Plants Species Composition, Vegetation Dynamics, and Soil Characteristics of the Ikot Akpa Etok Forest Ecosystem in Ibesikpo Asutan Local Government Area, Akwa Ibom State, Nigeria

Abstract
This study assessed the plant species composition, vegetation structure, and soil physicochemical characteristics of the Ikot Akpa Etok forest ecosystem in Ibesikpo Asutan, Akwa Ibom State, Nigeria, to understand soil–vegetation interactions in a regenerating secondary tropical forest. Soil samples were collected from Ikot Akpa Etok Community Forest, located in Ibesikpo Asutan Local Government Area, Akwa Ibom State, Nigeria. Composite soil samples were obtained at two depths: 0–15 cm (topsoil) and 15–30 cm (subsoil) using a soil auger. At each sampling point, three subsamples were collected, thoroughly mixed, and a representative sample taken for laboratory analysis. A total of 3,001 individual plants were recorded, representing 59 species across more than 30 botanical families. Trees were the dominant life form (42.3%, 1,271 individuals), followed by herbs (27.7%, 832 individuals), shrubs (19.5%, 584 individuals), and climbers (10.5%, 314 individuals). Biodiversity indices indicated high ecological stability, with Shannon–Wiener index (H′) of 3.7501, Simpson’s index (D) of 0.9705, and species evenness (E) of 0.9197, reflecting low dominance and balanced species distribution. Soil analysis revealed moderately acidic loamy sand (mean pH = 4.69), enriched with organic matter (mean = 5.08%), total nitrogen (0.13%), available phosphorus (75.42 mg/kg), and high base saturation (87.0%). These soil fertility indicators were positively correlated with vegetation abundance and diversity, underscoring their role in supporting regeneration and structural complexity. The co-occurrence of pioneer species such as Musanga cecropioides and Macaranga barteri alongside late-successional taxa suggests an advanced successional stage and strong regenerative capacity. The dense tree cover and elevated organic matter highlight the site’s potential as a biodiversity reservoir and carbon sink, with implications for climate regulation and ecosystem service delivery. The findings emphasize the need for conservation interventions that integrate enrichment planting, soil fertility management, and community-based stewardship to safeguard the ecological and socio-economic functions of this forest ecosystem.
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1.1 INTRODUCTION
Tropical forests represent some of the most ecologically significant biomes on Earth. They harbor more than half of the world’s terrestrial biodiversity, regulate global and regional climate systems, and play a vital role in the hydrological cycle and soil stabilization (Jucker et al., 2018; Brockerhoff et al., 2017). One of their most critical ecosystem services, however, is their function as carbon sinks absorbing atmospheric carbon dioxide (CO₂) through photosynthesis and storing it in biomass and soils. This function has positioned tropical forests as essential buffers against climate change. However, recent evidence suggests that this role is increasingly being compromised. Data from satellite observations, flux towers, and long-term ecological studies reveal that tropical forests, particularly in South America, are undergoing a worrying shift from net carbon sinks to net carbon sources (Kondo et al., 2022). This reversal is largely driven by anthropogenic disturbances such as deforestation, agricultural encroachment, logging, and increasingly severe climatic extremes, including drought and temperature anomalies. Even relatively undisturbed forests are showing signs of stress. For instance, while African tropical forests have shown more resilience compared to their South American counterparts, recent trends indicate a decline in their carbon sequestration capacity, suggesting an emerging vulnerability to changing climatic and land-use pressures (Carbon Brief, 2020).
At the heart of these forest ecosystems is vegetation comprising trees, shrubs, lianas, herbs, and ground cover plants, which is integral not only to biodiversity support but also to soil conservation and ecosystem stability. Vegetation affects soil properties through a range of processes (Robert and Akpan, 2025): the root systems of plants reduce erosion (Akpan et al., 2022), enhance water infiltration, and promote soil structure through mechanical reinforcement and hydrological interactions (Ventura et al., 2006). Additionally, plant litter and root turnover contribute to organic matter inputs, which in turn influence nutrient cycling and microbial activity. Conversely, when vegetation is removed or altered, such as through logging (Akpan et al., 2024) or conversion to farmland, soils become exposed to erosion, compaction, and nutrient loss. These changes can degrade soil fertility, inhibit natural regeneration, and diminish the forest's resilience to future stressors (Moshood & Olajuyigbe, 2023).
The composition and structure of forest vegetation, its floristic diversity, canopy layering, and successional status, are both indicators and drivers of ecological integrity. These vegetative patterns are tightly interlinked with soil fertility parameters such as organic carbon content, nitrogen availability, pH, phosphorus levels, and cation exchange capacity (CEC), which together influence plant establishment, productivity, and competition dynamics (Onyegbule et al., 2023; Science Advances, 2022). In turn, soils are not passive recipients; their physical and chemical properties actively shape the vegetation through nutrient availability, water retention, and rooting depth constraints.
This study is situated in Ikot Akpa Etok, a regenerating secondary tropical forest located in the Mkpat Enin Local Government Area of Akwa Ibom State, Nigeria. The area has experienced significant anthropogenic disturbance in the past, including subsistence farming and selective logging, but is currently undergoing natural regeneration. The site presents a valuable case study for examining vegetation-soil interactions in a post-disturbance landscape. Understanding these interactions is crucial not only for assessing the ecological trajectory of the forest but also for informing restoration strategies that are grounded in local environmental conditions. Therefore, the primary aim of this research is to evaluate the interrelationships between vegetation composition and soil properties in Ikot Akpa Etok. By identifying the extent to which soil conditions influence vegetation patterns and vice versa, this study seeks to contribute to the broader understanding of ecosystem resilience in regenerating tropical forests. Ultimately, these insights will help guide ecological restoration and land management practices, particularly in similar forested regions across Nigeria and the broader West African sub-region.

