
Journal of Natural Resources and Environmental Management 
http://dx.doi.org/10.29244/jpsl.15.3.425 

 

 

 
Corresponding Author: Ufuoma Efe Akpovwovwo akpovwovwo@delsu.edu.ng        Department of Geography and Regional Planning, 
Delta State University, Abraka, Nigeria. 
 

© 2025 Akpovwovwo and Ekanade. This is an open-access article distributed under the terms of the Creative Commons Attribution (CC BY) 
license, allowing unrestricted use, distribution, and reproduction in any medium, provided proper credit is given to the original authors. 

Think twice before printing this journal paper. Save paper, trees, and Earth! 

RESEARCH ARTICLE 
  

Status of Natural Regeneration of Mangroves in Southern Nigeria 

Ufuoma Efe Akpovwovwoa, Christiana Tinuola Ekanadeb 

a Department of Geography and Regional Planning, Delta State University, Abraka, 330105, Nigeria 
b Department of Environmental Management and Toxicology, Lead City University, Ibadan, 200255, Nigeria 

 
Article History 
Received 19 January 2024 
Revised 7 November 2024 
Accepted  
4 Desember 2024 
 
Keywords  
Avicennia germinans, 
mangroves, mangrove 
juveniles, Nigeria, 
Rhizophora spp. 
 
 
 

 

 

 

ABSTRACT  

Mangroves of the Niger Delta in Nigeria have experienced increased degradation due to years of oil 

exploration/pollution, urbanization, and population explosion. However, studies on mangroves' 

natural recovery capacity and juvenile requirements are limited. Therefore, this study examined the 

relationship between natural mangrove regeneration and sediment parameters in the western 

Niger Delta. The study was conducted in four locations (Agge, Burutu, Opuama, and Kurutie) and a 

control location in Ifie. Twenty quadrats of 20 × 20 m were laid at each location. Juvenile species 

composition and density were obtained from sub-quadrats (10 × 10 m). Sediment samples, totaling 

100, were taken from 0 to 30 cm depth within each quadrat. The sediment parameter 

concentrations were determined using standard laboratory procedures. Mangrove juveniles were 

classified, based on height, into seedlings (< 40 cm), saplings (40–150 cm), and young trees (1.5–

<3m), with saplings forming a major proportion. Partial least squares regression was used to 

evaluate the effects of sediment parameters on mangrove juveniles. Calcium, magnesium, sand, 

organic carbon, electrical conductivity, total acidity, clay, effective cation exchange capacity, salinity, 

and bulk density were significant predictors of juvenile mangrove species abundance. A high 

potential for regeneration, particularly for Rhizophora spp. juveniles, has been established. The 

establishment of mangrove conservation and reforestation projects is therefore recommended. 

Introduction 

Mangroves are major storehouses of biodiversity that provide many products and services that benefit all 
ecosystem components, including humans. They are home to various animals at different developmental 
stages. For instance, they serve as nurseries for marine life, stopovers for migratory birds, and habitats for 
crabs, manatees, etc. The unique role of mangroves in moderating climate change through carbon 
sequestration is notable [1–3]. It also helps to moderate the effects of the characteristic climatic extremities 
of the coastal environment. Nigeria's mangrove forests are the largest in Africa and the third largest in the 
world [4]. 

Over time, however, environmental degradation has engulfed the global landscape due to increasing 
urbanization and population explosion. Corroborating this, Alongi [1] noted that mangrove forests globally 
have been reduced to approximately 50% of their original cover. Owing to the inherent deposits of oil and 
gas, oil pollution, gas flaring, and associated urban pollution are common in the Niger Delta of Nigeria, 
thereby constituting some of the drivers of degradation [5]. In most cases, sand mining and dredging 
operations have proven to have far-reaching destructive impacts on the mangrove ecosystem of the Niger 
Delta. These negative impacts further translate to ecosystem changes or outright mangrove forest clearance, 
destabilizing the balance of components within the natural environment [6]. The need to tackle the 
challenges of mangrove degradation through efficient management is important. 

