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2
Perceived effects of climate change on 
plants and its potential impact on tourism – 
a perspective of the local residents of 
Maasai Mara National Reserve, Kenya 
G. Manono, S.M. Thiong’o and B.E. Wishitemi

2.1	 Introduction

The magnitude of the climate changes in the 21st century is comparable to 
the level of warming during the last deglaciation (Buizert et al., 2014; Cor-
rick et al., 2020). For instance, according to the Intergovernmental Panel on 
Climate Change (IPCC, 2014), the global climate has warmed up by approx-
imately 1.180C over the period from 1880 to 2020. This is also supported 
by other agencies such as the Goddard Institute of Space Sciences and the 
American Meteorological Society that postulate that global temperatures will 
continue to rise (Lindsey & Dahlman, 2021; Hawkins et al., 2017). Further-
more, extreme precipitation events will become more intense and frequent, 
while oceans will continue to warm, acidify and rise. A study by Thomas et 
al. (2004), which modelled the expected impact of gradual climate change on 
1,103 species, predicted that 15-37% of these species would be committed to 
extinction by 2050. The Kenyan Government (GoK) contends that both min-
imum (nighttime) and maximum (daytime) temperatures have increased by 
0.70C-2.00C and 0.20C-1.30C, respectively, since the early 1960s (GoK, 2010). 
Rainfall has become more irregular, unpredictable, and intense (Mwenda et 
al., 2020; Omonyo, Wakhungu & Oteng’i, 2015). Whereas precipitation has 
generally decreased in the main rainfall season between March and May, it 
has increased in the previously much shorter rain season between October 
and December. Moreover, severe floods are occurring (or are predicted to oc-
cur) along the coastal strip and the northern parts of the country in seasons 
which are normally dry such as that between September and February (Parry 
et al., 2012; Marigi, 2017; UNEP, 2021; GoK, 2010).
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Human activities have been found to be by far the major cause of climate 
change, through their continuous release of greenhouse gases and aerosols 
into the atmosphere, through changing land surfaces, and through depleting 
the stratospheric Ozone Layer (Abdollahbeigi, 2020; IPCC, 2014; Foukal et al., 
2006; Krishnan et al., 2020; Schmale, Zieger & Ekman, 2021). No wonder an 
increasing band of researchers are suggesting that the current age be named 
the ‘Anthropocene’, a new division of geological time, in recognition of the tre-
mendous impact that Homo sapiens has on the planet (Zalasiewicz et al., 2015). 
Like other developing economies in Africa and further afield that rely on tour-
ism as a generator of foreign exchange, Kenya depends heavily on the outdoor 
recreational opportunities presented by its natural environment, which include 
pristine nature, spectacular landscapes and seascapes, rare species, and wildlife 
in their natural habitat (Akama, 1999; GoK, 2010; Maingi, 2020; Nampushi & 
Nankaya, 2020; World Bank Group, 2010). Apart from these, idyllic climatic 
conditions are an enabler of yet another major tourism pull factor – beach tour-
ism (Smith, 1993; Hein et al., 2009; Papageorgiou, 2016). 

Adverse impacts of climate change, however, threaten to scupper this source 
of livelihood, through their assault on biodiversity. Vegetation forms a sub-
stantial segment of the earth’s biomass (Fleming, 2015; Thompson, 2018), 
and hence, the greatest impacts of climate change in the country result from 
its influence on plants. Moreover, plants are the autotrophs in an ecosystem, 
and hence, their depletion will affect other organisms, for instance, animals. 
Paleo-ecological evidence suggests that organisms respond to climate change 
usually by migrating, whereas evolutionary adaptation plays only a minor 
role (Huntley, 1991). Given the limited dispersal and/or migratory capacity 
of most plants, they are likely to be prone to climate change effects. Drought 
may cause some tree species to disappear and, as a consequence, affect both 
vegetation structure and species composition (February et al., 2007). Models 
of future biome distributions in tropical South America predict the substi-
tution of Amazonian forest cover by savannah-like vegetation (Salazar et al., 
2007; Lapola et al., 2009). Barlow and Peres (2008) expect forest dieback in 
West and Southern Africa as a result of climate change. Parmesan and Yohe 
(2003) reported that alpine herbs are shifting poleward, 6.1 km per decade 
on average. Further, studies of plant phenology have attributed longer grow-
ing seasons, earlier onset of flowering, and earlier harvesting times to climate 
warming (Parmesan, 2006).

Evidence has suggested that climate change is caused by both natural and 
man-made factors over a period of time (Earth Science Communications, 
2021; Oreskes, 2004; USEPA, 2020; USGS, 2021). The natural processes im-
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plicated in climate change include volcanic eruptions, variations in the sun’s 
intensity, as well as very slow changes in ocean circulation or land surfaces 
which occur on time scales of decades, centuries or longer. The influence of 
diverse external factors on the climate can be broadly estimated using the 
concept of radiative forcing – a measure of the influence a factor has in al-
tering the balance of incoming and outgoing energy in the Earth. A positive 
radiative forcing warms the surface (for instance, greenhouse gases), while a 
negative radiative forcing cools the surface (for example, some types of aero-
sols) (IPCC, 2001). 

The most important greenhouse gases that have been found to cause positive 
radiative forcing include carbon (IV) oxide (CO2), methane (CH4), and nitrous 
oxide/nitrogen (I) oxide (N2O) (Dupar, 2020; Shakoor et al., 2021). In addi-
tion, halocarbon gases that have been found to be both ozone-depleting, and 
greenhouse gases include trichlorofluoromethane (CFCl3), dichlorodifluo-
romethane (CF2Cl2), chlorodifluoromethane (CHF2Cl) and 1, 1, 1, 2-tetrafluo-
romethane (CF3CH2F) (IPCC, 2014; IPCC, 2001). The radiative forcing due to 
increases in the greenhouse gases from 1750 to 2000 is estimated to be 2.43 
Wm-2: 1.46 Wm-2 from CO2 (60%); 0.48 Wm-2 from CH4; 0.34 Wm-2 from the 
halocarbons; and 0.15 Wm-2 from N2O (IPCC, 2001). 

