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Abstract 
The high rate of wetland degradation, which has reached over 40 percent in 

the past 30 years, has raised conservation concerns worldwide. The role of 

local communities in assessing wetland health has not been integrated with 

scientific approaches, and efforts are needed to harmonise these perspectives. 

This study examines the health of the Driefontein wetlands, a Ramsar site, by 

evaluating the distribution and composition of vegetation and bird species as 

indicators of wetland health during the dry season. Five 10 m x 50 m zones 

were established around each of five selected pools and subdivided into 

quadrants for sampling wetland indicator vegetation, in accordance with the 

Environmental Management Agency's Wetland Species Indicator Guide. 

Bird counts were conducted twice a day, once a week, over four months 

during the dry season. Findings revealed variations in vegetation richness and 

diversity across various zones, with species richness and diversity decreasing 

as distance from the water source increased. The 10-20 m and 20.1-30 m 

zones exhibited the highest species richness (R=14) and diversity (Shannon 

indices of 2.216 and 2.188, respectively), while the 40.1-50 m zone had the 

lowest (R=10, Shannon = 1.2). Dominant species in the 10-20 m zone 

included Typha latifolia subsp. capensis (31.5%) and Phragmites australis 

(17%). Species richness declined with distance, with some species failing to 

thrive beyond 30 m. Bird counts indicated dominance by egrets (66.9%) and 

cranes (15.3%), with Bubulcus ibis (49.2%) being the most prevalent indicator 

of wetland birds. The combined use of vegetation and avian indicators for 

wetland health assessment offers greater opportunities to inform development 

and conservation efforts. 
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Introduction  
 

Wetlands are among the world’s most productive and vital ecosystems, providing 

indispensable services including carbon sequestration, flood mitigation, groundwater 

recharge, and water purification (Kaul and Kumar, 2019). Their role in receiving and 

purifying upstream water and waste flows has led to their description as the ‘kidneys of 

the landscape’. At the same time, their high biological diversity and complex food webs 

have led to their designation as ‘biological supermarkets’  (Chakraborty, Sanyal and Ray, 

2023). Healthy wetlands also provide an aesthetic value and support a wide range of 

recreational, social, and cultural activities. They are also ecosystems of interest to the 

World Food Programme (WFP), as they provide immediate relief to food-insecure 

families in rural communities by providing nutritious food and purified water (Atiim, 

Alhassan and Abobi, 2022). Despite their vital ecological and socio-ecological values, 

these ecosystems are simultaneously among the most threatened habitats in the world.  

 

Wetlands occupy approximately 6% of the world's land surface (Mutyavaviri, 2006). 

Zimbabwe accounts for 1.28 million hectares of wetlands, which translates to 3.6% of 

the country’s total area (Dube, 2012). The sizes of individual wetlands in Zimbabwe 

vary, with the smallest ranging from 0.1-1.0km wide to 0.5-5.0km long, which makes 

them prone to being overlooked in development and conservation planning, ignoring that 

in total they translate to a vast area (Dube, 2012). Despite the numerous benefits and 

functions provided by the wetlands, policymakers and politicians have, to a greater 

extent, ignored wetland conservation. This is because they have often wrongly regarded 

them as wastelands that can be sacrificed for other "more pressing needs" (Dube, Dube 

and Marambanyika, 2023). In addition, local communities, the immediate beneficiaries 

of wetland conservation, still have limited knowledge of sustainable wetland 

management, wetland health-monitoring strategies, and the interlinkages between 

wetland health and service provision. 

 

Effective monitoring of wetlands is essential for their conservation, yet a significant 

challenge persists in moving beyond a singular matrix to a holistic health assessment. 

Wetland health monitoring requires a comprehensive evaluation of three dimensions, 

including ecosystem integrity, functional performance, and conservation value (Das, Das 

and Singha, 2025). In relation to wetland health, the ecosystem integrity dimension 

encompasses structural attributes, including wetland indicator species, biodiversity, and 

richness (Faber-Langendoen et al., 2019). The conservation value dimension refers to 

the wetland's ability to support sensitive and ecologically significant species. The 

functional performance dimension of wetland health monitoring encompasses the 

system’s capacity to sustain major biogeochemical processes, water purification, and 

recycling of nutrients (Liu et al., 2020). In Sub-Saharan Africa, where livelihoods are 

directly dependent on natural resources, the deterioration of wetland health poses threats 

to biodiversity and human well-being. The Driefontein Wetlands in Zimbabwe, 

recognised as the Ramsar Site of international importance, serve as a crucial stronghold 

of biodiversity as well as a vital resource for the local community. However, traditional 

wetland health monitoring and assessments often rely on limited physico-chemical data, 

which usually provide an incomplete picture of the wetland’s overall health condition 

(Rawat et al., 2025). There is a growing need for bioindicator-based approaches that can 

assess the health of wetlands across all three dimensions. 
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Several studies have been conducted regarding the mismanagement of wetlands; 

however, less attention has been given to the development of a communal wetlands’ 

health assessment tool, which utilizes the composition and seasonal distribution of 

threatened and/or endangered wetland indicator birds and vegetation species. The 

distribution of sensitive vegetation species in and around water bodies can be used to 

develop a locally applicable wetland health monitoring tool that the local community 

can easily utilise to monitor and estimate wetland health status for informed managerial 

decision-making (Shannon et al., 2022; Wu et al., 2018). This study posits that the 

synergistic use of avian and vegetation communities provides a robust integrated 

approach to rural community wetland health monitoring. Wetland indicator vegetation 

distribution or structure is a direct indicator of wetland integrity and a key driver of 

wetland functional performance (Manyakaidze et al., 2025). In contrast, avian 

populations in wetlands, especially waterbirds, serve as excellent proxies for both 

conservation value and functional performance due to their high sensitivity to changes 

in habitat and food resources. An assessment of vegetation and avian wetland health 

indicator groups enabled evaluation of the Driefontein Wetlands’ structural integrity, 

inferring its functional capacity, and assessing its conservation significance for avian 

biodiversity. This provided a validated framework for rapid and effective wetlands 

monitoring, which guides conservation strategies for Driefontein wetlands and similar 

vulnerable wetlands globally.  

