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Water hyacinth spans extensive geographic areas in tropical and semi-tropical regions. Its impact on livelihoods is connected to the production of crops, fish, livestock, and other activities that influence costs and returns for rural smallholders. This invasive weed affects crop production by invading farmland adjacent to the lakes and has an impact on livestock by covering grazing land meant for animal feed. Although several studies have been conducted in Ethiopia, the livelihood impact of water hyacinth has been scarcely analyzed, quantified, and documented. This study evaluates the adverse effects of water hyacinth, particularly on crop production, livestock management, fish harvesting, and other off-farm incomes, by comparing groups of respondents’ proximity to Lake Koka and Demel in the Central Rift Valley of Ethiopia before and after a specified period. Data were collected from 348 sample households based on the nearness of farmlands to the lakes, both adjacent to (≤ 300 m) and distant from invaded lakes, six focus group discussions, six key informant interviews, and field observations to assess the impact using propensity scores, difference-in-differences, and weighted least squares methods. The result of difference-in-differences shows a decline in the total annual income by 823 ETB, income from crop production by 329 ETB per year, and income from off-farm activities by 6,952 ETB per year for those living adjacent to the invaded lakes. Although the impact varies according to the intensity of the water hyacinth infestation, it adversely affects rural livelihoods by reducing crop yields and returns from off-farm activities. The study did not find any significant impact on livestock production and harvested fish. Other control variables, such as education, experience, and interactions like dependency-age, experience-education, and land-lake, also influenced the impact of livelihood. As hypothesized, water hyacinth has caused differences in on-farm and off-farm incomes between groups of respondents. Further research is suggested to investigate the fish species favored and affected by this invasive weed. Ultimately, the impact of water hyacinth is of significant interest to affected communities, regional offices, policymakers, and scientists.

Keywords
 difference in difference; lake; off-farm income; on-farm income; propensity score; weighted lease square


1 Introduction

Water hyacinth is one of the invasive aquatic and wetland species that cover extensive geographic areas in tropical and semi-tropical regions (Kriticos and Brunel, 2016; Pan et al., 2015). It inhabits both water bodies and terrestrial environments (Simberloff, 2013). Water hyacinth presents both opportunities and challenges to socioeconomic activities and the environment. It can be utilized as an input in agricultural activities, as well as in the manufacturing and industrial sectors, to produce paper, furniture, biogas, and ethanol (Sharma and Aggarwal, 2020), and various household products (Maulidyna et al., 2021).

The impact of water hyacinth is closely linked to rural livelihoods, including crop, fish, and livestock production, as well as input supply and the cost of management and maintenance. In terms of crop production, it impedes rice seed germination (Mathur and Mathur, 2018), reduces crop yield (Enyew et al., 2020), and consequently lowers returns (Maulidyna et al., 2021). Similarly, weeds affect the food supply by reducing fish populations (Harun et al., 2021) and fish supply (Kateregga and Sterner, 2009). Moreover, water hyacinth negatively impacts the livelihoods of farmers and traders involved in fish marketing (Segbefia et al., 2019) by disrupting business operations (Ezama, 2019). This invasive weed also restricts access to fishing areas, which increases production costs and creates supply shortages (Villamagna and Murphy, 2010). The time required to catch fish has increased due to obstructed boat passages (Harun et al., 2021), limiting fishing grounds (Villamagna and Murphy, 2010). In this context, the maintenance costs of blocked ditches and canals have become high (Dersseh et al., 2019b).

The impact of water hyacinth in Ethiopia has been reported in relation to crop production (Damtie et al., 2022; Enyew et al., 2020), where it competes for water resources (Getahun and Kefale, 2023) and disrupts production activities (Enyew et al., 2020). It challenges plowing activities (Getahun and Kefale, 2023; Tewabe et al., 2017), increasing costs and time expenditure (Getahun and Kefale, 2023). Similarly, water hyacinth affects livestock and feed production (Getahun and Kefale, 2023; Tewabe et al., 2017); it invades grazing lands (Tewabe et al., 2017) and creates a shortage in feed supply (Enyew et al., 2020). The use of water hyacinth as feed can also lead to livestock fatalities related to its content (Damtie et al., 2022).

Water hyacinth also disrupts fishing activities and reduces the harvesting rate (Damtie et al., 2022; Dersseh et al., 2019a; Delele et al., 2021), leading to a decrease in the quantity of fish caught (Enyew et al., 2020; Tewabe et al., 2017). Furthermore, it incurs high costs for weed management (Damtie et al., 2022; Getahun and Kefale, 2023) and the maintenance of ditches and canals (Dersseh et al., 2019b).

Several studies and literature reviews have examined water hyacinths in Ethiopia, focusing on Lake Dembel, Lake Koka, and Aba Samuel Dam. The majority of studies on Lake Tana predominantly address the effects of water hyacinth; Tewabe et al. (2017), perceptions of its impact (Enyew et al., 2020), its infestation potential (Dersseh et al., 2019a), its ecological, economic, and social implications (Getahun and Kefale, 2023), and its effects on rural livelihoods (Damtie et al., 2022).

In contrast, studies on Lakes Dembel and Koka and the Aba Samuel Dam are limited, focusing primarily on socioeconomic and environmental sustainability (Churko et al., 2023a,b), water quality (Getnet et al., 2021), and impact on aquatic life and human activities (Ingwani et al., 2010). However, these studies have scarcely analyzed, quantified, and documented the livelihood impacts of water hyacinths in Lake Dembel, Lake Koka, and Ethiopia more broadly.

