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Abstract
Availability is a crucial aspect of wild edible plants (WEPs) consumption by indigenous communities. Understanding the 
local perception of this availability helps to determine, which contribution WEPs can make to rural communities. We used 
an integrated participatory approach to investigate important parameters and themes that influenced the perception of avail-
ability of woody WEPs. We demonstrate the approach in three communities in Turkana County, Kenya. By availability, we 
referred to the ease of accessing, harvesting, transporting, and processing WEPs for consumption. We conducted three focus 
group discussions (FGDs). We asked FGD participants to list, score, and discuss availability. We used logistic regression 
and mixed-content analysis to identify important parameters and themes, respectively. The most important WEPs were the 
toothbrush tree (Salvadora persica L.), Indian jujube (Ziziphus mauritiana Lam.), and mbamba ngoma (Balanites rotundifolia 
(Tiegh.) Blatt.). Distance, seasonality, price, and adequacy of harvested WEPs for household consumption were important 
parameters. Culture and tradition, distribution of WEPs, seasonality, and climate change emerged as important themes. We 
showed the importance of using an integrated participatory approach when assessing the perception of WEPs’ availability by 
local communities and could be used in comparable arid and semi-arid areas with semi-nomadic pastoralists across Africa.

Keywords Wild edible plants · Non-cultivated fruits · Focus group discussion · Mixed-content analysis · Ethnobotany · 
Bayesian modeling · Integrated participatory research · Northwestern Kenya

Introduction

Availability of wild edible plants (WEPs) alone is not 
expected to translate directly into their inclusion into the diet  
by indigenous communities (Termote et al., 2012). How-
ever, assessing how such communities perceive availability 
of their WEPs could inform management and foster inclu-
sion in dietary diversification programs. That is especially 
true for woody WEPs used by semi-nomadic pastoral 
communities in arid and semi-arid lands such as Turkana 

of northwestern Kenya. There, crop cultivation is curtailed 
by unfavorable climatic conditions (Otieno, 2020) and tra-
ditional pastoralism is becoming more unsustainable due to 
surpassed carrying capacity of land leading to such issues as 
cross-border conflicts, pests, diseases, and pasture degrada-
tion (Njeri, 2020; Nyabuto, 2017; Ouma, 2017).

Northwestern Kenya is characterized by arid and semi-
arid environments. The region is home to the Turkana people 
(hereinafter called Turkanas) whose main livelihood strategy 
is largely based on livestock keeping (Akuja & Kandagor, 
2019; Ratemo et al., 2020). The region’s tropical plant life 
includes 60 wild species that are edible (Sarfo et al., 2017a). 
The Turkanas have depended on WEPs throughout their  
history (Morgan, 1981) though their contemporary diets 
contain less WEPs (Bender, 2017). Malnutrition and hun-
ger rates in the County are the highest in Kenya with food  
poverty at about 66.1% against a national average of 32% 
(KER, 2020). The County also faces poverty rate of 52.7%, 
well above the  national average of 8.6% (KER, 2020). 
According to the Kenya Integrated Household Budget Sur-
vey 2015/16 Well Being Report “a household is in hardcore 
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or extreme poverty if their monthly adult equivalent total 
consumption expenditure per person is less than Kshs 1,954 
(about $20 as of 2016) in rural and peri-urban areas and less 
than Kshs 2,551 (about $25 as of 2016) in core-urban areas” 
(KER, 2020).

 The availability hypothesis, see Gaoue et al. (2017), 
posits that more accessible or locally abundant plants are 
preferred for use (Albuquerque, 2006; Gaoue et al., 2017; 
Hart et al., 2017; Voeks, 2004) and communities tend to uti-
lize more plant resources which are easier to reach or more 
abundant within their locality. The hypothesis, however, has 
been criticized on the basis that some native plants are used 
regardless of their abundance and/or limited accessibility 
thus posing mixed support to the hypothesis (de Oliveira 
Trindade et al., 2015; Estomba et al., 2006; Gonçalves 
et al., 2016). While availability is generally perceived as 
the physical distance to resource locations (Albuquerque 
et al., 2019; Hart et al., 2017), it can also be assessed in 
terms of seasonality, abundance, price, market access, and 
access to harvesting sites (Gaoue et al., 2017). Seasonality 
of resources availability, for example, can explain many of 
the patterns of resource utilization within arid and semi-
arid areas (Albuquerque, 2006; Estomba et al., 2006) where 
maturity of WEPs follow seasonal patterns.

We aimed to better understand the main determinants 
that influence perception of availability of WEPs. We 
worked with indigenous groups, conducting FGDs in three 
Turkana communities that are characterized by different 
environmental and socio-economic settings (Supplementary 
Table S1). We first applied integrated participatory methods 
(Boedecker et al., 2019) for scoring pre-defined parameters 
of WEP availability derived from the literature. Second, 
we stimulated discussions amongst the participants with a 
focus on selected three priority WEPs to gain more specific 
insights into their perceived availability. In the next step, 
we analyzed the findings with Bayesian logistic regression 
models and by coding and extracting themes from FGDs 
text data in a mixed content analysis protocol. Our results 
illustrate important parameters and themes determining how 
communities perceive availability of their WEPs.