Amidst this inundation of information on climate change and how deleterious 
its impacts are or could be, it remains underexposed how people, especially 
those living in marginal areas and likely to be adversely affected by climate 
change, perceive climate change effects on plants. For instance, an assessment 
carried out by Mutimba et al. (2010) on climate change vulnerability and ad-
aptation preparedness in Kenya, concluded that climate change awareness, 
especially in the countryside, was quite low. A Gallup poll carried out be-
tween 2007 and 2008 by Pelham (2009) reported that 56% of Kenyans had 
some knowledge of global warming, whereas 44% had no notion of climate 
change whatsoever. However, also those who had some knowledge of global 
warming, were often not well versed in various climate change issues, such 
as adaptation and mitigation arguments (Pelham, 2009). This is in agreement 
with related studies locally and further afield (see Sraku-Lartey et al., 2020; 
Nash et al., 2019; Takakura et al., 2021; Mutekwa, 2009; Van Aalst et al., 2008 
and Scheffran et al., 2012). The studies concur that these locals, given their 
living in remote locations, strained economic capabilities and/or low literacy 
levels, profess their ignorance about climate change and its effects. According 
to a study by Froehlich and Al-Saidi (2018), a reason for this might be that 
some view climate change as a natural occurrence and its management as a 
government policy issue.
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Therefore, this study seeks to establish the perceived causes and manifes-
tations of climate change amongst the community1 in, and adjacent to, the 
MMNR, and to determine the perceived effects of climate changes on plant 
communities in the region.

Figure 2.1
The Maasai Mara ecosystem (Source: Farr et al. 2019)

2.2	 Materials and Methods

The study was carried out in the Maasai Mara National Reserve and its envi-
rons (the Mara ecosystem) (Figure 2.1). Located approximately 180 km west 
of Nairobi, the reserve adjoins the Serengeti National Park, forming an exten-
sive wildlife dispersal area (Maasai Mara National Reserve, 2021; UNESCO, 
2021). To the north, east and west of the reserve are large parcels of land de-
marcated as group ranches, owned and inhabited by the semi-nomadic pas-
toral Maasai people.

This study employed both a survey research design, which enabled it to ob-
tain the requisite information from a large segment of the populace over a 
short period of time, and an exploratory research design, which allowed for 

1  The term local/community residents in the context of this study refers to people living in and 
adjacent to the MMNR. It includes both the staff of MMNR (managers), community leaders, and 
the local rural folk.
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deeper probing of respondents’ attitudes, preferences and opinions (Oso & 
Onen, 2008). These designs used questionnaires and face to face interviews 
respectively. 

The target population consisted of 1,500 residents of MMNR, including opin-
ion leaders of the local community, local community members, and managers 
of the MMNR. This study collected data from 400 respondents, constituting 
27% of the target population. This was close enough to the caveat suggest-
ed by Mugenda & Mugenda (2003) and Montgomery (1977), who stated that 
30% of the accessible population would suffice for a descriptive study if the 
population units were more than 30. To ensure a proportionate representa-
tion, the sample consisted of 200 community members and staff members 
of the MMNR. The field study was conducted between the months of May 
and June of 20132. A sampling frame of the respondents was obtained from 
either the reserve or the villages which served to select the participants for 
the study, using simple random sampling. The study employed two methods: 
questionnaires and interview schedules, to collect both qualitative and quan-
titative data. The data collection tools were administered by the researcher, 
two supervisors and six trained enumerators. Descriptive statistics, for in-
stance, were used to describe, summarise, and organise the data. Chi-square 
(χ2) cross-tabulations were used to test if there were any significant relation-
ships between the study variables. Means from the study were compared us-
ing t-tests and Analysis of Variance (ANOVA). The t-tests were used to com-
pare two independent groups. More than two means were compared using 
Analysis of Variance (ANOVA) and post-hoc analysis carried out by Tukey’s 
Honestly Significant Difference (HSD) test. 

Frequencies were used to analyze the perceived causes and manifestations 
of climate change amongst the Maasai community in and adjacent to the 
MMNR. Structural Equation Modelling-Path Analysis (SEMPATH), imple-
mented using the Analysis of Moment Structures (AMOS), was used to exam-
ine the perceived effects of climate change on plant communities in MMNR. 
The model (Figure 2.2) hypothesised that climate change could influence 
changes in plant species distribution, species composition, changes in adap-
tation strategies, changes in species diversity, the emergence of alien plant 
species, changes in vegetation cover, and extinction of plant species. Climate 
change was specified as an exogenous measured variable, while the perceived 
effects were postulated as observed endogenous variables. 

2  The data, though collected a little earlier, has not been presented elsewhere and is thus scientif-
ically valid. 
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Figure 2.2
Path diagram of perceived effects of climate change on plants; spp. = species

All the above statistical tests were analysed with the Statistical Package for 
Social Sciences (SPSS) version 18, and STATA version 12. All statistical tests 
were two-tailed. Significant levels were measured at a 95% confidence level, 
with significant differences recorded at p<0.05.

2.3	 Results 

Response rate

From a target population of 1.500 local residents and a sample of 400 respond-
ents, the study gathered 386 usable responses. This was a response rate of 96.5%, 
which was considered sufficient for analysis (Mugenda & Mugenda, 2003). 

