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Diversity and distribution of Zygnematophyceae (Charophyta) of some wetlands in the city of Bamenda, North-West of Cameroon
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ABSTRACT
	Anthropogenic activities increasingly affect aquatic ecosystems, creating a need for reliable biological information to support wetland assessment. This study determined the diversity and distribution of Zygnematophyceae and described selected dominant species in wetlands within and around Bamenda, Cameroon. Microalgae were sampled from 16 wetland sites between October 2022 and November 2023 using a 20 µm mesh plankton net. Collected cells were preserved, identified by light microscopy, described, counted, and analysed using species richness, abundance, dominance, Simpson, Shannon–Weaver, and Pielou equitability indices. A total of 22 species belonging to 10 genera, four families, and two orders was recorded. Desmidiaceae and Closteriaceae were the most species-rich families. The most common and abundant taxa included Closterium acerosum, Closterium ehrenbergii, Closterium parvulum, Gonatozygon monotaenium, Micrasterias radians, Pleurotaenium ehrenbergii, Spirogyra ellipsospora, Spirogyra gracilis, and Zygnema stellinum. Species richness, abundance, dominance, diversity, and equitability differed significantly among sites. The highest abundances occurred at site 1 (5,335 ± 859 individuals/mL) and site 6 (4,190 ± 995 individuals/mL). Shannon–Weaver values indicated low diversity at sites 5, 8, and 14 and moderate diversity at the remaining sites. Hierarchical classification separated the wetlands into four groups, while factorial analysis showed spatial variation in species assemblages. The findings provide a preliminary inventory and baseline information for ecological assessment and future monitoring of Bamenda wetlands.
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1. INTRODUCTION 
Bamenda is an area of high human concentration where pressures associated with agricultural development threaten the balance of coastal hydrosystems. The city is drained by numerous rivers and has long been known for its high agricultural productivity and agropastoral commercialisation (industry, agriculture, and livestock) (Ndjouondo et al., 2023). However, the production of these resources involves the use of phytosanitary products (fertilisers and pesticides), which may affect water quality and lead to profound changes in the composition and structure of organism populations in hydrosystems. Alterations to these watercourses caused by human activities are currently a major concern. Thus, pollution in urban areas can be assessed through pollutant analysis, satellite methods, or the analysis of plant communities (Ndjouondo et al., 2017). However, despite the relevance of analytical methods, they are of limited value for detecting episodic pollution. Microorganisms, which integrate the phenomena experienced by ecosystems, can therefore serve as markers of environmental change (Hürlimann & Niederhauser, 2007). Biological analysis makes it possible to identify disturbances and their effects on existing animal and plant communities. In addition, water-quality monitoring has long relied on physicochemical analyses to identify pollution. However, these analyses have limitations because the balance of the aquatic environment can be seriously affected by massive but short-term pollutant inputs. Such events are therefore unlikely to be detected by sampling the water only once or twice a month (Ndjouondo et al., 2017). The responses of different algae or algal communities to pollution and changes in aquatic conditions may manifest in various ways. Depending on environmental changes, algal species or communities may exhibit sociological variations, such as changes in absolute or relative frequency, diversity, stability, community structure, biomass, and physiological activities (photosynthesis, respiration, nutrition, substance accumulation, and movement) (Neveu et al., 2001).
Zygnematophyceae, also known as conjugates or Conjugatophyceae, are common in these lotic waters and are attracting increasing research attention. They are a class of green algae currently assigned to the phylum Charophyta and comprise approximately 4,736 species (Guiry, 2024). Their characteristics include the absence of flagellated swimming cells and sexual reproduction by the conjugation of amoeboid isogametes, from which their name is derived (Permann & Holzinger, 2024). The cells are always uninucleate and haploid, except for the zygote (Guiry, 2013).
They may occur as solitary cells or in unbranched filaments. Recent studies have shown that phytoplankton diversity and abundance in wetlands and reservoirs vary with physicochemical conditions and anthropogenic pressures, supporting their use in ecological assessment (Das et al., 2024; Essa et al., 2024; Oclarit et al., 2026). Seasonal changes in freshwater phytoplankton communities can also provide information on water quality and ecosystem condition (Verma & Nag, 2025). Nevertheless, site-specific information on the diversity, distribution, and dominant characteristics of Zygnematophyceae in Bamenda’s wetlands remains limited. This gap constrains the establishment of a local baseline for ecological assessment and future monitoring. The present study aimed to determine the diversity and distribution of Zygnematophyceae and to describe the characteristics of some dominant species in selected wetlands in Bamenda.