Materials and Methods

Study Area Description

We conducted this study within Loima and Turkana South 
Sub-Counties of Turkana County, northwestern Kenya, in 
April 2021 within three selected community units (Nasiger, 
Atala Kamusio, and Lopur). These three community units 
were representative of the socio-economic and environ-
mental heterogeneity (see Supplementary Table S1) of the 
study region (Fig. 1). The community units were located in 

arid and semi-arid lands with annual rainfall of 290 mm, 
557 mm, and 670 mm at Nasiger, Lopur, and Atala Kamu-
sio, respectively (Supplementary Table S1). The major rainy 
season in the County spans March to June and is locally 
termed ‘akiporo’ while the rest of the year is normally dry 
or ‘akamu’ (Ng’asike, 2019).

The Turkanas dominate the County though Luo, Kikuyu, 
Somali, Luhya among other ethnic groups of Kenya, are also 
present in low numbers especially within scattered town cent-
ers (Otieno, 2016b). Livelihood strategies are distinct among 
community units within the study area (Food Economy  
Group, 2016). Besides keeping livestock, those who live 
along River Turkwel (such as at Lopur) also farm crops 
on the banks of the river (Emuria, 2018; Stevenson, 2018) 
(Fig. 1). Communities on the hilly borders with Uganda 
(such as Atala Kamusio) keep livestock like goats, cam-
els, and cows due to relatively good pastures and rainfall 
(Chelang’a & Chesire, 2020; Njeri, 2020). Other communi-
ties in the flat plains (such as Nasiger) keep livestock like 
goats, sheep, and camels that are better adapted to the pre-
vailing environmental conditions (Joly, 2020; Lojock, 2021; 
Ratemo et al., 2020).

Data Collection

Scoring Predictor Parameters for Availability Modeling 

To identify important parameters influencing perceptions on 
availability, we conducted focus group discussions (FGDs) 
in each of the study community units adapting the protocol 
by Nyumba et al. (2018) to suit our present study. Each FGD 
comprised 14 adult participants (male and female) not less 
than 18 years old. We purposively sampled participants from 
community members with the help of administrators (chiefs 
and assistant chiefs) to include key knowledge holders/
informants. We included community nutritionists, commu-
nity health extension workers, community health volunteers, 
administration representatives (Chiefs/Assistant Chiefs), 
and other selected community members knowledgeable of 
WEPs. We only included participants who consented ver-
bally to take part in the study and we covered their transport 
costs to and from FGD sites. The FGDs were moderated by 
two research assistants drawn from the communities with 
good command of both Turkana and English languages. We 
provided these assistants with two days of training prior to 
conducting the FGDs.

We commenced every FGD by having participants freely 
list all woody (fruit trees) WEPs available and used within 
respective community units. We understand that WEPs can 
include vegetables, seeds, nuts, underground tubers, and 
mushrooms (Mishra et al., 2021) and diverse lifeforms like 
shrubs, forbs, herbs, grass, climbers, trees (Ojelel et al., 
2019; Porcher et al., 2022; Rashid et al., 2008; Tiwari et al., 
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2010). Here, we considered only wild woody fruit trees. 
We assumed they have longer lifespans thus the partici-
pants would interact, know, and use them better to warrant 
informative discussion in addressing objectives of our study.

Subsequently, we engaged participants in scoring the 
listed WEPs (Supplementary Table S2) using a predefined 
‘topic list’ (Cotton, 1996) of eleven parameters that we 
gathered from literature (physical distance to harvest sites, 
seasonality, abundance, price, market access, and access to 
harvest sites of the WEPs, ease of harvesting, ease of port-
ability, ease of processing, adequacy of harvest, and regen-
eration potential) (Albuquerque et al., 2019; Feitosa et al., 
2018; Gaoue et al., 2017; Gonçalves et al., 2016; Soldati 
et al., 2017).

Discussions on scoring of each of the listed WEPs under 
each of our parameters resulted in consensus on one of three 
possible ordinal response levels. For instance, if the WEP 
under discussion was the toothbrush tree (Salvadora per-
sica), possible ordinal/categorical responses under distance 

to harvest sites parameter would be 1: Near, 2: Average and 
3: Far depending on what participants consensually agreed 
(Supplementary Table S2). We did that for all listed WEPs 
across the 11 categorical predictor parameters. Finally, we 
asked participants to consensually decide on the overall 
binary perception of availability of the WEPs (1: Yes; 0: 
No, Supplementary Table S2), which was then included as 
response parameter in our model.

Discussion Statements on Availability of Wild Edible Plants

From the list of available WEPs generated by FGD partici-
pants in each community unit, the participants discussed and 
consensually settled on three (priority) WEPs. These three 
priority WEPs were those that, from the list, were consensu-
ally considered by the participants to be most important as 
food, fodder, medicine, and all other aspects of usage they 
knew. The priority WEPs were similar for all three com-
munity units "Overview of Wild Edible Plants" regardless 

Fig. 1  Study area map showing the three study community units 
(Nasiger, Atala Kamusio, and Lopur), River Turkwel and connecting 
roads to the three community units. We obtained administrative bound-
ary data from the database of Global Administrative Areas (GADM, 
version 4.0.4, accessed on  9th June 2022) (https:// gadm. org/ maps/ 
KEN. html) using version 3.5.15 of raster package (Hijmans, 2022), 

we obtained roads data from Open Street Map (OpenStreetMap con-
tributors, 2017), and we digitized River Turkwel from Google Earth 
pro 7.3.3.7786. We captured community units’ location data using 
handheld GPS Garmin 64 s. We composed the map in QGIS software 
(QGIS Development Team, 2022) version 3.24.3

https://gadm.org/maps/KEN.html
https://gadm.org/maps/KEN.html
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of socio-economic and environmental differences (Supple-
mentary Table S1). We then held in-depth discussions under 
each of the ‘topic list’ parameters for each of the priority 
WEPs to reveal the community perceptions on their avail-
ability. We narrowed on the three priority WEPs that were 
best known by all community members since this increased 
comparability between the three study sites. It also allowed 
us to maximize on use of time.