Sample characteristics

Gender distribution (Table 2.1) showed that the respondents were dispropor-
tionately male (staff: male=80%, female=20% and local community: male=94%, 
female=6%). The preponderance of male respondents in the study may be ad-
duced to the traditional cultural roles among the Maasai people, the predom-
inant community living around MMNR (Allegretti, 2018). Older men usually 
take the advisory role in their homestead, whereas women build houses and are 
responsible for childcare and all household chores, and young men are in charge 
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of security. On the other hand, young boys herd livestock (Bitange, 2005). Since 
women are tied down to tasks that occur mainly around the home, one is likely 
to interact with men rather than women when carrying out a study.

Most of the respondents were aged between 31 and 40 years (staff=70%, local 
community =84.5%), suggesting that the bulk of the respondents had lived 
long enough to be aware of changes in the climate. Fewer respondents be-
longed to the 21-30 years (staff=25.5%, local community=11.5%) and 41-50 
years (staff=4.5%, local community=4%) age brackets. The results indicated 
that while the majority of staff had secondary education (n=110, 55%), the 
bulk of the local community possessed primary education (n=154, 77%). In-
terestingly, there were slightly more people with college or university educa-
tion among the local community (15.5%) compared to the staff (12%), suggest-
ing that pockets of the local community are reasonably well educated.

Table 2.1
Respondents’ Characteristics

Biographic information Respondent type Categories Per cent

Respondents’ gender Staff 

Local community

Male
Female
Total
Male
Female
Total

80.0
20.0
100.0
94.0
6.0
100.0

Respondent’s age Staff 

Local community

21-30 years
31-40 years
41-50 years
Total 
21-30 years
31-40 years
41-50 years
Total

25.5
70.0
4.5
100.0
11.5
84.5
4.0
100.0

 Highest education level Staff 

Local community

None
Primary
Secondary
College
University
Total 
None
Primary
Secondary
College
University
Total

5.0
28.0
55.0
5.0
7.0
100.0
2.0
77.0
5.5
6.5
9.0
100.0

Source: Survey data (2013)
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Awareness of climate change in the community

Awareness of climate change among the respondents was estimated, as this 
knowledge could help shape the appropriate interventionist strategies. The 
study found that 96% (n=192) and 97% (n=194) of employees of the MMNR 
and the neighbouring Maasai community had heard of climate change, re-
spectively. This suggested that the climate change message could be pervasive 
in the community. A χ2 cross-tabulation to determine if awareness of climate 
change was influenced by membership of the local community or staff was 
found to be non-significant (χ2 =0.29, df=1, p=0.586), indicating no significant 
differences between the staff and members of the local community with re-
spect to awareness of climate change. 

However, the majority of the respondents (n=308, 77%) considered them-
selves as ‘somewhat knowledgeable’ about climate change as compared to 
only 20% (n=78) and 2% (n=7), who felt that they were ‘knowledgeable’ or 
‘experts’, respectively. The results suggested that although most respondents 
knew something about climate change, they might be ignorant of the techni-
cal details of the process. 

Respondents’ gender (χ2 = 5.857, df=1, p=.016); age (χ2 = 76.037, df=2, p<.001) 
and education (χ2 = 63.09df=4, p<.001) were found to significantly influence 
their perception of their own knowledge about climate change. More females 
(Table 2.1.) perceived themselves to be knowledgeable about climate change 
(33.3%) compared to the males (18.3%), whereas more males were found to 
be somewhat knowledgeable (81.7%) compared to the females (66.7%). This 
could be related to the fact that the females in the study were older and better 
educated than the males. Furthermore, it could be deduced that the younger 
and less educated members of the local community were reluctant to partici-
pate in the study – an aspect that could be attributed to the cultural structure 
of the Maasai community, where the young are customarily supposed to serve 
their community through chores (Obeja, 2015; Kerubo, 2016). This conclu-
sion was buttressed by the demographics that respondents aged between 41-
50 years had the highest proportion of knowledgeable people with respect to 
climate change (76.9%) compared with those in the 31-40 years age bracket 
(11.2%). The results in Table 2.2 indicate that education was positively cor-
related with the level of knowledge about climate change, with respondents 
having college and university education rating themselves highest with regard 
to climate change knowledge (68.2% and 55.2%, respectively).
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Table 2.2
The relationship between climate change knowledge and biographical variables

Level of knowledge

Respondents’ 
category

Somewhat 
knowledgeable

Knowledgeable Total

Gender Male  

Female

Total 

Frequency
Percentage
Frequency
Percentage
Frequency
Percentage

276
81.7
32
66.7
308
79.8

62
18.3
16
33.3
78
20.2

338
100.0
48
100.0
386
100.0

Age 21-30 years

31-40 years

41-50 years

Total 

Frequency
Percentage
Frequency
Percentage
Frequency
Percentage
Frequency
Percentage

36
51.4
269
88.8
3
23.1
308
79.8

34
48.6
34
11.2
10
76.9
78
20.2

70
100.0
303
100.0
13
100.0
386
100.0

Education None

Primary

Secondary

College

University

Total 

Frequency
Percentage
Frequency
Percentage
Frequency
Percentage
Frequency
Percentage
Frequency
Percentage
Frequency
Percentage

6
75.0
184
88.0
98
83.1
7
31.8
13
44.8
308
79.8

2
25.0
25
12.0
20
16.9
15
68.2
16
55.2
78
20.2

8
100.0
209
100.0
118
100.0
22
100.0
29
100.0
386
100.0

Perceived causes and manifestations of climate change 

The respondents perceived that climate change could be caused by deforest-
ation, human settlement, agriculture, overutilisation of natural resources, 
greenhouse emissions, infrastructure and overharvesting of indigenous trees 
(Table 2.3). Most respondents (81%) considered deforestation to be the most 
important cause of climate change, followed by overharvesting of indigenous 
trees (72%) and human settlement (71%). The findings are corroborated by 
other studies carried out by Bennet (2017), Schlamadinger et al. (2005), and 
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Malhi et al. (2008), among others, who documented the deleterious effects of 
the loss of forest cover. The least important cause, according to the respond-
ents, were greenhouse emissions (11%), followed by the construction of infra-
structure (20%).