2. MATERIAL AND METHODS
2.1 Description of the Study Sites
Bamenda is the capital of the North-West Region of Cameroon (Fig. 1a). The city is located in the south-east of the region, between latitudes 5°56' and 5°58' north of the equator and longitudes 10°09' and 10°11' east of the Greenwich meridian. The city comprises three subdivision councils: Bamenda I, II, and III (Fig. 1b). It is crossed by a river and contains several wetlands.
For this study, 16 sites located on the outskirts of and around Bamenda city centre were selected. Each sampling site was located near a bridge and close to a road for accessibility and safety (Fig. 1c). Sites 1, 2, 7, 14, 15, and 16 were located in the city centre and contained waste from households, markets, and agropastoral industries. The coordinates and physicochemical characteristics of the sites are summarised in Table 1. The recorded pH values ranged from slightly acidic to slightly alkaline. High nitrate levels were recorded at sites 1, 2, 3, 9, and 15, and high water conductivity was recorded at sites 1, 3, and 7.

2.2 Sampling and Observation of Zygnematophyceae
Sampling was conducted between October 2022 and November 2023. Zygnematophyceae were collected from the sites using a plankton net with a 20 µm mesh. Each sample was transferred to a 150 mL bottle and fixed with 10% formalin for preservation. In the laboratory, after decantation and homogenisation, the more concentrated subsamples were diluted with distilled water in 100 mL beakers, whereas the less concentrated samples were transferred directly to 50 mL beakers; microfiltration was performed only on the concentrated samples. After 24 h of sedimentation, a drop of each subsample was mounted between a slide and coverslip and observed under a microscope in triplicate. The identification keys of Grönblad et al. (1958), Bourrelly (1966), Iltis (1980), and Kouassi et al. (2010) were used during the analysis. Zygnematophyceae species were classified into orders, families, and genera according to the AlgaeBase classification of Guiry and Guiry (2023).
2.3 Counting of Microalgal Cells
After sample homogenisation, 1 mL of each sample was pipetted using a micropipette and placed on a Malassez counting chamber. The water in the Malassez chamber was allowed to settle for 10 min and was then examined under a light microscope. Once the chamber grid was clearly visible, the contents of the double-lined rectangles were counted using a 40× objective and, where necessary, a 100× objective (Denimal et al., 2015). Zygnematophyceae individuals were counted in five double-lined rectangles along the diagonal of the Malassez chamber, and each cell colony, 1,000 filaments, or isolated cell was counted as an individual. Species abundance (As) was calculated according to the same standard using the following formula:
As (individuals/mL) = [(XiV1V2A)/1000C)]D.
where Xi is the number of objects counted, V1 is the volume of the Malassez chamber, A is the total number of fields, V2 is the sedimented volume in mL, C is the number of fields counted, and D is the dilution factor.
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Fig. 1. Localization of the study area and site.
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Table 1. Description of the study sites.
	Sites
	Geographical coordinates 
	Physicochemical parameters of water

	
	
	pH
	Cond (µS/cm)
	Sal. (ppm)
	NO3- (mg/L)
	TP (mg/L)
	DO (mg/L)

	
	