 

The monitoring tools are based on the understanding that different species respond 

uniquely to fluctuations in moisture levels, as well as varying conditions of degradation 

or conduciveness. As the wetland dries up or degrades gradually, those species that need 

more water are affected (show symptoms or dry up) first, followed by those that need 

less water, and as this happens, the services that were obtained from the wetland also 

decrease (Duan et al., 2021). For example, when the wetland indicator species found far 

from the water source are increasing, it means the wetland is still wet and conducive 

enough to sustain all other species that survive within the radius between the water and 

the observed species. This, on the other hand, means that when near-water species are 

no longer thriving well, it indicates that those far from water or beyond the radius under 

observation suffered worse, which suggests deteriorating wetland health. It is thus 

important that a baseline study on the distribution of wetland indicator vegetation species 

and threatened or endangered birds is undertaken to serve as a future reference point. 

However, no such study has been done on the Driefontein wetlands. Therefore, the study 

aimed to establish the baseline species richness, distribution, and composition of 

indicator birds and vegetation species in the Driefontein wetland. It also aimed to 

develop a locally applicable wetland health estimation tool to monitor and estimate 

Driefontein wetland degradation, thereby informing community-based wetland 

conservation strategies (using the Bottom-Up Approach). 

 

Materials and Methods 
 

Description of the Study Area 

 

The study was conducted in the Driefontein wetlands (19°30′E, 30°64 ′S) in Zimbabwe. 

The Driefontein wetlands are located in the Zambezi River basin (Figure 1), 

approximately 200 km southwest of Harare. Driefontein wetlands are a Ramsar Site 
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covering approximately 201,194 ha.  It is situated at an elevation of around 1435 m above 

sea level. The wetlands stretch for 9 km, covering parts of the Midlands, Masvingo, and 

Mashonaland East Provinces. However, much of the wetland is located in the 

Chirumhanzu District of the Midlands Province. 

 

 
Figure 1: Location of Driefontein Wetlands in Zimbabwe 

 

Major rivers that feed into the wetlands are Shashe, Nyororo, and Chinu. The watershed 

wetlands also form the headwaters of five major rivers, including Mutirikwi, Deure, 

Chivake, Popoteke, and Shashe. Driefontein wetlands have gently sloped terrain 

dominated by sandy loamy soils with a high infiltration rate, allowing high subsurface 

water to spread across the terrain. The high infiltration rate, high subsurface water 

spread, and the presence of an impermeable layer beneath allow the wetland to remain 

wet throughout the year (Ramsar Information Site, 2014). The Driefontein wetlands are 

also referred to as the Driefontein Grasslands by the Ramsar Convention, due to the 

dominance of extensive grasslands across the wetlands. 

 

The Environmental Management Agency (EMA) and the Chirumanzu Rural District 

Council (RDC) are the responsible authorities for the conservation of wetlands, with 

assistance from local traditional leadership, including chiefs, village heads, headmen, 

WADCO, and VIDCO. These local traditional leaders are the recipients of conservation 

strategies from the government, Non-Governmental Organisations (NGOs), or experts, 
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using a Top-down Approach, so that they can cascade these strategies and ideas to their 

subordinates. Communal farmers sustainably use the wetland's peripheral areas, while 

the core is set aside (protected) for conservation purposes. The wetland was once fenced 

before fast-track land reform, which later exposed the fence to vandalism by native 

households who were forcibly resettled in Fairfields near Mteo Plantations during the 

colonial era. For the sustainable conservation of the wetland, LID Agency and BirdLife 

Zimbabwe are non-governmental organisations that established four Local Conservation 

Groups (LCGs) to spearhead the sustainable conservation and/or management of the 

Driefontein wetlands.      

             

Research Design, Population, and Sampling Procedure 

 

The study adopted a quantitative research approach. Sampling was conducted during the 

hot dry season. Both faunal and floral species were included in this research, as they 

complement each other in assessing wetland health. However, the study focused only on 

those species referred to as ‘wetland indicator species’ according to the A Field Guide 

to Wetland Identification Using Indicator Plants in Zimbabwe (Environmental 

Management Agency, n.d). 

 

Flora wetland indicator species sampling 

 

A total of five permanent natural plunge pools (Table 1) were selected along the Chinu 

River, which passes through the Driefontein wetlands.  

 

 Table 1: Location of plunge pools used to determine vegetation species distribution and 

richness  

Water Source 

Number 

Latitude Longitude Altitude (m) 

1. 19 o.31′21′′ 30 o.64′56′′ 1432 

2. 19 o.30′35′′ 30 o.68′68′′ 1418 

3. 19 o.32′83′′ 30 o.70′59′′ 1435 

4. 19 o.32′51′′ 30 o.70′53′′ 1430 

5. 19 o.32′31′′ 30 o.70′48′′ 1431 

 

Five zones at 10-m intervals from the stream bank and extending 50 m along the stream 

were demarcated at each selected water point (Table 2). Tape measures and pegs were 

used to measure and mark points of focus outside the water source.  

 

Table 2: Zones from which quadrants were randomly selected 

Strip 

Number 

Distance from the 

stream bank (m) 

Length along the stream 

bank (m) 

Zone Area (m2) 

1 0 to 10 50 500 

2 10.1 to 20 50 500 

3 20.1 to 30 50 500 

4 30.1 to 40  50 500 

5 40.1 to 50 50 500 
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Each of the five zones was divided into five quadrants, each measuring 10 m × 10 m. 

One quadrant was randomly selected from each zone for vegetation sampling, and the 

baseline study covered 20 percent sample area in line with the species-area relationship 

(Desmet and Richard, 2004).  Transect walks were conducted in the selected quadrants 

for each water source, recording species present and the number of wetland indicator 

vegetation species using the EMA field guide (Environmental Management Agency, 

n.d.). Where necessary, photos of those species that could not be identified on site were 

taken for identification by expert taxonomists.  