While discussing priority WEPs against the 11 pre-
dictor parameters, we noted down statements from the 
participants and appended unique codes to denote the 
speaker to enable traceability of the statements and subse-
quent clarification(s) wherever necessary (Morgan, 1996; 
Olsson et al., 2005). The prefix three letters of the code 
(NAS, ATA, and LOP) represented the first three letters 
of the respective community unit name while the suffix 
digit(s) denoted unique number assigned to the participant 
(between 1 and 14). For example, NAS1 code referred to 
first FGD participant from Nasiger community unit, ATA5 
was the fifth participant from Atala Kamusio community 
unit, and LOP14 referred to the 14th FGD participant from 
Lopur community unit. We conducted FGDs in Turkana 
language that enabled every participant to follow through 
the discussions and clarify their points. We allotted every 
FGD participant ample time to express themselves by 
allowing only one speaker at a time. We then translated the 
FGD notes (those captured in Turkana language) into Eng-
lish language and verified with the local research assistants 
to ensure no loss of meaning occurred during translation. 
The FGDs lasted not more than two hours at every com-
munity unit. We summarized the whole research process 
in Supplementary Fig. S1.

Data Analysis

Bayesian Logistic Regression Analysis

We used Bayesian regression methods because of their 
reliability (Etz & Vandekerckhove, 2016), accuracy in 
small and noisy samples (Kruschke et al., 2012), pos-
sibility of introducing prior knowledge into the model 
(Andrews & Baguley, 2013; Kruschke et al., 2012), and 
intuitive nature of their results as well as straightforward 
interpretation (Kruschke, 2010; Wagenmakers et  al., 
2018). We subjected non-correlated predictor parameters 
to the test for relationships between different levels of 
categorical predictor parameters and response parameter 
using the stan_glm Bayesian generalized linear regres-
sion function in rstanarm (Goodrich et al., 2022) package 
version 2.21.3 in (R Core Team, 2022) version 4.2.1. To 
ensure that the model handled our response parameter as 
logical, we specified binomial argument to the ‘family’ 
parameter within the function call. We programmed our 

model to regress two parameter levels against the first with 
the first being the desirable situation. For example, in the 
case of distance to harvest site parameter, we regressed 
distance_average and distance_far levels against dis-
tance_near, with distance_near being the desired situa-
tion. we built four probabilistic models, one for all the 
three community units combined and for each community 
unit separately.

We then assessed contribution of the predictor parameter 
levels in explaining variation in the response parameter in 
order to identify the most important parameters. We did that 
by plotting posterior distributions of regression coefficients 
of the model output at second and third parameter levels 
against the first (desirable) parameter level. All analyses 
were performed in the R programming language (R Core 
Team, 2022) version 4.2.1. We opted to visualize model 
output for ease of interpretation (Kastellec & Leoni, 2007) 
and comparison of within parameter variation in explaining 
availability. For tabulated model output results see Supple-
mentary Tables S3, S4, S5, and S6.

To prepare our data for the Bayesian logistic regres-
sion modeling procedures we checked the FGD scored 
data for multi-collinearity among the 11 predictor 
parameters (Supplementary Table S2). We dropped two 
highly correlated (r >  = 0.7) parameters, notably abun-
dance and market, and retained the non-collinear ones 
(r < 0.7) (Supplementary Figs.  S2 and S3). To check 
multi-collinearity among predictor parameters we used 
the vifcor function in the usdm (Naimi, 2015) package 
version 1.1.18 in R (R Core Team, 2022) version 4.2.1. 
The function is useful in determining and eliminating 
collinear parameters among predictors at user specified 
correlation threshold before further statistical analyses 
(Aggemyr et  al., 2018; Petanidou et  al., 2018; Tuset 
et al., 2021). We repeated that procedure for the data 
from all the three community units combined and with 
the data partitioned specific to each community unit 
(Supplementary Tables S3, S4, S5, and S6).

Mixed Content Analysis of Qualitative Data

We used a mixed content analysis approach (D. L. Morgan, 
1996) to extract both quantitative and qualitative infor-
mation from FGDs statements about the agreed priority 
WEPs. The approach enables systematic coding of data 
into categories to discover patterns undetectable by mere 
listening to recordings or going through the transcripts or 
FGD notes alone (Gaur & Kumar, 2018; Renz et al., 2018). 
We followed the “three-element coding framework” pro-
tocol described by Nyumba et al. (2018) yielding quan-
titative and qualitative results from iterative content and 
ethnographic analytic techniques, respectively. During the 
content analysis, we used a deductive approach to obtain 
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code categories from the statements to show linkages with 
Bayesian regression model results. By iteratively looking 
through each of the FGDs statements, we obtained codes 
that captured key ideas. We then grouped the codes that 
captured related ideas together to form themes. We did this 
iteratively until we ended up with a set of themes surround-
ing major ideas of the participants on how availability of 
the priority WEPs are perceived. We highlighted how the 
major themes were related to the model output results for 
insights into the perception of availability by the commu-
nity units.