Therefore, this study aims to assess the livelihood effects of water hyacinths. Specifically, it addresses the impact of water hyacinth on crop production, livestock management, and fish harvesting by comparing affected and non-affected households before and after a specific period. It is hypothesized that the weed would cause differences in income and tropical livestock unit (TLU) between households adjacent to and away from the lakes. The output of this research will contribute to the formulation of invasive weed management policies in the Rift Valley and Ethiopia as a whole. Additionally, the recommendations will help bridge knowledge gaps in understanding the livelihood impact of water hyacinths.



2 Study area and data


2.1 Study area

The study area is located in the Rift Valley Lakes of Ethiopia and encompasses two lakes, namely Koka and Dembele, which are the largest freshwater lakes in the central part of the country (Figure 1). Lake Koka is located between 8°29’00” N latitude and 39°10’00” E longitude, at 1590 m.a.s.l. elevation. The estimated total area of the lake is 255km2, with a length of 20 km and a width of 15 km. The lake has a shoreline length of 19.5–20.5 km and has a maximum and minimum depth of 14 m and 9 m, respectively. Mojo and Awash rivers are the two major rivers draining to the lake. One big town, Modjo, is located within the Koka Catchment. Though Koka Lake was originally developed for hydropower generation, it is currently used for fish production, irrigation, and flood control in downstream areas. The predominant land use/cover in Koka Catchments is agriculture (both irrigated and rain-fed) and rural settlements.
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FIGURE 1
 Location map of the study area: (A) Location of Ethiopia in East Africa, (B) Koka Water-shade boundary and other natural and man-made features, and (C) Dembel water-shade boundary and other major natural and man-made features.


Lake Dembel lies between 8°00’00” N latitude and 38°50’00” E longitude, at 1636 m.a.s.l., and has an estimated surface area of 485 km2, with a width of 20 km and a length of 31 km. The lake has a maximum depth of 8.95 m and a mean depth of 2.5 m and is considered the shallowest lake in the Rift Valley. The lake’s surface area fluctuates between 435 and 485 km2 depending on the water inflow. The two major rivers that flow into Lake Dembel are the Ketar and Meki Rivers. Lake Dembel is a freshwater lake that supports different uses, including water supply, irrigation, fishing, and recreation. The lake is being degraded primarily because of various water and land-use activities in its catchment. There is ongoing agricultural transformation. Both small-scale farmers and large horticultural companies use huge amounts of pesticides and fertilizers that have led to nutrient loading, a conducive environment for the proliferation of macrophytes like water hyacinth, which is currently invading the lake at an alarming rate. The expansion of water hyacinth has been threatening the existence of the water body and surrounding iodiversity.

Water flows through the riverbanks, and runoff contributes to water hyacinth seed transport into the lakes (Churko et al., 2024). Similar studies indicated that the feet of animals and beaks of birds contribute to the spread of water hyacinths because they feed in sites of water hyacinth infestation and carry the seed over considerable distances by their bodies. Common aquatic macrophytes around and in Lake Dembel include Cyperus alopecuroides Rottb. (aquatic sedge), Phragmites karka (Retz.) Trin., and Paspalidium geminatum (Forssk.).



2.2 Sampling procedure and sample size

This study was implemented in three districts, Lume, Dugda, and Adami Tulu Jido Kombolcha, in the East Shewa Zones of the Oromia Regional State in Ethiopia. Zones and districts were purposively selected due to the threats of water hyacinths on Dembel and Koka lakes, which are found in these locations. The lakes are among the foremost water bodies, providing several socioeconomic benefits to the local people and the surrounding areas, including the capital city (Addis Ababa). Kebeles1 were randomly selected based on their common boundaries with lakes and the level of water hyacinth invasion. In this case, a list of Kebeles with high water hyacinths (where the whole shoreline of the lakes is covered by the weed) and no water hyacinth infestation was identified through discussion with experts working on water hyacinth management in the Lume, Dugda, and Adami Tulu Jido Kombolcha districts. In addition, the sites were verified by field visits to the study area. Six Kebeles were selected from Lume, six from Dugda, and four from Adami Tulu Jido Kombolcha. Based on the proximity of individual households within the kebele, the respondents were grouped as adjacent (who conducted agricultural activities up to 300 meters from the lakes) and not adjacent to water hyacinth-invaded lakes (who conducted agricultural activities 300 meters away from the lakes). The total sample size of households was determined by Equation 1.
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where = n0 is the sample size, N is the total number of households, and e is the level of precision (in this case, 0.05).

Based on the data obtained from the districts’ Environmental Protection and Agricultural Development offices, the total number of households of selected kebeles was 8,654. Accordingly, the sample size is 382, considering the probability that some of the respondents might not be available for an interview or refuse to be interviewed. 5% of the sample (18) households will be added to make up the total sample of 400.

The proportionate sampling technique is employed to determine the sample size from each kebele. As shown in sample households adjacent and not adjacent to invaded lakes were systematically selected by interval and lottery method. After following the first sample drawn, every kth element in the list was selected until the proportion number reached from all sample Kebele. In the Lume district, 102 samples were selected; 41 are adjacent, and 61 are non-adjacent to the lake. Similarly, from the total 119 samples selected from Dugda, 78 are adjacent, and 41 are not adjacent. Similarly, 125 samples selected from Adamitulu Jidu Kombolcha, 61 are adjacent, and 64 are not adjacent to the invaded lake.



