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ABSTRACT
It is increasingly being recognised that local people's knowledge can contribute to the ecological and socioeconomic goals of 
natural resource management programmes. Yet, few studies have examined local people's knowledge concerning freshwater 
macrophyte diversity. Consequently, the extent to which local people's knowledge can contribute to mitigating freshwater mac-
rophyte degradation and supporting their management remains largely unknown. To contribute towards filling this knowledge 
gap, we investigated local people's knowledge, perceptions and management practices of freshwater macrophyte species. Data 
collection involved conducting face-to-face in-depth interviews and focus group discussions among local people who lived in 
areas adjacent to Lake Baringo, Nyanza Gulf of Lake Victoria and the Kenyan side of Lake Jipe. The sociodemographic char-
acteristics of the respondents were summarised using descriptive statistics. Then, generalised linear mixed-effect models were 
used to test whether the respondent's sociodemographic characteristics were associated with their macrophyte species recog-
nition skills, benefits and problems associated with macrophytes and management practices. Our respondents named a total of 
35 macrophyte species, with each respondent naming an average of six species. Our results showed that respondents who were 
not involved in fishing and fish-related activities identified more macrophytes than those who participated in such activities. 
Additionally, individuals who frequently visited the lake named more macrophyte species compared to those who visited either 
daily or occasionally. While our respondents acknowledged various benefits and problems associated with macrophytes, there 
was a higher recognition rate for those that directly impacted humans. Regarding local management practices, it was observed 
that macrophytes were not conserved, with management efforts focusing solely on problematic species. Overall, macrophyte 
naming skills, knowledge on provisioning and supporting ecosystem services, direct adverse macrophyte impacts and man-
agement methods increased with age. We identified knowledge gaps regarding alien species and the indirect impacts of macro-
phytes. Addressing these gaps is crucial.

1   |   Introduction

Historically, humans have had an intimate relationship with 
their environment and their observations, experiences and 

cultural practices have led to the formation of a body of knowl-
edge known as local ecological knowledge (Warburton and 
Martin 1999; Olsson and Folke 2001). Local ecological knowledge 
accumulates overtime, adapts and evolves to address changing 
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environmental conditions, can be passed from one generation to 
another and has enabled human communities to live in harmony 
with their environment (Warburton and Martin  1999; Olsson 
and Folke 2001). For a long time, the potential contribution of 
local people's knowledge towards sustainable management of 
natural resources had been greatly overlooked. But in 1987, the 
World Commission on Environment and Development formally 
recognised that local ecological knowledge could contribute to 
the desirable ecological, social and economic goals of natural 
resource management programmes (WCED 1987). Since then, 
there has been a growing global acceptance and implementation 
of approaches that actively involve local people and their eco-
logical knowledge in natural resource management (Warburton 
and Martin  1999; Fernández-llamazares et  al.  2022; Reyes-
García 2023; Silvano et al. 2023).

Integration of local people and their local ecological knowledge 
into natural resource management has enabled many natural 
resource governance programmes to achieve their ecological, 
social and economic goals (Terer et al. 2012; Karnad 2022; Silas 
et  al.  2023). The success of such programmes has often been 
linked to the attitudes, understanding and perceptions of local 
people towards natural resources (Polasky 2008; Bennett 2016; 
Hatty et al. 2022). In this context, attitude refers to actions or 
behaviour towards a resource, and these are often determined 
by an individual's observations, understanding, interpretation 
and evaluation of the resource (Bennett  2016). On the other 
hand, knowledge of a natural resource refers to the scientific 
or nonscientific collection of facts, information and skills about 
the resource (Bolisani and Bratianu  2018). Local ecological 
knowledge also includes species literacy—the species identifi-
cation and in-depth awareness about species' geographical oc-
currences, life history traits and habitat preferences (Hooykaas 
et  al.  2019, 2022). Generally, a person's attitude towards, un-
derstanding and knowledge of a natural resource are influ-
enced by cultural practices, education, age, gender, livelihoods, 
motivations, persuasions, politics, preferences and religion 
(Bennett 2016; Truong 2021; Hatty et al. 2022). Additionally, a 
person's behaviour towards a natural resource depends on the 
ecosystem services they provide (i.e., the direct and indirect ben-
efits derived from the resource), along with perceived or actual 
detrimental effects of natural resources on human well-being 
(i.e., ecosystem disservices) (Millenium Ecosystem Assessment 
2005; Shackleton et al. 2016). Local ecological knowledge is not 
evenly distributed in a population. It varies with according to 
age (Owuor, Icely, and Newton 2019; Ahoyo et al. 2023), gender 
(Jubase, Shackleton, and Measey 2021; Randler and Heil 2021), 
level of education (Hooykaas et al. 2019; Ahoyo et al. 2023), oc-
cupation (Randler and Heil 2021; Ahoyo et al. 2023), frequency 
of engagement with nature (Cebrián-Piqueras et  al.  2020; 
Szałkiewicz, Sucholas, and Grygoruk  2020) and proximity to 
the natural resource (Owuor, Icely, and Newton 2019; Cebrián-
Piqueras et  al.  2020). Therefore, investigation of attributes 
of local people that are associated with their local ecological 
knowledge of a resource can inform ecosystem managers on 
how to best adapt the body of knowledge into natural resource 
management.

Macrophytes are plants that grow in areas that are permanently 
or periodically inundated in water (Chambers et  al.  2008). 
Macrophytes provide a variety of ecosystem (dis) services (Terer 

et al. 2012; Thomaz 2023). For instance, macrophytes stabilise 
shorelines and bottom sediments (Currin 2019), supply oxygen in 
water (Caraco et al. 2006), absorb pollutants (Wilkinson, Naeth, 
and Dhar 2023), influence the aquatic nutrient cycles (Reitsema, 
Meire, and Schoelynck  2018), drive aquatic food chains (He 
et al. 2021) and are habitats and breeding grounds for both aquatic 
and terrestrial animals (Fynn et al. 2015; Christie et al. 2022). 
Additionally, freshwater macrophytes provide a variety of socio-
economic benefits (e.g., food, fibre, fodder, medicine, construc-
tion material and a source of livelihood) to people in many parts 
of the world (Taran and Deb 2020; Buckley et al. 2023). While the 
benefits derived from macrophytes are undisputable, there is ev-
idence that dense and extensive macrophytes mats reduce water 
quality and quantity (Pelella et  al.  2023), alter an ecosystem's 
biodiversity (Desautels et  al.  2022), harbour disease-causing 
parasites (Angoh et al. 2021) and interfere with ecosystem use 
activities such as navigation, fishing activities and water use 
(Enyew, Assefa, and Gezie 2020).

