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Abstract The substantial variations in the anatomy,

physiology and life-history trait of wetland plants tend

to limit their ability to tolerate environmental stressors

and can consequently affect their community compo-

sition and distribution. Comparative studies of wet-

land plants among water bodies of varying

limnological characteristics are useful in understand-

ing the different wetland plant communities’

responses to different environmental drivers. This

study examined how community structural assem-

blages in six different tropical wetlands responded to

environmental disturbances over a 1-year period

(January–December 2017). They included three stand-

ing marshes (Kukobila, Tugu and Wuntori marsh-

lands); two riparian systems (Adayili and Nabogo);

and one artificial wetland (Bunglung). The prevalence

index method was used to categorize plants as wetland

or non-wetland species. Geometric series, individual-

based rarefaction and Renyi diversity ordering models

were applied to quantify community structural assem-

blages, while a direct ordination technique (CCA) was

used to determine the how they respond to the

influence of environmental factors. A total of 3034

individuals, belonging to 46 species from 18 families,

were registered across the six wetlands. Grasses, herbs

and woody species constituted 42.2%, 42.2% and

15.5%, respectively. Obligate species constituted

30.4%, while facultative wetland and obligate upland

species were 47.8% and 26.1%, respectively. Wuntori

marshland (n = 768) recorded the highest species per

plot (18.73 ± 2.49), while Adayili riparian wetland

(n = 260) was the least recorded (6.34 ± 1.80).

Chrysopogon zizanioides, Echinochloa stagnina and

Pennisetum polystachion were the most abundant

species. Species assemblages were influenced by

grazing, farming, fire, phosphorus, potassium and soil

pH. These variables explained 61.29% of total vari-

ances in species abundance distribution, richness and

diversity. The results highlight the threats on the

wetlands and the need to protect them from further

degradation.
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Introduction

Aquatic plants are vital components of many fresh-

water ecosystems (Lacoul and Freedman 2006a, b, c).

They vary substantially in their anatomy, physiology

and life-history traits, and as such, their ability to

tolerate inorganic and biological stressors like extreme

regimes of flow velocity, irradiance, salinity, ice

cover, temperature, nutrients, pollutants, competition,

herbivory and disease tend to affect their community

composition and distribution (Lacoul and Freedman

2006a, b, c). For instance, the structural assemblages

of wetland vegetation have largely been linked to

major hydrological factors like duration and depth of

flooding (Gunderson 1994) and soil physical charac-

teristics (Kirkman et al. 2000). Also, phosphate

derived from agriculture, sewage and industry has

been regarded as a key driver of the loss of aquatic

plants, because it promotes a transition from clear

water in which macrophytes can flourish to highly

adverse conditions dominated by phytoplankton and

filamentous algae (Lambert and Davy 2010). These

ecological factors can be used to identify species and

communities that are key indicators of important

changes in their ecosystem, including those that may

serve as gauges of ecological integrity (Fennessy et al.

1998; Aznar et al. 2003). Comparative studies of

aquatic plants among water bodies differing in

limnological characteristics (Hutchinson 1975) are

useful in understanding the different wetland plant

communities’ responses to different environmental

drivers of change.

Many scientists have recognized the complex

interactions between aquatic plants and environmental

factors, as key determinants of community structural

distribution and diversity at the local to regional level

(van Geest et al. 2003; Ot’ahel’ová and Valachovič

2006; Janauer and Dokulil 2006; Pinto et al. 2006).

One analytical technique that has been widely used to

evaluate the influence of suites of physical–chemical/

environmental factors on macrophytes is the multi-

variate ordination approach (e.g. canonical correspon-

dence analysis, detrended correspondence analysis

and redundancy analysis) (Heegaard et al. 2001;

Mackay et al. 2003; Murphy et al. 2003; Mäkelä

et al. 2004; Lacoul and Freedman 2006a). Thus, the

application of this technique in this study is most

appropriate and could provide a better explanation of

how key environmental drivers influence the plant

community assemblages across the six wetlands that

serve as a major source of livelihood to rural

communities.

Wetlands in Ghana are generally categorized under

both lotic and lentic systems and include coastal

lagoons (estuaries)—along the ocean front, inland

rivers, marshes and man-made lakes (Biney 1990).

These wetlands are threatened by industrial and

domestic activities, turbid inflows and eutrophication

(Biney 1990). Wetlands from the Northern Region of

Ghana play a critical ecological and economic role in

the livelihoods of rural dwellers, such as fish supply,

water for irrigation, source of thatch materials for

roofing, herbal extraction and flood attenuation (Nsor

and Alhassan 2015). However, their functional status

has been of high conservation concern in recent times

(e.g. Nsor and Obodai 2014, 2016; Nsor et al. 2016).

Scientific studies on plant structural assemblages

among wetlands in Northern Savannah Region of

Ghana are scanty or poorly investigated (e.g. Nsor and

Obodai 2014, 2016). In this study, we examine natural

and anthropogenic influences on the distribution and

abundance of aquatic plants and develop a conceptual

model of those diverse interactions. The aim of this

study was to investigate how environmental factors

such as bushfire, grazing, farming activities, erosion

and soil nutrient status influenced community struc-

tural assemblages and diversity. We hypothesized

that: (a) community structural assemblages following

their response to environmental factors will not vary

across the six wetlands and (b) processes that structure

assemblages in the various habitats will not change.

We also seek to find out which major environmental

factors are driving changes in community

assemblages.

Methods

Study area

The study area is located in the Northern Region of

Ghana, between 8� and 11�N. The co-ordinates of the

six wetlands are as follows: Kukobila 10�08.7230N;

0�48.1790W; Tugu 09� 22.5500N; 0�35.0040W; Bun-

glung 09�35.5760N; 0�47.4430W; Adayili 09�41.3910N;

0�41.4800W; Nabogo 09�49.9410N; 0�51.9420W; and

Wuntori 09�08.3350N; 0�109.6850W (Fig. 1). These

wetlands were selected for this study because they
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represent the different types of wetlands found in

Northern Ghana, following the description by Ramsar

Convention on wetlands classification (2014). Kuko-

bila, Wuntori and Tugu wetlands constituted standing

permanent marshes; Adayili and Nabogo represented

riparian wetlands, while Bunglung is an artificial or

man-made wetland. There is an extensive floodplain

along the course of the Volta and Nasia Rivers, which

has overtime become incised and modified through

meandering and aligning along various topographic

features (Slaymaker and Blench 2002). This has led to

the development of streams that have diverted from the

main White Volta (Slaymaker and Blench 2002). The

landscape is gently undulating, with broad and poorly

drained valleys and a crest of the scarp forms the

northern boundary of the Nasia River. The fine sandy

loam soils are from Upper Voltaian sandstone, while

the iron pan concretion and the yellow sandy loams

soils are from the Lower Voltaian shales and alluvial

floodplains and sloughs (i.e. swamps or shallow lakes,

mostly from backwater to a larger water body: Mitsch

and Gosselink (1993).

