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ABSTRACT

This thesis is an attenpt to provide an objective quantitative
ecol ogical interpretation to the trends and aggregations of the flora
within representative portions of the so-called N gerian Northern Qi nea
Savanna Zone, using ordination and classification. The aimof the
i nvestigation was to test the honmogeneity of the plant distribution on

whi ch the delineation of the ecol ogical zone had been establ i shed.

M/ field surveys were preceded by prelimnary stratifications of the
environnent into rel ati vel y honogeneous domains, partly based on
geonor phol ogi cal differences in the environment, using aerial photographic
interpretations, and partly based on visible distinct forns of |and use.

419 speci es were encountered in 714 quadrats.

| used a standard aggl onerative duster Analytic technique avail abl e
inthe Oford University Conputing Laboratory to sort plant communities
fromthe floristic data matrices which | had already arranged into sets
of synoptic matrices. The Quster Analytic results were cross-checked
with Rao's Canonical Factor Analysis which | introduced into synecol ogi cal
i nvestigations as an ordination method fromthe Statistical Packages for
the Social Sciences of Ne, et al (1975).

Fifty relatively distinct commnities of different sizes and four
sub-communi ties were detected by the two nultivariate anal ytic met hods.
The communities represent relatively distinct floral assenblages. N ne
primary factors controlling floral distribution, apart fromthe clinate,
were identified, largely by quantitative nethods.

| conclude that the 'Northern Qui nea Savanna' has no ecol ogi cal
hormogenei ty apart fromclimate, and its use alone as a reason for
delimting the zone fromthe rest of the Country's vegetation is
inconsistent with the very bases of ecology. | suggest 'cerrado’ as a
conpr ehensi ve substitute for "the catachrestic word, savanna, which is

applied to nearly every type of tropical vegetation fromswanps to
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grazing cattle, and physiognomic variation in a
tfadama', Jamuary 1978,

Complexities and Complications (2): concentrated assembly
of Phraqmites karka on the depression to the 'Fadama',
yet the specles was encountered once in the total of

714 quadrats sampled. May 1978,

Complexities and Complications (3): an arable land just
cultivated with Sorghum vulgare before my visit for a
holistic flora survey in the systematic manner., May 1978,

Complexities and Complications (4): Perhaps an ‘atypical’
colony of Adenodolichos paniculatus. August 1978,
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70 An axample of an erosion~complex with the multiple

:;r- ‘causes! which could possibly be attributed to one
I ‘cause'. August 1978. 343
71 The bases of Tamarindus indica, Sclerocarya birrea and

bl Cussonia barteri trees raised above the general bare

i surroundings is possibly related to overgrazing.

'/‘ August 1978, 343
i 72 Nearly vertical erosion scarps plus collapsing,

{I retreating and under-cutting of soils from the roots

" of standing shrubs. October 1978. | 343

; 73 A spectacular erosion located along a recently
j H. congstructed highway. November 1978, 343

; 74 A gully along an ephemeral drainage channel with a
fi* mixture of moist sites flora and those of dry sites,
it November 1978, 344

75 Stream below a Eucalyptus plantation incised to the
granitic bedrock, August 1978, 344

76 Sheet erosion in Guga Non-Plantation Reserve,
Balanites aegyptiaca and Dyschoriste petrottetii
appear to endure the overgrazing, September 1978. 344

[ 77 An ephemeral stream which flows intermittently following
each torrential rain. August 1978, 344

78 An isolated Dyschoriste perrotfefil on a dry bare eroded
ferruginous soil, September 1978, 345

» A demonstration of drought-enduring power and
sympathetic distribution of Dyschoriste perrottetil
with another drought-enduring species, Dichrostachys .
glomerata, under multiple stress. March 1978. - 34%

80O A demonstration of the power of resurrection and of the
intra-species gregariousness possessed by Dyschoriste
perrotitetii, May 1978, 345




CHAPTER 1 BACKGROUND CONCEPTS OF THE SAVANNA

1.1 INTRODUCTION

The most up to date attempt to define or describe the 'savanna'
of wWest Africa ecologically was made by Kowal and Kassam (1978). It
reads: "Ecologically, the varied assemblages of vegetation within the
regions between the humid equatorial High Forest and the Desert bio-
climates of Trans-Saharan Africa are described as Savanna."”

Obviously, this so-called ecologically described ‘savanna' based
on climate is a geographical description of a geographical region, It
is not an ecological definition based on a botanically defined vegetation
e L

Pnillips (1959) described *savanna' physiognomically as "the
natural vegetation in these regions is dominated by grassland with
varying densities of scattered trees or shrubs". Phillips was perhaps
neither right nor wrong. The generalised physiognomic description
however depends on which habitats were inspected. The range of the
‘savanna' vegetation-complex varies from barelands to grasslands,
woodlands and even to what several physiognomic descriptions by several
authors have variously described as ‘riparian', 'fringing', ‘'‘gallery’
or 'riverine' “forests" (Keay 1960, Clayton 1958, Nielsen 1965, Wickens
1976), along riversides in the 'savanna' zone of Nigeria and of the
Sudan Republic. ‘

It is not only that there is no distinctive physiognomic uniformity
throughout the 'savanna'; seemingly similar edaphic habitats were
described as carrying "valley grassland”, '"valley moist woodlands"
and "fringing woodland” following surveys made in several forest
reserves in the "savanna" of northern Nigeria (Howard 1964), Similarly,

Brand and Brammer (1956) identified four structurally distinct grassland



types on the Ghanalan savanna swamps, viz: "high swamp grassland",

"tall swamp grassland", "medium swamp grassland" and "short swamp grass-
land", The same physiognomic groups do not seem to always occupy similar
habitats either; for Alford et al (1972) identified "montame", ‘“riparian"
and "swamp” "forests” on non-cultivated areas of the Nigerian 'savanna'.

Physiognomic descriptions or definitions, like Phillips, attempting
to model the totality of this vegetation-complex into a succinct unit-
range, is in practice hardly a beneficial over-generalisation. Greig-
Smith (1964) pointed this out that "physiognomy is the criterion least
susceptible to any quantitative approach and must usually rest on verbal
descriptions.... It enables quick crude subjective verbal concepts to
be made"”, based on what the observer considers the conspicuous appearance
of the vegetation seems to look like.

An objective ecological interpretation of the 'savanna' therefore
requires starting by simplifying the geographical ‘zone' down to its
component units followed by submission to mathematical or computational
tests for trends and discontinuities, based, first, on its botanical
compositions per se. Thereafter, the relationship between the plant
populations or communities and thelr biotic and their abiotic enviromments,
with which they are in constant dynamic interactions, can be eluclidated.

The evolutionary history of the concept of the 'savanna', plus the
multiple meanings it has been given by different authors will now be
reviewed., The serious linguistic confusions with which the word 'savanna'
is beset will be pointed out, Its geographical implications will be
indicated. Its near-meaninglessness as an appropriate ecological term
will be indicated, using the guidelines available from the literature,
some of which dates back to the 19th century. A substitute ecologically

usable term, which does not carry the multiple connotations which 'savanna'



now bears, will be suggested to replace the ubiquitously used word;
its long establishment as a possible natural world vegetation climax

type notwithstanding.

1.2 THE HISTORICAL DEVELOPMENT OF THE SAVANNA CONCEPT

The essence of the logic used in the early ecological delimitations
of global vegetation zones, including the savanna, was intricately
inter-woven with the climatic abstract ideals which whittaker (1953)
termed "the Clementsian's influential monoclimax climatic theory" and
its eqguivalent "vegetation zonality" hypothesis by Schimper (1903).

By the former theory, vegetation grows like an organism into a
climax, the adult stage, passing through a successive successional
developmental or infantile stages. According to Clements (1905), weaver
and Clements (1929) "Climate is the master factor of the natural elements
controlling plant life, determining plant distribution and structure (and)
a climatic region has but one potential climatically controlled climax
intc which all successions of the region irrevocably lead whether they
start from open water or solid rock". By an "intelligent as distinct from
empirical description and diagnosis of plant communities" (wWatt 1970),
world vegetation has therefore been delineated into named climatic regions,
each with a possible single vegetation climax as an extension of the
monoclimax climatically controlled vegetation theory.

The Schimperian hypothesis of '"vegetation zones" or "floristic
realms" (walter 1973) contests that "the widespread assumption that the
distribution of plant species is directly dependent upon the physical
conditions prevailing in the habitat is incorrect (but that) usually

one particular extreme factor is of direct importance". According to
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m:llter (1973) "the climate exerts that direct influence (so that} in
a floristically uniform area, the structure of the vegetation is
determined by the environment and primarily by climate',

In the idealised scheme of world climatic distribution and classifi-
cation by Koppen-Gelger {(1936), "tropical savanna® 1is represented as |
“"tropical wet and dry, Aw" bounded by "tropical rainforest or tropical
constantly wet, Af", and tha “hot tropical desert or low latitude arid
desert, Bwh;" lying approximately between latitudes 5* and 15* along S
both sides of the equator, Wwalter (1971} defined "natural savanna”
as "an homogeneous plant community in which two competitors, woody plants
and grasses, grow more or less widely apart on a grassy background"
since "savanna represents very definite vegetation types on a transition
to arid zone',

The description of the savanna as an homogeneous plant community
is questionable, and it is in this phrase that Walter's main weakness
lies. It may be possible, with certain limitations, to estahlish degrees
of correlations between any two stands of vegetation, but no two spots
are strictly homogeneous in their flora. The synthesis of plant communities
depends on the analyses of several small-scale samples representing the
different strata of the vegetation. And though different ecologists with
different methods do arrive at different comsunity limits, it is hardly
possible to find an homogeneous area of vegetation of the size of the
savanna indicated by Koppen-Geiger {1936). Even a large area that is
physiognomically homogeneous in its grass cover will be quite likely
heterogeneocus for trees,
The prevalent views suggest that savanna is used in the geographical
| sense a9 a climatic natural region with little or no reference to flora.
A "natural region is an area which possesses within its borders a

comparatively high degree of uniformity of relief, climate, and vegetation,



and to some extent, a uniformity in human activities" according to the
geographical definition by Moore (1574).

However, there are suggestions that savannas were not natural regions
but that the areas were formerly covered with forests from which tropical
grasslands and woodland mosaics are the rudiments derived by some
pervasive forces variously ascribed to climatic, anthropozoic or edaphic
pressures, elther as unique or as interactive vegetation determinants.

Grisebach (1872) attributed savanna existence to alternation of wet
and dry seasons outside the equatorial region: "The equatorial belt
with a continuous rainfall is covered by rainforest bordered to the north
and south of the equator by marked seasonal rainfall in which grasslands
become dominant." Schimper (1903) suggested that "savanna originated
under a sharply defined wet and dry season” (because) a "quite rainless
dry season of five months alternating with a continuously raining wet
season ils a climate hostile to woodland".

Schimper and von Faber (1935) identified two savanna formations:
"Savanna woodland appears under a summer rainfall with a long dry season.
Trees are small, evergreen, in open formation, with a ground layer of
tropical bunch-grasses, They occur on Brazilian and African plateaux
and North Australia." On the other hand, real "savanna is a moist
tropical grassland, with or without trees, and may ;we its origin to
fire or to adverse soil conditions or both". The latter is "pantropical"
according to Schimper and von Faber.

Bews (1929) believed that "tropical high-grass savanna is a derivation
from forest destroyed by fire (while) tropical bunch-grass savannas are
essentially occupying areas where climatic factors are not suited to
maintainance of closed forest", Savanna was however ascribed to "curious"

“peculiar" "special" soll features by Warming (1892). That savanna could



have originated from destruction of forest by fire wag 'totally
inadmissible” to Warming (1892), Warming and Graebner (1918} also saw
“partly geological, partly climatic" reasons for "scarcity of trees in
the savanna" of Brazil. |

Meyers (1936) saw the Qavanna as a grassland vegetation with both
climatic and pyrophytic causes and concluded that “the savanna is thus
of climatic origin associsted with alternating wet and dry seasons {(and)
the vegetation is a fire climax",
| Some authors, however, either did not subscribe to the climatic or
fire-caused savanna nor to the ‘hostility of the savanna to woodlands®,
or they put less emphasis on them, Willian (1940) for example asserted
that "Brachystegia woodland savanna is definitely a secondary vegetation
which has succesafully asserted itself and assumed a degree of stability
on degraded and impoverished soils", Beard (1953} commented that the
savanna vegetations of northern tropical America “are juxtaposed with
a great variety of forest types" which suggests that the 'homogeneity
of physiognomy' and the ‘'grassy' vegetation are not distinctive features
of savannas,

On the African savanna, Moreau (1933) postulated a change from forest
vegetation into savanna ag a change in sympathy with a long-term climatic
charnge and wrota of "a continuous evergreen forest, stretching from the
West African forest belt to East Africa which may well have persisted
until comparatively recent times, probably as late as 12,000 years ago”.
Then "with the adverse dry conditions came the retreat of the forest (s0)
the evergreen forest declined in extent and at the present time it is but
isclated patches of montane forests like so many islands in a sea of
savanna”, : 'ﬂ:

Richards (1973} proposed a much more recent biotic derivation of

savannas from the tropical rainforest followlng "“civilized man's arrival

with far higher technical and cultural level, his armoury of power saws and



bull-dozers", Richards (1973) speculated that "if it had been possible

to photograph the earth from a satellite 150 or 200 years ago, one of the
conspicuous features of the planet would have been a green belt, the wet
evergreen tropical rainforest, stretched almost unbroken 10 degrees or more
north and south of the equator over the humid tropical lowlands of Central
and South America, Africa, South-East Asia and the Islands of Indonesia,
when small groups of hunters and food-gatherers were the only inhabitants".

The South African environmentalist, whyte (1951) described and
attributed the initiation of the African savanna to "destruction of virgin
forest by the custom of native hunting and farming tribesmen which combine
periodic bush burning with shifting cultivation, promoting erosion,
increasing dessication, shortage of water and a general sinking level of
ground water table. As a result the vegetation deteriorates from its
natural climax forest type to a degenerate forest, the 'savanna', with
poor and sparse grass flora containing remnants of the original flora".

An obviously unintelligible definition of the savanna was given by
Troll (1935): ‘"“savanna is all the hygrophilous plant communities in the
tropics”, distinct from "steppes" which are his '"xerophytic communities
in the tropics". 1t is unintelligible because of the insusceptibility
of the term 'hygrophilous' to easy definition.

Jaeger (1945) conceived the savanna in purely climatic terms with
little reference to vegetation. Two macro-climatic savannas were
formulated by rules set on the number of rainy months per annum: "the
humid savanna is a climatic zone of tropical summer rain with an annual
dry period of two months and a half to five months"; and "dry savanna
is a zone with a period of seven and a half to ten months of annual
rainlessness". An application of this proposed definition would mean
that the Nigerian Guinea savanna should be described as dry savanna,

see Figs, 1, 2 and 3.



However, the basis on which the West African savanna zones have

been recognised were more closely connected with the three climatic zones

proposed by Chevalier (1900), The West African savanna zone was
partitioned by east-west lines arranged roughly parallel to the equator,
They were named Guinea, Sudan and 3ahel from south to north corresponding

to the gradual transition to sub-Saharan scrubs from the mixture of
deciduous forests, close and open woodlands with mosaics of gramminoid,

herbaceous, shrubby and woody physiognomies in the Guinea savanna zone.
According to Chevalier (1900) each zone was supposed to have "its
distinctive climate and flora" but they have been further partitioned
into sub-regions or '"vegetation zones" with "modifications and
amplifications" first by Keay (1949a, 1953, 1959) and later by Clayton
(1957), Figs. 1 and 2.

Although Morris (1970) described the "present boundaries between
savanna and forest" in terms of “sharp" "abrupt" "clear-cut' boundaries,
such readily distinguishable divisions are seldom reported, For example,
Lely (1925) suggested that "though divisible into main types" the savanna
types were"so blended that the differences are often unrecognisable".
Lely (1925) also commented that "savanna is very topographic" and suggested
linkages in the distribution of "forests” and “inferior bushlands” with
physiographic gradations.

whittaker (1975), surprisingly, being one of the major exponents
of continuity in vegetation, made an enumeration of different "ecosystem
types”" in which "woodland”, "shrubland”, "cultivated land" and “savanna"
constitute separate ecosystems; gsuggesting that these are mutually
exclusive to one another, and that savanna is an ecosystem, A climatic
regional savanna is however a composite of these ecosystems, plus other

ecosystems such as forest plantations and flora areas relatively



distinguished by mutually interactive dsterminants like slopes and

valleys,

The obvious defect in tha views of the different authors is thelr
common attempt to explain the savanna in terms of physiognomic homogeneity
determined more or less exclusively by a single main causal factor, such
as the climate (Schimper 1903, Schimper and von Faber 1935, Meyer 1936,
Moreau 1935, Walter 1973); fire (Bews 1929, Willian 1940); topography
(Lely 1925); or tha action of civilised or uncivilised wman (whyte 1951,
Richards 1973).

Even with the emphasis on physiognomy, the structural complexities
of the vegetation in the area called savanna in Nigeria does not justify
the general reference to it as *tropical grassland!, The climate provides
a basic scheme by which simplistic climatic regions have been delineated
everywhere, eco-geographically, before they are subsequently linked with
the vegetation, However, such delineations are only hypothetical
approximations far physiognomically and floristically diverse regions
having broadly similar climatic characteristics. Idealised climatic
regions are not delimited with vegetation as the criterion and the
forcing or super-impositions of vegetationsal homogeneitlies on them will
inevitably neet with discrepancles, Savannag thus contain large- and
small-scale structural and floral distributional variations from one
part to another, which can only be explained by several determinants,
some of which are independent and mutually exclugive while others are

complex, interrelated and overlappirng.
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1.3 THE AMBIGUITY AND IMPRECISION OF 'SAVANNA'

AS AN ECOLOGICAL TERM

The linguistic confusions associated with the word savanna were
traced by Beard (1953). He showed that the term has an ubiquitous
usage and has little relationship with vegetation in its original
meaning. In its subsequent adaptation as a vegetation term it was
ambiguous and imprecise.

According to the historiographic research into the possible origin
of the word 'savanna' in several languages, Beard reported that it is

equivalent to sabanna, savana, zabana or zavana in Brazil, Guiana,

Haiti and Cuba, meaning "treeless plains". The word was supposed to
have been imported into Latin America from a Spanish original word
sabana from which it was coined into English as savannah. In Spanish,
sabana means was flat and bare as a sheet” (Beard, 1953). In fact,
sabana simply means smooth in its Spanish current usage, as I am told by
a Spanish speaker, particularly soft, flat surfaces like mattresses and
grassy ground. The word savanna was adopted and used “generally to

designate all tropical American natural grasslands" by Beard (1953).

1.4 THE NIGERLAN 'SAVANNA'

In Nigeria, vegetation types ranging from barelands, forblands,
grasslands, shrublands, woodlands to even forests along riversides,
with or without grasses, natural or man-made, on rocks or in swamps,
cultivated or uncultivated, are called savanna, after the Zonation of

the Country's Vegetation by Keay (1949a, 1953, 1959).

1.5 NIGERIAN CLIMATIC CONTINUA AND KEAY'S (1949-1959)

VEGETATLION ZONES

Nigeria extends from a heavily forested marine-influenced southern
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coast towards the most extensive hot desert in the world, the Sahara,
beyond her northern boundary. A general gradual reduction in the quantity
and duration of rainfall from the coast towards the hinterland is
demonstrated by rainfall descriptions and maps, e.g. Figs. 3 and 4.

According to Walter (1968), Nigeria's rainfall and average climate
is a repercussion of two relentlessly counter-active wind forces, The
south westerly winds from the Atlantic Ocean are moist, cool and rain-
bearing. The north-eastern Harmattan winds from the Sahara Desert are
dry, dessicating, dust-laden and hazy. They are mutually deactivating
counter-pressures, and their oscillations across the south-north
latitudinal trend determine the duration of rainfall at any given latitude
within the country. |

Keay (1959) divided and mapped the vegetation of Nigeria with
"modifications and amplifications" of the more simplistic vegetation
map by Chevelier (1900). Basically two broad groups were recognised,
viz: the southern forest and the northern savanna. The forested south
represents the belt little affected by the winds from the Sahara Desert,
where the oscillations of the operative dynamic wind forces are least
felt. The oceanic winds dominate over most of the forest area for about
nine or more months per annum,

Chevalier (1900) delineated three savanna zones in West Africa as
Guinea, Sudan, and Sahel, arranged in approximately east-west parallel
belts to the equator. Each zone was supposed to have "its distinctive
climate and flora", The Guinea savanna was characterised by more than 1000mm,
annual rainfall, the Sudan savanna, 500 to 1000mm, and the Sahel savanna
by less than 500mm. The delineations provided the descriptive basis
for subsequent amendments. The "amplifications and modifications" by
Keay (1959) as a result of which boundary adjustments and further

divisions were demarcated from Chevalier's zones was a secondary development



of the process of discriminating betweenigohyet lines as the climatic
index of a supposed climate-determined vegetation across the country.

The savanha areas coincide with the non-coastal belt in which the
north-east winds restrain, neutralise and cancel out the oceanic rain-
bearing winds for longer periods annually. However, the opposing wind
currents doainate the north-south belts in the fashion that their
severities, in texms of intensity and duration, increase in conformity
with the increasing proximity to the source of elther the oceanic winds
or the desert winds. Accordingly, the broad climatic characteristics
are a general continuum gradation following the north-scuth latitudinal
trend, although Cocheme and Franquin (1967) affirmed that "the dynamics
of west African weather is zonally oriented and directly linked to sharp’
discontinuity of atmospheric humidity, the movement of the Inter-
Tropical Discentinuity Zone“,

However, the concept of the climatic zonality was the basis of the
vegetation models and interpretation by Keay (1959)., The savanna was
demarcated from the forest as a sub-humid to seml-arid tropical woodland
and grassland region, Keay's savanna covers about three-quarters of
Nigeria, occurring primarily in the former northern region of Nigeria.