Several strategies adopted over time have achieved less-than-optimal success. Evidence of this is seen in 
several cases of increased deforestation and consequent colonization of the exotic Nypa palm [7,8]. To 
provide sustainable solutions, natural mangrove vegetation regeneration should be critically considered. 
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Therefore, natural vegetation regeneration should be the central theme in the discourse on environmental 
sustainability as it serves as a foundation for vegetation growth and development. Natural regeneration 
involves primary vegetation growth conditioned by prevailing factors in the immediate environment. This can 
be determined mainly by the rate and occurrence of juvenile growth, hence, the preceding examination of 
juvenile mangrove vegetation. This is especially pertinent because mangroves are known to regenerate very 
slowly. In the case of a clear-felled area, it is estimated to be between 30 and 40 years [6]. 

The need for in-depth knowledge of the natural recovery processes of mangrove vegetation is underscored. 
Furthermore, the need for studies to identify mangrove regeneration requirements cannot be 
overemphasized [9,10]. Consequently, mangrove juveniles, being an indicator of natural regeneration in 
terms of their character, development, and requirements, ought to be focused on. Emphasis has been placed 
on other issues, such as adult mangrove species composition, structure, and relationship with the underlying 
soil, with limited focus on mangrove juvenile species composition, character, development, and relationships 
with other environmental factors. Some of these studies have focused on the internal workings of the 
environment itself, as it pertains to mangrove vegetation and its interaction with underlying soils. Several 
studies on mangrove regeneration have focused on the changes in mangrove area coverage. Others have 
focused on the nature and roles played by mangroves, specifically within the Niger Delta, among others [11–
19]. Therefore, given its relationship with underlying sediments, this study examined the factors and status 
of the natural regeneration of mangroves in Southern Nigeria. 

Materials and Methods 

This research is based primarily on an exploratory research design. The study area was in Southern Nigeria, 
specifically within the western part of the Niger Delta area of Nigeria. The study area lies between latitudes 
5000' and 6000' N and longitudes 5000' and 6000' E. A mean annual temperature of 31 oC and mean 
precipitation of 3,130 mm characterize the climate of the study area [20]. The study was carried out within 
the creeks of four major rivers within the region: Benin, Escravos, Forcados, and Ramos (Figure 1).  

 
Figure 1. Map of Delta state showing the study area. 
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Twenty quadrats were sampled from each location. The control site was situated at the mangrove 
conservation site at Ifie. The control site was designated for the strict protection of the mangrove forest. Each 
site was delineated into 20 quadrats of 20 × 20 m, totalling 100 quadrats. Natural regeneration composition 
and distribution pattern information were obtained using a linear regeneration sampling method [21]. 
Juvenile mangrove measurements were obtained within 10 × 10 m sub-quadrats of the original 20 quadrats. 
Juvenile mangrove species were recorded, grouped, and counted according to their height. The species 
abundance and density were also calculated. Seedlings under 40 cm tall were classified as Regeneration Class 
I (RCI). Saplings between 40 and 150 cm in height were classified as RCII, while RCIII were all small trees with 
heights greater than 1.5 m but less than 3.0 m [21,22]. Species density and number for the various mangrove 
species were taken from each sub-quadrat. A core sampler was used to obtain 100 sediment samples at 
depths of 0 to 30 cm from each quadrat. 

Samples were taken from different points and bulked together to form a composite sample for each quadrat. 
They were then placed in polythene bags and labelled. Laboratory analysis was carried out for the following  
parameters: particle size composition, effective cation exchangeable capacity (ECEC) (Summation Method), 
bulk density, total nitrogen (Kjeldahl Method), available phosphorus (Bray-P1 Method), exchangeable cations 
(flame photometer and atomic absorption spectrophotometer), exchangeable acidity (0.1 M BaCl2), pH (pH 
meter), organic matter/carbon (walkley black), salinity/electrical conductivity. Multiple regression was used 
to test the relationship between the abundance of mangrove juveniles and underlying sediments at a 
significance level of 0.05. The sediments served as independent variables, while the various classes of 
mangrove juveniles were the dependent variables. 