The vegetation cover is a mixture of grassland

dominated by Chrysopogon zizanioides and Echino-

chloa pyramidalis and woodland (e.g. Vitellaria

paradoxa) interspersed with shrubby communities of

Mitragyna inermis and Vitex crysocarpa. The trees are

short (av. 3–5 m), with thick bark and occlusions,

indicating their adaptation to the cyclical dry season

with bush fires. Altitude is 108–138 m above mean sea

level. Hydrological regimes of the six wetlands under

study were characterized by permanent water all year

round, and whose depth did not exceed 2 m on average

in the dry season. All the wetlands were within the

K = Kukobila 
N = Nabogo 
A = Adayili 
B = Bunglung 
T = Tugu 
W = Wuntori 

Fig. 1 Map of the study areas, showing the location of the wetlands in the floodplains of the White Volta River catchment, Northern

Region, Ghana
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catchment of the main White Volta River or its

tributaries. Wetland areas were measured on spot and

Landsat images using Google Earth Pro Software. They

were as follows: (a) Wuntori = 7.7 ha; (b) Kuko-

bila = 8.9 ha; (c) Tugu = 2.7 ha; (d) Nabogo = 7.9 ha;

(e) Adayili = 6.7 ha; and (f) Bunglung = 11.05 ha

(Fig. 1).

Vegetation sampling procedure

Sampling of aquatic plants was carried out in each of

the 24 modified-Whittaker plots (Stohlgren et al.

1995) over a 1-year period. Sampling was done in the

long dry season (i.e. January–June and November–

December). The modified-Whittaker plot is a vegeta-

tion sampling design that is used to assess plant

communities at multiple scales (Stohlgren et al. 1995).

The use of 24 Whittaker plots of 1000 m2

(50 9 20 m) was largely influenced by the presence

of ground cover within the delineated zone of contin-

uous wetness, relative to the area occupied by open

water. We used this plot type at various scales of 1 m2,

10 m2, 100 m2 and 1000 m2. Four Whittaker plots

were randomly laid in each of the six wetlands, and

along an environmental gradient of the vegetation type

being sampled, in order to record majority of species

heterogeneity. Sampling gradients for species–envi-

ronmental factors were site specific. Plot dimensions

were 20 m 9 50 m (1000 m2) containing three dif-

ferent sizes of nested subplots. A 5 m 9 20 m

(100 m2) subplot was placed at the centre of the plot,

while two 2 m 9 5 m (10 m2) subplots were placed in

opposite corners of the plot. The remaining ten of

0.5 m 9 2 m (1 m2) subplots were placed at the edges

of the main plot. Plots were laid perpendicular on the

environmental gradient of the vegetation type being

sampled, in order to register majority of species

heterogeneity and to determine how species assem-

blages were influenced by the identified disturbance or

responded to the environmental factors. Modified-

Whittaker plots have the ability to detect more species

than round or square quadrats, at multiple scales, and

as such, its shape is kept consistent for the plot and its

nested subplots (Stohlgren et al. 1995). Sampling was

done twice, covering the seven-month period in the

dry season. Only new species that were detected in the

repeated sampling were recorded. The Domin–Krajina

cover abundance scale was used to estimate ground

cover (see Mueller-Dombois and Ellenberg 1974).

Plants were identified up to species level, with the aid

of keys developed by Johnson (1997), Okezie and

Agyakwa (1998) and Arbonnier (2004). Identified

species were further classified as wetland and non-

wetland plants, following the proposed criteria devel-

oped by Keddy (2002). The rationale for this classi-

fication was to quantify species that are typical

hydrophytes and those that are not, but have over

time shifted or migrated from their ranges (i.e. dryland

areas) and subsequently adapted to continuous wet-

ness, following physiological and morphological

modifications of their structure. The prevalence index

method (Cronk and Siobhan-Fennessy 2001) was

employed to classify the weighted average of indicator

status of sampled species as follows: obligate plants

(OBL) = 1.0; facultative wetland plants (FACW) =

2.0; facultative plants (FAC) = 3.0; facultative

upland plants (FACU) = 4.0; and obligate upland

plants (UPL) = 5.0. These categories are described as

follows: obligate wetland plants (i.e. hydrophytes

with[ 99% probability of occurring in wetlands);

facultative wetland plants (usually found in wetlands

with an estimated probability of 67–99% occurrence,

but occasionally found in uplands); facultative plants

(having 34–66% equal chance of occurring in wet-

lands); facultative upland plants (usually occur outside

wetlands, but occasionally found in wetlands); and

obligate upland (occur only in uplands) (Tiner 1999).

In addition to the indicator status categories, positive

(?) sign was used to indicate all facultative species

categories with a frequency towards wetter ends (more

frequently found in wetlands) and the negative (-)

sign with a frequency towards drier ends (less

frequently found in wetlands) (Tiner 1999).

Plant species in each plot were identified, counted

and classified under the different species indicator

status, to determine their relative abundance. Total

number of species in each indicator status category

was subsequently divided by the total number of plots

on which they were sampled, in order to obtain the

average for each plot. Plots that scored\ 3.0 were

considered to be obligate wetland plants (OBL) and

those that scored[ 3.0 were designated as upland

plants (FACW; FAC; FACU; and UPL categories),

which may have migrated into the wetlands over time

(Cronk and Siobhan-Fennessy 2001). We further

counted species from each of the indicator status

category and expressed it as a percentage of the total

species sampled, in order to determine whether the
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wetland plant communities are predominantly

hydrophytes.

Assessment of environmental variables

Random soil samples were taken with a soil augur at a

depth of 15 cm, using the zigzag sampling method

(Carter and Gregorich 2007) on each of the 24

modified-Whittaker plots. This multiple random soil

sampling method was aimed at increasing the sam-

pling effort by covering large areas of the near-level

and slopping landscape signature of the six study sites.

Three composite samples were taken from three

different locations of 25 cores, in a grid design form

on each plot (50 m 9 20 m2). Eight cores each from

two locations and nine cores from one location were

sampled, bringing the total to 25 cores across the three

locations on each plot. Samples were put in transpar-

ent polyethylene bags and labelled according to the

code assigned to each plot and taken to the laboratory

to analyse the presence of nitrogen, phosphorus,

potassium, magnesium, calcium and soil pH, using

atomic absorption spectroscopy (AAS) techniques

(Murphy and Riley 1962; van der Merwe et al. 1984).