Keay (1949a, 1953, 1959} partitioned the Nigerian savanna into five
*provislonal” zones on the basis of the amount of precipitation, the
length of the rainy season, and the type of vegetation cover. OQutside
the "derived savanna" or forest-savanna mosalc, the wettest savanna is
the Southern Guinea savanna which has about 1100 to 1600w, of rainfall

distributed in 190 to 250 days per annum. The Northern Guinea savanna has
between 890 to 1400mm, of rainfall distributed in 130 to 190 days. |
The Sudan savanna is charscterised by 500 to 1100mm, annual rainfall
distributed in 80 to 130 days per year., The driest savanna, the Sahel,

has less than 500mm. of rainfall in lessa than 80 days in a year.
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The "vegetation cover” used by Keay means the structural variations
of the vegetation in terms of the “approximste natural physiognomy" and
"major specles" constituting the "zonal vegetation“.

The "zonal vegetation"” was defined as "the unit of middle rank
vegetation on adequataly drained upland sites under given macro~climax
conditions" (Aleksandrova 1973}, or as "“vegatation on level areas and
average soils" {(Walter 1971). Froa the specles lists for the Northern
Guinea savanna given by Keay (1953) "major species"” appear to mean
regionally ubiquitously distributed species which are seldom specific
o any community.

Thus using this zonal vegetation concept with emphasis on the
climatic mnnoclima; vegetation zones, vegetation conditioned by land
use, local soll differences, topography and non-climatic causal influences
do not represent the "climatic normal” (Keay 1960) or they are misplaced
variant vegetations spreading outside their climatic zones.

Keay's savanna represents a sub-humld to semi-arid tropical wood-
shrub-herb~grasslands covering aboui three-quarters of Nigeria and
occurring primarily in the northern states. The wettest savanna is the
Southern Guinea savanna and the driest ls the Sahel. The Northern Guinea
savanna occupies the centre of these five savanna belts, and presumably
it is the typical Nigerian savanna. According to descriptions by Keay

(1959), the Northern Guinea savanna 135 made up of '"broad-leafed savanna
woodland" as its "climax vegetation", Its "widespread and characteristic
species"” are Isoberlinia doka, I. tomentosa, Uapaca somon (= U. togoensis),
Monotes kerstingii, Combretum binderianum and Swartzia madagascariensisg.

The lack of physiognomic homogeneity, apart from the lack of floristic

homogeneity, within the Northern Guinea savanna vegetation zone was
pointed out by Keay when he also wrote that "streamside vegetation typical

of this zone consist of dense evergreen understorey of forest climbers
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and shrubs with wide spreading emergent trees of savanna species”

among which were Knaya senegalensis, vitex doniana, Raphia sudanica

and the bamboo, Ox!t.enant.hera abyssinica.

Obviously, with any further elaboration, the role of edaphic,
land use, and other environmental factors within the Northern Guinea
savanna zone, will assune significance and lead to an enormous mc:easc.
in complexities of vegetation patterns and to the delineation of

numerous plant communities in the zone€.
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CHAPTER 2 SCME EXAMPLE PHYSIOGNGMIC SCHEMES OF

'SAVANNA' VEGETATION CLASSIFICATION

Schemes of classification based on physiognomy have received a great
deal of attention in the Nigerian Guinea savanna for various reasons.

For example, physiognomic classification has been made by foresters
concerned directly with praspecting for the possibilities of reserving
existing wildland vegetation or to replace them with plantation reserves.
Ecologists have attempted to use physiognomy as a guide to interpreting
environmental features or land use potential., Some schemes of community -
classification employed mixed physiognomic and present land use with
botanical composition criteria to supplement each other., These convey
the impression of the general stature of the vegetation which is otherwise
not easy to appreciate.

Numerous possible physiognomic classifications have in fact been
suggested by various authors. Hopkins (1974) identified four physiognomic
types, viz: savanna woodland, tree savanna, shrub savanna and grass savanna.

Alford et al (1972) designated fifteen possible basic physiognomic
types for uncultivated savanna using aerial photographic interpretations to
judge the continuities or discontinuities of canopy cover, stratification,
floral densities, and the nature of the habitat of the vegetation stand.
They recognised forest, swamp woodland, woodland savanna, parkland, shrub
savanna, shrubland, thickets, tree savanna, tree/shrub savanna, low shrub
savanna, clumped tree grassland, herbaceous swamp, grassland, and grass-forb.

The identities of the above are, however, difficult because of over-
lapping. Perhaps the physiognomic groupings made by Clayton (1958) are
ecologically more meaningful. They were based on the continuities and
discontinuities of canopy closure as well as on the conditions of the pre-
vailing habitats of the vegetation stands on the fiald; snd cover beth the



wildland and the used savanna., These physiognomic terms were largely
adopted by the Inter-African Conference (Boughey 1965). Clayton (1958)
identified:

a) Thicket as dense shrubby vegetation, often thorny, and usually more

or less impenetrable; grass absent.

b) Periodic Swamp Forest which is swampy during the wet season, on flood-
plains,
c) Riparian forest on damp ground which is not swampy but maintained at

high moisture content by the presence of a water course,

d) Woodland with mainly trees having their crowns touching, with sparse
grass, herbs and woody plants growing under.

e) Savanna Woodland which may be closed or open depending on spaces between
trees,

£f) Tree/Shrub savanna having both trees and shrubs mixed.

g) Tree savanna (often called Parkland) because of their discontinuous canopy.

h) Shrub savanna which may again be open or closed as gaps between shrubs vary.

i) Grassland savanna which may be climatic or edaphic in character, such
as the upland and aquatic grassland.

j) Fallow regrowths on old farmed lands,

k) Farm lands with weeds,

1) Herb swamp usually dominated by sedges,

Keay (1948a, 1953, 1959), therefore, only showed the basic orientation
of the Nigerian vegetation with the Country's climate, The partition provides
a useful crude simple base for qualitative and quantitative analytic studies.
The multiplicity of the dimensions were however subordinated to a single
direction of change. A consideration of the role of edaphic, biotic, and
other environmental factors within the climatic zone will assume some
significance and lead to a more multi-dimensional interpretation of the

vegetation distributional patterns than that cutlined by Keay.
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2.1 A POSSIBLE SUBSTITUTE ECOLOGICAL TERM;

'CERADO' INSTEAD OF 'SAVANNA'

I have stressed the concept of the savanna as an inappropriate,
imprecise, ambiguocus, omnibus term for the floristically and physiognomically
heterogenecus vegetation, and that it ig applied to every type of vegetation
from swamps, riparian forests, grasslands to farmlands and even to barelands
and woodlands on hilly or rocky surfaces. Perscnally, I suggest, the
Portuguese word "cerado” as an unambiguous, more appropriate substitute,
to the Spanish word "savanna" for a comprehensive description of the existing
semi-natural vegetation in this Nigerian zone, Besides, well-known terms
which seem more ecclogically precise, as used in my study area, will be
employed., Such words are 'Fadama' and ‘*Kurmi',

The Northern Guinea savanna zone that was delimited by isohyets,
represents approximately the former mid-northern Nigerlan climatic-political
regional middle belt, I would have preferred to call the same zone “the
mid-northern latitudes 'cerado' vegetation of Nigeria" from its geographical
location and the complexity of its vegetation,

"Cerado", according teo Goodland (1271), means '"open, half-open or
dense vegetation which varlies physiognomically from herbaceous, grassy,
shrubby vegetation through wocdiand and almost forest'. Conversely, fsavanna'
specifically (and erroneously, in the Nigerian situation) conjures the
deceptive impression of a more or less open tropical grassland or grassy-
shrub vegetation or "the homogeneous plant community in which two competitors,
woody shrubs and grasses, grow more or less widely apart on a grassy back-
ground” (Walter 1971). But the range of vegetation implied by ‘'cerado’
varies from anything from grassland to almost a forest and allows for an
objective clasgification of the community gradients in order to provide a
quantitative floristic classification which can be used in the comparison

of the ecological relatienships between different areas under different soils
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and land use.

The 'savanna' and the Northern Guinea savanna zone will be largely
maintained in this thesis after the series of the Nigerian vegetation
zonations and nomenclatures by Keay (194%9a, 1953, 1959) but it will be
subject to substitution by the 'cerado' which I have proposed as an
ecalogical alternative. Keay's approach can however be criticised, though
not with the alm of destroying it.

The vegetation zonation in the north-south trend was a primary work
upon which secondary and tertiary analyses can be built, The linkage of
vegetation with climate (mean annual rainfall duration and quantity) was
a reciprocal vegetation-climate trend whose gross mutual correlation cannot
be disproved., However, it was, in my view, possibly a process of first
defining the major climatic zones and then seeking the vegetation that would
correspond to them. The search for the vegetation zones was found on the
gross physiognomic and floristic continuum from the forested coastal latitude
44°N to the 14°N northern latitude national boundary with Niger near the
Sahara Desert. This is a straight distance of about 900 km. across Nigeria,
Regionally ubiquitously distributed species were used in the formation of
the arbitrary zones. His axiom of the so-called "zonal vegetation" has
been defin-ed as "the unit of middle rank vegetation on adequately drained
upland sites under given macro-climatic conditions" (Aleksandrova 1973).
Alternatively, walter (1971), like Morison et al (1948) defined "zonal
vegetation" as vegetation on level areas and average soils. In my opinion
the 'average soil' in the Nigerian cerado or 'savanna' is difficult to
know at any season, and it seems to depend on the use for which it is intended.

In the example of his Northern Guinea savanna zone vegetation, Keay
(1960) appeared to have avoided vegetation conditioned by land use or local
soil differences because it does not represent the "vegetation on average

soils" under the "climatic normal®”, Obviously, like Clements (1936), who was
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obsessed with the idea of climatic climax, vegetation variations not
conforming to anticipated climatic ideals were "spreading outside their
zones'.

The climatic zonation of vegetation must therefore be seen as a
blurring of the networks of the natural intergradations in plant communities.
For example, a fadama with distinct dominating thicket species plus companion
species that are regularly subjected to prolonged or short-term waterlogging,
have their field distributions controlled into a relatively distinct zone
along the flat river beds in the Guinea, Sudan or Sahel 'savannas'., Within
one locality in one of the climatic 'savanna' zones, vegetation conditioned
by ironstone hardpans, unsuitable for cultivation, may lie in close proximity
with plant communities consisting of weeds resulting from the consequence of
agriculture as its major ecological causal factor.

Because of the multi-dimensional characteristics of plant communities
and the interrelationships as well as the relative independence of their
controlling factors, it is expected that all the possible factors of the
environments should be considered singly and jointly in classifying
communities. This expectation is of course difficult in practice and a
choice of which important factors to be explored should be made in a given
situation, from climate to soils, topography, edaphic properties, geological
substratas to the effects of man.

Sample maps made by "reconnaisance surveys and stereoscopic inter-
pretation of aerial photographs" to divide parts of the Northern Guinea
'savanna' zone into units of landscape or 'land systems’ that have
characteristic patterns of relief, soils and vegetation" (M.0.D. 1970), now
suggest that the bands of vegetation surrounding water bodies belong more
to a definite riparian zone than to a climatic vegetation zone. They also
suggest that vegetational variations caused by man, solls or topography

are more conspicuous from aerial photographs.
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The idea here is to base the interpretation of the factors on the

floristic communities in terms of many possible factors assessed through

field work in the environment.

CHAPTER 3  HISTORY AND CULTURE OF USE AND DISUSE OF LAND

WITHIN THE ZONE

Keay (1949b) explained that uninhabited lands in the Nigerian savanna
"were fully occupied and had been so for centuries until the troublous
times of the rising of the Fulanis which started in Sokoto in 1804 (during
which) any small town or village was potentially liable to be ruthlessly
raided by its enemies". According to Keay (1949p) the 'Fulani uprising'

continued until the advent of Pax Britannica, and "the people were either

fleeing, slaughtered or enslaved while their farmlands were transformed
into dense savanna vegetation".

Smith (1955}, in order "to provide a background picture for peasant
agriculture" in northern Nigeria, saw the savanna as "a state whose
energies were formerly focused on slave raiding".

According to my view, an equally salient historical factor responsible
for the transformation of formerly inhabited farmed lands into dense
vegetation was the impact of the "depopulation of primitive tribal
communities” (Clark 1977) before the territorial expansion of Britain and
European Countries into the zone. For the establishment of the Pax
Britannica was preceded by an era of about four centuries of pre-colonial
slave production from ‘south of the Sahara‘' to the Americas. The cargoes
taken in European ships to the Americas were the able-bodied young men and
women from the 'south of the Sahara', Raidings, kidnappings and warfare
were the weapons used.

Clark (1977) mentioned that "slave population suffered high mortality
and marriage was discouraged" so that "increase was due to heavy additional

importation of slaves from Africa, particularly west Africa". Survivors of
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slaves reaching the American plantations from the south of the Saharan
‘savanna' zone to the coast, in chains, on foot, and on the trans-Atlantic
journey on the European ships, were little fractions of the numbers taken

by the violent techniques of slaving. And so the deaths were consistently
replenished for four centuries from the ‘savanna’ in the south of the Sahara.

The centuries of selective withdrawals of those deemed fittest to
survive and the sporadic recurrent threatening of the survivals must trigger
off prolonged reverberations on land use and vegetation.

Putwain and Harper (1970) showed that "removal of the stresses imposed
by one species could result in rapid re-imposition of stress by other
species", Also Harper (1971) exemplified a variety of ways in which "the
populations of aggressive exploiters of a habitat control the biological
compositions of the community". Naturally interactive organisms (man and
plants in this case) would exhibit the compensatory population charnges
such that the continuous decimation of the ’'savanna’ human population by
slavers leading to partial population crashes would be responsible for
reversal of previocusly tamed lands into abandoned wildlands,

The fantastic fallacy that human population had always been low in
the African savanna "due to very high child death-rate" (Culwick 1963)
is of course an oversight of the salient historical factors, and a dis-
tortion which made this account inadequate for utilisation for the
ecological setting., Child-bearing ages of both sexes were the targets in
the Trans-~Atlantic slave trade, The violence, the insecurity, the
unnatural selection of young fit members of the community as the result of
the opportunity presented by European slave traders, must, in my view, be
counted as a salient causal factor which has influenced the composition
and distribution of plant communities.

Obviously the "transformation of farmlands into dense savanna

vegetation" as Keay (1949b) called it, was because when the inhabitants of
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a given area were reduced below a viable number in an environment, due

to the European slave raiding, the remaining few had to abandon the area
because they were too few in number, or they were composed of members of
extreme ages, too young or too old, to tame and harness the environment.
Following which, a new dynamic successional flora regrowth on old farmed
and inhabited lands got established towards the climax vegetation.

Woodell (1980) pointed out that '"slave trading has gone on for longer
than the European slave trading, both locally and by Arabs" (personal
comme ). This white-washing of the European slave trade is not necessary.
It is the impact of exporting millions of captives on the land use and the
assoclated vegetation that I refer to, not the morals or the politics of it.
Local slave trading is domestic, It did not result in massive loss to the
'savanna' labour force and the taming of the environment which I expand upon
using Keay's foundation. Slave trading on camel backs or on foot across the
Sahara is not the same as slave trading across the ocean in huge ships into
which assorted men and women were packed like sardines, Moreover, the
Trans-Saharan slave trading was more connected to East Africa, while the
Trans-Atlantic slave trading was more linked to West Africa, according to
the historians to which 1 made references.

From firsthand knowledge of contemporary Nigerian practices, plant-
parts from stems,roots, leaves, flowers, fruits, seeds to barks, of
uncultivated plants, play profound roles in the daily domestic lives of
the people, as sources of food, medicine, fuel, shelter, and utensils,
Several savanna species are utilised also in industrial articles in several
forms, from beverages, spices, silk, fats, oils, poisons, antidotes, mats
to ropes. The plants are also instrumental even in superficially unconnected
crafts and trades like iron-smelting or pottery.

Some major events in the Country's historical development can in fact

nearly only be meaningfully interpreted from a plant distributional viewpoint.



The movement into the Nigerian savanna by Fulani pastoralists, according

to the historical narrations (Meck 1925, Niven 1950, Bartlett 1956,

Osae and Nwabara 1968) started in the thirteenth century from their original
West African habitat on the Senegal Valley and the edges of the Sahara
Desert. The subsequent invasions of the present Nigerian Guinea savanna
states (Kaduna, Niger, Kwara, Benue, Gongola) during the 1800s, if given
the correct interpretation, were neither mere "plans for the foundation

of a Mohammedan theocracy from a religious zeal” as explained by Meek (1925),
nor was it simply one of those aspects of "tribal coups and punitive
raidings" catalogued by Niven (1950). The pastoralists could not have been
any more particularly ferocious or fanatical than the other inhabitants.

It was an effort to take control of the land for grazing across the greener

Nigerian savanna,

3.1 SHIFTING PASTORAL LAND USE

The pastoralists are unsettled, rural in their habitat, and landless
by their dependence on shifting inhabitation from one uncultivated land
to another (Plates 25, 27 to 37). According to their own explanations
(personal comm,) their domestic mammals prefer different parts of the
environment at different times of the year, and they try to place each
species of their animals in the particular environment to which each is
most closely adapted and in which it is most free from disease during the
changes in the savanna seasons, In short, each of their major domestic
mammals has 1ts ecological environment, exhibiting local habitat preferences
which in the rainy season consist of three rough strata that may be defined
in terms of their vegetational, hydrological, geological and topographical
characteristics, Cattle characteristically prefer the fadama, sheep

characteristically prefer the mesic uplands, and goats characteristically

prefer the xeric mesas,
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Bartlett (1956) pointed out that "Nomadic herders rely solely upon
natural vegetation for their livestock's fodder, and neither sow pastures
nor store forage". And by an estimate, "In Nigeria, over four-fifths of
all cattle are owned by pastoral Fulani" (de Leeuw, 1965) and these are
concentrated almost entirely in the savanna. Their unsettled ('nomadic')
life constitutes their method of responding to the seasonal variations in
the floristic composition of vegetation which forms their principal
occupational need.

The methods of responding to the seascnally changing flora includes
raising a mixture of animals concurrently (cattle, sheep, goats, chickens,
and guinea fowl); the acquisition of minimum loads; seasonal sedentary

life with 'backyard' farming of annual crops {(Sorghum, Pennesetum, Vigna,

Lagenaria, Cucurbita, Ipomea batata) during the rainy season. Their houses

consist of disposable thatched shelters or huts (rugas), instead of real
houses, Rainy season shelters are thickened with plant stems, built on the
drier uplands, often on flat-topped porous ironstone mesa or on summits

of the topographic undulations of the so—called 'catenae’,

Dry season shelters are more rudimentary, made of Sorghum straws into
conlcal, much more temporary 'nests', and often installed near the fadama,
Baxter (1975) wraote concerning shifting pastoralists that "making

new camps is a source of personal satisfaction to pastoralists". Wwhen
asked why they move, 1 was given the reasons as: (a) the animals prefer
different environments at different ;euom; (b) the low-lying sites are
unsuitable for the ruga because of inundation; (c) because the open cattle
‘sheds' become soiled by the droppings from the animals; (d) because
palatable forage grows on the uplands during the rainy season; (e) because
the owner of the present site upon which they settle during the dry season

wants to farm the site of old animal sheds in the rainy season,



According to Horowitz (1975) "The ecclogic divisions between herder
and farmer stand in a close relationship to ethnic segmentation", He
reasoned that "historically the farmer had a long occupancy of the area
as millet farmers before the Fulani appeared in the early part of this
century with their herds of cattle, goats and sheep" and this "results in
violence at decisive points over the land”. This seems to be more of an
ethnologist's imaginary view (see Plate 33),

Similarly, Gulliver (1975) imagined that the relationship between
farmer and pastoralist is "a response to the internal context of the
socio-cultural system of the people and the factors underlying the tenacity
with which the pastoral Fulani have maintained their ethnic and social
separateness under the ecoclogical and social pressures".

Firstly, the advent of the Fulani pastoralists into the Nigerian
Guinea savanna in this century is not supported historically. Osae and
Nwabara (1968) explained that Fulanis were offsprings of Berber fathers
who were herdsmen from the desert. The men travelled with their herds until
they found the fertile lands of the savanna, which was attractive, and they
settled down first on the Senegal Valley. Cut off from their womenfolk,
the herdsmen intermarried with the West Africans. That the Fulanis have
been components of the savanna zone before A.D. 1000 was suggested, But
they remained in rural, unsettled, relative social isolation, shifting after
pasturage and water according to the demands of their special trade. They
remained obscure until their animals multiplied and more grazing land was
needed,

There seems to have been a long history of Fulani-dependent economy,
e.g. milk, meat, cattle, plus sheep, goats, and fowls, were, and are, sold
to the non-pastoral population, Pastoralism also provided the hides from
the cattle, sheep, and goats, for the leather tanners, and manure for the

farmers, Besides, the pastoralists were also dependent upon the surpluses
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| of the farmers' articles, which they do not produce effectively or

adequately,

f'ﬁhﬂﬁi Secondly, the fact that the lines dividing arable lands from pastoral

lands are very thin at particular seasons, suggesis that the supposed

inter-ethnic or inter-occupational tensions or hostilities are imaginary.

The grazers are dispersed around farming settlements, Following the harvest

5 of the final crops from the farm, the farmer turns over his land to the
grazer, Poat-harvest residues are browsed by the cattle, sheep and goats,

‘ and the animals in turn manure the farm with their dung (Plate 33).

Hi:jéﬂg. Agricultural and pastoral land users therefore communally use the
arable lands, and this must have been a long-term more or less symbiotic

inter—dependence on one another for centuries.

3.2 ROTATIONAL FALLOWS

The major land use form in the Nigerian savanna has been agricultural
though the origins of agriculture in Africa south of the Sahara had been a
matter of dispute among botanical historians. Murdock (1968), for example,
has arg.ed that "the Mande-speaking peoples of the middie Niger domesticated
a number of indigeneous plants, including several millets during the fifth
millennium B,C," Vavilov (1950) however thought Ethiopia to he the centre
of the domestication. Hugot (1968) believed, on the other hand, that
agriculture *diffused from Egypt and Maghreb to South of the Sahara between
6300 B.C. and 2500 B.C.”