Most respondents (n=311, 78%) reported that erratic rainfall patterns were 
the most important manifestation of climate change, followed by droughts 
(n=286, 72 %), floods (n=213, 53%), and lastly, increased temperatures (n=184, 
46%).

Table 2.3
Frequencies of response on causes of climate change

Causes of climate change

Name of variable Least 
important

Less 
important

Important More 
important

Most 
important

Fq % Fq % Fq % Fq % Fq %

Deforestation 
Human settlement 
Agriculture 
Overutilisation of natural 
	 resources
Greenhouse emissions
Construction of infrastructure
Overharvesting of indigenous 
	 trees

21
11
11
13

258
20

22

5.3
2.8
2.8
3.3

64.5
5.0

5.5

22
51
50
20

18
249

11

5.5
12.8
12.5

5.0

4.5
62.3

2.8

12
30
32
54

47
29

38

3.0
7.5
8.0

13.5

11.8
7.3

9.5

21
22

174
107

33
23

41

5.3
5.5

43.5
26.8

8.3
5.8

10.3

324
286
133
206

44
79

288

81.0
71.5
33.3
51.5

11.0
19.8

72.0

Key: Fq = Frequency

Perceived effects of climate change on plants

An overwhelming proportion (99%, n=198) of local community members felt 
that climate change affected plants, compared to 81% (n=162) of the staff of 
MMNR who held a similar opinion. Most respondents (Table 2.4) felt that 
climate change influenced changes in plant species composition, species dis-
tribution patterns, changes in plants’ adaptation strategies, changes in plant 
species diversity, the emergence of alien plant species, and changes in vegeta-
tion cover (each accounting for 16% of the 2529 responses). However, very few 
respondents thought that climate change was causing the extinction of plant 
species (6% of the 2529 responses). 
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For this question, the number of responses (2529) was more than the number 
of respondents in the study (400), showing that most respondents felt that cli-
mate change had more than one influence on plants (the question was a mul-
tiple response type question). Additionally, the total percentage of cases was 
632.3, indicating that, on average, each respondent felt that climate change 
had six (632.3/100) types of influence on plants. 

Table 2.4
Perceived impacts of climate change on plants

Plant impacts  Responses Per cent 
of casesN Per cent

Changes in plant species diversity 394 15.6 98.5

Changes in plant species composition 396 15.7 99.0

Changes in plant species distribution patterns 397 15.7 99.3

Emergence of alien plant species 393 15.5 98.3

Extinction of plant species 162 6.4 40.5

Changes in plants’ adaptation strategies 396 15.7 99.0

Changes in vegetation cover 391 15.5 97.8

Total 2529 100.0 632.3

Face-to-face interviews with older members of the community supported the 
above findings. One elder asserted:

After flooding, new or alien plants grow on bare ground, hence colonising the 
whole area, thus affecting the original vegetation. This brings about changes in 
plant species and the distribution patterns of plants. The floods and drought 
have brought changes in this area, hence the vegetation cover change.

Another stated:

The change in temperature, soils, and rainfall patterns has brought significant 
changes in the following: changes in plant species, changes in plant distribu-
tion patterns and introduction of alien species of plants. Some plants have been 
forced to adapt to the current state of the climate. You get some plant species 
growing where you least expect them.
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To determine whether the perceived effects of climate change influenced 
plants in the MMNR, a SEMPATH analysis was conducted. The resultant path 
diagram is presented in Figure 2.3.
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Figure 2.3
SEMPATH output of the perceived effects of climate change on plants 

All the regression coefficients for the model were significantly different from 
zero beyond the 0.01 level. Except for the perceived effect on the extinction of 
plant species (coefficient = -0.37), all the path coefficients for the remaining 
six hypothesised relationships were positive. This indicated that when climate 
change increases, it causes changes in plant species diversity, plants’ adapta-
tion strategies, and species distribution. It also causes changes in the plants’ 
vegetation cover, causes the emergence of alien species, and brings about 
changes in species composition. However, climate change was perceived 
to reduce the extinction of plant species. This implied that the respondents 
viewed climate change as having minimal effects on this variable.

2.4	 Discussion

This study found a high awareness of climate change in the communi-
ty (about 97%), which was unlike studies by Mutimba et al. (2010) and Pel-
ham (2009), who reported that only 56% of Kenyans had some knowledge 
of global warming, whereas 44% knew nothing. The findings could suggest 
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that climate change mitigation initiatives, public sensitisation, and awareness 
programmes such as the National Climate Change Response Strategy 2010 
as well as other reafforestation and carbon offset projects undertaken by the 
government, NGOs, and the media might have been effective. Other current 
projects include the Kenya Adaptation Action Plan (2015-2030), and the Na-
tional Climate Change Action Plan (2018-2022). Although most respondents 
were found to know something about climate change, they were likely to be 
ignorant of the technical details of the process, as supported by Pelham (2009) 
who found out that many Kenyans who reported knowledge of climate change 
were not altogether well versed in various climate change issues such as adap-
tation and mitigation processes.

The perception of respondents about their own knowledge of climate change 
was found to be influenced by their gender, age and education level, with older 
age, better education and being female being associated with greater knowl-
edge. Many studies report that in public, men demonstrate greater scientific 
knowledge and scientific literacy than do women (Miller, 2007; Hayes, 2001), 
largely due to differences in the way men and women experience science and 
mathematics education. In addition, many studies demonstrate that women 
are less confident in displaying their scientific knowledge and abilities than 
do men (for instance, McCright, 2010; Jacobs & Simpkins, 2006). From the 
findings, the percentage of female respondents was small but those who par-
ticipated in the survey were more knowledgeable than their male counter-
parts. However, this is contrary to the documented expectations and might 
be related to the fact that the females in the study were older and better ed-
ucated than the males. In this vein, older people have often been found to be 
more knowledgeable about climate change than their younger counterparts. 
For example, Ogunleye and Yekinni (2012) found a positive correlation be-
tween the age of crop farmers in Ilorin East, Nigeria and their knowledge of 
climate change. 