Organic carbon was determined using the Walkley–

Black method (Walkley and Black 1934; Walkley

1947). All analyses were carried out at the Savanna

Agricultural Research Institute (SARI) at Nyankpala

in the Northern Region.

Human-led factors such as farming activities,

grazing intensity, erosion and bush fire, were mea-

sured, by adopting the model approach of Salafsky

et al. (2008) and Battisti et al. (2009). Identifying these

threats and their regime is important when assessing

the status of wetlands of high conservation concern for

efficient management. These environmental factors

were identified and recorded, following ground

truthing assessment. The hierarchical classification

of these threats (based on their relative severity) was

comprehensive (contains all possible items, at least at

higher levels of the hierarchy), consistent (ensures that

entries at a given level of the classification are of the

same type), expandable (enables new items to be

added to the classification if they are discovered) and

exclusive (allows any given item to only be placed in

one cell within the hierarchy) (Salafsky et al. 2008). A

score ranging from 1 to 4 (1 being the lesser impact

and 4 the highest impact) was used to assess scope and

severity of every threat. More precisely, for ‘scope’ we

referred to the percentage ratio of the study area

affected by a specific threat within the last 5 years

(where 100% correspond to total site area: v ha)

(Battisti et al. 2009). The scores were assigned as

follows: 4: the threat is found throughout (50%) the

site area; 3: the threat is spread in 15–50% of the study

area; 2: the threat is scattered (5–15%); and 1: the

threat is much localized (\ 5%). The assessment of all

identified threats was carried out within 1.2 km radius

around each of the wetland, since all land use activities

that we measured were observed within the stated

radius following preliminary survey.

Statistical analysis

An initial test was undertaken to determine whether

the data collected were normally distributed, using

Shapiro–Wilk test. This prior test was meant to

determine the appropriate statistical test to subject

data to (i.e. parametric or nonparametric data analysis

approach) (Kent and Coker 1992). Canonical corre-

spondence analysis (a multivariate direct ordination

method) was performed to elucidate the relationship

between environmental drivers of change and species

assemblages across the six wetlands, using Environ-

mental Community Analysis version 1.3 (ECOM.exe)

1.4 package (Henderson and Seaby 1999). The method

is designed to extract synthetic environmental gradi-

ents from ecological data sets (ter Braak and Verdon-

schot 1995). To remove multicollinearity (i.e. perfect

correlation with other predictors, which tend to inflate

variances of the parameter estimates), we used the

ridge regression method (which is a variant to least

squares regression that ensure a smaller variance in

resulting parameter estimates (Schreiber-Gregory and

Jackson 2017), by initially examined the variance

inflation factor (VIF) and tolerance. Triplots relating

to species, environmental factors and sample plots, in

all six wetlands, were created to visually interpret the

CCA outcomes. Arrows indicate the direction and

maximum strength of each of the environmental

factors on the species assemblages across the wet-

lands. A Monte Carlo permutation test (9999 itera-

tions) was used to test for significance of the

eigenvalues, generated by the first two axes in the

analyses of species to environmental variables.

Kruskal–Wallis test (a nonparametric test statistics)

was used to determine whether environmental vari-

ables differed significantly among the six wetlands,

123

Aquat Ecol (2019) 53:119–136 123



using SPSS version 20. A Student t test was applied to

determine whether there was a significant difference in

species categories (i.e. FACW, FAC, FACU and UPL)

shifting towards wetter areas than drier areas.

Species abundance distribution (SAD)

Species abundance as a measure of diversity was

quantified using rank abundance model (Magurran

2004). In each site, we listed the number of plant

species say S1 represented by one individual and the

number of species, say SK, represented by K individ-

uals, where K denotes the abundance of the most

abundant species and S1 ? ��� ? SK = S (Fattorini

2013). Accordingly, the sequence of relative frequen-

cies fr = Sr/S (r = 1…K) constitutes a frequency

distribution for the number of individuals per species

which is usually referred to as the species–abundance

curve (Fattorini 2013). We then fitted the geometric

model (GS) in the species data (raw abundance) using

the regression model approach (Fattorini 2005), to

determine how the species communities are assembled

in each habitat. This model approach was used in order

to test against the null hypothesis (Ho) that species

abundance distribution and richness did not differ in

each of the six sites. All the species in each of the four

Whittaker plots per wetland site were ranked from the

most to the least abundant on the rank abundant curve

(Fattorini et al. 2016). Each species rank is plotted on

the x-axis and the abundance plotted on the y-axis.

With the geometric series, if a log scale is used for

abundance, the species exactly fall along a straight

line, according to the model equation

logA ¼ b0 þ b1R, where A is the species abundance,

R is the respective rank and b0 and b1 are optimized

fitting parameters (Fattorini et al. 2016). Analysis of

covariance (ANCOVA) was applied to test for the

significant difference of the slope of the species

abundance distributions (SADs) for the six habitats,

while Pearson’s Chi-square test (v2) was applied to

determine whether an observed distribution along the

goodness of fit statistically differed in the GS model.

The SAD model is mostly used to measure the impact

of disturbance on community structure (Gray and

Mirza 1979), while the geometric series (a proposed

SAD model) represents species distribution with lower

evenness and provides a good fit to simple commu-

nities characterized by the high dominance of a few

species (Magurran 2004). The shape of the frequency

distribution gives an insight into the species abun-

dance distribution of the communities under study.

Individual-based rarefaction techniques (Gotelli

and Colwell 2011) were applied to compare plant

richness across the six sites (rarefaction curves).

Rarefaction curves are created by randomly re-sam-

pling the pool of N samples multiple times and then

plotting the average number of species found in each

sample (1, 2… N) (Gotelli and Colwell 2001). Thus,

rarefaction generates the expected number of species

in a small collection of n individuals (or n samples)

drawn at random from the large pool of N samples.