Materials and method 
2.1 Study Area
Ikot Akpa Etok is located in Ibesikpo Asutan Local Government Area of Akwa Ibom State, in southeastern Nigeria. Akwa Ibom lies approximately between latitudes 4°30′ and 5°30′ N and longitudes 7°27′ and 8°27′ E, bordered by the Atlantic Ocean to the south, Cross River State to the east, and Abia and Rivers States to the north and west. The area forms part of the southern Nigerian coastal plain, characterized by sandy and alluvial sediments primarily derived from the Niger Delta's coastal plain sands (Ukpong et al., 2016). Soils in this region are typically acidic, low in nutrient content, and highly susceptible to leaching and erosion, especially when vegetation cover is lost or land is poorly managed (Ukpong et al., 2016). The climate of the region is classified as humid tropical (Köppen Am), marked by high annual temperatures, distinct wet and dry seasons, and consistently high relative humidity (Ukpong et al., 2016). Annual rainfall ranges from approximately 2,500 mm to over 3,000 mm, with peaks typically occurring in July and September, and a short dry spell in August. Temperatures generally range between 26°C and 28°C, while relative humidity during the wet season can exceed 90% (Ekpo et al., 2021). Historically, Akwa Ibom was dominated by tropical lowland rainforest, but extensive anthropogenic activities such as logging, slash-and-burn farming, and urbanization have significantly degraded native forest cover. As a result, much of the region, including Ikot Akpa Etok, is now characterized by secondary vegetation comprising pioneer tree species, shrubs, herbs, and early successional forest species. This evolving landscape provides a valuable context for studying vegetation–soil interactions in post-disturbance tropical ecosystems.
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Map 1 : Study area 
VEGETATION AND FAUNA
The existing climatic factors in Akwa Ibom State would have favoured luxuriant tropical rainforests with teeming populations of fauna and extremely high terrestrial and aquatic biomass. However, both the vegetation and the fauna of the forest are largely depopulated because of human population pressure. The native vegetation has been almost completely replaced by secondary forests of predominantly wild oil palms, woody shrubs and various undergrowth’s. Akwa Ibom State is reputed to hold the highest oil palms per capita in Nigeria. Mangroves cover extensive parts of the coastal Local Government Areas of Ikot Abasi, Eket, Mbo, Oron, Itu, Uquo-Ibeno, Uruan and Okobo, Farmland mixed with oil palm and degraded forests predominate in the rest of the state (Usoro and Akpan, 2010).



2.2 	RECONNAISSANCE SURVEY AND INTERVIEW OF RESIDENCE AND 	STAKEHOLDERS IN THE STUDY AREA

In the study area, advocacy/familiarity visits was organized with the stakeholders of the area. This is to acquire the historical background of the area and to permit the execution of research in their land as well as providing adequate security for the execution of the project including cultural and social values as well as beliefs, norms and taboos of the area in relation to forest and other vegetation cover of the area. 


2.3	METHODS OF DATA COLLECTIONS
In each of the community forests, a base line of 100m will be constructed. On the base line ten (10) line transacts of 200m long in length will be laid at 50m interval along the transects in each of the forests, 6 transects will be selected among the ten (10) randomly for enumeration, plants species of 0.5mm in girth at breast height will be enumerated.   Along the transects 5m x 5m were cut on both side for enumeration, all the plants species within the transects were enumerated, the plants species includes shrub, herbs, lianas. Plant species not identified in the field were taken to Department of botany and land resources of the University of Uyo for proper identification. Data were group according to their families and plant species.
         
	
2.4 	DATA ANALYSIS
The enumerated plant species were classified into four groups of herbs, shrubs, tree seedlings and climbers. Data analysis were also estimated the density of individual species in the forests and diversity index for each forest. Similarity index were also calculated for all the forests. Diversity index is a measure of heterogeneity of a site taking into consideration the population of each species present. The Simpson’s diversity index (Bhandari, 2003) equation is expressed as
      q
I =   n1 (n1 – 1)
   N(N-1)

Where
I 	= 	Simpson’s diversity index,
N 	= 	Total number of individual plant species enumerated,
q 	= 	Number of different plant species, and
n 	= 	Number of individuals of ith species enumerated.



The similarly index were calculated using Sorensen’s similarity index (Bhandari, 2003) formula. This is expressed as follows:
SI 	= 	          a		
a + b + c x 100
Where SI = Sorensen’s Index,
a 	= 	number of species present in both forests,
b 	= 	number of species present in forest 1 but absent in forest 2, and
c 	= 	number of species present in forest 2 and not in forest 1.


2.5 	ASSESSMENT OF PLANT SPECIES DENSITY AND STRUCTURE
The plant species density and structure were assessed in the forest. The plant species density and structure were assessed based on the abundance this will be done considering the stand density of the following life forms, trees, shrubs, herbs and climbers respectively within selected sample plots in the study area.

2.6 	SOIL STATUS DETERMINAITON
A total of 10 fresh soil samples was collect from different locations of the forests at different depths that is (0-15) cm and (15-30) cm using soil auger respectively. The fresh samples was put in black polythene bags and labelled accordingly, and was taken to the laboratory immediately for physicochemical analysis. 




















3.1	RESULT
3.2	IKOT AKPA ETOK COMMUNITY FOREST IN IBESIKPO LOCAL GOVERNMENT AREA OF AKWA IBOM STATE
The Ikot Akpa Etok Community Forest lies at coordinates 40551540N, 70571491E, at the elevation of 56m (184ft) above the sea level. The village is bounded by Uyo Local Government Area, Nsit Ubium and Nsit Ibom Local Government Area. 
It has annual rainfall of 3,000mm – 37mm and relative humidity of 80 – 91%, highest during wet months. In this forest, tree species dominates with a total of twenty-two (22) species, shrubs ten (10) species and climbers six (6) species. (Table 1)
In the family categories, Fabaceae has six (6) species followed by Araceae, Euphorbiaaceae and Malvaceae with four (4) species each while Cucurbitaceae has three (3) species, Cyperaceae, Urtiaceae, Apocynaceae, Asparagaceae, Myristitaceae and Zigiberaceae has two (2) species each other families includes Costaceae, Acanthaceae, Commelinaceae, Phyllaathaceae, Icancinaceae, Bianoniaceae, Poaceae, Chrsobalanaceae, Connaraceae, Amyrilidaceae, Saliaceae, Lamiaceae, Hyperacaeae, Vitaceae, Annonaceae, Burseraceae and Arecaceae has one (1) species each.   