	Low
	Up
	Low
	Up
	Low
	Up
	Low
	Up
	Low
	Up
	Low
	Up

	1
	5°57’45.80’’ N, 10°10’4.97’’E
	6.15
	7.01
	214.45
	235.67
	165.95
	185.14
	6.01
	7.25
	4.66
	6.43
	3.15
	4.23

	2
	5°58’33.26’’ N, 10°10’39.01’’E
	6.98
	7.35
	167.55
	195.34
	65.45
	89.45
	4.24
	5.32
	6.01
	6.78
	4.12
	5.34

	3
	5°59’2.38’’ N, 10°10’50.36’’E
	7.01
	7.25
	185.25
	210.25
	75.45
	95.15
	5.2
	6.12
	4.05
	4.75
	3.01
	3.75

	4
	5°59’22.77’’ N, 10°11’29.44’’E
	6.50
	7.04
	84.25
	134.54
	54.34
	70.85
	3.25
	4.35
	2.15
	3.01
	3.14
	3.86

	5
	5°59’58.08’’ N, 10°12’26.19’’E
	6.25
	6.85
	17.5
	65.4
	10.25
	25.45
	0.65
	1.23
	0.65
	1.45
	2.15
	2.87

	6
	6°00’22.06’’ N, 10°13’1.50’’E
	6.55
	6.98
	65.45
	86.43
	42.45
	67.55
	2.25
	3.25
	2.14
	2.95
	3.50
	4.01

	7
	5°58’4.84’’ N, 10°9’41.49’’E
	6.56
	7.01
	195.45
	225.41
	126.5
	235.65
	3.50
	4.45
	3.45
	4.9
	3.02
	3.30

	8
	5°58’37.92’’ N, 10°9’47.04’’E
	6.78
	6.85
	125.67
	156.34
	128.5
	305.20
	5.45
	5.55
	2.56
	4.1
	2.95
	3.35

	9
	5°58’52.31’’ N, 10°9’27.76’’E
	6.67
	7.24
	115.01
	150.23
	100.5
	255.45
	4.49
	6.99
	3.54
	4.5
	3.15
	3.5

	10
	5°58’41.32’’ N, 10°8’46.19’’E
	6.45
	6.90
	45.65
	66.15
	35.55
	55.65
	1.98
	2.08
	0.07
	0.15
	2.02
	3.55

	11
	5°58’18.86’’ N, 10°9’8.05’’E
	7.01
	7.34
	25.55
	45.70
	10.4
	25.0
	1.01
	2.50
	1.04
	1.67
	1.98
	2.55

	12
	5°57’24.39’’ N, 10°11’31.39’’E
	6.75
	7.31
	75.45
	115.45
	55.00
	126.5
	3.57
	6.75
	2.67
	3.45
	3.65
	5.75

	13
	5°56’59.42’’ N, 10°9’26.82’’E
	6.76
	6.98
	23.5
	77.45
	10.7
	75.65
	2.53
	4.54
	1.56
	1.89
	3.29
	6.54

	14
	5°57’58.58’’ N, 10°8’58.48’’E
	6.35
	6.88
	38.4
	56.55
	18.4
	85.00
	1.52
	3.65
	0.86
	1.98
	4.39
	6.45

	15
	5°58’15.68’’ N, 10°8’4.62’’E
	6.95
	7.32
	125.5
	175.95
	57
	100.56
	3.34
	6.85
	3.05
	5.43
	3.55
	5.55

	16
	5°56’11.07’’ N, 10°8’35.31’’E
	6.72
	7.21
	99.5
	125.00
	75.85
	117.45
	2.01
	4.45
	2.45
	5.65
	2.35
	4.12


Note: pH = Hydrogen potential, Cond = Electrical conductivity, NO3- = ions nitrates, Sal = Salinity, TP = Total phosphorus, DO = Dissolved oxygen, Low = lower, Up = upper. 

