four species (zebras, elands, wilde-
beests, and sable antelopes) that were recorded to have the highest FIDs oc-
curred. Elands however showed higher FIDs in both vegetation covers, and as 
study by Furstenburg, (2012) [27] suggests that elands are shy animals but they 
would remain still if approached, and they would move away quickly only when 
alert to danger. The high FIDs of elands in both vegetation covers in this study 
could suggest that the animals are sensitized by the human presence from years 
of trophy hunting and flee at great distances.  

Waterbucks, greater kudus, bushbucks, and common duikers were mostly 
encountered in the closed vegetation (miombo woodland and miombo forest) 
and they could be detected at shorter distances (Figure 2). The greater kudu in 
our study had approximately 40 m FID, and are comparative to 59 m and 64 m 
from Muposhi et al. (2016) [1] and Tarakini et al. (2014) [11] studies respective-
ly. There are limited studies to relate to waterbucks, bushbucks, and common 
duikers’ FIDs. This study however suggests that the closed vegetation cover in-
fluenced their shorter FIDs as the animals could not detect an incoming threat at 
long distances, and also, they felt more secure in the potential refuge (vegetation 
cover) as suggested by Stankowich & Blumstein (2005) [18]. 

For animals encountered at shorter distances, the approacher was expected to 
move a short distance before the animals move away because animals have less 
time to assess risk at shorter encountering distances according to Cooper & Fre-
derick (2010) [6]. In this study, six species (hartebeest, warthog, waterbuck, ku-
du, bushbuck, and duiker) showed tolerance towards the researcher’s vehicle 
and fled at the sight of approaching observers walking on foot. The trophy 
hunting guidelines in Tanzania do not allow hunting to be conducted from ve-
hicles. The FIDs of animals in closed habitats after detecting the observer while 
showing tolerance towards the vehicle could be explained as relating the direct 
human approach with danger compared to vehicles, as argued by Muposhi et al. 
(2016) [1] and Stankowich (2008) [2] studies.  

Our results further showed the effect of group size on the FID of different 
animal species (Figure 5). The wildebeests’ FID decreased with an increase in 
group size, which can be explained by a model of predation risk assessment by 
Samia et al. (2015) [28], which predicts a declining risk of predation as group 
size increases and individuals in larger groups might thus tolerate closer ap-
proach. The FIDs of buffalo, hartebeest, waterbuck, and zebra increased with an 
increase of the group size (Figure 5). The earlier detection of incoming threats 
(in this case humans) may influence the high FID of animal species in groups as 
those who detect the threat could alert the other group members [19] [26] [29]. 
In our study, however, group size did not affect elands as their FID was similar 
in both small and large groups. This suggests that the FID variation differs be-
tween individual species, and elands were more vigilant to human presence. 
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5. Conclusions 

This study provided an empirical summary of the impact of trophy hunting on 
the hunted animals’ behaviours across different vegetation types in the Selous 
Game Reserve (SGR). The selected hunting blocks have been used to conduct 
trophy hunting for many decades, and most hunted animal species have become 
more vigilant toward encounters with humans. Trophy hunting is mostly con-
ducted during the dry season, and approximately 83% of the study species were 
encountered in groups while 17% were encountered solitarily. These ungulate 
species have a herding behaviour in which they form permanent herds, moving 
herds, territorial herds’ bachelor groups, and harem groups as described by 
Walther (1991) [30]. The groups/herds move together in search of pastures and 
water, also individuals in the group increase their chances of survival through 
early risk detection and predator confusion [26]. The herding behaviour can also 
be explained as behavioural adaptations and the “dilution effect” of the prey spe-
cies, in which the animals reduce their chances of being preyed on or hunted by 
staying in groups [18].  

Encountering hunted species in different road transects suggests low search-
ing efforts for trophies in the hunting blocks, and also the ungulates’ populations 
are still sustainable. This conclusion however needs to be justified by either 
monitoring hunted species populations in longer terms or conducting the an-
nual animals’ population census before the start of the hunting season, which 
would help to accurately determine the viable hunting quotas. Our study em-
phasizes professional hunters abide by the hunting guidelines and ethics and 
prohibit hunting of species in groups/herds with young/infants, as it will create 
biological stresses to these animals which may affect their well-being and repro-
ductive success.  

6. Recommendations 

Our study emphasizes professional hunters abide by the hunting guidelines and 
ethics and prohibit hunting of species in groups/herds with young/infants, as it 
will create biological stresses to these animals which may affect their well-being 
and reproductive success. This study recommends more studies of the same na-
ture to be conducted in the same ecosystem but in areas primarily used for pho-
tographic tourism like the nearby Mikumi national park, so as to compare the 
anthropogenic impacts on wild animals’ behaviours. We recommend the use of 
the FID method to assess behaviour of animals over time as it is a quick and 
cost-effective technique 
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