Table 1:	IKOT AKPA ETOK COMMUNITY FOREST
TREES SPECIES SPECIES IN THE STUDY AREA 
	S/N
	SCIENTIFIC NAMES
	COMMON NAMES
	FAMILY
	POPULATION

	1
	Mallotus oppositifollus
	Red kamala
	Euphorbiaceae
	18

	1. 2
	Milletia thionningii
	African wenge
	Fabaceae
	51

	2. 3
	Musanga cecropiodes
	Umbrella tree
	Urticaceae
	17

	3. 4
	Phyllostachs aurea
	Golden bamboo
	Poaceae
	16

	4. 5
	Elaeis guineenses
	African oil palm
	Arecaceae
	26

	5. 6
	Symphonia globullfera
	African cherry
	Clusiaceae
	27

	6. 7
	Hannoa klaeneana
	African mahogany
	Maliaceae
	221

	7. 8
	Alstonea boonei
	Boone’s alstonea
	Apocynaceae
	88

	8. 9
	Anthonotha macryophylla
	Sida
	Fabaceae
	71

	9. 10
	Raphia sudanica
	Rafia palm
	Araceae
	8

	10. 11
	Dracaena arborea
	African dragon
	Asparagaceae
	8

	11. 12
	Inga vera
	Sweet inga
	Fabaceae
	60

	12. 13
	Homalium paniculatum
	Panicled homalium
	Salicaceae
	51

	13. 14
	Ficus exasperata
	Sand paper leaf
	Moraceae
	61

	14. 15
	Staudtia stipitata
	False nutmeg
	Myristicaceae
	81

	15. 16
	Pycnanthus angolensis
	African nutmeg
	Myristicaceae
	71

	16. 17
	Pentacle thramacropylla
	Oil bean tree
	Fabaceae
	11

	17. 18
	Cyclodiscus gabunensis
	African rose weed
	Mimosaceae
	211

	18. 19
	Erythrina senegalensis
	Red iron tree
	Fabaceae
	64

	19. 20
	Gimelina aborea
	Gmelina tree
	Lamiaceae
	5

	20. 21
	Harungana madagascarinsis
	Horungaga
	Hypericaceae
	18

	21. 22
	Enatia chlorantha
	Yellow alder
	Anonaceae
	36

	22. 23
	Prycralima nitida
	African dream root
	Apocynaceae
	51




Table 2:	CLIMBERS SPECIES IN THE STUDY AREA 

	S/N
	SCIENTIFIC NAMES
	COMMON NAMES
	FAMILY
	POPULATION

	1. 
	Mommordica balsamina
	Balsam apple
	Asparagaceae
	79

	2. 
	Gongronema latifolium
	Bush bitter leaf
	Apocynaceae
	101

	3. 
	Lagenaria breviflora
	Calabash
	Cucurbitaceae
	7

	4. 
	Aristolochia strata
	King flower
	Acanthaceae
	111

	5. 
	Momordica charanta
	Bitter gourd
	Cucurbitaceae
	16








Table 3	SHRUBS SPECIES IN THE STUDY AREA 
	S/N
	SCIENTIFIC NAMES
	COMMON NAMES
	FAMILY
	POPULATION

	1. 
	Lansianthera africana
	False olive
	Icacinaceae
	115

	2. 
	Newbouldia levis
	Boundary tree
	Bignoniaceae
	42

	3. 
	Baphia nitda
	Cam wood
	Fabaceae
	8

	4. 
	Urena camerounensis
	Stinging nettle
	Urticaeae
	51

	5. 
	Sida acuta
	Broom weed
	Malvaceae
	18

	6. 
	Urena lobata
	Caesar weed
	Malvaceae
	14

	7. 
	Glyphaea brevis
	Monsson flower
	Malvaceae
	19

	8. 
	Hibiscus surattensis
	Bush sorrel
	Malvaceae
	81

	9. 
	Cnestis ferruginea
	Alum plant
	Connaraceae
	72

	10. 
	Dracaena mannii
	Man’s dracaena
	Asparagaceae
	51

	11. 
	Rothmania hispida
	Hairy rothomania
	Rubiaceae
	38

	12. 
	Laccosperma secondiflorum
	Rattan palm
	Arecaceae
	75




Table 4	HERBS SPECIES IN THE STUDY AREA

	S/N
	SCIENTIFIC NAMES
	COMMON NAMES
	FAMILY
	POPULATION

	1. 
	Costus afer
	African spiral flag
	Costaceae
	110

	2. 
	Xanthosoma oppositifollus
	Cocoyam
	Araeceace
	5

	3. 
	Euphatorium odoratum
	Siam weed
	Asterceae
	52

	4. 
	Asystasia gangetica
	Chineese nolet
	Acanthaceae
	16

	5. 
	Commelina erecta
	Slender day flower
	Commenlinaceae
	81

	6. 
	Phyllanthus amarus
	Stone breaker
	Phyllanthaceae
	63

	7. 
	Scleria spp
	Nut rushes
	Cyperaceae
	28

	8. 
	Caladium spp
	Heart of jesus
	Araceae
	15

	9. 
	Cuperus zollingerii
	Roadside flat edge
	Cyperaceae
	16

	10. 
	Xylopia aethiopic
	Guinea pepper
	Anonnaceae
	42

	11. 
	Palisok hirsuta 
	Goat knee
	Commelinaceae
	15

	12. 
	Crinum jagus
	Hamattan lily
	Amarylidaceae
	52

	13. 
	Vernonia cinerea
	Little iron weed
	Asteraceae
	11

	14. 
	Anchomanes difformis
	Snake lily
	Avaceae
	85

	15. 
	Musa sapietum
	Wild banana
	Musaceae
	2

	16. 
	Afromomum sceptum
	African cardamom
	Zingiberaceae
	82

	17. 
	Afromomum danieliit
	Nigerian cardamom
	Zingiberaceae
	51

	18. 
	Hippocratea africana
	African hippocrates
	Celasrraceae
	85

	19. 
	Cissus quadragularis
	Devils backbone
	Vitaceae
	21











[image: C:\Users\UBONG AKPAN\Desktop\ROBERT WORK\faaf874c-bd71-4f00-bc45-91abc4a23744]
Fig.1: Relative Abundance and Percentage Distribution of Plant Life Forms in Ikot Akpa Etok Forest

Table 5: Mean, Standard Deviation (SD), and Range of Species Density (Individuals/Ha) by Life Form at Each of the Three Sites
	Life Form
	Ikot Akpa Etok: Mean ± SD: (Range)