2.3 Data type and collection

The type of data required to address this research is a fully quantitative cross-section of data collected from the samples adjacent and not adjacent to lakes using a structured questionnaire. Primary quantitative data were collected from sample households using a structured questionnaire. The questionnaire is managed and collected using the Kobo Toolbox.2 One supervisor and four data collectors were recruited, and training was given. The data is collected from sample respondents in a house-to-house, face-to-face interview for three weeks from May 12, 2024, to June 15, 2024. All data gathered through household interviews were supported by related annual and periodic reports and published articles to triangulate the information. In addition, key informant interviews were held at the federal, regional, and district levels by engaging experts and people with experience in water hyacinth management. Furthermore, the study conducted focus group discussions in which 6–8 focus-grouped discussants were engaged, considering educational background, experience in water hyacinth management, status in the community, and other community social values. Therefore, data for this research was obtained from households, focus group discussions (FGD), and key informant interviews (KII).



2.4 Method of data analysis

Descriptive and econometric models are employed to address the impact of water hyacinth. Descriptive analysis was used to compare demographic and socioeconomic variables for individuals grouped into adjacent and not adjacent to the nearby Koka and Dembel lakes. It is also compared based on before and after the expansion of the weed in two periods. The data are described by mean, frequency, and percent. Inferential statistics such as t-tests and chi-squares were applied to validate the result. The impact was assessed using propensity score matching and difference in difference between the two sample groups. These methods were preferred among others to see their difference in livelihood due to the water hyacinth invasion. The counterfactual is constructed by modeling the relationship between dependent and independent livelihood variables and grouping variables in a regression analysis.


2.4.1 Propensity score matching

The similarity between individuals adjacent to the invaded lake and those in non-invaded lakes is identified by plotting the propensity score (PS). If the plots for the two groups overlap, it provides strong evidence for common support (i.e., similarity in propensity scores). Kernel matching, among other methods, can be used for this purpose as it compares each individual near the invaded lakes to those in the control group (far from invaded lakes) within a specified range of PS. If the common support assumption is satisfied, propensity score matching (PSM) can be conducted. PSM offers an advantage over ordinary least squares by providing consistent estimates under weaker assumptions.

The propensity score is computed by regressing the intervention variable by observable characteristics (Khandker et al., 2010). The model is expressed in Equation 2 as follows:
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where Ii is the ith respondent located in the nearby invaded lake (Ii) or not, B0 and Bi are parameters, Xi is the observable demographic and socioeconomic characteristics; and εi is the random error term. It can be expanded as Equation 3:

[image: image]

The predicted Ii, B0, and B1 are given by Equation 4.
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Hence, the PS are the predicted probabilities from a Probit/logit model of the invaded variable regressed on independent variables, expressed by Equation 5.
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Equation 5 can be further expanded to Equation 6:

[image: image]

Before describing the economic impact of water hyacinth, propensity score matching (PSM) was performed to compare respondents living adjacent to the lake with those in the control group (not adjacent to the lake). Observable variables such as age, marital status, education, farmland size, experience, dependency ratio, and livestock ownership were included, as they are expected to influence income levels. The PSM results were then used as a basis for estimating the difference-in-differences (DID) impact on total income, farm income, off-farm income, fish income, and TLU. Specifically, we ran PSM on the two groups and assured the validity of the common support assumption. As shown in Figure 2, the kernel matching result reveals that individuals adjacent to the invaded lake are matched to the control groups with more similar propensity scores. This result precedes the impact of water hyacinth by comparing the different livelihoods before the weed expansion in 2018 as a reference year and after five years in 2023 between the two groups.

[image: Figure 2]

FIGURE 2
 Kernel density plots for common support assumption. Source: Own survey 2024.




2.4.2 Difference in difference

Difference in Difference (DID) is a quasi-experimental design that uses data from two sample groups to obtain an appropriate counterfactual to estimate a causal effect. It compares the average difference between individuals located adjacent to and far from the invaded lake based on outcome changes over time relative to the pre-invasion of the weed. Given the two periods (ti), (2018 (t0) and 2023 (t1)), YtiI1 and YtiI0 are the respective outcome (livelihood) variables for both groups in time ti, the DID is estimated the impact of water hyacinth invasion as follows:

[image: image]

In the Equation 7, Ii = 1 denotes individuals adjacent to the lake, whereas Ii = 0 denotes individuals far from the lake. The DID estimate is conducted using the regression Equation 8:

[image: image]

The coefficient β is the interaction between after weed invasion (Ii1) and time t (ti = 1 or ti = 0), which gives the average DID effect of the weed. Using the DID estimate from Equation 8, the interaction is expressed as β = DID. In addition, the variables Ii and t are included to take any separate average effect of being invaded versus not invaded by water hyacinth and the effect of time (t).




2.5 Variables definition

The following Table 1 summarizes the group, dependent, and explanatory variables. Group variable identifies sample households based on their proximity to the Lakes. It is hypothesized to affect the outcome (dependent) variables. The dependent variable includes income from different sources and livestock production. Explanatory variables are also expected to influence the dependent variable in both groups of respondents.



TABLE 1 Summary of the variable used in the models.
[image: Table1]




3 Results


3.1 Description of demographic and socioeconomic characteristics

Demographic and socioeconomic characteristics of sample households living in the study area are compared based on their proximity to water hyacinth-invaded lakes. From the total 400 samples, approximately 87% of the respondents were willing to answer questions. Table 2 shows that a greater number of the sample respondents’ farmland is adjacent to the lake (52%), male-dominated (78%), and married (81%). Similarly, a large number of the samples have their own land (96%) and are involved in on-farm activities (78%), and their livelihood depends on the lakes (84%). Nevertheless, except for household heads involved in off-farm activities, all other characteristics do not significantly vary based on whether their farmland is proximate to the lakes.