Results and Discussion 

Result 

Rhizophora spp. and Avicennia germinans juveniles were found within the study area. Most of the juveniles 
in all the locations across the study area belonged to the Rhizophora species. Juveniles of Avicennia 
germinans were observed only in Kurutie and Agge. Most of the mangrove juveniles of the various species 
fall into the RCII (sapling) class, as opposed to the other classes of RCI (seedlings) and RCIII (young trees). In 
the control, more young trees were observed than in the saplings (Figures 2 and 3). The general absence of 
seedlings depicted by species abundance is also characteristic of tree density values for various species. An 
exception, however, was observed in the mangrove forest in Opuama, where Rhizophora spp. seedlings were 
observed, with a mean tree density of 1,600 trees/ha. In addition, Avicennia germinans seedlings were 
observed in Agge, with a low mean tree density of 600 trees/ha. However, saplings had the highest mean 
tree density of all juvenile classes. This is particularly characteristic of mangroves in Burutu, with Rhizophora 
spp. saplings having a mean tree density of 5,789 trees/ha. The mean sapling density for the control, which 
was much lower, was 1,150 trees/ha. 

 

Figure 2. Mangrove juvenile abundance of seedlings, saplings, and young trees at various sites. 
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Figure 3. Mangrove juvenile abundance of Avicennia sp. and Rhizophora sp. at various sites. 

The control had the highest mean tree density of 1,028 stems per hectare for young trees (RCIII). Avicennia germinans 

juveniles in the young tree class recorded the lowest tree density of 600 trees/ha in Agge. RCIII (young trees) had the 

highest tree density (1,028 trees/ha) for Rhizophora spp. The highest mean tree density for A. germinans occurred 

among saplings (2,886 trees/ha). The lowest mean density was observed in seedlings (RCI) (600 trees/ha). The mean 

tree density for Rhizophora sp. was lowest in Burutu (135 trees/ha) and highest in Opuama (778 trees/ha).  The only 

juvenile species observed in the control were Rhizophora spp., which occurred as saplings and young trees (Figure 3). 

Therefore, the disturbed site, which comprises the study sites, tends towards more diversity in structure and 

composition than the control site. 

Table 1 shows the results of the soil laboratory analysis of the physical and chemical properties of the 
sediments in the study area. The pH values ranged from 3.66 to 4.82 and between 3.00 and 4.00 for pH (CaCl2) 
and pH (H20), signifying its acidic characteristic. The soil pH of the control group did not differ significantly 
from that of the study sites. The combination of sand, silt, and clay percentages implies that the underlying 
mangrove sediments in Opuama, Kurutie, and Burutu fall within a sandy clay loam texture. However, the 
sediments in Agge fall within the clay textural class. The sediments of the mangroves in the control, on the 
other hand, fell within the loam textural class. Bulk density differed minimally among sites, ranging from 0.71 
to 1.09 g/cm3. The organic matter content (30.32%) of the sediments in the control site differed significantly 
from that in the study sites. The potassium, sodium, calcium, ECEC, and total acidity contents in the study 
sites varied considerably from those of the control site (Table 1).  

Table 1. Summary of mean sediment properties at the study sites (0–30 cm depth). 

