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A 13 S T R ACT 

A S'l'UDY ON ~'H}] S'rHUCTURE 01" A NON'l'ANg FOR]';ST 

THE HENAGESHA STATE FOHEST 

BY 

SEBSElJE DEhISSEIi 

In order to have a better management for existing 

forests, and to reafforest devegetated areas an ecological 

study of forests is indispensable. Menagesha State Forest 

which is one of the few remaining forests in Central ~thiopia 

was chosen for such a study. 

In the Nenagesha State E'orest, 50 stands were chosen 

by systematic sampling. All the plants found in each stand 

were recorded and in all 60 species of plants were identified. 

Soil samples from the surface, 10, 20, 30, 40, 50, and 60 cm. 

depths were taken and analysed in the laboratory for 

conductivity, pH, cations (calcium, magnesium, potassium 

and sodium). Heasurements of slope, aspect and altitude 

were taken in the field. The 50 stands were classified using 

the Association Analysis technique in the University of 

Nanchester Hegional Computer Centre, resulting in 16 groups 

of stands (A, B, C, D, E, F, G, H, I, J, K, L, M, N, 0 and P). 

I!:ach group of stands was compared with all other groups of 

stands to see whether there are statistically significant 

variations in their environmental factors (conductivity, pH, 

cations, slope and altitude) between them using the t-test. 

The results of the t-test showed that there are two more or 

less distinct categories of vegetation. The first category 

identified by + Erica arbore~ include group of stands that 

have a poor nutrient status, a deeper soil, and a flatter 

habitat than the group of stands in the - Eri.£!', category. 

The - ].;rica group of stands have soils that are relatively 

nutrient rich and have shallower depths. This group of 



stands also occupy steeper slopes than + t:ric,! category. 

Based on the findings of the study it is suggested that 

the conservation of tho forest has to continue; the 

nutrient poor + Erica areas could have improved nutrient 

stands if shrubs including Kolfa (Hukeguracha) followed 

by Hae~ lanceolata and/or Carissa edulis that tend to 

increase soil nutrients are planted, and planting conifers 

whicll increase rates of nutrient loss is avoided. 



1.1. 

CHAPT}<;R 1 
--~~~~-

IN'l'lWDUC'l'ION 

Aims of the StudX 

Historically most of the Ethiopian mountains were 

covered by natural forests. In recent years with the 

unwise use of these resources for different purposes 

most of the mountains are bare. Huss (1944) in his 

report on the status of Ethiopian forests pointed out 

that the Ethiopian forest resources were the greatest 

in East Africa and that they contained the largest 

coniferous trees in the continent. Mooney (1959) 

estimated the area under forest oover to constitute 

9% of the Bthiopian land mass. Hodberg (1979) compared 

the 16% of the forest cover in 1954 and the If% in 1975 

and commented on the situation as follows. 'Lumbering, 
, , , 

felling for fuel, and replacemen t of forest by: agr'icultui'al, , , , 

land are continuously reducing the sparse rem'iining forest 

resources, and unless this trend is reversed );l1e:",,,: :is"" 
',," '", ',,'" """""" 

little hope that any forest worth mentioning ,~'lili. 're'm'\ir;'" '::: : 

after another ten years.' ' :" i i,:;":: .. ::',,, ,::,: "" 
, , , 

The ~lenagesha State Forest is one of the few 

protected natural forests in the country. For wiss 

, , , , 

use of this natural forest, an ecological study is 

necessary. This study aims at explaining the structure 

of the vegetation of the state forest using techniques 

that will enable the classification of the vegetation 

into groups based on homogeneity for comparison. The 

group are then correlated with the environmental factors, 

hopefully giving information that will suggest solutions 

to some management problems of that particular forest. 

