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Attacks on humans by wild carnivores are a serious problem, especially where communities and
carnivores share the same landscape. When people are injured or Kkilled, community members
commonly retaliate by killing the carnivores. Awareness of how to minimize the risk of attacks is
important and dependent on an understanding of the circumstances surrounding previous attacks and
communicating them back to society. A total of 180 households were randomly selected from both the
Maasai and Sonjo tribes. Findings from this study are based on the reported incidences among the
Maasai and the Sonjo tribes living in the eastern Serengeti. Because the Maasai tribe lives close to the
Serengeti National Park, they reported a higher frequency of human attacks than the Sonjo tribe over
the last 50 years. Most of the human attacks occurred in the wet season during the daytime while
herding livestock. Young males from both tribes responsible for herding livestock were more vulnerable
to attack by wild carnivores. Lions (Panthera leo) were responsible for most of the reported human
attacks, followed by leopards (Panthera pardus) and spotted hyenas (Crocuta crocuta). Currently, the
trend in human attacks by carnivores is decreasing in both tribes. It was also established that in many
incidences, carnivores escaped after attacking humans. Retaliatory killings for lions were most common
among the Maasai, while retaliatory killings for hyenas were most common among the Sonjo. Factors
associated with these retaliatory killings were as follows: both lions and hyenas feeding on a carcass,
lions being fearless of humans, hyenas being frequently seen, and hyena’s tendency to run and look
back. These findings provide insight into the circumstances surrounding human attacks in the eastern
Serengeti and the fate of these carnivores.
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INTRODUCTION

Globally, attack on humans is a shocking phenomenon Herrero, 2005; Thirgood et al., 2005; Gurung et al., 2008;
as it can lead to serious injuries and/or loss of human life Nyhus, 2010; Penteriani et al., 2016). Attacks on humans
(Loe and Rgskaft, 2004; Packer et al., 2005; Quigley and by wild carnivores exacerbate frustrations following
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livestock depredation and may persist for a long time
after the event (Loée and Rgskaft, 2004; Quigley and
Herrero, 2005; Thirgood et al., 2005; Rgskaft et al.,
2007). Human attacks provoke a strong response and
are rarely tolerated by communities, who may call for
immediate measures to address the problem animals
(Packer et al., 2005; Gurung et al., 2008; lIkanda and
Packer, 2008; Penteriani et al., 2016).

Application of different measures that are more
applicable and relevant to people on the ground can
reduce human attacks incidences (Ldée and Rgskaft,
2004; Nyhus, 2010), and governments are frequently
willing to support such initiatives (Nyhus, 2010; Okello et
al., 2014). However, understanding the timing and
circumstances surrounding human attacks and/or
mortalities  will assist in the development of
implementable strategies to reduce the likelihood of
attacks (Loe and Rgskaft, 2004; Packer et al., 2005;
Kissui, 2008; Penteriani et al., 2016). Communities living
with wild carnivores should be educated on how to
reduce human-carnivore encounters and how to behave
upon such encounters, especially when sharing the same
landscape with these species (L6e and Rgskaft, 2004;
Woodroffe et al., 2005; Penteriani et al., 2016). According
to the Wildlife Conservation Act of Tanzania, it is illegal to
kill wildlife unless it is necessary (MNRT, 2013).
Therefore, local communities are expected to report any
human attack to the wildlife authority as soon as human
attack occurs. Responsible authorities can either relocate
problem animals to other areas or kill them. While the
Tanzanian government has devoted much effort to
promote tourism (Turner, 2015), it has failed to solve
local problems related to wildlife (Vedeld et al., 2012).

Due to human population growth, development and
technological advancements, wild carnivore populations
are threatened and have been severely reduced
worldwide (Nyhus, 2010). Human population expansion
adjacent to African protected areas has led to carnivore
habitats being destroyed and decline in prey abundance
(Mbise et al., 2020). Here, carnivores encounter humans
in anthropogenically modified landscapes, which may
lead to human attacks and/or deaths (L6e and Rgskaft,
2004; lkanda and Packer, 2008; Penteriani et al., 2016;
Pooley et al., 2017). Consequently, conflict escalates and
eventually leads to retaliatory killing of carnivores (Packer
et al., 2005; Ikanda and Packer, 2008). Thus, a proper
management structure and policy to conserve wild
carnivores is urgently needed (Pooley et al., 2017).

