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ABSTRACT

The global loss of biodiversity has led to relentless calls from conservationists to protect the
environment and natural habitats. The objective of this study was to determine the effectiveness of
crown diameter for prediction of canopy cover under national park conditions. The study was conducted
in Etosha National Park, Namibia in 2015. Three tree species, namely Combretum imberbe,
Colophospermum mopane and Terminalia prunioides were considered as representative members of
the park species based on their relative population density. The study employed regression analysis
to examine the nature of relationships between tree crown diameter (the dependent variable) and tree
height, diameter at breast height (DBH) and distance from watering holes as independent variables.
The regression coefficients for Combretum imberbe were not significant (P =0.116; P =0.431; P =
0.884, respectively), suggesting that crown diameter was not well estimated by these explanatory
variables. On the other hand, there were significant relationships between DBH and crown diameter,
as well as between crown diameter and tree height. Tree height emerged as the stronger predictor of
crown diameter for both Terminalia prunioides and Colophospermum mopane. Therefore, the
relationship between tree height and crown diameter as explained by cubic function can further be
used to evaluate and estimate canopy cover under national park conditions.
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RESUME

La perte mondiale de biodiversité fait partie des causes des appels incessants des écologistes pour
protéger I’environnement et les habitats naturels. L’ objectif de cette étude était de déterminer I’ efficacité
du diametre du houppier pour prédire la couverture de cime dans les conditions des parcs nationaux.
L’étude a été faite dans le parc national d’Etosha, en Namibie en 2015. Trois especes d’arbres, a savoir
Combretum imberbe, Colophospermum mopane et Terminalia prunioides ont été considérées comme
des membres représentatifs des especes du parc en fonction de leur densité de population relative.
L’étude a utilisé une analyse de régression pour examiner la nature des relations entre le diametre du
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houppier (la variable dépendante) et 1a hauteur de I’arbre, le diametre a hauteur de poitrine (DBH) et la
distance des trous d’arrosage (variables indépendantes). Les coefficients de régression pour
Combretum imberbe n’ étaient pas significatifs (P=0,116; P =0,431; P =0,884, respectivement), ce qui
suggere que le diametre de la couronne n’était pas bien estimé par ces variables explicatives. D’un
autre cOté, il y avait des relations significatives entre le DBH et le diametre de la cime, ainsi qu’entre le
diametre de la cime et la hauteur de I’arbre. La hauteur des arbres est apparue comme le meilleur
prédicteur du diametre du houppier pour Terminalia prunioides et Colophospermum mopane. Par
conséquent, la relation entre la hauteur des arbres et le diametre du houppier, comme expliqué par la
fonction cubique, peut en outre étre utilisée pour évaluer et estimer le couverture de cime dans les

conditions du parc national.

Mots Clés: Colophospermum mopane, Combretum imberbe, Namibie, Terminalia prunioides

INTRODUCTION

Conservation of wildlife biodiversity from
extinction remains a central environmental goal
world-over. Conservation and management of
national parks are two main efforts that
continuously contribute to the survival of
wildlife and threatened vegetation species.
National Parks offer unique ecologies as they
host diverse threatened species of plants and
wildlife (Korhonen et al., 2006; Onilude, 2019).
The use of statistical modeling techniques
for estimating tree crown cover has
significantly become part of the inventory
programmes to assess vegetation growth and
development (Turpie et al., 2010; Cunning and
Jankowitzi, 2011). A tree crown is an
aboveground part of a tree that includes the
main trunk, the branches that grow out of it,
as well as the leaves. It consists of all the parts
that are involved in photosynthesis, aerial
growth and aboveground reproduction. It is
also referred to as tree canopy cover when
measured from an aerial standpoint (Gill et al.,
2000; Hemery et al., 2005; Korhonen et al.,
2006). The tree crown is described as the
centre of physiological activities, which largely
include the exchange of gases and fluids that
drive the development and ultimate growth
processes (Buba, 2012).The canopy, therefore,
determines how much photosynthesis occurs
for each tree within a certain time and place
(Hemery et al., 2005; Sharma et al., 2016).