The rarefaction curve fn is defined as (Gotelli and

Colwell 2011):

fn ¼ E Xn½ � ¼ K � N

n

� ��1Xk
i¼1

N � Ni

n

� �
ð3Þ

where Xn = the number of groups still present in the

subsample of ‘n’ less than K whenever at least one

group is missing from this subsample, N ¼ total

number of items, K ¼ total number of groups; Ni ¼
total number of items in group i i ¼ 1; . . .kð Þ (Gotelli

and Colwell 2001; Siegel 2006). Thus, the linear

model for the GS was fitted for each rarefied run in

order to build the 95% confidence limits for the slopes

of all six sites. Rarefaction methods—both sample

based and individual based—allowing for meaningful

standardization and comparison of data sets (Gotelli

and Colwell 2001) have been used on vegetation

community structure analysis. Finally, Renyi diversity

ordering approach (Renyi 1961) was applied to

quantify and compare current species diversity status

among the six sites, following initial analysis that

resulted in various diversity indices. Thus, Renyi

diversity ordering has the ability to harmonize the

different techniques and indices developed for biodi-

versity analysis (e.g. Berger–Parker, Shannon–Wei-

ner, Simpson’s 1_D, diversity indices, Pielou

evenness) that makes it complex to select the right

tool for comparing biodiversity measurements

(Magurran 2004). Renyi (1961) extended the concept

of Shannon’s entropy (Shannon 1948), by defining the

entropy of order a (a C 0, a = 1) of a probability

distribution (p1, p2….ps). Diversity profile values (H-

alpha) were calculated from the frequencies of each

component species (proportional abundances

pi = abundance of species i/total abundance) and a
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scale parameter (a) ranging from zero to infinity as

(Tóthmérész 1995):

Hað Þ ¼ log
Xs
i�1

pia

 !
= 1 � að Þ ð4Þ

Plant species were subjected to Kruskal–Wallis

H test to determine whether overall species abun-

dance significantly differed among the sample

blocks in the two sites. Homogeneity of species

variance among the six sample blocks was evalu-

ated, using Levene test (Levene 1960), defined as

W ¼ N�k
k�1

� � Pk

i¼1
Ni �Zi� �Zið Þ2Pk

i¼1

PNI

J¼1
Zij� �Zið Þ2 where Zij can have one

of the following three definitions:

Zij ¼ YIJ � �Yi

�� �� where �Yi is mean of the ith

subgroup; �Yi is the median of the ith subgroup; and

finally, Zij ¼ YIJ � �Y
ı
i

��� ���, where �Y
ı
i is the 10%

trimmed mean of the ith subgroup. �Zi are the group

means of the Zij, and �Z is the overall mean of the Zij.

Kruskal–Wallis H test (a rank-based nonparametric

test approach) was then used to determine whether

overall species abundance significantly differed

among the six wetlands. This was followed by the

application of Dunn’s post hoc multiple comparison

test (Dunn 1961), to determine the differences in

species abundance and richness between each of the

six wetlands. All analyses of species abundance,

richness and diversity ordering were performed using

PAST ver. 3.06 software package (Hammer et al.

2001), which contains robust algorithm (Krebs 1989).

Results

Composition of species indicator status, classified

as wetlands and non-wetlands, across the six sites

Initial test for normality showed that plant data were

not normally distributed (p = 0.841, Shapiro–Wilk

test). A total of 3034 individuals, belonging to 45 plant

species from 18 families, were registered across the six

wetlands. Grasses, herbaceous and woody cover

constituted 42.2%, 42.2% and 15.5%, respectively

(Table 1). We recorded 14 obligate species (OBL)

(e.g. Cyperus distans, Nymphaea micrantha and

Ipomea aquatica) in ten out of the 24 Whittaker plots,

with an average of 1.3 species/plot and a cumulative

weighted score\ 3.0 (Table 2). Overall, OBL species

(i.e. typical hydrophytes) were substantially less

abundant (p[ 0.05) compared with the remaining

indicator categories (FACW, FAC, FACU and UPL)

and constituted 28.8% of the total species sampled

(Table 2). OBL species mostly grasses and herbs were

mainly from Wuntori, Tugu and Kukobila marshlands.

Facultative wetland species (FACW) such as L.

hexandra, Echinochloa stagnina and Kyllinga pumila

were the most abundant (46.6%), while obligate

upland species (UPL) (e.g. Helioptropium indicum

and Imperata cylindrica) of dryland origin were the

least abundant and constituted 26.6% of the total

registered (Table 1).

Species categorized as FACW, FAC, FACU and

UPL, with similar physiognomic characteristics and

frequently grow on dryland areas or derived savannah,

appear to adapt or grow in continuous wetter condi-

tions, although their overall shift towards these

wetlands was not significant (t test = 1.87, p = 0.11)

(Fig. 2). Average species/plot from these four indica-

tor categories (FACW, FAC, FACU and UPL) ranged

between 3.25 and 7.5, with a cumulative weighted

score[ 3.0. Woody species (e.g. Syzygium guineense,

Ziziphus abyssinica, Vitex crysocarpa and Khaya

senegalensis) were relatively dominant in Adayili

and Nabogo riparian wetlands (Table 2).

Species abundance distribution (SAD)

and community structural assemblages

Species abundance differed significantly across the six

sites (Hc = 30.59, p\ 0.0001, Kruskal–Wallis test).

Dunn’s post hoc test showed that species differed

between Kukobila and Adayili (p\ 0.001), Kukobila

and Nabogo (p\ 0.011), Tugu and Adayili

(p\ 0.0004) and Tugu and Nabogo (p\ 0.003).

Species from Wuntori marshland also differed sub-

stantially from that of Bunglung (p\ 0.03), Adayili

(p\ 0.0005) and Nabogo (p\ 0.0009) wetlands.

Wuntori marshland (n = 768) recorded the highest

mean number of species (18.73 ± SE 2.49), while the

least was registered in Adayili riparian wetland

(n = 260, 6.34 ± SE 1.80) (Table 3). Homogeneity

of variance in species composition substantially

differed in each of the six sites (p\ 0.04, Levene’s

test) (Table 4).
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Table 1 Plant species showing the application of Cronk and Siobhan-Fennessy (2001) and Tiner (1999) model to categorize species

under different indicator statuses

Obligate wetland sp.

(OBL)

Facultative wetland sp.

(FACW)

Facultative sp.

(FACU)

Facultative upland sp.

(FAC)

Obligate upland sp.

(UPL)

Cyperus difformis Cynodon dactylon? Brachiaria mutica? C. retusa*- C. retusa*-

Cyperus spacelatus Chrysopogon zizanioides*? Crotalaria

retusa*-

E. pyramidalis? Chrysopogon

Cyperus distans Echinochloa stagnina ? C. dactylon? Imperata cylindrica*- zizanioides*?

Ceratophyllum

demersum

Echinochloa pyramidalis? C. zizanioides*? H. indicum*? H. indicum*?

Eleocharis mutata Fimbristylis ferruginea*? E. pyramidalis? Ludwigia hyssopifolia*? I. cylindrica*-

Ipomea aquatica Heliotropium indicum*? H. indicum*? Mormodica chrantia*- Khaya senegalensis*-

Ludwigia octovalvis Leersia hexandra? P. polystachion*- P. polystachion* - L. hyssopifolia*?