Deforestation was perceived as the strongest cause of climate change, fol-
lowed by overharvesting of indigenous trees, agriculture, and human settle-
ment, while the least important causes were considered to be greenhouse 
emissions and the construction of infrastructure. Deforestation or logging 
has been a major concern amongst Kenyan conservationists. According to 
Cochrane and Laurence (2002), logging does not only lead to loss of habitat 
for animals in the forests but also to changes in the microclimatic environ-
ment, the erosion of soil and modification of fire regimes. The impact depends 
on the type of logging: commercial mechanised logging with heavy equip-
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ment, or local exploitations of timber through, for example, pit-swaying and 
firewood collection.

Forests play a huge role in the carbon cycle on our planet by absorbing carbon 
(IV) oxide and releasing oxygen during the day. When forests are cut down, 
not only does their carbon absorption cease, but the carbon stored in the trees 
is released into the atmosphere as CO2 if the wood is burned, or even if it is 
left to rot after the deforestation process (Karl & Trenberth, 2003). Hence, 
deforestation contributes to climate change by increasing the level of carbon 
(IV) oxide, the most dominant human-influenced greenhouse gas. It is esti-
mated that more than 1.5 billion tons of carbon dioxide are released into the 
atmosphere due to deforestation, mainly the cutting and burning of forests, 
every year. In fact, whereas cars and trucks have been found to account for 
about 14 per cent of global carbon emissions, 15 per cent is usually adduced to 
deforestation (Stott et al., 2000). Overharvesting of indigenous trees, agricul-
ture, and human settlement contribute to climate change for similar reasons 
as does deforestation, because all these activities involve the cutting down of 
some trees. In addition, agricultural activities produce gases such as methane 
(CH4), nitrogen (I) oxide (N2O), nitrogen (II) oxide (NO) and ammonia (NH3), 
which are all implicated for their radiative or chemical effects in the atmos-
phere (IPCC, 2014; Li, 2000; Bollman & Conrad, 1998). 

This study found that the climate change impacts on plants that were per-
ceived as important were changes in plant species, plants’ adaptation strat-
egies, changes in the distribution of plants, changes in vegetation cover, the 
emergence of alien species and changes in plant composition, whereas the 
least important impact was considered to be the extinction of plant species. 
These findings are in line with research by Mackey and Currie (2001), which 
indicated that temperature and water availability account for more than 75% 
of the variability in plant species richness over broad spatial scales. Changes in 
climate will also alter interactions between species, including patterns of com-
petition, symbiosis, mutualism, predation, and dominance. Climate change, 
in the form of altering rainfall patterns (for instance, increased droughts) and 
temperature, could explain the observable changes in plant species, their dis-
tribution and vegetation cover in this study. 

Changes in plant distribution and an extended range of pests and pathogens 
caused by climate change can allow for an invasion by alien species (McCar-
ty, 2001). For instance, Prosopis juliflora (‘mathenge’) has become dominant 
in important ecosystems of Baringo, Tana River, Garissa and other semi-arid 
areas of the country. In addition, an excessive growth of some tree species 
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has been observed, including that of Acacia reficiens (acacia) after the 1997 
El-Nino in North-Eastern Province (NEP), suppressing the growth of various 
species that make up grasslands for wildlife and livestock (Mutimba et al., 
2010). Increases in temperature could lead to a shift of vegetation to higher el-
evations, which are cooler, while some species could become extinct. Indeed, 
across the country, some tree species, including Melia volkensii, Terminalia 
spinosa, Delonix elata, and Hyphenea corriaceae in North Eastern Province, 
as well as Psychotria species in the Taita Hills, Coast Province, have either 
gone extinct, or else their numbers have dramatically reduced. In addition, 
the projected rise in temperatures and long periods of drought could lead to 
more frequent and more intense fires, with estimates showing that Kenya has 
lost more than 5,700 ha of forests per year to forest fires over the past 20 years 
(Mutimba et al., 2010). 

The vulnerability of natural resources such as plants to climate change could 
have major implications for Kenya’s tourism industry, because long-term en-
vironmental shifts could alter the destination attractiveness for vacationers 
(Papageorgiou, 2016; Martín, 2005; Forster et al., 2012). Unless carefully mon-
itored, the impacts could lead to the downgrade and ultimately the collapse of 
the climate-sensitive coastal, marine and wildlife industry in Kenya. 
 

2.5	 Conclusion and recommendations

This study has shown that practically every respondent drawn from the em-
ployees of MMNR and the local community has heard of climate change, 
demonstrating that awareness of climate change in the locale can be very per-
vasive. No significant differences were found between the MMNR staff and 
members of the local community with respect to their awareness of climate 
change, suggesting the ubiquitousness of the climate change message among 
the two groups. However, the results suggested that although most respond-
ents knew something about climate change, they could still be quite ignorant 
of the technical details of the phenomenon (Mutimba et al., 2010; Nanyingi 
et al., 2012). The perception of respondents about their knowledge of climate 
change was also found to be influenced by gender, age and education level. 
Deforestation was perceived as the strongest cause of climate change, fol-
lowed by overharvesting of indigenous trees, agriculture and human settle-
ment, greenhouse emissions and construction of infrastructure. Erratic rain-
fall patterns were found to be the most important manifestation of climate 
change, followed by droughts, floods, and increased temperatures. Most re-
spondents felt that climate change influenced changes in plant species com-
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position, species distribution patterns, changes in plants’ adaptation strate-
gies, changes in plant species diversity, the emergence of alien plant species, 
and changes in vegetation cover. 