Since the start of industrial revolution, anthropogenic activities 
have had disproportionately large and contrasting effects on 
macrophyte communities (Arthington  2021). In some regions 
of the Earth, macrophyte management practices defined by 
national governments and implemented by either government 
agencies acting alone or in collaboration with other stakehold-
ers has led to sustainable management of freshwater macro-
phytes (McGregor et al. 2010; Terer et al. 2012). For instance, in 
Australia's Kakadu National Park, co-management between the 
government and the Aboriginal people, along with the applica-
tion of management strategies from both conventional science 
and traditional ecological knowledge has enhanced biodiversity 
in the park's floodplains and provided the local people with a va-
riety of socioeconomic benefits (McGregor et al. 2010). Similarly, 
co-management of Loboi swamp in Baringo County, Kenya, has 
led to sustainable management of macrophytes in the wetland 
(Terer et  al.  2012). In other regions, however, the impacts of 
anthropogenic activities such as introduction of alien species, 
overexploitation of macrophytes, diversion of water inflows, 
eutrophication, pollution, sand harvesting and the conversion 
of wetlands into other land uses have caused degradation and 
species losses in macrophyte assemblages (Salgado et al. 2019; 
Kassa et al. 2021; Maua et al. 2022). Due to the variable impacts 
of human activities on macrophytes, an understanding of how 
local people living near freshwater ecosystems perceive, com-
prehend and manage macrophytes can provide valuable in-
sights for improving macrophyte management (Bennett  2016; 
Government of Kenya 2021).

Macrophytes are a key feature of Kenyan freshwater lakes, 
providing a diverse range of ecosystem services to local com-
munities (Omondi and Gichuki  2000; Raburu, Okeyo-Owuor, 
and Kwena  2012). For example, local communities utilise the 
macrophytes as construction materials, fodder, fuel, medi-
cine and for crafting artefacts (Gichuki et  al.  2001; Morrison 
et  al.  2012; Terer et  al.  2012). In Kenya, sustainable manage-
ment and conservation of freshwater macrophytes follow the 
general natural resource management directives outlined in the 
Integrated National Land Use Guidelines (NEMA 2011). At the 
grassroots level, these guidelines are implemented by several 
government agencies and nongovernmental organisations with 
conflicting priorities and mandates (Raburu, Okeyo-Owuor, 
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and Kwena  2012). None of these organisations is directly in-
volved in the sustainable management of macrophytes. Despite 
the top-down approach of natural resource management, local 
wetland users have historically served as the de facto custodi-
ans of macrophytes and other wetland resources (Government 
of Kenya (GoK)  2021), a role that has a legal backing by the 
Environmental Management and Co-ordination Act of 1999 (act 
no. 8 of 1999) and the Constitution of Kenya 2010 (GoK 2010). 
Currently, freshwater macrophytes in Kenyan wetlands are 
experiencing increased degradation, primarily due to anthro-
pogenic activities (Maua et  al.  2022; Morrison et  al.  2012). 
However, most of the studies that have documented how local 
people's attitudes, perceptions and management practices drive 
degradation or conservation of macrophytes in Kenya have 
largely focused on species that are either iconic (have high eco-
nomic value) or problematic (noxious weeds) while ignoring the 
less prominent species (Morrison et al. 2012; Terer et al. 2012; 
Waithaka 2013; Maua et al. 2022). Thus, the ecological knowl-
edge of macrophytes among local people in Kenya, in general, 
remains unclear.

The aim of this study was to assess local people's ecological 
knowledge of, and management practices towards, freshwater 
macrophytes in freshwater lakes in Kenya. Specifically, we (1) 
tested the local people's macrophyte species literacy (i.e., mac-
rophyte species identification skills, knowledge of alien mac-
rophyte species and macrophyte dynamics), (2) examined local 
peoples' attitudes and perceptions towards macrophyte species 
that occurred in their ecosystem and (3) documented local peo-
ple's macrophyte management practices.

2   |   Methodology

2.1   |   Study Areas

Kenya's major freshwater bodies occur in the Lake Victoria, 
Rift Valley and Athi drainage basins (Nyingi, Gichuki, and 
Ogada  2013). Lakes in the drainage basins have distinct cli-
matic conditions, variable anthropogenic pressures, diverse 
compositions of animal, plant and microbial species, as well 
as differing conservation statuses (see Ndetei  2006; Odada, 
Onyando, and Obudho  2006; Simiyu et  al.  2022; Omondi 
et  al.  2016). Moreover, different human communities with 
unique cultural practices inhabit the areas surrounding the 
lakes (Awange and Ong'ang'a  2006; Ndetei  2006; Odada, 
Onyando, and Obudho 2006). These communities derive a va-
riety of provisioning, supporting, regulatory and cultural eco-
system services from the lakes (Awange and Ong'ang'a 2006; 
Ndetei 2006; Odada, Onyando, and Obudho 2006). To assess 
local people's ecological knowledge of, and management 
practices towards freshwater macrophytes, we focused our 
study on Lake Baringo, Nyanza Gulf of Lake Victoria and the 
Kenyan side of Lake Jipe (Figure 1), which occur within the 
three drainage basins above.

2.1.1   |   Lake Baringo

Lake Baringo (Figure 1a) is a Ramsar site located between lat-
itudes 0°30′–0°45′ N and longitudes 36°00′–36°10′ E, and at an 

altitude of ca. 900 m above sea level. The Lake has a surface 
area of approximately 130 km2, a mean depth of 4.7 m (Odada, 
Onyando, and Obudho 2006; Omondi et al. 2016). This Ramsar 
lake is fed by the perennial rivers Molo and Perkerra and the 
seasonal rivers Ol Arabel, Makutan, Endao and Chemeron 
(Odada, Onyando, and Obudho 2006; Omondi et al. 2016). The 
land surrounding the Lake is arid and semi-arid and is inhabited 
by the Ilchamus, Tugen and Pokot ethnic communities (Omondi 
et al. 2016). The communities derive their livelihoods from pas-
toralism, irrigated agriculture, fishing, tourism-related activ-
ities and conservation of wild animals (Odada, Onyando, and 
Obudho 2006).

2.1.2   |   The Nyanza Gulf of Lake Victoria

The Nyanza Gulf of Lake Victoria is located at the north-eastern 
corner of Lake Victoria (Figure 1b). It lies between 0°6′ S–0°32′ 
S and 34°13′ E–34°52′ E and at an altitude of 1134 m above sea 
level (Awange and Ong'ang'a 2006). The Gulf has a surface area 
of approximately 1400 km2, a mean depth of 10 m, and its major 
inflows are from the rivers Nyando, Sondu, Awach, Kibos and 
Oluch (Awange and Ong'ang'a 2006). The local communities liv-
ing in the arid and semi-arid areas surrounding the Gulf majorly 
consist of the Luhya, Luo, Kisii, Kuria, Maasai, Suba, Kalenjin 
and Teso ethnic communities (UNEP 2006). The communities 
primarily derive their livelihoods from fishing and fish-related 
activities, such as fish processing and fish mongering (Awange 
and Ong'ang'a 2006).

