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Abstract. Sustainability of woody species in riparian forests requires information on its regeneration status, which is crucial for 
proper management and conservation of these species but the information is generally lacking in Nigeria. This knowledge of the 
regeneration status of common woody species in riparian forests guarantees their survival through proper management and conserva-
tion. Sampling was done via random method in which five (5) 10 m × 10 m plots were selected from the study sites giving a total of 
45 plots. Therefore, the aim of the study was to assess the structures and status of common woody species in the regeneration layer 
of riparian forests. There was no significant (p > 0.05) difference in the mean seedling and sapling densities of the common woody 
species across the riparian forest sites. The regression slope showed on-going regeneration (mostly weak) of the common riparian 
woody species in all the sites. The regeneration structures indicated reverse J-shaped and have been greatly modified by prevalent 
anthropogenic activities in the study area. The pattern of regeneration status observed in the seedlings and saplings emergence in the 
regeneration layer was due to the similar environmental factors that occurred from one site to the other. The intermediate values of 
tree/shrub ratio shown by the common woody species encountered in the regeneration layer indicated more individuals of shrub size 
than tree and emphasized the fact that the level of disturbance on-going was moderate across study and possibly that the sites were 
recovering from disturbances.

Keywords: growth, saplings, seedlings, tree/shrub ratio, vegetation.

shrubs (Adel et al., 2018). Riparian ecosystems have been 
found to be dependent on disturbances for the regeneration 
of some of their vegetation communities (Baker, 2002). 
The riparian woody vegetation is frequently influenced by 
floods and occasional wildfires (Pettit & Naiman, 2007). 
Oliveira et al. (2014) concluded that identifying the adap-
tive strategies of plants and their responses to highly selec-
tive environmental pressures is pivotal to understand their 
distribution and ecological needs for survival and regen-
eration. Sustainability of woody species in riparian forests 
requires information on its regeneration status, which is 
crucial for proper management and conservation of these 
species but are generally lacking in Nigeria. It  has been 
hypothesized that establishment and distribution of species 
in Nigerian riparian forests is controlled by the interaction 

1. Introduction

Riparian zones may be composed of distinctive plant com-
munities not found anywhere else (DSE, 2010), other than 
where sources of seed or vegetative propagules are present. 
The exclusion of stock from riparian zones may facilitate 
the regeneration of trees, shrub and ground layer vege-
tation leading to increased shading and litter inputs into 
streams (Robertson & Rowling, 2000). The regeneration 
capacity of the riparian vegetation is linked with spatial 
connectivity (longitudinal, transversal and vertical) dimen-
sionally as guarantor of its continuity in the future/survival 
(Magdaleno et al., 2010). Regeneration success of riparian 
woody species can be attributed to intensity of interspecific 
competition among tree-tree seedlings and tree seedlings-
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between fluvial events and ecological requirements of the 
species that invariably affect their regeneration dynamics. 
In this part of the world, regeneration of riparian woody 
species is mainly influenced by flooding rather than fire 
and anthropogenic activities but there is little documenta-
tion on the regeneration structure of riparian forests in Ni-
geria. Therefore, the aim of this study was to examine the 
common woody species that are present in the regeneration 
layer, their status and structure across the study sites. This 
study also highlighted the level of anthropogenic activities 
influencing the regeneration structures and status of domi-
nant woody species across riparian forest sites in Nigeria 
with Osun State. 

The following questions were addressed in this re-
search:
1. �What are the common woody species occurring in the 

regeneration layer of the riparian forests in Southwest-
ern Nigeria?

2. �What is the level of anthropogenic disturbance on-go-
ing in the regeneration layer and how does it affect the 
different components (trees, shrubs and saplings) their 
structures? 

2. Study Area

The study was carried out in Osun State located in the 
South-western Nigeria. The state is located within latitude 
7.0° and 9.0°N of the equator and longitudes 2.8° and 
6.8°E. Six local government areas out of thirty in the state 
were selected for this study. 