2.4 Determination of Diversity Indices
Species richness is the total number of taxa identified in a sample. It indicates the specific variety of a community. Species richness depends on sample size and does not account for the relative abundances of different species; its ecological value is therefore limited (Travers, 1971). Nevertheless, it may be a distinctive criterion for the ecosystem or for stations studied within a given ecosystem.
Simpson’s index is:  , for n species, where ni is the number of individuals of species i and N is the total number of individuals at a site. This index represents the probability that two individuals selected at random from a sample belong to the same species. Simpson's index varies in the interval [0 -1[. This index therefore tends towards 0 when diversity is minimal and towards 1-1/S when diversity is maximal.
The Shannon–Weaver diversity index (H') was used to characterise the diversity of a given community (Felfili et al., 2004). It is the most commonly recommended index for assessing diversity (Grall & Coïc, 2005) and the degree of community organisation (Krebs, 1989). This index is a function of the probability of occurrence of each species (i) within a set of individuals. H' is expressed in bits/cell. A low diversity index indicates a young community with a high multiplication rate and the dominance of one or a few species, whereas a high index characterises mature populations with a complex species composition and relatively high population stability. The Shannon diversity index (H') for a sample was calculated using the following formula:
H’ = -∑((ni/N)log2(ni/N)). 
where ni is the number of individuals belonging to a species and N is the total number of individuals.
Based on the value of H', Palupi et al. (2023) distinguished three levels of species diversity:
- when H' < 1, diversity is low;
- when 1 < H' < 3, diversity is moderate;
- when H' > 3, diversity is high.
Pielou’s equitability index (E) was used to assess the evenness of Zygnematophyceae distribution across sites. According to Dajoz (1985), low evenness indicates the strong influence of a few dominant species. Pielou’s equitability index (E) is given by the following formula:
E = H'/log2S,
where S is the total number of species. E varies between 0 and 1. The closer E is to 1, the more evenly individuals are distributed among species in the environment. Conversely, E values close to 0 indicate the presence of a small number of taxa that dominate the community (Pielou, 1966).
The Berger–Parker dominance index (D) is expressed as follows:
D = Nmax/N.
where Nmax is the maximum abundance, or the number of individuals of the most common species in the environment, and N is the total abundance. The index indicates species dominance: when D is low and approaches 0, diversity is high and dominance is low; when D approaches 1, one or a few species dominate and diversity is low.


2.5 Statistical Analysis
Microsoft Excel was used to enter and code the data collected during the study. Using XLSTAT, the assumptions of normality and homogeneity were assessed with the Shapiro–Wilk and Levene tests, respectively. One-way analyses of variance (one-way ANOVA), followed by Fisher’s least significant difference (LSD) test, were then performed. These analyses were used to compare the mean Zygnematophyceae diversity indices among sites. Differences were considered significant at α = 0.05 (p < 0.05). Results are expressed as the mean ± standard deviation.
Using the same XLSTAT software (Addinsoft, 2022), principal component analysis (PCA) was applied to the biological variables to determine the distribution of Zygnematophyceae in Bamenda’s wetlands. Hierarchical ascending classification was performed using PAST to discriminate among sampled sites according to species abundance.
3. RESULTS
3.1 Species richness
Zygnematophyceae species richness comprised two orders, four families, 10 genera, and 22 species (Table 2). The number of Zygnematophyceae species varied among families. Desmidiaceae was the most represented family, with eight species (36.36%), followed by Closteriaceae, with seven species (31.81%). Gonotozygaceae was the least represented family, with two species (9.09%).

Table 2. Total floristic richness of Zygnematophyceae in the study sites.
	Orders
	Families
	Species

	Desmidiales
	Closteriaceae 
(31.81%)
	Closterium acerosum Ehrenberg ex Ralfs

	
	
	Closterium aciculare T. West

	
	
	Closterium ehrenbergii Meneghini ex Ralfs

	
	
	Closterium gracile (Bréb.) Ralfs

	
	
	Closterium leibleinii Kütz. ex Ralfs

	
	
	Closterium parvulum Näg.

	
	
	Closterium cynthia De Notaris

	
	Gonotozygaceae
(09.09%)
	Gonatozygon monotaenium De Bary

	
	
	Gonatozygon pilosum Wolle 

	
	Desmidiaceae 
(36.36%)
	Cosmarium margaritatum (Lund.) Roy & Biss.