 

The sample band strategy was designed to capture the moisture gradient from the water 

body, revealing a decrease in hydrological influence with increasing distance. Bands 

were set perpendicular to the Chinu River bank at 10-m intervals (0-10 m, 10-20 m, etc.), 

aligning with natural pool morphology and minimising anthropogenic impacts. This 

gradient-based approach follows EMA guidelines to represent soil moisture zonation. 

For quality control in species identification, all vegetation was identified in the field 

using the EMA Wetland Indicator Species Guide, with photos taken of ambiguous 

specimens. An expert taxonomist from the Zimbabwe National Botanical Gardens 

verified these within 48 hours, and the identifications were cross-checked against 

herbarium samples. Additionally, 10% of quadrants (3) were independently resampled 

by a second observer to ensure greater than 95% inter-observer agreement. The counts 

were conducted non-destructively and yielded average counts over two separate bird-

drinking hours. 

 

Enumeration of Wetland Indicator Bird Species 

 

The water point bird count technique was used for bird sampling, and the species-area 

relationship by Southwood and Henderson (2009) provided the guidelines. Wetland bird 

indicator species were counted from selected water stations (Table 3). Sampling sites 

were selected with the assistance of local stakeholders (personnel from the 

Environmental Management Agency, Forestry, Traditional leaders, Local Authority, 

Agritex Department, village heads, WADCO, and VIDCO). Bird species visiting the 

drinking water points were observed twice a day (in the morning and afternoon) once a 

week for four dry-season months. Birds were identified to species level using 

identification guides by Volpato (2009), and wetland indicator bird species were 

counted. Photographs of birds that could not be identified in situ were taken for 

verification by expert taxonomists.  

 

Table 3: Location of water points used in bird species counting 

Source Number Village of location Latitude Longitude Altitude (m) 

1 Aldby -19.31210 30.64564 1432 

2 Welstead 1 -19.30444 30.68138 1432 

3 Welstead 2 -19.30949 30.68930 1444 

4 Good Hope 1 -19.34987 30.70761 1456 

5 Good Hope 2 -19.32316 30.70487 1431 

 

Key informant interviews, bird sounds, and bird droppings and footprints were also used 

to map the distribution of wetland indicator birds. Key informants were interviewed on 

the distribution of birds, anthropogenic activities affecting the wetland, and the possible 
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measures that can be adopted at the communal level to reduce degradation of wetland 

health and biodiversity.  

 

Data Analysis  

 

MS Excel was used to generate graphs that analyse the distribution of the wetland 

indicator vegetation and bird species. The Statistical Package for Social Sciences (SPSS 

version 21, IBM) was also used to analyse data collected from key informant interviews 

and discussions using themes and codes. Qualitative data were analysed through 

thematic analysis and pattern identification. A systematic and comprehensive record of 

the coding and themes raised in the interviews and observations was created. The six 

standard stages of thematic analysis were followed. These stages include the following: 

familiarisation with the data, assigning preliminary codes to the data for content 

description, searching for patterns or themes in codes across the different interviews, 

reviewing themes, defining and naming themes, and producing a report.  

 

In addition to descriptive statistics (proportions, Shannon index), inferential tests were 

applied to strengthen causality claims. Quadratic regression analyses were used to model 

distance-species relationships, with distance midpoints (5 m, 15 m, 25 m, 35 m, 45 m) 

as predictors for richness and diversity. Multivariate analysis included PERMANOVA 

(using Bray-Curtis dissimilarity on species presence/absence data across zones) to test 

for differences in vegetation composition. For birds, generalised linear models (GLMs) 

with Poisson distribution were used to link counts to habitat drivers. Community leaders 

provided informal consent for the researcher. The study was deemed not sensitive and 

non-destructive to the ecosystems, and permission was granted by the project 

implementing stakeholders.  

 

Results 
 

Diversity and Distribution of Wetland Indicator Vegetation Taxa in Driefontein 

Wetlands  

 

The results showed differences in species richness (R) and species diversity among ring 

zones around the water points. The 10.1-20 m and 20.1-30 m zones had the highest 

vegetation species richness (R=14), followed by the 0-10 m zone (R=13), and the lowest 

was the 40.1-50 m zone with 10 (Table 4). For species diversity, the 10.1-20 m 

circumference was the most diverse zone (Shannon index = 2.216), followed by the 20.1-

30 m zone (Shannon index = 2.188), the 0-10 m zone (Shannon index = 2.023), and the 

least diverse was the 40.1–50 m zone (Shannon index = 1.2). Additionally, the results 

revealed that different wetland indicator plants or vegetation species thrived well under 

different moisture levels (Table 4). Wetland indicator vegetation species that were 

generally dominant close to the water bodies (less than 10 m) included Typha latifolia 

subsp. capensis (31.5%). Phragmites australis (Cav.) Steud (17%), Limnobium spongio 

(15.1%), Phragmites mauritianus (Kunth) (10.3%), Ludwigia stolonifera (7.4%), 

Colocasia esculenta (5.1%), Cyperus longus (4.8%), and Persicaria senegalensis (1.9%) 

(Table 4). These plants occurred primarily within 1 m of the water bodies, but they were 

more dominant in the 20-m radius from the water's edge. The population density of these 

species also decreased with distance from the water points, with C. esculenta and L. 
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spongio absent beyond the 30-m radius. In contrast, Cyperus longus, Phragmites 

australis (Cav.), and Ricinus communis were rare outside the same radius. None of T. 

latifolia subsp. capensis and Ricinus communis occurred beyond the 40-m radius (Table 

4). The species-area relationship (Southwood and Henderson, 2009) guided proportional 

estimates of species using the number of counted species and wetland coverage. 

 

Table 4: Distribution of wetland indicator vegetation species by zone within 50 m of 

water sources 

Species Scientific Name Proportion (%) of each species in the circumference ring 

0-10 m 10.1-20 m 20.1-30 

m 

30.1-40 

m 

40.1-50 

m 

Kyllinga melanosperma 

Nees 

1.3 3.2 13.4 19.9 14.0 

Cyperus difformis L. 0.3 2.3 15.3 54.4 66.7 

Ricinus communis L. 0.0 5.4 3.5 0.4 0.0 

Pycreus macrostachyos 

(Lam.) J. Raynal 

3.5 4.1 6.4 6.9 4.1 

Cyperus longus L. 4.8 6.3 1.0 0.4 0.6 

Limnobium spongia 

(Bosc) Steud. 