Parameters Units Agge Burutu Kurutie Opuama Control 

1.1 Water (pH) 4.82 ± 0.085 3.88 ± 0.17 4.99 ± 0.18 6.83 ± 0.09 3.52 ± 0.09 
1:2 CaCl2 (pH) 4.61 ± 0.080 3.61 ± 0.17 4.83 ± 0.18 6.59 ± 0.08 3.28 ± 0.07 
Sand  (%) 26.85 ± 2.33 46.15 ± 4.33 51.60 ± 3.27 47.80 ± 4.33 52.4 ± 1.79 
Silt  (%) 31.15 ± 2.58 21.85 ± 3.83 19.20 ± 2.74 21.15 ± 2.64 25.5 ± 1.74 
Clay (%) 42.0 ± 1.36 32.25 ± 3.17 29.00 ± 2.59 31.05 ± 3.32 22.1 ± 2.48 
Bulk Density  (g/cm3) 0.87 ± 0.03 0.72 ± 0.067 0.71 ± 0.03 1.09 ± 0.02 0.82 ± 0.03 
O.C (%) 7.86 ± 0.15 5.08 ± 0.52 4.48 ± 0.54  5.17 ± 0.38 17.65 ± 0.97 
O.M  (%) 13.52 ± 0.26 8.72 ± 0.90 7.71 ± 0.92  9.34 ± 0.58 30.33 ± 1.66 
Nitrogen (%) 0.65 ± 0.03 0.56 ± 0.04 0.89 ± 0.06  0.54 ± 0.04  0.80 ± 0.08 
Salinity  (g/L) 181.40 ± 21.2 117.06 ± 10.53 232.85 ± 11.68 44.11 ± 3.16 38.0 ± 5.88 
Phosphorus  (ppm) 6.37 ± 0.59 4.87 ± 0.49 25.62 ± 4.22 11.59 ± 3.82 6.80 ± 0.48 
Sodium  (cmol/kg) 26.2 ± 2.50 18.56 ± 2.64 36.92 ± 2.91 18.94 ± 1.39 0.89 ± 0.07 
Potassium  (cmol/kg) 12.05 ± 0.01 11.49 ± 0.57 12.03 ± 0.01 12.04 ± 0.02  0.42 ± 0.05  
Magnesium (cmol/kg) 1.25 ± 0.09 1.21 ± 0.06 1.48 ± 0.02 1.89 ± 0.08 0.82 ± 0.01 
Calcium  (cmol/kg) 46.30 ± 8.80 17.08 ± 1.32 25.42 ± 2.30 20.68 ± 1.55 3.94 ± 0.16 
Total acidity (cmol/kg) 1.66 ± 0.1 2.90 ± 0.43 2.97 ± 0.57 2.52 ± 0.46 6.35 ± 0.63 
Electrial Conductivity (μs/cm) 364.68 ± 42.48 212.34 ± 15.59 189.76 ± 17.95 88.12 ± 6.29 76.78 ± 11.80 
ECEC (cmol/kg) 87.5 ± 7.93 51.38 ± 3.84 78.8 ± 4.44  56.07 ± 2.56 12.41 ± 0.56 
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Partial least squares regression (PLS) was used in evaluating the relationship between mangrove juveniles 
and sediments. In the control site, the sediment parameters contributed approximately 42% and 0% to the 
abundance of Rhizophora spp. saplings and young trees respectively (Table 2). The significant predictors 
included calcium, magnesium, ECEC, salinity, sand, clay, bulk density, total acidity, and electrical conductivity 
(Figure 4).  Across the study sites, the sediment parameters contributed approximately 18% and 3% to the 
abundance of Rhizophora spp. saplings, and young trees respectively. The contribution of the sediment 
parameters to the abundance of Avicennia germinans seedlings, saplings, and young trees was approximately 
0%, 45%, and 1%, respectively, across the sites (Table 2).  

Table 2. PLS results showing R-squared values for mangrove juveniles within the study area. 

 Rhizophora spp. Avicennia germinans 

 Sapling Young trees Saplings Young trees Seedling Sapling  Young trees Seedling Sapling Young trees 
 control sites control sites 
R 2 0.422 0.004 0.184 0.026 Nil Nil Nil 0.000 0.458 0.014 

The significant predictors for Rhizophora spp. and Avicennia germinans juveniles across the study sites were 
ECEC, calcium, organic carbon, clay, sand, salinity, and electrical conductivity (Figure 5). In the control site, 
calcium, total acidity, sand, ECEC, magnesium, salinity, electrical conductivity, bulk density, and clay were 
significant contributors to the abundances of the juveniles of both mangrove species (Figure 4). Table 3 shows 
the model parameters for the dependent variables (Rhizophora spp. and Avicennia germinans juveniles) and 
the independent variables (sediment parameters) in the control and study sites. 

 
Figure 4. Chart showing the variable importance in the projection (VIP) for control. 

 
Figure 5. Chart showing variable importance in the projection (VIP) of study sites. 
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Table 3. PLS model and sediment parameters for juvenile mangrove species in the study area. 