Agriculture in Africa gsouth of the Sahara was thus estimated to have °
been in existence as early as between 6500 B,C., and 2500 B.C. by Hugot (1968).
Other opinions even suggest a much longer period of the impact of agriculture
in the West African savanna: "Certainly agriculture was being practised in
the savannas north of the tropical rain forest by the third and second

millennia B.C., if not before, although it is not clear how widely they were



According to various postulations on the origins of crops, Oryza

glaberrima, Gossypium sp., Sorghum vulgare, Pennisetum spp., Musa sp.,

Coffea spp., and Discorea spp., were first domesticated from wild plants

in Africa south of the Sahara in the first millennium B.C., before further
dispersals added to the number of crops (Griggs 1974), Purseglove (1976)
also suggested that the area could be the true origin of other crops "if
we realise that current claimed centres of origins of certain crops may
be centres of cultivation, migration, selection or hybridization and not
necessarily the true home of the crops".

Aspects of the state of the vegetation and land use probably

conditioned by agriculture before the advent of Pax Britannica were

described by a number of explorers, though their descriptions were often
shadowed by the relationship of plant distribution with vegetation in
England.

Mungo Park, in his diary for 24 July 1796, wrote of "a large town
called Kabba, situated in the midst of a beautiful and highly cultivated
country, bearing a greater resemblance to the centre of England than what
I should have supposed had been the middle of Africa. The people were

employed in collecting the fruit of shea trees (= Butyrospermum paradoxum)

from which they prepare the vegetable butter" (according to Miller, 1954).
Apparently observed in its usually highly cultivated state in the

rainy season (Plates 11, 15 and 16), Clapperton (1829) described the area

between Zaria and Kano as "The land everywhere looked beautiful, the trees

full of foliage, such as the butter tree (= Butyrospermum paradoxum) or

dorowa (= Parkia clappertoniana) and the tamarind (= Tamarindus indica).

The country at present locks like some of the finest in England. All
around is green and beautiful with only trees here and there".
Of the farm lands, Cailie (1830) said "I was astonished to find

agriculture in such a state of achievement in the interior of Africa.
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Their land is carefully cultivated like ours".
The descriptions of Barth (1857) described how the regionally ubiquitous
useful trees also changed in composition over the landscape: "The dorowa

(= Parkia clappertoniana) which had formed the principal ornament of the

landscape gave place entirely to other trees, such as the tall rimi

(= Ceiba pentandra), the kuka (= Adansonia digitata), and the deleb palm

(= Borassus ethiopum), but beyond the village of Doka, the dorowa (= Parkia

clappertoniana) which is the principal tree of the provinces of Katsena

and Zariya again come prominently, while the butter tree (= Butyrospermum

paradoxum) and the alleluba (= ? Cordia africana), afforded a greater variety

to the vegetation” (Kirk-Green 1962]).

Wallace was the second in command to Lord Lugard in the colonial
congquest of northern Nigerian savanna zone, according to Niven (1959).
Wallace (1896) wrote: "Economic trees are left standing in the fields.

The shea~-butter (= Butyrospermum paradoxum) from which a good fruit is

obtained as well as a large quantity of vegetable butter for cooking and

lighting and many other purposes, locust bean tree (= Parkia clappertoniana)

from which a large quantity of food is obtained, the gambier (= Acacia

arabica) the fruit of which is used for tanning hides, the tamarind

(= Tamarindus indica); its fruit is greatly praised; numercus plum trees

(= 7 Vitex doniana) growing in both towns and in fields, the valuable kuka

(= Adansonia digitata), for it yields fruit and capital fibre, its leaves

used for nutritious soup; silk worms feed on tamarind trees. In addition to
the above trees, there are numerous and extensive forests of gum trees,
valuable from the commercial standpoint” (Wallace 1896).

The technical changes in the evolutionary history of world agricultural
implements and of the techniques of farming reviewed in detail by Grigg (1974)
has pointed to the inappropriateness of the concept of 'shifting cultivation'
and the idea of a 'digging stick' as an agricultural implement in most areas

of the so-called West African savanna (cf., Nye and Greenland, 1960).
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Grigg pointed out how every culture was more or less based on
agriculture during the first and early millennia B.C., mostly from
"archaeclogical evidence". He suggested that "the great divide in the
nistory of agricultural technology came in the middle of the nineteenth
century”; that it was the industrial and the subsequent agricultural
"revolutions in England during the seventeenth to early nineteenth
centuries that created the great gulf in the agricultural implements
and techniques between the present agricultures of Asia, Africa, Latin
America, and Western Europe"; that it was not until the inter-war period
(from 1914 to 1945) that "the tractor replaced simple iron and horse plough
tools in North America, Australia and Europe"; and that "many implements
and techniques of farming were known all over the world in the early
centuries of the Christian period, if not before'.

According to Grigg (1974) for example, "The hoe and machete were
adapted by the Indians", while "the hoe and spade plus primitive harrows,
rakes and forks were particularly important in northern China", And in
"the Old World farming techniques” by the early Christian period, and
possibly earlier, Grigg included "green manuring™ and "the spreading of
animal manure on the farms as distinctions of agricultural management in
the south of the Sahara.

He also suggested that "Much of the early farming in the south of the
Sahara took place in semi-arid areas, and the value of an alternating fallow
to conserve soil moisture was well known"; that "double cropping" was
practised, but only in the irrigated valleys; that "the shaduf were used
for the irrigation by the early centuries of the Christian period"; and
that “terracing of steep slopes was also practised" (plates 6, 11).

Iron tools have served their attendant benefit on agriculture toe.

According to the Encyclopaedia Britannica, the "guinea" was "a gold ceoin

at one time current in the United Kingdom, It was first coinced in 1663,
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in the reign of Charles I1, from gold imported from the Guinea Coast of
West Africa by a company of merchants trading under charter from the
British crown - hence the name",

Specialist iron smelters have therefore, for a very long time, provided
iron-working tools for agriculture and the crop distribution, As can be
implied from the diversity in the shapes and forms of the most important
Nigerian savanna agricultural implement, the hoe, the people have used it
for centuries in working the land., They knew about the complexities of the
environment and diversified their technological implement and methods for
dealing with the edaphic variables. Intuitive evaluations of the changeable
soil physical characteristics led to the modifications of the hoe for ridging,
furrowing, and weeding. Knowledge of the deterioration in soil chemical
properties and falls in agricultural productivity following repated
cultivations led to 'rotational fallows', not 'shifting cultivations',

The farmers do not shift, they are sedentary in permanent settlements
and cultivate the land in the neighbourhood of their towns or villages (Plate 9).
Fallow cultivation is commoner on land farther away from the towns. Morgan
(1969) distinguished among a number of agricultural types in tropical Africa
and concluded that "true shifting cultivation is rare, found only in parts
of Ivory Coast and the Cameroons and only where human population densities
are low". He pointed out that "rotational fallows are created and unwanted
trees are not allowed to re-establish themselves'". Rotational fallow in
the Nigerian Guinea savanna is a method used in maintaining soil fertility,
often coupled with manuring of land by the farmer inviting or welcoming the
pastoralist to graze in his post-harvested farm, and making payments for the
cattle manure. From the figures quoted by Richards (1970) "for every acre
under cultivation, another fifteen to twenty acres must lie fallow while
the soil slowly recovers its fertility under shifting cultivation”. This

means that shifting cultivation methods require the use of great areas of
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land by one farmer, and it is hardly practicable in a thickly populated
country.

Axes and cutlasses are also iron tools used in conjunction with the
hoe. Abandoned iron-smelting spots are still common in the Nigerian savanna
fields. That they were abandoned was probably due to a technological
stagnation brought about as a reversal of technology during the Pax
Britannica when manually produced iron tools were replaced by tools from

mass production.

3.3 VEGETATION CLEARING IN THE USAGE OF LAND

Agricultural and pastoral land uses depend very largely on family and
individual labours, Each user observes the peculiarities of the land and
clears it as rationally as his means permit. There are thus considerable
ranges in the practices of preparing the land for pastoral and agricultural
uses., JIn contrast, land use in the forms of forestries or irrigation
schemes arise from governmental authority and the economic factor deter-
mining approaches to the clearing and maintenance of land are less restrictive.
The smallholder farmer removes unwanted plants from his farmland by
tedious, time-consuming, back-breaking manual labour, using the hoe and a
few implements; cutlasses and axes. Wwhen possible, in the dry season, he
saves his energy by partly using fire in clearing the land for the next
growing season (Plates 8 and 66). Fire is the sole method of clearing
lignified old grasses by herdsmen, The recurrence of fires and their side
effects on the soils and vegetation in the savanna and in other tropical
areas have been the subject of separate studies by several authors te.g.
Hopkins 1963 and 1965, Daubenmire 1968, Boughey 1971, Ross-Innes 1971).
The use of fire in the tropics was once considered "primitive"

(Bartlett 1956), However, the Fulani pastoralists use it on the unfarmed



savanna to replace old lignified grasses with young succulent,
preferentially grazed, vegetation regrowths to their phytophagous domestic
ruminants. Smith et al (1960) had noted that "postburn plants are preferred
by herbivores who seek out burned sites and unerringly select the more
palatable and apparently more nutritious forage“. Hopkins (1963) also saw
that "growth is produced sometimes very rapidly regardless of the scil
moisture content and the occurrence of precipitation” after a savanna fire
and suggested that "the removal by fire of the plant tops triggers latent
primordial regions to initiate new growths" or "the pre-rains vegetation
flush" (Hopkins 1970).

Records of ground temperatures at Olokemeji by Hopkins (1965)
indicated that soil surface temperatures invariably exceeded 538°C, both
in early and late dry season burnings. Ground level temperatures of
715°~850°C were recorded in similar experiments in the Sudan vegetation by
Masson (1961). The figures suggested that fired soils under agricultural
or pastoral lands are purified or sterlized by the high temperatures
experienced. Hill (1971) believed that "big game in Africa may prefer the
emerging growth of postburn sites, not only because it is more palatable
but because there are reduced numbers of ticks, mites, and flies in the
open burned sites", Nye and Greenland (1960) also stated that "following
the fire, the land is at its cleanest and makes the task of weeding a
relatively light one".

The documented studies suggest that floristic changes to fire vary
with the type of vegetation, soils, moisture, fire frequencies, burning
times, climatic and topographical effects. Daubenmire (1968) pointed out
the beneficlial fertilizing effects of the ash from burning prior to planting:
"The blanket of dead and decaying vegetation contains nutrients that are
largely unavailable for growth until released slowly and incompletely by

decay, or rapidly and more completely by fire". Soils in burned grasslands
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Tusually have slightly higher pH values, more available nitrogen than

comparable unburned areas also, sccording to Daubenmire. And Metz, et al
{1961) said that “"mineral salts of Ca, P, K, and Mg often increase in the
soll with burning". .

Vogl (1974} suggested that "grasgsland fires sometimes create disturbéd
sites or pioneer conditions that permit invasion by oppertunistic species
such as annuals or short-lived perennials”. Ramsay and Ross~Innes (1963)

suggested that "because of disturbance by fires, and other agents, grass-

iand diversity is commonly assured by heterogeneous mixtures"”.

t
I

. Conversely, Lloyd (1971} followed the changes in the avajilability of

nutrients in the soil under gragsland and tall herbacecus communities
_subjected to sporadic burnings in Derbyshire, England, He reported that
:fire in & plant community causes alterations in the chemical status of

the community and in the availability of nutrients in the soil:
"Substantial losses of nitrogen, phosphorus and potassium occur in the
smoke,"” A 0% N loss, 4045% K loss, and a 25-40% P loss were reported
from monitoring the nutrient content of vegetation at seasonal intervals
after fires between 1968 And 1970. "The only nutritional responses to
:burning detected in the communities are short-lived increase in phosphorus
concentration in plant tissues," therefore "the effects of fire in respect
of plant nutrition are unlmportant in the ecology of the communities
relative to damage caused to the plants and alterations in the physical
environment'" Lloyd concluded.

That burning is an important factor in causing fluctuations in the
floristics of some of the plant communities in the Northern Guinea savanna,
through causing considerable changes in wmicro environments, 1ls probable,
Shrubs and forbs are however often uprooted, cut or axed down by the farmer.

Stems which are used for domestic fuels are extracted before the rest is



spread along the furrows which are the next growing ridges. They are

either left to decay in the ridges to be moulded over them, or they are

cut. A huge annual conflagration lapping over the savanna in an

uncontrolled blazing bonfire under a "“slash and burn shifting cultivation”

was however hardly cbserved in my study area. There is, therefore, an

element of over-statement in the assertion that "the vast regions of

savanna that occur in Africa are fire climaxes" (Nye and Greenland, 1960),
The hoe is sized and shaped differently for from light hoeing to

heavy cultivation (Plate 5). The nature of the land and the types of crop

for which it is designed determines the differences in ridging and furrowing

which is part of every ‘normal’ cultivation in the area, Ridges are low |

and furrows are shallow on upland plains designed for shallew rooting cropss

Sorghum, Pennisetum, Arachis, Vigna, Capsicum, etc. (Plates 12, 15, 16).

Ridges on ailuvial fadama and moist uplands designed for tubercus crops

(Discorea, Colocagsia) and for hydrophytic crops (Oryza, Saccharium) are

higher and bigger with deeper furros (Plates 13, 14). Hoe sizes increase
from upland friable soils to fadamwa heavy soils {Plate 5), |
Norman (1968) had pointed out the prevalence of intercropping in the
zone, and has suggested the reagons for it: "“Mixed cropping or inter-
cropping in which two or more crops are grown together in the same farm
and in the same season is the common practice of the smailholder farmer,
Inter-cropping was found in 81% of farms in the Northern Guinea savanna
around Zaria, and the possible reasons, according to Norman (1968) are!
Intercropping is an implicit within year type of rotation; it is an
insurance policy against fluctuations in security; and it is a method of
meeting the limiting factors of production: land, labour, capital and
management (see my Plates 13 and 14 and the associated descriptions).
Ramsay {1968) quoted figures purporting to be the arithmetical
proportion of land surface area of the savanna shared by each land use typet
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; Uncultivated bush 45.8%
2. Non-reserved forest 31.2%
3. Bush fallw 9-“

4. Agricultural land under crops 6.5%

5. Land under tree crops 0.0%

Ramsay's land use terminologies are in themselves undefined and are
confusing, and 1 consider the figures relating to agricultural land under
crop highly improbable. According to Ramsay, "the main agricultural
system of the country is still of the peasant subsistence farming based
on shifting cultivation", However, 1 maintain that the country's agricultural
system is based on the "rotational fallow system" suggested by Morgan (1969).
Thus 'bush fallow' and ‘agricultural land under crops' are both arable lands.
Ramsay and de Leeuw (1964) reported that their '"survey was carried out in
the dry season ...." In the dry season, farmers who depend on rain-fed
crops on uplands had harvested their crops and would have gone into sub-
sidiary dry season occupations. This practice would produce the temporary
‘bush fallow' and the appearance of ‘uncultivated bush' during the post-
harvest dry season.

The implications of my suggestion mean that 61.9% of the Nigerian
Guinea savanna can be described as agricultural lands (with or without
standing crops), which is more convincing to me in the light of my seven
years of touring experience in the Northern Guinea savanna as a field
ecologist. It may be asked "When does bush become cultivated?" There is
no easy answer because many features need consideration, jointly, or in
isolation. My approach is described under my "Categories of environmental
factors evaluated”.

The 31.2% 'non-reserved forest' constitutes the primary grazing grounds

and forms the source from which firewood hewers and collectors of natural
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plant amenities derive their needs for the domestic and commercial
purposes. But the forest reserves deserve special explanations and

ecological investigations as a major and expanding form of land use.

3.4 FORESTRY LAND USE IN THE ‘SAVANNA

British occupation was established over northern Nigeria under Lord
Lugard in 1900 according to Niven (1950), and a Forestry Department was
established in the Nigerian savanna in 1903. The citations of forest
reserves whose boundaries were described and gazetted started.

Lely (1925) described in detail 120 commercially valuable and
exploitable trees from the zone. The actual plant communities were,
however, either "forests or "inferior bushlands' which "though divisible
into types, were so blended that the differences were unrecognizable".

But Ojo (1973) suggested that "the need for exotics is greater in
Nigeria than in any other countries" and pointed out that "the trend is
from natural forests to plantations of exotics because the indigenous
forests lack uniformity in size and quality and contain few trees of
economic value per unit area"., Ojo (1973) identified four reasons for
“"the need for exotics":

1. "because the indigenous forests lack uniformity in size and quality
of trees and contain few trees of economic value per unit area";

2. M"introducing exotics enriches the local flora";

3. "all the important exotics in Nigeria show the quality of resistance
to disease and other unfavourable, environmental factors';

4, "Superior growth rate and production has been the chief incentive

for planting exotics in preference to indigenous species",

These are largely fallacies from an ecclogical viewpoint (Plates 38 to 44).

According to the Forestry Divisions at National and State-divisional
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levels, "indigenous trees are either wnotoriously slow in their growth
rates" (Forestry, Lagos 1962-1968), or they have wcrooked shapes" and

so they are "worthless as timber, pole or protective trees" (Mohamed 1978).
Therefore, both the National and divisional levels decided that "exotic
species which provide more rapid growth, suitable wood for specific
purposes, would be established". Lagos (1965) for example stated that
wthe estimated cost in this programme for the year 1is £7,500". By 1978, a
grand total of N17,166,111 (approximately £13,732,888) was recommended for
an "Arid Zone Afforestation Project Proposal" in the Report of the National
Committee on Arid Zone Afforestation (Abdullahi, et al (1978). There are
two forms of forest reserves in the zone subsequently: the 'superior’',
deliberately introduced exotic tree species rigorously established in
cultivated habitats or plantations, and which cannot establish themselves
in the wild in spite of their privileged intensive care. 119 alien species
have been officially recorded as having been propagated and perpetuated
into qua.si-naturnlised plantations in the savanna (Mohammed 1978, personal
comm.). Accidental or privately introduced exotic herbaceous ornamental
flowering herbs, not included, have actually established themselves in the

wild (e.g. Catharanthus roseus, Coreopsis tinctoria, Zinnia sp.) as imported

weeds. The propagation and perpetuation of the apparently superior exotic

species (e.g. Eucalyptus Sppe., Gmelina arborea, Azadirachta indica, Cassia

SPPey Tectona grandis, Pinus caribaea, Callitris Spp., etc.) into woodlands

start from centrally irrigated nurseries in polypots where special seed
selections lead to special selection of seedlings. The land clearing on
the field is done either by Labour-intensive hand work or py mechanical
tractors, using ‘contractors' to remove stumps of all potentially competitive
plants from deep depths. The plants are established in the field at the time

they should receive the maximum penefit of the rains in their first critical
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ground completely clean and cultivated; fertilizer is applied round each
tree, particularly superphosphate and borate.

The second type of forest reserves, the 'inferior' indigenous type,
have none of the superiority artificially imposed upon them, but they have
been gazetted and their boundaries drawn. They grow without management
under perpetual disturbances on land not considered suitable for agriculture,
They form the major sites for firewood fetching and are the pastoralists'
main grazing grounds, as well as the sites for composite uses.

The Forestry Department is apparently solely concerned with the
exploitation rather than investigating the reserves. Any student of
ecology recognises that a single or multiple change, such as the introduction
of exotic species, could trigger off negative or positive reactions in the
rest of the floristics in the environment. The possible impacts of these
alien species on the Guinea savanna zone receive their first known holistic
floristic surveys, analyses and their interpretative implications in this
thesis.

Attention has so far been directed mainly towards a subjective
physiognomic classification of tree communities. My use of an intensive
investigation of the herbaceous component of the flora is likely to result
in a more reliable description and sub-division of the fNigerian Guinea
savanna' than has formerly been available.

Clayton (1957) has summarised the fact from his large-scale and
intensive knowledge of the Nigerian Guinea savanna vegetation that "most
of the Nigerian vegetation are seral communities, not easily amenable to
the remote sensing techniques by aerial photograph interpretations”. He
concluded that "It remains to be seen whether some rational scheme of
classification can be evolved for this very diffuse nodum”, It is my
belief that field surveys on the ground, sampling and identifying the

floristics in diverse land use areas, including vegetation in superficially
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unused states, as well as vegetation in weedy man-made successional
stages, coupled with the quantitative assessment of the associated
environmental factors, and with the application of the now avallable
appropriate objective floristic and environmental analytic techniques,
will provide far rudﬁm results in the clarification of the "very
diffuse nodum".

A legitimate criticism could be that I am undertaking an over-
ambitious study for my thesis. However, a synecological study often
requires a holistic integrative approach. Land use studies also require
extensive studies as Clark (1977) pointed out that "the student of
ecological land use finds himself compelled, whether he likes it or not,
to assemble information from diverse fields ....". Dobbs (1969) also
believed and stated that "there are types of ecologists who deal with
tiny aspects of ecosystems of few controlled factors from which confident
assertions are made (but) it requires extensive field studies to deal with
the infinitely complex world outside the laboratory and to make suggestions
in terms of an environment, taking into consideration the multiple factors
in operation". Salisbury (1959) similarly stated that "Often in the past
it has been found convenient to consider the habitat factors in separate
categories, the historic, the climatic, the edaphic and the biotic", and
warned that "there is an inevitable danger in such abstraction that we
underrate the degree to which these interact to effect their influences
on plant life”.

In the case of the ‘Northern Gyinea savanna' of Nigeria, it has been
believed that "the detailed descriptions obtained in Europe require too
much skill and too much time to be suitable for Nigerian conditions"™
(Clayton, 1957). Therefore, crude simple, sub-standard techniques of
studying the flora-environment inter-relationships have largely appeared
unrectified., Clayton's supposition requires uphelding or refuting. This,

in my view, can only be done by a seemingly over-ambitious concurrent study

S ——
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CHAPTER 4 _
== ANALYSES OF THE NIGERIAN 'NORTHERN GUINEA SAVANNA PLANT COMMUNITIES

There have been few attempts to apply objective numerical analytic
techniques of either ordination and/or classification to the interpretation
of the Nigerian savanna flora distribution, and the plant communities therein,
though the northern three~fourths of the Nigerian land area are considered
as a 'savanna',

Plant ecological work has been concerned with attempts to develop
vegetation physiognomy as a tool in land classification. Physiognomy is
surveyed in conjunction with the main tree species and is subjectively
analysed in association with field soil surveys, using aerial photographic
interpretations as a remote sensing technique to suggest which soil groups
carry the densest vegetation and are of the greatest significance to growing
plants. This, of course, is not surprising when one considers the vast area
involved and the small number of often temporarily resident ecologists
working there.