2.1.3   |   Lake Jipe

Lake Jipe is a transboundary ecosystem that lies between 3°37′–
3°33′ S and 37°44′–37°47′ E and at an altitude of ca. 700 m above 
sea level (Ndetei  2006). The lake has a surface area of about 
30 km2, a maximum depth of 3 m and is fed by River Lumi and 
drained by River Ruvu (Ndetei 2006). The land adjacent to the 
Kenyan side of Lake Jipe is semi-arid and is predominantly in-
habited by the Taita and Taveta ethnic communities (Ndalilo, 
Kirui, and Maranga 2020). Fishing and farming are the primary 
livelihood activities for the communities (Ndetei 2006; Ndalilo, 
Kirui, and Maranga 2020).

2.2   |   Data Collection

To assess local people's perceptions, species literacy and man-
agement practices of freshwater macrophytes, we defined several 
indicators for each objective (Table  1). We then used the indi-
cators to design questionnaires and topic guides. The questions 
contained in both questionnaires and topic guides are shown 
in Table 1. Regular engagement with a resource enhances one's 
understanding of it (Cebrián-Piqueras et al. 2020; Szałkiewicz, 
Sucholas, and Grygoruk 2020) therefore, we narrowed our study 
to wetland users who frequently interacted with macrophytes. In 
a reconnaissance survey, we found that most of the local people 
utilising macrophytes lived within 2 km of the lake's shoreline. 
Therefore, we conducted individual household interviews and 
focus group discussions among local people who resided within 
a 2 km distance from the lake shores. According to the 2019 
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Kenya population census, about 928, 78 and 136 households live 
within 2 km from the shores of Nyanza Gulf of Lake Victoria, 
Lake Baringo and the Kenyan side of Lake Jipe, respectively 
(KNBS 2019). Five counties namely: Migori, Homabay, Kisumu, 
Siaya and Busia counties border the Nyanza Gulf of Lake 
Victoria. To ensure the representativeness of the sample, data 
were collected from one administrative ward in each county: 
Muhuru, Kasgunga, Omwaga, East Asembo and Busijo wards 
in Migori, Homabay, Kisumu, Siaya and Busia counties, respec-
tively. Additionally, to include both rural and urban residents 
of Kisumu, Hippo Point, a major recreational area within the 
urban parts of the county, was also selected as a sampling point. 
In Lake Baringo, security reasons limited our data collection to 
Kampi ya Samaki, Kokwa Island and Long'icharo villages. At 
the Kenyan side of Lake Victoria, Tsavo West National Park that 
borders the southern portion of the lake restricted our data col-
lection to three villages outside the protected area.

Respondents for the individual household interviews were ob-
tained by randomly selecting 49, 52 and 44 households in the 
Nyanza Gulf of Lake Victoria, Lake Baringo and the Kenyan 
Side of Lake Jipe. The questions asked during the individual 
household interviews are shown in Table  1. In all study lo-
cations, we treated a household as a basic sampling unit and 
therefore interviewed only one adult member (≥18 years old) 
of a household. Focus group discussion enabled us to obtain 
broad perspectives concerning our research objectives and ver-
ify the information that was obtained from individual house-
hold interviews (DiCicco-Bloom and Crabtree 2006; Nyumba 
et al. 2018). Participants for the eight focus group discussions 
were recruited through convenience, purposive and snowball-
ing sampling methods. The number of participants in the focus 
group discussions ranged from 6 to 10 (an average of 8 per focus 
group). The focus groups discussions were conducted using a 
topic guide with questions shown in Table  1. We moderated 

FIGURE 1    |    Map showing the sampling sites in Lake Baringo (a), Nyanza Gulf of Lake Victoria (b) and the Kenyan side of Lake Jipe (c).
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the discussions to ensure that each participant had an equal 
chance to participate in the discussion of each question. We 
audio-recorded the discussions with the permission of the 
participants and these recordings were later transcribed and 
translated into English. Because of power imbalance between 
men and women among the study communities, seven out of 
the eight focus group discussions were made up of participants 
of one gender only (four and three focus group discussions 
with exclusively male and female participants, respectively). 
However, at Kokwa Island of Lake Baringo, we conducted a 
mixed-gender focus group discussion as the community's gate-
keepers demanded. In both methods of data collection, we ad-
opted a two-step method of testing macrophyte species literacy 
to avoid species misidentification and control for any bias in 
macrophyte identification (Bogner and Landrock 2016). First, 
the respondents were asked to name the macrophytes species 
they knew. We then listed the names that they mentioned, and 
in the second step, we gave them a set of printed images of 
unnamed macrophyte species to match with the macrophytes 
that they had named.

To help with data collection, village chiefs aided in the recruit-
ment of local research assistants who were proficient with the 
local languages and the national language Swahili. Prior to 
conducting the household interviews and focus group discus-
sions, the respondents were informed that their participation 
in the study was voluntary and that no incentive would be pro-
vided to them, they had a right to withdraw from the study 
at any time, and their identity would not be revealed in any 
communication. Thereafter, they voluntarily signed consent 
forms. We obtained ethical clearance for data collection from 
Kabarak University Research Ethics Committee (approval 
number KUREC-010122).

2.3   |   Data Analyses

We summarised the demographic statuses (i.e., age, gender, 
residence, level of education, occupation and frequency of 
weekly visits to the lake) of the 145 respondents who partic-
ipated in the face-to-face interviews using descriptive statis-
tics. Although our respondents had diverse livelihoods, some 
occupations had very few individuals. To avoid errors during 
statistical analyses, we broadly categorised occupations into 
two levels—fish handlers and other occupations. For binary 
responses (yes vs. no), a ‘yes’ response was coded as 1 and a 
‘no’ response as 0. For each question that generated quantita-
tive data, we used generalised linear mixed-effect models with 
the glmer function in the lme4 package (Bates et al. 2020) to 
test for correlations between the sociodemographic character-
istics of the respondents and the responses obtained. In the 
models, responses to the questions were treated as the depen-
dent variables, the sociodemographic characteristics of the re-
spondents as fixed-effect independent variables (age, gender, 
residence, level of education, occupation and frequency of 
weekly visits to the lake) and lakes as a random-effect inde-
pendent variable. Models that analysed binary responses were 
fitted with a binomial (link = ‘logit’) error distribution using 
the bobyqa optimiser. On the other hand, models that handled 
count data were fitted with a Poisson (link = ‘log’) error distri-
bution. After running the models, we used the ‘drop1’ function 

to determine the statistical significance of the independent 
variables at α < 0.05. In the cases when fixed-effect indepen-
dent variables with two or more categories were statistically 
significant, we performed Tukey's HSD post hoc tests through 
the glht command to check for differences among the catego-
ries. All statistical analyses were performed with R v 4.0.2 (R 
Core Team). For qualitative data, we used direct quotes from 
the respondents to back up the information obtained from in-
depth interviews. We preferred using direct quotes because 
they are known to highlight particular features of the data and 
give explanations of processes, observations and perspectives 
(Nyumba et al. 2018; Eldh, Årestedt, and Berterö 2020). The 
method of selecting quotes involved sifting through the trans-
lated data and arranging the data points according to the vari-
ous indicators shown in Table 1.