Retaliatory killing is a major threat facing wild
carnivores worldwide (Treves and Karanth, 2003; Ray et
al., 2005; Zimmermann et al., 2005; Ripple et al., 2014)
and urgent intervention is needed at local levels (Kissui,
2008). For example, in Kenya, lion populations are
declining because lions are frequently killed by local
people co-existing with these species (Dickman, 2017).
The retaliatory killing of carnivores can be accomplished
either directly (e.g., spearing) or indirectly (e.g.,
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poisoning) (Hazzah, 2006). Improving carnivore
management is necessary because of their important
ecological and economic role (Treves and Karanth,
2003).

In the areas where people and predators share the
same landscape (Mbise et al., 2020), it is imperative to
understand and assess the circumstances surrounding
human attacks and what should be done to reduce
human-carnivore encounters (L6e and Rgskaft, 2004).
Reducing human-attack incidences will foster a better co-
existence between people and carnivores, which will
ultimately reduce the carnivore’s persecution. The study
hypothesized the following: (1) More human attacks will
occur on Maasai land than on Sonjo land because the
Maasai will encounter a higher number of carnivores from
Serengeti National Park (SNP). (2) Most human attacks
will occur while herding livestock because herders
sometimes lead livestock into areas of thick bush and
forest seeking green pasture, which predisposes them to
attacks. (3) Retaliatory killing of carnivores will be greater
in the Sonjo areas than in the Maasai areas because of
the more frequent use of poisons in the Sonjo
community.

METHODS
Study area

The survey was conducted in the east of Serengeti National Park
(SNP), in the Loliondo Game Controlled Area (LGCA) which lies
between 1° 40" S and 2 ° 50’ S and 35° 10' E and 35° 55' E (Figure
1). The main residents in the area consist of the Maasai and Sonjo
tribes, and the population is increasing rapidly, leading to major
habitat deterioration and change (Mbise et al., 2020). The human
population in Ngorongoro district was 174,274 in 2012 and was
projected to be 199,879 by 2017 (NBS, 2017). An increasing
number of people and their associated activities will result in major
habitat changes and compromise the future of wildlife species living
in the area.

Data collection

Respondents were randomly selected and sometimes were met in
the field, village centres or while visiting friends. Thus, mapping the
location of each participating household to make a distribution map
was not realistic. A total of 180 respondents from the Maasai (n =
90) and Sonjo (n = 90) tribes were interviewed from September to
November 2016. People were asked about any reported and/or
witnessed human attacks by wild carnivores in the vicinity of the
village and how the attack occurred. The criterion to explain how
attack occurred enabled to differentiate all reported events and
therefore to ensure that each event was independent of one
another. It was difficult for many respondents to remember the
attack year, so this was excluded from the analyses. Respondents
older than 18 years of age were interviewed because they have a
broader experience and provide reliable information. The ages of
respondents ranged from 20-76 years old. Only eight respondents
were older than 68 years of age. Findings were therefore based on
human attacks occurring over the past 50 years. The age
categories for attacked victims were as follows: children (< 18
years), youth (18-35 years), adults (36—49), or elders (> 50 years).
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Soitsambu

LOLIONDO GCA

Figure 1. Map showing the villages included in this study in the eastern Serengeti ecosystem. Upper right;
the green area is the Serengeti National Park and the pink area is the study area.

From each village, 30 respondents were interviewed. Therefore, in
total we had 144 males and 36 females. The interview was
administered in 6 Vvillages, three from the Maasai tribe
(Ololosokwan, Oloipiri, and Soitsambu) and three from the Sonjo
tribe (Yasimdito, Samunge and Sale). Swahili, Maasai and Sonjo
languages were used during interview, therefore, local translators
were engaged to assist with the interview when vernacular

languages were used.

The survey had open-ended and closed-ended questions for
comparison purposes and for acquiring more details that were not
captured by specific questions. Information obtained from
respondents was based on age category (youth, adult, elder),
gender (male, female), tribe (Maasai, Sonjo), and education level
(never been to school, primary school, secondary school). The key
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Table 1. Numbers of attacks on humans in relation to the attack time, the activity that the victim was involved in, and the

season.
Tribe Attack time {No. (%)} Activity {No. (%)} Season {No. (%)}
Day Night Herding livestock  Other activities Dry Wet

Maasai 66(93) 5(7) 54(76.1) 17(23.9) 15(21.1) 56(78.9)

Sonjo 20(87) 3(13) 20(87) 3(13) 6(26.1) 17(73.9)

*Other activities such as fetching water and searching for firewood and/or medicine

Table 2. Human attacks according to gender, age group and type of attack.