Such techniques have been used by Goodal (1953), Ailliams & 
Lambert ( 1959, 1960), nebb et al (1967, Kershaw (1967), 

Poore (1968), Beals (1969), Lundgren, (1969) and Tewolde (1975) ~ 

, , , 
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Description of the st'-!."qy_l'l~ 

Menagesha State Forest is located about 

30 Kms south-west of Addis Abeba from 380 32' 

to 38
0
34' B and fro~ 80 56' to 90 00 1 N in Shoa 

Administrative region in central Bthiopia. 

(see Fig. 1 and Fig. 2). 

1.2.2. Geology 

It is part of the fairly well preserved 

volcanic dome of Vlachacha. The dome covers 

an area of approximately 100 sq. km. and 

culminates in a broad, flat northern summit 

(c. 3350 m.) and sharp southern peak (c. 3300m.) 

'l'he geology of Ilachacha has been ~'e.porte.d 

by Miller et al (1966). Wachacha is an extinct 

volcano situated in a very 

setting, where the western 

complex te<tonic 

margin of t,h:" :.'~~i':l:' . 
Ethiopian rift is barely defined topograpilica.·~l~. 

NE - 13\1 faulting dominates the region,. hl.lt .\'I~th':' 

out showing on the surfape contrasting with the 

marked escarpments further north east, The 

Hock types vary from a white, coarsely porphy­

ritic sandi dine trachyte forming the Waohacha 

summit to an extensive series of pale to dark 

green or grey trachytes often porphyritic with 

feldspar phenocrysts at the lower altitudes, 

white, fine grained trachyte and trachytic 

tuffs of intermediate hardness at the summit 

depression and pale-yellow, coarsely porphy_ 

ritic trachytes which are well developed (hard) 

on the southern slopes of the volcano. 
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The \lac}lacha lavas have yielded nn averilg8 age of 

4.5 (s) ! 0.1 m.y. which places the last phase of 

volcanic activity in the Upper pliocene. 

According to Daniel Gamachu (1977), the 

highlands of western and central Shoa are 

characterized by having seven rainy months from 

Harch to September. ~'he small rains occur from 

Harch to Hay and the hig rains in the region 

are from June to September. High concentration 

of rainfall occurs in July and very high concen­

tration in August. Rainfall data for the forest 

area are not available but Addis hbaba with an 

altitude of 240B m. a.s.l. which is located at 
o 9.02 N and found only 30 kms away from the 

forest, receives an annual rainfall of 1270.9 mm. 

The Henagesha State Forest (I-Iachacha) with an 

altitude of 3300 mts a.s.l. at the northern 

summit is expected to receive a higher amount 

of rainfall. 

1.2. lf. Temperature 

Addis Abeba with an altitude of 240B a.s.l. 

has an average annual temperature of 16.3°C. By 
. 0 

employing a temperature decrease of 1 C for IBo m. 

increase in altitude (Fantoli, 1965), the mean 

annual temperature of the area under observation 

would be 16.00 C in the lower parts (2440 m. 

a.s.l.) to 14.00 0 in the higher parts (2B90 m. 

a.s.l. ) 

1.2.5. Vegetation 

Huss (1944) grouped the Henagesha State 

Forest in the coniferous and mixed forests which 
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ure us"ally mountnil1 or slops forests. Theso forests 

according to him have certain traits of composition 

in comlilon. PodocarpuB gracil~or is the dominant conifer 

at low elevations and in shelt.red volleys, while 

Juniperus procer~ is found on ridges and at higher elevations. 