 The local governments were: Ilesha West, Atakumosa 
West, Ife North, Ife North East, Ife South and Ayedade 
(Fig 1). These study areas were chosen sequential to the 
ground-truthing survey carried out between February and 
April, 2017. Most of the riparian forests within the state 
were under intense anthropogenic interferences such as de-
forestation and degradation, mining, farming and fishing 
activities. Majority of riparian forests were no longer in 
existence as a result of the anthropogenic interferences/dis-
turbances and urbanization that are occurring at an alarm-
ing rate. Some areas, notably in Ife East, were considered 
sacred; while access was denied in places like Toro and 
Oku Omonii by the traditional rulers due to their hostility. 
The study sites were selected based on the fact that they 
represent areas with minimum anthropogenic disturbance, 
high plant species diversity and flooding patterns of ri-
parian zones within Osun State. Nine sites were selected 
within the six local governments namely: Ifetedo, Ibodi, 
Osu, Famia, Gbongan, Edunabon, Tonkere, Ipetumodu and 
Ilesha (Fig. 1).

2.1. Vegetation, Climate and Soils of Osun State

The vegetation of Osun State had been described as low-
land forest zone (Keay, 1959), semi-deciduous moist for-
ests (Charter, 1969) and Guineo-Congolian forest drier 
type (White, 1983). Hall (1969) also described the veg-
etation as the dry forest sub-group. The dominant plant 
families across the riparian sites are Euphorbiaceae, 
Apocynaceae, Rubiaceae, Papilionaceae, Fabaceae and 
Moraceae (Borisade, 2019).

There are two prominent seasons in Osun State: the 
rainy and dry season. The dry season is short, usually 
lasting four months (October-January). The average rain-
fall ranges from 1125 mm in derived savanna to 1475 
mm in the rainforest belt of the state (Osun State web-
site). The mean annual temperature ranges from 39.0°C 
in December to 27.2°C in June. The relative humid-
ity in the early morning is generally high, usually over 
90% throughout the year. At midday, it  is rather lower, 
around 80% in the wet season, as low as 50-60% in the 
dry season (Osun State website). The main soils of Osun 
State are ultisols (low base status forest soil, low avail-
able Ca, Mg, K and Na), well drained grayish brown 
to brownish red (Aiboni, 2001). The soils of the area 
range from moderately to strongly leached and have low 
to medium humus contents, weakly acidic to neutral sur-
face top soil layers and moderately to strongly acidic 
sub soils (Smyth & Montgomery, 1962). The soil tex-
tural class across studied sites was sandy clay (Borisade,  
2019).

3. Materials and Methods

3.1. Assessment of the regeneration layer  
of the Study Sites

The composition of woody species across the riparian for-
ests in southwestern, Nigeria was determined by outlining 
a line transect of 100 m on either side of the stream/river 
(depending on where the regeneration layer is situated) 
across each study sites, sampling was done via random 
method in which five (5) 10 × 10 m plots were selected 
at an interval of 15 m in each site giving a total of 45 
plots across study sites (Ifetedo, Ilesha, Osu, Famia, Ibodi, 
Gbongan, Edunabon, Tonkere, Ipetumodu and assigned as 
site I-IX, respectively) to assess the regeneration status 
and structures of common woody species in the riparian 
forests. Woody species were identified and enumerated 
to obtain their densities. The identification was done us-
ing IFE herbarium as a reference and World Flora Online 
and Flora of West Tropical Africa (Hutchinson & Dalziel, 
1954-1972). The woody species were termed “common” 
based on their number of occurrence (frequency) in all the 
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Figure 1. Location of the riparian forests study sites in Osun State in Nigeria 

 

 

Figure 1. Location of the riparian forests study sites in Osun State in Nigeria
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sites and their important value index of the woody species 
enumerated in the regeneration layer across study sites. 

Woody species were assigned to the following four 
heights (regeneration) classes; 0-0.5 m (seedlings), 0.5-1 
m (saplings), 1-2 and 2-4 m (shrubs) and >4 m (trees) (Bur-
ton et al., 2005).