Gender {No. (%)}

Age group {No. (%)}

Type of attack {No. (%)}

Trib

fibe Male Female Children Youth Adult No-fatal Fatal
Maasai 64(90.1) 7(9.9) 0(0) 58(82.9) 12(17.1) 59(83.1) 12(16.9)
Sonjo 21(91.3) 2(8.7) 2(8.3) 14(58.3) 8(33.4) 20(87) 3(13)

questions were as follows: do you know anyone in this village who
has been attacked (injured, killed) by wild carnivores? (yes, no),
his/her age group? (child, youth, adult, elder), time of human
attack? (day, night), where attack occurred? (home, pasture), what
was the person doing? (herding livestock; other activities such as
fetching water and searching for firewood and/or medicinal plants),
human attack season? (wet, dry), carnivore species responsible for
human attacks? (lion, leopard, hyena), carnivore’s fate after the
attack? (escaped or killed), and human attack and/or killing trend?
(decreasing, stable or increasing). Furthermore, respondents were
asked questions on factors associated with retaliatory killing and
reasons behind the killing.

Data analysis

Chi-squared and logistic regression analyses were performed using
the Statistical Package for the Social Sciences (SPSS) version 24
(IBM, 2016). Chi-squared tests were used to determine significant
differences between the Maasai and the Sonjo tribes. Logistic
regression analysis was used to determine the predictor variable
explaining the variation in incidences of human attack. The test was
performed to assess the variation in the reported human-attacks in
the two areas, with one dependent variable being the response
(yes, no) and five independent variables (attack time, tribe, victim
activity, attack season, and where attack occurred) being used. The
variable “where attack occurred” refers to human attacks events
occurring in the pasture or around home.

RESULTS
Carnivore attacks on humans

Attacks on humans occurred more frequently during the
day than at night in both tribes, but the differences
between the two tribes were not statistically significant
(Pearson x° = 0.804, df = 1, p = 0.370; Table 1).
Furthermore, carnivores attacked humans in the Maasai
tribal area significantly more than in the Sonjo tribal area
(Pearson x°=51.301, df = 1, p < 0.0001). Most human

attacks occurred while people were herding livestock
rather than while performing other activities, and most of
these human attacks occurred during the wet season,
with no significant difference between the two tribes
(activity; Pearson x° = 1.232, df = 1, p = 0.267; season;
Pearson x°= 0.246, df = 1, p = 0.620; Table 1).

More males were attacked than females, and the
number of attacked individuals in the Maasai tribal area
did not differ significantly from those in the Sonjo tribal
area (Pearson x“ = 0.027, df = 1, p = 0.87; Table 2). More
youths than children or adults were attacked by wild
carnivores, and the attack rates of different age groups
differed between the two areas (Pearson X’ =6.63, df = 2,
p = 0.036; Table 2). More people were injured when
attacked by wild carnivores than Kkilled, and these
frequencies differed significantly between the two areas
(Pearson )(2 =51.44, df = 1, p < 0.0001; Table 2).

Almost all variables (attack time; B = 8.499, Wald )(2
9.260, df = 1, p = 0.002; tribe, B = -14.971, Wald x* =
8.933, df = 1, p = 0.003; victim activity; B = 3.232, Wald
x° = 7.712, df = 1, p = 0.005) were significant in
explaining the variation on human attack incidences.
Attack season was almost statistically significant (B = -
5.579, Wald x° = 3.638, df = 1, p = 0.056). Finally, the
variable “where attack occurred” was not statistically
significant in explaining the variation in human-attack
incidences.

Wild carnivores

Overall, lions (Panthera leo) caused most of the human
attacks, followed by leopards (Panthera pardus) and
spotted hyenas (Crocuta crocuta). However, leopard
attacks were more common in the Sonjo tribe than in the
Maasai tribe (Table 3). The attack rates by the three wild
carnivores (lions, leopards, hyenas) differed significantly
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Table 3. Attack trends and predators responsible for human attacks in the Maasai and Sonjo tribes.

