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Abstract

A vegetation inventory was carried outin 50 plotanalyse the biodiversity of Save Region
of the republic of Benin. The aim was to show hawnan interventions impact the tree
stands. The method of allocating plot number propoally to the area of each stratum was
adopted. This method which stems from the usetelliteadata analysis was implemented
using diversity indices. The main strata identifaae: Gallery and dense forest (GF), Open
forest (OF), Woodland savanna (WS), Tree savan8adind Tree shrub savanna (TSSge
species diversity was analysed using plant diwemstlices. From the 50 plots surveyed, a
totalof 63 tree species and 2,978 individual treth DBH more than 10 cm were recorded.
The mean tree population per ha is 638. The spéctesess varies from 24 as recorded on
open forest to 52 recorded on tree savanna strafumalysis of tree variable correlation
indicatesthatthe strongestcorrelation was readd etween mean volume and basal area.
In general, these plant diversity indices reveal ftiigh heterogeneity existing among plots of
different strata and the human impact on these dtaeds.

Keywords: Forest inventory, tree species diversity, satelfitta, stratum, savanna.

Résumé

Un inventaire de la vég étation a été réalisé sump@ceaux pour analyser la biodiversité de
la Région de Saveé en République du Bénin. Le boetteétude est de montrer comment les
interventions humaines ont des impacts sur les dtions végétales. La méthodologie
adoptée a consisté a allouer des placeaux propontglement a chaque strate. Cette
méthode qui estbasée sur l'analyse des donnéaktames, a ét¢ mise en place en utilisant
des indices de végétation. Les strates principéestifiées sont les suivantes: Galerie
forestiere (GF), Forét claire (OF), Savane Bois#S(), Savane Arborée (TS) et Savane
Arbustive (TSS). La diversité des especes ligheugésanalysée en utilisantdes indices de
la diversité biologique. Des 50 placeaux inventeyrién total de 63 especes et 2,978 arbres
avec un diameétre a hauteur de poitrine (DBH) plued 0 centimétre a été enregistré. La
moyenne d’arbres par ha est 638. La richesse dpéefvarie de 24 (forét claire) a 52
(savane boisée). L'analyse de la corrélation ende différentes variables indique qu'il
existe une plus forte corrélation entre le volunmyen et la surface terriere. D'une maniére
générale, l'analyse des indices de la biodivergit¢ele une forte hétérogénéité entre les
différentes strates d’'une part, 'impact de l'aetide 'lhomme sur ces formations naturelles
d’autre part.



Environtropica, July - September 2005, Val.2, No 1, 000 — 000

Introduction

Benn Republic is located in the ‘Dahomey gap’,clihis a break of the West African ran forest
belt between Nigera and Ghana. This gap whichltse§iom oceanographic, topographic and
clmatic interactions has generated essentiallydiier types of guineo-congolian forest belt in
southemnn — easterm Ghana, southern Togo and pestatbern Benin. As a result, vegetation in
Benn & typical for humid savanna conditions. Tinain cover types are natural vegetation which
varies from pockets of natural forests to herbassavanna (Jenik, 1994; Adanohoun, 1968).

The greatest impetus for forest destruction in Bes well as in most of African countries as
stated by Ehuet al (1990) s due to increasing demand for wood anpland pressure from
agriculture fuek by rapid population growth corednwith traditional agricuttural practices such
as shifting cultivatonThe rapd changes in land use have ked to theudéah and fragmentation

of natural tree stands. Bourreau and Syla (198@nated that more than 100, 000 ha of natural
vegetation is annualy destroyed due to anthropogactivies. As concluded by Turneet al
(1990), the demand for forest resources wil comrtito increase as long as they remain the basis
for development, whie the balance between populatiesources, envronment and develbpment
will become more and more distorted.

