


Spatial and Temporal Dynamics of Petiveria alliacea L.: Assessment of Composition, Abundance and Similarities of Understory Species within Selected Secondary Forests of the University of Ibadan, Nigeria


ABSTRACT
Background and Aim of the Study: The status of naturalised understory herbs serves as a key indicator of habitat change within forest ecosystems on both local and global scales. Petiveria alliacea, a low-growing, naturalised shrub, forms dense community patches, particularly along secondary forest edges and disturbed areas. Its increasing exploitation for multipurpose uses raises significant concerns regarding its conservation, biodiversity, and the health of ecosystems. This study assessed the composition, abundance, and spatial–temporal differences between P. alliacea and other understory plant species within selected secondary forests of the University of Ibadan, Nigeria.
Data and Methodology: Floristic surveys were done at the University of Ibadan’s Teaching and Research Farm (TRF), Botanical Garden (BG) and Department of Botany (DB). At each site, systematic sampling was employed during wet and dry seasons over two consecutive years, establishing four transects at 50 m intervals. Each site has eight 25 m² plots with 40 quadrats laid (35 at the Department of Botany).Relative Importance Value (RIV-%) was calculated to determine species dominance, while the Jaccard Similarity Index (SCJ-%) was used to compare species composition across sites and seasons.
Results: Species richness was higher in BG (52 species, 28 families) and DB (51 species, 28 families) than in TRF (41 species, 21 families), with greater richness during wet seasons across all sites. Petiveria alliacea exhibited the highest RIV across seasons and years in TRF and BG, and during dry seasons in DB. Peak RIV values occurred in dry seasons, whereas the lowest values were recorded during wet seasons. Species composition similarity was highest between wet seasons within the same sites and lowest between dry and wet seasons across different sites. 
Conclusion: Petiveria alliacea is a dominant, fast-spreading species with pronounced spatial and temporal variation but poses no serious threat in the short term to the heterogeneity of the landscape, suggesting its ecological compatibility as a pioneer plant within the secondary forest. 
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INTRODUCTION 
The forest ecosystem is crucial and the largest habitat for diverse flora and fauna of the world (USAID, 2008). Generally, forests provide ecosystem services in biodiversity, nutrient recycling, hydrological cycle, watershed management, carbon cycle, food web, and conservation purposes (Radhamoni et al., 2023).  The flora component of the forest is made up of trees known for the highest biomass contribution, and understory herbaceous species known for their small stature, which provides 80% of the species richness of plant growth form in the temperate (Spicer et al., 2021) and 45% in the tropical forest (Linares-Palomino et al., 2009). 
Typical understory flora of a forest is made up of tree seedlings, herbs, shrubs, lianas, lichens, and mosses (Deng et al., 2023; Zubeck et al., 2024). Understanding that understory herbs are crucial to species richness and the diverse nature of a forest, they serve as key indicators to monitor changes in the ecosystem and provide aesthetic function and structure. Changes to abundance, number, and composition of species of the forest ecosystem are caused by anthropogenic perturbations such as land-use for agriculture and urban development, animal grazing that opens ways for species invasion, alteration in dispersal, and plant community structure, and climate change (Wanjohi et al., 2020; Spicer et al., 2021; Nautiyal and Manish, 2024). The legacies of human perturbations within the forest primarily characterize secondary succession through regeneration, succession, and ecological resilience. Consequently, naturalized plant species serve as key indicators of an ecosystem that may be decimated in population and even driven to extinction due to human perturbations (Awodoyin et al., 2013; Sun et al., 2025). The exploitation of plant materials by humans for food, pest management, medicine, and indigenous health benefits poses potential threats that lead to the loss of plant genetic materials and resources for future generations (Dzerefos and Witkowski, 2001; Dzerefos et al., 2017). The global decline in biodiversity, driven by habitat loss, fragmentation, and invasion from significant human threats, represents one of the most pressing environmental challenges of our time (UNEP, 1987; Lohengrin et al., 2025). Consequently, understanding the ecological complexities that influence the composition, abundance, and diversity of a naturalised plant population within secondary forest is crucial to monitor changes to the health of the landscape and foster effective conservation and environmental management strategies (Wanjohi et al., 2020; Seyni et al., 2021).
To assess the sustainability of naturalized understory herbaceous species in a secondary forest ecosystem and its conservation requirements, it is crucial to understand the roles of monoculture (homogeneity) versus mixed-species (heterogeneity) systems (Molnár and Berkes, 2018; Negi et al., 2018). Understanding homogeneity and heterogeneity within community structures in patches of under-story of succession and regeneration in secondary forest is primarily driven by two mechanisms: resource competition and allelopathy - the release of bioactive substances into the soil to influence interactions with the growth of other plants in its vicinity. Whether driven by competition for growth resources or chemical interference, understanding naturalized and invasive herbaceous species interactions fundamentally shapes ecological dynamics, influencing species composition, abundance, and spatial diversity on a temporal scale. Considering the complexities of plant diversity, environmental factors such as edaphic characteristics, light, moisture, and climatic conditions can significantly impact species composition, abundance, and diversity throughout various temporal scales (Kent and Coker, 2012). Inventories and monitoring of naturalized species populations and the way they respond to environmental changes in tropical areas are crucial for effective and sustainable biodiversity and conservation efforts on a local scale (Corlett, 2016; Droissart et al., 2018; Kigen et al., 2019).  
Petiveria alliacea, known as skunk weed, is a perennial shrub belonging to the family Phytolaccaceae. It is a plant with multipurpose benefits which include biodiversity, ethnobotany, pharmacy, nutrition, and insect pest management (Adebayo et al., 2022; Lawal et al., 2024). This plant is abundant and widely distributed in diverse habitats, including roadsides, agricultural land, disturbed sites, and even forest edges around different regions of the world; it is native to America, the Caribbean, and Africa (Cheek, 2013; Cal et al., 2022). Its presence, abundance, and growth form are influenced by a wide range of favourable ecological factors such as soil, light, moisture, and its adaptability as a dominant plant in natural habitats. Petiveria alliacea was an introduced plant in Nigeria and has become naturalized (Olaifa et al., 1987; Schmelzer and Ghurib-Fakim, 2008), spreading from North to South across various vegetation classifications of Nigeria - coastal, rainforest, and savanna (CBN, 1999) and worldwide (Vázquez & Kolterman, 1998; Jorgensen & Leon-Yanez, 1999). Generally, the tropical rainforest of Nigeria is one of the biodiversity hotspots of Africa due to high humidity, especially in the lowland rainforest of South Nigeria (USAID, 2008). Petiveria alliacea is abundantly present in the Southern Nigeria (Schmelzer and Ghurib-Fakim, 2008) and is popularly known as awogba-arun, ewe soro, and arunyaya among the Yoruba tribe and Akwa eze among the Igbo tribe, while in the Northern Nigeria (Savanna) called the plant Kanunfari (Oke and Oluranti, 2019; Olomieja et al., 2021).
The University of Ibadan campus in Nigeria is located within the transition zone between the tropical rain forest and savanna, making the remaining forest patches of importance to ecological and biogeographical function. The University was established in 1948, and its vegetation has changed over the years due to numerous deforestation and habitat destruction for social development. The selected locations for this study within the University of Ibadan campus were secondary forest with varying degrees of anthropogenic activities - Teaching and Research Farm, the Department of Botany and the Botanical Garden.
The population of P. alliacea created a community structure within the fragile secondary forests in each location with a history of human perturbations such as recreation, agriculture, and urban development. These regenerating ecosystems are crucial, acting as reservoirs for biodiversity in increasingly fragmented landscapes. Considering that these standing secondary forests are not protected from anthropogenic pressure, they are predisposed to spatial and temporal shifts in vegetation structure. Reconnaissance and previous studies on ornamental plants of the botanical garden have documented the presence of P. alliacea as a significant understory herbaceous species in the botanical garden, as well as the Teaching and Research Farm (Sanyaolu, 2020). An assessment of the population of P. alliacea as a key understory species in relation to other plant species provides an insight into the baseline of species composition, abundance, and comparison within the different locations in University of Ibadan. This further serves as an indicator tool to monitor changes, providing understanding of the ecological mechanisms, resilience, and conservation efforts of the community structure of P. alliacea in the University of Ibadan, with consideration for the investigation of how site-specific environmental variations influence the population structure and competitive dynamics of P. alliacea. 
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[bookmark: _Toc181157737][bookmark: _Toc181231644]MATERIALS AND METHODS
Study Area
The survey of low-growing plants was carried out at three selected secondary forest sites, namely, Teaching and Research Farm (TRF), Botanical Garden (BG), and Department of Botany (DB) forests located within the University of Ibadan during two seasons in 2017 and 2018 (Figure 1). The University of Ibadan is in Ibadan, 07°26`N, 03°54`E, a transition zone between the lowland rainforest and derived savanna. The vegetation of Ibadan is diverse, comprising herbs, trees, shrubs, palms, and climbers, which vary greatly with climate. Ibadan exhibits wet and dry seasons. The wet season spans seven months from April to October, while the dry season spans five months from November to March. Ibadan receives about 1,220 mm of rain annually. The rainfall pattern is bimodal, with a long season from April to August (peak in June) and a short season from September to November (peak in September).  The mean annual temperature of Ibadan ranged between 24 °C and 27.08 oC (Egbinola and Amobichukwu, 2013).
Three sites for the enumeration of low-growing plants were purposively selected for Petiveria alliacea based on reconnaissance or previous documentation of the presence of Petiveria alliacea in somewhat secondary forests within the University of Ibadan (Sanyaolu et al., 2020). The reconnaissance survey of each site was conducted through physical observations of the existing landscape to determine the area to be covered and the best sampling procedure for data collection. Each of the study sites was geo-referenced using the Global Positioning System (GPS) - Garmin Etrex Vista H model for the floristic survey (Table 1). 
[bookmark: _Hlk220103261]A systematic sampling technique was used to assess the low-growing floral components of each site (Figure 2). A baseline transect of 200 meters was established, and four parallel transects were laid perpendicular to the baseline transect at 50 m intervals. To minimise edge effects, 2.5 meters of clearance was observed at the beginning and end of the transects. Each transect was 13 meters in length. At each site, two sample plots were established between two parallel transects; each plot measured 5 m x 5 m, and a gap of one meter was allowed between plots.  Each site contained 8 plots apart from the Department of Botany (DB), with 7 plots due to the minimal transect length of 7 meters emanating from existing land use constraints. A wooden quadrat (size: 1 m x 1 m) was laid at five points per plot (four corners and the centre) for the assessment of low-growing plants (Figure 2).  At each site, a total of 40 quadrats were laid except at DB, where 35 quadrats were laid. All plants that rooted within each quadrat were identified up to the species 
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[bookmark: _Toc181174240]Figure 1: Map of the three sites for the survey of Petiveria alliacea and other herbaceous species within the University of Ibadan, Ibadan, Nigeria 