Results

General Characteristics of Focus Group Discussion 
Participants

The proportions of female to male participants were 5:9, 
5:9, and 7:7 in Nasiger, Atala Kamusio, and Lopur commu-
nity units, respectively. Considering our selection criteria 
for participants "Scoring Predictor Parameters for Avail-
ability Modeling", the roles such as chiefs, nutritionists, 
village elders, health workers and volunteers, were male 
dominated in the study region and that could explain the 
disproportionate male representation. Overall, 40% and 60% 
of the participants identified themselves as female and male, 
respectively. Up to 45% of the statements from the FGDs 
were contributed by female participants "Content Themes on 
the Availability of Priority Wild Edible Plants". As partici-
pants included people knowledgeable about WEPs, we did 
not expect gender disproportionality to affect the results of 
this study. Their ages ranged from 20 to 66 years. The major-
ity (n = 16) had primary level of formal education, followed 
by no formal education (n = 11), diploma (n = 8) and lastly 
secondary (n = 7).

Overview of Wild Edible Plants

We observed similarities in woody WEPs listed across 
the three community units (Supplementary Table S2). 
However, Atala Kamusio recorded almost twice (n = 23) 
as many WEPs as the other two community units (n = 13 
each). All WEPs listed in both Lopur and Nasiger were 
also listed in Atala Kamusio with 10 more uniquely cited in 
Atala Kamusio (Supplementary Table S2). Of all the listed 
WEPs, we observed consistent selection of Indian jujube 
(Ziziphus mauritiana), the toothbrush tree (Salvadora per-
sica), and mbamba ngoma (Balanites rotundifolia) as the 
three priority WEPs in every FGD. Table 1 shows how 
these three WEPs were scored against the 11 parameters 
and by the three community units. For a full list of cited 
WEPs, see Supplementary Table S2. Ta
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While deciding on priority WEPs the participants did 
not rely on scoring alone but also considered other uses of 
the WEPs such as food, fodder, medicine, brews, religion, 
among others (Table 1). All three priority WEPs were scored 
similarly under harvesting, market, price, access, adequacy, 
and were all considered available. For harvesting and port-
ability, only Balanites rotundifolia differed, being hard to 
process and heavy to carry, respectively. All priority WEPs 
were found near the communities except Salvadora persica 
at Atala Kamusio. Further, all WEPs matured during dry 
season except Balanites rotundifolia at Nasiger that matured 
in both wet and dry seasons.

Bayesian Logistic Regression Results on Availability 
of Wild Edible Plants

Multi-collinearity among predictor parameters differed 
across community units hence we used different predictor 
parameters in different community units (Supplementary 
Table S7). Our models indicated that variations in different 
predictor parameter levels were associated differently with 
variations in participants’ perceptions on availability. Of all 
the parameters in our models, only variation in seasonality 
showed consistent importance across all the four models: the 
overall model and one for each of the three community units.

For all models combined, variations in distance to harvest 
sites, seasonality, price, access, and adequacy of harvested 
WEPs were important in explaining variability in availability 
of the listed WEPs (Fig. 2A). We did not consider the access 
parameter since all WEPs were freely accessible except one 
data-point of a non-priority WEP, Tamarindus indica, at 
Lopur that required permission to access. As distance to 
harvest sites got further from the community units, WEPs 
became less available to the participants (Fig. 2A). With 
seasonality, WEPs that matured in the dry season were con-
sidered more available to the people than those that matured 
in both dry and wet or wet season alone. More expensive 
WEPs were also less available to the participants. Lastly, 
WEPs with little or average adequacy per harvest session for 
individual and household use were considered more avail-
able by our model.

In Nasiger community unit (Fig. 2B), only variations in 
seasonality and adequacy were important in explaining vari-
ation in perceived availability. The importance followed the 
same pattern as that of the overall model at least for season-
ality. However, for adequacy, average adequacy contributed 
negatively to availability. At Atala Kamusio community 
unit (Fig. 2C), however, apart from seasonality, variations 
in both portability and market were important in explaining 
availability. As WEPs get heavier, they became less avail-
able according to the model. Lastly, at Lopur community 
unit (Fig. 2D), both distance to harvest sites and seasonality 

variations were important factors in explaining variation in 
availability. The kind of seasonality importance here fol-
lowed the pattern of the combined model for all the com-
munity units, but not for average distance.

Content Themes on the Availability of Priority Wild 
Edible Plants

We obtained 348 statements from the FGDs with 42 par-
ticipants throughout the three study community units. Out 
of the 348 statements, the least contributing participant had 
two statements while the most contributing participant had 
17 statements. Overall, however, there were balanced con-
tributions of statements from Nasiger and Atala Kamusio 
(n = 120 each) and Lopur contributed the remaining 108 
statements to this study. From the statements, we derived 
17 (codes) that captured key ideas that we grouped, based on 
our own consensual judgements, into 13 themes. Of the 348 
statements, female and male participants contributed 158 
and 190 statements, respectively (Supplementary Table S8).

Bayesian Model Outputs and Focus Group 
Discussions Themes

Here, we highlight themes from FGDs that followed the 
parameters investigated in the model. Specifically, we put 
more emphasis on the four important parameters (distance, 
seasonality, price, and adequacy) that were obtained from 
the overall model output (Fig. 2A) as highlighted in the red 
bounding box (Fig. 3). We further give highlights of some 
contradicting findings between model outputs and themes 
we generated from FGDs. It should however, be noted that 
for these discussion statements we used only the three pri-
ority WEPs while modeling relied on all listed WEPs per 
community unit.