Partly due to the difficulty of identifying herbacecus-graminoid ground
flora during the dry season (since the dry season is also the field survey
season because of the problem of accessibility during the rainy season) and
partly due to the periodicity and the great variability exhibited by the
ground layer flora, practically any serious analysis had been concerned with
trees, The consequences of biotic pressures through agriculture, tree
felling, grazing pressures, and tree plantings all of which tend to be
assoclated with seral plant communities in response to the dynamics of
temporal vegetational changes have not been appreciated or subjected to
distributional analysis.

In the "Classification and Qrdination of Nigerian savanna vegetation"py

Kershaw (1968a and b), based on his data from a vegetation survey in Zaria
Province, his concept of the Nigerian savanna vegetation was the unmanaged

wildland in forest reserves and vegetation expanses least disturbed by land
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use, at least superficially. These were, for example, located in "rocky
areas on sites which were irregular, steep, stony or too shallow for arable
farming". The same seemingly 'true' savanna formed the basis of the
numerical analysis by Ramsay and de Leeuw (1965). Lawson, Jenik and
Armstrong-Mensah (1968) also made their Ghanaian Guinea savanna vegetation
analysis in "Mole Game Reserve” which they said "represent a relatively
well-preserved area of Guinea savanna in Ghana”,

Keay, the architect of the "Northern Guinea savanna zone" concept in
Nigeria illustrated "how the diverse communities within one area of one of
the vegetation zones are arranged in a catenary mosaic, in order to integrate
the concepts of catena and vegetation zone" within the "constitutionally
reserved Anara Forest between Zaria and Kaduna" (Keay 1960).

Considering that the Northern Guinea savanna zone, as originally
delineated from the other Nigerian vegetation zones with isohyet lines by
Keay (1959) includes all types of vegetation, natural or man-made, with or.
without trees, shrublands, woodlands, grass-~ or herb-~-lands on any habitat
(swampy, rocky, gully, or plain site) the subsequent subjectively chosen
wooded-wildlands by every worker investigating the savanna are hardly
representative of the climatic regional vegetation zone which the Northern
Guinea savanna really means. The records and analyses therefore only
represent localised aspects of the vegetational variation imagined to be
nearest to the climax Northern Guinea savanna vegetation, rather than an
unbiased random sample of the zone on its regional scale,

Keay (1949b) investigated the cornerstone ecological "example of
Sudan savanna zone vegetation in Nigeria" from Zamfara Forest Reserve
where it was noticed by visual observation and by the intuitive mental
process of recognising character-species, that "several distinct communities
are at once evident, but there is no obvious correlation between vegetation

and topography except on rocky slopes and water courses". Yet the conclusion
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reached in that instance was that "the concepts of the assocliation-
segregates (plant communities) and topographic catena proved valuable in
the interpretation of this bewildering vegetation". Such an assignment of
a common cause to several subjectively recognised distinct communities,
suggests a need for a more accurate floristic description and numerical
analytic comparison, For, apparently the 'bewilderment' was got round by
a subjective arrangement of the vegetation dominants into "assoclation
segregates" on either "main or tributary catanae" because as pointed out
"it appeared to be comparable to the assoclation-~segregation of the forests
of North America by Braun (1935) " and "the importance of micro-relief in
determining the mosaic arrangements of soil types and plant communities

in African savanna has been emphasised by Morrison, Hoyle and Hope-
Simpson (1948)".

Again, Keay (1960) re-demonstrated the marriage between 'diverse
communities and catenary mosaic" in the Anara Forest Reserve of his Northern
Guinea savanna. A wedlock was suggested with the conclusion that "the paper
shows how the diverse communities are arranged in a catepary mosaic and how
they are affected by fires and native farming, and so integrates the concept
of catena and vegetation zone".

Fire or 'native’ farming should probably be regarded as ecological
factors in themselves and an objective numerical analysis would probably
indicate that the seral communities on habitats affected by decisively
intensive or non-intensive sporadic land use practices, including
agriculture, afforestation and grazing, are to be jointly considered in
the interpretation of the floristic distributional studies in the Guinea
savanna zone,

Contrary to the notion of causal factors culminating in a constant
catenary explanation of all plant communities, Bird (1957) demonstrated

instances in which the composition of vegetation provided a sequence which



reflected "local soil catenas" from a study of an Hertfordshire woodland.
Bird also pointed out in other cases that "relationships between the
composition of the vegetation shows little relation to the soil catena
because of structural variations due to human interference', which he named
coppicing, silvicultural treatment, long abandoned clearing, illumination,
recolonisation and natural regeneration communities.

The concept of the soil catena was suggested by Milne (1935, 1947) in
East Africa for soil survey classification and mapping to mean "a sequence
of soil types repeated in similar sites, or topographic situations, within
a region", Although Milne (1947) illustrated examples with soils and
vegetation under '"natural or semi-natural conditions" and could show some
sequential changes reflecting the soil catena on soils occurring on similar
parent material, he also saw other changes in vegetation which "bear no
relation to soil catena" and followed with alternative investigations for
other causes or factors, particularly biotic, The adoption of the concept
of "tropical soil-vegetation catena and mosaics" was only an "impression
based on ideas gradually developed with the experience acquired on African
journeys" (Morrison et al 1948). Wwhile the catenation or seriation idea
may partly explain undisturbed physiognomic distribution, they obviously do
not wholly solve the problem of plant communities based primarily on species
composition and those which are mainly in successional series as it is the
situation in the Nigerian Guinea savanna, in my view.

That soil catenas are also linked with drainage, nature of underlying
rock materials, or their joint effects, each of which may differentially
or collectively influence plant community patterns may be inferred from the
three forms of soil catenae postulated by Clarke (1954), viz:

"simple or drainage catena on regions of uniform rock material where

variation of soil are related to surface topography and drainage conditions

of soil";

45
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"geological catena in regions of varied parent rock material with soil

types related to geological outcrops”; and

"mixed catena in which soils are partly related to topography and partly

to geological features'.

It is apparent, therefore, that differences in plant distribution in
the Northern Guinea savanna in relationship with the catenary or topo-
sequential arrangements of soils will change in species composition under
the variations of simple drainage, as a result of the effect of the degree
of slope on which they were formed, but also with the geology on which
the soil minerals are dependent as well as the host of soil properties
(soil organic matter, soil porosity, soil reaction, soil texture) resulting
in soil variants whose properties are in a 'mixed up' state,

Keay's usage of the catena was limited to the "“simple or drainage”
catena of Clarke (1954). The method was to decide what seemed the most
rational concept which had some reasonable hope of being on the right lines
(because Braun (1935) or Morrison et al (1948) elsewhere believed it was so).

Several highly correlated vegetation stands were supposedly effectively
measuring the same source of variation (the simple catena) in both the Sudan
savanna and the Northern Guinea savanna, obviously because of the bias to
the classification of chosen sample areas based on the idea of the vegetation
as it could have been under a climax, Samples were collected in "discrete
vegetation units by reference to the dominant species, physiognomy and
directly observable site factors because it appeared to be generally
satisfactory" (Keay 1960), Analyses were alternatively subjectively based
on either "distinctive physiognomy" or on "segregation of dominant species".
The vegetation sample units were then forced together and forced apart into

subjective communities by the a priori decision-making factor.
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Fundamentally Keay's methods were geared to provide a realistic frame
of reference within which the vegetation of his isoyhet delineated large

geographical zones can be adequately described. The poet, Robert Frost

(1934) wrote: "There are roughly zones":

"eass That though there is no fixed line between wrong and right,
There are roughly zones whose laws must be obeyed ,..."

While samples of vegetation over a geographically wide range of latitudinal/
climatic locations may be dissimilar enough to be cut into arbitrary rough
zones on the hypothesis that sites found in close proximity and under
similar rainfall duration and rainfall intensity are more likely to be
floristically and physiognomically similar than those on widely separated-
localities, introduced exotic, as well as many native species growing in
the Nigerian Northern Guinea savanna indicate the species within the zones
are capable of existing beyond their ‘normal' distributional zones, Many
environmental factors thus cause quantitative floristic distributicnal
changes in the geoqraphic climatically-determined rough zone,
However, the field observation and measurements which represent the
possible factors affecting plant distribution, as Gittins (1969) states
"is very large and the initial problem is to identify those factors which
are most likely to be of overriding importance in determining the occurrence
of species and kinds of vegetation"., Tansley (1935) proposed "autogenic”
and "allogenic" factors for two major sets of gpatial distributlional factors

of plants. '"Autogenic" are those "brought about by action of the plants

themselves on the habitat"; while *"allogenic®" are those species distributions

"brought about by external factors”, Goodall (1978} suggested that “species
may be positively associated because one is dependent on the other or because
they are similarly affected by some third factor in the abiotic inanimate
environment", or that "they may be negatively assocliated through mere

spatial exclusion through competition, or allelopathic effects, or through

differing environmental requirements®, t

,aﬁ ¥



In the "acid test" view suggested by Anderson (1965) "Plant
communities may form assemblages of species separated by sharp boundaries
depending on the operative determinants, their uniqueness or their continua
in the environment. It may not be the qualitative presence and absence of
a factor which controls plant distribution, but the quality, duration, scale,
and intensity of environmental selective processes are important in deter-
mining the ultimate structure of vegetation".

Kershaw (1968) referred to '"the Northern Guinea savanna of Nigeria"
as representing "a situation where there is no knowledge of the affinities
of the various vegetational fragments"., But I think he was wrong. My
childhood pleasures and youthful adventures found their expressions in
climbing the hills and descending the valleys around my home to accumulate
an exact knowledge of where and when to prospect for the free uncultivated
edible plants in my environment in the Nigerian Northern Guinea savanna,
Besides, uninhabited savanna had always been my resort for recreational
observations, like most inhabitants therein., My botanical training
culminating in my present ecological professional life is only a cumulative
personal evolutionary trend of refining intrinsic interests and abilities
by quantitative analytic scientific studies of the affinities of those
various vegetational fragments.

Nevertheless, objective analytic knowledge of the plant-environment
interrelationships are extremely scanty as Kershaw (1968) appeared to wish
to point out, though there is an abundance of intuitive knowledge of the
environment and the associated plants among the inhabitants. Ordination
and classification of the plant distribution are here both employed to
explore these plant-environment interrelationships, to locate the possible
generalizations which may be made. Neither ordination nor classification
is therefore the end in itself, as used here,

The aims of the study are to guantitatively survey the existing
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variations in the floristic vegetation cover over the different edaphic
and major land use strata in the Nigerian Northern Guinea savanna
environments; to analyse and identify the existing plant communities
through a floristically defined method; to interpret the orders or trends
of the plant communities in terms of the quantitative attributes of their
edaphic and land use factors or in terms of the intensities of the other

major causal ecological factors in operaticn.

4,1 A REVIEW OF PREVIOUS NUMERICAL FLORISTIC

COMPOSITIONAL COMMUNITY ANALYSES IN THE

'NORTHERN GUINEA SAVANNA'

In order to obtain the greatest possible precision about the vegetation
distribution, it is perhaps necessary to base classification of vegetation
upon the floristic composition of plant communities. Broadly the main
schools of thought on this subject differ,

The Clementsian (American) School places emphasis upon climax
communities and the role of the dominant species in the community, "Plant
succession, the phenomenon in which a series of invasions occur in the same
spot", according to Clements (1905) "is a directional orderly and predictable
process of plant community development involving transitory changes in
species structure and composition®”, "This process,” he pointed out, "is
of universal occurrence which begins with nudation brought about by
production of virgin habitats or by destruction of pre-existing formation,
and ends in stabilization". The monoclimax concept implies that any habitat
in a given region, given enough time, will ultimately support a community
which is representative of the regional vegetation, because "successional
trends converge toward a similar end with regards to physiognomy and
recurrence of the same genera of dominant species” within a community

{Oosting 1956).
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Emphasis has been placed upon the daminant species and the successional
status in special habitats whose vegetation is uniquely defined by a single
dominant, such as in the beechwoods and bracken communities by Watt (1934
and 1947) in Britain. The objections to the approach of identifying
communities in terms of dominant species in the Northern Guinea 'savanna'
is that single-species dominance and climax communities are very rare,
except in artificial vegetations like in forestry plantatiorg, It is not
easily adaptable because the vegetation often has more than two or more
equally abundant species in the same habitat, Besides, the 'Nigerian
Guinea savanna' vegetation is largely semi-natural as a result of past
and present biotic influences. A pre-occupation with climax communities
could therefore involve seeking for flora communities which cannot be
readily identified on the field. It is therefore considered preferable to
base the classification of communities upon the visible floristic composition
of the vegetation. And thus though Clements' concepts are of fundamental
importance, the methodology is perhaps not practical in the Wigerian
Guinea savanna’,

The Continental School of Braun-Blanquent (1932) based community
delimitations entirely upon the floristic composition of sample quadrats
(releve) studied. Using their methodology, "objective" communities are
derived by the affinities of the gquadrats examined on the field. HOHEVEI,I
in order to be able to make a consistently objective rellable comparison
between communities and to unify results of floristic estimates from surveys
made several months and several kilometers apart, an elaborate scheme of
classification and ordination are now commonly used to provide the objectivity
which is not otherwise possible from personal judgement.

In addition to climate, Keay (1560) illustrated by means of physio-
graphic with physiognomic profile diagrams and species enumerations from

Anara Forest Reserve that the Northern Guinea sub-savanna zone can be
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organised into "diverse communities" related to "catenary mosaics".
Lawson et al (1968) also saw three types of broad communities in relation-
ship with catena in the Ghanaian Mole Game Reserve, viz: "upper slope
savanna" and "riverian savanna woodland" which "differed markedly in gtruc-
ture and species composition from the prevailing savanna type on gentle
slopes". They also stated that "middle slope savanna showed a similarity
in tree numbers, species composition, density, and basal area of trees,
suggesting an equilibrium of vegetation and environment".

The classification procedure by Lawson et al was based on the chi
square (x2 ) tests of homogeneity. The chi-square technique is "incapable
of indicating interrelationships among a set of samples representing more
than one underlying factor, and its sorting is based on an arbitrary
judgement" (Kershaw 1968a).

The delineated Keay's fNorthern Guinea savanna' of Nigeria was used
by Kershaw (1968a, 1968b) as a basis for a numerical classification and
ordination of the woody vegetation/environment relations. The results
indicate a complexity of vegetation variation that was explained by factors
other than climate. Kershaw (1968a) made his numerical classification of
floristic groups or associations based on differences and/or similarities
between floristic samples, using the 'normal' analysis methods of William
and Lambert (1959, 1960, 1961) in which the maximum X° makes a subdivision
of quadrats by the qualitative presence or absence of each species,
Eighteen assoclations were sorted out from the 'Northern Guinea savanna'
based on floristic similarities between points. The floristic affinities
were interpreted as "broadly correlating with their topographical and
geographical location" (Kershaw 196Ba), His analysis with recourse to
principal component plot ordination “showed that the first three axes were
identified with low/high water availability, presence/absence of fossil

ironstone cuirass material, and northern/southern trend respectively"
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(Kershaw 1968b), These are the two cases known to me in which the
application of multivariate numerical classification or classification
with ordination were made specifically on the 'Northern Guinea savanna'
for the purpose of identifying the floristic communities and to relate
them with the environment. Many descriptions of the same area and aspects
of the vegetation, without the numerical tests, are however common,

The great differences between the number of communities arrived at
by Lawson et al (1968) in relationship with catena, compared with the
eighteen separate communities identified by Kershaw (1968a) in the
'Northern Guinea savanna zone' appear to suggest that further investigations
and analyses by different techniques are necessary, While the three
communities identified by Lawson et al might represent a case of an under-
division, as the authors suggested ("Some finer way of classification to
cover the numerous variants occurring along the catenas will be necessary"),
the divisive monothetic classification method used by Kershaw (1968a) is
also known for tending to make an over-division of floristic data.

Besides, although the data for Kershaw's subdivision of plots were
originally in the form of Domin abundance values, the use of association
analysis automatically converts the data into qualitative presence and
absence data before assocliating all the possible pairs of gquadrats into a
dichotomous hierarchy of groups characterised by the presence or absence
of particular species. Greig-Smith, Austin and whitmore (1967) used the
technique to subdivide their sets of data on tropical rainforest and
pointed out that "a feature is the extreme fragmentation". Noy-Meir et al
(1970) pointed out that "assoclation analysis is likely to be much more
satisfactory as a classification procedure in species-rich vegetation",
and even there, "like other monothetic procedures, the risk of mis-
classification is considerable if the criterion species happens to be absent

by chance",



Osanoto (1975) made a normal association analysis of seventy-six
quadrats representing the floral data sample of the Aber Valley, Wales,
much of which were special habitats with visually discernible habitat
differences fairly uniquely defined by a number of main species, for they
had been shaped by past land use, soil differences, topography and sub-
terranean water level and were specially preserved for scientific studies
and for its recreational values, An assoclation analysis was expected to
work best under such near-single-species dominated communities but it was
found to "make an over-division of the floristic data matrix more than
knowledge and information on the environment could account for". The
end groups separated species with similar distributional patterns on

similar habitats from dissimilar samples, such as the Alnus glutinosa

swamp woodland from the Pteridium aquilinum fernland on the middle slopes

of the mountain, 1t also separated the dry ericold health from the Juncus
swamp and flush sedges and from the pastures, However, with the riparian
deciduous forest, mixed woodlands and stands not uniquely defined by a

single dominant, the normal association analysis displayed grave weaknesses,
The end groups from the monothetic divisions resulted in seventeen
communities, some of which were considered totally indefensible because

they were made up of as few as one, two, or three quadrats. In that instance,
eight final communities were re-organised from the seventy-six samples
following a re-analysis with the Reciprocal Averaging method of Ordination
designed by Hill (1973).

Alsc, Goldsmith and Harrison (1976) believed that "association analysis
may lead to mis-classification and over-simplification, because it is highly
dependent upon the vagaries of a sampling design using qualitative (presence
and absence) information".

Pielou (1975) used the term ‘community’ in terms of "pattern of species

abundance as summarised by the vector of ordered relative abundances" since
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"typically a community will consist of a small number of abundant species

and a much larger number of moderately common and rare specles" because
"within a general distributional form, communities have characteristically
different patterns of species abundances", Kempton (1979) also pointed

out the importance of floristic analysis by quantitative values, instead

of the qualitative (presence and absence) values, of specles: "An aspect

of community structure which has excited particular interest is concerned

with the pattern of abundances of all species in the community" and "the
structure of species abundance at a site may provide a better characterization
of the environment than the list of named species in multi-species

populations".

4.2 LITERATURE REVIEW OF THE APPROACHES

TO THE PLANT COMMUNITY

The views about what constitute a plant community are probably both
historic and diverse. Classification of plant communities is perhaps a
tradition as Poore (1962) suggested, that "since the beginning of scientific
interest in vegetation and the nature of plant communities, the majority of
botanists have recognised discrete units of vegetation which they combine
to form classes"”, Goodall (1963), however, made a counter-suggestion that
"the widespread recognition does not validate the hypothesis of vegetational
units any more than the once general acceptance of a flat earth proved that
it was flat".

The disputes and confusions implied were, however, perhaps due to
the concrete or abstract senses which the term plant community represents
to different ecologists, The difficulties associated with the classification
of plant distribution patterns into definite communities have been variously

stated by proponents of ordination or "analysts of data taken from gradients
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such as elevation, topographic-moisture, and successional factors
(Robertson 1978).

According to Curtis (1959) "the stands of a community or large
vegetational unit are not segregated into discrete and objectively dis-~
cernible units but rather form a continuously varying serles", Goodall
(1954) pointed out that "no communities are strictly identical but
exhibit continuous variation in detailed composition and therefore cannot
be readlly delimited as clear-cut units". Mclntosh (1958) similarly
concluded that “"because vegetation changes continuously it cannot be
differentiated, except arbitrarily, into soclological entities or plant
communities",

Curtis (1955b) observed that "within the prairie proper there is a
continuously changing series of species from those best adapted to deep
mesic soil to those adapted to very dry conditions as brought about by
very thin solls over bedrock", Curtls suggested that "topographlc types
are not themselves discrete but rather grade into one another" and the
mixtures of plants are likewise not definite communities in discrete
definite uniform habits,

whittaker (1956) aligned vegetation sample plots along a linear
gradient structure along the altitudinal and moisture gradients of the
Great Smoky Mountains, from which quantitative floristic data were
oollected and analysed, whittaker pointed out that "no clusters of species
curves were found" and so specles populations form a "complex and largely
continuous pattern or a gradient”, These views derive from the ploneer
work of Gleason (1926) for long ignored because it conflicts so fundamentally
with the views of Clements and his followers.

Classification into plant communities was linked with the distinct
and discrete community-type vegetation concept, ordination with the

continuum concept; and they were considered unreconcilable views by the
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proponents and opponents of either the premises of ordination or
classification. Major (1961), for example, considered classification

the only appropriate way of representing plant distribution. Major's
opinion was that "no compromise, bridge or amalgamation between the

opposing views is apparent"”, Poore (1964) did not accept the continuum
theory of plant distribution because "the field ecologist finds it
compelling to approximate classes on combination of species which occur

and occur again”., Webb (1954) objected because "some system of typification
and recognition of plant communities is an essentlal preliminary to a
properly based science of vegetation",

Conversely, opponents of community types as distinct assemblages
of species separate from other plant communities stressed the concept of
the continuous gradation of communities through the landscape. They
maintained that plant communities can only be arranged into trends,
gradients, or orders along environmental factors. Thus Goodall (1954b)
stated that "absolute homogeneity 1s unknown to vegetation". And Whittaker
(1956) saw the environment as a "complex-gradient comprising gradients of
many environmental factors or characteristics of environmental complexes
that change together in space", and "analysls should be based on arrangement
or ordination of samples in relation to the complex gradients or along axes
of variation in composition of samples".