Associated with these conifers there are some hardwood 

species. There are more tree species associated with 

E. gracilior than with .{. procera. These include Eckebergia 

capensis, Celtis kraussiana, Aningeria adolfi-frie..!iericii, 

!:y'geum africanum, Allophylus spp, Apodytes dimidiata, and 

Olea hochstettel'i. Those species that aecociate with 

..!.. procern include Hagenia abIBsinica, ~ afric~f!!.l' 

Hhus glutinosa, Ilex mitis, Allophylus spp, l3ersama 

abyssinica, and Schefflera spp, Logan (1946) considers 

the forest as tropical high montane conifer forest 

characterized by a mixture of conifer and hardwood emergents 

up to 120 ft. high, the conifers being dominant particularly 

.{. procera. Associated with l. procera, species including 

Pygeum africanum, Bckebergia cape!,~, .!ler~ al;>yssinica, 

Croton macrostachys, and l;uphprbia spp. were found. The 

distinctive feature of the Juniper,!!! association is the 

comparatively high incidence of Ole>1; spp. On the higher and 

colder part of the forest Hagenia abyssinica is common. The 

shrub layer includes Siderox:ll.0.!2 oxycantha, 22:!::,is.l3.a .edulis, 

Calpurnia aurea, Rosa abyssinica, Vernonia abyssin~ and 

Teclea nobilis. The upper limit merges into a bamboo 

forest or mountain grassland and at its lower (Vlarmer) 

limits merges with the upper montane forest which is 

found in the moist and worm regions and characterised by 

Podocarpus association, 
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Collection of Field Data and Labo,,~atory Studies 

2.1. Field Data 

2.1.1. Vegetation 

A sample consists of a small collection 

from some larger aggregate about which we wish 

infol'mation. But no sample contains information 

about the whols population. This will raise 

the question of sampling method. An investi-
\ 

gator has to design and conduct the sampling 

procedure so that the sample shall be represen­

tative of the population, then having studied 

the sample, he has to make correct inferences 

about the population ( Qnedecor et al 1967 pp 

4 - 5). Greig-Smith (1964 pp 20-21) explains 

the sampling in vegetation as follows. The 

value of data on the composition of vegetation 

depends on the sampling procedure used to 

obtain it. With few exceptions the object in 

making quantiative estimates of vegetation will 

fall into one or other of three categories. 

a. An estimate of the over all composition 

of the vegetation within certain boundaries, 

with a view to comparision with other 

areas or with the same area at another time. 

b. The investigation of variation within 

the area. 

c. Correlation of vegetation differences with 

differences in one or more habitat factors. 

'I'his di vision is not absolute but it is worth 

making, because, for instance, the most 

useful" 
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procedure for sampling for overall composition may 

not be the most satisfactory for the examination of 

variation within tile area. Sometimes a compromise is 

possible whereby more than one objective may be 

attained, although perhaps at a lower level of precision, 

by a sui table sampling procedure. '['here must inevitably 

be an element of subjectivity in sampling because the 

boundaries within which a set of samples is taken are 

fixed by the ecologist on the basis of his judgement of what 

can suitably be described au one unit for the purpose in 

hand. A sampling procedure must always be related to the 

importance of· the information sought, to the problem under 

investigation, and to the degree of precision necessary 

(Greig-Smith, 1964 PI' 20-21). So, one has to choose between 

systematic and random sampling. The advantages of systematic 

sampling over random sampling are that it distributes the 

sample more evenly over the population and that it is 

easier to layout in the field. There are two potential 

disadvantages (Snedecor et al 1967). 

a. If the population contains a periodic type of variation, 

and if the interval between successive units in the 

systematic sample happens to coincide with the 

wavelangth (or a multiple of it) we may obtain a 

sample that iu highly biased. 

b. There is no reliable method of estimating the 

standard error of the sample mean. 

Some authors try to rri..n.irJize the differences between 

the two types. According to the U.S. Bureau of the 

Census (1968), Generally methods of random sampling and 

systematic sampling will give results that do not differ 

very much, though systematic sampling will often have 

a somewhat sampling error, since it \'Iill make certain. 

