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ABSTRACT: The study assessed tree species diversity and floristic composition in a forest arboretum in 

University of Benin, Benin City, Edo State, Nigeria (Lat. 060 2410311 and Long. 050 371 2511). The arboretum 

was delineated into twenty five plots measuring 9m ×9.2m each. In each plot, all tree species (≥15cm girth at 

breast height) were identified and their heights and girth measured at breast height (1.3m). Tree diversity was 

calculated using Brillouin index. One hundred and thirty seven individuals belonging to 26 species, 22 genera 

and 13 families were inventoried. Gmelina arborea had the most abundant stems (26) followed by 

Entandrophragma utile (18). The most dominant families were Lamiaceae (formerly Verbanaceae), Meliaceae 

and Sterculiaceae. Khaya grandifoliolia obtained the highest mean gbh, followed by Cedrela odorata; and 

Annona muricata had the least. The highest mean height was recorded against Khaya grandifoliola followed 

by Terminalia superba while Bombax buonopozonse had the least. The result of the diversity index was 2.4927; 

suggesting a relatively young forest of moderately high diversity but largely dominated by two families having 

eight species and 73 individuals. The results of Importance Value Index (IVI) indicate that Gmelina arborea 

had 42.26, followed by Cedrela odoranta (35.83) and Khaya grandifoliola (20.22); however, three species 

Anona muricata, Bombax buonopozense and Newbouldia laevis made cumulative contribution of 0.0911 to the 

total IVI. The study has shown that arboreta are invaluable instruments for conserving samples of trees and 

guilds; and as repertoire of ecological information, they can provide important empirical data for elucidating 

tree species diversity and growth dynamics.  
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1. INTRODUCTION 

 

Long before the turn of the century, the West African 

forest region had witnessed a number of floristic studies 

(Ola-Adams 1997; Redhead 1971), but the results of 

most of the investigations were scarcely of any use 

beyond providing baseline information for scientific use. 

Floristic inventory is a necessary prerequisite for 

research in tropical rainforest ecology, such as modeling 

patterns of species diversity or understanding species 

distributions (Phillips et al. 2003) which are perceived as 

implicit indicators of ecosystem health.  

 

A good knowledge of the floristic composition and 

structure of the vegetation at a micro scale (arboretum) is 

crucial for identifying the essential elements of flora 

composition and diversity; for conserving neglected, 

underutilized and threatened species; for monitoring state 

of forest and growth dynamics, and ultimately, for 

planning and implementation of biodiversity 

conservation programmes at the local, national and 

regional scales. Floristic studies are increasingly 

becoming relevant in recent times in response to the need 

of developing and underdeveloped countries to assess 

their plant wealth (Ganorkar and Kshirsagar 2013). 

Botanical assessments such as floristic composition and 

structure studies are essential in view of their value in 

understanding the extent of plant biodiversity in forest 

ecosystem (World Conservation Monitoring Centre 

1992).  

 

Floristic diversity analysis in sites of less than 1ha is very 

popular because it is widely being used in many studies 

and it is suited to a variety of additional purposes such as 
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monitoring forest dynamics as well as phenological and 

ethnobotanical research (Condit et al. 1996). Phillips et 

al. (2003) have harped on the suitability of 0.1ha and 1ha 

plots (plots of small area and plots of large area) for 

floristic studies. They contended that the 0.1ha inventory 

method achieves a greater gain in floristic knowledge and 

understanding and in detecting significant habitat-species 

associations than the 1ha inventory method.  

 

The threat to, and accelerated loss of forest and allied 

resources from the wild has clearly made arboreta 

invaluable repositories for keeping genetic copies of wild 

plant relatives (e. g. land races) for scientific, cultural and 

socio-economic application. This study was designed to 

evaluate floristic composition, structure and diversity of 

trees in a Twenty-two-year-old arboretum. The forest 

arboretum has played a significant role in education and 

research since its establishment in 1992. The arboretum 

although perceived to be floristically rich, lacks carefully 

compiled and up-to-date data on flora species 

composition, richness, abundance, diversity and status of 

regeneration. This knowledge gap does not only 

undermine the effective management of the arboretum, 

but also fails to depict modern practices and trends in ex 

situ forest management. 