3   |   Results

3.1   |   Sociodemographic Characteristics 
of the Respondents

A total of 145 respondents participated in the face-to-face in-
terviews; a summary of their social and demographic profiles 
is provided in Table 2. The respondents' ages ranged from 18 to 
79 years, and their mean residence time (years lived in the study 
location) was 29.73 ± 15.95 (SD). Most of the respondents (97%; 
n = 145) had attained some form of formal education. The respon-
dents made various trips to the lake for multiple reasons, includ-
ing to work (e.g., as fishermen, fish cleaners, small-scale traders, 
tour guides and sand harvesters), to obtain water for domestic 
use, to extract food and nonfood items and for recreation and 
transportation purposes. Fishing and fish-related secondary ac-
tivities, such as gutting, cleaning and sale of fish, constituted the 
primary livelihood activities for nearly a half of the respondents.

3.2   |   Macrophyte Species Literacy

3.2.1   |   Macrophyte Species Recognised

Respondents from the three study lakes recognised a total of 
53 macrophyte species (named 35 macrophyte species by free 
listing [i.e., asking respondents to list all macrophyte species 
they can think of] and 18 more using picture aids). The 10 
most frequently identified macrophyte species by free listing 
are shown in Table 3, while the 35 macrophyte species named 
by free listing are shown in Table 4. The mean number of mac-
rophytes species named by the respondents through free list-
ing was 5.98 ± 2.73 (SD) macrophyte species. However, none 
of the respondents from the three study locations could tell 
apart macrophyte species that closely resembled each other. 
We observed that bladderworts (Utricularia sp.) were often er-
roneously referred to as immature hornworts (Ceratophyllum 
demersum L.), while duckweeds (Lemna sp.) were mistaken 
for juvenile water lettuce (Pistia stratiotes L.). Moreover, most 
grasses were lumped together and referred to using local 
common names (suswa/seret in Lake Baringo, ongago in the 
Nyanza Gulf and nyasi on the Kenyan side of Lake Jipe). The 
naming of macrophyte species was significantly correlated 
with occupation, with respondents who did not engage in 
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fish-related activities naming more macrophyte species than 
respondents whose livelihoods depended on fishing and fish-
related activities (Table 5 and Figure 2A). The frequency with 
which a respondent visited the lake was also significantly 
associated with macrophyte naming, as those who visited 
the lake frequently (≥four–six times a week) named more 
macrophyte species than their counterparts who either vis-
ited occasionally (≤three times a week) or daily (Table 5 and 
Figure  2B). Additionally, age was significantly positively as-
sociated with knowledge of macrophyte species (Table 5 and 
Figure 3A). The ability to identify macrophyte species was not 
significantly associated with gender, education and residence 
time of the respondents (Table 5).

3.2.2   |   Knowledge of Alien Macrophytes Species

Some respondents from Lake Baringo and Nyanza Gulf of Lake 
Victoria perceived that some macrophyte species in their eco-
systems were alien. In Lake Baringo, 37 out of the 52 respon-
dents perceived water lettuce (P. stratiotes) and water hyacinth 
(Eichhornia crassipes) as alien macrophyte species:

Water lettuce appeared in Lake Baringo in 1997… 
I started seeing water hyacinth in 2016, and after a 
year, the macrophyte had covered most parts of the 
Lake. We believe that water hyacinth came into the 
Lake from seeds attached to tourists' boats or nets of 
fishermen who had relocated from Lake Victoria. 

(Respondent number 70, male, Kampi Samaki, Lake 
Baringo)

Water hyacinth was also identified as an alien macrophyte in the 
Nyanza Gulf by 5 out of the 49 respondents:

I started noticing water hyacinth in the Lake in 1989. 
I do not know who brought it. 

(Respondent number 145, male, Sangorota, the Nyanza 
Gulf of Lake Victoria)

The respondents' knowledge of alien macrophyte species was 
not significantly correlated with any of their sociodemographic 
characteristics (Table 5).

3.2.3   |   Perceived Changes in Macrophyte Species 
Diversity and Abundance

Local people's perceptions about macrophyte changes that 
had occurred in their lakes were attributed to invasive alien or 
range-expanding macrophyte species. These perceptions, how-
ever, did not significantly correlate with the sociodemographic 
characteristics of the respondents (Table 5). In Lake Baringo, 32 
out of the 52 respondents perceived that short-term changes in 
the diversity and abundance of macrophytes were brought about 
by intense selective macrophyte harvesting during dry seasons 
and minimal macrophyte harvesting during wet seasons. Only 
four respondents linked the changes in diversity and abundance 

TABLE 2    |    Sociodemographic characteristics of the respondents (n = 145) (sample size obtained by pooling individuals sampled from Lake 
Baringo, Nyanza Gulf of Lake Victoria and the Kenyan side of Lake Jipe).

Characteristic Category Sample size (n)
Proportion of overall 

sample size (%)

Age (18–79) Continuous (not categorised) 145 —

Gender Female 30 20.67

Male 115 79.31

Residence Short term (≤10 years) 19 13.10

Long term (>10 years) 126 86.90

Level of formal 
education

None 11 7.59

Primary school 71 48.97

Secondary school 46 31.72

Postsecondary school 17 11.72

Occupation Fish handlers (fishing and 
fish-related activities)

71 48.97

Others (farming, hoteliers, 
mechanics, motorcycle taxi 
riders, small-scale traders)

74 51.03

Weekly visits to 
the lake

Occasionally (≤3 times a week) 16 11.03

Frequently (four to six times a week) 97 66.90

Daily 32 22.07
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of macrophyte species to variation in environmental conditions. 
On the other hand, the respondents perceived that long-term 
changes in the diversity and abundance of macrophyte species 
such as the common hornwort (C. demersum) and water lettuce 
(Pistia statiotes) were caused by presence of water hyacinth (E. 
crassipes) in Lake Baringo. Perceptions that water hyacinth 
(E. crassipes) decimated other macrophyte species were also 
noted by 40 out of the 49 respondents from Nyanza Gulf of Lake 
Victoria. Additionally, the respondents perceived those strong 
winds that redistributed water hyacinth throughout the gulf, 
causing erratic changes in the diversity and abundance of native 
macrophyte species. At the Kenyan side of Lake Jipe, 23 out of 
the 44 respondents perceived that the ever-increasing densities 
of the cattails Typha domingensis Pers decimated ‘good macro-
phytes such as water lilies (Nymphaea spp.) and water lettuce 
(P. stratiotes).

3.3   |   Local People's Perceptions Towards 
Freshwater Macrophytes

3.3.1   |   Macrophyte Ecosystem Services

Our respondents mentioned a variety of benefits derived from 
various macrophyte species, and we broadly classified these 
benefits into various ecosystem services. Overall, the respon-
dents identified 13 provisioning, 4 supporting, 3 regulatory and 
1 cultural macrophyte ecosystem services. The species-specific 
services are shown in Table 4.