level using a handbook of West African weeds (Akobundu et al., 2016). Each plant occurring in each quadrat was counted and recorded in quadrat-by-species raw data matrices, while those that could not be identified immediately in the field were collected, labelled, and preserved with a wooden press. Samples were taken to the herbarium of the Department of Botany within the University of Ibadan, for identification. Secondary data of monthly weather parameters were obtained from the Department of Crop and Horticultural Sciences at the University of Ibadan, spanning the period 2017 to 2018. Data collected from plant enumeration were used to calculate frequency, density, relative frequency, relative density, and relative importance value as measures of Importance Values (Kent, 2012), while pairwise comparison of species compositions of the sites was calculated using Jacquard index of similarity (Sanyaolu et al., 2020; Seyni et al., 2021).



Importance Values
Frequency (F)
This refers to the number of sampling units in which an individual species occurred relative to the total number of sampling units. It simply shows the extent of species distribution in an area. Frequency is more of the presence or absence of an individual species in a quadrat, but not the number of individuals of a species. It is calculated and expressed in percentage (Das, 2011; Kent, 2012; Awodoyin et al., 2013).

							
Density (D)
This refers to the number of individuals of a species in a unit area. 

                                                                                     
Relative Frequency (RF)
This shows the degree of spread or occurrence of a species in relation to the total occurrence of all species that are enumerated in an area. It is the distribution of individual species in relation to the total of all the species that occurred in an area. 
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[bookmark: _Toc181174241]Figure 2: Systematic sampling layout for the assessment Petiveria alliacea and other understory herbaceous species at the three sites within the University of Ibadan, Ibadan, Nigeria
It is calculated and expressed in percentage (Das, 2011; Kent, 2012; Seyni et al., 2020).

							    


Relative Density (RD)
This refers to the relationship between the density of a species and total density of all species. Relative density is calculated and expressed in percentage (Das, 2011; Kent, 2012; Seyni et al., 2021).

                                                                                                 


Relative Importance Value (RIV) 
This is used to determine the overall importance of a species in relations to other species in a community. The RIV is calculated and expressed in percentage (Das, 2011; Kent and Coker, 2012; Awodoyin et al., 2013; Hammer, 2015) as: 

Beta diversity					
 This is also known as Jaccard index of Community Similarity (SCj). It shows diversity that exists between habitats (Kent, 2012). Jaccard index shows pairwise comparison of similarity that exists in plant community of the sites/locations. The values range from 0 (no similarity) to 100% (maximum similarity). Jaccard index is calculated (Jaccard, 1912; Spellerberg, 1993; Kent, 2012; Seyni et al., 2021) in percentage as.
                                                       
Where; 
w is the number of common species to sites
A is the number of species in community A
B is the number of species in community B

Descriptive Analysis
Monthly weather data were computed to determine annual averages.  
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	Table 1: Study sites and their co-ordinates within the University of Ibadan in 2017 and 2018

	Sites













Sites
	Latitude (N)
	Longitude (E)
	Altitude (meters) 