Trees with larger or full crowns have the
potential of fixating carbon at a higher rate,
and therefore, have a higher amount of net
primary production than those with smaller
crown sizes (Bechtold er al., 2002). Tree
crown sizes are thus used as an ecological
indicator of tree growth and health and,
consequently, determine various components
of the forest ecosystems such as species
richness, forest floor microclimate, as well as
damage caused by fire in recreation and wildlife
habitats (Korhonen et al., 2006; Paletto and
Tosi, 2009; Sharma et al., 2016).

Quantification of the crown dimensions is
an important component for assessment of
tree conditions. This normally includes
parameters such as crown cover/crown’s size
(diameter and/or width or radius), tree height
and stem diameter (Bechtold er al., 2002;
Hemery et al., 2005; Buba, 2012). Parameters
such as tree diameter and height are easy to
measure and are also widely used by forest
inventory takers (Sdnchez-Gonzdlez et al.,
2007; Russell and Weiskittel, 2011; Buba,
2012; Sharma et al., 2016). However, not all
variables can be easily measured, although their
measurements can be good predictors of forest
dynamics which can be used to improve the
reliability of tools like growth and yield models.
Tree crown width is one of the most difficult
parameters to measure and is more costly and
time consuming than measuring tree diameter
at breast height (DBH) and tree height (Avsar,
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2004; Sharma et al., 2016). Moreover, tree
crown width, together with DBH, are found
to be important characteristics and relevant
when correlated with tree growth
measurements (Hemery et al., 2005; Sharma
et al., 2016); and therefore is used in
developing prediction models for crown
diameter estimations (Cafiadas, 2000; Bragg,
2001; Paulo et al., 2002; Avsar, 2004).
Accurate prediction of tree dimensions has
become a prominent analytical tool that allows
rapid evaluation of wide areas and large
volumes of generated data (Turan, 2009; Buba,
2012). The objective of this study was to assess
the reliability of crown diameter for prediction
of crown cover that can be used in
evaluating vegetation growth health,
particularly under national park conditions.

MATERIALS AND METHODS

Study site. This study was conducted in the
Etosha National Park, the second largest park
in Namibia, with an area of around 22, 270
Km? (Hipondoka, 2005; Nakanyala, 2012). The
Park is mostly flat and has a large proportion
(23%) of saline depression known as the
Etosha Pan. The Pan is a vast, bare and open
area, which covers around 4800 Km?
(Hipondoka, 2005). The Pan is internationally
classified as an important wetland, and
recognised as a Ramsar site (Cunningham and
Jankowitz, 2011). The rainfall gradient in the
park ranges from a mean annual of 300 mm
from the west side to 450 mm to the east
(Mendelsohn er al., 2009). Mean annual
temperatures range from a minimum of 6.0
°C in winter to a maximum of 34.8 °C in
summer (Beer et al., 2006).

Soils vary from Cambic and Ferralic
arenosols sediments to Leptosols and Vertisols
in depressions, and Solonchaz and Solonetz
soils in the Pan (Beugler-Bell and Buch, 1997;
Nakanyala, 2012). The Park consists of a
variety of browsers, including elephants which
number up to 2000 at times (Berry, 1997;
Lindeque and Lindeque, 1997). These
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browsers often change the structure and
composition of the vegetation (Beer et al.,
2006). Stander (1991) conveniently divided
Etosha National Park into three zones based
on Giess’ (1971) broad vegetation differences,
namely zone one consisting of largely of
Colophospermum mopane trees and shrubs
interspersed with Terminalia, Vachellia,
Senegalia and Sesamothamnus species; zone
two comprising mostly Colophospermum
trees; and the third zone consisting of
Colophospermum mopane, Combretum,
Terminalia and Spirostachys africana species.
The dominant tree species in Etosha National
Park are Colophospermum mopane, Vachellia,
Senegalia, Combretum and Terminalia species
(Le Roux, 1980; Stander, 1991), with
Colophospermum mopane being the most
common tree species and estimated to
constitute approximately 80% of all tree species
in the Etosha National Park (Berry and Loutit,
2002).