3.3.1.1   |   Provisioning Ecosystem Services.  In all study 
locations, the material benefits that the local people obtained 
from various macrophyte species were the most frequently 
identified ecosystem service (Figure  4A). According to our 
respondents, macrophytes served as food, fodder, chicken 
feed, fibre to make artefacts, fuel, fish baits, medicine, manure 
and construction material for animal shades, houses and canoes 
(Table  4). Some local people from the Nyanza Gulf of Lake 
Victoria used water lettuce to rear fish in ponds and to purify 
borehole water. These material benefits generated some income 
for some local people:

Owning an iron sheet-roofed house is a sign of 
modernization but I prefer using the cattails [T. 
domingensis] and papyrus [C. papyrus] to roof my 
house. This is because the inside of a thatched house 
is cooler compared to that of iron sheet-roofed house. 
During dry seasons, we harvest macrophytes to 
feed livestock and we also eat bulbs and seeds from 
water lilies [Nymphaea sp.] and the rhizomes from 
the cattails. Macrophytes are freely accessible to 
everyone, but you can pay someone to harvest them 
for you. Other people make and sell artifacts made 
from macrophytes, but these artisans make very little 
money because people prefer modern baskets, chairs, 
mattresses…. 
(Respondent number 66, male, Kampi Samaki, Lake 

Baringo)
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Knowledge of provisioning ecosystem services that macrophytes 
offered was significantly correlated with gender (Table  6), with 
more males (96.52%; n = 115) than females (83.33%; n = 30) identi-
fying this category of ecosystem service. Knowledge of provision-
ing services was not associated with level of education, occupation, 
frequency of visiting the lake, residence time and age.

3.3.1.2   |   Supporting Ecosystem Services.  The supporting 
ecosystem services that macrophytes provided were the second most 
frequently identified ecosystem service (Figure 4A). According to 
49.66% of the 144 respondents, macrophytes were food, habitat, 
refugia and breeding sites for fish and other wild animals (Table 4):

Fish feed on macrophyte and during the cold season, 
they hide among the macrophytes and come out when 
water becomes warmer. 

(Respondent number 22, male, Kachero, Lake Jipe)

Gender significantly correlated with the respondents' knowl-
edge of the various supporting ecosystem services (Table 6), as 
more males (55.65%; n = 115) than females (26.67%; n = 30) iden-
tified at least one ecosystem service. Additionally, age showed 
a positive correlation with the respondent's knowledge of the 
various supporting ecosystem services that macrophytes offered 
(Table 6 and Figure 3B). Supporting ecosystem services were not 
associated with level of education, occupation, lake visits and 
residence time.

3.3.1.3   |   Regulatory Ecosystem Services.  The regulatory 
ecosystem services that macrophytes offered were the third 
most frequently identified ecosystem services. According to 
13.19% of the 144 respondents, macrophytes purified water, 
regulated lake siltation and sheltered local people from strong 
winds (Table 4):

…… If you lift common hornwort [C. demersum] 
from water, you will see that it has trapped a lot of 
sediments. This is an indication that macrophytes 
purify water. 
(Respondent number 84, Male, Kampi Samaki, Lake 

Baringo)

Age showed a positive association with the respondent's knowl-
edge of the various regulatory services that macrophytes offered 
but correlation was not significant (Table  6 and Figure  3C). 
Regulatory ecosystem services were not associated with gender, 
level of education, occupation, lake visits and residence time.

3.3.1.4   |   Cultural Ecosystem Services.  The cultural 
services were the least identified ecosystem service (recognised 
by 6 out of the 145 respondents). In Lake Baringo, five respondents 
noted that the Tugen, Pokot and Njemps ethnic groups used 
the umbels of the paper reed (Cyperus papyrus) as decorations 
during traditional ceremonies. Additionally, one respondent 
from the Nyanza Gulf of Lake Victoria noted that some religious 
groups used the hairy cowpea (Vigna nilotica) as decorations 
during religious functions (Table  4). None of the independent 
variables correlated with knowledge of the cultural services 
macrophytes offered.

3.3.2   |   Macrophyte Ecosystem Disservices

3.3.2.1   |   Impacts on Aquatic Organisms.  Combined data 
showed that 33.33% of 144 respondents perceived that some 
macrophyte species negatively affected other aquatic organisms 
(Figure  4B). In this regard, 29 of 49 the respondents from 
Lake Baringo and 14 of the 48 respondents from Nyanza Gulf 
of Lake Victoria, perceived that water hyacinth decimated ‘good’ 
macrophytes such as water lettuce and altered the richness 
and abundance of fish species:

When strong winds push water hyacinth to our 
location, the macrophyte brings some rare fishes 
such as the Elephant-snout fish [Mormyrus kannume 
Forssakål, 1775]. However, presence of dense water 
hyacinth mats reduces the abundance of the tilapiines. 

(Respondent number 126, male, Muhuru Bay, Nyanza 
Gulf of Lake Victoria)

At the Kenyan side of Lake Jipe, 4 of 37 respondents associated 
reduced tilapiines' sizes and abundance to diminishing water 
quality, an occurrence that had been brought about by dense 

TABLE 5    |    Results of the generalised linear mixed-effect models that tested for associations between the sociodemographic characteristics of 
respondents and various aspects of macrophyte species literacy.

Factor

Number of macrophyte 
species identified

Observed macrophyte 
changes Alien species

F p F p F p

Gender 1.37 0.13 0.00 0.64 0.73 0.26

Education 0.06 0.92 0.85 0.50 1.88 0.10

Occupation 2.24 0.02 0.02 0.82 0.49 0.73

Frequency of lake visits 4.65 0.007 0.38 0.66 0.44 0.64

Residence time 1.97 0.74 0.45 0.27 0.51 0.72

Age 4.25 0.04 0.72 0.39 0.04 0.84

Note: Statistically significant factors (p < 0.05) are highlighted in bold print.
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cattails stands that had blocked mouth of River Lumi causing it 
to divert its course. Additionally, the respondents perceived that 
aggressive expansion of the cattails also reduced the population 
of the ‘good macrophytes’:

The cattails blocked the mouth of River Lumi and 
caused it to divert its course. Since then, water quality 

has greatly diminished, leading to a decline in the 
size and abundance of the tilapias. 
(Respondent number 22, male, Mkwajuni, Lake Jipe)

None of the independent variables correlated with knowledge of 
how macrophyte species negatively impacted aquatic organisms 
(Table 6).

FIGURE 2    |    Knowledge of macrophyte species according occupation (A) and frequency of weekly visits to the lake (B).