 

1. MATERIALS AND METHODS 

 

2.1 Experimental Site 

The study was carried out in the Department of Forestry 

and Wildlife Arboretum, located in the outer reaches of 

the Faculty of Agriculture, University of Benin, Benin 

City, Nigeria ((Lat. 060 2410311N and Long. 0050 371 

2511N);109m asl). The arboretum covers an area of 

0.22ha. Mean annual rainfall ranges from 1800 to 

2000mm; mean relative humidity is about 75% at noon 

and 95% at the early hours of the day while the maximum 

and minimum temperatures averaged 330C and 230C 

respectively (Isikhuemen and Bamawo 2013) 

 

2.2 Data Collection 

The arboretum was delineated into 25 plots measuring 

9m x9.2m each. Within each sample plot, tree 

identification followed Keay (1989) and Akobundu and 

Agyakwa (1998). The Nikon Laser Rangefinder 

(Forestry 550) was used for the measurement of tree 

height while girth at breast height (gbh) at 1.3m above 

ground level was measured with girthing tape. The 

minimum limit (lower threshold) of girth 15cm was 

adopted for the study as used by Sahu and Dhal (2011); 

Isikhuemen (2005); and Whitmore (1998); thus all trees 

below this threshold were not inventoried. The basal area, 

relative dominance and relative density of the tree species 

were also determined and used for computing species 

both Family Importance Value and Importance Value 

Indices. 

  

2.3 Data Analysis 

 

Tree data were analysed using: 

 

2.3.1 Brillouin diversity inde: 

Bdi =  
1

𝑁
 𝐼𝑛

𝑁!

𝑁1! 𝑁2! 𝑁3!……𝑁𝑥
    

 

where N is the total number of species, while N1, N2 to 

Nx are the abundance of the different species counted 

(Spellerberg 1991). 

 

2.3.2 Basal Area  

Basal area for all trees was determined using 

 

BA = 
𝐺2

4
   OR 0.0796 G2 (m2)   =

22

7
 

 

where BA = Basal area (m2); G= girth at breast height 

(m). 

 

2.3.3 Relative frequency 

Species relative frequency (%) was computed following 

Brashears et al. (2004): 

RF = 
𝑛𝑖

𝑁
𝑥 100  

 

where RF = relative frequency; ni = the number of 

individual species; N = total number of species 

encountered. 

 

2.3.4 Relative dominance  

The relative dominance of each species (%) was 

estimated using the formula:  

 

RDo = ∑
𝐵𝑎𝑖

𝐵𝑎𝑠
𝑥 100 

 

where RDo = Relative dominance; Bai = Basal area of 

all individual ith species  

Bas = Basal area of stand. 

 

2.3.5 Relative density 

The relative density (%) of each species was computed 

using the formula: 

 

RD=
𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝑛𝑖

𝑡𝑜𝑡𝑎𝑙 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑠𝑝𝑒𝑐𝑖𝑒𝑠
 𝑥 100 
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2.3.6 Importance Value Index (IVI) 

The sum of RDO, RD and RF gave the importance value 

index for each species (Yang et al. 2008; Peters, 1996). 

The index is use to express the share of each species in 

the tree community (Ragkumar and Parthasarathy 2008) 

 

IVI = 
𝑅𝐷𝑜+𝑅𝐷

2
  

2.3.7 Family Importance Value (FIV) 

This was used to estimate a family’s share in the forest 

community. It is defined as the sum of its relative 

dominance (RDO) and relative density (RD) divide by 2. 

In calculating IVI index, the percentage values of the 

relative frequency, relative density and relative 

dominance are summed up together and this value is 

designated as the Importance Value Index (IVI) of the 

species (Brashears et al. 2004). Importance Value Index 

is used to express the share of each species in the tree 

community (Rajkumar and Parthasarathy 2008). 

 

3 RESULTS 

 

3.1 Tree Species Composition and Distribution within 

Families 

Overall, 137 trees (≥ 15cm gbh) encountered in the 

arboretum were disproportionately distributed among 26 

species, 22 genera and 13 families (Table 1). Gmelina 

arborea (GMAR) had the highest number of stems 

(18.2%) followed by Entandrophragma utile (ENUT) 

(Dawe & Sprague) Sprague (15%), Gambeya albida 

(10.94%), Tectona grandis (TEGR) (9.49%). Eleven (or 

69%) of the species recorded between two and five 

individuals while eight (or 27%) were single stemmed 

(Table 1).