Austin (1971) suggested that the gradient approach suffers from
"circularity of methodology and conclusion” and objected to the "linearity
of vegetational gradients based on gquadrat scores derived from estimates of
species in response to subjectively estimated environmental gradients which
are simple to measure". Robertson (1978) suggested that "in those instances,
floral relationships between environmental variables and linear gradient
structures must be successful because they were special cases where there

were no discontinuities in the physical envircnment",
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Grigal and Goldstein (1971) suggested that the "applications of both
ordination and classification techniques to community data are examples of
analytic modelling, the objective of which is to relate community structure
to environmental influences' and recommended that they should go together,

Krajina (1961) suggested that "every science has a classification of
its subjects of research and without classification (into plant communities)
there can be no science of vegetation", and so "a continuum should not
displace classification". And Daubenmire (1966) pointed out that "though
the continuity of vegetation is admitted, there must be a framework for
organising, storing and retrieving information".

Classes of vegetation therefore tend to be ordinated and continuities
of plant communities with one another are being classified using samples
of the occurrence in the field of species combinations from place to
place. However, the proofs of the continuity of plant distribution have
come mainly from undisturbed environmental gradients and where the continuity
is not interrupted by land use disturbance or abrupt environmental change
as Whittaker (1973) suggested: "Undisturbed communities are in general more
likely continuous than disturbed ones." Goldsmith and Harrison (1976)
also pointed out that "an ordination gives most satisfactory results where
one or two environmental gradients have marked overall control of
vegetational variation so that vegetation samples or species are arranged
along axes characterised by these controlling environmental factors".

The coupling of the community classification approach with an ordinatian.
procedure is therefore considered expedient for the investigation of the
mixture of the floristic continuities and discontinuities in the cerado
or 'Guinea savanna' field of Nigeria in view of observable differences in
the combinations of species from place to place which appear to reflect
edaphic differences and differential uses of land. The exclusive analysis

of plant distribution by either ordination or classification alone because
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the former relates to 'continuum' and the latter to 'discrete communities'
according to Egler (1962) "were extreme views concerning plant distribution"
and were "basically different personality types drawn from a student body
because of inherent prejudices”,

It is therefore the current practice to make concurrent analyses by
both ordination and classification for mutual elucidations concerning the
nature of vegetation distribution in relation with the factors of the
environment. Anderson (1965) suggested that "the acld test of any
methodology rests on the extent to which it assists us to understand more
meaningfully the ecological complexity of the biosphere (and) and the value
of classification and ordination lies in their use as tools in helping to
provide useful information for a particular situation; they are tools
of convenience and both approaches can be, and indeed are, appropriate
in certain circumstances"., Whittaker (1978) suggested that "these
approaches may be regarded as mutually complementary and are serving
different needs rather than antagonistic and can be combined in various
ways for the most effective study and interpretation of plant communities
and thelr relation to environment", Noy-Meir and Whittaker (1978) pointed
out that "there seems to be a trend of departure from the desire for an
all-purpose technique of continuous multivariate analysis towards
acceptance of the two groups of specialised techniques that may serve
both approaches to ordering community data; ordination and classification".

"Plant communities" according to Whittaker, "are complexes of synthetic
floristic aggregates now derived by numerical analytic comparisons of a
large number of floristic descriptions of samples described from a geo-
graphical area, with emphasis on the determination of the character-species
which more or less exhibit selective preferences for particular rarnges of
environment”; and '"vegetation is largely spontaneous and fluctuating with

respect to the selective preference of species for particular communities",



59

Whittaker (1956) thus pointed out that "plant societies are variable
unstable combinations of species which can be grouped only conditionally
into associations by analyses of the combinations and correlations among
plants", Conversely, non-numerical classification into plant communities
by visual inspection and subjective synthesis of quadrats into defined,
discrete, recognisable, repetitive classes", according to Whittaker (1973),
"are influenced by what the classifier thinks is most important and
interesting about these communities" followed by "intentional definition
of community-types".

It is asuggested that "both the traditional phytosociological methods
and the numerical methods have much in common" (Goldsmith and Harrison 1976),
however 1 think numerical methods may make the interpretation of the
observations more objective, less misleading, more explicit, consistent
and unified, Ivimey-Cook and Proctor (1966), for example, believed that
"assoclation-analysis is of value in examining the consistency of evidence
and conclusions in phytosocioclogy and in detecting directions of variation
overlooked by traditional methods", and "it provided a powerful tool for
the detection of faithful and differential species". However, 1 think,
Ivimey-Cook and Proctor carried the praise of association analysis too far
bearing in mind my references to Greig-Smith et al (1967), Noy-Meir et al
(1970), Osanoto (1975), and Goldsmith and Harrison (1976).

"The detection of directions of variation" attributed to association
analysis implies some linear ranking of floristic values from one or more
extremes to other extremes, Such sequencing of quadrats as "from the dry
to the wet habitats" was called a "uni-dimensional ordination" by
Mueller-Dombois and Ellenberg (1974). 1t does not, however, follow that
the resulting associated quadrats from the monothetic divisive association
analysis technique, or even from an agglomerative classification, is the

order of groups that would come cut in an ordination., Grelg-Smith stated
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forming a "mosaic of plant communities on a mosaic of habitats"
Daubenmire (1968), Aggregates of plants whose composition are fairly
reliable indicators of farming, rock types or periodic swamping in

the environment may be scattered in different areas of the fleld within
the cerado ('savanna') and still belong to the same community by virtue
of their floristic similarities. Thus, Daubenmire (1968) pointed out
that the term community may be used for "any assemblage of organisms,
large or small, whether continuous or detached" on the landscape.

Westhoff and Maaral (1978) viewed "vegetation" as "a system of
largely spontaneously growing plant populations, growing in coherence with
their sites". And Daubenmire saw flora assemblages jointly promoted or
jointly inhibited by the same environmental factors as belonging to the
same community: "Specles jointly tolerating the same rigorous habitat
selection that denies opportunity to all but a relatively few of the
great variety of species which can reach the habitat as disseminules
belong to the same plant community", consequently, "the more heterogeneous
the environment of an area, the more numerous are the kinds of plant
communities it embraces”,

Daubenmire's definition above, requiring physiological tests of the
promotory and inhibitory effects of habitats on species, can hardly form
a basis of a synecological study because of the large number of species
involved in communities., But an acceptable synecological gualification
of a plant community was suggested: "“A plant community is a product of
the environment and it is characterised by a few relatively abundant
combinations of diagnostic species which are peculiar to the community
and are unrepresented or are inconspicuous in other communities"
(Daubenmire 1968).

The Braun-Blanquent definitions involving the "constant" species,

"companion" species and "relatively characteristic" species perhaps
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represents the practical position that recognises the continuities and
relative discontinuities of species distributions in the field, It makes
interpretations of communities in terms of possible environmental continua
possible through using classification procedures as sorting techniques
which create communities of similar sample quadrats defined by the
possession of some species, or partition several quadrats in temms of

one or more species in order to identify relatively homogeneous similar
quadrats, Braun-Blanguent (1932) suggested that though the individual
specles react individually to variations within the same "association",
some of the species making up the association have high "fidelity", high
"sociability", high "vitality" within the association while other species
are low in the qualities and in their quantities within the same association,

Thus Braun-Blanquent defined assoclations from 'diagnostic', ‘constant’,
‘character', and 'differential' species as: "An association is a plant
community with certain constants and a certain physiognomy" and that "a
plant community is characterised by definite floristic and sociological
features which shows a certain independence by the prné.nce of character
species which could be exclusive, selective, or preferential",

Drees (1949) made a similar community definition by character-species-
combinations, viz: "A plant community is identified by its characteristic
taxon combination, including one or more character-taxa or differentiating
taxa"; where "character-species" are those "relatively restricted to the
stands or samples of a given phytocoenon and therefore characterise it and
indicate its environment”,

Braun-Blanquent (1932) suggested that species react together to
changes in the ecological factors so that "associations" are formed "through
the groupings of species having narrow ecological amplitudes and more or

less strict adaptation to given habitats". It is also emphasised that where



poasible a group of character-specles having relatively narrow distributions

together are better for the characterigation of a plant community and thg

envirvonment which they indicate, L
These analyses to identify the plant communities in the 'Nigerian

Guinea savanna' are based on the ideas that:

1. Plant communities are types of vegetation stands, continuous or dis~
continuous, recognised by thelr floristic compositions, Communities
are based on the correlations among the full species compositions of
community samples, more than any other characteristlecs, such as
physiognomy, dominant specles or microhablt. So "although physlognomic
communities can often be partially or wholly derived from aerlal
photographs" Clayton {(1958), my communities are based on the
agglomerative classification of floristic composition of numerous
quadrats and do not derive from aerial photographs alone.

2. Among the species that make up the floristic composition of a coﬁmunity,
some are more sensitive indicators of their habitats in the environment,
The analyses seek to make those indicator species and their companion
specles, the diagnoses of environmental factors,

3. Characteristic, differential, or diagnostic species and their constant
companions are used to classify the plant communities, |

4. Apart from using floristic samples based on the camplete enumeration
of the species during field surveys ta locate the species with relative
restriction to limited habitats, or the "species possessing fidelity"
(Braun-Blanquent 1932}, it ig also suggested that an "analytic scale"
should be used for the arrangement of communities in a "soclologlcal
progression® that indicate their levels or trends of organisation,
(That is, the use of quantitative species scores and ordination are -

jointly explored together in my plapt community investigations.)
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My plant communities are therefore defined as representing assemblages
of vegetation samples having similarly (but not identically) distributed
floral components; occupying continuous or discontinuous sites in the
field; characterised by their occupation of areas of similar land use;
or sites with similar physico-chemical edaphic properties; or sharing one
or more of the numerous environmental properties capable of being the causal
factor(s) of a relatively homogeneous set of floristic samples. When
subjected to an objective analysis, members of one community have intra-
group positive-definite significant correlations, and they are either
negatively correlated with member samples of other communities, or they

have semi-definite correlations with them,

4.4 COMMUNITY CLASSIFICATIONS BY CLUSTER ANALYSI1S

4.4.1 INTRODUCTION

Subsequent to the association analysis procedure used by Kershaw
(1968a) to numerically identify the plant communities in the 'Nigerian
Guinea savanna', the results of the application of many computer based
methods used in ecological classifications of botanical communities have .
been subjected to assessments in terms of "thelr practical utility"
(Pritchard and Anderson 1971). The evidences suggest that the assoclation
analysis, a monothetic divisive technique, generally leads to over~
fragmentation of communities, Community classification by an agglomerative,
polythetic procedure, using the quantitative flora values observed on the
field, however, have been generally praised as a "procedure for the more
or less automatic recognition of communities in vegetation" (Frey and
Groenewcud, 1972),

Pritchard and Anderson (1971) suggested that "assoclation analysis
is perhaps a useful method for making a first approximation to a community

analysis in a little known, superficially complex, tropical environment....
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but the interest in phytosociological analyses of plant communities lies
in the overall facies of the communities and not in the presence or absence

of any particular species", Besides, Pritchard and Anderson noted that
"Ordination and cluster analysis are not competing approaches, provided
the ecologist is cautious in making inferences, both can reasonably be

applied in the examination of multivariate samples".

Each raw data from an ecological survey consists of estimate cover-
abundance quantitative values for m observed species on N number of quadrats.
They are presented as a table of N rows of gquadrats with m columns of species.
The amount of data is such that patterns of associations or correlations
and causal factors cannot be easily detected. Numerical analysis are
to summarise the floristic information in the sample.,

The monothetic divisive assoclation-analytic techniques forms 2 x 2
contingency tables for all analysed species pairs based on qualitative
presence and absence, Williams and Lambert (1959) recommended omission of
data for species occurring infrequently because of limitations of computer
sizes, Ivimey-Cook and Proctor (1966) recommended inclusion of all species,
Crawford and Wishart (1966) included only those species occurring in at
least ten quadrats since "including species with few presence values results
in classification of the data into a large number of small groups determined
by the most infrequently occurring species". Kershaw (1968a) commented that
"association-analysis fragmented the associations into a large number of
apparently meaningless groups". According to Pritchard and Anderson (1971)
"the so-called Association-Analysis in which communities are defined by
the presence or absence of a single species is highly dependent on the
vagaries of sampling, and many workers have felt the method may result in
botanical over-simplification, so that nowadays polythetic methods are
more usually applied”. Madgwick and Desrochers (1972) therefore perhaps

aptly, concluded that "it is clear the test values (by association analysis)



result in very serious over-classification”.

As opposed to the gualitative differentiation of plant communities
in which distinction is one of nominal rather than amount of floristic
cover (as achieved through monothetic divisive association-analysis)
there have been suggestions for a total abandonment of analyses which
focus on nominal identifications of communities by named species from
the population. Instead, attention should be focused on the overall
community, using particularly species abundance which may provide a
better characterisation of a community than is obtained by considering
named species. Kempton (1979) for example, wrote: "The structure of
species abundance at a site may provide a better characterisation of
the enviromment than the list of named species,"

where the quantitative data on species abundance are desirable to
the derivation of communities, the association analysis procedure fails.
Quantitative floristic cover values may in fact be regarded as redundant
for an association analysis as the technique fails to make use of
guantities in the data analysed,

Agglomerative classificatory procedures, e.g. by Cluster Analysis,
have been particularly favoured by investigators who have cause to believe
that the quantitative data on species abundance might be more useful in
detecting the directions of floristic variations as well as providing a
sorting tool by which the plant communities sharing the same diagnostic
or differential species are organised from a matrix of floristic data,

Cluster analysis could be agglomerative in the sense tnat.it
“proceeds by successive fusion of quadrats (or species®having the most
similar distributional patterns" (Goodall, 1978) as opposed to classification
techniques which proceed as successively divisive techniques, It could
also be a polythetic procedure in the sense that many species are jointly

taken into consideration simultaneously in the agglomeration of communities,
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proceeding from single quadrats, considering which other quadrat is

most correlated to it, then which third quadrat is most correlated to
the two, and thus proceeds to build up a cluster of guadrats around

that which was first selected. The quadrats with the highest correlation
with one another are thus successively amalgamated into communities.

“"Cluster analysis seeks to divide the quadrats (and by inference,
the region surveyed, into groups of high intermal similarity with respect
to the species used" (Pritchard and Anderson, 1971). Araoz, Sarmiento
and Monasterio (1971) pointed out that “techniques of clustering are also
being increasingly utilized in the resolution of classificatory problems
in different fields of biological research" apart from in phytosociological
or plant community differentiations from field data matrices",

Hall (1970) was convinced that analysis by cluster analysis was an
appropriate "computer-based method for showing continua and communities in
ecology where there are records of some parameter of abundance of the
specles occurring at a set of chosen sample sites in the area under study
in spite of an extensive pattern of intergrading zones between communities'.
In my experience, however, as will be observed in some of my Normal or
Q-cluster dendrogram results in conjunction with my ordination of the same
sets of data, the "showing" of "continua" ascribed to cluster analysis by
Hall should probably not be interpreted too literally. The showing of the
overall "continua" (trends) may often require to be rechecked by an
ordination method, even with the application of a very effective agglomerative
cluster analytic technique such as the technique employed on the sets of my
synoptic floristic raw data and refined environmental data matrices here,

The correlation among the quadrats (and quadrat sites) are, however,
based on relative abundances in each case. Quadrats with similar environments
are thus most likely brought together into relatively compact hierarchical

subsets of less diverse members, shown by the linkages in a dendrogram.



4.4.2 THE CLUSTER ANALYTIC TECHNIQUE USED

The Cluster Analytic strategy used in sorting the Nigerian
Northern Guinea savanna plant communities from my matrices of
quantitative floristic raw distributional data is one of the forms
of the revised versions of the "Cluster Analysis" programmed into the
Oxford University Computing Libaries by Andrew (1975). The statistics
and the calculations for plotting the resulting dendrograms were also
outlined by Andrew (1972).

Everitt (1979) has pointed out the fact that "the number of cluster
analysis techniques has increased dramatically over the last ten to
fifteen years" and that they are being used in "the process of allocating
entities to initially undefined classes so that individuals in the same
class are, in some sense, similar to cone another". It is not my purpose
to mingle with the cluster-mathematical experts in the revisions and
debates over those existing cluster analytic techniques, nor those being
developed. While the discordant views among the cluster-specialists
continue, a pragmatic means of objectively assessing the relative
partitions of my data matrices into satisfactory ecologically meaningful
communities were considered found in the average-linkage hierarchical
representation of data sets into cluster dendrograms, based on the
formulae for that purpose by Andrew (1975). Neither was a proliferation
of classification techniques attempted, but the same procedure formed
the unified computational analysis for each set of the separate
observations from the different representative areas of the Northern

Guinea savanna examined on the field.
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4.4.3 THE CLUSTER ANALYTIC PROCEDURES

Given a sample of N quadrats whose similarities are measured by
the guantitative values of m species, the objective of Andrew's cluster
analysis is "to find to what extent the individuals (quadrats) may be
grouped together in ¢ {(less than N) relatively distinguishable,
homogeneous groups"., The clustering process proceeds by scanning the
whole data matrix table which may consist of the estimate scores of
species per quadrats (the quadrats being assemblages of species with
different cover abundance values), or of scores representing various
intensities of environmental properties. The relationships between all
the possible pairs of individuals to be grouped or partitioned into
classes are examined. Subsequently, individuals are clustered into groups
because their correlation exceeds some set levels.

The measure of similarity or “estimates of resemblance" employed by
Andrew (1972) varies considerably, but in general they are moreor less
the same with those reviewed by Sokal and Sneath (1963) and Blackith
and Reyment (1971). They include the correlation coefficient, squared
Euclidean distance, standardised squared Euclidean distance, non-metric
coefficients and the information statistic, The general statistical
basis is the coefficients of correlation among the quadrats (or items
to be clustered) or measures of distance between them. The simple
coefficlent of correlation between quadrats x and y (I have modified
Andrew's symbols in the interest of consistency with the symbols I

employed in my ordination formulae but the meanings remain the same
S, (xi=%) tyi-)

”‘Y?—TZ?L‘ (x~ x| [Z?l=1 Y ?13]

where xi = ith observation of guadrat x

with Andrew's) is:

yl = ith observation of quadrat y

N = number of guadrats to be analysed.

- N
* Zi-i -;‘-‘-i--nlanofquadratx



N
y = Z.L-i yi = mean of quadrat y
N

rxy = the correlation coefficient between quadrats x and y.

The advantage of using a correlation coefficient as opposed to an
association analysis as the basis of a cluster analysis should be stressed
because of their significance to quantitative data. Whereas correlation
coefficients quantitatively relates two variables, association analysis,
based on chi square, treats data as qualitative, present or absent. The
correlation coefficient relates the quantitative measures of abundances
of the species in one quadrat to the quantitative values of the other.
Values of environmental scores representing the intensities of environmental
properties, or factors, were also examined using the correlation co-
efficient basis of cluster analysis. The correlation of quadrats may
thus be used to indicate possible causal factors acting at different
levels of intensities,

A negative correlation between two quadrats indicates a degree of
oppositeness in the species compositions within them, Strong correlations
among quadrats are indicated by high correlation coefficient r-values
approaching +1.00 or -1.,000. All the possible pairs of values of the
correlation coefficients computed may in fact be examined for concomitant
significant positive and negative correlations and the quadrats which
mutually show high values or highly positive significant correlations
can be jointly interpreted in terms of the environmental properties to
which they were associated in the field, which is presumably opposite
to those quadrats having significant negative correlations. Thus Kershaw
(1973) suggested that "such positive and negative correlations lead to

separation of groupings which typify different communities",
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The clustering process in which the gquadrats are progressively

" combined into few and large groups by the distribution of the geveral

variable species in order to identify groups or classes of similar quadrats
within the set of sa.lpl; data matrix are called agglomerative as opposed to
divisive ones in which the samples are successively sub-divided into pro-
gressively smaller groups., Either case requires that a restriction is made
that no lndividual may belony simultaneously to more than one grouwp. An
exclusive hilerarchical structure is therefore imposed on the quadrats by
the progressive growing of those having the most qualitative and quantitatlvel
similar species distributional scores. The quadrats (or environmental)
matrix are thence progressively grouped together such that thelr clustering
patterns are represented by a dendrogram of fused quadrats indicative af
thelr grouping patterns, ‘

The clustering which proceeds with a restriction that no individual |
quadrat may belong to more than one group obviously forces ecotone inter-
mnediate or hybrid quadrats into a nunber of definlte class-~ or community-
clusters, Jardine and Sibson (1968) suggested that "“a cluster method which
transforms a simllarity matrix into a hierarchic dendrogram should be
regarded as a method whereby inequality is imposed on a similarity co-
efficient", and that "single linkage is the only method satisfying all the
criteria reasonable for any transformation to satigfy”. Jardine and Sibson
" {1971) devised a number of non-hierarchic methods which allow varying degrees
of overlap, Williams, Lance, Dale and Clifford (1971}, however, questioned
the need for cluster methods to satizsfy all of Jardine's and Sibson's
proposed criteria. wWilllams, et al, suggested that "in practice single-
linkage did not provide solutions which investigators found useful", |
Instead, "a more pragmatic approach to clustering" was suggested by williams,

| et al. Everict (1979) suggested that "the single-linkage method provided

by these two authors 1s applicable only to small data sets and the solutions

given are generally e extremely difficult to intelpret".
fi
'I ’



The conclusions reached by Everitt (1979) states that: (1) no single
method of cluster analysis is best in every situation; (2) the mathemati-
cally respectable single linkage is, in most cases, the least successful;
(3) average linkage clustering do fairly well overall. ’

Thus though five possible measures of the distance criterion are
available to choose from the family of Cluster Analysis Library by Andrew
(1975) and include: complete-link clustering, centroid linkage cluster
analysis; within-group heterogeneity, single linkage cluster analysis;
and average linkage cluster analysis, the last named method of analysis
was chosen, because in addition to its overall efficlency, as reported
(Everitt 1979), it enables it to handle a relatively very large data set,
which may be regarded as a distinct advantage in the situations connected
with aspects of tropical vegetation analyses. Besldes, the purpose
of a community classification, the practical objective is the production
of a summary dendrogram in which all the potential quadrats that are likely
to be indeterminable on an ordination scatter diagram due to factorial
complexities should be defined in terms of their average nearest neighbours
with which they are more closely linked instead of forming interlocking
overlaps as is the potential result in single linkage cluster analysis.