TABLE 2 Characteristics of households by group.
[image: Table2]


3.1.1 Age, family size, and education

Sample households in the study area are characterized by age, education level, family size, dependency ratio, and land holdings (Table 3). The average age of respondents not adjacent to the lake is 45 years, while those who live adjacent to the lake are 44 years old. Similarly, the average completed education level in each group is two years of schooling. They also have five family sizes with a dependency ratio of one. The average area of farmland is approximately 1.3 ha for both groups of respondents. The result shows no significant difference in demographic and socioeconomic characteristics between the two groups.



TABLE 3 Grouped household characteristics: two-sample t-test with equal variances.
[image: Table3]



3.1.2 Occupations of HH

Figure 3 shows respondents’ main and secondary jobs in areas invaded and not invaded by water hyacinth. The respondents’ dominant primary and secondary occupations are farming, 80–12%, respectively, followed by household wives (11 and 3) and students (2 and 1). Other common occupations are hired labor, off-farm activities, kebele officials, and aged respondents, depending on the family. The remaining 80% (276 respondents) do not have a secondary occupation. In this respect, crop production and livestock rearing are the mainstays of the community in the study area. Hence, the lake could have a prominent role in farming activities.

[image: Figure 3]

FIGURE 3
 Households’ primary (main) and secondary jobs (source: own survey 2024).




3.1.3 Dependency of farmers on the lakes

Figure 4 presents about 292 sample households (84%) that are dependent on the lakes around their vicinity. They used the lakes for different purposes. The most common uses are for human consumption (8%), animal consumption (5%), fishing (4%), and irrigation (3%). A combination of uses for human and animal consumption (37%), animal consumption and irrigation (32%), and for more than two purposes (11%).

[image: Figure 4]

FIGURE 4
 Households’ dependency on the lakes.





3.2 Economic activities and sources of income


3.2.1 Types of crops and livestock produced

The economic activities of the rural households are influenced by several factors. The community in the study area is engaged in on-farm, off-farm, and non-farm activities. The prominent on-farm activities include crop and vegetable production, livestock rearing, and fishing. The major crops produced in the area are maize (52%) and teff (6%), followed by vegetable production such as onion (20%), watermelon (15%), tomato (7%), and spices (2%). Similarly, 79% of the respondents owned different livestock for consumption and draft animals. The majority of the households own oxen (48%), donkeys (15%), cows (8%), heifers (7%), chickens (7%), and others (15%) such as calves, goats, bulls, sheep, and mules (Figure 5).

[image: Figure 5]

FIGURE 5
 Households Crop (A) and Livestock (B) production. Source: own survey 2024.




3.2.2 Types and volume of fish harvested

Fish types found in the lakes are compared between 2018 and 2023 to see whether the variation is related to the water hyacinth expansion. Of the total respondents, 31% in 2018 and 29% in 2023 are engaged in fishing activities. According to the respondents engaged in fishing activities, five fish species were caught in the given periods (Figure 6). Among the species, more HH trapped common carp and Bilcha (native species) in 2023 than in the previous period. The number of respondents who caught other species declined in 2023 compared to the previous year. Except for the crucian carp, the number of fish species caught increased in 2023. The average amount of harvested tilapia is 86 kg, African catfish is 101 kg, common carp is 100 kg, and native species are 25 kg per household per year.

[image: Figure 6]

FIGURE 6
 Fish species harvested in the lakes. Source: own survey 2024.





3.3 Off-farm income sources

Of the total respondents (348 HH), only 11% (HH = 38) are involved in off-farm income generation activities. Approximately 41.3% of them (16 HH) were involved in salaried employment, carpentry, local alcohol preparation, trading manufactured goods, and remittance (Figure 7A). The remaining 58% (HH = 22) were engaged in other off-farm activities such as selling roasted fish, daily labor, and sand mining (Figure 7B).

[image: Figure 7]

FIGURE 7
 Sources of all off-farm income (A), others (B). Source: own survey 2024.




3.4 Impact of water hyacinth


3.4.1 Impact of water hyacinth on the livelihood (DID; 2018–2023)

Livelihood variables such as total income, on-farm, off-farm, and fish incomes, as well as the number of livestock in terms of TLU, are regressed by the two groups (land adjacent to invaded and not invaded land) and other explanatory variables. The outcome variable is the income difference between the two groups after and before the invasion of the lakes by the weed. Table 4 shows that the model is significant for the DIDs’ of the total incomes at p < 5%, on-farm incomes at p < 5%, and off-farm incomes at p < 1%.



TABLE 4 Weighted least square of factors that determined households’ livelihood DID.
[image: Table4]



3.4.2 Impact of water hyacinth on total DID income

The total annual DID income before and after the invasion is significantly affected by individuals’ land adjacent to the lakes, the education level of the respondents, and the interaction between dependency ratio and age, as well as land size and Lakes Dembel and Koka. Accordingly, the total DID income of those individuals adjacent to the lakes decreased by 822,738 ETB compared to the non-adjacent households. Similarly, the completed education level negatively affects the total DID income. As education increases by one year of schooling, the total DID income declines on average by 129,416 ETB. The other variable that affects the total DID income is the interaction between the dependency ratio and age. As the interaction increases, with more dependency and old age, the total DID income declines by 5,690 ETB. Similarly, the interaction of individuals’ land in the Dembel Lake area significantly affected the total DID income. An increase in land size in Dembel Lake increases the total DID income by 277,104 ETB compared to the land found in Lake Koka.