	BG
	07°45760`
	03°89353`
	185

	TRF
	07°45792`
	03°89707`
	203 

	DB
	07°44364`
	03°89708`
	216

	BG: Botanical Garden; TRF: Teaching and Research Farm; DB: Department of Botany


















RESULTS
Understory Herbaceous species composition and family representation 
A total of 87 understory species were enumerated at the three study sites, belonging to 41 different families across seasons during 2017 and 2018 (Table 2).  Among these plant species, the family with the highest composition was Fabaceae, containing 10 species. Poaceae closely followed as an important family representation with a total of nine species.  Families that include Amaranthaceae, Asteraceae, and Euphorbiaceae were identified to contain an intermediate composition of five species each. Combretaceae, Convolvulaceae, and Malvaceae contained three species each, while Araceae, Acanthaceae, Commelinaceae, Curcubitaceae, Cyperaceae, Lamiaceae, Moraceae, Urticaceae, and Solanaceae had two species each, while the remaining families were each represented by one species (Table 2). However, each of the three study sites showed a varied composition of herbaceous species across wet and dry seasons in both 2017 and 2018. 
[bookmark: _Hlk218811081][bookmark: _Hlk218811118]The species composition was highest in the Botanical Garden (BG) with a total of 52 species, and 28 families in both 2017 and 2018 (Table 3). Among these species, a total of 13 species, Alternanthera brasiliana, Andropogon tectorum, Asystasia gangetica, Centrosema pubescens, Combretum hispidum, Euphorbia graminea, Gliricidia sepium, Larpotea aestuans, Leonotis nepetifolia, Luffa cylindrica, Petiveria alliacea, Pupalia lappacea, and Reissantia indica were common across wet and dry seasons of both 2017 and 2018.  Considering all the species enumerated at the BG, the family with highest composition was Fabaceae containing seven species. Poaceae, Amaranthaceae and Asteraceae followed as important families with a total of four species. Each of Urticaceae, Commelinaceae, Moraceae, Cucurbitaceae and Malvaceae contained two species each. During the wet season of 2017, a total of 36 species were enumerated, while the dry season of the same year accounted for 25 species. In 2018, a total of 36 species were enumerated, while the dry season of same year accounted for 23 species (Table 3).
[bookmark: _Hlk218811241]


Table 2: The family and species composition of understory plants enumerated across the three study sites within the University of Ibadan
	S/N
	Family
	Species
	Life forms 

	1
	Acanthaceae (1)
	Asystasia gangetica (Linn.) T. Anders
Ruellia tuberosa L.
	Perennial

	2
	Aizoaceae (1)
	Trianthema portulacastrum L.
	Annual

	3
	Amaranthaceae (6)
	Altenanthera brasiliana (L.) Kuntze
	Perennial

	
	
	Amaranthus spinosus Linn.
	Annual

	
	
	Celosia isertii C.C. Townsend
	Annual

	
	
	Cyathula prostata L. (Blume)
	Annual

	
	
	Gomphrena celosoides Mart.
	Annual

	
	
	Pupalia lappacea (Linn.) Juss.
	Perennial

	4
	Annonaceae (1)
	Polyalthia longifolia (Sonn.) Thwaites
	Perennial

	5
	Araceae (2)
	Colocasia esculentus (L.) Schott.
	Perennial

	
	
	Cyrtosperma senegalense Schott. Engl.
	Perennial

	6
	Asclepiadaceae (1)
	Parquetina nigrescens (Afzel.) Bullock.
	Perennial

	7
	Asteraceae (5)
	Aspilia africana (Pers.) C.D. Adams
	Perennial

	
	
	Chromolaena odorata (L.) R. M. King & Robinson
	Perennial

	
	
	Emilia coccinea (Sims) G. Dons
	Annual

	
	
	Tithonia diversifolia (Hemsl.) A. Gray
	Perennial

	
	
	Tridax procumbens L.
	Annual

	8
	Bignoniaceae (1)
	Newbouldia laevis (P. Beauv.) Seem.
	Perennial

	9
	Caesalpinioideae (1)
	Isoberlina doka Craib & Stapf.
	Perennial

	10
	Cannaceae (1)
	Canna indica L.
	Perennial

	11
	Caricaceae (1)
	Carica papaya L.
	Perennial

	12
	Combretaceae (3)
	Combretum hispidum Laws.
	Perennial

	
	
	Combretum racrmosum P. Beauv.
	Perennial

	
	
	Combretum zenkeri Engl. & Diels
	Perennial

	13
	Commelinaceae (2)
	Commelina benghalensis L.
	Perennial

	
	
	Commelina erecta L.
	Perennial

	14
	Connaraceae (1)
	Cnestis ferruginea DC.
	Perennial

	15
	Convolvulaceae (3)
	Ipomoea involucrata P. Beauv.
	Perennial

	
	
	Ipomoea muricata (L.) Jacq.
	Perennial

	
	
	Ipomoea cordatotriloba Dennst.
	Perennial

	16
	Curcubitaceae (2)
	Luffa cylindrica (L.) M.J. Roem.
	Annual

	
	
	Mormodica charantia L.
	Annual

	17
	Cyperaceae (2)
	Cyperus esculentus L.
	Perennial

	
	
	Cyperus rotundus L.
	Perennial

	18
	Euphorbiaceae (6)
	Acalypha fimbriata Schumach. & Thonn.
	

	
	
	Alchornea cordifolia (Schumach. & Thonn.) Mull. Arg.
	Perennial

	
	
	Euphorbia graminae Jacq.
	Annual

	
	
	Mallotus oppositifolius (Geiseler). Mull. Arg.
	Perennial

	
	
	Manihot esculenta Crantz.
	Perennial

	
	
	Phyllanthus amarus Schum. & Thonn.
	Annual





	19
	Fabaceae (10)
	Albizia zygia (DC.) J.F. Macbr.
	Perennial

	
	
	Anthotona macrophylla P. Beauv.
	Perennial

	
	
	Centrosema pubescens Benth.
	Perennial

	
	
	Delonix regia (Hook.) Raf
	Perennial

	
	
	Desmodium scopiurus (Sw.) Desv.
	Perennial

	
	
	Gliricidia sepium Jacq. (Walp.)
	Perennial

	
	
	Leucaena leucocephala (Lam.) de Wit
	Perennial

	
	
	Puereria phaseoloides (Roxb.) Benth.
	Perennial

	
	
	Samanea saman (Jacq.) Merr.
	Perennial

	
	
	Crotolaria retusa L.
	Perennial

	20
	Hippocrataceae (1)
	Reissantia indica (Willd.) Hall.
	Perennial

	21
	Lamiaceae (2)
	Leonotis nepetifolia (L.) R. Br.
	Perennial

	
	
	Stolenostemom monostachyus (P. Beauv.) Briq.
	Annual/Perennial

	22
	Loganiaceae (1)
	Spigelia anthelmia L.
	Annual/Perennial

	23
	Malvaceae (3)
	Sida acuta Burm.f.
	Perennial

	
	
	Urena lobata L.
	Perennial

	
	
	Walthera indica
	Perennial

	24
	Meliaceae (1)
	Azadirachta indica A. Juss.
	Perennial

	25
	Moraceae (2)
	Ficus exasperata Vahl.
	Perennial

	
	