Measures of similarities or dissimilarities between the clustered
items introduced in Andrew's Cluster Analysis may be computed through a
number of alternative methods, from which just the "mean tralit distance"
strategy will receive my exclusive attention because of its applicability
to plant community analysis. For example, oned the alternative cluster
analytic procedures via "the average Euclidean distance technique" may well
be an advantage to a taxonomist more than to an ecologist as it accentuates
the extreme differences imposed by single characters and results in over-
fragmentations of community groups, similar to an analysis by a monothetic

classificatory technique.
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In order to be able to represent the multl-dimenslonal space over

' which the objects being cluster-classified are distributed, in nature,

along a perpendicular axils, Andrew (1972} considered that the "measures of
distance between their paired coefficients of correlation” should be used
to locate the "average absolute distance between the points", using their -

‘mean trait distance"i
P
tmy .
_dlj. = Jﬁ B E . [xfk-—-)qk]
k=1

vhere d(") = mean trait distance

1,3 = individuals being clustex-classified {quadrats)
P = pnumber of sample points
X = guantitative values of traits (e.g. species)
[4 = constant multiplier.

Using the mean trait distance {mtd) ls the same as using the average
of the absolute differences between the quantitative values of quadrats
along the vertical axis. Thus if two quadrats differ widely in the
quantitative values of one species component but they are identical in

{m) 1ls their average difference,

another, then 4

The clustering which proceeds by the average linkage clustering means
that the average distance between subgroups is computed by the arithmetic
mean aof the distances between the quadrats., Subsequently, those subgroups
whlch have the lowest average distance are flrst linked together, and so on,
such that each new group is represented by a point which is the mid-point
between the successively amalgamating quadrats. The quadrats which coalesce
early at the successive nodes therefore tend to be those having the highest
within-cluster estimated correlations, and within-group homogeneity.

The agglomerative hierarchical process proceeds to cluster the N
quadrats into an n-1 single group, palring one individual gquadrat with one
or more individual guadrats at each step until all the subgroups form one

large less homogeneous group, but containing local optimal hierarchies of

J | s
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coalescing quadrats.

A separate programme for the clustering sequences exists ard the
computational procedures for the accretion of the clustering units into
the hierarchical clusters into a dendrogram form is relatively straight-
forward. But it requires data manipulations in the case of very large

data because of limitations imposed by computer core store.

4.4.4 PLANT COMMUNITY INTERPRETATIONS

FROM THE CLUSTER DENDROGRAMS

The whole procedure may be described as an agglomerative polythetic
hierarchical clustering classification technique, although other ecologists
have been tempted to refer to such refined, sophisticated forms of classi-
fication techniques as a mupi-dimensional ordination® because with this
system (cluster analysis) the nclustering tendencies of stands can be
shown geometrically", and because win addition to cluster recognition, it
can serve to identify trends in vegetation variation, which may lead to
explanations in tesms of environmental gradients" (Mueller-Dombois and
Ellenberg, 1974).

Pritchard and Anderson {(1971) have similarly implied that the line
which divides hierarchical clustering procedures from ordination techniques
is a thin one: "Both methods share as their first step the summarisation
of inter-quadrat relationships in a table of dissimilarity coefficients”.
However, clustering analyses were obviously linked more with classifications
than with ordinations: "Cluster analysis seeks to divide the quadrats inte
groups of internal similarity with ragspect to species or characters used"
{Pritchard and Anderson, 1971). |

All the given N quadrats (or environmental observations} to be
clustered are each initially regarded as a single individual which can be
guccessively amalgamated in (N-1) steps till all have been combined into

a single cluster, The points are then grouped or clustered progressivelys
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A diagramatic representation of the complete hierarchical clustering
process from the N single quadrats to the complete cluster containing
the N quadrat members constitutes the dendrogram for the set., The
dendrogram thus represents a single cluster with different stages of
fusion by those which are the nearest neighbours, exhibiting varying
degrees of inter-cluster distances along the vertical axis.

A cluster analytic procedure which compresses the members of a
community into one relatively distinct compact hierarchic cluster unit
in the dendrogram is the ideal for an analysis of the communities from
the set of quadrats. The interpretation of communities from the dendrogram,
in principle, simply consists in seeking for clusters which are compact -
and well defined in the resulting complete cluster summary. For these |
tend to be the quadrats having the minimal intra-group floristic
variations, qualitatively and quantitatively. Pritchard and Anderson (1971)
pointed out, for example, that "hierarchical processes in the form of
dendrograms does not provide a means of identifying natural partitions
(but) the most commonly used rule seeks large proportionate changes in
inter-cluster distance at successive nodes of the dendrogram",

Correlations among quadrats in the cluster analysis should arise
because the quadrats contains qualitatively and quantitatively similar
floristic contents within them, either because the quadrats derive from
similar causal effects in the field, or because the species within the
quadrats are to some extent measuring the same relatively similar
environmental feature, or because the species in them exhibit some co-

response to a common environmental factor in their field sample-sites.



CHAPTER 5 FIELD METHODS
5.1 INTRODUCTION

Fig. 1 indicates the vegetation zones defined by Keay (1949-59)
on the basis of climate. Fig. 2 shows Clayton's revision in which he
subdivided some parts of Keay's "Northern Guinea savanna", thus giving
six savanna zones instead of Keay's five,

It must be pointed out firat, that both authors seem to agree that
the area around Zaria constitute the centre of their climatic-determined
"Northern Guinea savanna zone" or my 'Mid-northern latitudes cerado
vegetation of Nigeria' which 1 suggest is determined by a multitude of
factors from climate to soil differences, topography, geoclogy, and most
important, by historic and current land uses.

Secondly, their zones correspond well in the general outlines and
distribution of climatic parameters, as exemplified by the length of wet
season in days per annum, Fig. 3, after Walter (1968) and by the
gquantitative mean annual rainfalls for 24 illustrative locations from
the coastal latitudes to the northern limits of Nigeria, Fig. 4, after
Kowal and Adegboye (1972).

5.2 THE CLIMATE

Since the area around Zaria constitute a central area of the Northern
Guinea savanna zone, as pointed out above, the zonal climatic regime will
be described using data from the Institute for Agricultural Research
meterological office, Ahmadu Bello University, at Samaru, I have compiled
the monthly rainfall figures from fifty-five years' records (1924-1978)
based on this source (Fig. 5) and it will serve to indicate the mean
weather variations in the zone,

Samaru (11* 10'N : 7° 39'E€) is situated some 13km. to the north-
west of Zaria on the main Zaria-Sokoto road. It lies at about 2,250 ft

(= 686m,) above mean sea level on an undulating plain, It has been the
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Fig. 5. Monthly rainfall figures duri 1924-1978 at Samaru-Zaria.
SRS T LN Mobanwalacical Office).




headquarters of the Department of Agriculture in the defunct Northern
regional government since 1922, which explains the availability of the
reliable long-term rainfall data as shown in Fig. 5.

Clayton (1957) pointed out that rainfall is the major climatic
characteristic for consideration with vegetation patterns in Nigeria for
"other elements such as temperature, sunshine, wind, etc., seem to be
of little importance in distinguishing climatic regimes within Nigeria"
(except in exceptional cases such as the Jos Plateau).

The mean annual total rainfall is 1,096mm. and the mean monthly is
91.3mm., The graphic representation of the annual rainfall totals at
Samaru constructed from the actual rainfall figures presented in Fig. 5
is played on Fig. 6 which indicates that the annual rainfall has been
extremely irregular during 1924 to 1978 in its pattern of distribution
from year to year, so that the figure for mean annual rainfall is only
a rough idea of the precipitation available to vegetation growth from
direct rainfalls.

Fig. 7 represents the distribution of rainfall throughout the year
based on the calculated mean rainfall values for the 55 years. It
indicates that the rainfall is a one-peak type with the maximum monthly
mean falling in August. Most of the rain is, however, spread between
June and September, and this is readily apparent from the averaged
distribution figures in Fig. 5 as well as in the monthly mean rainfall
graphic representation in Fig. 7. 1089mm, out of the 1096mm, (= 99%)
of the annual mean rainfall occurs from March to October,

The climate thus has two distinct seasons: the rainy wet season
and the rainless dry season, corresponding to April to October and
November to March approximately (Fig. 5 and Fig. 7). The figures also
indicate that the beginning of the rainy season and the beginning of

the dry season are quite variable, though the termination of the rainy
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season is relatively abrupt and tends to occur in mid-October,

Mean values of Relative Humidity records (9.00 a.,m. daily)
indicate fluctuations similar to rainfall figures. The average for
April to October is 68, and 35 for November to March. The low Relative
Humidity for the November-March period is related to the persistent
Harmattans, The lowest temperatures are recorded in December during
the peak of the Harmattan winds, the mean minimum being 59°F (= 15°C),
while the mean maximum temperature is highest in April at S6°F (= 35,5°C),

Special attention to Flg. 4 will, however, suggest that the mean
annual rainfall is not an effective justification for the delineation
of a eries of south-north isohyt-vegetation zonal boundaries, although
the climate appears to allow for broad generalisations to be made about
the south-north general continuum, The general pattern may conform to
the hypothesis that length of rainy season and mean annual rainfall
decrease from south to north, zonally orientated, as a result of the
action and counteraction between the rain-pearing south-westerly winds
and the dry dust-laden north-easterly Harmattans. But Kowal and Adegboye
(1973) noted "anomalies" and '"deviations from the average in the length
of the ralny period and the availability of water" which did not conform
with latitudinal expectations,

Mean annual rainfall in Kaduna, for example, is 89mm. more than at
Ibadan, (Fig. 4). Yet Kaduna is in the Northern Guinea while Ibadan is
in the Rain Forest zone of Keay [1959) and of Clayton (1957}, Thus
Clayton (1957) suggested that “the annual ralnfall and its pattern of
distribution at any station in Nigeria is most irregular from year to
year, so that the mean annual rainfall can give only a rough idea of the
suitability of a station for a possible vegetation”.

It has been suggested that it is the severlty of the dry and rainy

seasons which controls the vegetation: "The difference between these
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Climates is readily seen when the severity of their dry seasons is
compared" (Clayton, 1957). Hore (1972) stated that "Zaria" (in the
centre of the Northern Guinea zone of Nigeria) "possesses a tropical
continental climate" and pointed out that "the continentality of its
climate is more pronounced during the dry season, especially in January
when the seasonal character of the rainfall assumes various changes in
the colour of the vegetation from lively green foliage in the wet season
to the dead-like brownish colour of the foliage in the dry season",

The final view of Clayton which came during the last stages of his
field work in Northern Nigeria is therefore worthy of particular notice:
"The classification of ecological units is not very consistent and many
of the boundaries are somewhat arbitrary. It should be clearly under-
stood that this (the climatic division) is only a first approximation
to an ecological map. Nevertheless it will serve to indicate the
general disposition of the major climatic divisions of the region."

(Clayton, 1958).

5.3 STRATIFICATION BY AIR PHOTOGRAPHS

In order to provide a "practical application of vegetation survey"
that will (1) "serve as an alternative to soil survey, providing a rapid
inexpensive method of reconnaissance surveying"; (2) "be an aid to soil
survey, enabling the greatest use to be made of air photos, suggesting
which soil divisions are of greatest practical significance to growing
plants which are not apparent from a soil survey alone"; (3) "be a
supplement to soil survey, providing evidence on existing and potential
land use, carrying capaclity, grazing resources, plant successions related

to erosion and conservation", Ramsay and Higgins (1966) stated that "the
methods employed were largely based on greater use of aerial photographs".
They stated that "“these were possible through the increased coverage of

the Country with modern high-quality photographs as Northern Nigeria is



very suitable for the use of air photography since the vegetation
cover. over most of the Country is open savanna"

Physiographic mapping is thus now commonly used as the method of
mapping vegetation and soils in semi-detailed and reconnaissance surveys.
The technique depends largely on air photo-interpretation and the procedure
is similar to that of the pedological air photo-analysis described by
Buringh (1954) for the interpretation of aerial photographs in soil
survey and land classification. It involves the classification of the
terrain into "homogeneous landscape units" based on the external properties
of landscape’; "where soil conditions have some visible physiographic
or vegetational expression on the surface, and where the relationships
between soils and the external expressions (vegetation) is mom or less
invariable" (Beckett, 1968).

The widespread acceptance of the physiographic or 'land system'
approach to soil vegetation survey was partly a consequence of the wide
range of conditions and the large-scale area usually involved. For
example Kershaw (1968) distributed a total of 433 plots "more or less
evenly" along the north-south distance of about 176km, "from Maska in
the north of Zaria Province down to ldon near the southern limits of
the Northern Guinea Savanna', Ramsay and de Leeuw (1964) procured their
401 sample plots in conjunction with "routine soil surveying" from an
area of about 7020 square miles (= 18,175 sq.km.) on the Middle Gongola
Valley within the Sudan and Northern Guinea zones of Nigeria, Similarly,
in the Ghanalan Guinea savanna, Lawson, et al (1968) surveyed Mole Game
Reserve vegetation which covers 900 square miles (= 2,300 sqg.km.) land
area.

Besides, for the Guinea savanna it offers the first real opportunity
to approach the survey of the environment in a rational systematic and
integrated fashion. It is also quick, relatively cheap and moderately

accurate for surveying a wide expanse of terrain with poor access routes.
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For example, Bawden (1972) estimated that "the area covered by each
area" (being investigated by the Land Resources Division (LRD) of the
British Ministry of Overseas Development" together cover more than
518,000 kmz and the objective is to "describe, map and provide area
estimates of the 'land form', soils, natural vegetation and pattern
of present land use',

According to Bawden (1972) "areas with the same pattern of land

form, soil, vegetation and climate" are defined as land systems .

It has however earlier on been defined without the climate as a "land
system is an area or group of areas throughout which there is a recurring
pattern of topography, soils, and vegetation" made up of smaller, more
homogeneous units known as 'land units' or 'land facets' according to
Christian and Stewart (1953).

The "land facets" or (land units) component parts of the 'land
system' have been defined as "a part of the landscape, usually with
similar form, on a particular rock or superficial deposit, and with soil
and water regimes that are either uniform over the whole of the facet,
or, if not, varying in a small and constant way" (wWebster and Beckett,
1970).

Stratification by the aerial photographic method thus depends on
a first derivation of physiographic major differences in the landscape
with or without brief confirmatory investigation by ground survey,
Mountain ranges, flood plains, mesas, and various types of plains, are,
for example, in addition to physiognomic changes with land use,
identifiable with reasonable assurance,

From such reconnaissance alr surveys the broad patterns of ' and
systems', their topography, geological materials, soils and the associated
physiognomic vegetational characteristics have been mapped into primary
divisions in various parts of the Northern Guinea savanna. It is obvious,

in view of the large coverage that the information could not be very
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detailed in the indirect methods of relating vegetation to 'land
systems' which is achieved mainly through delineation of mappable
landform features, from the aerial photographs.

Wwithout ground sampling, aerial photographic interpretations have
been found to produce confused vegetation and land use results in Northern
Nigeria. Vegetation patterns have been confusedly identified in most
areas because "the soil-vegetation relationship has been complicated by
cultivation, grazing, burning, and firewood cutting" (Ramsay and de
Leeuew, 1964), Clayton (1957) also suggested that "under the influence
of cultivation, the vegetation on all soil types tends to converge to-
wards a single cultivation community", Yet such a single ‘cultivation
community' observed from aerial photographs might be objectively
reducible into further floristically homogeneous subsets or communities
of arable land weeds reflecting the different 'units' or 'facets' of
the land systems, due to relative differences in the edaphic properties
in the 'land system' covered by the seemingly single 'cultivation
community' if direct ground surveys, complete floristic enumerations and
appropriate numerical analyses are combined with aerial photo inter-
pretations,

A possible advantage of air-photo interpretation is the elucidation
of the trend of frequent cultivation to infrequent cultivations under
the rotational fallow cropping of the land. Besides, a truly objective
sampling method without preliminary information may require an
astronomical amount of labour in collecting and analysing the data from
a large area. The aerial photographs form a quite objective method of
demarcating the 'domains' for detailed ground floristic survey, as
pointed out by Lambert (1971).

Lambert (1971) stated thath "the main features of the vegetation
cover of many parts are still so imperfectly known that a general

vegetation survey of such regions remains a primary requirement”. He



also suggested a need for selection of ‘suitable' sampling methods
in a large-scale survey to be based on "(1) type of information required;
{2) economy of effort; and (3) efficiency of operation".

The aerial photographic approach which is used also currently by
the Soil Survey Section, as it was used by the Land Resources Division,
has brought out some salient relatively distinctive features of the
environment which can be regarded as centres within plant community
continuum changes along their gradients. For example, the slope gradient,
slope shape, surface texture, and ground surface drainage conditions
were pointed out in the north eastern state of Nigeria (de Leeuw,
Lesslie and Tuley, 1972), The crests, river banks, bottomlands, plains,
springs, flat pavements of ironstones associated with the land facets
were also differentiated as parts of the land forms in that study, Yet
the blurring of vegetation boundaries by the emphasis placed on the
distribution of tree species has meant that vegetation induced by human
activities has not been sufficiently treated in order to meaningfully
elucidate the floristic differences created by land use on the landscapes.
The land use by man has given rise to recognisable anthropogenic botanical
communities in each Nigerian savanna zone,

The drawback lies in the preconceived concept of climax communities,
The approach links vegetation to climate zones and falls to give adequate
recognition to the fact that land use by man is the dominant ecological
causal factor in the northern states of Nigeria similar to the recognition

of the natural, sub-natural, semi-natural and cultivated landscapes of

Westhoff (1970).

Westhoff (1970) identified four useful major categories of dynamic
plant community continua on the landscape under the influence of land
use. He called them (with my paraphrased descriptions): (1) the natural
landscape in which flora and fauna are native, spontaneous, and vegetation

is undisturbed by man; (2) the sub-~natural landscape which is closely
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related to the potential natural vegetation, and shares its physiognomy.
However, the vegetation is not quite undisturbed because they have to a

certain extent been influenced by man; (3) the semi-natural landscape

jn which the flora and fauna, to a large extent, are native and
spontaneous, but the vegetation has been essentially changed by human
influence, However, these sorts have not been artificially manured,
drained, levelled down or otherwise intensively managed, and (4} the
cultivated landscape in which both the composition and the physiognomy
are essentially controlled by man.

There is no possibillty for the integrity of the aboriginal
communities to have been maintained in view of the historic and current
influences of man on the plants in the Northern Guinea savanna. The
natural type no longer exists in the zone. In my childhood, for an
example, I learnt about the traditional iron-smelting furnaces consisting
of pits and large stone cCamps outside the villages forming the iron-
smeltingspots from which metal workers produced hoe blades, cutlasses,
knives, spears, arrow heads and domestic iron tools. Iron ores were
mined and smelted on the field in camps settled between ironstone sources
and the sources of hardwood trees, Charcoal derived from tree trunks
and bellows were and are used, Reduction from ore to workable pleces
of metal took days, and reguired continuous fuel. The camps were
abandoned or dismantled after mining and smelting were completed, The
fields therefore formed the centres of metal productions and involved
the burning of hardwoods from trees felled from the surroundings.
Obviocusly, the savanna vegetation has thus been profoundly modified by
the use of trees for fuel in such an historic iron production in
different areas.

Apart from the iron-smelters, the traditional African economies

usually called tsubsistence' or 'peasant’ economles such as pottery,
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weaving (requiring looms), and the domestic uses of plants, depended
(and still depend) for their source of power on the exploitation of

the plants., A guantitative evaluation of these historic and current
significant factors cannot be attempted here, but their significance
suggests that the Northern Guinea savanna plant communities cannot be

described as natural, and even sub-natural vegetation types are very

limited on the landscapes.

The semi-natural and the cultivated vegetation of westhoff (1970)

therefore prevail while the sub~natural types are located on the rocky
untillable inselbergs and hills, and similarly relatively unused areas.
Zonation by land use vegetation around towns in similar climatic
regional savanna zones has been attempted by a few authors, based on
aerial photo interpretations of physiognomy and only preserved tree
species, particularly on the variation in tree densities or sizes.
For example, Pullen (1961) described the "zonation typical of long-
established settlements that surrounds Birnin Kebbi': “There is an
irregular zone of several hundred meters' radius, in which trees are
either absent or isolated and malformed, Further from the town the
cultivated fields have an irregular scatter of trees, and this forms
a wide zone which reaches as far as the uncultivated grazing land
where mature trees are absent, The following are well represented;

Butyrospermum, Tamarindus, Vitex, Ficus, and Balanites. Sclerocarya is

poorly represented and Adansonia and Parkia are rare" (Pullan, 1961).

Pullan referred to them as "parklands".
Ramsay and Ross Innes (1963) described "by ground and vertical air

photographs" the so-called 'parkland" of Butyrospermum-Parkia community

in the Guinea savanna vegetation of Northern Ghana.
My various predecessors have contributed to the plant ecological
literatures of the Soil Survey Reports at the Institute for Agricultural

Research, Samaru, have generally referred to farmed savanna areas where
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cultivation has been or is a dominant ecological factor as "parklands"
of one form or another. Normally, only the common species of the farm
trees were listed where species compositions were considered.

For example, Clayton (1963) distinguished "floodplain parkland"
and "farmed parkland". Three types of '"parklands" were mapped in Bornu,

after one species each, viz: "Acacia albida parkland", "Adansonia

parkland”, and "Parkia parkland” by de Leeuw and Tuley (1972). In the
discussion of vegetation around the City of Zaria, Jackson (1970)
described "Ceiba parkland", and that "the land is otherwise densely
farmed and natural communities are represented by the ruderals".
"Natural park savanna" and "artificial park savanna" are also found
in the work of Lely (1925).