< ~,.-, 
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that the samples will bo Gprcad thl>oughout the population, 

William (1973) objects to the use of random sanq)ling in 

Cases whore the study of plants in relation to their 

environment is needed. In these studies quantifications of 

joint occurences of plants Wid environmental factors is 

needed. 'fhough random samp1in[; can be used to obtain these 

joint records, it does this much less efficiently than 

systematic sampling. The morit of random sampling, which 

is that it enables an overall comparision of the sample 

means and standard errors with the overall population mean 

and standard deviation is not essential for the above 

comparative purpose and random sampling is thus, besides 

being more laborious, less efficient and reliable. 

The true characteristics of a plant community only 

appear when a certain minimum area is examined. Generally, 

it is evident that the larger the sample examined the greater 

will be the information obtained, I'Ihether about the species 

present, their quantitative representation or their patterns. 

Likewise a law of diminishing returns will apply in that, 

successive equal increases in size of sample will give 

successively smaller amount of additional information. The 

value of determining, other than empirically, any precise 

minimum area to be used in· describing vegetation depends 

on whether or not there is, at some point, a sudden decrease 

in the amount of additional information obtained. (Greig­

Smith, 1964 pp 153-154). Eventhough the concept of 

minimum area seems very attractive, it is not clearly defined 

and is of little practical use, 

Clapham (1932) showed for one particular case that 

the variance between rectangular strips was markedly 
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less than bntwBon sguares. llu also pointed out the 

greater Basn in tho fiuld of working with strips than 

wi th squares, in avoiding trurapling on purt of the 

sample area while dividing it up for counting and 

eXamining its parts. Too great an elongation of the strip, 

however, carries with it the problem of exaggerated 

edgeeffect similar to those found with the use of very 

small square quadrats. The smaller the quadrat the greater 

the length of quadrat boundary per unit area and co­

nsequently the chance of significant edge effects due to 

the observer consistently including individuals that ought 

to be excluded or viceversa. For this reason alone, 

particularly if individuals of the species under 

consideration have a large area or ill-defined boundary at 

ground level, it is advisable that the quadrat not be too 

small •. (Greig-Smith 1964 p. 29), Tewolde(1975), and Lundgren 

(1969) have used 20 x 20 m. stands in Ethiopian forests and 

found good results. So, a quadrat size of 20 x 20 m. was 

adopted, The plants found in the stands were. recorded as 

present. 1]..1he trees and shrubs wero counted e Unless 

identified without doubt in the field each plant species 

was numbered and pressed for identification in the laboratory. 

2.1.2. Environmental Data 

Hopkins (1965 p. 1 - 2) defines the environment 

in which a plant community exists as 'the sum total 

of the conditions of the environment (ecological factors) 

which are effective in determining the existence of a 

oommunity in that place.' The environment therefore can be 

viewed as the sum of the complex physical and biological 

conditiorS in which the community exists. These conditions include 
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biotic, climatic, edaphic, hiHtorical and physiogoographic 

factors. Theso factors do not affect the plants 

independontly but interacting constantly. 

For a laboratory determination of some edaphic factors, 

soil samples which were taken using an auger were collected 

from the surface, and from 10, 20, 30, 4o, 50 and 60 cm. 

depths, except when badrock was reached, and were brought 

to the laboratory in polyethone bags and allowed to airdrYI 

slope and aspect wore determined using a lJrunton Compass 

and al ti tude v/Us measured using an Bverest altimeter of 

Thommen, Switzerland. 

2.2. ~o~tory studi~ 

2.2.1. Vegetation 

The pressed plant specimens were identified 

by comparing them with the already identified plant 

species in the National Herbarium of the Addis J\baba 

University in the Science Faculty and with different 

descriptions of various works on the flora of 

Ethiopia and neighbouring countries. This inclUde 

Andrew (1956), Agnew (1974), CUffodontis (1966), 

Graham (1960), llilne-Hedhead( 1953, 1958), Hooney 

(1963), Tennant (1968), Thiselton-Dyer (1904), Turrill 

et al (1952), Verdcourt (1968, 1976). One species 

whose vernacular name is Kolfa Mukeguracha (Oromo 

language) could not be identified because it was 

sterile during collection. The Results are given 

in Table 1. In the table, all plants have field 

numbers. A plant with specimen number(s) meGns that 
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the plant specimon(s) in kept in tho National Herbarium, 