Neptunia oleracea Ludwigia hyssopifolia*? Salacia reticulate? S. sanguineum*? M. chrantia* -

Nymphaea micrantha Mitragyna inermis? Scoparia dulcis*? S. pumila*? P. polystachion*-

Oryza longistaminata Mimosa pigra? S. sanguineum*? Z. abyssinica – P. violaceum*-

Persicaria decipiens Pennisetum polystachion*- Syzygium

guineense?

Trianthema

portulacastrum*?

Panicum maximum*-

Paspalum vaginatum Phyllanthus amarus? Vitex crysocarpa? Celosia isertii*? Hyperthelia

dissolute*?

Paspalum

scrobiculatum

Scoparia dulcis*? Ziziphus

abyssinica-

Ageratum conizoides*?

Pistia stratiotes Setaria pumila*? Sporobolus

pyramidalis*?

Saciolepsis africana?

Salacia reticulate?

Kyllinga pumila?

Eclipta alba?

Ludwigia abyssinica?

Alternanthera sessilis?

Aeschynomene indica?

30.4% 47.8% 28.2% 30.4% 26.1%

*Dryland weeds of arable and plantation crops/derived savanna. Indicators of frequency species shifting towards wetter areas are

denoted by (?) and towards drier areas by (-) signs. The percentages at the bottom represent the relative abundance of species

categories (i.e. OBL, FACW, FACU, FAC and UPL) from the total species sampled (N = 46 species)

Table 2 Summary of indicator species categories, showing their relative dominance among the 24 Whittaker plots

Indicator species status No. of species No. of plots dominated Av. species/plot Rank

Obligate wetland species (OBL) 14 10 1.4 \ 3

Facultative wetland species (FACW) 21 5 4.2 [ 3

Facultative species (FAC) 13 4 3.25 [ 3

Facultative upland species (FACU) 14 2 7.5 [ 3

Obligate upland species (UPL) 11 3 3.66 [ 3

Plots that score\ 3 are considered to be hydrophytes, and those that score[ 3.0 are designated upland (Cronk and Fennessy 2001)
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Geometric series model was well fitted in species

abundance distribution (SAD) and showed overall

significant difference (slope of SAD: F-test = 4.58,

p (regr): 0.012, ANCOVA interactions 9 species

rank) (Fig. 3; Table 4). But from individual wetlands,

we observed a significant variation in plant abundance

distribution along the slopes of five SAD curves, with

the exception of Bunglung constructed wetland, which

showed no difference in species distribution (slope

[k] = - 0.09 ± 0.16, R2 = 0.008, v2p = 0.56)

(Fig. 2; Table 4). Adayili riparian wetland

(k = - 0.28 ± 0.11, R2 = 0.15, v2p = 0.01) and

Nabogo riparian wetlands (k = 0.72 ± 0.09,

R2 = 0.62, v2p = 0.0002) showed higher significant

difference in species abundance distribution compared

with the three marsh systems. Comparison of SADs

for the six sites helps in distinguishing the wetlands

species abundance in relation to environmental influ-

ence in their distribution. Thus, sites that recorded less

species abundance like Adayili riparian system

(n = 260, 6.3 ± SE 1.8) were more spatially dis-

tributed as shown in their shallow rank abundance

curve, while sites like Wuntori marshes with the

highest species abundance (n = 768, 18.73 ± SE

2.49) were less spatially distributed, as indicated in

the steep rank SAD curve (Fig. 3; Table 4). These

distribution patterns generally revealed differences in

plant dominance from individual wetlands, which
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Fig. 2 Indicator species

status showing the

frequency of species shift

towards wetter and drier

areas. The abbreviations

denote the fallowing:

facultative wetland plants

(FACW); facultative plants

(FAC); facultative upland

plants (FACU) and obligate

upland plants (UPL)

Table 3 Mean number of plants counted at each of the 24

modified-Whittaker plots, across the six wetland types, from

January 2017 to December 2017 (n = 3034). Description and

categorization of wetland types/characteristics were adopted

from Ramsar Convention (2014)

No. of individuals Mean ± SE Variance (s2)

Kukobila 708 17.26 ± 2.07 175.50

Tugu 556 13.56 ± 1.82 135.25

Wuntori 768 18.73 ± 2.49 254.6

Adayili 260 6.34 ± 1.80 133.3

Nabogo 311 7.58 ± 1.67 114.69

Bunglung 433 10.56 ± 1.72 121.05

The permanent freshwater marshes included: Kukobila, Tugu

and Wuntori. Adayaili and Nabogo represented riparian

wetlands, while Bunglung represented man-made wetland

Table 4 Results of the

geometric series model for

the abundance rank

distribution of plant species,

calculated for each of the

six wetland systems

Sample Intercept ± SE Slope ± SE R2 Prob.

Kukobila 13.10 ± 3.12 0.31 ± 0.18 0.07 0.08

Tugu 9.47 ± 2.93 0.24 ± 0.17 0.07 0.08

Wuntori 6.93 ± 3.01 0.86 ± 0.17 0.40 0.0003

Adayili 11.64 ± 2.6 - 0.28 ± 0.11 0.15 0.01

Nabogo 2.9 ± 1.19 0.72 ± 0.09 0.62 0.0002

Bunglung 11.28 ± 2.13 - 0.09 ± 0.16 0.008 0.56

Slope of SAD: F-test = 4.58, p (regr): 0.012

(ANCOVA interactions 9 species rank)
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Fig. 3 Geometric model for species rank abundance distribu-

tion across the six wetlands in Northern Region. Abundance is

based on cumulative cover values per species per test site.

Notice that SADs are ordered in decreasing magnitude and

plotted against their corresponding rank
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indicate their relative success at competing for soil

resources within their niche space.

Plant assemblages in the six wetlands showed that

species were ranked from highest to least abundance

(Fig. 3). Fewer than four species from the Poaceae

family, namely C. zizanioides, E. stagnina, Imperata

cylindrica and Pennisetum polystachion, were the

most abundant that occurred in all six wetlands and

constituted 8.88% of the total sampled (n = 45). The

least abundant species was a tree (Mahogany: Khaya

senegalensis, 2.22%) which was found only in the two

riparian wetlands. Nearly all woody species were

mostly found along the fringes of the riparian zone,

while grasses and herbs were more widespread in the

three natural marshes and the constructed wetland.

Rarer species, with the same proportional representa-

tion, in the three marshes, were the least ranked on the

SAD curve and included: Crotalaria retusa, Syzygium

guineense and vitex crysocarpa (Kukobila wetland);

Salacia recticulata and Mimosa pigra (Tugu wetland);

and Ludwigia hyssopifolia, Mitragyna inermis and

Syzygium guineense (Wuntori marshland) (Fig. 3).