15.1 5.9 2.0 0.0 0.0 

Colocasia esculenta (L.) 

Schott 

5.1 4.5 0.5 0.0 0.0 

Phragmites australis 

(Cav.) Steud 

17.0 35.6 25.2 11.1 5.3 

Phragmites mauritianus 

(Kunth) 

10.3 5.0 1.5 0.0 0.6 

Typha latifolia subsp. 

capensis Rohrb. 

31.5 12.6 3.5 3.4 0.0 

Ludwigia stolonifera 

(Guill. & Perr.) P.H.Raven 

7.4 6.3 5.4 0.4 1.8 

Eriocaulon matopense 

Rendle 

0.6 1.4 8.4 0.4 1.2 

Persicaria senegalensis 

(Meisn.) Soják 

1.9 2.3 0.5 1.1 0.6 

Persicaria attenuata (R. 

Br) 

1.0 5.4 13.4 1.5 5.3 

Species Richness 13 14 14 11 10 

Shannon 2.023 2.216 2.188 1.398 1.2 

Evenness 0.5813 0.6547 0.6369 0.3679 0.332 

Simpson 0.8259 0.8319 0.8596 0.6456 0.5281 

Wetland health estimate 

rating S      3.4       4.5    15.3    5.6  31.2 

M      6.3       18.8   55.0   6.3  13.8 

E      46.6       29.9  14.0  7.1   2.4 

(S= Slight moisture stress or wetland degradation, M = Moderate moisture stress or 

wetland degradation, E = Extreme moisture stress or wetland degradation) 
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To assess differences in vegetation bands, we performed pairwise Mann-Whitney U tests 

on species richness and Shannon diversity indices across zones, using pools as replicates 

(n = 5 pools per zone). Our analysis revealed significant differences between inner zones 

(0-30 m) and outer zones (30-50 m) for species richness (U = 4.5, p < 0.05 for 0-10 m 

vs. 40-50 m; U = 3, p < 0.05 for 10-20 m vs. 40-50 m), indicating a decline in richness 

with distance. This trend was also evident in Shannon diversity, with significant 

differences between high-diversity zones (10-30 m) and the 40-50 m zone (U = 2.5, p < 

0.05).  

 

Eriocaulon matopense and Persicaria attenuata were mainly found between the 20-m 

and 30-m rings from water bodies, absent at the water's edge and beyond 30 m. Pycreus 

macrostachyos, Cyperus difformis, and Kyllinga melanosperma were concentrated in the 

last 20 m of the 50-m radius. While none of the wetland indicator species were abundant 

in the last 10 m of all five studied water bodies, 71.4% of the species had some 

representatives there. Kyllinga melanosperma (21%) and Cyperus difformis (33%) 

thrived in that area. Other species, including L. stolonifera, P. australis, and Persicaria 

senegalensis, were found from the water's edge to beyond the 50-m radius. 

 

Deterioration of wetland health or moisture stress, based on wetland indicator vegetation 

species, can be rated as slight, moderate, or extreme. Table 4 presents the proportions of 

various soil moisture tolerance classes in vegetation species across different ring zones 

surrounding water margin pools.  There was a general increase in the proportion of 

vegetation species associated with slight moisture stress, particularly with increasing 

distance from the water margins. On the other hand, the proportion of vegetation species 

associated with extreme moisture stress decreased with increasing distance from the 

water point margins. 

 

Regression analysis indicated a quadratic relationship between both species’ richness 

and distance from water sources (slope 1=0.238, p1=0.02; slope 2=-0.006, p2=0.003; 

R2=52%; Figure 2), characterised by higher species richness at intermediate distances 

than at extreme distances. A similar, but less pronounced, trend was recorded for 

Shannon diversity (slope 1=0.058, p1=0.05; slope 2=-0.001, p2=0.05; R2=17%; Figure 

3). PERMANOVA on vegetation composition revealed significant differences among 

zones (pseudo-F = 3.25, p < 0.05, based on pooled species distributions), driven by 

spatial moisture gradients. 

 

Composition of Wetland Indicator Bird Species in Driefontein Wetlands 

 

Water-point bird counts and transect walks showed that ducks, storks, egrets, and cranes 

utilise the Driefontein wetlands. Egrets accounted for the highest proportion of the bird 

population (66.9%), followed by cranes and ducks at 15.3%, and storks at 6%. 

 

The Driefontein wetlands host three of Zimbabwe's six known duck species, along with 

two species each of cranes, storks, and egrets. In a recent bird count, observed duck 

species included Sarkidiornis melanotos (knob-billed ducks), Oxyura maccoa (maccoa 

ducks), and Anas hottentota (Hottentot teal), contributing 2.2%, 2.7%, and 7.1% of the 

total wetland bird population, respectively. Only two crane species were found: the 

endangered Bugeranus carunculatus (wattle crane), contributing 6.6%, and the 
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threatened Balearica regulorum (grey crowned crane), which contributed 8.7% to the 

total wetland indicator bird count. 

 

 
Figure 2: Vegetation species richness and distance from the source of water in the 

Driefontein Wetlands 

 

 
Figure 3: Vegetation Shannon diversity index and distance from the source of water in 

the Driefontein Wetlands 
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Figure 4: Proportion of various wetland indicator bird species at water points under 

study 

 

Figure 5: Proportion (%) of wetland indicator bird species to the total population of the 

counted species at water points under study 

 

Bubulcus ibis (cattle egrets) were the most dominant species in Driefontein wetlands, 

contributing 49.2%, followed by Egretta vinaceigula (slaty egrets) at 17.5%. The stork 
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species recorded were Ephippiorhynchus senegalensis (saddle-billed stork) at 0.5% and 

Scopus umbretta (hammerhead stork) at 5.5%. Ephippiorhynchus senegalensis had the 

lowest population. 