Data collection. The tree species used in this
study were Colophospermum mopane,
Terminalia prunioides and Combretum imberbe
based on their dominance in the study site.
These trees were measured from 10 plots
established in each site. All together a total of
530 trees were measured. These consisted of
394 Colophospermum mopane, 89 Terminalia
prunioides and 47 Combretum imberbe tree
species. The selection procedure was
purposive, based on tree type and basal
circumference. Tree dimensions within 10 m
x 10 m plots were measured. Only trees within
10 m x 10 m plots with a basal circumference
of 16 cm were measured.

Parameters measured included tree height,
crown diameter and stem diameter at breast
height. The measurements were done with a
measuring tape for stem diameters (the
circumference) and a clinometer for the tree
height. Crown height was measured by taking
the total height and subtracting the distance
from the ground level to the base of the live
crown (Buba, 2012). Crown diameter was
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estimated by taking two diameter
measurements at the widest and narrowest
sections of the crown at approximately 90°
(Ek, 1974; USDA Forest Service, 2012). The
two measurements were then averaged to give
mean crown diameter. The DBH was taken at
1.3 meters above ground level.

Data analysis. The Shapiro-Wilk (Shapiro
and Wilk, 1965) was used to test for normality
of the data. Correlations between outcome
variable (crown diameter) and predictor
variables (DBH, tree height and distance from
watering holes) were computed to determine
which predictors were not significantly
correlated with the outcome variable
(Akinwande et al., 2015). Since the data were
not normally distributed, the Spearman
correlation analysis (Spearman’s rho) was
used to compute correlations between crown
diameter and DBH; tree height and crown
diameter; distance from watering hole and
crown diameter. For cases where collinearity
was detected, the procedure was to remove
one of the collinear variables (Clinebell et al.,
1995). Highly correlated predictors supply
redundant information and removing one of
the correlated factors usually does not
drastically reduce the R-squared value
(Akinwande et al., 2015). The explanatory
variables, which were highly correlated with
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the dependent variable (crown diameter), were
included in the regression. The Curve
Estimation procedure from IBM SPSS
Statistics version 24 was used to find a best-
fit regression model to the data.

A regression equation or model for
predicting crown diameter was developed
using the Statistical Package for Social
Sciences (IBM SPSS Statistics version 24).
Linear and non-linear regression equations
have been reported in previous studies as
adequate for estimating or predicting crown
diameter (Korhonen et al., 2006; Akinyemi et
al., 2012; Onilude, 2019). Consequently, this
study adopted regression analysis, which is
one of the tools usually employed to investigate
the nature of the association between two or
more variables via models (Vanclay, 1994;
Harris and Jarvis, 2011).

RESULTS

Tree height, diameter at breast height and
distance. Tree height and diameter at breast
height (DBH) were significantly correlated (r
=0.534, P<0.001) as was crown diameter and
tree height (Table 1). The correlation between
crown cover and DBH was weak (r=0.399,
P<0.001) when compared with tree height
(r=0.57, P<0.001). Tree height emerged the
best statistically significant predictor of crown

TABLE 1. Correlation between tree canopy parameters for Terminalia prunioides, Colophospermum
mopane and Combretum imberbe (n=530) found in Etosha National Park in Namibia

Parameter Spearman’s rho P-value
Crown diameter - Tree height 0.571 <0.001**
Crown diameter - DBH 0.399 <0.001**
DBH - Tree height 0.534 <0.001**
Crown diameter - Distance -0.088 0.043%*
DBH - Distance 0.050 0.255
Tree height -Distance -0015 0.728

* Correlation is significant at the 0.05 level (2-tailed test), ** Correlation is significant at the 0.01 level

(2-tailed test)
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diameter compared to DBH, while distance
from the watering holes was not significant
(P=0.728).