Regeneration status was determined by analyzing the 
slope of a linear regression of height classes. This test was 
performed using PAleontological STatistics (PAST) ver-
sion 3 software. Height class mid-point was used as the 
independent variable while the mean number of individu-
als in each height class was used as dependent variable. 
The tree/shrub ratio was calculated for each species by 
dividing the total number of trees by the total number of 
shrubs. Tree/shrub ratio were used to detect if a given plant 
population in the regeneration layer were disturbed (Burton 
et al., 2005; Tsheboeng, 2016). High tree/shrub ratio indi-
cates low level of disturbance while low tree/shrub ratio 
indicates high level of disturbance (Burton et  al., 2005). 
The One-way analysis of variance (ANOVA) was used to 
test for the level of significant difference in the mean seed-
ling and sapling densities of common woody species in the 
regeneration layer across studied sites and the significant 
means was separated using Fisher’s least significant dif-
ference (LSD). The tests were performed using IBM SPSS 
statistics software version 19.0.0.

4. Results

The common woody species* found in the regeneration 
layer across the study sites are five trees (Albizia zygia, 
Cola acuminata Funtumia elastica Pterocarpus santa-
linoides. and Newbouldia laevis; four shrubs (Spondias 
mombin Baphia nitida, Carpolobia lutea and Spheno-
centrum jollyanum). There was no significant difference  
(p > 0.05) in the mean seedling (Table 1) and mean sapling 
(Table 2) densities of the common woody species across 
the different riparian forests studied.

The tree/shrub ratio across study sites varied from 0.00 
to 1.00. The results showed that Albizia zygia had highest 
tree/shrub ratio (1.00) in Site IV and Newbouldia laevis in 
sites II and VII (Table 3), while most other common regen-
erating woody species have intermediate values across the 
study sites. There was no tree/shrub ratio (0.00) recorded 
for Funtumia elastica (in site III and VI), Newbouldia lae-
vis (in site III and IX), Baphia nitida, Pterocarpus santa-
linoides and Spondias mombin (in site III) and Carpolobia 
lutea in site IV and VIII (Table 3). 

	 The regression slope showed on-going regener-
ation (mostly, weak on-going regeneration) of the com-
mon woody species in all the riparian sites (Table 4). The 
regression analysis indicated negative slope for common 
woody plant species in the regeneration layer and was sig-
nificant across study sites except in some sites where spe-
cies showed no level (p>0.05) of significance e.g Albizia 
zygia (Site I, II, III, IV, VI and VIII), Pterocarpus san-
talinoides (Site I, III, IV, V and VII), Spondias mombin 
(Site I, III, IV, VI and VIII) (Table  4). The regeneration 
structure elaborated on the basis of height classes showed 
a similar pattern of a reverse J-shaped of the constituent 
woody species across the different study sites, with more 
individuals distributed at the height classes 0-0.5 m and 
0.5-1 m (Fig. 2a-i).

5. Discussion

The common woody species recorded across the sites 
showed variation in regeneration dynamics as evident in 
their tree/shrub ratio. The intermediate values of tree/shrub 
ratio shown by the common woody species encountered in 
the regeneration layer indicated more individuals of shrub 
size than tree and it emphasized the fact that the level of 
disturbance ongoing was moderate across study sites as 
it has been explained that high tree/shrub ratios implies that 
the disturbance level is low by reflecting more individuals 
of tree size than of shrubs in the regeneration layer of for-
est ecosystems (Gurmessa et al., 2012; Tsheboeng, 2016). 

The lack of significant differences observed in the 
seedling and sapling densities of the common woody spe-
cies across the studied riparian forest sites might indicate 
similarities in the seed dispersal efficiency, germination 
rates and almost same level of anthropogenic disturbances 
for these species across study sites. Environmental factors, 
which favour emergence of seedlings and sapling in the 
regeneration layer were possibly not pronounced from one 
site to the other. It has been explained that environmental 
factors which impede germination and survival of seeds to 
maturity would have to be pronounced to ascertain if the 
regeneration status of plant species will differ from others 
within a community (Barnes, 2001; Burton et  al., 2005; 
Tsheboeng, 2016). 