	Ficus thonigii Blume.
	Perennial

	26
	Musaceae (1)
	Musa paradisiaca L.
	Perennial

	27
	Nyctaginaceae (1)
	Boerhavia diffusa L.
	Perennial

	28
	Onagraceae (1)
	Ludwigia decurrens (DC.) Walt.
	Annual

	29
	Phytolaccaceae (1)
	Petiveria alliacea L.
	Perennial

	30
	Piperaceae (1)
	Peperomia pellucida (L.) H. B. & K.
	Annual

	31
	Poaceae (9)
	Andropogon gayanus Kunth.
	Perennial

	
	
	Andropogon tectorum Schumach. & Thonn.
	Perennial

	
	
	Digitaria horizontalis Willd.
	Annual

	
	
	Digitaria longiflora (Retz.) Pers.
	Annual

	
	
	Oplismenus burmannii (Retz.) P. Beauv.
	Perennial

	
	
	Panicum maximum Jacq.
	Perennial

	
	
	Paspalum conjugatum Berg.
	Perennial

	
	
	Paspalum vaginatum Sw.
	Perennial

	
	
	Setaria barbata (Lam.) Kunth.
	Annual

	32
	Polgonaceae (1)
	Polygonum salicifolium Brouss. Ex Willd.
	Annual/Perennial

	33
	Portulacaceae (1)
	Talinum fruticosum (L.) Juss.
	Perennial

	34
	Rubiaceae (1)
	Spermacocoe verticilata L.
	Annual

	35
	Selaginellaceae (1)
	Selaginella myosurus (Sw.) Alston.
	Perennial

	36
	Smilacaceae (1)
	Smilax anceps Willd.
	Perennial

	37
	Solanaceae (2)
	Solanum torvum Swartz.
	Perennial

	
	
	Solanum nigrum L.
	Perennial

	38
	Ulmaceae (1)
	Trema guineensis (Schum. & Thonn.) Ficalho.
	Perennial

	39
	Urticaceae (2)
	Laportea aestuans (L.) Chew.
	Annual

	
	
	Larpotea ovalifolia (Schum.) Chew.
	Annual

	40
	Verbenaceae (1)
	Lantana camara L.
	Perennial

	41
	Vitaceae (1)
	Cissus arguta (Hook.) f.
	Perennial



[bookmark: _Hlk218811323]This was followed by the Department of Botany (DB) with a total of 51 species and 30 families enumerated in both 2017 and 2018 (Table 4). Among these species, a total of 15 species, Alternanthera brasiliana, Centrosema pubescens, Chromolaena odorata, Combretum hispidum, Combretum zenkeri, Cyperus esculentus, Delonix regia, Ficus exasperata, Lantana camara, Luffa cylindrica, Tridax procumbens, Oplismenus burmanii, Petiveria alliacea, Pupalia lappacea, and Ruellia tuberosa were common across the wet and dry seasons of both 2017 and 2018. Considering the overall species enumerated at DB, the family with the highest species composition was Fabaceae and Poaceae, containing five distinct species each. This was closely followed by Amaranthaceae with four species, while the families Asteraceae, Combretaceae, and Euphorbiaceae contained three species each. Acanthaceae, Moraceae, Convolvulaceae, and Cyperaceae contained two species each. The remaining 20 families contained one species each.  During 2017, a total of 34 species were enumerated in the wet season, while the dry season of the same year accounted for 22 species. In 2018, a total of 36 species were enumerated in the wet season, while the dry season of the same year accounted for 27 species (Table 4). 
[bookmark: _Hlk218810970]The lowest species composition was obtained in the Teaching and Research farm (TRF) with a total of 41 species and 21 families in both 2017 and 2018 (Table 5). Among the overall species enumerated, a total of seven species were common across the wet and dry seasons of both 2017 and 2018: Albizia zygia, Combretum hispidum, Delonix regia, Euphorbia graminea, Petiveria alliacea, Newbouldia laevis, and Reissantia indica. Considering all the species enumerated at TRF, the family with the highest species composition was Fabaceae, containing eight species. This was closely followed by Poaceae with a total of seven species. Each of Asteraceae and Euphorbiaceae contained four and three species, respectively, while two species were represented by each of Amaranthaceae and Convolvulaceae. The remaining 19 families were represented by one species each. During the wet season of 2017, 23 species were enumerated, while the dry season of the same year had 16 species. In 2018, a total of 29 species were enumerated in the wet season, while the dry season of the same year had 21 species (Table 5). 


Relative Importance Values (RIV) of Understorey Herbaceous Species across study sites 
The result of relative importance values (RIVs) of overall species enumerated across seasons and years in the three study sites showed that Petiveria alliacea was the most prevalent, a few species were intermediate, and several appeared as rare species. The RIVs of P. alliacea and other species varied across the three study sites during wet and dry seasons in both 2017 and 2018.  
The RIV of P. alliacea was highest in TRF with 33.83% and 33.31% during the wet season, but 60.06% and 52.50% during the dry seasons in 2017 and 2018, respectively.  Other species enumerated in TRF had RIVs below 10% across seasons and years.  Among these species, the closest RIV to that of P. alliacea were 8.58% and 8.41% for Delonix regia and Euphorbia graminea, respectively, in the wet season of 2017, while during the dry season of the same year, Newbouldia laevis and Reissantia indica recorded the closest RIVs of 7.68% and 6.67%, respectively. In 2018, Euphorbia graminea had an RIV of 8.15% in the wet season, while Newbouldia laevis reached 8.87% in the dry season. However, the lowest RIV of 0.47% was exhibited by Peperomia pellucida in the wet season of 2017, while several species, including Albizia zygia, Digitaria horizontalis, Digitaria longiflora, Musa paradisiaca, Sida acuta and Tridax procumbens exhibited the lowest RIV of 0.83% in the dry season of 2017. In 2018, the lowest RIV of 0.45% was exhibited for Anthotona macrophylla, Colocasia esculenta, Peperomia pellucida, and Trema guinensis, which was obtained in the wet season, while the lowest RIV exhibited in the dry season was 0.70% for Parquetina nigrescens and Tithonia diversifolia.
The following highest RIV for Petiveria alliacea was 29.36 and 32.24% during the wet season, while 40.83% and 47.02% in the dry season of 2017 and 2018, respectively. Other species enumerated in BG had RIVs below 20% across seasons and years. Among these species, the closest RIVs to P. alliacea were 13.60 and 7.01% exhibited by E. graminea and Alternanthera brasiliana, respectively, while 11.60% and 6.45% were exhibited by E. graminea and Pupalia lappacea during dry season of 2017. In 2018, E. graminea remained the species with the closest RIV to P. alliacea in the wet season, recording an RIV of 11.60%. During the dry season, Pupalia lappacea reached an RIV of 11.22%, while E. graminea was 7.86%. The lowest RIV recorded in the wet season of 2017 was 0.38%, observed for Gliricidia sepium, Emilia coccinea, Cyrtosperma senegalensis, and Andropogon gayanus. In the dry season of the same year, the lowest RIV was 0.54%, observed for Andropogon tectorum, Gliricidia sepium, Parquetina nigrescens, Puereria phasoloides, and Talinum fruticosum. During 2018, the lowest RIV in the wet season was 0.37%, observed for Ficus exasperata and Samanea saman, while Gliricidia sepium also accounted for 0.38%. In the dry season of the same year, the lowest RIV was 0.61%, observed for Andropogon tectorum, Anthotona macrophylla, and Desmodium scorpiurus. The lowest RIV of Petiveria alliacea in this study was observed in DB with 12.96 and 22.45% in the wet seasons, while 14.99 and 19.64% was recorded in the dry season of 2017 and 2018, respectively. 
These RIVs of P. allaicea in the wet season were second to Ruellia tuberosa, which recorded the highest RIV of 16.33% and 16.11% during the wet season of 2017 and 2018, respectively. Meanwhile, the RIVs of P. alliacea were the highest recorded in the dry season, followed by Pupalia lappacea (8.75) in 2017 and Ruellia tuberosa with 8.59% in the dry season of 2018. Other species enumerated in the DB recorded RIVs below 10% across seasons and years. Among these species, E. graminea, found in the wet season, only recorded RIVs of 6.25% and 6.47% during 2017 and 2018. During the dry season, Combretum hispidum was 7.69 and 6.41% in 2017 and 2018, respectively. The lowest RIV recorded in DB during the wet season of 2017 was 0.65% for Ficus exasperata, Leonotis nepetifolia, Panicum maximum, and Tithonia diversifolia, while 0.53% was recorded for Andropogon tectorum, Carica papaya, and Cissus arguta in the wet season of 2018. In the dry season of 2017, the lowest RIV recorded was 1.11% for Andropogon gayanus, Combretum racemosum, and Trianthema portulacastrum, while the lowest RIV was 0.79% for several species in 2018 (Table 5).