By iteratively looking through each of the 348 statements, 
we obtained a total of 17 codes that captured key ideas in the 
statements. We then grouped the codes into 13 themes sur-
rounding major ideas of the participants on how availability 
of priority WEPs is perceived (Supplementary Table S8). 
Culture and traditions strongly influenced the view of 
whether WEPs were available or not, with 126 statements 
supporting (Supplementary Table S8), with seasonality com-
ing second with 62 supporting statements. These two themes 
alone were supported by about 54% of all statements with 
the remaining 11 themes sharing the remaining 46% of the 
statements.

Overall, most statements from the FGDs captured 
aspects of culture and traditions, seasonality, and conser-
vation and management (Supplementary Table S8). This 
suggests that they were important factors when partici-
pants consider availability of their WEPs. For the distance 
parameter, the top three extracted themes included culture 
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Fig. 2  Contributions of predictor parameter levels on availability of 
wild edible plants. A. overall model for the three community units 
(n = 49), B. Nasiger community unit (n = 13), C. Atala Kamusio com-
munity unit (n = 23), and D. Lopur community unit (n = 13). The cen-
tral small circles represent median coefficient point estimate of the 
association while the horizontal lines depict 95% credible intervals. 
The range of parameter coefficient estimates is on the x-axis while the 

predictor levels are plotted on the y-axis. Parameters with same first 
part of names before underscore (_) are of the same group (predictor). 
The vertical line through 0 point on the x-axis (null effect) enables eas-
ier magnitude comparison of positive, negative, and null effects coef-
ficients. Non-overlapping horizontal bars under same parameter level 
group indicate significant difference. Horizontal bars touching the ver-
tical 0 line indicate null effect, that is, effect not different from zero



 Human Ecology

1 3

and traditions, distribution of WEPs, and seasonality 
(Fig. 3). On the other hand, seasonality, climate change, 
and culture and tradition occurred sequentially in top three 
in that order under seasonality parameter. This further sug-
gests that the communities looked at seasonality from the 
point of view of changing climate and their own inherent 
culture and traditions. With regards to the price param-
eter, culture and traditions, seasonality, and distribution 
of WEPs followed that order. Distribution of WEPs could 
be important theme regarding how much a WEP costs, as 
it would inform the costs involved in acquiring the WEPs 
and possibly selling it to the end users. Lastly, seasonality, 
culture and traditions, and population pressure followed 
the sequence under the adequacy parameter (Fig. 3). It was 
clear from the FGDs that adequacy of WEPs relates signifi-
cantly to the number of people who are to be fed at home. 
More mouths demand more WEPs.

In Table 2, we show some of the statements from the 
FGDs that contributed to the top three themes under each 
of our important parameters from the model. We then put 
into context the themes that we developed from important 
model parameters. While the model outputs gave important 
insights into how each of the studied parameters contributed 

to the perception of availability, discussions on the prior-
ity WEPs went even further to unravel more locally inher-
ent themes surrounding such measured model outputs. For 
instance, while model outputs showed farther distance to 
inhibit perception of availability, discussions showed that 
such distances are seen from the cultural and traditional 
way of life.

Culture and Traditions on Availability

Our combined FGD and model results provided insights 
linking culture and traditions of the Turkanas to the dis-
tances that they cover to harvest sites of their WEPs. While 
the overall model results indicated that WEPs located far 
away were considered less available, individual FGD state-
ments suggested that people were willing to walk longer 
distances to get particular WEPs for specific uses. For 
instance, an informant suggested that “People making and 
selling local brews using Balanites rotundifolia fruits nor-
mally travel longer distances to harvest the fruits. Such 
distances can be longer than the distance they travel when 
the aim is only to eat the fruits” (ATA9). Our model also 
showed that those WEPs that matured in the dry seasons 

Fig. 3  Distribution of themes (n = 13) derived from statements 
(n = 348) obtained during Focus Group Discussions (FGDs) con-
ducted in Nasiger, Atala Kamusio, and Lopur community units of 

Turkana County, Kenya. The distributions are faceted by parameters 
used in model building and those within the red boxes were important 
in explaining availability
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were more available to the local communities. However, 
this might be changing since the traditional movement with 
livestock over space is declining due to adoption of more 
sedentary lifestyle.

Our model and FGD results indicated that as WEPs got 
more expensive, their availability declined. Indeed, the FGD 
participants reiterated that as part of their tradition, they 
were well aware of harvesting sites of the WEPs and would 
rather obtain them from nature than spend any money in 
buying them from the market. We further noted that ade-
quacy of harvest was associated with the youth who spent 
more time with livestock in the grazing fields. The youth 
ended up getting more adequate amounts of WEPs than 
those who remained in the homesteads. This could not be 
seen from the model findings alone that only indicated that 
averagely adequate WEPs were more available to the com-
munities. Such model result could be due to the fact that 
almost all WEPs were scored as averagely available.

Seasonality

Seasonal availability is another theme we derived from 
FGDs that shed more light into our observed patterns from 
the model results on distance, seasonality, price, and ade-
quacy. While the model output showed that WEPs located 
farther away were less available "Culture and Traditions on 
Availability", FGD findings revealed that such distances to 
be covered depended on seasonality of the WEPs’ matu-
rity. The participants were willing to cover greater distances 
during lean seasons to obtain WEPs. Further, going beyond 
the model results that only regarded WEPs maturing in dry 
season to be more available, FGD statements revealed that 
in good seasons the WEPs can be available throughout. This 
could mean that WEPs that were maturing in both dry and 
wet seasons were regarded as more available than what our 
model indicated or that those maturing during dry season 
were more important to the study communities.

