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Abstract 

This preliminary studies of growth parameters of four tropical tree species: Prosopis africana, 

Terminalis glaucescence, Pterocarpus erinaceus and Anogeisus leiocarpusis unique in the use 

of von Bertalanffy Growth Model (VBGM). This research is aimed at pioneering the use of 

VBGM in studying growth parameters and population dynamics of trees.Each tree species was 

sampled from two sites: Ruwan Kanwa (S1) and Dokolo (S2) in Taraba state, Nigeria. The 

trees’ annular rings were used in determining the age of the trees.The trees’ circumferences at 

Breast Height were measured. The results obtained for the four tree speciesare Asymptotic 

Circumference (Cinfin cm), Growth Curvature (K per year) and Life Span (tmax in years). For P. 

africana (S1:Cinf = 347.52; K= 0.0813;tmax = 36.90; S2:Cinf = 164.80; K= 0.0825; tmax = 36.36),T. 

Glaucescence (S1:Cinf = 261.54; K= 0.0634; tmax = 47.32; S2:Cinf = 258.59; K= 0.05; tmax = 

60.00),A. leiocarpus (S1: Cinf = 236.0176; K= 0.0626; tmax = 47.92; S2:Cinf = 261.54; K= 0.0634; 

tmax = 47.32)and P. Erinaceus (S1: Cinf = 298.06; K= 0.0788; tmax =38.07 ; S2:Cinf = 248.95; K= 

0.0787; tmax = 38.12). Study of this nature could be a guide for carrying out molecular genetic 

analysis on trees for identifying genes contributing to the characters predicted by VBGM. 

Similar research should be intensified as to generate database of growth parameters of 

tropical trees to enhance objective decision making in selection of tree speciesfor breeding. 
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Introduction 

The increase in size of organism with 

time (age) is referred to as growth and is 

a basic characteristic of every living 

thing. Different measurements and 

calculations could be used to determine 

plant growth (Salehian and Eshaghi, 

2012). The process of regeneration is a 
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highly stochastic phenomenon of forest 

dynamics that depends on many factors 

which include the habitat, stand 

characteristics, land use history or 

herbivory and the spatio-temporal 

interactions between the particular 

species are changing variably in relation 

to edaphic and climatic factors (Paluch, 

2007 and Forrester et al., 2013). 

A system being any structural or 

functional phenomenon having at least 

two separable interacting components can 

be simplified from its complex form and 

abstractly expressed in form of a model 

(Hall and Day, 1977). Growth of an 

organism is quite a complex phenomenon 

involving numerous processes; however, 

some aspects could be quantitatively 

analyzed and modelled thereby linking 

metabolism and growth of an organism 

(Bertalanffy, 1957).  Some growth 

models do serve as biological 

quantitative laws of generalized 

applicability to some organisms (Yusuf 

and Abdulkarim, 2015). 

The prediction of forest dynamics and 

assessing species coexistence of tropical 

tree species can be understood from the 

studies of their growth strategies (Le Bec 

et al., 2015). Studies of growth and 

possibly mortality rate of the tropical tree 

species will enhance management of the 

tropical forests dynamics, assessment of 

its stocks of natural resources sustainably 

and their impacts on the ecosystem such 

as carbon storage (Sierra, 2009) and socio 

– economic services such aswood 

production (Pretzsch, 2009;  Clark et al., 

2010). 

Von Bertalanffy growth model has 

found many applications in the fishery 

science but there is paucity of literature 

on the application of von Bertalanffy 

growth model in the studies of tree 

species particularly tropical tree species. 

This research could be a pioneering work 

on this subject. Study of this nature is of 

paramount importance in the selection of 

trees of high growth parameters for 

breeding. It could be a guide for 

molecular geneticists to further research 

into the genes contributing to the 

characteristics predicted by VBGM in a 

particular tree species. 

 

Materials and Methods  

Study Site 
The research was carried out in 

Taraba State, Nigeria. The specific areas 

are Donkolo forest in Bali Local 

Government Area (L.G.A) located at 

latitude 08°54ʹ N and longitude 011°46ʹ E 

and Ruwan kanwa forest in Lau L.G.A 

located at latitude 09°10ʹ N and longitude 

011°
 
59ʹ E. 

Bali and Lau local Government areas 

have land areas of 9,146km
2
 and 

1,660km
2 

respectively and a population 

of about 208,935 and 96,590 people 

respectively (Census, 2006). The chief 

occupation of the people in the area is 

agriculture, though there are traders, 

herders and civil servants among them. 
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Fig. 1: Map of Taraba State Showing Study Area 

 

Collection of Data 
Each of the tree species was sampled 

from two sites: Ruwan Kanwa and 

Donkolo in Taraba state, Nigeria. The 

Trees’ circumferences at Breast Height 

were measured. After cutting the stem of 

the trees, the individual tree annular rings 

were used in determining the age of the 

tree with respect with the varying annular 

width.  