	Trees
	8,600±5,900
(800 – 22,100)

	Climbers
	2,100±0
(2,100 – 2,100)

	Herbs
	7,700±6,600 (200 – 21,100)

	Shrubs
	5,700±2,700 (4,200 – 7,200)



Table 6: Species Richness, Diversity, and Evenness across the Study Sites
	Index
	Ikot Akpa Etok
	

	Shannon–Wiener (H′)
	3.7501 
	

	Simpson’s (D)
	0.9705 
	



4.4	SOIL PHYSICAL AND CHEMICAL PROPERTIES OF THE STUDY AREA
The soil physical and chemical analysis was carried out at Department of Soil Science and Land Resources Management, University of Uyo, Uyo, Akwa Ibom State.
In Ikot Akpa Etok (IB) Community Forest the soil sample was taken at depth of (0 – 15cm) and (15 – 30cm) respectively. 
Sand: Had 82.56%, at the depth of (0 - 15) cm co-ordinate 0070 581 356N at elevation of 68m1 and at (15 – 30) cm it is 80.18%.
Silt: At depth of (0-15) cm co-ordinate of 040 551 356N silt had 5.58% content at (15-30) cm same co-ordinate clay content was 3.90%.
Clay: At depth of (0-15) cm same co-ordinate clay content is 11.56% while (15-30) cm the clay content is 15.92%. The soil type is loamy soil.
Hydraulic Conductive (KSAT): The KSAT at (0-15) cm same elevation is 2.8809cm/hr.
Soil Ph: The Ph of the soil at the co-ordinates of 040551356N at the depth of (0-15) cm, at elevation of 68m above the sea level was 5.57 while the Ph at (15-30) cm elevation was 5.38.
Electricity Conductive: At (0-15) cm was 0.08ds/m while at (15-30) cm was 0.07ds/m.
Organic Carbon: The organic carbon at (0-15) cm was 2.43% while at (15-30) cm is 3.59%.
Organic Matter: The result revealed that it was 4.20% at depth of (0-15) cm while at (15-30)cm was  6.21%.
Total Nitrogen:  The T.N at depth of (0-15) cm was 0.11% while at (15-30) cm was 0.16%.
Av. Phosphorus: The available phosphorus obtained at the depth of (0-15) cm was 64.00mg/kg while at depth of (15-30) cm was 55.33mg/kg.
Calcium: The amount of calcium obtained in ikot akpa etok community forest at the depth of (0-15) cm is 2.88cmol/kg while at (15-30) cm is 1.92cmol/kg.
Mg: The total amount of mg at depth of (0-15) cm is 1.44cmol/kg while at (15-30) cm is 1.37cmol/kg.
Sodium: The result showed that at depth of (0-15) cm and (15-30) cm the showed 0.03cmol/kg respectively.  
Potassium: The amount of potassium showed that at depth of (0-15) cm the result is 0.03cmol/kg while at depth of (15-30) cm the show 0.02cmol/kg.  
Exchange Acidity: The amount of E/A at depth of (0-15) cm shows that it is 0.58cmol/kg while at depth of (15-30) cm it is 0.48cmol/kg.  
Exchange Acidity: The amount of E/A at depth of (0-15) cm shows that it is 0.58cmol/kg while at depth of (15-30)cm it is  0.48cmol/kg.









Table 7: Physical and Chemical Characteristics of Soils at Ikot Akpa Etok (IB/P), Ibesikpo Asutan LGA
	Sampling Point
	Depth (cm)
	pH
	EC (dS/m)
	Organic Matter (%)
	Total N (%)
	Av.P (mg/kg)
	Ca (cmol/kg)
	Mg (cmol/kg)
	Na (cmol/kg)
	K (cmol/kg)
	EIA (cmol/kg)
	ECEC (cmol/kg)
	BS (%)
	Sand (%)
	Silt (%)
	Clay (%)
	Textural Class

	IB/P1
	0–15
	5.57
	0.08
	4.20
	0.11
	64.00
	2.88
	1.44
	0.03
	0.03
	0.58
	4.96
	88.31
	82.56
	5.58
	11.56
	Loamy Sand

	IB/P1
	15–30
	5.38
	0.07
	6.21
	0.16
	55.33
	1.92
	1.37
	0.03
	0.02
	0.48
	3.82
	87.43
	80.18
	3.90
	15.92
	Loamy Sand

	IB/P2
	0–15
	4.45
	0.09
	2.60
	0.07
	76.00
	4.08
	2.91
	0.02
	0.02
	0.96
	7.99
	87.98
	80.50
	8.96
	10.54
	Loamy Sand

	IB/P2
	15–30
	4.26
	0.08
	4.20
	0.11
	70.67
	3.60
	2.16
	0.03
	0.03
	0.86
	6.68
	87.13
	77.10
	10.36
	12.54
	Loamy Sand

	IB/P3
	0–15
	4.16
	0.05
	5.21
	0.13
	88.00
	1.92
	1.62
	0.03
	0.03
	0.96
	4.56
	78.95
	81.70
	6.62
	11.68
	Loamy Sand

	IB/P3
	15–30
	4.10
	0.10
	4.60
	0.12
	87.33
	1.68
	1.20
	0.04
	0.03
	0.58
	3.53
	83.57
	80.54
	5.84
	13.62
	Loamy Sand

	IB/P4
	0–15
	4.84
	0.11
	6.00
	0.15
	90.67
	3.60
	2.57
	0.04
	0.04
	0.58
	6.83
	91.51
	84.54
	5.84
	9.62
	Loamy Sand

	IB/P4
	15–30
	4.76
	0.06
	7.61
	0.19
	71.33
	3.12
	1.87
	0.03
	0.03
	0.48
	5.53
	91.32
	81.38
	4.88
	13.74
	Loamy Sand