Cyperus distans and Ludwigia hyssopifolia were the

least ranked in Nabogo riparian and Bunglung

constructed wetlands, respectively. The presence of

rarer woody species was well adapted to continuous

wet condition and functionally coexisted with the

dominant grasses and herbaceous cover.

Generally, species richness did not show any

substantial variations among the sites (Hc = 5,

p = 0.451, Kruskal–Wallis test) (Fig. 4). But compar-

ing individual sites, we observed that the three

marshes were much richer in species than the riparian

wetlands and the constructed wetland (p\ 0.05).

Adayili riparian wetland was the most species poor,

with the lowest turnover. Observed variations in

species structural assemblages (i.e. abundance and

richness) are reflected in their spatially even distribu-

tion as shown in the Renyi diversity ordering (Fig. 5).

Renyi diversity curves showed a clear tight bend from

higher to lower diversity index, along alpha (a) scale

values. Although species diversity generally did not

differ significantly (Hc = 1.557, p = 0.91, Kruskal–

Wallis test) among the six sites, individual sites

revealed Adayili riparian wetland, to be the most

diverse (a scale = 0.04, Renyi index (r) = 4.90 to a
scale = 3.96, r = 2.89), in spite of its lowest species

abundance and richness. The high diversity in this site

was linked to its shallower SAD curve (i.e. lowest

Fig. 4 Standardized comparison of species richness for two

individual-based rarefaction curves. The data represent sum-

mary counts of plant species that were recorded from the six

wetlands. The various colour lines are the rarefaction curves,

calculated from Eq. 3 (Mendelssohn et al. 1988), with a 95%

confidence interval. The dotted vertical lines illustrate a species

richness comparison standardized to 260 individuals, which was

the observed species abundance in the Adayili riparian system

out of the six wetlands data

Fig. 5 Renyi diversity ordering that compares tree evenness

and richness in each of the six blocks found in the intact and

logged sites. Note that the shape of the curve for a site is an

indication of its evenness profile. Thus, shallower shape reflects

high diversity and found on top of the curve, while steeper shape

curve indicates less diversity and found at the bottom. Notice

that Adayili riparian wetland (green colour) is the shallowest

curve and spatially evenly distributed, while the steeper curves

were observed from Tugu and Wuntori marshes, with the least

evenness distribution. (Color figure online)
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species abundance) (Fig. 4). Nabogo riparian wetland

was the second most diverse (a = 0.04, r = 4.9 to

a = 3.96, r = 3.03), while the least species diverse was

observed in Tugu (a = 0.04, r = 4.89 to a = 3.96,

r = 2.85) and Wuntori (a = 0.04, r = 4.88 to a = 3.96,

r = 2.83) marshes, even though they recorded highest

species abundance and richness (individual-based

rarefaction, Fig. 3). The diversity curve of these two

sites appeared similar at the bottom of the Renyi index

curve and was the least diverse (Fig. 4). The relation-

ship between a scale values and diversity indices,

especially at high infinities (a[?), had low propor-

tion of diversity indices and dominant species.

Environmental influence on community

abundance distribution and diversity across the six

wetlands

The matrices of the species-site biplot generated by

CCA revealed magnesium (r = 0.77), bushfire

(r = - 0.47) and soil pH (r = - 0.37) on axis I and

farming activities (r = - 0.44), potassium (r = 0.41),

phosphorus (r = 0.35 and nitrogen (r = 0.41) on axis

II, to be the key environmental drivers of community

abundance distribution and diversity among the wet-

lands (Fig. 6; Table 5). The first two axes accounted

for 61.29% of the variation in the weighted averages of

the 45 species in relation to 11 environmental factors

(Table 5). Since cumulative percentage variances for

axes I and II together accounted for more than 50% of

species variations, axes III were not considered.

Canonical coefficients of the environmental variables

correlated significantly (t = - 0.6024; p\ 0.05) for

axis I and axis II (approximate t test, ter Braak 1986)

and varied substantially, in all six sites (Kruskal–

Wallis test, p\ 0.05). Monte Carlo test further

indicated a significant difference (p\ 0.01) between

eigenvalues generated for the two axes, as shown in

the varying responses of species to environmental

factors (Fig. 5; Table 5).

Obligate wetland species (OBL), namely Pistia

stratiotes Linn, N. micrantha Perr. & Guill and I.

aquatica Forsk and FACW species (e.g. E. alba (L.)

Hassk, Ludwigia abyssinica A. Rich. and Alternan-

thera sessilis (L.) R.Br. ex DC) in Tugu, Kukobila and

Wuntori marshlands, correlated negatively with plots

that had high levels of nitrogen, phosphorus, potas-

sium and positively with farming activities and

Fig. 6 Canonical correspondence analysis (CCA) ordination

diagram, showing the influence of environmental factors on

species range shift, explained by the first two axes (axis

I = 24.84 and axis II = 36.45) and accounted for 61.29%

cumulative percentage variance across the six wetlands

(R2 = 0.61, p\ 0.05). The gray squares represent abbreviated

plant species (e.g. Ceratophyllum demersum = Cera deme and

Setaria pumila = Seta pumi), the black triangles represent

sample sites, and the arrows represent each of the environmental

variables plotted pointing in the direction of maximum change

of explanatory variables across the six wetlands. The abbrevi-

ations denote different sample plots in the six wetlands. WUA-

WUD = Wuntori wetland at Yapei; TUA-TUD = Tugu wet-

land; KUA-KUD = Kukobila wetland; BUA-BUD = Bunglung

wetland; ADA-ADD = Adayilli wetland; and NAA-NAD =

Nabogo wetland
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grazing intensity on the same axis (Fig. 6). Farming

activities were found to correlate well with major soil

nutrients—nitrogen (rp = - 0.54, p\ 0.05) and

phosphorus (rp = - 0.55, p\ 0.05) (Table 6). Graz-

ing activities in the marshes did not significantly

impact (p[ 0.05) on species assemblages, which

were largely dominated by OBL and FACW species.

Plots that were affected by fire occurrence in the

marshes had low forage for grazing (rp = - 0.66).