Tree species as a variable. Correlation
between crown diameter and tree height
showed moderately positive for Terminalia
prunioides (r=0.5170) and Colophospermum
mopane (r=0.6) (Table 2). The correlation
between crown diameter and tree height
showed a very weak relationship (r=0.4) for
Combretum imberbe. Furthermore, tree height,
DBH and distance could not significantly
predict crown diameter for Combretum
imberbe (Table 3).

The relationships between DBH and crown
diameter, as well as between crown diameter
and tree height were significant for both
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Terminalia prunioides and Colophospermum
mopane.

Of the three predictor variables, tree height
showed the highest explanatory power, R? =
0.477 and 0.40 for Terminalia prunioides and
Colophospermum mopane, respectively. This
explains about 48 % of the variation in crown
diameter among Terminalia prunioides trees
and 40% of the crown diameter variation for
Colophospermum mopane. Diameter at breast
height explained about 7 % (R?>= 0.071) for
Terminalia prunioides and 15% (R*= 0.154)
for Colophospermum mopane. All these
relationships were highly significant (P<0.05).
Tree height emerged the best statistically
significant predictor of crown diameter and
was used alone in the prediction model for
crown diameter. Relationships between crown

TABLE 2. Correlation of tree crown diameter and height per species in Etosha National Park in

Namibia

Species Correlation coefficient P-value
Terminalia prunioides 0517 <0.000%**
Colophospermum mopane 0.600 <0.000%**
Combretum imberbe 0407 0.005%**

*Relationship is significant at the 0.05 level (2-tailed test), **Relationship is significant at the 0.01

level (2-tailed test)

TABLE 3.

Relationships between tree crown diameter and

different parameters for different species found in Etosha National

Park in Namibia

Parameter Tree species P-value
Tree height Colophospermum mopane <0.01*
Tree height Terminalia prunioides <0.01*
Tree height Combretum imberbe 0.116
DBH Colophospermum mopane <0.01*
DBH Terminalia prunioides 0.011*
DBH Combretum imberbe 0431
Distance Colophospermum mopane 0213
Distance Terminalia prunioides 0.253
Distance Combretum imberbe 0.884

*. Relationship is significant at the 0.05 level (2-tailed test)
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TABLE 4. Contribution of predictors (tree height, DBH and distance) to the explanatory power of the model for Terminalia prunioides and Colophospermum

mopane found in Etosha National Park in Namibia

Std. Error of the Estimate

Adjusted R?

2

Predictors

Species

092110

0477 0471

0.691

Tree height

Terminalia prunioides

0.91899
091887
1.11937
1.11492
1.10276

0486 0474

0.697

Tree height and DBH

Terminalia prunioides

0492 0474

0.701

Tree height, DBH and distance

Tree height

Terminalia prunioides

0.399
0404

0417

0401
0407

0421

0.633

Colophospermum mopane

0.638

Tree height and DBH

Colophospermum mopane

0.649

Tree height, DBH and distance

Colophospermum mopane

S.T. ANGOMBE et al.

*Dependent variable: crown diameter

diameter and distance were not significant for
Colophospermum mopane (P=0.213) and
Terminalia prunioides (P=0.253).

Curve estimation. Crown diameter was
analysed with tree height as the independent
variable And up to 10 regression model models
were investigated for predictive value of
crown diameter for Terminalia prunioides,
Colophospermum mopane and Combretum
imberbe (Tables 5-7).

The cubic regression models fitted the data
best with a coefficient of determination of
approximately 56 and 40.4% for Terminalia
prunioides and Colophospermum mopane,
respectively (Tables 5 and 6).

