Floristic Diversity and Composition of Forest Trees in Kano Metropolis, Nigeria

ABSTRACT
This study evaluates the species composition and diversity of urban trees in Kano Metropolis, Northern Nigeria, with emphasis on their ecological structure and distribution. A field inventory of all trees with diameter at breast height (DBH) ≥ 10 cm was conducted across selected urban locations. Tree species were identified and measured, and diversity was assessed using Shannon–Wiener and Simpson indices. A total of 1,144 individual trees belonging to 15 families were recorded, comprising both native and exotic species. The results revealed variations in species abundance and distribution, with Azadirachta indica being the most dominant species, while Ficus platyphylla, Balanites aegyptiaca, and Acacia seyal were among the least represented. Diversity indices indicated moderate species diversity within the study area. The dominance of a few species suggests limited heterogeneity in urban tree composition. The study highlights the need to promote species diversification and improve urban green space planning to enhance ecological stability and resilience in Kano Metropolis.
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INTRODUCTION
Tree species diversity is a key indicator of ecological health and resilience in urban ecosystems.Biodiversity inventorying and monitoring are applied at different organizational levels, from genes to ecological systems spatially and temporally, from a smaller area to continents (Heywood, 1997). Thus, the understanding and classification of biological diversity rely significantly on taxonomy, genetics, and ecology. The knowledge of floral and forest taxonomic is very significant for a better understanding and assessing the richness of biodiversity (Jayanthi and Rajendran, 2013). The floristic survey is an exclusive measure of accomplishing the goal. It is acknowledged to be enormous for assessing phytodiversity, managing conservation, and ensuring sustainable utilization. This study highlights the need to promote species diversification and improve urban green space planning to enhance ecological stability and resilience in Kano Metropolis.
MATERIALS AND METHODS
STUDY AREA
NAME AND LOCATION
The study was conducted in Kano Metropolis, located in Northern Nigeria. Kano lies within the Sudan savanna zone and is characterized by a tropical climate with distinct wet and dry seasons. The area experiences increasing urbanization, leading to significant changes in vegetation structure. Kano Metropolis lies between longitude 8◦250000E to 8◦390000E and latitude 11◦510000N to 12◦0803000N. It is located within the most populated state in Northern Nigeria, with the study area being the second most populous city in Nigeria (Koko et, al., 2021). Kano metropolis includes Dala, Fagge, Gwale, Kano Municipal, Nassarawa, Tarauni and parts of Ungogo and Kumbotso local governments.
Kano metropolis is situated within the Sudan savannah region, with a small portion of the city’s south on the Guinea Savannah belt. It covers an area of approximately 575 km2. The climatic condition of Kano metropolis is a tropical wet and dry climate, coded ‘Aw’ by Koppen’s climatic classification system. The annual temperature of the state is between 26°C to 30°C of diurnal temperature, which is high, and measurable between the range of 13.1%, with the relative humidity of between 17% and 90% respectively.
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Figure 1. The study area map (Kano Metropolis, Nigeria).



VEGETATION ANALYSIS 
FLORISTIC SURVEY
The primary analysis of floristic inventory was carried out to ascertain the values of different parameters like frequency (F), density (D), abundance (AB), relative frequency (RF), relative density (RD), relative basal area (RBA), and important value index (IVI) (Curtis, 1959).
i. Frequency 
Frequency refers to the extent of dispersion of individual species in an area, generally expressed in percentage occurrence. It was studied by sampling the study area randomly at several places and recording the names of the species that occurred in each sampling unit. It is calculated by the equation below:
               

ii. Density
Density is an expression of a species' numerical strength where the total number of individuals of each species in all the quadrates is divided by the total number of quadrates studied. Density is calculated by the equation as follows

Relative density (RD) is the study of the numerical strength of species in relation to the total number of individual of all the species, calculated as 

iii. Abundance 
Abundance is an expression of a number of individual of different species in the given community per quadrat in which the species occurred expressed as follow:

1. Girth Class Distribution 
All the individual plants sampled from the studied quadrat were classified into different groups based on their girth class distribution, i.e., 10-30 cm, 31-60 cm, 61-120 cm, 121-180 cm, 181-210, and ˃210 cm. Individual plants with less than 10 cm circumference were taken as regeneration. 
2. Basal Area/ Dominance (BA)
The total basal area was calculated from the sum of the total diameter of emerging stems. In trees, poles, and saplings, the basal area was measured at a breast height of 1.37 m.
        Basal area = G2/4π  (G= Girth at breast height)
iv. Importance Value Index
The importance value index gives the total status of the species for community structure. To obtain this value, the percentage value of relative frequency, relative density, and the relative basal area are summed up, and the obtained value is described as the importance value index of the species (Curtis and Mcintosh, 1950). It was assessed using the following formula.
Important Value Index = Relative density + Relative Frequency +Relative basal area 
3.5. Plant Diversity indices
3.5.1.1. Species Diversity
Shannon’s index and Simpson’s index of diversity indices were calculated using the following formulas:
i. Shannon and Wiener’s Index (H') Shannon (1968)  
(a) H' = 3.3219 (log N-1/N Σ ni log ni)
(b) Hmax = 3.3219 log10S
Hmax is the maximum dispersion taking into account the number of species in the plot
Where, N- Total number of all the individual of all the species 
ni- Number of individuals of a species 
S- Total number of species 
3.3219 the conversion factor log2 to log10
ii. Concentration of Dominance
The concentration of dominance is a measure at which community differs in how some measure of importance is shared among the species. Simpson Index (1949) is used to examine the concentration of dominance.
iii. Simpson’s Index (D) (Simpson, 1949)

Where ni is the was the total number of individuals of species i
Modified Simpson’s index = λ/1
N= total number of all the individuals of all the species
Data Analysis
Species diversity, Paleontological Statistical Software (PAST software) version 4.03 was used in data analysis and know the specie that is more diverse in the study area. 








RESULT
Tree species composition in Kano Metropolis
The tree species composition describes the nature of the population of trees in a given area. Kano metropolis is blessed with diverse composition of tree species.  It tells about quantity and the quality of the tree species of that location. Table 1 presented the nature of tree species in Kano Metropolis. The total of one thousand one-hundred and forty-four (1144) trees, belonging to thirty-one (31) native and exotic species of trees were identified in the study area. The species were distributed in to 15 different families. The species of Azadirachta indica recorded the highest frequency of (468) while Ficus platyphylla, Balanite egyptiaca and Acacia seyel recorded one across the study area. Acacia seyel had the largest mean DBH of 195cm while Hura crepitans recorded the least 24cm. Similarly, Acacia seyel had the highest mean height of 15m while Hura crepitans 2.47m.
3.2 Tree Species Diversity
Several important variables were calculated for all study locations. These include; number of individuals, number of species, dominance, evenness, Margalef index and Simpson Shannon’s diversity index as presented in Table 2. Sa’adatu Rimi College of Education recorded the highest number of species with 23 and 144 individuals while Tarauni secretariat had the least with 5 and 22 species and individual species respectively. Dansarari had the highest Dominance Value of 0.73 where Zaria Road accounted for 0.17. Species diversity also varies across the eight (8) study locations. Zaria road had the highest value of Simpson diversity index while Dansari eid ground appeared to be the least with 0.27. Sa’adatu Rimi College of Education had the highest Shannon diversity index while Dansarari recorded the least 0.61. Evenness also differs with locations. Tarauni secretariat appeared to record the highest species evenness 0.77 where Dansarari Eid Ground had the least 0.37. Margalef index of species richness indicated that all the study location differs and also vary in stability. In this case Sa’adatu Rimi College of Education accounted for 4.43 while Dansarari eid ground had the lowest Margalef index of 0.98. Finally, Tarauni secretariat was the location with most equitability of 0.84 while Dansarari eid ground recorded the least 0.38.