Similarity index of Species composition of the three sites in the wet and dry seasons of 2017 and 2018
	A pairwise comparison of species composition was done across three study sites (TRF, BG, and DB) in wet and dry seasons during the years 2017 and 2018 to measure the degree of similarity present (Table 6).  The Jaccard index showed dissimilarities among the study sites, as exhibited by the generally low values (12.77-45.45%) obtained. However, a few sites showed high similarities (56.41-69.77%) in their species composition.  The highest species similarity index reached 69.77% in the BG, observed during the wet seasons of both 2017 and 2018. The closest similarity remained in wet seasons at 62.79% in the DB during both years. There were relatively high species similarity index of 58.06% within the DB during the dry seasons of both 2017 and 2018, while a similarity of 57.58% was observed within TRF during the wet seasons of the two years. In addition, a similarity of 56.41% was observed during the wet season and the dry season in the BG during 2017. Conversely, the lowest similarity index reached was 12.77%, observed between the wet season in the BG and the dry season of TRF of the same year, 2017. A low similarity of 12.82% was observed between the wet season of 2017 and the dry season of 2018 in the TRF. In furtherance, a similarity index of 13.04% was observed during the dry season of 2017 in TRF and the wet season of DB in 2018 (Table 6).
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	2017
	
	2018
	

	
S/No
	Species
	Family
	Wet season
RIV (%)
	Dry season
RIV (%)
	Wet season 
RIV (%)
	Dry season
 RIV (%)

	1
	Albizia zygia
	Fabaceae
	0.94
	0.83
	1.34
	3.11

	2
	Alchornea cordifolia
	Euphorbiaceae
	1.14
	-
	1.62
	-

	3
	Altenanthera brasiliana
	Amaranthaceae
	1.51
	-
	2.69
	2.73

	4
	Anthotona macrophyla
	Rubiaceae
	-
	1.02
	0.45
	-

	5
	Asystasia gangetica
	Acanthaceae
	5.91
	-
	5.41
	1.56

	6
	Azadirachta indica
	Meliaceae
	-
	2.87
	-
	1.71

	7
	Centrosema pubescens
	Fabaceae
	-
	-
	-
	1.71

	8
	Chromolaena odorata
	Asteraceae
	3.98
	-
	4.24
	2.41

	9
	Colocasia esculentus
	Araceae
	0.94
	-
	0.45
	-

	10
	Combretum hispidum
	Combretaceae
	5.39
	5.09
	6.55
	3.11

	11
	Delonix regia
	Fabaceae
	8.58
	4.17
	7.56
	3.49

	12
	Desmodium scopiurus
	Fabaceae
	0.57
	-
	0.54
	-

	13
	Digitaria horizontalis
	Poaceae
	-
	0.83
	-
	-

	14
	Digitaria longiflora
	Poaceae
	-
	0.83
	-
	-

	15
	Euphorbia graminea
	Euphorbiaceae
	8.41
	4.62
	8.15
	0.85

	16
	Ficus thoningii
	Moraceae
	-       
	-
	1.34
	-

	17
	Ipomoea involucrata
	Convolvulaceae
	-
	1.02
	-
	0.86

	18
	Ipomoea cordiflora
	Convolvulaceae
	-
	-
	1.26
	-

	19
	Larpotea aestuans
	Urticaceae
	1.04
	-
	2.54
	-

	20
	Ludwigia decurrens
	Onagraceae
	1.14
	-
	0.63
	-

	21
	Luffa cylindrica
	Cucurbitaceae
	-
	-
	-
	2.09

	22
	Manihot esculentus
	Euphorbiaceae
	-
	-
	0.99
	-

	23
	Musa paradisiaca
	Musaceae
	1.88
	0.83
	-
	1.39

	24
	Newbouldia laevis
	Bignoniaceae
	2.74
	7.68
	1.97
	8.87

	25
	Panicum maximum
	Poaceae
	2.77
	-
	4.24
	3.49

	26
	Paspalum conjugatum
	Poaceae
	-
	-
	1.26
	-

	27
	Paspalum vaginatum
	Poaceae
	3.91
	-
	2.53
	-

	28
	Peperomia pellucida
	Piperaceae
	0.47
	-
	0.45
	-

	29
	Petiveria alliacea
	Phytolaccaceae
	33.83
	60.06
	33.31
	52.20

	30
	Polygonum salicifolium
	Polygonaceae
	1.34
	-
	-
	-

	31
	Puereria phaseoloides
	Fabaceae
	4.47
	1.85
	4.77
	-

	32
	Pupalia lappacea
	Amaranthaceae
	-
	-
	-
	3.11

	33
	Reissantia indica
	Celastraceae
	1.88
	6.67
	0.89
	0.70

	34
	Setaria barbata
	Poaceae
	3.81
	-
	2.71
	-

	35
	Sida acuta
	Malvaceae
	-
	0.83
	-
	-

	36
	Smilax anceps
	Smilacaceae
	3.41
	-
	2.16
	-

	37
	Trema guineensis
	Ulmaceae
	-
	-
	0.45
	-

	38
	Tridax procumbens
	Asteraceae
	-
	0.83
	0.54
	2.41

	39
	Tithonia diversifolia
	Asteraceae
	-
	-
	0.99
	0.70

	40
	Parquetina nigrescens
	Apocynaceae
	-
	-
	-
	0.70

	41
	Crotolaria retusa
	Fabaceae
	-
	-
	-
	2.79




Table 4: Species composition and relative importance values (RIVs) in the Botanical Garden during the wet and dry seasons of 2017 and 2018 
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	Species 
	Family
	Wet Season RIV (%)
	Dry season RIV (%)
	Wet season RIV (%)
	Dry season RIV (%)