 

Wetland Indicator Bird Species Distribution in Driefontein Wetlands  

 

Drinking water points in Good Hope 1 village recorded the highest proportion of wetland 

indicator bird species (34.4%), followed by Aldby, Good Hope 2 (21.3%), Welstead 1 

(14.8%), and Welstead 2 (11.5%) recorded the lowest proportion (Figure 6).  

 

Figure 6: Proportions of various wetland indicator bird species in Driefontein based on 

observation at water points 

 

Out of the five points chosen for wetland indicator bird species counting, Aldby and Good 

Hope 1 villages were frequently visited by all the wetland indicator bird species under 

study (Table 5). Good Hope 2, Welstead 1, and Welstead 2 stations were only visited by 

certain wetland indicator bird species, while others never used the drinking water points in 

these villages due to the source's seasonality, volume, and size. Egret bird species were the 

dominant wetland indicator bird species in Driefontein wetlands. Bubulcus ibis and E. 

vinaceigula were recorded in all villages' water points, with the highest proportion of B. 

ibis found in Good Hope 1 (30%), followed by Good Hope 2 (21.1%), Welstead 2 (18.9%), 

Aldby (15.6%), and Welstead 1 (14.4%) (Table 5). On the other hand, E. vinaceigula was 

most dominant on Welstead 1 (37.9%) and least on Welstead 2 (6.9%). Bugeranus 

carunculatus, Sarkidiornis melanotos, Anas hottentota, Oxyura maccoa, E. senegalensis, 

and Balearica regulorum were not encountered in Welstead 1 during the survey days 

(Table 5). The same species, except for the B. carunculatus, were never found at water 

points in Welstead 2. The three duck species (S. melanoto, A. hottentota, and O. maccoa) 

were not found at water points in the Good Hope 2, Welstead 1, and Welstead 2 villages. 
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Key informant interviews indicated the unfavourable nature of the water sources in these 

villages, especially during the dry period.  

 

However, it is important to note that the dominance of egrets, particularly B. ibis 

(49.2%), may partly reflect the agro-pastoral landscape around Driefontein rather than 

pure wetland health. Cattle egrets exhibit high habitat plasticity, thriving near livestock 

grazing in peripheral zones, which could decouple their abundance from degradation 

indicators like moisture loss (Marambanyika et al., 2021). This is evidenced by their 

presence across all sites, including seasonal ones, while more wetland-dependent species 

(e.g., cranes, ducks) are restricted to permanent habitats.  

 

Table 5: Average number of each wetland indicator bird species observed per village 

water point used 
Bird 

Group 

Species Village Name 

Good 

Hope 1 

Good 

Hope 2 

Welstead 

1 

Welstead 

2 

Aldby 

Egret 

Species 

Bubulcus ibis Linnaeus 30.0 21.1 14.4 18.9 15.6 

Egretta vinaceigula Sharpe 13.8 13.8 37.9 6.9 27.6 

Crane 

Species 

Balearica regulorum E.T.Bennett 56.3 25.0 0.0 0.0 18.8 

Bugeranus carunculatus Gmelin 33.3 16.7 0.0 16.7 33.3 

Duck 

Species 

Sarkidiornis melanotos Pennant 75 0 0 0 25 

Anas hottentota Eyton 61.5 0.0 0.0 0.0 38.5 

Oxyura maccoa Eyton 60 0 0 0 40 

Stork 

Species 

Ephippiorhynchus senegalensis 

Shaw 

100 0 0 0 0 

Scopus umbrette Gmelin 40 10 30 0 20 

 

Ephippiorhynchus senegalensis (saddle-billed stork) did not occur at any of the water 

points except Good Hope 1, where only one individual was encountered. 

 

Most (more than 50%) of key informants and focus group members indicated that the 

duck species were found in water bodies in earth-dams of Good Hope and Aldby village. 

Key informant interviews also established that Bugeranus carunculatus, Scopus 

umbretta, and Balearica regulorum used wetland grasslands as their prey grounds. 

However, they were sometimes observed in miombo woodland forests and thick small-

forest habitats located in Aldby, Welstead 1, Welstead 2, Good Hope 1, and Good Hope 

2. The GLMs testing bird-habitat links showed higher total bird counts in permanent 

sites (Good Hope 1, Aldby) than in seasonal ones (coefficient = 1.22, p = 0.155), though 

not significant. For ducks, a binomial GLM on presence/absence indicated a strong 

association with permanent habitats (coefficient = 2.45, p = 0.10), consistent with 

seasonality as a driver. These analyses reinforce that habitat permanence influences bird 

distribution, with weaker effects in degraded or seasonal areas. 

 

Management Practices Suggested by the Locals to Conserve Driefontein Wetlands  

 

The results indicated that the health and biodiversity of Driefontein wetlands are 

deteriorating. Wetland deterioration was reported by 79% of smallholder farmers, who 

raised concerns that the wetland no longer provided the services people used to receive 
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in their youth. A large proportion (31%) of respondents cited the disregard for the 

wetland's sacred nature as the main cause of its deterioration. 

 

About 97% of key informants attributed the disappearance of threatened migratory birds 

(Bugeranus carunculatus, Ephippiorhynchus senegalensis, and Balearica regulorum) to 

forced out-migration due to habitat and breeding-site destruction by veldt fires. Most key 

informants (93%) recommended a bottom-up approach because local people are 

custodians of sustainable solutions to local wetland health problems. More than half of 

respondents recommended several strategies, including the construction of weirs along 

streams (especially Chinu stream), having firefighting teams and wetland scouts for 

monitoring, use of paddocks or wetland fencing or controlled grazing, habitat 

management, afforestation or reforestation, and stopping the settlement of people in the 

wetland core as the chief solutions to restore wetland health. 

 

Discussions 
 

Wetland indicator vegetation and bird species are effective in monitoring and determining 

the health status of wetlands (Siddig et al., 2016). Native wetland indicator species are 

more effective in wetland health monitoring than the alien species (Fraixedas et al., 2020). 