Analysis of Data 
Some models of Standard Empirical 

Models for Stock Assessment (SEMSA) 

according to Yusuf and Abdulkarim 
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(2015) were used to analyze the data but 

all centred on von Bertalanffy Growth 

model (VBGM) that was modified by 

replacing Length with Circumference at 

Breast Height (Ct) as below: 

Ct = Cinf *[1 – exp (- K* (t- to))]... 01 

Where   

Ct=Circumference at Breast Height of a 

tree to be determined at a specific age t 

Cinf = Asymptotic Circumference at 

Breast Height or C – infinity, that is, 

maximum attainable Circumference at 

Breast Height in growth for the tree stock 

alternative symbol is C∞ 

K = curvature parameter or growth 

coefficient of the tree stock which is the 

rate at which the tree is growing to attain 

the maximum attainable Circumference 

at Breast Height (Cinf) 

to= age at zero Circumference at Breast 

Height, that is, age of tree when its 

Circumference is quantitatively zero 

The K and Cinf are the growth 

parameters that were determined using 

Gulland and Holt Plot of Gulland and 

Holt (1959) with K = - Slope = - b and – 

a/b = Cinfwhere “a” is the intercept. The 

Y = ∆C/∆t while X = C̅t of the equation 

02below which was derived from 

differentiation of VBGM (Equation 01): 

∆C/∆t = K*Cinf– K*C̅t≡ ∆C/∆t = a – b*C̅t

 ... 02 

Where C̅t = [Ct + ∆t + Ct] / 2 ... 03 

Ct is Circumference at Breast Height at a 

specific age t and Ct + ∆t is Circumference 

at Breast Height at subsequent age (t + 

∆t). 

Determination of Life Span or 

Maximum age (tmax) 
Life span or Maximum age was 

determined using model of Pauly (1980): 

tmax = to + (3/K) = 3/K approximately  (to 

= 0) ... 04 

Inverse Von Bertalanffy Growth Model 

(IVBGM) 
The IVBGM could be used to 

determine the age (tC) at specific 

Circumference at Breast Height(C) of 

atree population species. The equation is 

tC = to – (1/K) [In (1 – C/Cinf)] .... 05 

Where to = 0   while other symbols are as 

earlier defined. 

Determination of Growth Performance 
Index (ɸ) 

Growth performance index (ɸ) of 

each tree species was determined 

according to the model of Pauly (1979) 

modified by replacing length with 

diameter: 

ɸ = Log10 K + 2 Log10Cinf ... 07 

 

Results and Discussion 

Phenotypic expressions of an 

organism are composite function of 

intrinsic factors (genetic factors) and 

extrinsic factors in the environment 

(biotic and abiotic factors).Most tropical 

forests are unmanaged making tree 

growth to be a highly variable process, 

among and within species of the trees 

such that the individual tree is affected by 

different external factors (Newbery and 

Lingenfelder, 2008).For instance, pioneer 

and shade-tolerant species strongly differ 

in their maximum growth and sensitivity 

to light (Poorter and Arets, 

2003).Terminalis glaucescence has the 

highest maximum age of 60.00 years in 

Dokolo compared to same species with 

maximum age of 47.32 years in Ruwan 

kanwa (Table1).Similar trend could be 

observed in other species with respect to 

the two sites. 
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Table 1: Some Growth Parameters of four Tropical Tree Species 
Parameters Tropical Tree Species 

Ruwan Kanwa Dokolo 

Prosopis 

africana 

Terminalis 

glaucescence 

Pterocarpus 

erinaceus 

Anogeisus 

leiocarpus 

Prosopis 

africana 

Terminalis 

glaucescence 

Pterocarpus 

erinaceus 

Anogeisus 

leiocarpus 

Circumference 

at Breast 

Height  

(CBH in cm) 

98.6 72.8 82.5 64.9 47.4 68.7 68.8 72.8 

Number of 

Annular Rings 

of the CBH 

4 5 4 5 4 6 4 5 

Asymptotic 

Circumference 

(Cinf in cm) 

347.52 261.54 298.06 236.0176 164.80 258.59 248.95 261.54 

Growth 

Curvature  

(K per year) 

0.0813 0.0634 0.0788 0.0626 0.0825 0.0500 0.0787 0.0634 

Life Span  

(tmax in years) 

36.90 47.32 38.07 47.92 36.36 60.00 38.12 47.32 

Growth 

Performance 

Index (ɸ) 

3.992 3.637 3.845 3.542 3.350 3.524 3.688 3.637 

 

There are species recognized as 

inherently slow-growing or fast-growing 

(Le Bec et al., 2015). Slow-growing 

species are generally characterized by 

some traits which include a high leaf 

mass per unit area, a low concentration in 

nitrogen (Atkin et al., 1998) and a low 

rate of photosynthetic activity (Poorter et 

al., 1990). According to Le Bec et al. 

(2015), the species growth strategies are 

based on its inherent growth rate 

resulting in a relative performance at high 

or low resource availability. This is in 

line with the paradigm of a universal 

‘fast-slow’ plant economics spectrum 

according to Reich (2014). Same author 

and Sierra (2009) asserted that there are 

varieties of strategies for successful 

performance of trees in plant 

communities which do not reflect only 

habitat diversity but also reflect 

variability of intraspecific traits that may 

dictate individual responses to external 

factors. This implies that species growing 

relatively fast at high resource levels may 

perform relatively poor at low resource 

levels and vice versa. Competition 

favours the tree species that are most 

adapted to the local level of resources 

leading to partitioning tree species along 

resource gradients creating a pattern that 

significantly contributes to species 

diversity maintenance (Denslow, 1987; 

Bloor and Grubb, 2003).However, it may 

be difficult in natural conditions to 

separate species intrinsic differences 

from the effect of habitat variation but 

species growth performance may reveal 

the potentiality of a tree species to be 

selected for breeding for the purpose of 

forest rehabilitation, afforestation or for 

wood and biofuel production. 

 

Conclusion and Recommendations 

Von Bertalanffy Growth Model 

(VBGM) has found useful applications in 
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fisheries science but this research is a 

humble attempt to apply it in forestry. 

Though, this is a preliminary study but it 

provides baseline information for 

database of population parameters of 

tropical trees to be developed in future. 

Similar research should be intensified 

as to generate database of growth 

parameters of tropical trees to enhance 

objective decision making in selection of 

tree species for afforestation or 

rehabilitation in forest management and 

conservation in Nigeria and other tropical 

countries. 
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