	
	
	Micrasterias radians W. B. Turner

	
	
	Micrasterias truncata (Corda) Bréb. ex Ralfs

	
	
	Pleurotaenium ehrenbergii (Ralfs) De Bary

	
	
	Pleurotaenium ovatum (Nordst.) Nordst

	
	
	Pleurotaenium trabecula Nägeli

	
	
	Staurastrum leptocladum G. M. Smith

	
	
	Xanthidium subtrilobum West & G. S. West

	Zygnematales
	Zygnemataceae
(22.72%)
	Zygnema stellinum (O. F. Müller) C. Agardh.

	
	
	Mougeotia floridana Transeau

	
	
	Spirogyra gracilis Kütz.

	
	
	Spirogyra mirabilis (Hassall) Kütz.

	
	
	Spirogyra ellipsospora Transeau



3.2 Characterisation of Some Dominant Species of Zygnematophyceae
Of all the Zygnematophyceae species collected, nine were predominant across the studied sites. These species are described below:
Closterium acerosum Ehrenberg ex Ralfs, 1848 (Fig. 2a)
The cell is linear and tapered; the two hemisomats are separate and contain seven pyrenoids. Cells measure 471.5–502.8 µm in length and 50.1–71.2 µm in width. Habitat: freshwater; cosmopolitan.
Closterium ehrenbergii Meneghini ex Ralfs 1848 (Fig. 2b)
The cell body is large and swollen at the centre (inner face straight or slightly convex), measuring 230–880 µm long and 44–170 µm wide, with a length-to-width ratio of 4–6; the cell wall is smooth and colourless, and bands are absent; four-bladed chloroplasts contain numerous scattered pyrenoids. Habitat: freshwater; cosmopolitan.
Closterium parvulum Näg. (Fig. 2c)
The cells are curved through 120°–160° and measure 74–140 × 10–17 µm. The ventral margin is concave or straight in the median region. Each hemisomat has a chloroplast containing two to five pyrenoids. Habitat: freshwater; cosmopolitan.
Gonatozygon monotaenium De Bary (Fig. 2d)
The cylindrical cells measure 178–186 × 7–8 µm and have a chloroplast with 12 pyrenoids. The wall is glabrous. This taxon has rounded apices and develops on the blades. Habitat: freshwater; cosmopolitan.
Micrasterias radians W. B. Turner (Fig. 2e)
The cells are subcircular, measure 60–65 × 53–55 µm, and have an isthmus. Each hemisomat has five lobes. The polar lobe is broad, and the lateral lobes are bifid. Each hemisomat also contains a chloroplast with two pyrenoids. Habitat: freshwater; cosmopolitan.
Pleurotaenium ehrenbergii (Ralfs) De Bary (Fig. 2f)
The cell measures 398–520 × 25–40 µm. Each hemisomat is undulate over most of its length and has a truncated apex and a finely punctate membrane. Habitat: freshwater; subcosmopolitan.
Spirogyra ellipsospora Transeau (Fig. 2g)
Vegetative cells are 125–200 µm long and 125–150 µm in diameter, with three to eight chloroplasts making 0.4–5 turns in each cell. Habitat: freshwater; cosmopolitan.
Spirogyra gracilis Dixit 1937 (Fig. 2h)
Plants are filamentous and unbranched, with cylindrical cells and plane septa. Vegetative cells are 20–30 µm wide and 79–294 µm long, with a length-to-width ratio of 3.8–13.1. Each cell has one chloroplast with numerous disc-shaped pyrenoids, making 2.5–8.5 turns. The fruit of this freshwater alga is oval. Habitat: freshwater; cosmopolitan.
Zygnema stellinum (O. F. Müller) C. Agardh. (Fig. 2i)
Thalli comprise unbranched, uniseriate filaments intertwined to form skeins. Cells are cylindrical, 10–50 µm in diameter, and equal to or several times their width in length; the cell wall is two-layered, with an inner cellulose layer and an outer mucilage sheath that ranges from very thin to wider than the cell. Habitat: freshwater; cosmopolitan.
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Fig. 2. Some dominant species in the study sites