A plant name in followed by a string of stand number(s) in 

which the plant was present. }I;nch stand number may Ol~ may 

not be followed by a pair of numbers. If it is followed by 

a pair of numbers in brackets it means that the plant ,is 

countable and the first number indicates the number of 

individuals taller than 50 cm., and the second those smaller 

than 50 cm. If the stand number is not followed by a pair 

of numbers, it means that the plant was a berb. The data from 

successive stands are separnted by commas. 

2.2.2. Soil analysis methods 

Soil analysis methods followed were those of Jacl<son 

(1958) and Marrs et al (1978). The dried soil specimens were 

lightly ground with morter and pestle, and sieved through a 

2 mm. sieve to remove pebhles, coarse sands and large parts of 

the plant material. 1'hen tho following analyses were done. 

For pH measurement, a soil water mixture in the ratio 

of 1:2. 5, i.e. 10 gm. of soil mixed with 25 ml. of distilled 

water, WaS uhed and the contents wore stirred for 20-30 minutes. 

The pH was measured usinr; a Backman Chem Nate pH meter. For 

conductivity, a saturation extract prepared from a saturated 

paste was used and measurements Were done using a type HCI 

(mark IV) conductivity measuring bridge. Results of pH and 

conductivity are given in Table 2. 
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Analysis for exchangeable cations, calcium, 

magnesium, potassiUln anct"bodium was carried out on a 

ammonium acetate extract. To a 50 gm. air dry sample 

a lOa foIl. of HI ammonium acetate colution adjusted to , 
pH 7 was added. Theflask \'las shaken for several minutes 

and allowed to stay overnight. The contents of the flask 

were then filtered and the remains leaehed with an additional 

400 mI. of ammonium acetato solution a little at a time. From 

the extract, potassium and sodium were determined using 

Pye Unicam Sp 191 atomic absorption spectrophotometer. 

Results ore given in Table 3. 
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C LAS S I FIe A T ION 

3.1. Litrature Heview 

Gilmour (1951) has summarized the aim and 

concepts of classification as follows:-

a. 'Classification is a fundamental prerequisite of 

all conceptual thought, whatever the subject 

material of that thought.' 

b. 'The primary function of classification is to 

construct classes about which we can make inductive 

generalizations.' 

e. 'The particular classes we construct aluays arise 

in connection with D. particular purpose.' 

d. 'The classification that we adopt for any set of 

objeects depends on the particular field in which 

we wish to make ind~ctive generalizations.' 

e. 'Classifications could be either natural or 

artificial. ' 

d. It is clear from the above that there can not be one 

ideal and absolute scheme of classification for any 

particular set of objects, but that there must be 

always a number of classifications, differing in 

their basis according to the prupose for which they 

have been constructed. One classification may, of 

course, be more natural than another in the sartse defined 

above, and if there is any other factor influencing 

a group of objects more powerfully than any other, then 

a classification based on that factor will be more 

natural-that is to say, useful for a greater number 

of generalizations than any other. 
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3.1.1. Why classify vegetation? 

With increasing agricultural intensification, 

one of the dangers facing the TIorld today is the 

fomovol of natutal plant cover. This has in the past 

broug~serious environmental consequences and will 

undeoubtedly repeat itself in the future if proper 

measures of management are not taken (Alexander, 1973). 

This is especially true of the tropical ecosystems, 

where the complexity of the ecological relationships 

between physical factors, natural biological communities, 

and the impact of man are not clearly known in 

This lack of reliable information has remained 

depth. 

~. bo.tUe. 

neck for proper 10-nd use. I'Joreover tropical ec:osystems 

are the most vulnerable of all ecosystems to 

(AIken et aI, 1975). 