Table 1: Result of tree frequency and diversity index 

Family Species Frequency 

Annonaceae Annona muricata L. 3 

Bombaceae Bombax buonopozense P. Beauv 1 

 Ochroma pyramidale (Cav. ex. La.) Urban  1 

Combretaceae Terminalia ivorensis A. Chev. 2 

 Terminalia superba Engl & Diels 1 

Fabaceae Albizia lebbeck (L.) Willd. 4 

 Albizia zygia (DC.) J.F Macbr 1 

 Dialium guineense Willd. 6 

 Leucaena leucocephala (Lam.) De wit 1 

Clusiaceae Garcinia kola Heckel. 4 

Irvingiaceae Irvigia gabonensis (Aubry-lecomte ex O’Rorke) Baill. I 5 

Lamiaceae  Gmelina arborea Roxb. 25 

 Tectona grandis Linn. 13 

Meliaceae Azadirachta indica A. Juss 1 

 Cedrela odorata L. 8 

 Entandrophragma angolense (Welw.) C. DC. 3 

 Entandrophragma utile (Dawe & Sprague) Sprague 18 

 Khaya anthotheca (Welw.) C. DC. 2 

 Khaya grandifoliola C. DC. 3 

Moraceae Milicia excelsa (Welw.) C. C. Berg 1 

Myrtaceae Psidium guajava L. 2 

Rubiaceae Nauclea diderrichii (De willd. & T. Durand) Merrill 5 

 Psydrax subcordata (Dc.) 1 

Sapotaceae Gambeya albida (G. Don) Aubrev. 15 

Sterculiaceae Mansonia altissima (A. Chev) A. Chev. 2 

 Triplochiton scleroxylon K. Schum 9 

Number of species (N)           137 

Brillouin’s diversity index 
1

𝑁
 𝐼𝑛

𝑁!

𝑁1! 𝑁2! 𝑁3!……𝑁𝑥
                                               2.4927 

 

The result of tree demography suggests that the entire 

stand is dominated by four species – Gmelina arborea, 

Entandrophragma utile, Gambeya albida and Tectona 

grandis – distributed among three families. Species  

 

abundance was highest for Meliaceae family (6) followed 

by Fabaceae (4). The family of Lamiaceae had the most 

abundant stems (38), accounting for 28% of the total 

number of stems encountered. The Brillouin’s diversity 

index revealed a moderately high result (Table 1). 
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3.2 Tree Species Distribution within Girth and Height 

Classes 

The results of the average girth at breast height, average 

height class and average basal area of species within 

families are presented in Table 2. Khaya grandifoliolia 

(KHGR) obtained the highest mean gbh, followed by 

Cedrela odorata (CEOD); while Annona muricata 

(ANMU) was lowest. Again, Khaya grandifoliola 

(KHGR) had the highest mean height followed by 

Terminalia superb (TESU) while Bombax buonopozonse 

(BOBU) was lowest. Generally, the result of the height 

class distribution of species was very low with majority 

of the species accounting for 34.32% of total height of 

species that constituted the stand (Table 2).

 

Table 2: Result of mean girth, mean height and mean basal area of all Species 

Family mGBH (cm) mHT (m) mBA (m2) 

Annonaceae 20±5.71 3.2±0.26 0.0034±0.0019 

Bombaceae 30 3.1 0.0072 

 23±0.01 6.7±0.30 0.0042±0.0004 

Combretaceae  65±0.01 14±5.60 0.041±0.032 

 65 14 0.0412 

Fabaceae  37.8±12.51 5.4±1.26 0.0126±0.007 

 37 4±0.2 0.0109 

 35.4±20.32 4±0.73 0.01325±0.014 

 34 7.6 0.0092 

Clusiaceae  34.3±13.28 4±1.73 0.0107±0.0077 

Irvingiaceae  38.4±6.77 4±0.72 0.0121±0.0041 

Lamiaceae  103.7±56.28 10.9±4.82 0.1093±0.096 

 43.6±12.31 8.4±2.19 0.0399±0.0023 

Meliaceae 98.5±12.50 11.7±0.9 0.0785±0.0196 

 170.5±79.28 14.5±5.21 0.2486±0.20 

 40.67±4.03 9.3±1.24 0.01330.0025 

 57±16.82 11.1±6.32 0.0312±0.0016 

 41±6.50 9.0±0.15 0.0140.0043 

 195±13.49 22.5±2.76 0.3041±0.0042 

Moraceae 100 8.4 0.0796 

Myrtaceae 28.7±9.74 4±0.N29 0.0073±0.0048 

Rubiaceae 76.4±45.98 14.4±7.12 0.1767±0.070 

 24 7.4 0.0046 

Sapotaceae 51±6.86 8.5±3.26 0.0252±0.0049 

Sterculiaceae 47±4.0 7.2±0.05 0.018±0.0003 

 95.8±68.25 17.4±8.04 0.1101±0.16 

Total 1529.88 232.65 741.4459 

 