3.3 Diversity indices in the study sites
The mean values of the Zygnematophyceae diversity indices for the Bamenda wetlands are shown in Table 3. Analysis of the table showed that all indices varied significantly among sites (ANOVA, p < 0.05). The number of taxa (Nt) ranged from 15 ± 4 at site 1 to 4 ± 3 at site 14 (Table 3). Species abundance (As) ranged from 5,335 ± 859 individuals/mL at site 1 to 390 ± 177 individuals/mL at site 16. Zygnematophyceae were significantly more abundant at site 1 (5,335 ± 859 individuals/mL) and site 6 (4,190 ± 995 individuals/mL) than at the other sites (Fisher’s LSD test, p < 0.05). The dominance index (D) ranged from 0.71 ± 0.03 at site 5 to 0.13 ± 0.01 at site 10. Diversity indices were low and variable. The Shannon–Weaver index (H’) ranged from 2.15 ± 0.05 bits/cell at site 10 to 0.60 ± 0.07 bits/cell at site 5. At sites 14, 8, and 5, the mean Shannon–Weaver index values were below 1, whereas those at the other sites ranged from 1.16 to 2.15 bits/cell. Pielou’s equitability index (E) ranged from 0.89 ± 0.02 at site 10 to 0.40 ± 0.03 at site 8.
The similarity index indicated no similarity between sites 8 and 13, 12 and 13, 13 and 15, or 9 and 16. Hierarchical classification of the Bamenda wetlands according to algal species divided the studied sites into four groups (Fig. 3). Sites 6, 13, and 16 were similar in terms of Zygnematophyceae species and formed Group 1. Group 2 comprised sites 1, 2, 3, 4, and 10. Sites 5, 9, and 11 were similar and formed Group 3. Group 4 comprised sites 7, 8, 12, 14, and 15.
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Fig. 3. Hierarchical ascendant classification of study sites according to the species of Zygnematophyceae.

Table 3. Variation of the average of some diversity indices of Zygnematophyceae in each site.
	Diversity indices

	Sites
	Nt
	As (individuals/mL)
	D
	1-D
	H’ (bits/cells)
	E

	1
	15 ± 4a
	5335 ± 859a
	0.19 ± 0.01hi
	0.81 ± 0.01ab
	2.02 ± 0.03a
	0.74 ± 0.01bc

	2
	11 ± 2ab
	3170 ± 124bc
	0.21 ± 0.01gh
	0.79 ± 0.01bc
	1.78 ± 0.04b
	0.74 ± 0.02bc

	3
	11 ± 3ab
	2220 ± 573cd
	0.26 ± 0.02fg
	0.74 ± 0.02cd
	1.68 ± 0.05bc
	0.70 ± 0.02bcde

	4
	11 ± 3abc
	1665 ± 477de
	0.53 ± 0.04c
	0.47 ± 0.04g
	1.16 ± 0.09h
	0.48 ± 0.03hi

	5
	4 ± 1d
	1440 ± 258def
	0.71 ± 0.03a
	0.29 ± 0.03i
	0.60 ± 0.07i
	0.43 ± 0.05i

	6
	9 ± 3abcd
	4190 ± 995ab
	0.22 ± 0.01fgh
	0.78 ± 0.01bcd
	1.71 ± 0.03bc
	0.77 ± 0.01b

	7
	11 ± 2ab
	2870 ± 884c
	0.25 ± 0.01fgh
	0.75 ± 0.01bcd
	1.57 ± 0.04cd
	0.65 ± 0.01def

	8
	6 ± 0bcd
	1580 ± 513def
	0.61 ± 0.03b
	0.39 ± 0.03h
	0.72 ± 0.06i
	0.40 ± 0.03i