As the zonation of land use depends on the use of aerial photo-
graphic interpretations and upon dependence on physiognomic descriptions,
the problems encountered in delineating 'land facets', 'land units' or
'land phases' also become a vegetational problem in attempting to find
the limits of each plant community. The continuum of cultivated to
semi-natural vegetation ranges from over current cultivations to fallowed
fields which become interspersed with coppice regrowths and shrubs and
even wooded lands with long-term non-cultivation.

These land use zonations depend on a large number of indigeneous

and naturalised introduced species (e.g. Butyrospermum paradoxum,

Tamarindus indica, Vitex doniana, Balanites aegyptiaca, Sclerocarya

birrea, Parkia clappertoniana, Adansonia digitata, Ceiba pentandra,

Mangifera indica, etc,) which attain their local prominence, abundance

or dominance wherever their distribution has been enhanced in farm,
farmed, temporary or permanently settled agricultural or pastoral sites.
'n-}eir distribution may thus be attributed to dispersion and protection
by man for agricultural, pastoral or domestic needs. They have wider

ecological amplitudes which are essentially anthropozoic in origin and



are characteristic of the associated land use., Such species are
therefore ubiquitous in their distribution, in terms of use for edaphic
indicators for they may occupy unassociated soils and sites across a
wide range of geographical area,

Personally, I find it inadvisable to use the term 'parkland' for
these uniquitous cultivation or pastoral plant communities. Though their
relatively distinctive zonation around towns and villages has been

described by many authors, they should probably be called 'tree savanna'

for they bear no real structural or utilitarian relationship with the
European recreational lands for which 'park' is used, and also because
they are more related to "a random scatter of widely spaced trees growing
in grassland, of variable heights, in which forbs and shrubs may also

pe found in varying numbers" described as "tree savanna" (Boughey 1956).

5.4 STRATIFICATLION AND SAMPLING OF

REPRESENTATIVE DOQMAINS IN THE ZONE

According to Kemp (1969), "the savanna region of Nigeria covers
an area of about 300,000 square miles (= 777,000 sq. km.)". The two
Guinea zones of Keay are about 400km, broad, north-south wise, and
occupy the central half of Nigeria that is colloquially called the
'“Middle Belt". It varies in land area between 300,000 to 330,000 sq.
km,, if an allowance is given for the differences of opinion represented
in Keay's or Clayton's zonal boundaries,

The Northern Guinea zone occupies between 140,000 to 1550,000 sq.km,.
in land area, by my estimation, still taking the differences in opinion
by Keay and Clayton into consideration. Since the official total land

area of Nigeria is "over 356,669 sq. mls" (= 923,773, sq. km.) according
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to the Nigeria Year Book (1968, 1973) the proportion of the total Nigerian

land surface area covered by the Northern Guinea savanna vegetational

regional zone varies between 15.15% to 16.77%.



In earlier works, the selected sample areas were mainly decisively
placed wherever the authors believed that the 'savanna' vegetation was in
a near-natural condition. Kershaw (1968) surveyed several localities
like erosional sites, rocky hills, granitic rocks and inselbergs, where
the vegetation appeared to be in the near-natural conditions., Keay
(1949b) based his example of the Sudan vegetation in Nigeria on Zamfara
Forest Reserve, and in 1960, his Northern Guinea zone example was surveyed
in the constitutionally reserved Anara Forest Reserve between Zaria and
Kaduna. woodell in 1978, during his supervisory field tour with me in
parts of the Northern Guinea savanna of Nigeria, visited the Anara
Forest Reserve with me, We observed that the soil in that reserve was
largely overlaid (and probably underlaid) by lateritic ironstone boulders
and bedrocks, sufficient to make tillage by hand hoes impracticable,

We also noted that the patches of intermittent soll deposits over the
ironstone bedrocks were too shallow to induce farmers to attempt any
extensive or intensive agricultural use, The slight differences in the

preferential distributions of lsoberlinia doka for the intermittent

patches of soil deposits, as opposed to the Isoberlinia tomentosa which

occurred mainly on the crevices of the more solid lateritic boulders,

were also noted apart from the general gradual species compositional
changes towards the valley lying away from the roadside, Ramsay and de
Leeuw (1964, 1965a and 1965b) made their analyses of Guinea savanna
vegetation surveys from little-disturbed natural-looking vegetation stands
on rugged upper slopes and summits of rocky hill tops with "granites

and high quartz-contents'" and on 'sandstones' where the hoe is an equally
ineffective agricultural tool in terms of causing agricultural disturbance
to floristic distributions. In the Northern Guinea savanna of Ghana too,
the vegetation as it could be, under the climax condition has appealed to
workers, rather than the vegetation as it is, under the most ecologically

influential factor, land use, by man. Thus Lawson, Jenik and Armstrong-Mensah
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(1968) made their species enumerations in relation to the environment
“"from Mole Game Reserve, which represents a relatively well-preserved
area of Guinea savanna in Ghana%,

Clayton, in an undated departmental essay on "Some Aspects of
Vegetation Survey in Nigeria' believed that "The chief difficulty in
using vegetation as an indicator of soil type is that under the influence
of cultivation the vegetation on all soil types tends to converge

towards 8 single cultivation—tlimax community., Thus as the intensity

© of cultivation increases, the natural vegetation becomes increasingly

insensitive to s0ll conditions". Subseguently, Claytont's methods were
explained as "Observations are made on stands at fixed intervals ....
though some judgement must be exerclsed to avoid completely atyplcal
spots". The subjective "judgement" to avoid the so-called "atypical
spots” often favoured by physiognomiats and searchers after undisturbed
natural vegetation have however been criticlised by many quantitative
ecologlists.

McIntosh (1967), for example, polnted out that "whatever clustering
of points does occur should emerge from objective data with minimal
subjective manipulation before or after sampling". Mclntosh also
criticised "Some investigators favouring the typal or nodal approach"
for appearing "convinced that such clustering would normally emerge if
enough undisturbed natural landscape could be found and gampled in a way
that the arrays present would all be represented in proportion to their
areas occupled".

Goodall (1954b), Hopkins (1957), Mueller-Dombois and Ellenberg
{1974), among many ecoclogists, have similarly all affirmed that no two
similar plant assemblages are exactly alike. Therefore, noc vegetation
stand 1s either 'typical' or 'atypical'. Mueller-Dombois and Ellenberg

{1974) pointed out that it is the "nonrecurrence of similar plant
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combinations (vegetation spots or quadrats) that focuses attention
on the different approaches of sampling".

Species populations are unevenly dispersed over a wide area
because of their aggregative patterns, due to the heterogeneity of the
environment, Several sampling methods have been suggested by ecologists
who have had anlyses by classification and/or ordination in mind.
Greig-Smith (1964) had pointed out that "truly random dispersal is
hardly, if ever, found in nature" but that "plant individuals tend to
be clumped or be continguously distributed around central points",

willis (1973) firmly argued that "Samples must be representative of
the community as a whole., This would not be so if they were all placed
near one corner of the community or localised in groups here and there;
neither should they be distributed in a regular manner, Exact and
rigorous procedures are needed. Each sample should be taken at random
for detailed analysis".

Conversely, Goodall (1952) did point out that the distribution of
quadrats over an area should be such that (a) "the mean values for the
whole area of the variables studied are reflected without bias in the
means of the samples; and (b) as much information about their variation
over the area may be retained as possible". Goodall contested at that
time that a simple random distribution does not adequately meet (his)
point (b). "Accordingly I advocate restricted randomisation techniques
in which the area is divided into several portions and the positions of
quadrats are randomised within each portion" (Goodall, 1952).

Dawkins (1970) similarly suggested that "Unrestricted randomisation
is inefficlent over large areas (although) theoretically, random sampling
has the advantage that it carries no conscious bias and is statistically
the most acceptable". Goldsmith and Harrison (1976) also stated that

though random sampling is '"generally considered to be the 'ideal' method
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of sampling as each sample by definition must have an equal chance of
being chosen .... it does not in practice achieve a random coverage of
the sample area, some areas being under-sampled and others over-sampled".
whittaker (1973) observed that "though it is natural to think that samples
of the set might best be taken from random locations in the landscape,
formal randomisation of sample locations has been abandoned by most who
have tried it",

Dawkins (1970) stated ﬁmat "Systematic samples tend to produce means
closer to the true mean than random samples" and suggested "records at
regular intervals" and "recurrent continuous sampling with detailed list
of contents" to permit calculation of growth in forest inventory. Although
Dawkin's suggestion was essentially a 'time series sampling' for a 'time
series analysis' attainable through recurrent continuous samplings of
permanent quadrats in a forestry or conservation survey where interest
could perhaps centre on statistical analyses of floristic fluctuations or
oscillations that occur on a set of permanently selected sites from month
to month, year to year, or from generation to generation, an alternative
systematic form of survey applicable to plant community analyses over a
large ground area was alsc put forward, Dawkins (1970) stated that
"stratified random samples, if well designed, produce the lowest sampling
errors of all without bias" and that it can be executed by "temporary
numerous once-only cheap sampling surveys”. It is also suggested that
the stratified random sampling is particularly suitable in "polyspecific
uneven-aged forest", which makes the method particularly valuable in land
use studies by virtue of the uneven utility of the land from one area to
another.

Stratification involves sub-dividing the field of study into
relatively homogeneous parts and then sampling each sub-division according

to its area. Goldsmith and Harrison (1976) commented that "it may be that
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the imprecise nature of community boundaries may discourage the Qse

of this method of (stratified) sampling in ecology but the advantages

it offers are potentially considerable, particularly for relatively
small-scale surveys of large areas". The sub-division of the area
studied, according to Dawkins, constitutes a 'stratum' (plural tstrata'),
similar sub-sets of the environment were, however, suggested in the
United Nations (1950) and were termed 'domadns'.

According to the United Nations (195Q), "Any sub-division about
which the inquiry is planned to supply numerical information of known
precision may be termed a 'domain' of study". Selected separate domains
may represent regional areas of major, minor or mini-units which c¢an be
further broken down into sub-units in which the properties of the
resulting groups become increasingly homogeneous, (according to the
report) for "any responsible scientist analysing a part of the environ-
ment must always keep in mind that his results must be as useful as

possible for as many purposes as may be thought of”.

5.5 THE TWELVE DOMAINS OR STRATA SURVEYED

WITHIN THE NORTHERN GUINEA SAVANNA OR THE MID-NORTHERN

LATLITUDES CERADQ VEGETATLON OF NIGERIA

Twelve separate surveys were executed in different representative
domains or sample areas of the Northern Guinea savanna zone of Keay (1959)
and of Clayton (195?). This zone corresponds to my 'Mid-Northern
Latitudes Cerado Vegetation of Nigeria', the name which I suggest now
in this theslis. It deflines the area of seml-patural, variously managed
gradients and intricate patterns of vegetation related to the composite
and changeable land utilisation practices like the frequent and infrequent
cuitivations, improved exotic and unimproved indigenous forest reserves,

unreserved grazing and fuel felling lands recurrently disturbed by man



and animals for the satisfaction of his needs for plants and plant-
parts. ‘

The chosen sites grade away (in representative areas) from near
the urban centre of Zaria to the surroundings of a rural centre,
Kuyello. My choice of Kuyello, for example, was a result of an
invitation for an ecological-economic survey request from the Kaduna
State Ministry of Economic Planning and Rural Development made to the
Ahmadu Bello Undversity, Zarla,

Nominally, the twelve representative domains surveyed are cutlined
as follows: |
I Galma Fadama Vegetation in the Dry Season.

II Arable weeds of Zaria-Dambo Kurmi,

IIXI Seral and weedy communities under Intensive Irrigation.
IV  Kako-Galma upland and Fadama arable lands,

v Upland seral, cultlvation and erosion communities,

VI Upland plains: A systematic transect survey,

VII Dumbi Inselberg and rocky hills vegetation,

VIII Mairabo Forest Plantation undergrowth communities,
Kabama Forest Plantatlon undergrowth communities.

Guga Plantation and Farmed Enclaves,

Guga semi-natural indlgencus reserve.

Eowo* o

Plant communities from Kuyello Rural Area Composite survey.

The names are partly for my convenience in terms of their floral
positions at the time of field survey or in terms of thelr geographical-
environmental locations. More important, howevery, is that each of the
domains also represents an area where a few major habitat factors are
visually discernible as important potential centres for similarly
distributed species but in which floristic continua are exhibited.

Bach of my domains thus concentrates, sometimes only approximately,



on features representing a particular type of land use such as

agriculture, forestry and irrigation. Approximately distinct geomorpho-
logical units of the landscapes, such as the lnselbergs, plains and
erosion also make up parts of the domains. Geologlcally different areas
like the ‘fadama‘', granitic inselbergs, basement complex rock outcrops
and ironstone hills form other strata or parts of & stratum.

Although I refer to such domains as sub-reglonal strata within
© the Nigerlan cerado (or 'savanna') other ecologists may prefer to call
them “ecoaystems”. Major (196%9) for example pointed out the antiquity
of the ecosystem concept from various world languages, According te him
"Men of cultures other than our own had the explicit idea of an ecosystem,
Man as an animal has been at least a part of the wild natural scene and
many of the terms in their languages succinctly encapsulate the idea of
a particular kind of ecosystem" (Major, 1969). I think “terms in other
languages"™ may "succinctly encapsulate the ldea" of a particular strata
or domain. However, I do not think it will serve any useful puwpose to
refer to any of my strata here as an "ecosystem", as Owen (1976} had
implied that an ecosystem can be locked at from too many levels, "It
is justifiable to regard the whole living world as one huge ecosystem,

. just as it is justifiable to speak of rain-forest ecosystem, an cakwood
ecosystem, ,.,. and it is perfectly correct to speak of an ecosystem
centred arcund a single plant." {Owen, 1976).

However, as '"terms in other languages" which '"succinctly encapsulate
the idea" of centres for relatively distinct floristic continua, I use
fadama in the sense that it is used in a Nigerian language (Hausa),
meaning approximately, the bottomland alluvium of large wide rivers,
Kurmi 1s also used in its Hausa sense, meaning approximately, a narrow
small river or stream-side seasonal floodplain having its own relatively

distinct floristic and/or physiognamic homogenelty. English equivalents



of other Nigerian floral strata are maintained for the domains sampled,

Each area will be summarily described, and my procedures of
research techniques, the floristic communities or community gradations,
found will be indicated and will be related to the properties of their
physico-chemical edaphic enviromments, in particular, and to their
geological, blological and land use factors, as far as possible.

The sites cover areas of contemporary land utilisation methods
ranging from the developmental intensive agriculture, with or without
mechanisation, to the 'on' and 'off' cultural system of agricultural
land rotation., 1t also covers shifting pastoral land use and permanent
forest reserves, with and without intensive care, The diversity of
edaphic conditions, from the inselberg and hill ranges, erosion pattern
differences, localised riverine relatively recent depositional colluvio-~
alluvial materials to the hydromorphic soils of older alluvial deposits
on floodplains of large rivers, are also represented. 1 do not, however,
claim that the range of the land use, soils and plant communities in the
whole of Keay's and Clayton's Northern Guinea savanna zone will be
exhausted by these sltes,

None of the individual sites is by itself varied enough to represent
the zone, They are located in five relatively discontinucus areas and

were separately examined in the course of field works for data collections.

5.5.1 LOCATION OF THE STUDIED DCOMAINS

The basic areas in which the domains of study were located are five
discontinuous sites as follows:
1 The Galma Basin complex.
2 Mairabo Forestry Plantation,
3 Kabama Forestry Plantation.
- Guga Forestry Plantation, Forest Reserve and Enclaves.
5 Kuyello and its environ on Funtua-Birnin Gwari Road.

The locations of 1, 2, 3, 4, 5 above in relationship to Zaria are



98

SOKOTO STATE T ey

\ Mutymiaghe

( . '3

] FYNTUA , A o
P o /\5 7 - KANO STATE
(I ‘ . \-‘“‘ e lu:}"-_/-.
/ \’ 4 ""'-3 dpare. -
//'- e ) '\‘__‘ nana :
(J RANIRAR t-‘ ooy .‘; (
\ e \\ ' \
. . o
<lu«m Bornim et o = TWane ¢ —~ s
(' h‘_-‘ ; | "y I‘\. ™~ - J7\~ "
- \ * )

r L]
#h'\_ J - g
2
Y N

‘ <
' - '\W 'bv
'
v
AR S
Pari = ‘EL‘_ EJ‘- 34
f ;
st it 8 \ e
T GUGA PLANTATION “==,
o f\ 4 FOREST RESERVE ~o X g X e
(v e -~ KABAMA PLANTATIO
‘gp mar f""’ s,
] V 4
r& Ve
sty Sy I):’{
'\_
o . .

ey
§eALEs | Q000
2 '] ? [ (L]
P P— ’
' ] U 4 3 i § Milep
e Main Road ——
Railwayd e
Rivers & Streoms —
Town Walls & Towns =
Survay Artas ::::.. _ ) oKako {l J
1

LOCATIONS OF SURVEY AREAS

ot L

23 3
s e w Al seontinuous




99

The Galma Basin Complex is used here in a gecgraphical sense rather
than in a geclogical sense. For, in thie geological sense, a 'basin' is

}
"a depression of large size, which may be of structural or erosional

4
origin" (wWhitten and Broocks, 1978). Irl its geographical sense, a 'basin'
is "the area drained by a river and its tributaries" (Moore, 1974}, I
use the Galma Basin Complex to includé several geographically associated

small land stratas, or domains, drained by one major river,
!

The Basin Complex is the area clrained by the Galma River and its

tributaries. The part of it studied was made up of about 260 km. sq.

i
- extending southwards from Zaria between 11°53' and 11°51'N, 7°39' and
7*47'E. 1t is bounded by the Zaria-Kaduna highway on the west, the road
through Zangon Aya to the south, the straight line joining wuchichiri to
Dambo to the east and the Zaria-Pambegua—-Jos road to the north as in
Figs. 9 and 10. Domains I-VII are distributed on the Basin Complex to
cover the strata of the landscape, the principles of which I discuss
under 'Design of Ground Survey Sampling Techniques®,

MAIROBQ FOREST PLANTATION was gazetted as a Native Authority Forest

Reserve in 1933 as 'Zaria N,A. No. 4 Local Fuel Plantatlon', It covers
177.38 acres (= 717,856,.86 square meters) according communications with
the Provincial Forest Offlce in Zaria (Mohammed 1978}, 1t lies about
2 km. north of Zaria City, bisected by the rallway and telegraph lines
from Lagos to Zaria, It is bounded to the east by the 'Zaria bye-pass'
highway from Kaduna to Kano and Samaru. The Mairabo stream which rises
from the Kufena Inselbergs and flows into River Kubannl, a tributary of
the Galma River, forms its natural northern cultline, It iz surrounded
by Mairabo and Tukur Tukur agricultural villages but it has speclal
protection from the villagers and in spite of its proximify to Zaria
City, it constitutes an intact plantation reserve for exotic species

(Figs. 9 and 11).
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KABAMA FOREST PLANTATION constitutes Zaria Native Authority Forest

Reserve No. 15 as originally constituted into a Northern Regional
Government Forest Reserve in 1918. It was gazetted as covering 1373.9
acres (= 5,560,173 square meters) when it came under direct control of
Zarla Native Authority in 1939, Records from the Forestry Divisional
Office in Zaria suggest that the introduction of exotic species started
in 1967 and states that "Most of the plantable land is now planted" and
that "some good thinnings have been extracted" in the 197 entries. The
Kabama Forest Reserve was thus apparently nominally reserved for a long
period but it is now a plantation reserve, largely. About half of the
approximately 5.5. sq. km, gazetted land area constitutes the Kabama
Forest P antation,

The Plantation is located opposite the Aviation Training Centre,
Zaria, and bounded northwards by the River Kabama which flows into the
Galma River, before the Kabama village. Its location and environs along
the Zaria-Samaru road are indicated on Fig. 12.

GUGA FOREST PLANTATION, FOREST RESERVE AND ENCLAVE was initially

Zaria Native Authority Forest Reserve No. 22 located in the Giwa District

of Zaria Division., I describe it in terms of plantation, reserve and

enclave from the point of view of obvious land use differences, but it
continuous forest reserve, According to the official citation order
contained in the supplement to Gazette No. 17 published on 23rd March
1950, preserved in the office of the Divisional Forest Officer, Zaria,
its location and limits were detailed as follows:

The Guga Forest Reserve is on the right hand side of 3okoto-Zaria

motor road when proceeding from Sokoto to Zaria, 1t starts from the point

where the motor road crosses the Marke Stream and terminated by where
the same road is crossed by the Dangwal Stream, It is bounded on the

east by the right bank of Dangwal Stream in a general south-westerly
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direction. On the south and westward it is bounded by the footpath
joining Anguwan Jaula to Anguwan Tsibiri. (Anguwan means hamlet.)

Its latitudinal and longitudinal location lies approximately within
11°4'N and 7°33'E respectively, and most of it is at an elevation of above
2,200 ft (= 670m, ) above mean sea level. It has a total land area cover
of 18 sq. km, (See Figs. 13 and 14.)