4.1 Discussion
The tropical rainforest resources are not homogeneous but differ in species composition and structure (Chukwu & Nwosu, 2023). There are also differences within, between, and among tropical rainforest resources in different locations. However, the existence of a plant species in a forest ecosystem is a function of the prevailing microclimate in the forest. Different microsites with varying microclimate are often created in the forest as consequences of natural and artificial perturbations. Different microsites provide niches for different plant species. The variation in the population densities of the plant species enumerated can be ascribed to the different sizes of niches in the forest (Chukwu & Nwosu, 2023).
The result of this study revealed that there was high species richness in Ikot Akpa Etok (S = 59). The majority of the plant species in both forests are shrubs and herbs, producing edible leaves, fruits, seeds, and medicinal products. Etukudo (2000, 2003) had earlier noted that forests comprise many species of plants which are very useful to people in various ways. Edible leaves, seeds, fruits, and oils are good sources of vitamins, proteins, minerals, and oils (Etukudo, 2000, 2003). The villagers obtain these essential nutrients through consumption of these products, thereby augmenting their nutritional needs rather than spending large sums of money to buy expensive alternative foods which contain similar nutrients.
Also, procuring essential drugs for vitamins, proteins, and other bodily needs from pharmacies costs more than obtaining them from natural sources via plants. Barks, roots, fruits, and seeds obtained from indigenous plants provide antiseptics and cures for many ailments, some of which cannot be addressed by modern medicine (Etukudo, 2003). Some of the most common diseases which are difficult to cure with modern drugs, but are reportedly easier to treat with natural plants, include asthma, gonorrhea, tuberculosis, piles, and strokes (Etukudo, 2003). Some plants which were noted by Etukudo (2003) for their medicinal importance and their purported cures include Acanthus montanus (used for treatment of whitlows, whooping cough, and abdominal heat), Spondias mombin (used for treatment of palpitation, conjunctivitis, cough, sore throat, and bronchitis), Plukenetia conophora (used for treatment of gonorrhea, heart diseases such as palpitation), and Sphenocentrum jollyanum (used for treatment of malaria and yellow fever). Olurefemi and Olajide (2021) described forests as sources of traditional and pharmacological medicines such as alkaloids, hydrocortisone, quinine, diosgenin, and ipecac. It was, however, observed that there are undergrowth species in the forest whose values are yet to be identified. According to Etukudo (2003), there is gross inadequate knowledge of the various uses of indigenous forest plants, and therefore the author also recommends intensive assessment of socio‐economic uses of lesser‐known species for their economic importance.
From the study it was discovered that, due to the dependence of the people of the communities on valued non‐timber plant species for survival, some plant species have been over‑exploited. Some have been threatened and endangered and are on the verge of extinction. Among these are Gnetum africanum, Lasianthera africana, and Plukenetia conophora. Udo (2001) observed that illegal and indiscriminate exploitation of forest resources by members of the public has resulted in over‑exploitation of many forests. Udo also noted that poverty and greed are perhaps the most important factors which often encourage various forest offenses. Interaction with villagers revealed that they find it difficult to propagate most socio‐economically valuable forest plants. Thus, they depend entirely on natural ecosystems for their exploitation. According to Olurefemi and Olajide (2021), destruction of vast areas of forest has been responsible for the disappearance of many edible and medicinal forest plants.
4.2 Forest Composition and Vegetation Diversity in Ikot Akpa Etok Community Forest (IB)
Ikot Akpa Etok, with the highest total plant count (3,001 individuals), presented a distinct life-form distribution. It had the highest density of climbers (314 individuals) and shrubs (584 individuals), along with a significant herb population (832 individuals). These indicators suggest an actively regenerating forest undergoing secondary succession, likely following disturbances such as human activities or selective logging. The dominance of early successional, light-demanding species such as Costus afer, Aframomum daniellii, and Lasianthera africana is characteristic of disturbed tropical forest ecosystems (Lawal & Adekunle, 2013).
Floristic surveys from other tropical forest zones in Nigeria have shown similar patterns, where herb and shrub layers exhibit high diversity and abundance, especially in forests with fertile soils and canopy openings that promote rapid colonization (Olajuyigbe & Adaja, 2014).
4.3 Biodiversity Assessment of Ikot Akpa Etok: Structural and Ecological Characteristics
Biodiversity indices are essential tools for understanding the structural and ecological dynamics of forest ecosystems. At Ikot Akpa Etok, key indices including species richness (S), total abundance (N), Shannon–Wiener diversity (H′), Simpson’s index (D), and species evenness (E) collectively provide a detailed profile of community composition, functional diversity, and successional status.
Species Richness (S): Ikot Akpa Etok exhibited relatively high species richness, with 59 plant species recorded in the study area. High species richness is commonly observed in Nigerian tropical lowland forests, which often support diverse plant communities due to microclimatic variation and soil heterogeneity (Ariyo, 2020).
Total Abundance (N): A total of 3,001 individual plants were recorded at the site, suggesting high levels of productivity and regeneration. This abundance reflects favorable site conditions and the resilience of the vegetation following disturbances (Olajuyigbe & Adaja, 2014).
Shannon–Wiener Diversity Index (H′): The Shannon–Wiener index was calculated as H′ = 3.7501, indicating both high species richness and relative species balance. In tropical forests, values above 3.5 are typically associated with structurally complex and biologically stable environments (Akinyele et al., 2018).
Simpson’s Diversity Index (D): The Simpson’s index value of D = 0.9705 suggests high species heterogeneity and low dominance. This aligns with findings in the IITA Forest Reserve, where high D values indicated minimal competitive exclusion and a balanced resource-sharing system (Ariyo, 2020).
Species Evenness (E): A high evenness value (E = 0.9197) at Ikot Akpa Etok signifies a relatively equitable distribution of individuals among species. Such levels are characteristic of recovering or mid-successional forests that are not dominated by a few aggressive species (Lawal & Adekunle, 2013). Together, these biodiversity metrics suggest that Ikot Akpa Etok is in a healthy successional stage, with strong regenerative capacity, ecological balance, and significant conservation value. The site's high diversity and structural complexity underline its importance for regional biodiversity conservation and sustainable forest management initiatives.
4.4 Biodiversity Profile and Structural Composition of Ikot Akpa Etok
Diversity Indices and Conservation Implications
The high diversity indices recorded at Ikot Akpa Etok underscore its ecological balance, structural complexity, and conservation value. Elevated values in species richness, evenness, and heterogeneity metrics are characteristic of a mid‑successional forest system undergoing active natural regeneration. Such diversity suggests a resilient ecosystem capable of supporting ecological functions such as nutrient cycling, habitat provisioning, and carbon storage.
Biodiversity‐rich environments like this play crucial roles in landscape‑scale conservation strategies. High diversity in tropical secondary forests has been recognized as an early indicator of successional recovery and ecosystem integrity (Borisade, 2023). In this context, Ikot Akpa Etok warrants prioritized conservation attention, especially as a candidate site for assisted natural regeneration, ecological restoration efforts, and habitat connectivity initiatives within the broader Akwa Ibom forest landscape.
4.5 Density and Distribution Patterns of Plant Life Forms in Ikot Akpa Etok
The distribution and relative abundances of life forms trees, herbs, shrubs, and climbers offer insights into the successional stage and ecological stability of forest ecosystems. At Ikot Akpa Etok, the spatial structure suggests a balanced system with coexisting vertical strata and notable regenerative dynamics.
Tree Layer Composition
Trees composed 1,204 individuals (35.0%) of the total plant population. While this is lower than densities typical in undisturbed old‐growth forests, its coexistence with a diversity of pioneer and more shade‐tolerant taxa suggests a forest transitioning toward ecological maturity. The presence of gap‐phase regeneration indicates active recruitment and supports vertical stratification over time. Similar mid‑successional forests in Nigeria show that loamy–sand soils with higher organic matter favor tree regeneration, particularly when disturbance intensity is moderate (Onyekwelu, Mosandl, & Stimm, 2008). In southwestern Nigeria, for example, tree species diversity and evenness decline as degradation intensifies, but intermediate disturbance levels often allow diversity to rebound (Onyekwelu et al., 2008).
Herbaceous Layer Distribution
Herbs were the most abundant life form, totalling 1,771 individuals (51.5%). Such dominance reflects an open to semi‑closed canopy, which permits sufficient light penetration to the forest floor. Dominant herbaceous species (e.g. Aframomum spp., Axonopus spp.) often serve as indicators of soil fertility and early successional recovery. In the understory of tropical forests, herb layers frequently contribute significantly to species richness and biomass turnover (Amonum, Ikyaagba, & Jimoh, 2016).