	S/N          
	Bot/ Name
	Common
	L/Name
	Nature
	Family
	Frequency
	RF
	Mean (Dbh)                          
	Hgh(m)
         

	1
	Azadirachta indica
	Neem
	Darbejiya
	Exotic
	Meliaceae
	468
	40.94
	99.83
	8.57

	2
	Tectona grandis
	Teek
	
	Exotic
	Lamiaceae
	59
	5.16
	100.99
	11.29

	3
	Delonix regia
	Flamboyant
	Barankaci
	Exotic
	Fabaceae
	66
	5.77
	122.09
	8.25

	4
	Diospyros mespiliformis
	Jackal berry
	Kanya
	Native
	Ebenaceae
	5
	0.44
	75.88
	8.78

	5
	Albizia lebbeck
	Lebbeck
	Kastari
	Exotic
	Fabaceae
	55
	4.81
	80.42
	7.79

	6
	Khaya senegalensis
	Mahogany
	Madaci
	Native
	Meliaceae
	57
	4.99
	110.81
	10.41

	7
	Eucalyptus camaldulensis
	Eucalypts
	Turare
	Exotic
	Myrtaceae
	62
	5.42
	115.68
	4.83

	8
	Syzyguim guineense
	Water pear
	Malmo
	Exotic
	Myrtaceae
	75
	6.56
	65.51
	7.23

	9
	Acacia nilotica
	Gum Arabic
	Bagaruwa
	Native
	Fabaceae
	20
	1.75
	104.74
	9.58

	10
	Acacia sieberiana
	Acacia
	Farar kaya
	Native
	Leguminosae
	29
	2.54
	95.1
	9.01

	11
	Ficus thonningii
	Wild fig
	Chediya
	Native
	Moraceae
	4
	0.35
	102.8
	9.05

	12
	Senna siamea
	Kassod
	Malga
	Exotic
	Fabaceae
	61
	5.34
	89.21
	9.25

	13
	Terminalia mantally
	Settellite
	
	Exotic
	ombretaceae
	57
	4.99
	50.74
	5.82

	14
	Ficus cycomorus
	Fig mulberry
	Baure 
	Native
	Moraceae
	4
	0.35
	154.05
	12.23

	15
	Mangifera indica
	Mango
	Mangoro
	Exotic
	Anacardiaceae
	20
	1.75
	100.28
	6.77

	16
	Ceiba pentandra
	Silk cotton
	Rimi
	Native
	Malvaceae
	22
	1.92
	85.63
	8.07

	17
	Tamarindus indica
	Tamarind
	Tsamiya
	Native
	Fabaceae
	16
	1.40
	128.85
	10.83

	18
	Ficus platyphylla
	
	Gamji
	Native
	Moraceae
	1
	0.09
	111
	16.4

	19
	Faidherbia albida
	Apple ring
	Gao
	Native
	Fabaceae
	3
	0.26
	111.05
	13.29

	20
	Fraxinus velutina
	Valvet ash
	
	Exotic 
	Oleaceae
	13
	1.14
	91.54
	9.54

	21
	Casuarina equisetifolia
	Beach pine
	