	1
	Alternanthera brasiliana
	Amaranthaceae
	7.01
	3.20
	7.24
	2.84

	2
	Andropogon gayanus
	Poaceae
	0.38
	-
	0.37
	-

	3
	Andropogon tectorum
	Poaceae
	3.45
	0.54
	3.0
	0.61

	4
	Anthonotha macrophylla
	Fabaceae
	0.46
	1.21
	-
	0.61

	5
	Aspilia africana
	Asteraceae
	-
	-
	1.20
	-

	6
	Asystasia gangetica
	Acanthaceae
	2.06
	1.16
	1.12
	1.00

	7
	Canna indica
	Cannaceae
	0.61
	-
	0.75
	-

	8
	Larpotea ovalifolia
	Urticaceae
	1.07
	1.58
	0.37
	1.74

	9
	Celosia isertii
	Amaranthaceae
	2.12
	2.41
	2.17
	-

	10
	Centrosema pubescens
	Fabaceae
	2.04
	2.25
	0.82
	1.22

	11
	Chromolaena odorata
	Asteraceae
	1.13
	3.25
	2.47
	-

	12
	Ciscus arguta
	Vitaceae
	-
	-
	-
	0.61

	14
	Combretum hispidum
	Combretaceae
	1.37
	2.41
	1.05
	2.71

	15
	Commelina erecta
	Commelinaceae
	2.59
	2.54
	-
	-

	16
	Commelina benghalensis
	Commelinaceae
	-
	-
	-
	0.74

	17
	Cyathula prostata
	Amaranthaceae
	6.96
	0.67
	5.38
	-

	18
	Cyrtosperma senegalensis
	Araceae
	0.38
	-
	-
	-

	19
	Desmodium scorpiurus
	Fabaceae
	-
	-
	-
	0.61

	20
	Delonix regia
	Fabaceae
	0.75
	1.08
	1.12
	-

	21
	Emilia coccinea
	Asteraceae
	0.38
	-
	-
	-

	22
	Euphorbia graminea
	Euphorbiaceae
	13.60
	6.45
	13.60
	7.86

	23
	Ficus exasperata
	Moraceae
	-
	-
	0.37
	-

	24
	Ficus thonigii
	Moraceae
	0.46
	-
	0.82
	-

	25
	Gliricidia sepium 
	Fabaceae
	0.38
	0.54
	0.38
	1.22

	26
	Ipomoea involucrate
	Convolvulaceae
	-
	0.79
	-
	0.87

	27
	Larpotea aestuans
	Urticaceae
	1.07
	3.78
	1.94
	2.27

	28
	Leucaenia leucocephala 
	Fabaceae
	-
	-
	0.75
	-

	29
	Leonotis nepetifolia
	Lamiaceae
	2.28
	3.08
	2.32
	3.45

	30
	Ludwigia decurens
	Onagraceae
	-
	-
	-
	0.74

	32
	Luffa cylindrica
	Cucurbitaceae
	1.13
	3.37
	1.19
	3.80

	32
	Momordica charantia.
	Cucurbitaceae
	1.97
	-
	-
	-

	33
	Newbouldia laevis 
	Bignoniaceae
	-
	-
	0.822
	-

	34
	Oplismenus burmanii 
	Poaceae
	2.67
	-
	0.45
	-

	35
	Panicum maximum
	Poaceae
	-
	-
	0.90
	1.84

	36
	Parquetina nigrescens
	Apocynaceae
	-
	0.54
	-
	-

	37
	Peperomia pellucida
	Piperaceae
	0.61
	-
	1.35
	-

	38
	Petiveria alliacea
	Phytolaccaceae
	29.36
	40.83
	32.24
	47.02

	39
	Polyalthia longifolia
	Annonaceae
	-
	-
	-
	2.58

	40
	Puereria phaseoloides
	Fabaceae
	0.38
	0.54
	0.37
	-

	41
	Pupalia lappacea
	Amaranthaceae
	2.51
	11.60
	4.11
	11.22

	42
	Reissantia indica 
	Celastraceae
	0.83
	3.37
	0.75
	3.19

	43
	Samanea saman
	Fabaceae
	-
	-
	0.37
	-

	45
	Selaginella myosurius 
	Selaginellaceae
	1.07
	-
	1.05
	-

	46
	Smilax anceps
	Smilacaceae
	0.75
	-
	0.75
	-

	47
	Solanum nigrum
	Solanaceae
	1.44
	2.29
	1.20
	-

	48
	Stolenostemum monostachyus
	Asteraceae
	0.46
	-
	1.12
	-

	49
	Talinum fruticosum 
	Talinaceae
	1.22
	0.54
	-
	-

	50
	Trema guinensis
	Ulmaceae
	2.21
	-
	2.24
	-

	51
	Urena lobata
	Malvaceae
	-
	-
	-
	1.22

	52
	Walthera indica
	Malvaceae
	1.37
	-
	1.35
	-



Table 5: Herbaceous species composition and relative importance values (RIVs) in the Department of Botany (DB) during the wet and dry seasons of 2017 and 2018 
	
	
	
	2017
	2018

	S/No
	Species
	Family
	Wet Season RIV (%)
	Dry Season RIV (%)
	Wet Season RIV (%)
	Dry Season RIV (%)