Despite this situation, very few assessments a lase cover changes have been undertaken in
Benin. Although the floristc compostion and placbmmunity densities of forest and savanna
types have been studied, the current state of kel about species and ecosystems & far from
being complete. Detailed knowledge about the egolof plants, floristic compositon and
diversity of plant communities that would be theviobs first step in understanding and
conserving them is stil incomplete or lackng. Tackle the decline of biodiversiy and to
formulate policies, reliable estimates on the statd change of these forest resources are needed.
In this regard,a vegetation inventory could provide useful infotioraon the plant diversity, the
importance of growing stock avaiable and otherfulsieformation on the tree stand which can be
of great importance to improve the knowledge of el use/cover change proces$dden &
Barnes, 1985)

Despite many methodolbgies developed to estimatgetagion composition, there is stil a
knowledge gap to be filed on the methodologies.sMof them are eiher physical based or
transect oriented. Use of remote sensing for dpatialysis and vegetation indices have been
tested as an improved means to characterse savwgpeaegetation (Natta, 2008&ndersonet
al., 1976. Remotely sensed data and geographical informagistem which deal with spatial
data have considerable utity in acquiring vitatal information especialy on vegetation. They
have a great potential in providihg accurate infaiom that can be used for plant community
management and monitoring activities. On the othand, some plant indices have been
successfuly used to nvestigate the structure, fibiistic composition variation and the spatial
distrbution of tree species across savanna végetipes(Kokou et al, 2000; Tente, 2000)

For a complete analysis of the savanna type vegmtahere is a need to fil the loophokes
found in methodologies used by the past and to lolevan integrated approach that links
harmoniously different ‘tools” such as remote segsifield measurements, and vegetation
indices to increase our knowledge and understandinghe savanna type vegetation in a
study area located in the central region of the ilBé&hepublic characterised by an increasing
severe human pressure.
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This paper investigates both the floristic compmsitvariation and the spatial distribution of
the tree species n savanna vegetation type usiagt pliversity index with a view to
documenting the impact of human interventions @ tiee stands.

Mate rials and Methods
Study area

The study area is located in the central part ofiiB ®epublic (Fig. 1). It les between ktitudes
8°00' N and 9°00' N and is longitudes vary fronkt 10 3°40'E. The study area is bounded by
Oueme river in its western part and Nigeria frontiethe east by Okpara rier. Its surface area
covers an area of 580, 900 ha. Admnistrativelg, skudy area is included in the Department of
Colines. Wih a total population estimated in 1988 140,434 inhabitants of which 49.6% are
male, this study area i composed of three dstrisave in the south, Ouesse in the middle and
part of Tchaourou n the nortccording to Adam and Boko (1983), the study albedngs to
the subsudanian transtion agroecological zone. Thmate i intermediate between gunean
congolian and sudano-guinea clmate. The temperawith an annual average estimated at
28°C, fluctuates from 25°C to 30°C. The rainfallttpen & fairly monomodal. The mean
annual rainfall recorded from 1964 — 1997 at Sayeopstic meteorological station, fluctuated
from 1000 mm to 1100 mm with a mean of around 1962 per annumThe stream network
indicates that the study area is well drained byyrstreams of the two Rivers Okpara and Oueme
which are used respectively as west and eastedetsonf this study area. According lgue
(2000), he sois are relatively well drained, very shallbwshalow gravely and stony with sandy
to clyed-sandy texture ih some parts. These addshighly favourable for savanna vegetation
type and for annual and perennial cropéie vegetation s typical of humid savanna canuit
The main cover types vary from pockets of matunedis to herbaceous savanna. It consists
of woodland savanna as well as riparian or galllanest along the rivers and the streams.

Methodology

A stratified random samping design was adopted tf@ inventory of the study area. This
method allocates a plbt number proportionaly te #hrea of each stratum (Kent and Coker,
1994; Skole and Tucker, 1993). The method was mmefged using a mukiphase procedure.
Stratification, the first phase is performed thiougptelite image analysis. The second step is
the sampling itself based on legend units obtaifiein mappng. Wih this method, the
following activities were undertaken in sequentsleps: mapping and stratification, field
survey, data arrangement and wood volume estimation

Classification and identification of the five staat

Through Landsat TM image interpretation, the laodec patterns were analysed. A full scene of
Landsat TM of 12/11/99 covering the study area amalysed. A total of 40 points sekected from a
1:200, 000 topographic map and well distrbutednhiwithe Landsat image were used to ensure
geometric correction and to create image map. Ta&l RMS (root mean square) error was
estimated at 0.52. Image processhng was perfornsiny LERDAS IMAGE 8.3. Histogram
stretching technigue was used for more contrasilewdiige enhancement fiter technique well
known as Laplacian or non-directional fiterng waerformed for local enhancement of the
image map. Edge enhancement was carried out byoeess called spatial fitering, performed
pixetby-pixel transformation of the satelite ine@Foras & Sgouras, 1999; Lilesand & Kiefer,
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1994). A preliminary box classification was introgu to guide this visual interpretation.