Y=a+b X+b,x*+b, x>............ Equation 1
Where:

Y = crown diameter; a = constant (Y intercept),
b, = coefficient of the independent variable to
the k™ power.

Crown prediction model for Terminalia
prunioides. Regression analysis results
showed significant (P< 0.05) and strong (R><
0.50) relationships between tree height and
crown diameter variables for this model (Fig.
1). The tree height—crown diameter
relationship was best described by the cubic
model (R?= 0.56).

Validating the model. The correlation
between outcome variable (the actual crown
diameter) and the predicted value of crown
diameter, according to the crown prediction
model for Terminalia prunioides was 0.7 (Fig.
2), which indicated a strong positive
correlation. The predicted values of crown
width plotted on the observed values are
additional evidence of the model adequacy for
prediction of crown cover (Fig. 2).

Crown diameter prediction model for
Colophospermum mopane. Regression
analysis results showed a significant (P < 0.05)
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TABLE 5. Model statistics and parameters estimates of the prediction model for Terminalia prunioides

Equation Model summary Parameter estimates
R? F dft  df2 Sig. Constant bl b2 b3

Linear 048 79486 1 87 0.000 1.192 0.702

Logarithmic 041 60.241 1 87 0.000 333 2737

Inverse 033 42448 1 87 0.000 6.518 -9.143

Quadratic 053  49.062 2 86 0.000 4.088 -.660 0.147

Cubic 056  36.186 3 & 0.000 -2.691 4464 -1.051  0.087
Compound 040 57967 1 87 0.000 1.977 1.179

Power 037 51826 1 87 0.000 1.555 0.669

Growth 040 57967 1 87 0.000 682 0.164

Exponential 400  57.967 1 87 0.000 1.977 0.164

Logistic 400 57967 1 &7 0.000 506 0.848

TABLE 6. Model statistics and parameters estimates of the prediction model for Colophospermum
mopane

Equation Model summary Parameter estimates
R? F dft  df2 Sig. Constant bl b2 b3

Linear 0401 262223 1 3% 0.000 1.858 0476

Logarithmic 0395 256444 1 39 0.000 323 2532

Inverse 0354  214.389 1 3% 0.000 6.728 -10.960

Quadratic 0403 132207 2 391 0.000 1.341 0671 -0.016

Cubic 0404  88.164 3 39 0.000 2018 0.283 0051 -0.004
Compound 0362 222.175 1 39 0.000 2.344 1.113

Power 0381 241.554 1 3% 0.000 1.609 0.590

Growth 0362 222175 1 3% 0.000 0.852 0.107

Exponential 0362  222.175 1 3% 0.000 2.344 0.107

Logistic 0362 222175 1 3% 0.000 0427 0.898

TABLE 7. Crown diameter prediction coefficients with tree height as the independent variable based
on the cubic regression model

Species N b, b, b, b, R?
Terminalia prunioides 89 -2.691 4464 -1.051 0.087 0.56
Colophospermum mopane 394 2.0181 0.2835 0.0509 -0.0035 040

Combretum imberbe 47 -1.5619 26423 -0.3752 0.0168 0.13
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v = 0.087x% - 1.051x* + 4.464x - 2.691
R?*=0.5609

Tree height (m)

Cubic regression model for Terminalia prunioides in terms of tree height and crown

diameter in the Etosha National Park in Namibia.

Actual crown diameter (m)

3 4 5 6 7

Predicted crown diameter (m)

Figure 2. The predicted values of tree crown diameter plotted on the observed values for Terminalia
prunioides in Etosha National Park in Namibia.
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Figure 3. Cubic regression model for Colophospermum mopane in terms of tree height and crown
diameter for trees in Etosha National Park in Namibia.

and strong (R%> 0.50) relationship between tree
height and crown diameter variables for this
model (Fig. 3). The tree height—-crown
diameter relationship was best described by
the cubic model (R2= 0.40).