 Variable 

Control   Study sites 

Rhizophora spp.  Rhizophora spp.  Avicennia germinans  

Saplings 
(RCII) 

Young tree 
(RCIII) 

Saplings 
(RCII) 

Young tree 
(RCIII) 

Seedlings 
(RCI) 

Saplings 
(RCII) 

Young trees 
(RCIII) 

Intercept 1.086 39.022 308.101 22.282 0.078 –95.718 –0.483 
pH (H2O) 0.041 –0.340 –3.562 –0.159 0.000 1.740 0.012 
pH (CACL2) –0.055 0.457 –4.000 –0.178 0.000 1.954 0.013 
Sand –0.004 0.032 0.481 0.021 0.000 –0.235 –0.002 
Silt 0.000 –0.001 –0.369 –0.016 0.000 0.180 0.001 
Clay 0.002 –0.016 –0.567 –0.025 0.000 0.277 0.002 
Bulk Density 0.143 -1.188 –22.922 –1.022 0.000 11.201 0.077 
O.C –0.003 0.023 –3.343 –0.149 0.000 1.633 0.011 
O.M –0.002 0.014 –2.015 –0.090 0.000 0.985 0.007 
Nitrogen –0.007 0.056 –8.403 –0.375 0.000 4.106 0.028 
Salinity –0.001 0.008 –0.074 –0.003 0.000 0.036 0.000 
Total acidity 0.013 –0.105 2.644 0.118 0.000 –1.292 –0.009 
Phosphorus 0.002 –0.013 0.069 0.003 0.000 –0.034 0.000 
Electrical Conductivity 0.000 0.004 –0.069 –0.003 0.000 0.034 0.000 
Sodium –0.059 0.495 –0.337 –0.015 0.000 0.165 0.001 
Potassium 0.025 –0.209 –4.753 –0.212 0.000 2.323 0.016 
Magnesium –0.937 7.800 –0.212 –0.009 0.000 0.104 0.001 
Calcium –0.050 0.419 –0.408 –0.018 0.000 0.199 0.001 
ECEC 0.011 –0.089 –0.378 –0.017 0.000 0.185 0.001 

Discussion 

Juveniles of Rhizophora spp. formed the majority across all study sites. A similar result was reported in a study 
conducted in Ghana. However, researchers attributed this to the versatility of the species' tolerance to 
different salinity levels. The relatively higher percentage of mangrove saplings than that of the other juvenile 
classes (seedlings and young trees) corresponded with the findings of Asante et al. [23] for each of the various 
sites. They further noted that the thin or complete absence of the understory characterizes mangrove forests. 
The low abundance of mangrove juveniles could be due to predation stress, that is, propagule predation by 
crabs and squirrels. Predation stress owing to activities of crabs, results in delayed growth or, in most cases, 
death, particularly of Rhizophora propagules [24]. Mangrove juvenile growth is limited by intolerable levels 
of salt concentration in water, water inundation duration, and minimal solar illumination [25–26]. Seedling 
development is enhanced in canopy gaps [27]; however, an overbearing occurrence of an interlocking 
mangrove canopy could hinder the prevention of light and nutrients. Compared with hydrology, light has 
been observed to be more effective in seedling development than hydrology [28].  

The trend in the control, whereby an increase in abundance from the sapling class to the young tree class is 
observed, indicates a growing/regenerating forest. This is not unconnected with the fact that the control site, 
being a conservation area, is characterized by a near absence of human disturbance and interference. In 
other study sites, the decline in the abundance of saplings relative to young trees suggests gradual 
degradation. This may be attributed to several factors, including logging and climate change. Climate change, 
characterized by an increase in the climatic variables of rainfall and temperature, is a common occurrence 
and a threat to mangrove forests [21]. Further confirmation of this finding included biotic agents as an 
additional factor. Conversely, the high sapling abundance observed, especially in Kurutie and Agge, for 
Rhizophora spp. and Avicennia germinans, indicates an inherently high potential for mangrove regeneration 
[29]. 

The increase further confirms this, characterizing the transition from saplings to young trees at the study 
sites. This is especially true for Kurutie, which has a relatively high sapling abundance compared with young 
trees. The implication is that the mangroves in Kurutie, although characterized by high regenerative potential, 
are declining at a higher magnitude than the other sites. However, the situation in the control indicated a 
gradual increase in the abundance of saplings to young trees, which aligns with the notion of the even-aged 
character of mangrove forests. The results of the PLS regression (Table 2) revealed that sediment parameters 
have a limited effect on the growth and abundance of the study area. This is depicted by the highest 
percentage contribution being within the 42 to 45% cohort for the Rhizophora spp. juveniles in the control 
and the A. germinans saplings in the study site, respectively. A contribution of 18% was observed for 
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Rhizophora spp. saplings abundance in the study sites. This suggests that sediment parameters influenced 
mangrove juvenile abundance more during the sapling stage for both mangrove species. 