Appling visual interpretation of the image mappab pattern and texture differences of the
imagery were considered and taken into accountrderoto identify and classify the different

vegetation classes. During the process of imagerpretation, the smallest mapping unit that
could be interpreted and delineated with accurdserichinaton among classes from satelite

imagery was a square of 5 mm side or a crclke &Emm radius. This represents an area of 25
ha for the final map edited at the scale of 1/XW).

From this analysk, 5 strata were identified. Thagude: Galery and dense forest (GF) pen
forest (OF), Wooded savanna (WS), Tree savanna @) Tree shrub savanna (TS $®Yith
regard to land cover and process identficatiors thethod of classification yielded very good
resuls as it enables vegetation strata discrimimaivih an overall accuracy estimated at 82%.

Determination of plot number, size and location.

The determination of the plot humber was calculatgidg the following equation (JICA, 2000).

In which
t.Cv) 2 lis plot number
n=--—- .S (1) t value from t-distribution table
E? Cvvariation coefficient

E : estimated error
S security rate
With Cv = % and
0 = Standard deviation of pre hventory survey samples
X = Average value of pre inventory survey samples

From above, 50 plots were selected. These plotsewadiosen so that to be well distrbuted
according to the importance of the stratds recommended by most of investigations, circular
plots with 0.1 ha as area and a radius of 17.84mihe plot centre were adoptédeynolds, 1969;
JICA, 2000; Magurran, 1988). The exact locaton mibts was determined before the
fieldwork on the vegetation map. Allocation of ploper stratum is presented in Table 1. In
order to avoid local influence, plots were locatdieast 500 m from the road and more than 2
km from any vilage. The precision in the localkaat of ground control points and the
selected plots was obtained using a Magelan 15 ®Ri&h allows a 15 m-precision.

Data collection and recording

Within each sample plot a complete observation waade and data were recorded in a
relevee sheet. Tree dameters were measured andastl reference point usually referred to
as breast height defined as the height of 1.37 am fthe ground Ine. This measurement is
conventionaly adopted for forest inventoryh order to take into account small diameter of
trees, the inventory was extended to small tredk atileast 10cm as DBH (diameter at breast
height). Using a BLOOM LEIS device, Tree height (TiWas measured as total height, from
the ground Ine to the top of the tallest point te tree. Total height is usualy measured in
meters.
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Tree species diversity analysis

To analyse tree species diversity, plant diverdiyices were used. According to Bonham
(1976) they are expressed as follows: Using dateocted from the fieldwork, estimation of
tree volume was made. Based on data collected eotvib main stand factors, DBH (diameter
at breast height) and (T) total height, some trpeces parameters were calculated. They
include:

* Sigk tree Volume (Vi)

Vi: volume of atree (i)
Vi=HZD2 et D:diameter at breast height (cm) )
4 H: Total height of the tree (m)
Cf: form factor =0.33.
(Value used by Forest Drectorate of Benin)

I1=314

Calculation of Vi for ndividual tree is done afttarmula given by JICA (2000)
* Estimate of stand volume

Using the formula derived from stratified sampimgethod, the overall stand volume
5 estimated as follows:
X=2Xj - Vi
Where X =overal average (f/ha) 3)
X; = Average value of each stratum ¥tha)

» Standard Error of overall average

(4)

?f o n-—im)imi}:Z—ﬁ\[zy;;

&= Standard Deviation

N = Size of population

Ni = Size population of each stratum

n = Size of sample of each stratum

Si = Sample distribution of each stratum

» Confidence Interval of Overall Stand Volumbl: ()Tit . S‘x) (5)

e« Basal area ( G)

The cross section area of a tree at breast hesghgférred to as its basal area. The basal
area (G) is calculated from diameter at breasthhelly assuming a circular cross section.
(G) is usually expressed in’fha as follows:

G=[12D %4 ®)
Where D = diameter at breast height (m)

[1=314
G = the total basal area of a given plot.
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e The Species richness §N: which represents the total numbers of speciesrded on
a specific area.