Table 2  Overview of contributions of focus group discussion state-
ments on themes under important parameters from regression model. 
The first three letters of the codes at the end of each statement rep-

resent the community unit and the digit(s) part denote participant 
number, for example, ATA9 is participants number nine from Atala 
Kamusio community unit

Model important 
parameter

Top three themes per 
important parameter

Selected statements from focus group discussions supporting the themes

Distance Culture and traditions “People making and selling local brews using Balanites rotundifolia fruits normally travel 
longer distance to harvest the fruits. Such distances can be longer than the distance they 
travel when the aim is only to eat the fruits.” ATA9

Seasonality “When the fruits are in season we do not travel long distance from this village.” ATA14
Distribution of WEPs “Harvest sites are scattered. It depends on where a fruit tree grows so the distance to such 

places vary.” LOP6
Seasonality Seasonality “In good season, they can mature twice a year due to the short rains benefit.” NAS4

Climate change “It is no longer distinct when the plants will be producing fruits probably due to climate 
change issues. People could depend on the fruits in the past because their availability 
could be easily predicted but is no longer the case.” LOP14

Culture and traditions “Seasons used to play a big role in our migration with animals and where we could get 
ready fruits to harvest. However, in the recent past things have changed and it is hard to 
tell when the season starts and ends.” NAS11

Price Culture and traditions “For us who know how the fruits taste and where they are located, we would rather go for 
them than to pay any money to get them. This makes them free of cost.” LOP2

Seasonality “When the population of ripe fruits starts to decline from the trees, those who spend energy 
to search for them can sell. Such is normally during extreme hunger periods.” ATA14

Distribution of WEPs “No costs are involved in getting the fruits for consumption because we get them from the 
riverbanks and away from riverine in case of Balanites rotundifolia for free. Those taking 
care of livestock easily access them. Homesteads where these fruits grow also make it 
easy to access them for free.” LOP13

Adequacy Seasonality “Whether what we harvest is adequate or not depends on harvesting site and season/time. 
When the fruits are ready, one will get enough fruits even from one plant. During other 
times, you cannot find even one fruit.” NAS1

Culture and traditions “While taking care of livestock in the field, it is very easy for one to get enough fruits for 
their consumption in the field. In case there is need to bring some home, then the challenge 
arises.” ATA10

Population pressure “When harvesting the fruits for a household use, then large families may not get enough 
fruits for their consumption. Unless if every member of the large household sets out to 
harvest the fruits.” NAS10
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We further found that seasons were linked to price of 
WEPs in the market. While the model specifically showed 
that more expensive WEPs were less available, the FGDs 
indicated that such price effects were season driven. It was 
whether the WEP was in season or not that influenced its 
price in the market. Such price could also be seen as the 
effort involved in obtaining the fruit, as is the case of over-
coming the thorny features of particular WEPs. It generally 
required less effort/cost to get the WEPs during plenty sea-
sons. It also became clearer from the FGDs that the contri-
bution of adequacy of the WEPs to availability was season 
based. The communities would find WEPs in season to be 
more adequate than those off season.

Distribution of Wild Edible Plants

From the FGDs, we learned that the priority WEPs were 
not distributed evenly within the three communities. Across 
all the three community units, some WEPs (like Salvadora 
persica and Ziziphus mauritiana) were said to be located 
along riverine areas while others (like Balanites rotundifo-
lia) occurred in the open lands and thickets. This pattern of 
distribution could be linked with the four important model 
output parameters. For instance, the distance that one cov-
ers to harvest the WEPs depended on distribution over land. 
WEPs that were clustered together would likely require less 
distance to harvest than those that were scattered over land. 
Even the price parameter from the model was harmonized 
by the fact that participants could get the WEPs distributed 
along riverine areas for free while watering their livestock 
(except for one case of Tamarindus indica that required per-
mission). The question of where and how the WEPs were 
distributed was thus critical for the availability concerns to 
the communities.

Climate Change

This is another theme that emanated from the FGDs. It drew 
from such impacts as extended drought periods, flashfloods 
along the riverine areas, and emergence of invasive plants 
such as Mathenge tree (Prosopis juliflora). Participants men-
tioned that as opposed to the past when seasons were distinct 
and predicting fruiting periods were more accurate, the cur-
rent pattern was quite unpredictable; and they attributed that 
to climate change and variability. Further, climate change 
effects have allowed for invasion by plants such as Prosopis 
juliflora that have the potential to outcompete native plants 
including some WEPs and degrade the land.

Population Pressure

Population pressure, especially household size, was men-
tioned as an important factor with regards to adequacy of 

harvest for consumption. Smaller household sizes could 
easily get more adequate WEPs for consumption than large 
household sizes. This complements the model results that 
showed that WEPs in adequate quantities per harvest ses-
sion were more available to the communities. Those who 
looked after livestock in the field were mentioned to be 
more exposed to the WEPs and could get them in adequate 
quantities, however, when they had to carry some home for 
the whole household use, then the WEPs were likely to be 
inadequate. This indicated that whether the harvest would 
be adequate or not was subject to the number of mouths to 
be fed.