FIGURE 3    |    Logistic regression curves showing correlations between respondent's age and knowledge of macrophyte species (A), supporting 
ecosystem services (B), regulating ecosystem services (C) and direct impacts to humans (D).
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3.3.2.2   |   Direct Impacts on Humans.  Pooled data showed 
that most respondents (82.07% of the 145 respondents) perceived 
that macrophytes directly affected their well-being (Figure 4B). 
In this context, 47 of the 52 respondents from Lake Baringo 
and 43 of the 49 respondents from Nyanza Gulf of Lake Victoria 
perceived that dense water hyacinth mats made it difficult 
for the locals to fetch water for domestic use, blocked landing sites 
for boats, destroyed fishing gears, interfered with navigation, 
reduced water quality, changed the diversity and abundance 
of fish, harboured disease-causing parasites and were hideouts 
for dangerous animals such as snakes and crocodiles. Overall, 
these impacts increased their costs of living:

When water hyacinth covers this part of the Gulf, 
we shift our fishing base to other less invaded 
locations. Moving to other locations means 
incurring extra fishing costs which are often passed 
to the consumer. Dense water hyacinth mats also 
make the water dirty, so we must look for alternative 
sources of water. 

(Respondent number 108, male, Asembo, Nyanza Gulf)

At the Kenyan side of Lake Jipe, 29 of the 44 respondents per-
ceived that the dense cattail stands negatively impacted their 
well-being. The impacts they mentioned are similar those 
caused by water hyacinth. Additionally, the respondents men-
tioned that the rhizomatous roots of the cattails (T. domingensis) 
attracted elephants to the lake, often causing human–wildlife 
conflicts:

The cattails have covered most of the lake's shoreline, 
and Mkwajuni beach is the only place with an open 
landing site. In other areas, we access the open lake 

through pathways created by hippopotamuses and 
elephants. Some villagers have been attacked by 
elephants that come to the lake to eat makuruvira 
(the cattails) roots. 

(Respondent number 16, male, Kachero, Lake Jipe)

In all study locations, respondents pointed out that floating mac-
rophyte islands, which had detached from the shores, destroyed 
fishing gears and translocated domestic and wild animals. Age 
negatively correlated with knowledge of how macrophytes directly 
affected human well-being, but the correlation was not significant 
(Table 6 and Figure 3D). Gender, level of education, occupation, 
frequency of lake visits and residence time did not associate with 
knowledge of how macrophytes negatively impacted humans.

3.3.3   |   Local people's Macrophyte 
Management Practices

3.3.3.1   |   Harvesting and Propagation of Macrophyte 
Species.  Majority of the respondents (86.90% of the 145 
respondents) were aware that some members of their community 
harvested macrophytes either for sale or personal use. According 
to these respondents, their harvesting practices involved taking 
what they only needed and leaving behind the roots, rhizomes 
and stumps. On the other hand, only a handful of respondents (4 
out of the 133 respondents) had information about macrophyte 
propagation in their locality. These respondents, who were 
from the Nyanza Gulf of Lake Victoria, mentioned that small 
densities of water lettuce were cultivated in small dams to purify 
water. These respondents also noted that some fishpond owners 
cultivated water lettuce in their ponds to diversify the fish diet, 
serve as breeding sites for fish and shelter the fish from strong 
sunlight:

FIGURE 4    |    Proportion of respondents with the knowledge of various ecosystem services (A) and disservices (B) of macrophytes.
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Macrophytes regenerate quickly after harvesting so 
there is no need to propagate them. But we leave the 
roots, rhizomes, and stumps on the ground so that they 
can grow back. Also, we do not store macrophytes. 
We just harvest what is enough at that time. 

(Respondent number 93, Male, Kokwa Island, Lake 
Baringo)

None of the social demographic characteristics significantly as-
sociated with knowledge of macrophyte harvesting and propa-
gation practices (Table 6).

3.3.3.2   |   Methods of Manipulating Diversity 
and Abundance of Macrophyte Species.  Out of the 144 
respondents, 50.69% of them mentioned that they only controlled 
macrophyte species that they perceived to be problematic. In 
Lake Jipe, the cattails were either burned, manually uprooted, 
slashed or sprayed with herbicides:

Slash and burn are the main methods of controlling 
the cattails. Other methods include spraying the 
cattails with Round-Up [a herbicide] or manually 
digging them up. These methods only open small 
spaces so that we can access water or clear paths to 
the open lake. Previously, we manually dug up the 
cattails that had blocked the mouth of River Lumi 
and the river started emptying into the Lake again. 
However, the macrophyte grew back and caused the 
river to divert its course. 

(Respondent number 4, male, Kachero, Lake Jipe)

In both Lake Baringo and Nyanza Gulf of Lake Victoria, water 
hyacinth was manually harvested, dumped on land to dry up 
and later buried or burnt:

When water hyacinth covered this area [Kampi 
Samaki], we organized ourselves [worked as a team] 
and manually harvested the macrophyte. Later, 
the County Government of Baringo facilitated the 
manual harvesting exercise by offering food for work 
incentives and providing boats, gloves, rakes, and 
wheelbarrows. This method significantly reduced the 
water hyacinth density. 
(Respondent number 94, male, Kampi Samaki, Lake 

Baringo)

In addition to manual harvesting, residents from Nyanza Gulf of 
Lake Victoria were aware that biological and mechanical meth-
ods were also being used to control water hyacinth:

The Government of Kenya set up a rearing unit for 
water hyacinth weevils [Neochetina eichhorniae 
Warner], trained us how to rear them, and facilitated 
weevil distribution to various parts of the Lake. 
Although the project stalled, the weevils are still on the 
plants. I am also aware of a water hyacinth harvester 
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in Kisumu. Unfortunately, these methods have not 
controlled the macrophyte. Only strong winds can 
control the macrophyte [by blowing them away]. 
(Respondent number 108: male, Asembo Bay, Nyanza 

Gulf)

None of the respondents' characteristics were significantly cor-
related with their knowledge of macrophyte management prac-
tices (Table 6).

4   |   Discussion

How people comprehend biodiversity and its related issues 
often determine whether they support conservation activities 
(Hooykaas et al. 2019, 2022). Therefore, examining local people's 
species literacy levels, understanding and perceptions of freshwa-
ter macrophytes might provide insights into the people's relation-
ships with the resources. Such information can assist ecosystem 
managers in making education and conservation programmes for 
freshwater macrophytes. In this regard, the current study exam-
ined how local people living adjacent to Lake Baringo, Nyanza 
Gulf of Lake Victoria and the Kenyan side of Lake Jipe under-
stood macrophyte species that occurred in their ecosystem.