« The Shannon Weiner diversiy index '(Hwell known and widely used as index to
compare diversity of different types of vegetatighccordng to Magurran (1988) and
Yayi (1998), this index i said to be useful formmarison of sample diersities
because it provides relable information theory aodncept that information of a
sample or community can be measured in a similay woathe information contained

within the message. This index is expressed asvfel H :—Zpilog(pD (7)
i=1

Where pi is the proportional abundance foftiee species = (j fN)

Where n is the abundance of th® free species and N =Y n & the total abundance
in a vegetation type (or a sample)

In practice pi :% gi is the frequency (i) and
Q= Y _gi the total sum of g @)
i=1

 Pielou equitabiity index ( Eq) expressed as thtoraf the observed diversity with the
maximum possibke diversity for N species (Koketi al, 2000). Hence, its maximum
value s 1. When the observed species have sinfrizgquencies, Eq value becomes
high. In contrast, when the ratio is likely to bgual to zero, the observed population
has some dominant species and some with smallbewnof tree species. The
equation is expressed as: Eqzs)flog N. 9)

* Coefficient of variation The coefficient of variation is a statistics used forest
inventory to show the relative variabiity of trestands surveyed. A high value
indicates that the tree species is not well spreaall the plots or ks frequencies vary a
lot within localities. Linkage between vegetatiomoups within different tree stands
was performed using factorial analysis.

For data analysis, STATSOFT was used n combinatidh Excel. Satelite Image
data was analysed using ERDAS software.

Re sults
Tree species distribution

The resuks of the survey are summarized n Tabl&rdm 50 plots surveyed, a total of 63
tree species and 2,978 individual trees with DBHrenthan 10 cm were recorded. The tree
mean populaton per ha is 638. The domihant treecisp recorded were as follows:
Anogeissus leiocarpysBurkea africana Combretum molle Daniellia oliveri, Khaya
senegalensis, Marantes polyandra, Pterocarpus edua, Terminalia avicennoides and
Uapaca toboensis.

An analysis of each vegetation type or stratumwshahe following richness: Open and
gallery forests are characterized Aypogeissus leiocarpus, Daniellia oliveri, Dichrashys
cinerea, and Isoberlinia dokdn woodland savanna where the highest tree pamulger ha
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was recorded, the most abundant species wW\étellaria paradoxa, Terminalia avicennoides,
Pterocarpus erinaceus, Isoberlinia doka and Anisges leiocarpusOn the other hand, tree
savanna and shrub tree savanna are dominateWitbjfaria paradoxa, Burkea africana,
Parinari curatellifolia, Pterocarpus erinaceus, Teinalia avicennoides, Combretum
hypopilinum, Detarium microcarpuandDaniellia oliveri. Some tree species suaBBurkea
africana, Pterocarpus erinacewsd Anogeissus leiocarpuse well spread and are recorded
across all the vegetation types. Others @embretum molleand Tectona grandisare present
in great number only in some strata. Whike the aletontribution of the ten species total
density is 50% (49.7%), this contribution varieonfr plot to plot. It 5 as low as 20.1% in
Tree savanna and 33.3% in Gallery forest and ak &g 70.3% h Woodand savanna and
82.2 in Tree shrub savanna (Table 3).

The highest number of species was recorded in s@eanna strata and the lowest in open
forest and galery forest. These data are imporgentthey help to give a real expression and
description of the characteristcs of each of thrata. This permits better understanding of the
importance of the wood loss associated with biometsange.