Tribe Responsible carnivore {No. (%)} Attack trend {No. (%)}

Lion Leopard Spotted hyena Increasing Stable Decreasing
Maasai 55(77.5) 9(12.7) 7(9.8) 11(15.5) 12(16.9) 48(67.6)
Sonjo 2(8.7) 17(73.9) 4(17.4) 0(0) 0(0) 23(100)

Table 4. Retaliatory killing and reasons behind the killing.

Killing responses Killing responses- Reason for killing-lion Reasons for killing-spotted hyena
Tribe -lion {No. (%)} spotted hyena {No. (%)} {No. (%)} {No. (%)}
Yes NoO Yes No Feeding on Fearless Seen Run and Feeding
carcass frequently  look back on carcass
Maasai @ 33(36.7) 57(63.3) 33(36.7) 57(63.3) 3(9.1) 30(90.9) 15(45.5) 10(30.3) 8(24.2)
Sonjo 3(3.3) 87(96.7) 50(55.6) 40(44.4) 1(25) 2(75) 15(30) 5(10) 30(60)
*Fearless — never run when they see humans.
between the two tribes (Pearson x2 =11.04,df =2, p = DISCUSSION

0.004; Table 3).

The attack rates by lions and leopards differed
significantly between the two tribes (p < 0.0001), while
the attack rates by hyenas did not differ significantly
between the two tribes (p = 0.3173; Table 3). Although
both tribes claimed that the attack rates are decreasing, a
significantly higher frequency of Maasai claimed that they
were stable or increasing (Pearson x° = 9.86, df = 2, p =
0.007; Table 3).

Retaliatory killing of wild carnivores

Most of those carnivores reported to attack and/or Kill
humans escaped afterwards; however, the difference
was not statistically significant between the two tribes
(Pearson x° = 0.36, df = 1, p = 0.55). In both the Maasai
and the Sonjo tribes, perception of respondents seemed
not to be very eager to Kkill carnivores once they
threatened and/or killed humans in their area, although
the number of “yes” responses between the two tribes
differed significantly (Pearson x° = 24.33, df = 3, p <
0.0001; Table 4). Retaliatory killing of lions was most
common among the Maasai, while retaliatory killing of
hyenas was most common among the Sonjo (Table 4)
(lions Pearson x° = 31.25, df = 1, p < 0.0001, hyenas
Pearson x° = 6.46, df = 1, p = 0.01). Factors associated
with these retaliatory killings were as follows: both lions
and hyenas feeding on a carcass, lions being fearless of
humans, hyenas being frequently seen, hyena’s tendency
to run and look back.

The reason for killing hyenas was significantly different
between the two tribes (Pearson X° = 11.4, df = 2, p =
0.003; Table 4), while for lions, the difference in reasons
was not significant (Pearson x° = 1.64, df = 1, p = 0.201;
Table 4).

This study reveals incidences of human attacks that have
never been reported in the eastern Serengeti and
provides insights into how such attacks occur and the
characteristics of these attacks, including the time,
season, people prone to these attacks, and the fate of
these carnivores after attacking humans. Proximity to the
park (Maasai) showed a higher rate of human attack than
living further away (Sonjo) due to a higher number of
carnivores coming from Serengeti National Park.
Understanding the circumstances surrounding human
attacks will provide insight into how to reduce such
attacks. Awareness of how to reduce human-carnivore
encounters and how to behave when such encounters
occur will help the communities co-existing with
carnivores avoid attacks that lead to serious injuries or
death. Lions, leopards, and spotted hyenas were the
main predators responsible for human attacks. Most of
these attacks occurred in the wet season during the
daytime while people were herding their livestock as
opposed to doing other activities. Herding livestock is the
responsibility of young males according to these tribes’
order of duties, and young males were in fact more
susceptible to these attacks, as they sometimes pass
through the risky habitats preferred by predators when
searching for green pasture.

Carnivore attacks on humans

As found by Packer et al. (2005), human attacks occurred
most frequently on males in both tribes because men are
likely to do more outdoor activities, are more eager to kill
carnivores and walk at night. More human attacks
occurred in the Maasai community than in the Sonjo
community most likely because the Maasai live closer to



the Serengeti, which has a higher number of carnivores.
Once human attacks occur, it is common for villagers to
kill the responsible carnivore. In this study, those
carnivores were normally lions, leopards and hyenas.
There is a long history of wild carnivores attacking
humans (Thirgood et al., 2005; Inskip and Zimmermann,
2009), and when such occur, they receive great attention
and bring fear to the community (Rgskaft et al., 2003;
Thirgood et al., 2005; Nyhus, 2010). Attacks on humans
typically occur in landscapes where humans and
carnivores interact. As a result, promoting coexistence
between humans and carnivores is the best approach to
solving this problem; otherwise extinction will be the likely
fate for many carnivore species around the world
(Brantingham, 1998; Woodroffe et al., 2005; Nyhus,
2010).