Climber Distribution
Climbers accounted for just 67 individuals, making them the least represented life form. Their low abundance suggests a relatively stable canopy that limits vertical light gaps conditions less favorable for liana expansion. In highly disturbed forests, climbers frequently proliferate, but in moderately disturbed or regenerating forests, their abundance is often restrained (Borisade, 2023).
Shrub Layer Dynamics
Shrubs numbered 399 individuals, occupying an intermediate niche between herbs and trees. Species such as Lasianthera africana and Cnestis ferruginea are frequently encountered in regenerating forests and are valued in local ethnobotany. A well‑developed shrub stratum contributes to structural complexity, understorey shading, microhabitat diversification, and potential faunal support (Akinyemi & Oke, 2014).
4.6 Ecological Interpretation of Life Form Distribution
The proportional dominance and spatial distribution of life forms at Ikot Akpa Etok reflect the dynamics expected in a mid‑successional forest ecosystem. The coexistence of abundant herbs and shrubs, a substantial tree layer, and minimal climber presence is consistent with successional theory as outlined by Connell and Slatyer’s models (Connell & Slatyer, 1977; Poorter, 2023). These structural traits suggest the forest is progressing toward greater stability while retaining regenerative capacity. Structural heterogeneity supports multiple ecological processes: carbon sequestration via tree biomass accumulation; nutrient cycling through herbaceous turnover; habitat provision for both generalists and specialists; and soil stabilization by shrub and tree roots. Systems with such structural complexity are often more buffered against environmental shocks and contribute significantly to long-term resilience (Poorter, 2023; Onyekwelu et al., 2008).
4.7 Plant Species Diversity as a Conservation Asset
The presence of over 70 plant species across more than 30 botanical families at Ikot Akpa Etok illustrates its remarkable plant richness. Key taxa such as Gnetum africanum, Pentaclethra macrophylla, and Xylopia aethiopica have ecological, cultural, and nutritional importance and further emphasize the forest’s value. The occurrence of rare or regeneration-sensitive taxa (e.g. Anthonotha macrophylla, Tieghemella heckelii) reinforces the ecological significance of the site and the need for urgent conservation, especially as such species often serve as bioindicators of ecosystem health and are vulnerable to fragmentation and selective logging.
4.8 Effects of Forest Management Practices and Disturbance Regimes at Ikot Akpa Etok
The structure and composition of the forest at Ikot Akpa Etok reflect the imprint of both past land use and current regeneration dynamics. As a secondary forest in recovery, the site shows high plant density, elevated Shannon diversity, and a prominent representation of pioneer species. These traits are typical of forests recovering from disturbances such as shifting cultivation, selective logging, or fuelwood extraction (Onyekwelu et al., 2008). Despite this disturbance history, the vegetation profile suggests positive regeneration trajectories, supported by favorable soil conditions and balanced life‐form distribution. In West Africa more broadly, forest structure and species composition are highly responsive to both the intensity and timing of anthropogenic interventions (Borisade, 2023).
Soil–Plant Relationships at Ikot Akpa Etok
1. Organic Matter and Nutrient Availability
Ikot Akpa Etok recorded high organic matter (5.08 %), second only to mature forest systems in the region. This level of organic input enhances microbial activity, soil aeration, and moisture retention   all essential for plant establishment and succession (Onyegbule & Onwudike, 2023). The site also exhibited robust total nitrogen content, reinforcing its capacity to support vigorous herbaceous and woody growth. Dense populations of herbs and shrubs, particularly Aframomum spp. and Lasianthera africana, corresponded positively with nutrient‑rich conditions, suggesting that soil fertility is a key driver of understorey vegetation density. These results are consistent with studies that link organic carbon pools with biodiversity recovery in post‑disturbance tropical ecosystems (Onyegbule & Onwudike, 2023; Robert and Akpan, 2025).
2. Phosphorus and Successional Development
Available phosphorus (Av.P) at Ikot Akpa Etok was measured at 70.1 mg/kg, well above thresholds often regarded as critical for tropical soil productivity. Phosphorus is vital for root development, seedling vigor, and biomass accumulation, particularly in early‑successional species (Ogunleye & Agele, 2025). The relatively high phosphorus levels here may result from past slash‑and‑burn activities, which temporarily enrich surface soils through ash deposition and increased organic matter turnover.
3. Cation Exchange Capacity and Base Saturation