Species diversity and classification of the vedetetyp es

As shown n Table 4, plant communities of the stadga are diverse. The diversity in plant
community varies from one stratum to another. Theecfic richness varies from 24 as
recorded for open forest to 52 recorded for treeamsaa stratum. Analysis of the table also
reveals that Shannon index values are similar éxoapopen forest stratum. Its highest vale,
which was recorded from woodland savanna, is nghifisiantly different from the other
strata values. This indicates that species redortlave quite similar frequencies of
occurrence. As far as Pielou index is concernadloivest value was recorded on tree savanna
plots (0.30 £ 0.06 and 0.28 = 0.10 respectively Viavodland savanna and tree savaniidijs
means that this stratum has abundant species \mittarsfrequency of occurrence. On the
other hand, the fact that its highest value wasordem on gallery forest stratum indicates that
most species recorded are scarce and not realgn@odto this kind of environment. The list
of species recorded confirms this statement. Frolmatws above, Table 4 illustrates as well
the heterogeneity existhg among the strata.

To test the tree diversity and heterogeneity, adagmam was constructed, based on the
presence or absence of a species in a pbt. Asabfsithis dendrogram as shown in Fig. 2,
indicates high heterogenety among plots of diffierestrata. Plot grouping is clearly

noticeable from 100% to 84% except Gf 22, whichnsgeto individualize from the other

plots. It is of importance to note that Gf 22 iades plt 22 located in a Galery forest (Gf)
stratum as shown by Fig. 2. But at threshold of %4 of resemblance, two groups can be
clearly identified. The first one is composed oé tfollowing plots: Ts 11, Ts 12, Tss 23; and
Tss 3 whereas the remaining plots belong to theorgegroup. Any of these groups shows
aggregation of simiar plots. On the other handtraeshold of 70% of resemblance, three
groups are noticeable. The first group includespks from Gf 22 to Tss 21. The second
group larger than the first one includes 27 ploide third group with 11 plots forms an

homogeneous entity. At this threshold of 70% oferaklance, any other similar plot grouping
is significantly remarkable.
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Correlation analysis of tree variables

Correlation analysis between tree variables wasertaken. Table 5 gives the coefficient of

correlation between tree variables. From this tdblppears that all tree variables were highly
correlated with each other. However, the degreecasfelation varies between some variabkes.
Mean voume shows strongest correlation with measabarea. It is folowed by correlation

between mean Diameter at Breast Height (DBH) andmmieasal area and the couple mean
volume and mean DBH. The high correlations obsertedveen these variables can be
explained by the fact that DBH is used for caldoigt both mean basal area and mean volume.

On the other hand, the lowest correlation is r@edrbetween mean basal area and mean Tree
Height (TH). Mean DBH shows a highly significantrelation wih mean TH of 0.73.
Correlation between tree population per stratuniree density and other tree variables (DBH
and TH) are reltively high. On the other handjsitrelatively small when mean volume is
considered. This may be due to the fact that irsingadensiy of a tree stand s Inked with
decrease of the growing stock volume. Srivastaal (1999) deaing with tree variables of a
Shorea robustaforest in India obtained similar resuks and codetl that the degree of
correlation of each tree variable relies on istieh.

Effect of DBH on tree volume

When DBH of trees increases, growing tree stockinvel consequently increases. To show
how this stock growing volume varies, three différelasses of DBH i.e. (DBH 10cm; 10 <
DBH < 20 cm; DBH> 20 cm) were distihngushed. As shown in Table éséhdifferent DBH
classes refer to practical uses of wood. In faegg with DBH less than 10 cm have very few
uses because for most species having this sizewtwd s not yet mature. But when DBH
varies from class 10 cm to class 20 cm, trees ief dategory can be used as poles, firewood
or for other uses depending on the quality of ttremod. Over 20cm, trees are considered as
mature and marketable. The proportions of stockvig volume for each DBH size category
identfied are respectively 4.95 %, 21.65 % and403%. And the growing stock volume
variations are 22.86% and 29.49% respectively wbBdhH varies from the first category to
the second and from this latter category to thed.tHt was ako observed that large number of
smal size category trees vyields small proportidntte stock growing volume (Table 6). In
fact, stock growing volume of 1447 trees, which @et for approximately 48.58% of the tree
populaton surveyed yeld only 4.9 % of the totabwying stock voume. On the other hand,
16.26 % of trees with DBH more that 20 cm accouwtt fmore than 73.4 % of the total
growing stock volume. As shown in Fig. 3 when totmbwing stock volume ncreases, the
total number of trees decreases. The crossing pbihe curves occurs when trees have at
least 20 cm as DBH, which means when they are maind marketable. This confrms the
assumption that t is not the number of trees dalpeevhen they have small DBH that give
potential vaue to a tree stand. Importance is lysgaven to trees wih larger DBH and
especially to those with good wood quality.