Young people are responsible for herding livestock far
from their home and sometimes look after livestock in
risky areas (bushes and forests), which increases the risk
of attack by wild carnivores. Once a herder notices the
presence of a carnivore while herding livestock, they
defend their livestock and/or try to scare away the
carnivores. This behaviour further increases the chance
of being attacked. Most of the attacks occurred during the
wet season perhaps because the grasses are taller,
making it harder to detect carnivores. In most incidences,
carnivores tended to escape after attacking people. In the
Loliondo Game Controlled Area, where human and
livestock population is increasing at higher rates, the
number of wild carnivores has declined in recent years
(Mbise et al., 2018, 2020). As a result, the reported
number of human attacks in the Maasai and the Sonjo
communities has decreased compared to that in earlier
years.

Responsible wild carnivores and retaliatory killings

Lions, leopards, and hyenas were the only carnivore
species reported to cause human attacks. Predators
attacking humans is a rare phenomenon, and the
reasons behind most of these attacks may be due to a
depleted prey base, an inability to hunt, old age, or
behaviour learned from their parents (Packer et al., 2005;
Ikanda, 2009; Nyhus, 2010). For instance, in a recent lion
attack that occurred in 2016 at Ololosokwan village, one
of the respondents claimed that the lion who attacked him
in the pasture while he was looking for a lost sheep was
an old male. However, it was the stealthy behaviour of
leopards that was responsible for more human attacks in
the Sonjo tribe compared to lions and hyenas.
Additionally, on Sonjo land, forests are common and
represent ideal leopard habitat.

Spotted hyenas were at higher risk of being poisoned
following an attack on people. Kissui (2008) found the
same for communities living around Tarangire National
Park, Tanzania. Lion killings were also common because
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they do not fear people and appear during the day time
(Kissui, 2008). This motivates locals to smear poison on
carcasses, which ultimately kills lions and hyenas. The
higher frequencies of retaliatory killing in the Sonjo tribe
may contribute to a higher rate of carnivore decline in this
area. The Maasai tribe, on the other hand, has a long
history of coexistence with carnivores compared to the
Sonjo tribe, although currently, their culture has started
changing dramatically, which may threaten local
carnivore populations. The Sonjo tribe, more frequently
preferred the use of arrows coated with a poison sap
from the bark of the Mroda tree (Acokanthera spp.)
(Anonymous, 2016). To protect wild carnivore
populations, there is an urgent need to find mechanisms
for coexistence between local communities and
carnivores (Mbise and Rgskaft, 2021; Rasmussen,
1999). lllegal killing of carnivores can be either direct or
indirect. For instance, leopards commonly suspend their
kil on a tree, and locals take advantage of this by
sneaking towards the carrion and putting poison on it,
thus indirectly killing it. Using dogs to chase and directly
kill leopards is sometimes risky because leopards
habitually climb trees and can attack when approached.
Efforts against the use of lethal control have so far
been successful due to the ecological and economic
benefits of wild carnivores (Treves and Karanth, 2003).
However, there remains a great need to assess lethal
methods that communities use to kill carnivores. Some
killing techniques have serious effects on the carnivore
population and the food web in general (Masenga et al.,
2013; RCP, 2018). For instance, poisoning may target a
specific carnivore species but result in the death of other
untargeted animals such as vultures and other birds of
prey (RCP, 2018). In conclusion, the two hypotheses out
of three are supported by the study findings. Most
reported human attacks occurred in the Maasai tribal
area, and these attacks were more frequent while people
were herding livestock than while doing other daily
activities. However, retaliatory kilings were most
common in the Sonjo tribal area. The study recommends
more effort to promote coexistence between carnivores
and humans in this area, and zoning would be one of the
alternatives to separate human activities from the
preferred habitat of wild carnivores. Based on past
incidences, more awareness of avoiding these human
attacks should particularly be encouraged in herders.
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