The reverse J-shaped obtained in this study implies that 
the regeneration structures of the common woody species 
are currently on-going as most individuals were distrib-
uted in the lower size-classes (0-0.5 and 0.5-1 m). Mwavu 
& Witkowski (2009) highlighted similar observation on 
seedling regeneration of semi-deciduous African tropical 
rainforest in Uganda. Sambare et al. (2011) observed that 
the height class distribution of trees in all riparian forests 
showed a reverse “J” shaped curve except riparian for-
est of stream indicating vegetation dominated by juvenile

* nomenclature according to World Flora Online. An Out-
line Flora of All Known Plants. http://www.worldfloraon-
line.org.
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individuals along four watercourses types in their study in 
Burkina Faso. Tsheboeng (2016) also reported that Phile-
noptera violacea species showed a reverse J-shaped among 
the common woody species studied across the riparian 
forests sites in Botswana. The weak negative regression 
slope across riparian sites in this study further explained 
the regeneration pattern of common woody species that 
have been influenced by the loss of individual of tree size 
than shrubs, saplings and seedling stages. Anthropogenic 
activities such as mining, farming, logging and herbivory 
have probably influenced the regeneration pattern of the 
common woody species encountered across the riparian 
forest sites. 

It has been hypothesized that environmental factors that 
generally influenced regeneration and population structure 
in forests include fire, herbivory (grazing), flooding, patho-
gens, competition and light regime (Chow, 2012; Oliveira 
et  al., 2014; Tsheboeng, 2016), habitat preferences and 
seed predators (Mwavu & Witkowski, 2009). Anthropo-
genic factors have been observed to affect the regeneration 
and the population structure of riparian woody species of 
Osun State, Nigeria. These include activities such as land 
clearing for agriculture, timber harvesting and human set-
tlements (Maitima et al., 2009; Borisade et al., 2021) as ap-
plicable in this study. Other anthropogenic activities, which 
have been reported to affect the regeneration of riparian 
woody species include dam construction in catchment ar-
eas, urbanization of catchment areas, changes to hydrol-
ogy and climate (Parolin & Wittmann, 2010) though not 
applicable in our study. Some of the species observed to 
be common in the regeneration layer of the riparian for-
ests studied are typical of the West African gallery forest 
and their status like most riparian forests in Africa have 
been greatly modified by anthropogenic activities (Mining  
of Gold, Grazing of livestock, Agriculture, Urbanization, 
Fishing), ubiquitous in the region. 

The tree/shrub ratio of common woody species in the 
regeneration layer indicated moderate disturbances and in-
variably, was responsible for no significant level in the re-
gression slope analysis of species across some of the study 
sites, hence possible recovery from disturbances. Sustain-
ability of these woody species in the regeneration layer 
requires proper management and conservation of these spe-
cies for survival by preventing human interferences (agri-
culture, grazing, fishing, mining of gold and conversion 
to other land uses) ubiquitous in the region especially by 
indigenes whose means of livelihood depends on the re-
sources offered by this eco-zone.

6. Conclusions

The regression slope showed on-going regeneration (most-
ly weak) of the common riparian woody species and the 

regeneration structures indicated reverse J-shaped and have 
been greatly modified by prevalent anthropogenic activi-
ties in the study area. The pattern of regeneration status 
observed in the seedlings and saplings occurrence in the 
regeneration layer was due to the similar environmental 
factors that occurred from one site to the other. The inter-
mediate values of tree/shrub ratio shown by the common 
woody species encountered in the regeneration layer indi-
cated more individuals of shrub than tree size and it em-
phasizes the fact that the level of disturbance ongoing was 
moderate and possibly that the sites are recovering from 
disturbances.
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