The relatively low percentage contribution of the sediment parameters implies the likely occurrence of other 
unknown contributory factors. These unknown factors may sometimes work in tandem with sediment 
parameters. However, further research is required to identify these factors. A study on habitat suitability 
modelling has lent credence to the interplay of several factors in mangrove forest sustainability, which are 
habitat/species-specific [30]. They are inclusive, but not limited to, soil, hydrological, and environmental 
characteristics [31]. It has also been observed that these factors demonstrate temporal and spatial variations 
which have a significant impact on the habitat in question [32]. Crab predation on mangroves has been shown 
to significantly impact natural regeneration and mangrove species zonation because of their status as the 
dominant herbivores in the mangrove ecosystem [33]. Other factors, such as hydrologic regimes and seed 
viability, also affect mangrove development [34]. Several studies have demonstrated the importance of 
particle size composition in the germination, growth, and adaptation of various mangrove species. This is not 
related to the physiology and morphology of the mangroves.  

In this study, sand and clay content were common predictors of mangrove species in the study area. However, 
the sand content parameter was observed to negatively influence the Rhizophora spp. saplings in the control 
and A. germinans saplings in the study site (Table 3). This suggests that increasing sand content limits 
mangrove sapling abundance. Research has affirmed the limitation of mangrove juvenile growth in sandy soil 
[35], further confirming the findings of this study. Mangrove propagules have been discovered to perform 
less optimally in sandy soils because of root withering [36]. The salinity parameter had a negative influence 
on Rhizophora spp. juveniles in both the control and the study sites, suggesting a limitation to mangrove 
juvenile growth. This finding aligns with the assertion of Ahmed et al. and Devaney et al. [37,38], confirming 
the limitation of the salinity parameter as a factor in mangrove growth.    

Conversely, an exception to the positive influence of salinity was observed in the young Rhizophora spp. trees 
at the control site. Salinity was also observed to positively influenced various juvenile classes of A. germinans 
at the study sites. Therefore, the findings of this study show that salinity significantly influences mangrove 
juvenile growth; however, this influence could either serve as a limitation or an improvement, depending on 
the juvenile stage or species. This aligns with the assertion of Devaney et al. [38], who noted that the response 
of juvenile root development to salinity varied in various mangrove species (Table 3). Calcium and magnesium 
were the only chemical sediment parameters significantly predictors of mangrove juvenile abundance across 
all sites (Figure 4 and 5). This aligns with the findings of Alongi [39], where calcium, magnesium, and sulphur 
were highlighted as being major contributors to mangrove growth. Organic carbon content significantly 
contributed to the abundance of juveniles of both A. germinans and Rhizophora spp. within the study sites 
(Figure 5).  However, in the case of the control site, organic carbon was not a contributor (Figure 4).  

The generally low or insignificant contribution of sediment parameters in the study area shows that 
mangrove juvenile growth is driven by several other factors that are likely to operate in collaboration with 
sediment parameters. Further research is required to discover such interlinkages and relationships to ensure 
efficient mangrove management. This further reveals the critical nature of the mangrove juvenile stage, 
underscoring the need for more studies to ensure a better understanding. The generally high values of the 
sapling class in all the locations are also suggestive of the inherent potential for development, if appropriate 
measures and interventions are adopted. This aligns with observations of Yun et al. [36], who noted that 
mangrove saplings had a significantly higher survival rate than seedlings owing to their ability to withstand 
coastal winds and waves of the adjoining oceans. 

Conclusion  

The mangrove forests of the Niger Delta in Nigeria show signs of degradation, as evidenced by the generally 
low abundance of young trees relative to sapling abundance. However, the high sapling abundance is 
indicative of high regenerative potential. The condition and growth of juveniles demonstrated at the control 
site suggest the interaction and interfacing of several other factors and functionalities, aside from sediment 
parameters, in operation. Therefore, the observed regeneration potential should be considered. Mangrove 
regrowth and afforestation, as well as the establishment of additional mangrove conservation sites 
throughout the region, are recommended. 
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