3.4.3 Impact of water hyacinth on on-farm DID income

Before and after the invasion, the on-farm annual DID income from crop production is significantly affected by individuals’ land adjacent to the lakes, land size, experience, and the interactions between dependency ratio and age, as well as the land size and Lakes Dembel and Koka. Accordingly, the on-farm DID income of those adjacent to invaded lakes decreased by 329,038 ETB compared to non-adjacent households. Similarly, household land size negatively affects the on-farm DID income. As the land increases by one hectare, the on-farm DID income declines by 113,019 ETB. Individuals’ experience in agricultural land use is the other variable that affects the on-farm DID income. The result shows that per unit increase in experience, the on-farm DID income declines by 10,724 ETB.

The interaction between dependency ratio and age also determines farm DID income. More dependency ratio and old-age interaction decrease the on-farm DID income by 2,986 ETB. Unlike the above result, the interaction of individuals’ land in the Dembel Lake area positively contributed to the on-farm DID income. An increase in land size in Dembel Lake increases the on-farm DID income by 182,891 ETB compared to land found in Lake Koka.



3.4.4 Impact of water hyacinth on livestock size and off-farm DID income

The DID households’ livestock size in TLU in both invaded and not invaded areas is insignificant. This suggests that the influence of water hyacinth is not noticeable in the invaded areas compared to the other areas. Rather, control variables such as knowledge about the water hyacinth determine the TLU. Households are knowledgeable about the weed, and their livestock size declines by 0.707 TLU compared to others.

The off-farm DID income before and after the invasion is significantly affected by individuals’ land adjacent to the lakes, age, land size, and the interactions between dependency ratio and age as well as land size and Lakes Dembel and Koka. Accordingly, the off-farm DID income adjacent to invaded lakes decreases by 6,952 ETB per year compared to households not adjacent to the invaded lake.

The age of the respondent and land size positively determine the annual off-farm DID income. Accordingly, as the age increases by one year, the off-farm DID income increases by 192 ETB. Also, as the land increased by one hectare, the off-farm DID income increased by 2,939 ETB. The other variable that affects the off-farm DID income is the interaction between dependency ratio and age. With an increase in the interaction, the off-farm DID income increases by 63 ETB. Unlike the dependency and age interaction, land and Dembel Lake interaction declines the off-farm DID income. An increase in the size of land in Dembel Lake decreases the off-farm DID income by 3,419 ETB as compared to land found in Lake Koka.



3.4.5 Impact of water hyacinth on the livelihood (in 2023)

Livelihood outcome variables such as total income, on-farm, off-farm, number of livestock in terms of TLU, and fish incomes are regressed to examine the impact of water hyacinth. Table 5 shows the weighted least square (weighted by farmland) with robust standard error. The model is significant for the total incomes at p < 5%, on-farm incomes at p < 1%, TLU at p < 5%, and off-farm incomes at p < 1%.



TABLE 5 Weighted least square of factors that determined households’ livelihoods.
[image: Table5]


3.4.5.1 Impact of water hyacinth on the total income

The total annual income of households located on the invaded land is significantly affected by water hyacinth, education level, and interactions between dependency ratio and age, as well as land and lakes. Accordingly, the total income of those adjacent to the lakes decreases on average by 748,844 ETB compared to the non-adjacent households. Similar to the total income, the completed education level negatively affects the total income. As a result of an increase in education by one year of schooling, the total income declines on average by 98,830 ETB. The other variable that affects the total income is the interaction between the dependency ratio and age. As the interaction increases by one unit, the total income declines by 4,732 ETB. Similarly, the interaction between land and Dembel Lake significantly affects the total income. An increase in land size in Dembel Lake increases the total income by 280,454 ETB compared to land found along Lake Koka.



3.4.5.2 Impact of water hyacinth on on-farm income

Unlike the total annual income, the on-farm income in 2023 is similar between individuals found adjacent to and far from invaded lakes. Other control variables, such as education, experience, land size, and the interactions between land size and Lake Dembel and Koka, significantly determine the total income. Accordingly, with an increase in education by one year of schooling, the farm income decreases by 2,258 ETB. An increase in experience and land size also leads to a decline in income by 367 and 2,457 ETB, respectively. Similarly, as the interaction of land and Dembel Lake increases, the on-farm income declines by 1,082 ETB compared to the interaction of land and Koka Lake.



3.4.5.3 Impact of water hyacinth on livestock size and off-farm income

Households’ livestock size in TLU in the invaded and non-invaded areas is the same. This suggests that the influence of water hyacinth is not significant in the invaded areas compared to the other areas. Rather, control variables such as education, experience, interactions of dependency ratio with age, and experience with education are the determining factors. Thus, an increase in education level, experience, dependency ratio, and age interaction increases TLU by 0.203, 0.0395, and 0.006 units, respectively. Yet, the increase in interaction between experience and education decreases TLU by 0.009 units.

Households’ off-farm income in the invaded and non-invaded areas are also the same. This suggests that the influence of water hyacinth is not significant in the invaded areas compared to the other areas. Rather, control variables such as the dependency of the household’s livelihood on the lake are determining factors. The household dependency on the lakes is the sole control variable determining off-farm income. Those individuals perceived their livelihood as dependent on the lakes. Their off-farm income increases by 28,489 ETB compared to others not dependent on the lakes.