, , , , ... 

In tropical forests, before any plan of e:~rlo~t~~·{~;;':·"" i:.; ":: 
, , , , 

and/or conservation is started, Ilebb at al (1967) ....... . 

suggested that four major problems be solved. 

a. The categorization of the forest, either by 

ordination or classification. 

b. The establishment of a procedure for allocating 

new sites to the existing categories, or for 

quickly recognizing them as not belonging to 

the existing categories. 

c. The establishment of the extent to which the 

categories reflect environmental factors, and 

the nature and relutive importance of the 

factors concerned. 

. . . 
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d~ The systemntization of the t!xisting knowledge 

relllting known environments and management 

systems to yield of agricultural crops - so as 

to enable a decision as to whether the area is 

to remain D forest or to be put to agricultural 

usc", 

3.1.2. Classification of vegetntion 

Various methods and techniques of classifying 

natural communities have been known in the past and 

a variety of new techniques have been developed 

recently. 

, , , , The older classificatory methods include 

Braun- Blanquet's (1951) system that uses a 

hierarchy of floristic association and other dnits 

, , , , , , , 
, , I , 

, ; "t ' " " 

defined by diagonostic species baaed on dominf,rke i:: ,,: ::' :::::- : ':" , 
, , ""',, : ' " 

constancy and fidelity; Tansley's (1913-47) systein ,,::: ::: ,', ;,,',', 
, "" ",'.' ',,',: "t,: ';' 

based on dominance types; I dominance types' being, , , 
t , , , 

defined by one or two major species of the 

community; Clements' (1916) system based on succession; 

Poore's (1955) system based on forming vegetytion 

groups around noda. In all these methods there is 

subjectivity. Following these procedures a worker 

selects and preostablishes communities which he thinks 

are uniform, and typical of the region and which occur 

frequently. 

The more recent attempts at classification have 

been more objective, the classificatory unit 

(the community) being arrived at after statistical 

or numerical analyses are done. In an ecological 

context, classification gives units which can be named, 

and which are discontinuous by virtue of the named, 

and I'Ihkch are discontinuous by virtue of the fact 

that the method of extraction has imposed a 

discon-tinui ty where none ganuine necessarly existed 

, , , 
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(Kershaw, 1967). Thus it would obviously include 

similar illdividuals ill a given g~oup and dissimilar 

individu~lR in different groups, similarity being 

based on the attributes (species if it is stands 

which are being classified). Most of the classificatory 

techniques which are discussed below try to identify 

discontinuity in the spectrum of similarity alOong 

the individuals and to use these discontinuties as 

boundaries. This process of identifying the discontinuity 

is termed 'maximization' (~ewold6, 1969). 

Williams a~d Dale (1965) distingush between self-

structuring and derived structuring methods of maxi­

mization. In self-structuring methods, a function ,of, 

the relevant attributes is defined between pairs' of 

individuals or among groups of individuals. 
, ", 

, , , , 

"," , ,':" ", ",: 
In Derived-structuring a function is definod" :. " '.' ::, 

between pairs of attributes based on their occurenc&s,::::", :'" 
, - , I " ';',:. "" , 

in the individuals. One or more attributes ar~ then 

chosen for which tho function is maximum or minimum 

and the groups Bre defined with respect to the re­

lated attribute. 

There are two kinds of classifications, poly the tic 

and monothetic. According to Lambdrt et al (1964) and 

Pie lou (1969), in polythetic classification the 

combination of all existing attributes is condidered 

~n forming groups while in a monothetic classification 

two groups are distingused by the presence of a single 

attribute in one' and its /lbsence in another. 11 self­

structuring maximization involves overall similarity 

of individuals with respect to their attributes. 

lience a group is definable in terms of ( a function of) 

all the attributes. The olassification is thus 

polythetic. 
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A derived strltcturing maximization could be 

used to select a definite number of attributes to 

define groups of individuals on the basis of whether 

the individuals contained them or not. Such a 

classification is thus monothetic. (Sneath, 1962) 

pointed out that a derived structuring method need 

not be mORothetic, but a monothetic technique df 

classification necessarily uses a derived structuring 

maximization .. 