Woody species like S. guineense (Willd.) DC. Z.

abyssinica Hochst. and V. crysocarpa Planch. ex

Benth., from Adayilli and Nabogo riparian wetlands

(plots ADA, ADB, NAA, NAB), tended to show

resilience to fire (axis I, r = - 0.47) and were well

adapted to prolonged wet condition, while the pres-

ence of grasses and herbaceous cover was affected by

fire. Woody species resistant to frequent fire were

characterized by their coarse bark and had buttresses

that help anchor them on sloping ground along the

edges of the riparian wetlands. Erosion (axis I,

r = - 0.13 and axis II, r = - 0.10) occurred in places

where bushfire was severe (rp = - 0.53, p\ 0.01)

along the riparian zone and grazed areas (rp = 0.70,

p\ 0.01) in the three marsh wetlands (Table 6). Soil

Table 6 Intercorrelations between the environmental variables

O.C N P K Ca Mg Bushfire Grazing Erosion Farming

pH 0.76** - 0.40 0.07 - 0.36 - 0.89** - 0.52 - 0.29 0.55* 0.83** - 0.03

O.C 0.13 0.59* 0.12 - 0.88** - 0.34 - 0.56* 0.56* 0.79** - 0.32

N 0.77** 0.74** 0.28 - 0.08 - 0.04 - 0.23 - 0.22 - 0.54*

P 0.42 - 0.3 - 0.10 - 0.50* 0.35 0.34 - 0.55*

K 0.32 - 0.11 0.18 - 0.41 - 0.37 - 0.48

Ca 0.25 0.61** - 0.75** - 0.90** 0.04

Mg - 0.41 - 0.11 - 0.36 0.32

Bushfire - 0.66** - 0.53* - 0.04

Grazing 0.70** - 0.14

Erosion - 0.22

Farming

Significance of R values: *p\ 0.05; **p = 0.01

Table 5 Summary of CCA

axis lengths for ground

cover, showing the levels of

correlation between axes

and environmental

gradients, percentage

variance of species and

species–environment

relationships

Inter-set correlations were

significant (p\ 0.05) for

the two axes, following

Monte Carlo permutation

test. Asterisks

(*) = environmental factors

that were significant

Axis I Axis II Axis III

Canonical eigenvalue 0.73 0.34 0.20

Cumulative % variance 24.56 36.45 43.16

% variance explained (62.02%) 24.84 11.6 6.71

Pearson correlation sp-env. score 0.81 0.88 0.84

pH - 0.37 - 0.26 0.07

O.C. - 0.24 0.06 0.15

NO3
- - 0.12 0.41* 0.16

H2PO4
- 0.01 0.35* 0.23

K? - 0.30 0.41* 0.05

Ca2? 0.09 0.13 - 0.14

Mg2? 0.77* 0.04 - 0.10

Bushfire - 0.47* 0.02 - 0.19

Grazing 0.16 0.01 0.17

Erosion - 0.13 - 0.10 0.13

Farming activities 0.31 0.44* 0.08
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pH was weak acidic to basic and correlated well with

sites characterized by erosion (rp = 0.83, p\ 0.01),

grazing activities (rp = 0.55, p\ 0.01) and organic

carbon (rp = 0.76, p\ 0.01). Patchiness was common

in some severely burnt sites, in the two riparian

systems.

Bunglung constructed wetland (lower right of CCA

diagram—plots BUA, BU, BUC) was typically dom-

inated by grasses and herbaceous community of

derived savannah (facultative upland species) (e.g.

Heliotropium indicum, Leersia hexandra and Crota-

laria retusa), where farming activities were wide-

spread (Fig. 5). Persicaria decipiens and Neptunia

oleracea were the few obligate species sampled in this

wetland. We did not observe grazing activities in

many of the plots, where farming activities occurred,

and this is reflected in the weak correlation (rp-

= - 0.14, p = 0.63) between these two factors

(Table 6). The majority of species not represented in

the ordination diagram grew in habitats with average

conditions of the environmental factors investigated,

whereas ubiquitous species that were near the centre of

the CCA diagram (e.g. L. hexandra, Mimosa pigra and

Mitragyna inermis) showed their broad responses to

almost all of the ecological variables considered in the

analysis.

Discussion

Changes in the structural assemblages of wetland

vegetation have largely been linked to major hydro-

logical factors like duration and depth of flooding

(Gunderson 1994; Patten 1998), soil physical charac-

teristics (Kirkman et al. 2000), altitude and hydrope-

riod (Rolon and Maltchik 2006) and phosphate derived

from agriculture, sewage and industrial waste (Lam-

bert and Davy 2010). But, in this study, we found that

plant community structure, diversity and distribution

were influenced by grazing, farming activities, bush-

fires and soil nutrient levels, following canonical

correspondence analysis of the species–environment

data. The findings in this study relative to previous

studies could be due to different environmental drivers

prevailing at the different biogeographical zones. The

identified threats in this study have the tendency to

impair the functional status of wetland, by altering its

hydrological regime, reduction in plant gene pool and

wildlife and introduction of alien invasive species to

take a foothold on wetland systems (through endo-

zoochorous and exozochorous means). Anning and

Yeboah-Gyan (2007) reported the presence of alien

species like Chromolaena odorata, Centrosema pub-

escens and Rottboellia cochinchinensis, in disturbed

aquatic systems in the humid forest zone of Ghana.

These ecological factors can be used to identify a suite

of species and communities that are key indicators of

important changes in their ecosystem and ecological

integrity (Fennessy et al. 1998; Aznar et al. 2002). One

criterion of detecting functional state of wetlands is the

abundance of hydrophytes. Thus, their lesser abun-

dance compared to the remaining species group

categories (i.e. FACW, FAC, UPL) in this study was

indicative of the sheer scale of human-led and animal

disturbances. For instance, widespread grazing pres-

sure in the Kukobila, Tugu and Wuntori marshes

affected species diversity, in spite of increased species

abundance and richness recorded. This was so because

of the uneven distribution of species, leading to

increased competition for resource utilization in the

niche space.

During the long dry season (6–7 months), charac-

terized by high temperatures and drought, forage

availability and other seasonal pools of water in the

study area tend to become scarce, leaving the perma-

nent wetlands as the only alternative source of quality

forage and watering points for both domestic and wild

animals. Due to their broad forage preference, exten-

sive range movements during grazing and long

complex gut retention times, cattle in particular

(common in pastoral farming in Northern Region of

Ghana), have the potential to disperse plant propagules

that are either alien or ruderal from terrestrial origin.