3.4.5.4 Impact of water hyacinth from the viewpoint of FGD and KII

Focus Group Discussions (FGD) show that weeds adversely affect the economic and social lives of the surrounding communities, whose livelihoods are based on fishery resources and agricultural activities. Among other economic activities, fishery and agriculture were the major sectors influenced by the infestation of water hyacinth. They added that the farmers and traders found along the value chain are affected (FGD 2). Similarly, other discussants (FGD 3) reflected on its impact on crop production activities through blockage of canals and decreasing fish productivity. They stressed that its impact is severe on the livelihood of communities solely dependent on the lakes for fish and agricultural production (FGD3). Furthermore, farmers incur additional costs of removing the weeds from their farmland, forcing their families to spend more time (FGD4).

Key Informant Interview (KII) was conducted at the national and regional levels to crosscheck the findings. Accordingly, the first respondent about the impact of water hyacinth said that “… crop production nears the shoreline, fishing, fish breading grounds, and livestock feed…” were the most affected sectors (KII 1). He added, “…During our field observation … the quantity of fish caught per day after water hyacinth expansion was lower than pre-water hyacinth occurrence….” The other key informant added, “…Water hyacinth infestation has significant impacts on local communities, particularly those reliant on fishing and agriculture” (KII 3). He added that “…water hyacinth infests irrigation channels or reservoirs; it can block the flow of water, impacting the ability to irrigate crops. This can lead to reduced agricultural yields and increased labor for farmers trying to manage the infestation.” Similarly, (KII 4) said that “water hyacinth affects the livelihood of this community by invading their farmland and expose them for other additional cost and minimize the fish product that collected from the lake by affecting the living area of fish” (KII 4). Furthermore, the impact of water hyacinth expressed as “… in water hyacinth covered area fishing is difficult.,” “… fishing nets trapped by water hyacinth destroyed…” (KII 5) and it “… Block irrigation channels and hiders irrigation practices…, reduce access to water for livestock…” (KII 6).






4 Discussions


4.1 Impact of water hyacinth on household income

Quantifying the impact of water hyacinth is critical in reducing the negative consequences on income and food security in developing countries. From the result in section 3, there is a significant difference in the households’ income adjacent and not adjacent to the lakes. The water hyacinth invasion declined the total and on-farm incomes of households adjacent to the lakes. Although water hyacinth infestation hampers the on-farm income by reducing crop yield (Honlah et al., 2019), the impact varies according to the intensity of the weed (Villamagna and Murphy, 2010).

Controlling weed competition for nutrients and light (Horvath et al., 2023) increases the yield of wheat (Minhas et al., 2023), maize (Ali et al., 2011), and soybeans, among others (Sepat et al., 2017), which is expected to increase the on-farm return. On the other hand, crop yield reduces due to failure to control water hyacinth (Damtie et al., 2022) and blockage of the irrigation canals (Churko et al., 2023a,b; Maulidyna et al., 2021). Similarly, land covered by the weed completely reduces farmers’ return (Tewabe et al., 2017), and even smallholders incur additional costs of production (Churko et al., 2023a,b; Getahun and Kefale, 2023). Invasive weeds are also a habitat for other invasive species, adversely affecting agricultural production and productivity (Pratt et al., 2017). In this regard, controlling the expansion of water hyacinths would be crucial for improving households’ livelihoods in the lakes.



4.2 Impact of water hyacinth on household off-farm income

In developing countries, smallholder farmers are engaged in off-farm activities to diversify their household income (Adeoye et al., 2019; Liu et al., 2019). Off-farm income, comparable to the on-farm, has contributed to food security and poverty reduction for smallholders (Babatunde and Qaim, 2010). Considering its role, households’ off-farm income in the study area is directly or indirectly associated with the Lakes. Some incomes linked to Lakes are selling fried fish, daily labor in vegetable production, and sand mining. Other incomes unrelated to the lakes are salary, trade, local beverage sales, remittance, and carpentry work. Nevertheless, the off-farm income declined for households adjacent to the invaded lakes compared to the other group of respondents.

Water hyacinth has its own advantage in generating income rather than solely concluding it as a dangerous invasive weed. The weed has an opportunity to enhance household income by using it as an input for making handicrafts (Harun et al., 2021), biogas (Wang, 2021), and compost among the benefits (Muhsin et al., 2023; Nega et al., 2022). Hence, measures to control water hyacinth should consider its diverse economic and environmental benefits.



4.3 Impact of water hyacinth on livestock and fish production

Livestock plays a vital role in the livelihoods of smallholders, particularly in food security and poverty reduction. Similar to income from on-farm crop production, it is the main source of income for the majority of smallholders (Ashley et al., 2018), the mainstay of livelihood (Chaminuka et al., 2014), and contributes to the economy of a developing country (Herrero et al., 2013).

In relation to water hyacinth, this study did not find any significant impact on livestock production between invaded and non-invaded areas. There are some assumptions about the livelihood of the study area. First, the farming system: households in the area are more dependent on vegetable and crop production. Second, feed sources: if the livestock feed is other than grazing land, the weed may not have a significant impact. Finally, the size of land and herd: it may happen if households do not have enough grazing land and a significant number of livestock sizes. In sum, it is against some findings (Chapungu et al., 2018; Ogunlade, 2002). For instance, it was found that the weed influenced livestock production by invading the grassland. It impacted feed supply, and Damtie et al. (2022) showed its cause of livestock death.