Discussion

Priority Wild Edible Plants

Different communities cited and scored different WEPs, but 
shared the same three priority WEPs (Ziziphus mauritiana, 
Salvadora persica, and Balanites rotundifolia). This could 
be due to the long history of knowledge, relevance, and use 
of these particular plants beyond food consumption among 
Turkanas (Morgan, 1981). Related studies have also shown 
the importance of these WEPs in neighboring regions. S. 
persica is used in Ethiopia for treating respiratory infec-
tions and tuberculosis and several Ziziphus species for their 
edible fruits (Duguma, 2020). The fruits of B. rotundifolia 
are also consumed and used for medicine within the region 
(Duguma, 2020). Both S. persica and B. rotundifolia are 
used for several purposes including food in Eastern Bar-
ingo District (Termote et al., 2014). In neighboring country 
South Sudan S. persica is used for medicine (AbdELRahman 
et al., 2003). The three priority WEPs appeared to be useful 
beyond the current study area and thus call for enhanced 
assays that will culminate into their sustainable use to fight 
malnutrition and hunger in the region.

Important Factors on Availability of Wild Edible 
Plants in Turkana County, Kenya

Our results showed that distance to harvest sites, seasonal-
ity, price, and adequacy of harvested WEPs were important 
in explaining availability of the WEPs to the communities. 
WEPs located farther away from the community units were 
considered less available compared to those that were nearer. 
In terms of seasonality, WEPs that matured during dry sea-
son were the most available group to the communities. 
Moreover, as the WEPs got more expensive, they became 
less available to the communities. Lastly, WEPs of more 
adequate quantity of fruits per harvest session were consid-
ered more available. There are reports of similar patterns, 
with regards to distance to harvest sites, among studies on 
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medicinal plants (Gonçalves et al., 2016). The observed pat-
terns could be a result of the high hunger and poverty rates 
within the county (KER, 2020; Kuper et al., 2015). Turkanas 
rely on their available WEPs for nutrition, especially in the 
lean season.

The need to cover longer distances from the residential 
places to harvest WEPs lowered perceived availability. 
Similar patterns had been witnessed in harvesting of wild 
edible ferns in Japan (Matsuura et al., 2014; Ochoa & Ladio, 
2014) and neighboring Ethiopia (Kebede et al., 2017). We 
are however, cognizant of the fact that we obtained distance 
parameter in ordinal scale (near, average, and far) during the 
FGDs hence only interpretable to the three subjective levels 
from the point of view of the FGD participants. Promoting 
WEPs for dietary diversification should consider distance to 
harvest sites, since this relates strongly to how communities 
perceive availability.

In addition to the above, the model revealed that seasonal 
availability of the edible parts of the WEPs was also impor-
tant in explaining the variation in perceived availability. 
WEPs that matured in the dry season were strongly related to 
availability according to our model. Previous studies in the 
region showed that in dry seasons most locals face extreme 
hunger (Opiyo et al., 2015; Otieno, 2016a, 2020). Our find-
ings showed that WEPs could be considered safety nets for 
communities facing hunger and drought. This is supported 
by research related studies that have also found WEPs to 
be regarded as safety nets by communities especially dur-
ing lean seasons (Carr & Carr, 2017; Otieno, 2020; Sarfo 
et al., 2017b). Studies in neighboring Ethiopia, South Sudan, 
and Uganda have also revealed the contribution of WEPs, 
especially fruit trees, in substituting for cultivated food 
crops during shortage seasons (Addis et al., 2005; Dejene 
et al., 2020; Dragicevic, 2017; Ojelel et al., 2019). Rele-
vance of seasonal availability was beneficial in providing 
food security and an income source to rural communities in 
Maharshtara, India (Kiran et al., 2019) and in Punjab (Atri 
et al., 2010). The question of which WEPs mature in which 
seasons was beyond the scope of our study, but could be an 
important point for further research.

Our model further revealed the importance of mar-
ket price of the WEPs. As costs increased from average 
to expensive, perception of availability decreased. Simi-
lar findings were reported in Mapuche, South America 
(Estomba et al., 2006) and in Turkey and neighboring Ethi-
opia (Dougan et al., 2013; Duguma, 2020). Even though 
we noticed infrastructural improvements in road networks 
within our present study area that could have potentially 
improved penetration of the WEPs into the market, the 
WEPs were still largely being obtained from the wild with 
minimal monetary exchanges if any (FGD deliberations). 
Ways to stabilize price of WEPs like traditional sun-drying 
of the fruits during plenty to provide for lean seasons could 

improve availability of the WEPs to the people throughout 
the year.

When adequacy of harvested WEPs for consumption was 
scored average, perception of availability increased, counter-
intuitively. Most of the WEPs that the communities regard 
as available to them yielded average fruits. It was interest-
ing to note that not all WEPs that yielded plenty fruits were 
cited as adequate. It could be possible that other properties 
of the fruits like mass, amount of edible parts, size of seeds 
contributed to this effect. However, this adequacy factor was 
augmented by the size of household. WEPs that could be 
adequate for individual consumption were inadequate for a 
large household size (see Table 2 on adequacy).

Important Themes Behind Availability of Wild Edible 
Plants

The FGD findings enriched our understanding of regres-
sion model results. The major themes from FGD statements 
(culture and traditions, distribution of WEPs, seasonality, 
climate change, and population pressure) overlapped with 
important factors from the regression model. These themes 
were consistent with the literature too. For example, cul-
tural/traditional knowledge was highlighted in the detailed 
review by Chakravarty et al. (2016) as important in under-
standing rural communities’ linkages with their wild edible 
fruits. Elsewhere, in a study on wild edible fungi in Mexico, 
Castro-Sánchez et al. (2019) indicated decreasing consump-
tion among youth due to livestock raising and agricultural 
intensification.