In consonance with girth class classification by Proctor 

et al. (1983) into small (15-20cm gbh); medium (21-

50cm); large (51-100cm) and largest (>100cm), the 

number of stems recorded in the various categories were 

14 (or 10.2%) in small class; 53 (or 38.69%) in medium; 

36 (or 26.28%) in large class and 34 (or 24.82%) in 

largest (Table 2). The smallest class was dominated by 

GAAL (Gambeya albida); medium and large classes by 

ENUT (Entandrophragma utile) while largest class had 

GMAR (Gmelina arborea) as the dominant species 

(Table 2). The result of tree distribution within height 

classes revealed that 89.78% of the stems were within 

height range of 3m and 17m while 8.76% were between 

18 and 27m tall. However, the share of the trees that grew 

above 27m height was 1.46% (Table 2). 

3.3 Family and Species Importance Value Indices  

Lamiaceae recorded the highest on the Family 

Importance Value (FIV), followed by Meliaceae. The 

lowest FIV results were recorded for Moraceae, 

Bombacaceae and Myrtaceae. Seven families – 

Annonaceae, Clusiaceae, Combretaceae, Irvingiaceae, 

Moraceae, Myrtaceae and Sapotaceae recorded < 5 FIV 

(Table 3). The highest importance value index (IVI) was 

recorded by Gmelina arborea; accounting for 18.86% of 

the IVI for all species in the stand. It was followed by 

Entandrophragma utile (7.83%). Five species, B. 

buonopozense, O. pyrimidale, L. leucocephala, G. albida 

and N. laevis had the least IVI (0.76% each) (Table 3).
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Table 3: Family and Species Importance Value indices 

FAMILY  FIV FIV %         SPECIES       IVI  IVI % 

Annonaceae 0.011 1.16 Annona muricata  0.034 1.13 

Bombaceae 0.0074 0.78 Bombax buonopozense  0.023 0.76 

  Ochroma pyramidale   0.023 0.76 

Combretaceae 0.0189 1.99 Terminalia ivorensis  0.046 1.53 

  Terminalia superba  0.031 1.03 

Fabaceae 0.0577 6.12 Albizia lebbeck (L.)  0.055 1.83 

  Albizia zygia (DC.)  0.025 0.83 

  Dialium guineense  0.42 14 

  Leucaena leucocephala  0.023 0.76 

Clusiaceae 0.0183 1.93 Garcinia kola Heckel. 0.102 3.4 

Irvingiaceae 0.0212 2.24 Irvigia gabonensis 0.055 1.83 

Lamiaceae  0.3179 33.57 Gmelina arborea  0.566 18.86 

  Tectona grandis  0.225 7.5 

Meliaceae 0.3102 32.76 Azadirachta indica  0.044 1.46 

  Cedrela odorata  0.32 10.66 

  Entandrophragma angolense  0.042 1.4 

  Entandrophragma utile  0.235 7.83 

  Khaya anthotheca  0.05 1.66 

  Khaya grandifoliola  0.143 4.76 

Moraceae 0.0037 0.39 Milicia excelsa  0.034 1.13 

Myrtaceae 0.0084 0.89 Psidium guajava  0.046 1.53 

Rubiaceae 0.0346 3.66 Nauclea diderrichii  0.133 4.43 

  Psydrax subcordata  0.023 0.76 

Sapotaceae 0.0437 5.00 Gambeya albida  0.034 1.33 

Sterculiaceae 0.0909 9.59 Mansonia altissima  0.245 8.16 

  Triplochiton scleroxylon  0.023 0.76 

Total 0.944 100.0      3.000   100.00 

 

4. DISCUSSION 

 

The result of the study in which 137 species were 

identified in 13 families, 22 genera and 26 species were 

encountered strongly suggests that arboreta are ex situ 

conservation instruments or surrogate forest ecosystems 

acting as storehouse for ecological information, 

particularly on tree composition, diversity and overall 

ecosystem health .This class of empirical information has 

proved an invaluable resource for baseline, impact and 

monitoring investigations which are indispensable for 

planning interventions and design of forest regeneration, 

conservation and rehabilitation programmes. For 

purposes of making sound conservation decisions 

regarding tropical rainforest habitats, the pattern of 

seedling demography and adult tree recruitment are 

critical (Hubbel and Forster 1983). 