Ikot Akpa Etok demonstrated high base saturation (86.68 %) and moderate cation exchange capacity (5.93 cmol/kg), suggesting strong nutrient retention potential and buffering against acidification. These properties create favorable conditions for woody species recruitment, thereby supporting long‑term forest stability. Edaphic conditions such as these have been shown in other studies to promote structural layering and successional development in mid‑recovery forest systems (Enaruvbe, Osewole, & Mamudu, 2021).
4. Soil Acidity and Plant Growth Constraints
The soil pH at Ikot Akpa Etok ranged between 5.32 and 5.57, indicating moderate acidity within tolerable limits for most native tropical species. In more acidic sites, tree recruitment is often suppressed, but the pH levels here support a broad spectrum of flora, including shade‑tolerant shrubs and regenerating canopy trees. Relatively low exchangeable acidity (0.67 cmol/kg) reduces the inhibitory effects of toxic aluminum ions on roots and nutrient uptake. In conjunction with sandy‑loam texture and elevated organic inputs, this substrate is conducive to natural regeneration processes (Oladoye, 2015).
5. Soil Texture and Hydrological Function
The soil texture at Ikot Akpa Etok is predominantly loamy sand, with somewhat higher proportions of silt and clay compared to more degraded local sites. This textural composition helps enhance water retention, nutrient adsorption, and root penetration   especially beneficial to slower‐growing woody perennials. The result is a vertical vegetation profile capable of supporting both understorey diversity and canopy development, consistent with resilient recovering forests (Moshood & Olajuyigbe, 2024).
6. Soil Fertility and Historical Land Use
The edaphic profile of Ikot Akpa Etok bears hallmarks of a post‑disturbance nutrient pulse, likely stemming from legacy agricultural practices and periodic burning. Elevated base saturation, organic matter, and available phosphorus suggest that soil fertility has been maintained or partly recovered, enabling reestablishment of both pioneer and later successional taxa. These patterns echo findings in disturbed rainforests in southwestern Nigeria, where secondary forests can recover soil fertility and restore species composition (Moshood & Olajuyigbe, 2024).
4.10 Implications for Management and Ecological Restoration
Given its high diversity, nutrient‑rich soils, and evident successional trajectory, Ikot Akpa Etok offers valuable opportunities for targeted ecological restoration:
· Assisted Natural Regeneration (ANR): To support ongoing recovery and bolster native species recruitment.
· Buffer Zone Establishment: To prevent agricultural encroachment and minimize edge effects.
· Community‑based Eco‑Education: Leveraging the site’s biodiversity to foster local stewardship and sustainable practices.
These recommendations align with principles from forest recovery research in Nigeria, which stress history‑informed, site‑specific silvicultural prescriptions (Ogunleye & Agele, 2025).
4.11 Soil–Vegetation Interdependence in Restoration Planning
The observed correlations among soil fertility parameters (e.g. organic matter, total nitrogen, available phosphorus, exchangeable calcium) and vegetation density underscore the pivotal role of edaphic conditions in driving forest structure, successional dynamics, and restoration potential. Although the mean pH (≈ 5.57) is somewhat acidic, the loamy sand texture, high base saturation, and elevated organic matter collectively create a fertile environment conducive to dense plant growth across life forms. The co‐dominance of pioneer species (e.g. Musanga cecropioides, Macaranga barteri) alongside more shade‑tolerant taxa suggests stable successional progression, likely supported by favorable soil conditions and reduced disturbance. In analogous tropical systems, restoration planning should therefore prioritize soil fertility assessments, especially organic matter, nitrogen, and phosphorus availability, as foundational to plant recruitment and ecosystem resilience.
4.12 Conservation Implications and Management
1. Forest Structure, Successional Status, and Ecological Integrity
Ikot Akpa Etok shows the highest vegetation density and plant species diversity among evaluated sites, indicative of an advanced secondary succession stage. Its well‑developed vertical structure   with significant tree cover, a diverse herbaceous layer, and moderate shrub and climber representation   reflects a regenerating ecosystem with functional complexity. This mirrors patterns in tropical forests recovering from selective extraction or shifting cultivation, where soil fertility and microbial processes remain active (Enaruvbe et al., 2021).
2. Soil Fertility as a Determinant of Productivity
Soil analyses at the site reveal elevated organic matter, nitrogen, phosphorus, calcium, and cation exchange capacity. These fertility indicators strongly align with vegetation abundance and diversity, confirming that edaphic richness is a major driver of ecological productivity in regenerating forest systems. In particular, high available phosphorus and total nitrogen likely underlie vigorous herb and shrub development, while exchangeable base cations support woody plant establishment and biomass growth (Ogunleye & Agele, 2025).