	[bookmark: _Hlk218187518]1
	Albizia zygia
	Fabaceae
	-
	2.22
	-
	-

	2
	Acalypha fimbriata
	Euphorbiaceae
	1.31
	-
	2.18
	-

	3
	Alternanthera brasilana
	Amaranthaceae
	2.21
	5.77
	0.88
	3.22

	4
	Amaranthus spinosus
	Amaranthaceae
	1.31
	-
	-
	-

	5
	Andropogon gayanus
	Poaceae
	-
	1.11	
	-
	0.79

	6
	Andropogon tectorum
	Poaceae
	-
	-
	0.53
	-

	7
	Anthotona macrophylla
	Fabaceae
	-
	2.22
	-
	0.79

	8
	Asystasia gangetica
	Acanthaceae
	3.92
	-
	3.89
	-

	9
	Azadirachta indica
	Meliaceae
	-
	-
	-
	0.79

	10
	Boerhavia diffusa
	Nyctaginaceae
	1.31
	-
	0.65
	-

	11
	Carica papaya
	Caricaceae
	-
	-
	0.53
	-

	12
	Centrosema pubescens
	Fabaceae
	3.58
	4.78
	2.24
	4.26

	13
	Chromolaena odorata
	Asteraceae
	1.85
	2.22
	3.12
	3.19

	14
	Cissus arguta
	Vitaceae
	-
	-
	0.53
	1.59

	15
	Cnestis ferruginea
	Connaraceae
	1.62
	-
	2.77
	-

	16
	Combretum hispidum
	Combretaceae
	1.62
	7.69
	1.29
	6.41

	17
	Combretum zenkeri
	Combretaceae
	0.77
	7.29
	0.65
	5.37

	18
	Combretum racemosum
	Combretaceae
	-
	1.11
	-
	-

	19
	Commelina benghalensis
	Commelinaceae
	3.07
	-
	2.41
	-

	20
	Cyperus esculentus
	Cyperaceae
	6.09
	3.67
	5.00
	6.13

	21
	Cyperus rotundus
	Cyperaceae
	2.19
	-
	1.29
	-

	22
	Delonix regia
	Fabaceae
	1.62
	4.72
	1.06
	3.49

	23
	Euphorbia graminea
	Euphorbiaceae
	6.25
	-
	6.47
	-

	24
	Ficus exasperata
	Moraceae
	0.65
	2.57
	1.29
	2.15

	25
	Ficus thonigii
	Moraceae
	-
	-
	-
	0.79

	26
	Gomphrena celosoides
	Amaranthaceae
	-
	-
	-
	0.79

	27
	Ipomoea corditriloba
	Convolvulaceae
	-
	-
	-
	3.99

	28
	Ipomoea involucrata
	Convolvulaceae
	0.77
	-
	-
	-

	29
	Larpotea austeans
	Urticaceae
	2.95
	-
	2.64
	-

	30
	Latana camara
	Verbenaceae
	1.08
	2.92
	1.06
	2.42

	31
	Leonotis nepetifolia
	Lamiaceae
	0.65
	-
	-
	-

	32
	Luffa cylindrica
	Cucurbitaceae
	2.19
	5.88
	1.53
	4.26

	33
	Mallotus oppositifolius
	Euphorbiaceae
	-
	-
	2.12
	-

	34
	Newbouldia laevis
	Bignoniaceae
	2.28
	-
	2.24
	-

	35
	Oplismenus burmanii
	Poaceae
	2.41
	2.57
	2.53
	3.19

	36
	Panicum maximum
	Poaceae
	0.65
	-
	1.18
	1.59

	37
	Petiveria alliacea
	Phytolaccaceae
	12.61
	22.45
	14.99
	19.64

	38
	Phyllantus amarus
	Phyllanthaceae
	-
	-
	1.59
	-

	39
	Ruellia tuberosa
	Acanthaceae
	16.33
	4.02
	16.11
	8.59

	40
	Puereria phaseoloides
	Fabaceae
	1.31
	-
	0.88
	-

	41
	Pupalia lappacea
	Amaranthaceae
	4.15
	8.75
	5.06
	8.52

	42
	Reissantia indica
	Celastraceae
	1.19
	-
	-
	-

	43
	Setaria barbata
	Poaceae
	4.74
	-
	3.71
	2.67

	44
	Solanum torvum
	Solanaceae
	-
	2.22
	-
	-

	45
	Spermacocoe verticilata
	Rubiaceae
	2.39
	-
	2.24
	-

	46
	Spigellia anthelmia
	Loganiaceae
	-
	-
	0.65
	-

	47
	Talinum fruticosum
	Talinaceae
	0.77
	-
	-
	-

	48
	Tithonia diversifolia
	Asteraceae
	0.65
	1.46
	1.29
	2.15

	49
	Trianthema portulacastrum
	Aizoaceae
	-
	1.11
	-
	0.79

	50
	Tridax procumbens
	Asteraceae
	3.52
	3.32
	2.29
	1.59

	51
	Walthera indica
	Malvaceae
	-
	-
	1.06
	0.79
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Table 6: Jaccard Similarity Index (%) of Species Composition in the Teaching and Research Farm (TRF), Botanical Garden (BG), and Department of Botany (DB) during 2017 and 2018



Dry Season						Wet Season
								
	
	DBG 1
	DBG 2 
	DTRF1
	DTRF2 
	DDB 1 
	DDB 2 
	WBG 1
	WBG 2 
	WTRF1
	WTRF2 
	WDB1 
	WDB2 

	DBG1
	 
	
	
	
	
	
	
	
	
	
	
	

	DBG2 
	45.45
	 
	
	
	
	
	
	
	
	
	
	

	DTRF1
	24.24
	21.88
	 
	
	
	
	
	
	
	
	
	

	DTRF2 
	31.43
	22.22
	42.31
	 
	
	
	
	
	
	
	
	

	DDB1 
	23.68
	18.42
	18.75
	29.73
	 
	
	
	
	
	
	
	

	DDB2
	20.93
	19.05
	19.44
	26.32
	58.06
	 
	
	
	
	
	
	

	WBG1
	56.41
	30.43
	12.77
	16.00
	18.00
	18.52
	 
	
	
	
	
	

	WBG2 
	44.19
	30.43
	15.22
	20.83
	22.92
	30.61
	69.77
	 
	
	
	
	

	WTRF1
	26.32
	27.78
	25.81
	29.41
	15.38
	16.28
	27.66
	27.66
	 
	
	
	

	WTRF2 
	22.73
	23.81
	12.82
	25.00
	18.60
	16.67
	20.00
	24.53
	57.58
	 
	
	

	WDB1 
	34.09
	29.55
	21.95
	18.37
	33.33
	35.56
	29.09
	36.54
	29.55
	28.57
	
	

	WDB2 
	24.49
	25.53
	13.04
	26.67
	31.82
	34.04
	24.14
	30.36
	20.41
	20.37
	62.79
	 




WBG1 - Botanical Garden in the Wet season of 2017			
WBG2 - Botanical Garden in the Wet season of 2018
DBG1 - Botanical Garden in the Dry season of 2017
DBG2 - Botanical Garden in the Dry season of 2018
WTRF1 - Teaching and Research Farm in the Wet Season of 2017
WTRF2 - Teaching and Research Farm in the Wet Season of 2018
DTRF1 - Teaching and Research Farm in the Dry Season of 2017
DTRF2 - Teaching and Research Farm in the Dry Season of 2018
WDB1 - Department of Botany in the Wet season of 2017
WDB2 - Department of Botany in the Wet season of 2018
DDB1 - Department of Botany in the Dry season of 2017
DDB2 - Department of Botany in the Dry season of 2018
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The results showed that the mean annual rainfall was 1,475.90 mm in 2017, increasing to 1,743.80 mm in 2018.  The mean annual temperature was 27.2°C in 2017 and 27°C in 2018. However,  mean annual relative humidity was 69.25% and 72.50% for 2017 and 2018, respectively (Table 7).  