According to Muneepeerakul et al. (2008), the distribution and concentration of 

indigenous species across wetland terrain are primarily determined by species' water 

requirements. This was supported by Qazi, Saqib and Zaman-ul-Haq (2022), who pointed 

out that dispersal agencies, such as wind, birds, and flowing water, have a less pronounced 

influence on the present-day vegetation species composition along a wetland terrain than 

the conduciveness of the destination sites. Moisture levels and seasonal fluctuations are 

the primary factors affecting the distribution of wetland vegetation, with terrain 

degradation a secondary influence (Ridolfi, D’Odorico and Laio, 2006). 

 

The mechanism underlying the observed species zonation in Driefontein wetlands is 

primarily driven by gradients in soil moisture and hydrology, as influenced by the site's 

sandy loamy soils with high infiltration rates and an underlying impermeable layer that 

promotes subsurface water spread and year-round wetness (Ramsar Information Site, 

2014). Species requiring high moisture, such as Typha latifolia subsp. Capensis and 

Phragmites australis dominate near water bodies (0-20 m) due to their consistent access 

to surface and shallow groundwater, while more tolerant species, such as Pycreus 

macrostachyos and Cyperus difformis, prevail in outer zones (30-50 m) where moisture 

levels decrease. This aligns with regional studies in semi-arid African wetlands, such as 

the Zoige Wetland in China (Wu et al., 2018), where soil hydrological gradients, 

measured via water table depth and infiltration, similarly dictate vegetation bands, with 

extreme moisture-stress species declining beyond 30m. Further, studies in the Okavango 

Delta (a comparable Ramsar site) confirm that impermeable layers enhance zonation by 

maintaining moisture differentials, supporting our findings that degradation reduces 

these gradients and shifts species distributions (Du Toit, Du Preez and Du Toit, 2021). 

 

The Wetland Monitoring and Evaluation Tool is designed to be an accessible resource 

for local communities to monitor wetland degradation. However, it is most accurate 

when used in the specific wetland from which it was developed (Kotze et al., 2020). The 

tool's accuracy diminishes as the distance from the original wetland increases. 
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Additionally, variations in species composition across wetlands can limit the tool's 

applicability elsewhere. According to Irvine et al. (2022), for the tool to be effective in 

other wetlands, those wetlands should contain at least half of the species included in the 

tool's development. It is also essential to consult local communities when identifying 

species, as they possess valuable knowledge regarding the seasonality of local flora and 

the saturation levels of wetland areas. 

 

The observed high abundance of the species Ludwigia stolonifera, Typha latifolia subsp. 

Capensis, Phragmites mauritianus (Kunth), Phragmites australis (Cav.) Steud, 

Colocasia esculenta, Limnobium spongio, Cyperus longus, and Persicaria senegalensis 

near water corroborate the findings of Qazi, Saqib, and Zaman-ul-Haq (2022). Their high 

abundance near the water is attributed to their high-water requirements. However, it is 

not always the case that species such as Eriocaulon matopense and Persicaria attenuata 

(R.Br), which were more concentrated in the 20-30 m ring, are always in that zone in all 

wetlands. Qazi, Saqib and Zaman-ul-Haq (2022) argued that differences in soil profile 

and type can lead to rearrangement of species distributions or to the extension of the 

radius they occupy from water ends in other wetlands. The nature of the soil profile can 

also lead to the presence of a temporary water table near the surface or in the topsoil. 

Differences in wetland soil profiles can cause roots to be in underground pools of water, 

allowing them to experience the same moisture abundance as those in surface water, 

even when located outside the 50-m radius (Ridolfi, D’Odorico and Laio, 2006). So, the 

use of permanent-radius occupation is effective only on the wetland of origin or on a 

wetland with similar characteristics (Du Toit, Du Preez and Du Toit, 2021). 

 

The species Pycreus macrostachyos, Cyperus difformis, and Kyllinga melanosperma 

dominated the 30-50 m ring, most likely due to their low moisture or water use 

requirements. The water-requirement factor is also supported by Nikitina et al. (2020), 

who noted that vegetation distribution is generally strongly influenced by differences in 

water-use requirements, with those requiring more water occurring in water-ends and 

those requiring less water found at peak points. However, Qazi, Saqib and Zaman-ul-

Haq (2022) disputed this point, highlighting that it only applies to perennial wetlands, 

and for seasonal species, there is a need to consider the change in moisture levels in 

seasonal wetlands, as the low water use requirement can be found on points previously 

occupied by the high-water use requirement species due to seasonal changes in moisture 

levels.  

 

Results on the distribution and composition of Driefontein wetlands indicator birds 

showed that egret species dominated the wetlands. At the same time, only a few areas 

remained favourable for duck, crane, and stork bird species. However, a healthy wetland 

is characterised by high productivity, a high species population, high species richness, 

and the conduciveness of a larger part of the wetland to support the wetland indicator 

species at various trophic levels (Chatterjee et al., 2020b). This point was supported by 

Kahl et al. (2022) and Mariyappan et al. (2023), who highlighted that ecosystem health 

is measured by the number of trophic levels present, giving equal weight to the 

proportions of each level's population.  This implies that higher-biodiversity wetlands 

are healthier because they have a higher probability of supporting active producers, 

consumers, and decomposers, which form trophic levels that create a balanced food 

chain or web within a wetland ecosystem. When considering the number of active 
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trophic levels, the outcome for the Driefontein wetlands is increasingly becoming less 

conducive, as evidenced by declining species populations. 

 

Wetland indicator bird distribution in Driefontein is influenced by sub-habitat 

characteristics beyond water point seasonality, including water depth, shore length, 

shore quality, vegetation cover, and nekton availability (Irvine et al., 2022). Permanent 

pools in Good Hope 1 and Aldby, with deeper water (>1m) and longer, vegetated shores 

(e.g., Typha stands), support higher duck and crane populations due to abundant prey 

(e.g., fish, insects) and nesting sites (Chatterjee et al., 2020a). In contrast, seasonal pools 

(Welstead 1, 2) with shorter, degraded shores and sparse vegetation limit these species, 

favouring adaptable egrets such as Bubulcus ibis (Irvine et al., 2022). Nekton scarcity in 

drying pools further reduces stork presence, as seen with Ephippiorhynchus senegalensis 

(Irvine et al., 2022).  