Analysis of some valuable species as shown in T@bkindicates that very few have mean
DBH of more than 20 cm. Among species belongingtiie category are two sawn wood
speciesAfzelia africanaandlsoberlinia doka The other sawn wood species are important in
number but they stil have small DBH. Although maspecies have been isted, this table
shows that many valuable species suchKhsiya senegalensiand Afzelia africanaused as

sawn wood are scarce in terms of number of the ispedheir volumes are respectively
0.135n% and 2.802 rh This indicates that these commercial species umder pressure of
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demand. This situation is confirmed by the totalsexite of other valuable species ike
Millicia excelsaformerly wel spread in this region.

In the absence of these valuable species well knawrsawn wood, some species are being
used as substitutes. They incluBéerocarpus erinaceus, Isoberlinia doka, Pseudraekd
kotchii and Lannea acida .Although these species exist in great number, tleayain small
size trees. In fact, all of them have DBH less thzZh cm. Polnsky (1994) recorded
Isoberlinia doka andPterocarpus erinaceuswo well spread species of Toui-Kliibo protected
forest with a mean voume of respectively 24.86 and 12.62 rhi Comparison with data
collected from the study area ndicates that theame&olumes for these two species are in
order 8.20 ra and 3.76 rA three times bwer than those colected seven years from the
same region. This confirms and highlights the imipafchuman pressure on these resources.

Discussion

With regards to the floristic compositon and sepscirichness of the study area, our results
confrm the location of the study area as part lif tDahomey gap’, which is a discontinuity
of the West African rain forest belt. The tree dpeaecorded are typical of savanna type. In
fact, the mean tree density is estimated at 63&stqger hectare. Apart from a few emergent
species (e.dsoberlinia doka, Anogeissus leiocarparedCeiba pentandralhe average tree
height is 7.7m and the mean dameter at breashth&gl2.7 cm. As shown in Tablke 3, the
most abundant tree species recordeda@iella oliveri, Combretum molle, Burk ea africana,
Pterocarpus erinaceus, Terminalia avicennoides, ¥ aenegalensis, Dialum guineense,
Tectona grandis, Uapaca toboenaisd Marantes polyandralt was observed that most of
these species ranked as the most abundant, ambutest within the five strata. These
species are recorded both in forest and savana@astOn the other hand, there are marked
floristic affinities among forest and savanna typeata. Apart from some dry semi-deciduous
forest types such akhaya senegalensis, Dialum guineengery few typical forest species
have been recorded. This confirms the great richrefssavanna type vegetation and thus the
complexity of their study (Skole and Tucker, 1993).

Analysis of the tree stands using vegetation imidgelicates that their respective values vary
from one stratum to another. From this analysissaih be stated that the higher the specific
richness of a stratum is, the lower the -coefficieoft variation. This also confims the
assumption that forest strata have less species gdhaanna strata type. Tree density of forest
strata in our study area is similar to those iniTilbo forest Reserve in Benin (Natta, 2000;
P olansky, 1994). Moreover, forest structure is abtrized by a low tree density (Reynolds,
1969). On the other hand, the phenomenon of sped@sinance in which one or a few
species contribute to the total abundance of tkee tstand may explain this situation. Dry
deciduous forests resulting from edaphic conditiemgavourable for a large majority of tree
species, are other factors explaining the fact fbedst strata have less species than savanna
strata type (Kokouwet al, 2000).

As far as Shannon index s concerned, it was obsethat quite equal values were recorded
except on open forest stratum. The fact that tweests value was recorded on forest stratum
highights the heterogenety in the frequency of ®pecies recorded in the two plots surveyed
composing this stratum. Analysis with Pielou hdexlicates that the tree savanna strata
where the lowest value was recorded ndicates #mtcies are abundant but with similar
frequency of occurrence. On the other hand, the¢ taat its highest value was recorded on
gallery forest stratum indicates that most specesorded are scarce and not realy endemic
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to this kind of envronment. In other words, vergwf tree species are endemic to a stratum.
Most of species are spread in all the five strata.