3. Biodiversity and Cultural Significance
Ikot Akpa Etok hosts over 70 plant species across more than 30 botanical families, including ecologically and ethnobotanically significant taxa Gnetum africanum, Pentaclethra macrophylla, Xylopia aethiopica. Such species contribute to ecosystem functions (nutrient cycling, seed dispersal, habitat support) and local livelihoods. Forests that combine ecological and cultural values should be prioritized in conservation planning (Moshood & Olajuyigbe, 2024).
4.13 Climate Regulation and Carbon Sequestration Potential
Dense tree cover and high soil organic matter content imply that Ikot Akpa Etok functions as a meaningful carbon sink, contributing to climate mitigation via aboveground biomass storage and soil carbon sequestration. Its high base saturation and organic content suggest strong long‑term carbon retention potential, consistent with findings that regenerating tropical forests can significantly sequester carbon (Enaruvbe et al., 2021).

4.14 Management Recommendations for Ikot Akpa Etok
a. Assisted Natural Regeneration and Site Protection
Given its advanced successional status and ecological robustness, Ikot Akpa Etok is well-positioned for assisted natural regeneration (ANR). Management should focus on preventing anthropogenic disturbances, such as illegal logging, farming incursion, and fuelwood harvesting, to allow natural successional processes to continue unhindered. Buffer zones using native pioneer species can also help reduce edge effects and maintain core forest integrity.
b. Enrichment Planting and Agroforestry Integration
To further enhance biodiversity and structural complexity, enrichment planting with ecologically valuable native species is recommended. Agroforestry models incorporating species such as Daniellia ogea and Pentaclethra macrophylla can provide ecological connectivity and livelihood benefits, particularly along forest margins. These systems can serve as transitional habitats and buffer zones, bridging conservation goals with local socio-economic needs (Chikere et al., 2022).
c. Soil Fertility Management
While Ikot Akpa Etok’s soils are currently fertile, continued monitoring is essential. To sustain soil quality:
Mulching and composting from native litter sources should be encouraged to maintain organic input. Cover cropping with leguminous species such as Millettia thonningii may further improve nitrogen availability. Avoidance of chemical fertilizers is recommended to preserve the natural soil microbial balance. These approaches align with best practices in low-input, ecologically sensitive forest management (Nwankwo et al., 2022).
d. Community-Based Stewardship and Indigenous Knowledge Integration
Local participation is critical for long-term conservation. Management programs should involve community members in monitoring and decision-making, while incorporating traditional ecological knowledge (TEK), including indigenous Efik names, uses, and taboos associated with key species. This not only fosters ecological literacy and ownership, but also supports biocultural resilience (Essien et al., 2020).
e. Long-Term Monitoring and Policy Alignment
Establishing a long-term ecological monitoring program, incorporating remote sensing, GIS mapping, and periodic soil-vegetation surveys, will provide early-warning indicators of degradation and facilitate adaptive management. Findings should be integrated into local conservation ordinances, protected area frameworks, and state-level environmental policies to formalize site protection and guide sustainable land use planning (Iwara, Adediran, & Udofia, 2021).
4.15	Conclusion
This study investigated the vegetation structure, Plant Species  composition, and soil physicochemical properties of Ikot Akpa Etok, a tropical secondary forest located in Mkpat Enin Local Government Area, Akwa Ibom State, Nigeria, with the aim of understanding the ecological interdependencies between plant life forms and soil nutrient dynamics.
The findings revealed that Ikot Akpa Etok supports a highly diverse and structurally complex plant community, comprising over 70 recorded species across all major life forms trees, herbs, shrubs, and climbers. Trees and herbs were particularly abundant, indicating a well-advanced successional stage. This vegetation richness was strongly associated with favorable soil conditions, notably high levels of organic matter (5.08%), total nitrogen (0.12%), available phosphorus (70.1 mg/kg), and base saturation (86.68%). Statistical analysis showed significant positive correlations between soil fertility indicators and plant life form density, affirming that edaphic factors are key drivers of vegetation distribution and forest productivity in this ecosystem. The presence of both early- and mid-successional species further suggests a regenerating forest recovering from historical disturbances, possibly past agricultural use or selective logging. The ecological profile of Ikot Akpa Etok highlights its importance as a biodiversity hotspot and carbon sink, with substantial potential for natural regeneration, climate mitigation, and ecosystem service provision. However, ongoing anthropogenic pressures, including farming expansion, resource extraction, and fragmentation, present latent threats to its ecological stability. This research concludes that Ikot Akpa Etok represents a resilient forest ecosystem with high conservation value. Integrating ecological assessments with site-specific management strategies and community-based conservation approaches will be critical for sustaining the forest’s biodiversity and ecological functions in the long term.
4.16	Recommendations
Based on the findings of this study, the following recommendations are proposed to guide conservation planning, forest management, and policy development for Ikot Akpa Etok:
1. Legal Protection and Forest Zoning 
Ikot Akpa Etok should be designated a community-managed conservation zone, supported by enforceable legal instruments to prevent illegal logging, farming encroachment, and other destructive activities. Customary rights and land-use agreements should be formalized to foster local stewardship.
2. Assisted Natural Regeneration (ANR): Given its strong natural recovery potential, forest management should emphasize low-impact interventions such as ANR, selective weeding of invasive species, and the protection of natural seedlings. This approach will consolidate existing successional trends and reduce restoration costs.
3. Enrichment Planting and Agroforestry Buffers: Enrichment planting with native, high-value tree species such as Pentaclethra macrophylla, Gnetum africanum, and Daniellia ogea should be implemented in degraded edge areas to promote structural diversity and ecological connectivity. Agroforestry systems can be introduced along buffer zones to support local livelihoods while mitigating edge effects.
4. Soil Fertility Maintenance: To sustain soil productivity, organic soil amendments (e.g., compost, green manure, and mulching) should be promoted. Periodic soil testing will enable site-specific nutrient management, preventing fertility decline and enhancing plant establishment.
5. Community Engagement and Traditional Knowledge Integration: Conservation success depends on active community participation. Local stakeholders should be involved in decision-making, monitoring, and restoration activities. Indigenous knowledge systems, including traditional plant uses and ecological taboos, should be documented and integrated into forest management plans.
6. Environmental Education and Awareness: Awareness campaigns and environmental education programs targeting schools, farmers, and local leaders should be intensified to highlight the ecological and economic importance of forests. These efforts will foster a culture of conservation and responsible resource use.
4.17	 Areas for Further Research
While this study provides critical baseline data on vegetation and soil dynamics in Ikot Akpa Etok, further research is needed to deepen understanding and inform adaptive management. Key areas include:
1. Long-Term Successional Monitoring: Establish permanent sample plots and conduct longitudinal studies to track forest recovery, biomass accumulation, and shifts in species composition over time.
2. Functional Traits and Ecosystem Services: Assess the functional traits of dominant species, including growth rates, phenology, and rooting patterns, to better understand their role in ecosystem service provision, such as carbon sequestration and erosion control.
3. Soil Microbial Communities and Nutrient Cycling: Investigate the soil microbiome, including microbial biomass, enzyme activity, and symbiotic interactions, to clarify belowground contributions to nutrient dynamics and plant establishment.
4. Climate Variability and Forest Resilience: Examine the impacts of rainfall variability, temperature shifts, and extreme weather events on species distribution, soil moisture regimes, and ecosystem resilience in the context of climate change.
5. Remote Sensing and GIS Applications: Utilize satellite imagery, drone surveys, and GIS mapping to monitor land use change, forest canopy cover, and habitat fragmentation at landscape scales.
6. Socio-Ecological Linkages: Explore the dependence of local communities on forest products and ecosystem services, and assess how cultural practices, economic needs, and policy frameworks shape forest use and conservation behavior.
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