The study recommends that the government and other environmental agen-
cies should disseminate appropriate knowledge about climate change to the 
public and take immediate steps to discourage habitat destruction (for in-
stance, deforestation, infrastructural and superstructural development in and 
adjacent to protected areas, overharvesting of trees, large-scale agriculture, 
indiscriminate harvesting of trees, and human settlement in forests) as this 
contributes to climate change. Most importantly, climate change’s pernicious 
impacts on nature need to be controlled locally, regionally and internationally. 
For instance, marine and terrestrial spatial and seasonal quantifications of cli-
mate resources through Tourism Climatic Indices could inform sustainability 
planning for outdoor tourism in Kenya.

References

Abdollahbeigi, M. (2020). Non-climatic factors causing climate change.  Journal of 
Chemical Reviews, 2(4): 292-308.

Akama, J.S. (1997). Tourism development in Kenya: Problems and policy alterna-
tives. Progress in Tourism and Hospitality Research, 3(2): 95-105.

Allegretti, A. (2018). Respatialising culture, recasting gender in peri-urban sub-Saharan 
Africa: Maasai ethnicity and the ‘cash economy’ at the rural-urban interface, Tanza-
nia. Journal of Rural Studies, 60: 122-9.

Barlow, J. & Peres, C. (2008). Fire-mediated dieback and compositional cascade in an 
Amazonian forest. Philosophical Transactions of the Royal Society B: Biological 
Sciences, 363: 1787-94.

Bennett, L. (2017). Deforestation and Climate Change. Washington: Climate Institute.
Buizert, C., Gkinis, V., Severinghaus, J.P., He, F., Lecavalier, B.S., Kindler, P., & Brook, E.J. 

(2014). Greenland temperature response to climate forcing during the last deglacia-
tion. Science, 345(6201): 1177-80.

Bitange, N. (2005). Maasai entrepreneurship and change. Journal of Small Business and 
Entrepreneurship, 18(2): 66-75.

Corrick, E.C., Drysdale, R.N., Hellstrom, J.C., Capron, E., Rasmussen, S.O., Zhang, X., 
& Wolff, E. (2020). Synchronous timing of abrupt climate changes during the last 
glacial period. Science, 369(6506): 963-9.

Dupar, M. (2020). The IPCC’s Special Report on Climate Change and Land: What’s in it 
for Africa? Retrieved from https://www.africaportal.org/publications/ipccs-special-
report-climate-change-and-land-whats-it-africa/



43

Earth Science Communications (2021). The Causes of Climate Change. Retrieved from 
https://climate.nasa.gov/causes/

Farr, M.T., Green, D.S., Holekamp, K.E., Roloff, G.J., & Zipkin, E.F. (2019). Multispecies 
hierarchical modeling reveals variable responses of African carnivores to manage-
ment alternatives. Ecological Applications, 29(2): e01845.

February, E., West, A., & Newton, R. (2007). The relationship between rainfall, water 
source and growth for an endangered tree. Austral Ecology, 32: 397-402. Retrieved 
from http://www.iiste.org/Journals/index.php

Fleming N. (2015). Which organism has had the biggest impact on the planet? Retrieved 
from http://www.bbc.com/earth/story/20150211-whats-the-most-dominant-life-
form

Food and Agriculture Organisation (FAO) (2011). Wildlife in a changing climate. Re-
trieved from http://www.fao.org/forestry/30085-0822ac7d034de02f6e2d8245b97b-
de5db.pdf 

Forster, J., Schuhmann, P.W., Lake, I.R., Watkinson, A.R., & Gill, J.A. (2012). The in-
fluence of hurricane risk on tourist destination choice in the Caribbean. Climatic 
Change, 114(3): 745-68.

Foukal, P., Frohlich, C., Spruit, H., & Wigley, T. (2006). Variations in solar luminosity and 
their effect on the earth’s climate. September 14, 2006. Nature, 443: 161-6.

Froehlich, P., & Al-Saidi, M. (2018). Local community perception of climate change ad-
aptation in Egypt. IOP Conference Series: Earth and Environmental Science , 191(1): 
012003). 

GoK (2010). National climate change response strategy. Retrieved from http://www.en-
vironment.go.ke/wp

Hawkins, E., Ortega, P., Suckling, E., Schurer, A., Hegerl, G., Jones, P., & Van Olden-
borgh, G.J. (2017). Estimating changes in global temperature since the preindustrial 
period. Bulletin of the American Meteorological Society, 98(9): 1841-56.

Hayes, B.C. (2001). Gender, scientific knowledge, and attitudes toward the environment. 
Political Research Quarterly, 54: 657-71.

Hein, L., Metzger, M.J., & Moreno, A. (2009). Potential impacts of climate change on 
tourism; a case study for Spain. Current Opinion in Environmental Sustainability, 
1(2): 170-8.

Huntley, B. (1991). How plants respond to climate change: Migration rates, individual-
ism and the consequences for plant communities. Annals of Botany, 67(1): 15-22.

Jacobs, J.E., & Simpkins, S.D. (2006). Leaks in the Pipeline to Math, Science, and Technol-
ogy Careers. San Francisco: Jossey-Bass.

Kenya Wildlife Service (2010). Mount Kenya National Park/Natural Forest/ Lewa Wild-
life Conservancy (extension). Retrieved from www.whc.unesco.org/en/tentativel-
ists/5510/

Kerubo, I.P. (2016). African indigenous education as practiced by the Maasai of Kenya. 
Master’s thesis. University of Nairobi.



44

Krishnan, R., Gnanaseelan, C., Sanjay, J., Swapna, P., Dhara, C., Sabin, T., & Niyogi, 
D. (2020). Introduction to climate change over the Indian region. In Krishnan, R. 
(Eds.), Assessment of Climate Change over the Indian Region. Singapore: Springer, 
pp. 1-20.