They do this over a vast area in wetland systems

through dung droppings and from their skin. Distur-

bances on the wetland vegetation zone are broadly

classified as those induced by man, livestock and

wildlife (Mathooko and Kariuki 2000). The multiple

effects of these disturbance included loss of vegetation

vertical strata, increase/decrease in species diversity,

introduction of alien plant species and reduction in

plant sizes and vegetation hectarage (Mathooko and

Kariuki 2000). Similarly, Rachich and Reader (2000)

observed that physical disturbances from livestock

activities allowed non-native species like Lythrum

salicaria L. a Eurasian plant to get a foothold in North

American wetlands and, in the process, replace native

species. Grazing and browsing by wildlife have been
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reported as the main disturbances of the vegetation

near the Njoro River estuary at the Lake Nakuru

National Park (Mathooko and Kariuki 2000). The

authors concluded that grazing on the vegetation was

severe around livestock watering points. In agricul-

tural landscapes, the stress posed by grazing pressure

on wetlands is of particular concern as domestic stock

and feral grazing herds usually congregate in and

around water areas (Jansen and Robertson 2001).

High levels of soil nitrogen, available phosphorus

and potassium in these marshes were probably due to

frequent dung deposits, transport of leached fertilizer

application/crop residue from nearby farmlands dur-

ing flood pulses and the deposition of ash, following

bushfire occurrence. These mediated factors may be

the reason why Cyperus difformis Linn., Cyperus

spacelatus Rottb. and Fimbristylis ferruginea (L.)

Vahl, across the three marshlands, responded to

phosphorus, potassium and nitrogen availability.

Phosphorus and potassium have been shown to

support the growth of other Cyperus species and

include: Cyperus papyrus-dominated vegetation com-

munity (Nalubega and Nakawunde 1995; Ssegawa

et al. 2004) and C. backii (Vellend et al. 2000). Ash

deposition following frequent bushfires in Adayili and

Nabogo riparian wetlands is thought to have con-

tributed to low levels of soil pH, compared to the

remaining four wetlands. Bushfire is known to play a

major role in soil nutrient enrichment, though this will

depend on the intensity and frequency of the fire and

type of vegetation. Despite the fact that surface fires

increase soil pH and other major nutrients, this does

not last long (Kotze 2013) because pH increases and

availability of Ca, Mg, K and phosphates increases

briefly following a fire and then returns to pre-burn

levels (Wilbur and Christensen 1983; Schmalzer and

Hinkle 1992).

Apart from the effects of fire on soil nutrients,

impacts of fire occurrence were evident from the low

species turnover, especially in the riparian wetlands,

notwithstanding the high diversity recorded. This was

due to the fact that low species abundance tended to be

spatially evenly distributed, which facilitates efficient

utilization of resources for growth. Seasonal variations

in extreme weather events compel nomadic herdsmen

to undertake early burning at the periphery of the

marshes and riparian systems, in the peak of the dry

season, in order to induce early vegetation sprout.

Species that constitute the undergrowth (e.g.

Schizachyrium sanguineum) in these sites were the

most affected, since they were easily prone to fire

occurrence, compared with the woody species (e.g.

Vitex crysocarpa and Ziziphus abyssinica). Species in

the three marshes were also affected by isolated fire

occurrence, and this equally contributed in the less

abundance of obligate species like Cyperus sphacela-

tus and Cyperus distans that are very sensitive to fire

disturbance. Similar species like Cyperus papyrus in

the Okavango Delta have been reported to be suscep-

tible to fire (Ellery et al. 2003). In other parts of Africa,

a number of authors (e.g. Bond et al. 1984; Mathooko

and Kariuki 2000; Mulatu et al. 2004; Heinl et al.

2007a, b) have also reported on different plant species

response to incidence of fire disturbance on wetlands.

But according to Kotze (2013), the varying response of

plant species to fire depends upon a wetland’s

characteristics, including its climatic and hydrological

context, as well as interactions with other disturbances

such as grazing. Thompson and Hamilton (1983) and

Kotze (2013) thus concluded that similar fire regimes

may have dramatically different outcomes. The

deliberate setting of fire through illegal hunting or

poaching activities (e.g. African savannah—Mwaz-

vita et al. 2017) is believed to help stimulate new

growth by opening up the canopy, increasing nutrient

availability to plants and removing litter (Heinl et al.

2007a, b). For example, the floodplain grasslands of

the Lualaba River, Upper Congo, are annually burnt in

order to improve the value of the forage for livestock

(Thompson and Hamilton 1983). Plants poorly

adapted to survive fire in the adult stage show two

main strategies for recovering. These include: (1)

‘reseeding’, in which the plant is killed by fire and

regeneration occurs from seed and (2) ‘resprouting’, in

which the perennating buds of a plant generally

survive fire and regeneration takes place by the

sprouting of new shoots from protected structural

features such as rhizomes or stolons (Bond and van

Wilgen 1996). It can therefore be argued in this study

that apart from fire occurrence as a factor, the

structural distribution and assemblages of species

probably reflect the type of species and the level of

wetness of the sites. Hence, species recruitment,

following post-fire occurrence, will depend on these

factors as a measure of the wetlands resilience.

Widespread dominance of facultative species

(FAC) in Bunglung constructed wetland was largely

due to farming activities. Being the major livelihood
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activity among rural dwellers, farming is widely

practiced all year round. Species that are sensitive to

this form of disturbance go extinct in the process, thus

paving the way for the invasion of alien species that

have the competitive advantage of exploiting dis-

turbed scenarios over native species. Ruderal species

of derived savannah tend to regularly live in disturbed

habitats, through their ability to develop masses of

phytomaterial that have a high generative reproductive

rate (Müllar 1995). Crop farming in Ugandan wetlands

is noted as key determinants in explaining species

composition and structural distribution (Ssegawa et al.

2004), while in some wetlands in Ethiopia farming

activities have been attributed to losses of wetland

plants vital for ecosystem services (Mulatu et al.

2004).

Conclusions

Generally, farming activities, fire, grazing and soil

nutrient status were the main factors affecting species

range shift and structural assemblages. The overall

low obligate species abundance (hydrophytes) com-

pared with the facultative wetland plants (FACW),

facultative upland species (FACU), suggests the

impact of disturbance altering community composi-

tion. Although the environmental disturbances docu-

mented in this study created some heterogeneous

community assemblages in wetlands of Northern

Ghana, its overall negative effect far outweighed its

positive effect. This is because the majority of the

species recorded were typically of derived savannah

that have the ability to establish on disturbed habitats,

by modifying their morphological and physiological

features. It will therefore be useful to have a suit of

hydrophytes, as indicators of wetlands functional

status. The findings of this study highlight the current

threats that these wetlands are subjected to. Thus,

wetland managers and environmental policy makers

should consider these threats as early warning signals

on the overall functional status of wetlands in the study

area and elsewhere. This will lead to the implemen-

tation of conservation measures for the sustainable

exploitation of resources from these wetlands, which

serve as a major source of livelihood for the rural

communities.
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