	9
	8 ± 3bcd
	400 ± 71ef
	0.33 ± 0.04de
	0.67 ± 0.04ef
	1.41 ± 0.13ef
	0.68 ± 0.07cdef

	10
	11 ± 4ab
	660 ± 92ef
	0.13 ± 0.01i
	0.87 ± 0.01a
	2.15 ± 0.05a
	0.89 ± 0.02a

	11
	9 ± 1abcd
	1580 ± 466def
	0.34 ± 0.02de
	0.66 ± 0.02ef
	1.35 ± 0.06 efg
	0.61 ± 0.02fg

	12
	6 ± 3bcd
	1040 ± 460def
	0.33 ± 0.02de
	0.67 ± 0.02ef
	1.21 ± 0.05gh
	0.67 ± 0.03cdef

	13
	7 ± 1bcd
	550 ± 247ef
	0.28 ± 0.03ef
	0.72 ± 0.03de
	1.51 ± 0.09de
	0.77 ± 0.04b

	14
	4 ± 3cd
	1230 ± 573def
	0.53 ± 0.02c
	0.47 ± 0.02g
	0.75 ± 0.0i
	0.54 ± 0.03gh

	15
	10 ± 4ab
	1300 ± 484def
	0.23 ± 0.01fgh
	0.77 ± 0.01bdc
	1.70 ± 0.063bc
	0.73 ± 0.02bcd

	16
	8 ± 2bcd
	390 ± 177f
	0.35 ± 0.04d
	0.65 ± 0.04f
	1.32 ± 0.12fgh
	0.63 ± 0.06 ef

	p-value
	p < 0.05
	p < 0.05
	p < 0.05
	p < 0.05
	p < 0.05
	p < 0.05


Note: Nt = Number of taxa, As = Species Abundance, D = dominance, 1-D = Simpson, H' = Shannon-Weaver’s index, E = Pielou’s equitability index. In any column, means sharing the same letters are statistically identical at the α = 0.05 threshold, according to ANOVA and Fisher (post hoc pairwise comparisons) tests.



3.4 Distribution of Species among the Study Sites according to Abundance
Factorial analysis showed a correlation between study sites and the abundance of Zygnematophyceae species (Fig. 4). Species density was fairly evenly distributed, with no dominance by a single species or small group of species. Closterium acerosum (Clace), C. ehrenbergii (Clehr), C. parvulum (Clpar), Gonatozygon monotaenium (Gomon), Micrasterias radians (Mirad), Pleurotaenium ehrenbergii (Plehr), Spirogyra ellipsospora (Spelli), S. gracilis (Spgra), and Zygnema stellinum (Zyste) were the most common and abundant species across the study sites.