	Exotic 
	casuarinaceae
	7
	0.61
	84.5
	8.62

	22
	Terminalia catappa
	Indian almond
	
	Exotic
	Combretaceae

	4
	0.35
	42.38
	2.85

	23
	Annacardium occidentale
	Cashew
	Kashu
	Exotic
	Anarcadiaceae
	8
	0.70
	112.72
	5.72

	24
	Parkia biglobosa
	Locust bean
	Dorawa
	Native 
	Fabaceae

	9
	0.79
	138
	11.5

	25
	Ficus benjamina
	Weeping fig
	
	Exotic 
	Moraceae 
	2
	0.17
	77
	7.75

	26
	Hura crepitans
	Sandbox 
	
	Exotic 
	Euphorbiaceae 
	9
	0.79
	24
	2.47

	27
	Butyrospermum paradoxum
	Shea butter
	Kadanya
	Native 
	Sapolaceae

	1
	0.09
	113.9
	4.5

	28
	Sclerocarya birrea
	Cat thorn
	Danya 
	Native 
	Anacardiaceae

	1
	0.09
	75.13
	5.8

	29
	Ficus polita
	Herat leaved fig
	Durumi
	Native 
	Moraceae

	3
	0.26
	87
	10.4

	30
	Balanite egyptiaca
	Desert date
	Aduwa
	Native 
	Zygophyllaceae

	1
	0.09
	54
	5.8

	31
	Acacia seyal
	Shittim wood
	Dushe 
	Native 
	Fabaceae

	1
	0.09
	195
	15

	Total
	
	
	
	
	1144
	100
	-
	-


	

Table 1: Tree Species Composition in Kano Metropolis

	
	Audu Bako Zoological Garden   
	Bayero University
	Sa`adatu Rimi   
	Audu bako Secretariate
	Tarauni Secretariate    
	Gwarzo Road
	Zaria Road     
	Dansarari Eid Ground
	Mean value

	Taxa_S	
	21
	20
	23
	7
	5
	8
	9
	5
	12.25

	Individuals
	358
	380
	144
	54
	22
	34
	93
	59
	143

	Dominance_D
	0.1938  
	0.2159  
	0.1753
	0.4218            
	0.2893
	0.2855
	0.1678
	  0.7259
	0.3094

	Simpson_1-D  
	0.8062   
	0.7841  
	0.8247
	0.5782
	   0.7107
	0.7145
	0.8322
	0.2741
	0.6899

	Shannon_H      
	2.235     
	2.032    
	2.359
	 1.077
	     1.35	
	1.572    
	1.898
	0.6124
	1.6419

	Evenness_e^H/S
	0.4451
	0.3813
	0.46
	0.4195
	0.7714
	0.6019	
	0.7414
	0.369
	0.5237

	Margalef
	3.401
	3.199
	4.427
	1.504
	1.294
	1.985
	1.765
	0.981
	2.3195

	Equitability_J
	0.7341
	0.6781
	0.7523
	0.5536
	0.8388
	0.7559
	0.8638
	0.3805
	0.6946