[bookmark: _Toc181174175][bookmark: _Toc181158043][bookmark: _GoBack]Table 7: Annual weather parameters of the University of Ibadan, Ibadan, during 2017 and 2018
	Year
	Total Annual Rainfall (mm)
	Mean Annual Temperature (°C)
	Mean Annual 
Relative Humidity (%)

	2017
	1475.90
	27.20
	69.25

	2018
	1743.80
	27
	72.50









DISCUSSION
The results of this study reveal a diverse array of understorey plants typical of secondary tropical forests. The species enumerated across the three study sites included both annuals and perennials, aligning with findings by Seyni et al. (2021), who reported that secondary tropical rainforests harbour diverse life forms.
According to this study, each of the study sites surveyed serves as repositories for diverse functional groups, as indicated by the presence of large plant families that varied across locations. This is in accordance with earlier studies that reported that species richness is an attribute of secondary tropical forests and other biomes exhibiting a landscape characterised by heterogeneity (Siddique, 2025). 
A variation in species composition and richness was observed among the three study sites; higher species composition and richness were recorded during the wet season across the two years. The temperature and relative humidity varied only slightly, while rainfall increased over the study period and likely contributed to the higher species composition recorded during the wet season. Therefore, the success of the wet season over two years in this study indicates that temporal fluctuations can shift understory species composition (Seyni et al., 2021; Souza Oliveira et al., 2025) and richness (Barka et al., 2025). 
	Beyond temporal effects, the impact of anthropogenic disturbance on species composition and richness has been reported in tropical regions and other (Nautiyal & Manish, 2024; Lohengrin et al., 2025). Interestingly, the highest and stable species composition and richness in the most protected site, the botanical garden, during the wet season over two years indicate that adequate protection and monitoring from human incursion can positively influence the floristic structure of landscapes (Fang Zeh et al., 2019). However, persistent human interference remains a significant threat to the ecological integrity of these landscapes (FAO, 2003; Lohengrin et al., 2025). This was evident in the variation in species across sites, as there was the existence of anthropogenic disturbances such as exploitation of resources for research and education, and routine vegetation slashing by management authorities at the Botanical Garden and Department of Botany, while illegal collection of timber and non-timber products existed mainly at the Teaching and Research Farm. Previous study findings have implicated land use, anthropogenic perturbations, invasive species, climate change, and soil seed bank in tropical rainforest and humid forest zones (Thakur, 2018; Garcias et al., 2023; Lohengrin et al., 2025). 
Fabaceae emerged as the most dominant family, and this was unaffected by temporal or spatial dynamics. It was the most referenced understory plant family across all seasons and landscapes, a finding consistent with research in Nigerian secondary forests (Ogwu et al., 2016; Olajuyigbe et al., 2018) and globally (Garcias et al., 2023; Siddique., 2025).
The reason for the prevalence of Fabaceae in regenerating forest may be attributed to adaptations by plants belonging to this family through their ability to fix atmospheric nitrogen to soil (Poorter et al., 2021), facultative ability of the plants belonging to this family leading to adjust to nutrient uptake when changes occur to soil condition (Barker et al., 2022), rapid growth rate due to rapidly light capture through openness of secondary forest (Werden et al., 2022), presence of high number of species that can fill the ecological niche (Siddique, 2025). 
Petiveria alliacea was the most ubiquitous and dominant plant, particularly at the Teaching and Research Farm and the Botanical garden across seasons and years. This is in accordance with Cheek (2013), who reported that P. alliacea is a naturalised plant that grows in a wide range of habitats and tolerates a diverse assemblage of climatic and environmental stress (CABI, 2019; Santamarina et al., 2022).
Interestingly, the dominance of P. alliacea is likely due to its perenniality, which is described as phenological niches, a common adaptation of some naturalised plants to remain evergreen (Hu et al., 2023) and exhibit competitive superiority over native and other non-native plants in their vicinity (Cleland and Wolkovich, 2024; Wainwright et al., 2021). In support of the success of P. alliacea over native species in the dry season, the possession of specific root length (SRL) that allows deep water uptake and tiny root that aid shallow water makes a naturalized plant like P. alliacea competitively superior over native species and other form of plant species in secondary forest (Rawat et al., 2024; Zhao et al., 2024).
As is evident, P. alliacea was mostly abundant in the wet season. The success of P. alliacea during the wet season is linked to optimal soil moisture, which promotes the rapid production of biomass and shades the growth of other native and non-native species. This is supported by earlier studies that opined that openness in the tropics allows the penetration and capture of sunlight by plants with greater biomass (Zhao et al., 2024)
P. alliacea may also have benefited from being a faster recipient of sunlight in the secondary forest, as larger leaf area from higher biomass production in the wet season promotes its superiority to trap sunlight for growth over other species in the secondary forest. Zhao et al. (2024) found that shoot dominance in the wet season is due to rapid biomass and leaf area, enhancing competition for sunlight. 
However, the rapid growth of Petiveria alliacea may aid its population size and lead to erosion of native plant species where it is introduced (Cheek, 2013). This supports the low abundance of commonly documented invasive species (Tithonia diversifolia and Chromolaena odorata) of tropical rainforest (Isichei and Oke, 1997; Awodoyin et al., 2013; Agboola and Muoghalu, 2015; Seyni et al., 2021. During the assessment of the three study sites, as indicated by the low RIV. Conversely, an invasive plant, E. graminea, was ubiquitous and exhibited a reasonably high population during the wet season, although it was significantly absent in dry seasons over period of the period of study across the study sites. The abundance of Euphorbia graminea in the forest indicates that favourable ecological and environmental conditions, especially rainfall and soil moisture, contribute to the germination of its seeds to sprout. This indicates a competitor in resource requirements and a similar habitat preference to P. alliacea. However, the ephemeral annual characteristic of E graminea undermines its survival with P. alliacea, that enjoy a phenological niche as a perennial (Aigbhokan and Ekutu, 2012; Olasokun et al., 2023).
Abundance of P. alliacea as a naturalised plant out-competing invasive species may be due to faster seed dispersal due to closeness of the site to the road (Fuentes-Lillo et al., 2023, local conditions, and competition mechanism which include growth form and physiognomy, growth rate, shading effects, deposition of litter, release chemical substances to the rhizosphere, fast regeneration, and reproductive strategy (Olubode et al., 2011; Adebayo et al., 2022; Adeniji et al., 2025).
At Teaching and Research Farm, a slight decrease in P. alliacea abundance over time was attributed to large seed production and intra-specific competition, where natural selection makes the space occupied by seedlings become narrowed and reasonable stands that remain adapt quickly to become naturalised after introduction (De frenne et al., 2023; Hu et al., 2023).
The low similarity indices between sites and seasons confirm a high degree of spatial and temporal heterogeneity. Each site acts as a distinct repository of understory plants due to site-specific local conditions. Differences in species composition between intra- and inter-site levels could be attributed to local conditions within each habitat or landscape (Olubode et al., 2011; Garcias et al., 2023).
While seasonal fluctuations were evident in this study, the lack of significant change in composition over the two years suggests that observing long-term successional shifts or the full impact of disturbances requires a more extended study period (Chaideftou et al., 2012)

CONCLUSION
Petiveria alliacea is a dominant, fast-spreading species that varies on spatial and temporal scales but poses no serious threat in the short-term to the heterogeneity of the landscape, suggesting its ecological compatibility as a pioneer plant within the secondary forest. High presence of Euphorbia graminea indicates similar resource requirements with P. alliacea, suggesting a competitive plant that could pose a threat to the conservation of P. alliacea within the landscapes.  A sustainable and effective conservation of P. alliacea requires long-term monitoring and elevated management practices.
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