Validating the model. The correlation
between the outcome variable (the actual
crown diameter) and the predicted values of
crown diameter for Colophospermum mopane
was 0.63, which also indicated a strong
positive correlation. The predicted values of
crown width plotted on the observed values
are additional evidence of the model adequacy
for prediction of crown cover (Fig. 4).

DISCUSSION

The results of this study have revealed that
the cubic model gives the best performance
for fitting crown prediction models (Tables 5
and 6). The cubic model gave the best
performance according to the regression
estimates used, compared to the models in the
fitting phase. Consequently, this model was

selected. Although previous studies have
shown that the cubic regression model is the
best for fitting data when predicting crown
diameter (Akinyemi et al., 2012), few studies
have demonstrated the usefulness of tree
height as a predictor (Avsar, 2004; Sanchez-
Gonzalez et al., 2007). The correlation
between crown diameter and DBH was weak
(r = 0.399) when compared with tree height
(r = 0.57), which may suggest that great
variation of crown width exists using this
predictor.

In most cases DBH has been reported as
the best estimator of crown diameter (Canadas,
2000; Paulo et al., 2002; Akinyemi et al.,
2012). On the contrary, this study revealed a
significant, moderately strong and positive non-
linear relationship between crown diameter and
tree height (Fig. 1). DBH and tree height were
correlated (Table 1), thus were collinear.
Collinearity violates the assumption of
independence of explanatory variables (all
explanatory variables must be independent of
each other; only the outcome variable may be
dependent on the predictors or the explanatory
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Figure 4. The predicted values of tree crown diameter plotted on the observed values for
Colophospermum mopane in Etosha National Park in Namibia

variables, not the other way around) and thus
adversely affects regression estimates
(coefficients and standard errors).

Overall the crown diameter models for
Colophospermum mopane and Terminalia
prunioides species presented here explained
between ~40% and ~56% of the variation seen
in crown diameter, respectively. The model for
Colophospermum mopane explained only about
40% of the observed variability. Various
reasons can be advanced for the unexplained
variation. These may include the grazing and
browsing patterns of wild animals, especially
large herbivores; the extent of their impacts
on the dynamics of the vegetation species; and
the inter-relationships among soils, vegetation
and wild animals. However, no data on elephant
damage patterns were collected for the study.

The model for Terminalia prunioides
appears to be a more reliable one in terms of
coefficient significance and variation explained
by the model (Fig. 2). Akinyemi et al. (2012)
established a significant relationship between
DBH and crown diameter and reported that
DBH adequately predicts crown diameter.

However, this study has identified tree height
as a better crown diameter predictor. This
difference could be attributed to differences
in site conditions between the two study areas.
Though both trees belong to the Combretaceae
family, Terminalia superba is a large tree in
the family native to tropical western Africa and
grows up to 60 m tall; whereas Terminalia
prunioides is a shrub or tree found in the
savannah biome and only grows up to 8§ m
(Le Roux et al., 2009).

The Combretum imberbe species model had
less total variation explained and the regression
coefficients were not statistically significant,
indicating that their values were not well
estimated. The low R?(0.1333) value for
Combretum imberbe may indicate a high degree
of morphological variation. This suggests that
variation of crown diameter for Combretum
imberbe which may require additional
parameters to enable the creation of reasonable
prediction equations. When creating these
models, it may be beneficial to account for
the potential added variation in stem and crown
form.
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CONCLUSION

Although crown diameter prediction models
are simplified representations of this complex
parameter, well-constructed models should be
viewed as reasonable estimates capable of
aiding the national park management in
assessing vegetation health. The results of this
study clearly demonstrate that crown diameter
can be estimated by means of tree height,
which is easy to measure. Therefore, the tree
height-crown diameter relationship should be
used for the estimation of crown cover. The
tree height-crown diameter relationship can be
best described by the cubic regression model
in less disturbed areas like the Etosha National
Park.
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