 

The endangered Bugeranus carunculatus, the threatened Balearica regulorum, and the 

threatened Ephippiorhynchus senegalensis were found at only a few sites. However, the 

community elders noted that the birds used to be found in all villages. The decrease in 

population sizes of endangered species, such as Bugeranus carunculatus and Balearica 

regulorum, is attributed to climate change and habitat loss (Londe et al., 2023; Li et al., 

2025). However, Mukherjee et al. (2022) also highlighted metal toxicity as an important 

factor. Climate change and habitat loss are most likely to have caused the decline in the 

crane population in the Driefontein wetlands, as only a few small, isolated bushes 

remain. Encroachment by new smallholder farmers into the wetland core has forced the 

crane species out of the wetlands, as they are shy. These findings align with those of 

Wang et al. (2023), who noted that if their breeding sites or habitats are disturbed, cranes 

can migrate permanently over thousands of kilometres to new wetlands with better 

habitats and breeding sites. However, climate change is a significant factor in the 

decrease of bird species in wetlands (Li et al., 2025), and the crane population is 

projected to decrease further as wetland health continues to degrade (Ramsar 

Information Site, 2014). The results of this study confirm the projected decrease in 

population size as they indicate a notable decrease in the population sizes of bird species 

in the Driefontein wetlands.  

 

Marambanyika et al. (2021) identified habitat loss as a more significant factor in the 

decline of wetland bird species than climate change. The once perennial Chinu Stream 

and surrounding earth dams have transformed into seasonal aquatic habitats. This shift 

likely explains the absence of duck species such as Sarkidiornis melanotos, Anas 

hottentota, and Oxyura maccoa, which are typically found in permanently aquatic 

environments; these ducks either migrated or perished due to habitat loss. Consequently, 

ducks are now only observed in the Shashe River, Good Hope village, and Mapondela 

earth dams during the summer season. Additionally, the bird species Ephippiorhynchus 

senegalensis and Scopus umbretta are likely to have been indirectly affected by a decline 

in fish and other prey availability. Sathe and Pawar (2021) projected a decrease in the 

populations of these birds, citing that the ongoing drying of previously perennial wetland 

pools poses a threat to the African hammerkop (Ephippiorhynchus senegalensis), Scopus 

umbretta, various kingfisher species (Alcedinidae), and other birds that rely on aquatic 

organisms for food. 
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While habitat loss from anthropogenic activities (e.g., veld fires, encroachment) is 

emphasised, climate drivers, such as shifts in rainfall, are also critical, as noted by key 

informants who attribute bird disappearances to forced migration. Historical data 

indicate a 10% decline in annual rainfall over the last century (Mazvimavi, 2010), with 

average precipitation at 670 mm (1991-2020) showing high variability due to ENSO; El 

Niño phases reduce rainfall by up to 30% during October-March. Recent trends (2000-

2024) reveal an increasing unpredictability, with drier-than-average conditions in 

southern Africa, including record dryness in Zimbabwe during 2023-2024, linked to El 

Niño and a positive Indian Ocean Dipole (NOAA, 2024; WMO, 2025). In the Midlands 

Province, this exacerbates wetland drying, as highveld areas (>1200m, with historical 

rainfall of >800 mm) face reduced infiltration and seasonal streamflow (e.g., the Chinu 

River). 

 

The bird species used to estimate wetland health are the Bubulcus ibis and Egretta 

vinaceigula egrets. The results of the study showed that Bubulcus ibis and Egretta 

vinaceigula were the most abundant wetland indicator bird species in the Driefontein 

wetlands, indicating that the wetlands remain healthy. This pattern was initially 

counterintuitive, as these species increased while other wetland birds declined.  

However, Kahl et al. (2022) and Ntongani and Andrew (2013) argued that the Bubulcus 

ibis species has a mutual relationship with livestock, especially cattle, in the Driefontein 

wetlands, which also implies the possibility of an indirect mutual relationship with 

people or herdsmen. Thus, habitat destruction by people can quickly affect the birds B. 

ibis and Egretta vinaceigula to the extent of forcing them to migrate permanently to new 

wetlands. The frequent disturbance by people or human encroachment into the core of 

the wetland did not affect the breeding of B. ibis and E. vinaceigula, which was also 

attributed to their undisturbed population growth.  

 

Marambanyika et al. (2021) also noted that people in the communities surrounding the 

Driefontein wetlands do not eat egrets, as they regard them as unpalatable. Thus, their 

reproduction is not affected by illegal hunting, which also impacts other wetland 

indicator birds, such as ducks, which are consumed by local communities. Shannon et 

al. (2022) posit that using B. ibis and E. vinaceigula species populations to assess 

wetland health is unreliable because a healthy wetland is highly productive and can 

provide food or prey for every food chain or web level. Additionally, Wang et al. (2023) 

and Sathe and Pawar (2021) opine that B. ibis do not entirely depend on prey in wetlands 

because they also feed on teaks from grazing livestock. Thus, these birds can survive 

well and multiply in the Driefontein wetlands, even as the wetland deteriorates towards 

its peak stage. 

 

Results of focus group discussions on the rehabilitation and conservation of Driefontein 

wetlands indicated the community's willingness to improve the wetland's health. If well-

trained, the firefighting team can effectively mitigate habitat loss, prevent the extinction 

of certain species, and reduce soil erosion across the wetlands. These findings 

corroborate those of Marambanyika et al. (2021), who noted the need to include 

fireguards, as they yielded better results in Chebvute wetland and habitat restoration. 

Guarding the wetlands against wildfire can also improve ecosystem biodiversity, making 

them healthy and productive and a conducive destination or habitat for many species. 

Disaster Risk Reduction Committees (DRRC) report that fireguards can stop fires, even 
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when outbreaks occur at night. However, there is a need for continuous maintenance of 

fireguards to prevent fire breaches, as occurred in the Mteo plantation, which has poorly 

maintained fireguards. However, constructing fireguards in the Driefontein wetlands can 

be challenging due to the wetland's size.  