Similar to livestock, fisheries also play a vital role in livelihood (Temesgen et al., 2019; Rommens et al., 2003) and food security (Funge-Smith and Bennett, 2019; Lauria et al., 2018). Our finding shows that water hyacinth has no significant impact on fish income in the invaded areas. The harvested fish species in the study area vary due to the presence of water hyacinths, which may or may not affect the total amount of fish caught (Segbefia et al., 2019). Some studies revealed that water hyacinth creates a conducive environment for certain fish species, such as killifish (Hill et al., 2021), which could explain why the weed’s effect on fish income was not significant in this context. In contrast, some reports show that water hyacinth has led to increased production costs and market supply shortages (Villamagna and Murphy, 2010), reduced fish harvests (Enyew et al., 2020; Tewabe et al., 2017), and disrupted fish business operations (Ezama, 2019; Ogunlade, 2002). These factors have contributed to declines in income in other regions, highlighting the potential variability in water hyacinth’s impact on fisheries.




5 Conclusion and recommendations

This study has meticulously analyzed and quantified the livelihood impact of water hyacinths in Lakes Dembel and Koka. These areas are of significant interest to affected communities, regional authorities, policymakers, and scientists. The results of this study are relevant beyond the immediate study area and are applicable to other regions where water hyacinth also poses a similar challenge. Several important issues emerge from the findings.

First, from a methodological perspective, the households in invaded and non-invaded areas were balanced for the common support assumption before analyzing the impact using Difference-in-Differences (DID) and Weighted Least Squares regression. This methodological rigor provides evidence of an unbiased impact of water hyacinth on both on-farm and off-farm incomes.

Second, the impact of water hyacinth is not solely attributable to the weed itself; other control variables such as education, experience, and interactions like dependency-age, experience-education, and land-lake also influence the impact. This highlights the multifaceted nature of the issue and the need to consider various socioeconomic factors when assessing the impact of invasive species.

Third, as hypothesized, water hyacinth has caused a significant difference in on-farm and off-farm incomes between groups of respondents. Contrary to the hypothesis, the study found an insignificant impact on livestock size and fish income. This discrepancy suggests that the invasive weeds’ effect on different livelihood components may vary and warrants further investigation.

Finally, it is crucial to conduct a thorough analysis of the communities’ pro-environmental perceptions regarding water hyacinths and the ecology of fish in the affected lakes. Such analyses are essential not only for understanding social behavior and fish ecology but also for investigating which fish species are favored or adversely affected by this invasive weed.

This research underscores the complex and varied impacts of water hyacinths on rural livelihoods in Lake Dembel and Lake Koka. Since vegetable and crop productions are the mainstay for the livelihood of most HHs’ along the rivers and lakes, these findings serve as valuable input for formulating invasive weed management policies in the Rift Valley and Ethiopia at large.

The following recommendations will help bridge knowledge gaps and provide a foundation for future research on the livelihood impacts of water hyacinths and other invasive species.

1. Community mobilization and awareness creation on the impact of water hyacinths on livelihood and different ecosystem services are needed to manage and control the weeds and sustainability of the lakes.

2. Resource mobilization for the control and management of water hyacinth needed by the local, regional, and federal governments of Ethiopia.

3. Both lakes (Koka and Dembel) provide multipurpose uses, including hydropower generation, fish production, irrigation, flood control, and sources of water for livestock and humans, benefiting different stakeholder groups. Hence, conservation of the lakes needs coordination and collaboration among different stakeholder groups at different levels.

4. The need for multidisciplinary research: This research is limited to the impact of hyacinth on crop production, livestock management, and fish harvesting by comparing affected and non-affected households before and after a specific period. To obtain a full picture of the effect of weeds on the livelihood of households, further research should be carried out on the utilization of water hyacinths for different purposes. Furthermore, research is needed on which fish species are favored and affected by water hyacinth.

5. Focus group discussions and key informant interviews conducted for this study revealed that manual removal of water hyacinth is the common approach in the study area. Thus, we recommend an integrated approach that includes mechanical, manual, biological, and chemical methods following scientific procedures.

6. Land use management along the rivers and in the catchment needs improvement so as to reduce nutrient loads that contribute to the proliferation of water hyacinths.
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Invaded

Age

Education level
Land size in ha
Experience

Lake dependency
Water H. knowledge
Inter DEP*Age
EXP*Edu.
Land*lake

_cons

‘The number of obs.
F(10,335)

Prob.> F

Source: own survey 2024.

Total income
—748,844 (441622.8)*
~11886.1 (10630.1)
~98829.5 (55020)*
318,233 (225029.3)
1918.129 (14660.05)
144056.3 (331872.3)
4103141 (529389)
—473236 (2590.32)"
1291547 (2641.29)
280454.1 (129300.1)**
2,285,944 (1397748)
346
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00415

Robust standard error in parentheses. * p =0.1, ** p=

—4017.59 (3803.001)
4114687 (151.0719)
~2257.83 (852.24)**
~2467.12 (1446.062)*
~367.465 (131.629)**
3931938 (5264.073)
~4682.94 (6050.737)
—62.2568 (39.69536)
46.16161 (31.19658)
6584.876 (2133.998) "+
32907.49 (11016.69)***
346
304

0.0011

05,45 p =001,

arm income  Off-farm income

3282715 (2705.13)
191.3678 (125.07)
1301.467 (854.24)

4240307 (2560.55)