The marginally high species diversity suggests that the 

20year old stand is still at the most turbulent agrading 

stage of its growth cycle. This result is in accord with 

Isikhuemen’s (2005) findings in PSP 82, Urhonigbe 

Forest Reserve in Edo State, Nigeria. Although a 

complete inventory of trees in the arboretum is indicative 

of a thorough and objective presentation on species 

richness, the fact that the greatest numbers of species 

were contributed by two families (Lamiaceae and 

Meliaceae), is an indication of oligarchic dominance. 

Oligarchic dominance is not a result of the process which 

acts dichotomously causing some species to be dominant 

and others to be rare, but rather a process which affects 
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species abundance in a more continuous fashion 

(Jayakumarand Nair 2013). The outcome of this study 

complements the findings of Adekunle et al. (2010) in an 

in situ study conducted in the western Nigeria. 

Investigations conducted in southeast Asia revealed that 

Meliaceae and Fabaceeae were the two most dominant 

families in the tropical rainforest of Andaman giant 

evergreen forest in India (Rajkumar and Parthasarathy 

2008) and the Xishuangbanna forest in Southwest China 

(Lu et al. 2010). 

 

The relatively high diversity index (2.49) recorded in the 

arboretum is an indication that both the species and 

individuals obtained moderately high results. According 

to Duran et al. (2006), a maximum diversity (equitability) 

exists if each individual belongs to a different species; 

minimum diversity exists if all individuals belong to one 

species. But while it does not necessarily follow that a 

higher species diversity index value is better than a low 

species diversity index value, it is equally inappropriate 

to suggest that high diversity indices can be interpreted 

as being a reflection of high quality habitat (Spellerberg 

1991).  

 

The horizontal and vertical structures of the forest as 

revealed by the diameter and height distribution showed 

a forest whose population structure is growing, and 

tending towards mature stage of the forest growth cycle. 

The floristic composition of the arboretum is made up of 

a suite of small-stemmed lower canopy trees. Only 45% 

of the trees could be regarded as large (gbh ≥ 50cm) while 

55.19% were represented by the small diameter stems. 

Population structure is one of the forest characteristics 

that can readily be used as measure of species and family 

diversity as well as the physiognomy and state of health 

of the ecosystem (Adane 2011). 

 

The proportion of the ‘large trees’ in this forest is more 

than the 3.5% and 4.5% reported for tropical seasonal 

rainforests in south-west China and tropical forest in 

Tanzania by Lu et al. (2010) and Huang et al. (2003), 

respectively. Also, the 65.70% of the trees (within the 

least stem class i.e. height class ≥3-12m) depicts a 

growing forest; suggesting that the young and smaller 

diameter trees have the potentials of being recruited into 

the larger category groups if the current rate of growth 

and time of passage (Mervart 1972) between the lower 

and higher girth/height class intervals among taxa are 

sustained over time. 

 

With regards to the assessment of trees near or on the 

fringes of canopy gaps in the planted forest, it was 

observed that herbs and shrubs were more prevalent 

while regeneration generally was less prominent. This 

might not be unconnected with the fact that most of the 

trees represented in the canopy were mainly climax 

species and non-pioneer light demanders. According to 

Harper et al. (2004) ‘canopy gaps temporarily modify the 

physical conditions of the understorey, leading to 

increases in light and solar radiation, and allowing the 

proliferation of saplings and the transient establishment 

of pioneer plant species’. 

 

5. CONCLUSION  

 

1. Diagnostic assessment is an important ingredient for 

baseline, impact and monitoring studies.  

2. This study has clearly revealed that arboreta are 

invaluable instruments for elucidating tree growth 

characteristics and species guilds generally.  

3. The study site, though relatively young and largely 

dominated by two families, has moderately high tree 

diversity, and  

4. The most importance tree in the arboretum is 

Gmelina arborea followed by Cedrela odoranta and 

then Khaya grandifoliola. 
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