Table 2: Species Diversity Index


DISCUSSION
[bookmark: _GoBack]There are variations in tree species diversity across the selected urban sites within Kano Metropolis, as indicated by species richness (Taxa S), abundance (Individuals), and diversity indices including Simpson’s index, Shannon–Wiener index, Margalef’s index, and Evenness. These variations reflect differences in land-use type, management intensity, and levels of anthropogenic disturbance across the study locations.
Species richness was highest at Sa’adatu Rimi (S = 23), Audu Bako Zoological Garden (S = 21), and BUK (S = 20), suggesting that institutional and semi-protected areas support a greater diversity of tree species compared to road corridors and administrative premises. This pattern is consistent with findings by Adekunle et al. (2013) and Jimoh et al. (2015), who reported higher tree species diversity in protected or less disturbed sites due to better management practices and reduced tree removal. In contrast, relatively low species richness recorded at Dandinsarai Eid Ground (S = 5) and Tarauni Secretariat (S = 5) may be attributed to limited planting space, selective tree retention, and intensive urban activities.
The Shannon–Wiener diversity index (H′), which accounts for both species richness and evenness, ranged from 1.07 to 2.36, with the highest value observed at Sa’adatu Rimi (H′ = 2.359) and relatively high values at Audu Bako Zoological Garden (H′ = 2.235) and BUK (H′ = 2.032). These values indicate moderate to high species diversity and suggest a relatively stable tree community in these locations. According to Onyekwelu et al. (2008), Shannon index values above 2.0 are indicative of structurally diverse and ecologically balanced tree populations, which are capable of providing enhanced ecosystem services, including carbon sequestration.
Evenness values across the study sites were generally moderate, ranging from 0.38 to 0.77, indicating varying degrees of dominance by a few species. Lower evenness observed in some locations suggests that tree populations are dominated by a small number of species, a common characteristic of urban environments in Nigeria where a few hardy or preferred species are repeatedly planted (Ogunjemite et al., 2017). High dominance values in sites such as Zaria Road and Dandinsarai Eid Ground further support this observation, implying reduced species balance and increased vulnerability to pests, diseases, and environmental stress.
Margalef’s index values followed a similar trend to species richness, with higher values recorded in institutional areas and lower values in roadside and highly built-up zones. This supports earlier studies by Adeyemi et al. (2018), who observed that land-use type significantly influences urban tree diversity in Nigerian cities, with educational and recreational spaces supporting higher biodiversity than commercial and traffic-dominated areas.
Overall, the observed variation in species diversity across Kano Metropolis has important implications for carbon sequestration potential. Areas with higher species diversity and structural complexity are more likely to store and sequester greater amounts of carbon due to the presence of trees with varying growth rates, sizes, and biomass accumulation capacities. This aligns with findings by Onyekwelu and Akindele (2012), who emphasized that species-diverse tree stands contribute more effectively to ecosystem stability and carbon storage than monoculture-dominated urban landscapes.
Across all the study locations Azadirachta indica was found to be more diverse in the study area, even though it’s not native but it’s adapt well to the environment. Also, it’s the specie that is planted often in the study area may be due to its tolerant to draught, fast growth, requires less management and possess coppicing system. This is align with a study which revealed that Azadirachta indica was dominant in their research conducted at Zaria. Dangulla et al. (2021). Olaniyi, O., and Akinola, M, (2023) on their study revealed Polyalthia longifolia dominant in the study area which differs with the findings in this study. Another study in illorin shows that Albezia lebbeck was found dominant in their resaerch (Mashood et al., 2024).
Generally, Kano metropolis had the mean Shanon H (1.64), eveness (0.52), and Margalef index (2.32) approximately. This is consistent with a study of Dangulla et al. (2021) which in their study reported Shannon (3.30) and evenness (0.80) which shows higher than this research findings, another study by Mashood et, al. (2024) reported Shannon (3.88) and Margalef (10.5) which shows higher than this research, Ogwu et al. (2016) reported Shannon (0.84) and Margalef (2.57) in their study which shows that Shannon is less than and Margalef is higher than this result. Abubakar et al., (2016) reported Shannon (0.92) and Margalef (0.89) in their study conducted at Maiduguri, which shows lower than the findings of this research.
Overall, the observed variation in species diversity across Kano Metropolis has important implications for carbon sequestration potential. Areas with higher species diversity and structural complexity are more likely to store and sequester greater amounts of carbon due to the presence of trees with varying growth rates, sizes, and biomass accumulation capacities. This aligns with findings by Onyekwelu and Akindele (2012), who emphasized that species-diverse tree stands contribute more effectively to ecosystem stability and carbon storage than monoculture-dominated urban landscapes. 
Therefore, despite the promising figures, several challenges constrain the full carbon sequestration potential of urban forest in Kano. These include limited species diversity, soil compaction, water scarcity and urban stressors such as pollution and encroachment. Urban forestry in semi-arid cities like Kano offer not only carbon mitigation but also vital co-benefit, including heat reduction, air quality improvement, and enhanced urban aesthetics.
Conclusion
This study revealed moderate tree species diversity with dominance by a few species in Kano Metropolis. The findings highlight the need for strategic urban forestry planning focused on species diversification. The assessment of tree diversity in Kano Metropolis revealed a rich and varied assemblage of urban tree species, with significant differences in species composition, abundance, and distribution across different areas. The findings highlight the importance of urban forests in maintaining ecological balance, supporting biodiversity, and providing environmental benefits such as air purification, shade, and carbon storage. Despite pressures from urbanization and human activities, certain species demonstrated resilience, indicating their potential for future urban greening initiatives. This study underscores the need for effective planning and conservation strategies to preserve and enhance tree diversity, ensuring sustainable and resilient urban ecosystems in Kano Metropolis.
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