4.1   |   Macrophyte Species Literacy

Our respondents recognised an average of six macrophyte species, 
which accounts for approximately 20% and 15% of the macrophyte 
species previously inventoried in Lake Baringo and Nyanza Gulf 
of Lake Victoria, respectively (Omondi and Gichuki 2000; Ondiba 
et al. 2018). Although there is no preexisting macrophyte species 
inventory for Lake Jipe to compare our result with, this result im-
plies low macrophyte species recognition skills among the local 
people. This observation is consistent with other studies that have 
demonstrated that local people's species identification rates are 
often less than 50% of those identified by scientists (Berkström 
et al. 2019; Braga-Pereira et al. 2022). Evaluation of macrophyte 
recognition skills in the context of the respondents' sociodemo-
graphic characteristics revealed that respondents who derived 
their livelihoods from nonfishing activities named more mac-
rophytes than their counterparts who derived their livelihoods 
from fishing and fish-related activities. Our results also showed 
that frequent visitors to the lake (four to six times a week) named 
more macrophyte species than fellow respondents who visited 
the lake either daily or occasionally (≤3 times a week). These two 
observations suggest that personal interests or lack of it might 
have played a role in local people's macrophyte recognition skills 
(Hooykaas et al. 2019; Randler and Heil 2021). Macrophyte recog-
nition skills also varied according to age, with older respondents 
identifying more macrophyte species than the younger ones, a re-
sult that reinforces the belief that local knowledge accumulates 
over time (Warburton and Martin 1999; Olsson and Folke 2001). 
Overall, diminishing reliance on wetlands, possibly due to access 
to modern alternatives for some of the ecosystem services that 
wetlands provide and apathy towards macrophytes (see Ferreira 
Júnior et  al.  2016; Aswani, Lemahieu, and Sauer 2018; Gómez-
Baggethun 2022) could have contributed to low macrophyte nam-
ing skills among younger respondents.

Our results also showed that most local people were aware of 
changes in macrophyte species' abundance, an indication that 
local people living close to freshwater lakes can be an invalu-
able source of information about macrophyte trends in their 
ecosystem. This finding corroborates the results of other studies 
that have shown that local people can be important sources of 
information about various abiotic and biotic changes that have 
occurred in their ecosystems (Braga-Pereira et al. 2022; Nunes 
et al. 2023). Concerning alien macrophyte species, most respon-
dents from Lake Baringo (75.15%) perceived E. crassipes as alien 
in their ecosystem. This perception may be attributed to the fact 
that the species' rapid proliferation along with its associated neg-
ative impacts only became evident in the recent decade (<10 years 
ago), prompting many locals to take notice. On the other hand, 
only 10.23% of the respondents from Nyanza Gulf of Lake Victoria 
identified water hyacinth as an alien species. This result may 
be attributed to the macrophyte's extensive historical presence 
in Lake Victoria (more than 30 years) (Witt and Quentin 2017), 
leading to assumptions that the macrophyte is native. Moreover, 
we noticed that our respondents failed to recognise other known 
alien macrophyte species (e.g., A. sessilis, L. perpusilla and P. stra-
tiotes), possibly because these species occurred in small popula-
tions hence unnoticeable, limited awareness on the alien species 
concept and apathy towards such species (Jubase, Shackleton, 
and Measey 2021). Generally, macrophyte species literacy skills 
were skewed towards species that the respondents perceived 
to be either beneficial or problematic to the local people, which 
is consistent with findings from other studies that have shown 
that people are more likely to be knowledgeable of natural re-
sources that directly impact them (Warburton and Martin 1999; 
Ouko et al. 2018; Kimpouni et al. 2021; Jubase, Shackleton, and 
Measey 2021). We infer that the local people's low macrophyte 
naming skills, their inability to distinguish species with similar 
morphology, as well as their limited capacity to recognise alien 
macrophyte species, indicate gaps in macrophyte species literacy 
among wetland users in these three ecosystems.

4.2   |   Local people's Perceptions of Freshwater 
Macrophytes

4.2.1   |   Macrophyte Ecosystem Services

The material benefits that local people derived from macro-
phytes were the most frequently identified ecosystem service, 
a result consistent with findings from other studies that have 
shown that local people are more knowledgeable of the pro-
visioning services they obtain from a natural resource (Ouko 
et al. 2018; Kimpouni et al. 2021). The material benefits the re-
spondents mentioned are synonymous with those reported in 
studies conducted in Lake Victoria's Lower Sondu Miriu wet-
land (Gichuki et al. 2001) and Loboi wetland in Baringo County 
(Terer et  al.  2012). However, we observed three use patterns 
unique to each study location. Firstly, using macrophytes as 
food and fodder was more pronounced in Lake Baringo, and 
this can be attributed to frequent droughts in the area (Terer 
et  al.  2012; Omondi et  al.  2016). Because of the cyclic nature 
of the droughts, gathering seeds and tubers of water lilies and 
the cattails' rhizomes usually starts long before the dry sea-
son begins. Secondly, we noted that the residents of Lake Jipe 
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did not use macrophytes for fuel, possibly because the locals 
could get firewood from Tsavo West National Park. Moreover, 
abundant mesquite (Prosopis juliflora) offered alternative fuel 
sources to the locals. Thirdly, the usage of macrophytes to rear 
fish in ponds and to purify borehole water was unique to the lo-
cals of the Nyanza Gulf of Lake Victoria, where water pollution 
(Simiyu et al. 2022; van den Broek 2019), eutrophication (Simiyu 
et  al.  2022) and dense mats of invasive E. crassipes (Gichuki 
et al. 2001) and overfishing (Awange and Ong'ang'a 2006; van 
den Broek 2019) have altered the Gulf's ecosystem.

The supporting and regulatory ecosystem services identified 
by the respondents align closely with those documented in 
prior studies conducted in various locations, including Nyando 
Wetland (Raburu, Okeyo-Owuor, and Kwena  2012), Sudan 
(Ali 2009), Ethiopia (Desta 2021) and Ghana (Abobi et al. 2015). 
However, the identification rates for these two ecosystem ser-
vices was quite low, a result that is comparable to preceding 
studies that have shown that local people have low identifi-
cation rates for supporting and regulating ecosystem services 
(see Ouko et  al.  2018; Gouwakinnou et  al.  2019; Kimpouni 
et al. 2021). Interestingly, most people could not identify the role 
that macrophytes played in ensuring continuity of fish popula-
tions, a major source of protein and livelihood for local people 
living adjacent to these lakes (Ndetei 2006; Omondi et al. 2014; 
Etiegni, Irvine, and Kooy  2020). Similarly, most respondents 
could not identify the role of macrophytes in reducing silt depo-
sition into the lakes, which is a leading cause of poor water qual-
ity in all three study locations (Awange and Ong'ang'a  2006; 
Ngugi, Ogindo, and Ertsen 2015; Omondi et al., 2016). Our re-
sults showed that more males than females knew the various 
provisioning and supporting ecosystem services that macro-
phytes offered, and this could be because men in the study areas 
played a greater role in utilising wetland resources (Raburu, 
Okeyo-Owuor, and Kwena  2012). Additionally, older respon-
dents appeared to be more knowledgeable about the various 
supporting and regulatory ecosystem services that macrophytes 
offered, and this could be because their macrophyte experiences 
had accumulated over time (Olsson and Folke 2001).

Information that the Njemps, Pokots and Ilchamus ethnic 
groups living around Lake Baringo used papyrus umbels as dec-
orations during cultural ceremonies has been previously docu-
mented among the Endorois people of the Loboi area, Baringo 
County (Terer et al. 2012). On the other hand, no previous study 
had documented that a section of locals living around Nyanza 
Gulf of Lake Victoria used wild cowpeas for decorations during 
religious festivals.