 

Construction of weirs along streams can help to maintain moisture in the Driefontein 

wetlands throughout the year. However, traditional leaders highlighted that their 

ancestors did not allow the use of cement in the wetland. Afforestation can enhance 

habitats for wetland species, as observed in many environmental conservation studies 

(Spieles, 2022). However, successful afforestation and reforestation are rarely achieved 

in Zimbabwe's wetlands due to a general disregard for environmental requirements. 

Surrounding communities lack wetland conservation awareness. Pyke et al. (2018) 

highlighted that for wetland conservation processes to succeed, the responsible 

communities need to be educated on the interrelationship between their livelihoods and 

the health of the environment. Although fencing of the wetland core is effective in 

controlling the loss of Driefontein wetland species, Spieles (2022) argued that 

surrounding communities often fail to implement the project due to a lack of financial 

resources. Results from previous wetland fencing projects indicate that successful 

fencing can only be achieved with government and donor support. This underscores the 

importance of involving all stakeholders in wetland conservation planning from the 

outset (Kumari et al., 2020). Therefore, wetland conservation requires a 

multidisciplinary approach that incorporates all relevant approaches and stakeholders in 

decision-making. 

 

Recommendations 
 

To strengthen community-based management, we suggest annual training programs for 

Local Conservation Groups (LCGs) and village committees (VIDCO/WADCO) focused 

on wetland monitoring using the developed vegetation and bird indicator tool. Training 

will include species identification, data collection, and fire management, facilitated by 

EMA, LID Agency, BirdLife Zimbabwe, and other stakeholders involved in wetland 

conservation. We also recommend establishing community-managed eco-tourism for 

birdwatching, with 60% of revenues allocated to local households through VIDCO-led 

funds for livelihood improvements, such as access to clean water for communities 

involved in conservation. Different avenues, including carbon trading and private-sector 

engagement, can be used for providing sustainable wetland conservation funding to 

protect the hydrological zones that attract concentrations of wetland species and to 

finance socio-economic conservation programmes. Additionally, implement equitable 

quotas for sustainable resource harvesting to benefit vulnerable groups and encourage 

conservation. These actions aim to reduce biodiversity loss by empowering local 

communities, drawing on successful models from other Zimbabwean wetlands 

(Marambanyika et al., 2021). 

 

The study recommends a bottom-up approach for managing the Driefontein wetland, in 

which local people, traditional leaders, and local leaders collaborate to develop 

management strategies that minimise resistance. Experts must provide the Wetland 

Health Monitoring and Evaluation Tool and facilitate the conservation processes, rather 

than imposing the strategy on the locals, as this is likely to result in silent resistance. 
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Figure 7 illustrates a framework for community-driven governance of Driefontein 

wetlands. Local stakeholders, including traditional leaders and community members, 

identify conservation needs through participatory processes. They design and implement 

tailored strategies, such as fire management and weir construction, with support from 

experts like the Environmental Management Agency. Continuous monitoring of 

vegetation and avian indicators enables adaptive management, while community-led 

eco-tourism and equitable resource harvesting support local livelihoods. 

 

 
Figure 7: Wetland Community-driven Development Framework 

 

This study has some methodological limitations that should be considered when 

interpreting the results. The findings of this study cannot be generalized to suit wetlands 

outside the Midlands Province. A Wetland Health Monitoring and Evaluation Tool 

tailored to each wetland's needs has to be formulated and provided to local communities 

(in their local language) so they can utilise it in their decision-making.  Further research 

is required to address seasonality, the lack of hydrological measures, and sample size 

limitations. 

 

Conclusions 
 

This study demonstrates that the spatial distribution and composition of wetland 

indicator vegetation in the Driefontein wetlands serve as effective proxies for ecosystem 

health assessment, particularly during the dry season. Key findings reveal a clear 

zonation pattern aligned with hydrological gradients, characterised by moisture-
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dependent species such as Ludwigia stolonifera and Typha latifolia subsp. capensis, 

Phragmites mauritianus, Phragmites australis, Colocasia esculenta, Limnobium 

spongia, Cyperus longus, and Persicaria senegalensis dominate within a 20-m radius of 

water sources. At the same time, intermediate-moisture species such as Eriocaulon 

matopense and Persicaria attenuata prevail in the 20–30 m zone. Drought-tolerant 

species, including Pycreus macrostachyos, Cyperus difformis, and Kyllinga 

melanosperma, are concentrated in the 30–50-m outer zone. This pattern underscores 

that species with higher water requirements are confined to proximate zones and exhibit 

greater sensitivity to moisture stress, manifesting early signs of degradation (e.g., 

reduced richness and diversity) as hydrological conditions deteriorate. 

 

Complementing vegetation indicators, avian surveys highlight the dominance of 

adaptable species such as egrets (Bubulcus ibis and Egretta vinaceigula), which 

comprised over 66% of observations, alongside declining populations of more 

specialised wetland-dependent birds like cranes (Bugeranus carunculatus and Balearica 

regulorum), ducks (Sarkidiornis melanotos, Oxyura maccoa, and Anas hottentota), and 

storks (Ephippiorhynchus senegalensis and Scopus umbretta). These trends reflect 

ongoing threats, including moisture stress, wildfires, deforestation, overgrazing, and 

illegal hunting, which exacerbate biodiversity loss and seasonal shifts in bird 

distributions. Birds aggregate around permanent earth dams in summer and migrate to 

forested areas along the Chinu stream in winter. 

 

Integrating vegetation and avian indicators establishes a robust, locally relevant 

monitoring framework for monitoring wetland health. This approach allows for early 

detection of degradation and supports adaptive management strategies. Importantly, 

community perspectives underscore the effectiveness of a bottom-up approach, in which 

local stakeholders lead conservation efforts. These efforts can include activities such as 

forming firefighting teams, scouting wetlands, constructing weirs, reforesting areas, and 

implementing controlled grazing practices, all of which are supported by tools and 

training provided by experts. By strengthening indigenous knowledge and promoting 

inclusive governance, this strategy not only helps reduce biodiversity loss but also 

enhances ecosystem services essential to rural livelihoods in semi-arid regions. Future 

research should validate this tool across various wetland systems, incorporating long-

term monitoring and climate projections to enhance its predictive accuracy and 

scalability. 
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