Lindsey R. & Dahlman L. (2021). Climate Change: Global Temperature. Retrieved from 
https://www.climate.gov/news-features/understanding-climate/climate-change-
global-temperature.

Maasai Mara National Reserve (2021). Maasai Mara National Reserve – Welcome to 
Maasai Mara National Reserve. Retrieved from https://www.maasaimarakenyap-
ark.com/

Machogu, O.J. (2014). Assessment of the environmental impacts of wildlife based tourism 
in Kenya’s protected areas: A case study of Maasai Mara National reserve. Master’s 
Thesis. University of Nairobi.

Mackey, R., & Currie, D. (2001). The diversity-disturbance relationship: Is it generally 
strong and peaked? Ecology, 82(12): 3479-92.

Maingi, S.W. (2020). Case Study 6: Mainstreaming overtourism education for sustain-
able behavioural change in Kenya’s tourism industry context. In: Séraphin, H., Glad-
kikh, T. & Thanh, V. Overtourism (pp. 383-99). Cham: Palgrave Macmillan.

Malhi, Y., Roberts, J.T., Betts, R.A., Killeen, T.J., Li, W., & Nobre, C.A. (2008). Climate 
change, deforestation, and the fate of the Amazon. Science, 319(5860): 169-72.

Marigi, S.N. (2017). Climate change vulnerability and impacts analysis in Kenya. Amer-
ican Journal of Climate Change, 6(01): 52.

Martín, M.B.G. (2005). Weather, climate and tourism a geographical perspective. An-
nals of Tourism Research, 32(3): 571-91.

McCright, A. (2010). The effects of gender on climate change knowledge and concern in 
the American public. Population and Environment, 32: 66-87.

McCarty, J. (2001). Ecological consequences of recent climate change. Conservation Bi-
ology, 15(2): 320-31.

Medani M. (2014). Is tourism always beneficial? A case study from Masai Mara National 
Reserve, Narok, Kenya. The Pacific Journal of Science and Technology 5(1):458-483

Miller, J.D. (2007). The impact of college science courses for non-science majors on adult 
scientific literacy. Paper presented at the ‘The Critical role of college science courses 
for non-majors’-Symposium at the Annual Meeting of the American Association for 
the Advancement of Science. February 18. San Francisco.

Montgomery, D.C. (1997). Design and analysis of experiments (4th edition). New York: 
John Wiley and Sons.

Mugenda, M., & Mugenda G. (2003). Research Methods: Quantitative and Qualitative 
Approaches. Nairobi: ACTS Press.

Mutekwa, V.T. (2009). Climate change impacts and adaptation in the agricultural sector: 
The case of smallholder farmers in Zimbabwe. Journal of Sustainable Development 
in Africa, 11(2): 237-56.



45

Mutimba, S., Mayieko, S., Olum, P., & Wanyama, K. (2010). Climate Change Vulnera-
bility and Adaptation Preparedness in Kenya. Nairobi: Heinrich Böll Stiftung, East 
and Horn of Africa.

Mwenda, B., Kiambi, D., Kungu, J., Van De Gevel, J., Farda, C., & Morimoto, Y. (2020). 
Seasonal climate dynamics, perceptions and multiple risk adaptations: Lessons from 
smallholder mixed agro ecosystems in Semi-arid Kenya. Journal of Agricultural Ex-
tension and Rural Development, 12(3): 76-90.

Nampushi, J., & Nankaya, J. (2020). An assessment of the Maasai residents’ views on 
tourism in the Maasai Mara national reserve, Kenya. International Journal of Tour-
ism & Hospitality Review, 7(2): 1-11. 

Nanyingi, M.O., Kiama, S.G., Thumbi, S., & Muchemi, G.M. (2012). Climate change vul-
nerability, adaptation and mitigation of livestock systems in Kenya. Wangari Maathai 
Institute for Environmental Studies and Peace, College of Agriculture and Veteri-
nary Science, University of Nairobi, Nairobi, Kenya.

Nash, N., Capstick, S., Whitmarsh, L., Chaudhary, I., & Manandhar, R. (2019). Percep-
tions of local environmental issues and the relevance of climate change in Nepal’s 
Terai: Perspectives from two communities. Frontiers in sociology, 4(60).

Obeja, R. (2015). Fatherhood among the Maasai. Doctoral dissertation. Universitat In-
ternacional de Catalunya.

Ogutu, J.O, Piepho, H.-P., Said, M.Y., Ojwang, G.O., Njino, L.W., & Kifugo S.C., (2016). 
Extreme wildlife declines and concurrent increase in livestock numbers in Ken-
ya: What are the causes? PLoS ONE, 11(9): e0163249. Retrieved from https://doi.
org/10.1371/journal.pone.0163249, 

Oso, W.Y., & Onen, D. (2008). A General Guide to Writing Research Proposals and Re-
ports: A Handbook for Beginning Researchers (2nd Edn). Kampala: Makerere Univer-
sity Printery.

Ottichilo, W.K., De Leew, J., Skidmore, A., Prins, H.H., & Said, M.Y. (2000). Population 
trends of large non-migratory wild herbivores and livestock in the Masai Mara eco-
system, Kenya, between 1977 and 1997. African Journal of Ecology, 38: 202-16.

Papageorgiou, M. (2016). Coastal and marine tourism: A challenging factor in Marine 
Spatial Planning. Ocean & coastal management, 129: 44-8.

Parry, J.E., Echeverria, D., Dekens, J., & Maitima, J. (2012). Climate risks, vulnerabil-
ity and governance in Kenya: A review. Commissioned by: Climate Risk Manage-
ment Technical Assistance Support Project (CRM TASP), a joint initiative of the 
Bureau for Crisis Prevention and Recovery and the Bureau for Development Policy 
of UNDP.