From the above, it can be stated that there sterdgenety existing among strata and the tree
stands, in general, are heterogeneous with krgaiabspecies dstrbution. One of the main
issues raised is that the choice of inventory tgoks (ie. minmum plot size and plot shape)
has influenced the heterogeneity so far stated.oXlirgy to Pardé (1961), karge plots tend to
minimize the variance between plots, because they rmore costly to implement and to
measure. Reynods (1969) through a comparativeysagkumed that small plots may over
estimate the coefficient of variation. On the othegnd, Magurran (1988) modelled plot size
and time alocation between travel and plot measar and observed that the optimal plot
size is highly correlated wih the coefficient ohriation and the measurement tinfeield plts
(50m x 10m) were established in fragment forestSanthern Togo (Kokoet al, 2000).N atta
(2000) used species-area curves to adopt 500mheasodtimal plot size for riverine forests in
a forest survey conducted in sie located closelythe study area. However, there is some
reservation with regards to the accuracy and poacief the method used as the flattenng of
these curves is rarely achieved. If 560pbt size is largely adopted for forest tree sfahe
minimum acceptable plot size for savanna type \aipet is 0.lha ( Kenkekt al., 1989;
JICA, 2000).

Besides plot size, plot shape is an important feaituforest survey. A number of empirical studies
have investigated the effect of plot shape on #®ulking precision. Study of different types of
shapes has led to conclude that circular plotsmmzai the perimeter to area ratio which decreases
the lkelihood of field crews having to make thecd®n about whether or not to include borderine
trees in the sample. Overall, these circular pbifer more advantages than the other ones
(Goldsmith and Harrison, 1976; Bonham, 1976; Regol96). As most of investigations
recommended circular plots with 0.1 ha as areaaanaldius of 17.84 m for the plot centre, they
were appled in the present work.

Detailed analysis of the plant diversity has alBwerled the disturbance of the plant communities.
The forms of this disturbance are many and affeevérsibly the tree stands. Selective removal of
big stems of valuable species through tree hangestind cutting has resulted in structural
simplification of dense and undisturbed standscamopy opening and in gaps at lower height.
Systemic cutting of some tree species sucMéicia excelsaformerly well spread in the study

area has led to the complkte disappearance andlotigic richness depletion of forest and

woodland strata. Other consequences resulting fiee stand disturbance include changes in
hydrology of waterways associated with galery $brealteration of geomorphic structure.

Although these later aspects are evident and mapprithey were however not well

documented in our study. There s a need to imprive knowlkedge on ther environmental
implication.

Conclusion

Analysis presented in this paper has highlighteel itnportance of the ecological pattern in
the study area. The detailed analysis of the pliersity has revealed the degree of
disturbance of the plant communities. In geneta study has highlighted the importance of
forest inventory as an adequate means to docummenthe potential of the tree stands in
savanna region. The method used which stems fremude of satelite data analysis, s useful
and adequate as it has helped to identify the efisarcies n tree stands resuling from the
infuence of driving forces and to assess the ptmhposition and plant diversity of the tree
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stand. Human impact through tree harvesting, g,ttcropping etc, have been found at the
centre of the change in resource use. To improee utiderstanding of anthropogenic factors
in the process of land use/cover change, therenéed to undertake socio-economic surveys.
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Table 1: Plot allocation per stratum

Stratum Total Number %
Galery forest GF 2 4
Open forest OF 2 4
Woody savannah WS 17 34
Tree savannah TS 22 44
Tree shrub savannah TSS 7 14
Total 50 100

Table 2: Summary of the structural characte ristics of the vegetation types in the study

are a.
Stratum

Parameter GF 0S WS TS TSS Total
Number of plot 2 2 17 22 7 5C
Number species 32 24 47 52 38 63
Number trees/ha 550 525 786 852 473 638
Number trees/ specie 4 5 28 20 16 17
Mean DBH (cm) 14.85 13.25 13 14.21 9 12.7
Mean TH (m) 9.35 10.36 7.66 8.31 5.81 7.68