Seasonality was important in understanding how the local 
communities perceive availability, especially during the dry 
season. Studies elsewhere in Kenya (Shumsky et al., 2014), 
Ethiopia(Tebkew et al., 2018), and Vietnam (Ogle et al., 
2003) have also reported that WEPs are used to cushion 
hunger during lean seasons. Communities have been shown 
to put a lot of effort into harvesting WEPs during lean peri-
ods and use them as supplementary foods in other seasons 
with reports from Rwanda, India and Uganda (Janvier et al., 
2019; Sharma et al., 2018; Tabuti et al., 2004).

The distribution of WEPs was also important theme in 
line with important factors in our regression model. The 
FGD participants emphasized that differential distribution of 
WEPs over the landscape informed how far one would travel 
to access them. Further, such distribution also informed 
whom the WEPs would be more available to. Children and 
youth taking care of livestock in the open fields and along 
riverine areas were more exposed to diverse WEPs com-
pared to elderly adults back home. Comparable findings 
have been reported in two neighboring countries of Ethio-
pia (Addis et al., 2005, 2013) and Uganda (Tabuti, 2007). In 
their traditional movement with livestock from one place to 
another, Turkanas encountered and consumed diverse WEPs 
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(Ladio & Lozada, 2004) possibly translating into nutrition 
adequacy (Lachat et al., 2018) depending on their abundance 
within a locality (Termote et al., 2012). WEPs occurring 
more closely together rendered adequate harvests per session 
compared to scattered WEPs as revealed by FGD delibera-
tions hence calling for optimal management and conserva-
tion efforts.

Climate change also emerged as a theme from FGDs, 
including prolonged droughts, flashfloods and invasive 
species such as Prosopis juliflora (Nadio et al., 2020; Ng 
et al., 2016). The recent (2020) devastation by swarming 
desert locusts in the whole of north eastern Africa, includ-
ing Turkana region, could also be attributed to changes/
variabilities in climate (Peng et al., 2020; Zhongming 
et al., 2020). Efforts to mitigate the negative impacts of 
climate change and variability on the WEPs in this arid 
and semi-arid environment should thus be heightened. 
This will ensure enhanced availability of the WEPs with 
potential inclusion in fight against malnutrition and hunger 
in Turkana County.

We also obtained an important theme on population 
pressure. Households with more mouths to feed would need 
more of harvested fruits from WEPs to achieve adequate 
quantity. This was of concern especially in lean seasons 
when the fruits were hardly available in the fields. Ensuring 
nutrition security for everyone by relying on WEPs was, 
therefore, a big concern (Lachat et al., 2018). Indeed, the 
whole globe is concerned about how agricultural systems 
could be improved to ensure increasing population is nutri-
tionally secure from a range of research works (Gerten et al., 
2020; Plesse, 2020; von Braun et al., 2021). It calls for con-
certed efforts to ensure that Turkana County is nutritionally 
secure amidst its growing population and optimized con-
servation of already evolutionarily suited WEPs could offer 
a solution.

Beyond the themes that we derived across the parameters 
we used in modeling, the FGDs also revealed other cru-
cial themes that we did not include in the Bayesian model. 
For instance, use value of the priority WEPs emerged with 
some participants suggesting that they could travel longer 
distances to obtain WEPs of high use values. Food aid from 
both government and non-governmental organizations dur-
ing extreme hunger and drought in the study region was also 
highlighted, especially so in the event of extreme drought 
when even livestock succumbed. The communities normally 
called for an intervention from the government to salvage the 
dire situation. To this end, we noted that even though param-
eters in our predefined ‘topic list’ were important in helping 
us understand the availability perception, still some ideas 
emerged beyond our predefined list. Hence, the importance 
of conducting an integrated participatory study that con-
tributes to co-development of knowledge and understanding 
with the communities under study.

We combined both stochastic modeling protocols and 
theme extraction from FGDs to gain insights into the 
WEPs availability to local communities in Turkana County. 
Mere tabulated figures of regression results may not show 
the reasons behind the statistics. On the other hand, mere 
statements with no magnitude and direction of effects may 
not yield much actionable findings. However, by bringing 
together the two and co-developing knowledge with the 
communities in an integrated participatory approach, where 
the key stakeholders (local communities) contribute actively, 
we managed to better understand what informs perception of 
availability of WEPs to the Turkanas of northwestern Kenya.

Conclusion

In our novel approach of integrating Bayesian regression 
results and focus group discussion findings in an integrated 
participatory approach, we gained important insights about 
the perceived availability of WEPs in northwestern Kenya. 
Our findings showed the relevance of involving local com-
munities in understanding how their perception regarding 
their WEPs is structured. Overall, we found that distance to 
harvest sites, seasonal availability, market price, and ade-
quacy of harvest were important parameters in explaining 
variation in perceived availability. With the integrated par-
ticipatory approach, we revealed that perceived availability 
of WEPs was enshrined in culture and tradition and in the 
WEPs seasonality and distribution patterns within Turkana 
County. Factors such as climate change and population pres-
sure as well as changing lifestyles were expected to change 
the perceived availability and use of WEPs and consequently 
their importance as a food source. As factors such as climate 
change continue to lower perceived availability, it would be 
important to document threats and subsequently potential 
suitable habitats of the WEPs for their sustainable use in 
future. These findings may be used in formulating programs 
and policies to include WEPs in the fight against hunger 
and malnutrition in comparable arid and semi-arid pastoral 
communities in Africa.
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