Fig. 4. Distribution of Zygnematophyceae species in the study sites.
Legend: Clace = Closterium acerosum, Claci = Closterium aciculare, Clcyn = Closterium Cynthia, Clehr = Closterium ehrenbergii, Clgra = Closterium gracile, Cllei= Closterium leibleinii, Clpar = Closterium parvulum, Spelli = Spirogyra ellipsospora, Spgra = Spirogyra gracilis, Spmir = Spirogyra mirabilis, Gomon = Gonatozygon monotaenium, Gopil = Gonatozygon pilosum, Plehr =Pleurotaenium ehrenbergii, Plova = Pleurotaenium ovatum, Pltra = Pleurotaenium trabecular, Mirad = Micrasterias radians, Mitru = Micrasterias truncata, Xasub = Xanthidium subtrilobum, Stlep = Staurastrum leptocladum, Moflo = Mougeotia floridana, Comar = Cosmarium margaritatum, Zyste = Zygnema stellinum.
5. DISCUSSION
Microscopic analysis of water samples from the Bamenda wetlands yielded 22 Zygnematophyceae species. This richness was lower than the 33 taxa of Zygnematophyceae reported by Kouassi et al. (2010) in the Adzopé lagoon in Côte d’Ivoire. The number of species varied among families, with strong representation by Desmidiaceae and Closteriaceae. Species from these two families appeared to be the most adapted and resilient to anthropogenic pollution. The predominance of Desmidiaceae may be attributed to their ability to withstand the high concentrations of nitrate and total phosphorus in the water at the studied sites. Indeed, the dominance of Desmidiaceae in algal flora is linked to their capacity to adapt to changes in the physicochemical conditions of water (Stancheva et al., 2016). In addition, Desmidiaceae are useful bioindicators of water quality and environmental change (Mouhri et al., 1990; Djima et al., 2010). These cosmopolitan species thrive in waters with high organic parameter values. Zygnematophyceae diversity indices in the Bamenda wetlands varied significantly among sites. These variations may be explained by the specific characteristics of each site. Sites on the outskirts of Bamenda received pollutants from agropastoral activities, whereas those in the city centre received pollutants from industrial, commercial, and domestic activities. Site 1, which had the highest species richness, was located near Nkwen Market. Compared with the other sites, site 1 received more light and was characterised by high conductivity (214.45–235.67 µS/cm) and nitrate concentrations (6.01–7.25 mg/L), which are parameters of organic pollution. Light is crucial for phytoplankton photosynthesis (Behrenfeld et al., 2006). The high abundance of Zygnematophyceae at sites 1 and 6 may be attributable to the high concentrations of nitrogen and phosphorus compounds at these sites. According to Prygiel and Coste (2000), nitrogen and phosphorus are limiting factors in the development of freshwater algae. Zygnematophyceae dominance was significantly low (0.13–0.71) across the study sites. This low dominance reflected the high species richness of Bamenda’s wetlands. According to Dibong and Ndjouondo (2014), low dominance indicates that the algal population is not influenced by a single species but instead comprises the strong development of several different taxa. The Shannon–Weaver diversity indices at sites 5, 8, and 14 were below 1, whereas those at the other sites were between 1 and 3. These results showed that Zygnematophyceae diversity in the Bamenda wetlands was generally moderate, with low diversity at sites 5, 8, and 14. Greater species diversity in an environment characterises a stable, senescent community with a complex species composition (McCann, 2000; Kemka et al., 2004). Except at sites 4, 5, 6, and 8, Zygnematophyceae equitability indices were greater than 0.5 and approached 1. According to Pielou (1966), this indicates that the collected species had similar abundances and were evenly distributed across most sites.
The distribution of Zygnematophyceae species was reflected in the factorial analysis. This distribution may be explained by human activities within each ecosystem, as reported by Taffouo et al. (2017). It may also result from a combination of factors, such as nutrient availability and water hydrodynamics at the study sites.
 
6. Conclusion 
The survey documented 22 Zygnematophyceae species distributed among 10 genera, four families, and two orders across 16 wetlands in Bamenda. Desmidiaceae and Closteriaceae contributed the greatest numbers of recorded species, while nine taxa were identified as the most common and abundant members of the assemblages. Species richness, abundance, dominance, diversity, and equitability differed among sampling sites. The highest abundances were recorded at sites 1 and 6, whereas the Shannon–Weaver results indicated low diversity at several sites and moderate diversity at most of the remaining sites. Hierarchical classification separated the wetlands into four groups based on their species assemblages, demonstrating spatial variation in community composition. These findings establish a preliminary inventory of Zygnematophyceae in the study area and provide baseline information for future ecological assessment
Limitations 
The study was restricted to 16 sites selected near roads and bridges, which may not represent all wetlands in Bamenda. Species identification relied on light microscopy without molecular confirmation, voucher material, or scale bars for the illustrated taxa. Future studies should include a larger number of wetlands representing different locations and levels of human influence across Bamenda. Standardised sampling should be conducted across both wet and dry seasons to determine temporal changes in species diversity and abundance. Integrating these data through appropriate multivariate analyses would improve understanding of the environmental factors associated with Zygnematophyceae distribution and strengthen their potential use in long-term wetland monitoring.
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