GF: Gallery forest; OF: Open Sananna; WS: Woodyasana; TS: Tree savanna
TSS: Tree Shrub savanna DBH: Diameter at BreasghteirH: Total Heig ht

Table 3: Density and distribution of te n most abun@nttree species in the different
vegetation type s ofthe study area

Stratum
Specie! GF OF WS TS TSS Total

Burkea Africana 4 3 54 25 84 163
Combretum molle 0 0 61 13 41 115
Daniellia oliveri 5 1 74 84 59 217
Khaya senegalensis 7 1 82 0 71 153
Marantes polyandr 6 1 60 15 77 152
Pterocarpus erinacel 4 6 107 13 58 17¢
Tectona grandis 0 1 102 0 0 102
Terminalia avicennoides 4 1 3 55 43 101
Dialum guineense 5 4 46 23 34 102
Uapacatoboensis 3 5 102 0 10 112
No oftre es/strata 44 45 820 235 528 1672
Total population 117 105 1101 1054 601 2978

GF: Gallery forest; OF: Open Forest; WS: Woody sama; TS: Tree savanna
TSS: Tree Shrub savanna
Table 4: Summary oftree diversity indice s of the gge tation types
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Parameter

Specifc  Shannon Equiability Coefficient R epresentative

Stratum rchness Index Pielou of variation species
No Ish index Cv (%)

Gallery forest 32 3.88+0.05 0.9240.02 159 Mytragina inermis,
Anogeissus leiocarpus

Open Forest 24 2.80+0.56 0.7740.03 257 Daniellia olieri
Isoberlinia doka

Woodland 47 3.92+0.16 0.3040.06 173 Afzelia africana

Savanna Burkea africana

Tree savanna 52 376+0,16 0.2840.10 127 Terminalia avicenoides

Detarium microcarpa

Anona senegalensis

Tree Shrub 38 3.41+0.40. 0.8640.08 161 Vitdllaria paradoxa

Savanna

Table 5: Summary of Corre lation coe ficie nts be twe n tre e variables in the study area

Parameter
Parameter Mean TH Mean DBH Mean volume Mean basal otal No. of
Area trees/stratum
Mean TH 1.0 0.7 0.7 0.6
Mean DBH 0.7 1.0 0.9 0.9
Mean volume 0.7 0.7 1.0 1.
Mean Basal 0.6 0.9 0.95 1.0
area
No. Trees/ 0.8 0.8 0.6 0.7 1.00
Stratum

TH: Total Height; DBH: Diameter at Breast HeightpNNumber

Table 6: Effectof DBH on tree volume

VOLUME V1 (md) V2 () V3 (md)
Width DBH <10 cm 10 < DBH< 20 cm DBH > 20 cm
TOTAL 10.4 45.6 154.6

% Total voume 4.9 21.6 73.4
Mean volume (rf) 0.007 0.044 0.319
Number of trees 1447 1047 484
% Number of tree 48.5¢ 35.1¢ 16.2¢
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Table 7: Characteristics of some valuable tree spés

Species Mean DBH Mean TH Volume Coefficent
(cm) (m) (m3) of variation
Pterocarpus erinaceus 15.5 8.7 18.8 57.9
Afzelia africana 22.5 7.7 2.8 83.7
Isoberlinia doka 19.9 12.2 41.0 55.7
Burk ea africana 16.6 9.4 20.0 52.6
Lophira lanceolata 12.4 8.5 14 44.7
Anogeissus leiocarpus 14.4 12.4 34.4 66.2
Pseudrocedrela kotch 9.2 6.4 1C 57.€
Terminalia laxiflora 10.6 6.4 0.1 56.1
Parkia biglobosa 24.5 10.5 2.3 69.9
Prosopis africana 14.9 9.3 2.8 70.8
Lannea acida 16.6 8.4 75 62.8
Khaya senegalensis 185 7.5 0.1 119.1
Vitellaria paradoxa 15.8 7.2 17.4 48.7
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