Pelham, B.W. (2009, April 22nd). Awareness, opinions about global warming vary world-
wide: Many unaware, do not necessarily blame human activities. Retrieved from 
http://www.gallup.com/poll/117772/awareness-opinions-global-warming-vary-
worldwide.aspx



46

Ogunleye, K., & Yekinni, O. (2012). Crop farmers’ knowledge level of climate change in 
Ilorin East Local Government Area of Nigeria. I1STE Journal. Retrieved from the 
10th IPCC (2014): Climate Change 2014: Synthesis Report. Contribution of Working 
Groups I, II and III to the Fifth Assessment Report of the Intergovernmental Panel on 
Climate Change [Core Writing Team, R.K. Pachauri and L.A. Meyer (eds.)]. Geneva, 
Switzerland: IPCC, 151.

Omoyo, N.N., Wakhungu, J., & Oteng’i, S. (2015). Effects of climate variability on maise 
yield in the arid and semi-arid lands of lower eastern Kenya. Agriculture & Food Se-
curity, 4(1): 1-13.

Oreskes N. (2004). https://science.sciencemag.org/content/306/5702/1686.full - aff-1 
The Scientific Consensus on Climate Change. Science, 306 (5702), p. 1686. 

Parmesan, C., & Yohe, G. (2003). A globally coherent fingerprint of climate change im-
pacts across natural systems. Nature, 421: 37-42.

Parmesan, C. (2006). Ecological and evolutionary responses to recent climate change. 
Ann Rev Ecol Syst, 37: 637-69.

Scheffran, J., Brzoska, M., Brauch, H.G., Link, P.M., & Schilling, J. (Eds.) (2012). Climate 
change, human security and violent conflict: Challenges for societal stability (Vol. 8). 
Dordrecht: Springer Science & Business Media.

Schlamadinger, B., Ciccarese, L., Dutschke, M., Fearnside, P.M., Brown, S., & Murdi-
yarso, D. (2005). Should we include avoidance of deforestation in the international 
response to climate change?. In: D. Mudiyarso & H. Herawati(eds.), Carbon Forest-
ry:  Who  Will Benefit? Center for International Forestry Research(CIFOR), Bogor, 
Indonesia. 215 pp.

Schmale, J., Zieger, P., & Ekman, A.M. (2021). Aerosols in current and future Arctic cli-
mate. Nature Climate Change, vol. 11(2): 95-105.

Serneels, S. & Lambin, E. (2001). Impact of land-use changes on the wildebeest migra-
tion in the northern part of the Serengeti–Mara ecosystem. Journal of Biogeography, 
28, 391-407. 

Shakoor, A., Shahbaz, M., Farooq, T.H., Sahar, N.E., Shahzad, S.M., Altaf, M.M., & 
Ashraf, M. (2021). A global meta-analysis of greenhouse gases emission and crop 
yield under no-tillage as compared to conventional tillage. Science of the Total Envi-
ronment, 750: 142299.

Smith, K. (1993). The influence of weather and climate on recreation and tourism. 
Weather, 48(12): 398-404.

Sraku-Lartey, M., Buor, D., Adjei, P.O.W., & Foli, E.G. (2020). Perceptions and knowledge 
on climate change in local communities in the Offinso Municipality, Ghana. Infor-
mation Development, 36(1): 16-35.

Takakura, H., Fujioka, Y., Ignatyeva, V., Tanaka, T., Vinokurova, N., Grigorev, S., & Boya-
kova, S. (2021). Differences in local perceptions about climate and environmental 
changes among residents in a small community in Eastern Siberia. Polar Science, 
27: 100556.



47

Thompson A. (2018). Plants are the world’s dominant life-form. Retrieved from https://
www.scientificamerican.com/article/plants-are-the-worlds-dominant-life-form/

United Nations Education, Scientific and Cultural Organisation (UNEP) (2021). Climate 
change could spark floods in world’s largest desert lake: new study. Retrieved from 
https://www.unep.org/news-and-stories/story/climate-change-could-spark-floods-
worlds-largest-desert-lake-new-study

United Nations Education, Scientific and Cultural Organisation (UNESCO) (2021). The 
African Great Rift Valley - The Maasai Mara. Retrieved from https://whc.unesco.
org/en/tentativelists/5512/

United States Environmental Protection Agency (USEPA) (2020). Climate change sci-
ence - Causes of climate change. Retrieved from https://19january2017snapshot.epa.
gov/climate-change-science/causes-climate-change_.html

UNICEF (2020).Troubled waters: Responding to climate change in Turkana. Retrieved 
from https://www.unicef.org/kenya/stories/Responding-to-climate-change-in-Ken-
yas-semi-arid-regions

United States Geological Survey (USGS) (2021). Why is climate change happening 
and what are the causes? Retrieved from https://www.usgs.gov/faqs/why-climate-
change-happening-and-what-are-causes-1?qt-news_science_products=0#qt-news_
science_products

Van Aalst, M.K., Cannon, T., & Burton, I. (2008). Community level adaptation to climate 
change: The potential role of participatory community risk assessment. Global Envi-
ronmental Change, 18(1): 165-79.

World Bank Group (2010). Kenya’s tourism: Polishing the jewel. Retrieved from http://
documents1.worldbank.org/curated/en/610171468089674111/pdf/696870ESW0P1
020e0Jewel0final0report.pdf

Zalasiewicz, J., Waters, C., Williams, M., Barnosky, A., Cearreta, A., Crutzen, P., & 
Oreskes, N. (2015). When did the Anthropocene begin? A mid-twentieth century 
boundary level is stratigraphically optimal. Quaternary International, 383: 196-203.

View publication stats

https://www.researchgate.net/publication/370365592