The maximization process could be divisive or 

agglomerative (Lambert et al, 1964 and Pielou 1969). 

A divisive method starts with the whole population 

and divides it into smaller groups which themselves 

can be further subdivided and the process continues 

until the subdivision produces the ultimate classes, 

In an agglomerative method, the process starts from 

individuals and combines "those which arB similar 

into units, the process continuing to combine similar 

units of individuals into higher categories. 

There are some advantages in using divisive 

techniques rather than agglomerative ones. Firstly, 

a divisive technique of classification Can be 

terminated at any convinient level while an 

agglomerative one require the whole classification 

process from the individuals to the whole Bet of 

individuals. Secondly, in agglomeration since the 

combination process is began with the lowest unit, 

where chance anomalies are likely to obscure true 

affinities, bad combination may be made at an early 

stage in the process, which will affect the subsequent 

combination (Pielou, 1969), 

According to Lambert et al (1964) in either 

divisive or agglomerative classification, if one could 
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follow n puth through which groups at different level 

can be rllnked in importance and a unique relationship 

is specified between any group Rnd the entire 

population at any given level, the classification is 

hierarchical. If the path of division or agglomeration 

is not.clear and if it only shows intergroup distances 

the method of classification is reticulate. With 

regard to the two methods, Viilliams and Dale (1965) 

commented that both hierarchical and reticulate 

classifications are used to study the inter group 

relations, although in reticulate classifications, 

this is achieved after the final groupings are done 

and there is thus no insight possible into higher 

level groupings of the final groups. Greig-Smith 

(1964), however has pointed out that more importance 

should be given to the final groupings than the paths 

(the course of sUbdivision) by which they are 

obtained, because the route by which a particular 

grouping is segeregated will dopened on what other 

groupings are included in the samples. 

Williams and Dale (1965) distingush between two 

types of maximization methods. If the maximization 

is effected by a given characteristic of its members, 

it is reffered to as internal. In contrast if the 

maximization is from external individuals or external 

attributes, it is reffered to as external. 

A number of indices are used in maximization. 

Most indices used in self-structuring methods of 

maximization are variants of the Nahalanobis function 

of distance. This is a function of the total number 

of attributes the two individuals under consideration 

have minus the attribute they have in common. As an 

index for maximization Williams et al (1966) used 
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information stati~tic, Williams and Lambert (1959) 

used chi-square and/or correlation coefficient and 

Goodal (1953) also used chi-square. 

3.1.3. Choise of classificatory lechnigue 

From the previous discussions it is clear that 

there is a wide choise of classificatory technique. 

For the present study, association analysis developed 

by Y/illiams and Lambert (1959) was usod. 

Association Analysis 

In this technique the presence and absence data 

are analysed to asses homogeneity of the vegetation. 

'l.'his will involve compiling the collected data into 

a contingency table. 

Species 
B 

I'lhere 'a' 'shows 

'b' shows 

'c' shows 

-
+ 

-

that 

that 

that 

Species A 

+ -
a b a+b 

c d c+d 
-

a+b 

a+c b+d +c+d 

= n 

the two species (A and B) occur 

only species B is present 

only species A is present 

together 

'd' shows that both species (A and B) are absent 

n = a+b+c+d 

Chi-square indices (X 2 ) are then calculated for each 

pair of species. 
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The species at each level of division which had 

frequencies less than 5% or greatol' than 95% in the 

groups of stands considered should be ignored from 

the calculation inorder to eliminate the undue weight 

which its scarcity would create (Muller-Dombois, et al 

1974; Tewolde, 1969). 