4.2.2   |   Macrophyte Ecosystem Disservices

Our respondents identified a variety of macrophyte ecosys-
tem disservices, similar to those reported by wetland users in 
the Hadejia-Nguru Wetlands in Nigeria (Ringim, Sabo, and 
Harry 2015), Lake Naivasha in Kenya (Waithaka 2013) and Lake 
Tana in Ethiopia (Enyew, Assefa, and Gezie  2020). Their pri-
mary attribution of these disservices to alien or range-expanding 
macrophyte species aligns with findings from earlier studies 
(van den Broek 2019; Desta 2021). Moreover, we observed high 
recognition rates for macrophyte ecosystem disservices that 

directly affected human well-being but lower identification rates 
for those that either indirectly affected well-being or negatively 
impacted other components of the lakes. Notably, responses re-
garding the impacts of macrophytes on biodiversity were biased 
towards the negative effects of invasive alien or range-expanding 
macrophyte species on fish populations, which are valuable re-
sources among wetland users (Awange and Ong'ang'a  2006; 
Ndetei 2006; Odada, Onyando, and Obudho 2006). This result 
is consistent with findings from similar studies (Waithaka 2013; 
Ringim, Sabo, and Harry 2015; Enyew, Assefa, and Gezie 2020), 
and it reinforces the belief that local people are more knowledge-
able of species that directly impact them (Millenium Ecosystem 
Assessment 2005; Shackleton et al. 2016). From the focus group 
discussions, we found out that these ecosystem disservices in-
creased the local people's cost of living, as locals had to incur 
extra fishing costs, purchase water for domestic use, seek treat-
ment for malaria and bilharziasis (diseases associated with 
dense macrophyte communities) and seek alternative modes 
of transportation, which often were costlier than water trans-
portation. Knowledge of the macrophyte ecosystem disservices 
was associated with age, possibly due to accumulation of macro-
phyte experiences (Olsson and Folke 2001).

4.3   |   Local people's Macrophyte Management 
Practices

The local people's macrophyte management practices doc-
umented here have also been reported as those adopted by 
other communities living close to Lake Naivasha in Kenya 
(Waithaka  2013) and Lake Tana in Ethiopia (Enyew, Assefa, 
and Gezie 2020). While the success rates of these management 
practices varied from one lake to another, it was interesting to 
note that respondents from the Nyanza Gulf of Lake Victoria 
perceived that only strong winds could control water hyacinth 
in the Gulf. This perception contradicts science-based moni-
toring studies that attributed the decline of water hyacinth in 
the Gulf to the 1997/1998 El Niño event and biological control 
agents (Wilson et al. 2007). In all our study locations, the local 
people's macrophyte management methods focused on reducing 
the ecosystem disservices caused by alien or range-expanding 
macrophyte species, a result that supports views by Shackleton 
et al. (2016) and Blanco et al. (2019) that people's actions towards 
a natural resource are often driven by their perceptions of eco-
system disservices rather than ecosystem services. Although 
macrophytes provided various benefits to the local people, there 
were no management practices aimed at conserving macro-
phytes, which may indicate that the locals had little regard for 
these resources, did not use macrophytes or did not perceive 
that the macrophytes were under threat. However, we noted 
that their practice of harvesting what they needed and leaving 
behind the stumps, roots and rhizomes indirectly ensured conti-
nuity of macrophyte communities.

4.4   |   Implications of the Current Study on 
the Sustainable use and Management of Freshwater 
Macrophytes

Our respondents noted that dense and extensive mats of T. 
domingensis and E. crassipes on the Kenyan side of Lake Jipe 
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and Nyanza Gulf of Lake Victoria, respectively, caused a variety 
of ecological and socioeconomic problems. Therefore, we rec-
ommend controlling these macrophyte species. Our study also 
revealed that local people in our study locations had neglected 
macrophytes, highlighting a wetland management shortfall. 
This issue is further aggravated by limited institutional in-
volvement in macrophyte conservation, along with the absence 
of direct policies and clear frameworks for addressing the sus-
tainable management of freshwater macrophytes. Considering 
that ongoing climate change (IPCC 2023) might interact with 
ever-increasing anthropogenic stressors, impacting the rich-
ness, abundance and distribution of macrophyte species (Short 
et al. 2016; Lozano 2021), addressing this neglect is imperative. 
In this regard, we recommend raising awareness about the eco-
logical importance of freshwater macrophytes, developing poli-
cies that directly address sustainable macrophyte management 
and integrating macrophyte management into broader lake 
resource management strategies. Integrating local people into 
these management programmes will not only leverage local peo-
ple's macrophyte knowledge and expertise but also enable them 
to assist in monitoring macrophyte changes as well as imple-
menting conservation programme.

4.5   |   Future Research Considerations

In Kenya, freshwater macrophytes have been scantily studied, 
resulting in a limited understanding of their richness, diver-
sity, ecology, drivers of degradation, as well as their socioeco-
nomic importance. This limitation makes it difficult to advise 
policymaking and design and implement ecosystem-specific 
sustainable macrophyte management practices. Therefore, 
multifaceted collaborative research, employing both local 
knowledge and conventional scientific methods, can fill the 
existing knowledge gaps regarding freshwater macrophytes. 
Considering that some local people generate income from 
macrophytes, there is a possibility that livelihood diversifi-
cation through the commercialisation of provisioning ecosys-
tem services can alleviate pressure on the already declining 
fish stocks in these lakes—the primary livelihood for wetland 
communities (Ndetei  2006; Nyakeya et  al.  2020; Nyamweya 
et  al.  2022). However, studies that quantify and value the 
provisioning ecosystem services macrophytes offer, evaluate 
the factors that support or hinder the commercialisation of 
freshwater macrophyte use and predict the ecological impli-
cations of such commercialisation can provide insights into 
the feasibility of such ventures These studies should be ex-
tended to neighbouring countries that share a transboundary 
water body.

4.6   |   Conclusion

Our results showed that local people had some form of knowl-
edge concerning the macrophyte species present in their wet-
lands, the ecosystem (dis)services that the macrophytes offered 
and management practices for problematic macrophyte species. 
The respondents' macrophyte recognition skills were signifi-
cantly correlated with their occupation and frequency of visits 
to the lake, while knowledge of provisioning and supporting 
services, ecosystem disservices that directly affected humans, 

and macrophyte control methods were all associated with age. 
Although future research with larger sample sizes can validate 
and strengthen these correlations, our results give insights into 
how local people perceive and understand freshwater macro-
phyte and this information can be used to guide macrophyte 
conservation activities at the grassroot levels. However, there 
is need to fill the knowledge gaps concerning macrophyte spe-
cies literacy, the indirect (dis)services provided by macrophytes 
and the importance of conserving these resources. Filling these 
knowledge gaps may increase positive attitudes towards fresh-
water macrophytes and cause local people to support macro-
phyte management programmes.
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