~52.5366 (117.9922)
28489.4 (5185.339) 7+

834.9486 (9844.25)

59.28012 (39.3624)

-43.5832 (34.2431)

~1081.97 (2454.645)
~25255.1 (12450.51)**
346
627

0.00

TLU
0.096159 (0.302926)
0.003282 (0.010765)

0.202512 (0.08268)**
0.233168 (0.185345)
0039548 (0.01134)*+*
056511 (0.362457)
0.091872 (1.100466)
0.006357 (0.0036757)*
~0.00901 (0.003057)***
0.013552 (0.222906)
0.680913 (1.322862)
346
196

0.0364

Fish income
—424,733 (421344.4)
~8091.29 (8725.89)
—27884.4 (29246.77)
~219,647 (216839.2)
13288.94 (13876.31)
~230.230 (226648.2)
124931 (198667.6)
~1837.99(2036.185)
~171279 (1903.521)
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1,266,670 (1264912)
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Category Not adjacent Total = 346

Sex of the HH Female 39 36 75 0.6210 0431
Male 124 147 271

Marital status Married 136 143 279 0.4816 0923
Single 4 6 10
Divorced 2 2 4
Widowed 24 29 53

Own any land? Yes 157 176 333 24447 o118
No 9 4 13

Involve in on-farm Yes 116 153 269 114116 0.001

activities No 50 27 7

Dependency on Lake? | Yes 135 157 292 22800 0131

No 31 23 54
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Variable type
Invaded

Dependent variables

Total income

On-farm income

Off-farm income
Income from Fish

Tropical Livestock Unit
(TLU)

Descriptiol

Itis a group variable that indicates the proximity of HH's farmland to the nearest lake

within a distance of 300 m.

Is the outcome variable that is hypothesized to be affected by the invasion of water

hyacinth
Itis the sum of returns from on-farm fish sales and other off-farm activities.

Itis the sum of all crops produced by the household converted into cash based on the
average price within the production year.

Itis the total revenue obtained from different activities other than agriculture

Itis computed from the amount of fish harvested and the selling

Itis computed from the number and type of livestock reared by the respondent

Explanatory variables

Age
Sex
Education
Land size
Experience

Dependency Ratio

Marital Status

Lake dependency

Water H. Knowledge:
Lake

Dep.*Age

Exp*Edu

Land*Lake

Itis data collected on how old the respondent
Itisa biological difference between male and female respondents
Itis the education level of the respondent

Itis the farmland ownership of the respondents

Itis the respondents' engagement in farming activities

s the proportion of young and retired family members in the workforce in the
houschold

Itis to show the marital status of the aged respondents

“This approach aims to differentiate whether households livelihoods are directly
influenced by proximity to the lakes or not

Itis to differentiate between a household' knowledge about water hyacinth
Itis the lake-based location where the respondents

Itis the interaction between the household dependency ratio and the age of the

respondent

Itis the interaction between the household head's experience on the farm and the

education level

the interaction between household land size and lake-based location

ETB is a national currency called as Ethiopian Birr

Measurei

Households adjacent to the lake are invaded =1,
otherwise 0.

Itisa continuous outcome of data

Itis measured by ETB in a

n year

Itis measured by ETB in a given year

Itis measured by ETB in a given year

Itis measured by ETB in a

n year
Itis measured by converting the livestock in TLU in a
given year.

Itis continuous data measured in years.

Ttis dummy data:

= male, 0= female
s continuous data measured in completed years
Itis continuous data measured in hectares.

isa continuous data measured in years

Itis the ratio data that can be less than, greater than, or

cqual to one

Itis categorical data: 1 = Married, 2 = Single,
3= Divorced, 4 = Widower/widow

Itis dummy data:

=yes,0=no

Itis dummy data: 1 = Yes, 0

no

Ttis dummy data: 1 = Dembel,0 = Koka

Itis continuous data measured in the number

Itis continuous data measured in the number

Itis continuous data measured in the number
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DID fish income
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Land size in ha
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Lake dependency
Water H. knowledge
Inter DEP*Age
EXP*Edu.
Land*lake

_cons

‘The number of obs.
F(10,335)

Prob.>F

Source: own survey 2024.

—822.738 (447398.5)*
— 118586 (10657.58)
~129,416 (61257.22)**
-301,292 (225877.9)
1328.465 (14666.22)
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122826.3 (545900.1)
~5689.62 (2779.623)"*
1780.605 (2690.159)
277,104 (129414)**
2160934 (1404164)
346
2

00322

Robust standard error in parentheses. * p = 0.1, ** p=

~329,038 (144858.4)*

—4136.23 (6272.579)
~69129.9 (48036.91)
~113,019 (66660.85)*

—10724.4 (5021.452)*

3418511 (243455.4)
193890.8 (478427.6)
~2986.1 (1546.847)*
2958.406 (2020.34)
182891.4 (78632.09)**
965360.8 (619182.7)
346
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00104

05,5 p = 0.01.

~6952.29 (2074.383)**
191.767 (83.57256)**
4852601 (701.795)
2939.132 (1117.176)***
~39.0925 (81.67794)
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~5643.47 (6220.95)
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346
014

09991





OPS/images/fsufs-08-1490881-t003.jpg
Variables Group
Age Not adjacent
Adjacent
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Adjacent
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Ageless < 15 Not adjacent
Adjacent
Diff
Agel5_65 Notadjacent
Adjacent
Diff
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Adjacent
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Dependency ratio Not adjacent
Adjacent
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Adjacent
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Mean
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Std. Dev.
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