The null hypothesis of Association Analysis is 

that there is no correlation between two given species 

in their occurenCB. If the null hypothesis is true 

all the occurences would be statistically independent 

of each other and the total chi-square would more or 

less be Zero. The species with the highest chi-square 

sum thus deviates most from a completely random dis­

tribution which·means that this species has the highest 

degree of association be it positive or negative with 

other species. (Edwards 1973; Huller-Dombois et al 

1974). This species Vlith the highest sum of chi­

squares was used to divide the group of stands into 

two groups one which contained it the other which did 

not contain it. The process was then repeated for 

each subgroup until a final set of more or less homo­

geneous groups was found. 

After trying chi-square and some other indices 

related to it Hilliams and Lambert (1960) concluded 

that (~2)>> was the most sensitive association index. 
n 

Greig-Smith et al (1967) used [,2 as an index in 
n 

classifying tropical rain forests and corrected mis­

classifications using principal components ordination. 

Ilhen the Same data were classified using (1:.2 / 2 they 
n 

found that much of the misclassification 
2 they had when x was used Vias automatically corrected. 

n 
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However .Iuller-Dombois, at al (1974) pointed out that 

the parameter Can only be used efficiently when computer 

facilities are available. 

The Association Analysis computation Was done at 

the Uni versi ty of ~Ianchester HeGinal Computer Centre. 

The index used was .lS2and not (::-//2 which would have been 
n n 

preferred. The programme did not exclude the species 

which had frequencies less than 5% or greater than 95%. 
The preferred index could not be used and the rare or 

very frequent species could not be excluded because 

effective interaction with the Computer Center was not 

possible from this distance. 

Hesults and Discussion 

Figure 3 shoVis the dendrogram representing the 

Association Analysis classification. 

th h " h t 2 f h d" " " e 19 es x sum or eac 1V1S10n. 

The Y-axis shows 

On the X-axis are 

spread out the various groups identified by the presence 

or absence of the individual plant specie; with the 

highest chi-square sum. Since these stands are identified 

by the presence or absence of known species of plant then 

by observing the species that groVi in environments similar 

with the analysed stands vegetation could be classified 

into the groups. However it should be remembered that 

a group of stands identified entirely by the absence of 

plant is likely to be heterogeneous since an absence 

could result from diverse reasons. When it is identified 

by the presence of a species alone then it is likely to 

owe its identity to homogeneity since the species must 

occur because the environment lies within its limits of 

tolerance. When a group is identified by the presence 

of some species and the absence of others its environment 

is still defined because it must be within the limits 

of tolerance of the species present. 
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From tile dendrogram it is clear that 16 groups 

were identified. Boo Fig. 3, Table 4a, 4b and 7. 

'l'he vegetation thus was classified into more or 

less different homogeneous groups. The question that 

should follow is thus as to whether there is any re­

lation between the distribution of the vegetation and 

the various environmental factors considered. 

3.2.1. Interelationship between vegetation, soiL,-nd some 

other environmental factor!! 

Many factors affect both the soil and the 

vegetation together. The microflora and microfauna 

and larger animals contribute to the maintainance 

and development of the soil and at the same time can 

affect the growth and development of the vegetation; 

the climate variables including temperature humidity 

and rainfall; geological factors and topography also 

affect the soil and thus also the vegetation. More­

over vegetation and soil affect one another (Langdale­

Brown 1968). Taylor (1962) Longman et al (1974) dis­

cuss the influence of forests on the environment. 

Hopkins (1962) and many other scientists that have 

studied soils and/or plants have shown the necessity 

of soil for the development of vegetation cover. 

Thus it would not be surprising if the two phenomena 

are associated. 

Tho other environmental factors considered have 

also relations with plant distribution. 

Variation in soil pH, per se, does not directly 

influence plant growth, 1'he very marked differences 

between the natural vegetations of acid and alkaline 

soils seem to arise either from differences in mineral 

nutrition or microflora (Etherington, 1975). 
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