GUGA FOREST PLANTATION by 1978 has had nine years of active planting

with exotic species. The oldest stands data from 1969, and 415 hectare
(= 4,15 sq. km.) have been planted in intensively cultivated areas on the
River Dangwal side of the reserve,

GUGA FOREST RESERVE ENCLAVES consist of two sites (known and mapped

by the Forestry management( viz: Gidan Adamu Enclave and Anguwan Jamo
Enclave. The existence of the two Enclaves is connected with the
principles of forestry management methods in reserves, and the historical
occupation of the land. As far as possible, the Forestry demands
elimination of competition from local inhabitants and their forms of land
use, Human activities existing in the 18 sq. km. land before the
‘citation order' were restricted to the two enclaves, where farming was
permitted. °

GUGA FOREST RESERVE is the remaining area of Guga under reservation

but neither specially planted with trees nor farmed as in the Enclaves.
Pastoral Fulani herdsmen are permitted in the enclaves although there is
no special allocated area for grazing purposes., In practice inhabitations
were not restricted to the demarcated enclaves because temporary erections
and abandoned pastoralists' shelters were located during my surveys of
the reserve although the whole Guga area was covered by the gazetted
management plan, Cattle, goats and sheep were commonly seen on the field
during my fleld work too. It formed a communal multi-purpose land use

area., Firewood for domestic (and possibly for sales) and grasses for



105

thatching were cut (secretly) although there was one patrol guard to
enforce the forestry management laws on farmers, firewood hewers or
pastoralists. Fire is forbidden, but there were signs of burning,
possibly intermittently, on the trees, Paths linking rugas (pastoralists'
shelters) to the Enclaves and to the Sckoto-Zaria road ramify it.
Uncultivated trees were de-topped to provide foliage for cattle, sheep
and goats. I separate this unmanaged nominal reserve from the rest
because its land use is undefinable, numerous and chaotic,

KUYELLO AND ITS ENVIRONS covers the area within and around the so-

called "Farm Settlement Scheme on the Model Village of Kuyello" (Bot 1977),
started by the Ministry of Economic Planning and Ryral Development of
Kaduna State. The domain of survey is located between kilometers 60 and
65 from Funtua to Birnin Gwari Road., 1t lies between latitudes 11°12°'
and 11°16'N and longitudes 6°55' and 6°59'E. The Dogon Dawa Forest
Reserve lies on the oppsite side of the road which is the north-western
limit of the survey area, The south-east boundary is formed by the River
Damari., The road from Unguwan Farinbatu to Old Kuyello forms the south-
west boundary and another road linking Duniya Village from near the
River Damari to Kompany on the Funtua-Birnin Gwari major road forms the
north-eastern end. 1In all, the area sampled covers approximately 36

square kilometers. See Fig, 15,
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CHAPTER 6 FIELD SAMPLING FOR FLORISTIC AND

ENVIRONMENTAL DATA

6.1 INTRODUCTION

Field work on domains I to XI took place over one calendar year,

It commenced in January 1978 when I returned to Nigeria following my
archival studies in Oxford. It terminated in December 1978 when 1
returned to Oxford in January 1979.

The field work on domain XII around Kuyello was, however, executed during
December - January 1976/77, as a part of the routine team work executed
by the Soil Survey Section of the Institute for Agricultural Research,
Samaru, Nigeria. It is incorporated into this thesis because it was
a floristically detailed survey made in conjunction with a semi-detailed
soil survey. It is the only part of the previous vegetation surveys
made by me, independently or as a member of the Soil Survey team, that
falls within the 'Northern Guinea Savanna Zone', My other surveys were
made either in the "Sub-Sudan" and "Sudan zones" of Clayton (1957),
either specifically for the analyses of weeds of arable crops, or as
a member of a reconnaissance survey team with the L.A.R. Soil Survey
Section and with the Land Resources Division (L.R.D,) of the Ministry
of Overseas Development between 1972 to 1975. The L.R.,D. work was then
taking place in the "Southern Guinea Savanna zone" of Keay (1949-1959)
on the Hiver Benue Valley around Makurdi.

The field ecological work and the floristic analytic experience
gained through the independent and team work in those so-called "“sub-
zones" of the Nigerian 'savanna' have contributed to what, possibly,
may be thought of as my 'anti-savanna zonal concept'. 1t has induced
me to wish to subject floristic and environmental data from the Nigerian
'typical' savanna zone to guantitative multivariate analytic techniques

to test the homogeneity attributed to the regional vegetation.



[ & I e
‘Spue] e1qel€ jussal pue juexand
m PI0563 U380 [CJUSWUOJITAUS DUE DI351401J PAT3e313Uend ayj Ul pIsn JemIoy plaly
[ ov=vroz v~ 5 BN — Vi R s i a5
Ly %, 305 2sDg - / WRP Rt WIEE G
[ EER — 3 Iduw\uﬂdd I
gy O M 3)gpjopnx3 - 7y .
‘so-0 DN 2]90}304)%3 - s
P wogJop2 3wbbJQ - 7
u =t
. % PUDS — 7
mua weoy Zysd Y 11'S - /
oy HF ./, AD]D — 7/
o $52UIVU0}S : 4
o IDIIDJ 1WA | = / Loty
© :SisD> wiomyjiD3 - £ - gty - B bl
A)I0SqLs JO AJ1]i1gDawiad = S Rt a3
r Vg sabouniQ — 2z A = u..n“.W
c ‘uoI1s0dy o 7 |@ﬂu\.ﬁu.l o e o
7 “DaJD 2.Dg = g | Toryoe Lk T ald/ dod ol
:J0 3jowijsa 3|ods-jurod Al - & |7 vhr|.ﬂnﬂd.u.uum.l
P9 yimy 3 77 -Inojos [0S —_ v B i i i D Al
— p— Jj3adsy — - s A 4 u“d..ﬁﬂﬂllﬂl
~E-¢ idap o5 || — 7 i@a%ﬂl«ﬂwlm.ﬂw:wu = F 2 il kil i d
/ Tado)s jo aasbag —_ 7 [PV AUEY wpvyr Riig se! & Tnacsavws  WiweL Oy
€ ‘215 owydosbodoy — = . L sk 4 = £ 737 S Sk
=37 .[UC] pawJnjun wolj 1S S0C J34A0) HeEEL 0% J3ATH — Sg33M
ST IR g e e e Sy Fe vy wyi AT - -
b S e e TS \15\“ ﬂﬂﬂu “Mr\ %“uuaf..
T u.vn\ — g v.wiﬂ.tli\-i\t\ fﬂﬂh\ Yﬂﬂ
R T e ﬂ:ﬁaﬂﬂﬁ
INﬂﬂ”\qu.v.ﬂ..lﬂ“lM"‘ TpwerT yeRET=% Je )53 | — — R = =1 = -\.‘Q-lju. =TI
[ T "sdos> uo #sjou sayjo Luy InoBi Ao Wi 1510 F023 MG 1510| 1Y XDW [JY UDaN| J340) SJd 0¥
e A i s - el g AB|Y [P VoS QWSS e SEVERe SRR G
yr* BTEINT o yey .sbuipsam snoiadid jo oN | . vhE o @S dvy yINS vgv 1330 6ur1idpy;)
& .wJiD4 U! s2)j0wbs )0 .9<~ ‘wipng W sdol) JO oz—_Elu.ﬂ X W-—pz Wid4 jO0 321§ _...?u —~a/ .3Z1S uuubc:m_ ZE€ -ON ‘id
Svrv tylryiS| 92 © Z 300 | .apnyibucy | ;apnyyny |—| Zf W wmph — wAwRTF¥ wonDI0Y
SJ0¥D 378v¥V NI SGI3M_VYNNVAVS V3INIn9  *% 7“7




109

.nl‘ill‘luldﬂmﬂamgﬂ:ﬁ pemaejun Ul 030 Huﬁﬂgjgg

Uamuo ] 9AT3E 3 5 FBWio s 30

i S T
Vs S 3 dewiSh peavenv
s.\uhl\ M\ .-..u\v \.}..h *FsL
i R e aited | -
ETr g \.Ic.(!.‘ LI A
*‘t‘n\ .7 ;= Wl bys
Avers 23/ \.\...\._1. -Q\(
pe 7' 204 % Jlos 50§
il 33D
590 ¥ 2/qD}3D1p> 3
cvg DN 2)§D)304)X3 7 5 t.N»sk VideiT ey
25 0 UO@D3 JioLip v i ~ M...d 7R
eC HE Y7y e vivoe 2
el (%% PUDS T | wrvore  eRaT gy
Pa P P .\ic\ﬂua\- WS T [pvasame t\d:L\»L\sL\..
L2/ C % Ati3 T (Pe e Vesaviey -
o hubt.a.dum.— F3 J_...\\‘LL_-\ (.tt(khl*
[ Di.DWIR) /WY \t\..iﬁ B suisiabitin: £
= O KSDI widmino3g T et !:t.u\t...‘\b ~F 4 =~ ..u..\c.nulﬂdu.wuu
Aweny o Fews  ALIQOIWIdY £ h“\.antu.:.-w YA NE | ¢ (7T RN
13 - A WND2] T | Doy VvV~ 7 = O S
Q ..QQ...“.DMW-— £ | e iu.;“ﬂﬂu‘-.ﬁ-‘ B r ..\M\N h\\\l\hth s
] D240 .n.....,mﬁﬁ T § g e TRt 1 il B ZeLir weyao
T40 3CLUNTd 3)Daz-jused tx...k«_._l g Wiy HApSicg i |~ ¢ v wrmadrsena g
F 4 Jngjed jiog L T o e e ;2 | = T | v wypesteveay
e Jo3dsy g e g s e Al - ~ e 2wy Sapawvely’
o ,0§—0 wI*z 0§ || - Bl ok R iy ] T’ 5 N T Vit . A i 3 WL GONRIST ™  wey-wy g
Zz 495 4o »3...._0._70 ._.._..bu. o3 EFTH EELE R b =R e ) ”
T uf.n.‘_..l.. Tn. 3 X9 S3AYT ONNOHY | S3¥03IS YIAVT EA¥KS | 571007 PER LTI
) A A 7 R A A ey S0 eme i)
SR T VS v VILY OO % g (IlS[js e wiviees  we sysmgewmp 4 AS¥ES KOS o0 -
\IF\JLQQ.LJC AC._QA Eh AL ALY IVE S ..ti.u...\\:v , Fs et e an .28n ﬁcuw— C .y » w2/ o T o T _
- uuu.ﬂﬂ— FL & 1 Uuuﬁ,— ubbﬁhcwqﬁ PRI L eyvp ey dmvgv]) BASCIIY 45 ey TR uum M
AIAYNS 3SN GV — 10S —NOIUYVLIFOZA ‘VNNYAYS VZHIND NANZ2! il :




For my present gquantitative analytic approach, the two example
formats attached were designed and used in the concurrent survey of the
flora and their environmental properties. The first type of format was
used in areas visually discernible ags current or recent arable lands
under the rotational fallow farming system within the cerado (or fsavanna'l.
The second type of format was used in areas which were covered with trees,
shrubs or forbs, for examples, in unfarmed lands on swamps or on rocks
and in forest plantations or in simply legally reserved areas of the

cerado.

6,2 FLORISTIC DATA COLLRCTION

FROM THE DCMAINS

The field method used in the floristic data collected involved the
Cover-Abundance value estimation cof all species present within 10Om. x 10m,
quadrats, A 100 meter-long chain was used for the measurements of the i
quadrats. The complete specles enumerations were evaluated using the
Cover-Abundance scores of the Domin-Krajina (1933) type of scale.

These constlitute the bases for the quantitative informatlion about the
| apecles.

For the sake of consistency, I maintained the ten-point Domin-
Krajina Cover-Abundance Scale (hereafter simply called Domin Scale)
flora estimation method throughout the field survey. 714 temporary
quadrats were examined, 419 different species were encountered over
the twelve different domains. All species were identified, The I,.A.R.
Herbarium and the Federal Herbarium, Ibadan, were used where necessary
to ensure accurate species identification, The Summary of the distribution
of the strata or dowains, their areas, number of quadrats sited, and number

of recorded species, is as follows:
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STRATUM LOCATLION N. QUADRATS m. SPECIES

‘Fadama’ I Galma Basin 36 249
Dambo I1I Galma Basin 34 119
Scheme 111 Galma Basin 20 46
Kako IV Galma Basin 23 73
Upland V Galma Basin 56 212
Plains VI Galma Basin 111 221
Rocky VI1 Galma Basin 56 178
Mairabo VIII Mairabo Plantation Reserve 25 110
Kabama IX Kabama Plantation Reserve 100 185
Guga X Guga Plantation and Enclaves 88 179
Gyga XI Guga Non-Plantation Reserve 80 174
Kuyello XII Kuyello Environs 85 230

The strata names are those coined as job names during computations.

Phillips (1959) pointed out that "“In an area where trees and grass
occur together, abundance might indicate grasses as more important than
the less numerous though overtowering trees"”, and that "cover used to
indicate the area covered by species crown or the stem needs consideraticn
for analysis of quantities”,

Greig-Smith (1964) defined cover as “the proportion of the ground
occupied by a perpendicular projection of the aerial parts of individuals
of the species under consideration". An application of Greig-Smith's
"aerial parts" as '"crown cover" would indicate a few overlayering trees
as having the total cover where they were in fact numerically less
significant. 1 applied "aerial parts" as the proportion of the ground
occupied by a perpendicular projection of the ground level basal stem

cover for trees to avoid over-rating isolated but over~towering trees,



My ground level basal stem cover rating for trees also gave what appeared
to be their true cover-prOportiohs under locally ciunped trees, under
woodlands and under forest plantations, just as it did on current and
old arable lands with scattered trees,

The Domin Cover-Abundance Scale has been favoured by ecologists
concerned with detailed evaluation of mixed populations of species
exhibiting differences in numerical abundances and in relative covers.
Kershaw (1968), for example, uted the Domin Scale in his survey of woody
species in the "Northern Guinea Savanna” of Nigerla, Mueller-Dombois
and Ellenberg (1974), however, compared the elsven-point Domin Scale
with the five-point Braun-Blanquent Scale intervals, They claimed that
"In gspecies-rich herbaceous communities, estimative errors are more
likely with the finer Domin Scale intervals than with the c¢ruder Braun-
Blanquent scale intervals", Such "estimative errors”™ will, however,
probably be negligible in these surveys. Under a one-man floristic
cover abundance estimation, the "estimative errors' will tend to be
conslistent throughout, That will in turn produce the desired relative
proportional estimates of the individual species cover-abundance in
the quadrats,

The Domin Cover-Abundance ﬁcale as reported by Mueller-Dombols and
Ellenberg (1974) and by Goldsmith and Harrison (1976) was slightly
modified for my field and computational work, without any radical changes.
The only difference 1 creatéd was to convert the eleven-point score
intervals to a ten-point score interval to substitute 1 and + with just
1 and to create a zero score for non-existent species during the

subsequent computer-analyses as follows:
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Cover-Abundance Cover-Abundance Species Cover-Abundance
Scares % ' Description
Domin Oganoto ' ' ‘
10 10 100% species with complete cover
9 9 greater than 75% species with more than 3/4 cover
- B 8 50~75% species with 1/2 to 3/4 cover
| 7 33-50% species with 1/3 to 1/2 cover
8 [ 25-33% species with 1/4 to 1/3 cover
-8 5 10-25% species with 1/10 to 1/4 cover
4 & 5-10% species with 1/20 to /10 cover
3 3 1-5% species scattered, less than 1/20 cover
2 2 less than 1% specles very scattered,
1 1 solltary species isolated species,
+ )] specles absent specles not seen in quadrats.
6.2 SYNTHETISED SYNOPTIC FLORISTIC TABLE MATRICES

For each domain, the set of floristic data from the successive quadrats
sampled on the field were synthetized into a single matrix of N quadrats
and m species., The m species recorded in each set were manually reshuffled
by simple numterical re-ordering. Specles with the maximun absolute
constancy values (A.C.Y.) came first so that the rearrangement of the
specles from a domain reveals the relative concentration or abgence of
each species in the sub-set of the environment surveyed,

Westhoff and van der Maarel (1973) called such an arrangement a
"shytosociological table", and they used the term “synoptic table” for
such "phytosociological tables where constancy, either as a percentage
or a class value, for individual synthetized sets of relevés is given".

I use "synthetized synoptic floristic raw data matrix” in their sense
for this arrangement ¢f the taxonomic components of a floristic data
matrix in which species that tend to recur most constantly are reflected
in a synthetized set of quadrats of equal size from the field gurvey of
a stratum or a domain of the environment.

The synthetized synoptic floristlc raw data matrices for the domainsg
are reported in the order of the job names used in the computations of
the communities and community trends. They are numbered I to XII,

corresponding to the order in which the twelve domains or strata examined

B P
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6.4 THE APPLICATION OF CLUSTER ANALYSIS TO

FLORISTIC AND ENVIRONMENTAL DATA MATRICES

The statistical objective of cluster analysis techniques may
be generalised to mean the derivation of mutually correlated subsets
from a given set of quantitatively assessed variable observations.
The derivation produces a reduction of the co-variance from a
correlation matrix. The summary of the co-variation contents of the
matrix defines the spatial relationships between entities. These
entities may represent the cover-abundance values of species, or
properties of the physico-chemical edaphic, biological, geological
and such properties of the site of the environment sampled. 1 have
found the same agglomerative clustering method of cluster analysis
described for quadrats here to be very useful in detecting plant
communities througﬁ the "ecological species groups that characterise
the major gradients of variation" as proposed and used by the Finnish
and Swedish schools of ecology (Pakarine and Ruuhijarvi, 1978),

Normal analyses were quadrat-based on the Q-data matrices,
Analyses of the species, physico-chemical, bioclogical and the evaluated
environmental properties were based on their R-data matrices. The results

are represented by the following dendrograms,



CLUSTER RESULTS
Q-CLUSTER DENDROGRAM RESULTS
FOR SYNOPTIC FLORISTIC RAW DATA

MATRICES 1 TO X1l



. 115
, , _ 26 Quadrats x WS Species
i o " ' I )
. o
. .
S ]
[
L -]
. & oo _L r—J—l
= g !
: .
» : |
=. S own -L‘
o - B A
cro o
fiﬁ=li{‘ .. -
;_ 'LJI_ = [ ) I
ﬁiﬂ_' K ~
..r w ‘:; |
e |
. '} : s
a R . YRRz HA RS =xRamRas2
, : - hun *raey - n = s20
' Y M T E  FEF Y T L R L
1 a a e
NORMAL OR Q-CLUSTER DENDROGRAM RESULTS FOR SYNOPTIC FLORLSTIC
RAW_DATA MATRIX I
P GALMA 'FADAMA' VEGETATION

See text for the explanation of relatively clustered cquadrats.



* CLUSTER DISTANCE

0.7

6.6

ur

c.2 0.3 0.4

0.1

[4p]

N

STl ik

116

34 Quadrats x 70 Species

I

—— i e

OR Q

|
e W abmeln TR RAYRIRETRR
D'di—¢—= "B «+A=—""
~CL

i
J

H_.-..

TER DENDROGRAM RESULTS FOR SYNOPTIC FLORISTIC

RAW DATA MATRIX II.
SARIA -~ DAMBO ‘*KURMI'




R DISTANCE

€

CLus

0.4

0.3

0.2

0.1

0.0

117

20 Quadrats x 46 Species

= A, . l
)
!
= %W A Y w e 4 2 g 2z Pp 2z~ @ s o2 oo o=

NORMAL OR Q-CLUSTER DENDROGRAM RESULTS FOR SYNOPTIC
FLORLSTIC RAW DATA MATRIX III.
GALMA IRRIGATION SCHEME SITE




CLUSTER DISTANCE

0.4 0.5 0.¢

0.3

0.2

23 Quadrats x 73 Species

- - o = o

R

- -

- !_g ~ .
=
R @ |

FLORLSTIC RAW DATA MATRIX IV,

UPLAND KAKO VILLAGE TO GALMA

‘FADAMA '

|
|
|
|
1
I
5
|

P |

118

® ® s 8 3 u Bat R OR N
- e - - - -t b‘-
NORMAL OR Q-~-CLUSTER DENDROGRAM RESULTS FOR SYNOPTIC



CLUSYER DISTANCE

D.4

0.3

0.2

2.1

0.0

119

56 Quadrats x 162 Species

N R

N
,__1

Smer gD R ARRRIARIIITIRIUTASAAZ I AL AL RUNIARARARARIIR N -

NORMAL OR Q-CLUSTER DENDROGRAM RESULTS FOR SYNOPTIC FLORLSTIC
RAW DATA MATRIX V,
SELECTED GALMA UPLAND SITES




120

*IDASNYE]L SNIVId ONVIdN OMY Ol IewWid
*TA XTHIVW YIYO MYY DILISTHOLE DILAONAS ¥OJ SIINSTN WYNOONANIT ¥NIISNTO-D O TVWNON
Rl e

S mmmu“uansannnu«»nauanun st nnxuﬁswmﬁuuﬂu;uncuunm .nuu_nau_._.nu».nunuznwuu_wm_wn.dmuﬂunnunumJuummunm_a_amunuu_u....“_.ﬂu...@. >
LTI P e
Lk il HIHHHE _ I e HIUHINT LY
doil s HHH Hii ____4 Hat
t 1 §
; _“.__. | ! F:LM q s
; i *
M i _ : HUET L <
! __: [ _
i .w._
: ¥ ! bou
i TV |
ﬁ_., A L] - L
Pl ,— _
i .
{
!

—{

{

-
 — |

~—{

o
_-_--_.-.l L- ‘.l—
e
=
I
g T

| g

—

===

{{-——-r

-
—C

} [_ P
Ly

: : ._;w_ _
| ~ = el
| _ _.:IUH_L
U LT =, _
JENS [y S i
dyt T
o : J1 .
a _ 3 | | i

———— e e e e e
. i

sa72adg Lo X s3eIpend 111



121

_ _ 56 Quadrats x 126 Species
e _ N

3 - L - !
23 - - |

@ I | ) L
B, ; Tt L
"..’J_|' <] ‘L 1 ] ]"I

: T _
R i “ l

| \

3 "'-unk:::'l\n ‘ Rl el

_'a‘*— i

! C

NORMAL: OR Q-CLUSTER DENDROGRAM RESULTS™ FOR SYNOPTIC FLORISTIC
RAW DATA MATRIX VII: DUMBI INSELBERG AND ROCKY HILLS.

L:\L-r_ qL uLi _Lg ) 1;_1:\_&1 ® lk'- K31 Ip.mL n‘h#d#aaﬁhﬂﬂﬂ&&#ﬁ%

oo



0.6 0.7 0.9 0.9

CLUSTER DISTANCE

0.9

2.1

0.0

122

25 Quadrats x 80 Species
I

-

|
|
i
|
|
|
1
|

~ m 3 m e ah e omge MR AR AT 2K

— B f— A e
NORMAL OR Q-CLUSTER DENDROGRAM RESULTS FOR SYNOPTIC FLORISTIC
RAW DATA MATRIX VII1IL.

MAIRABO FOREST PLANTATION RESERVE




~ *AANISTY NOTIVINVId ISTHOS VHYEWA xH XTHIVH YIVO MY¥ DILSTHOLS UHHLOZHﬂ ¥Od SI'MSH WHOONANIQ ¥IISNT-D YO TVIRION

...

:_

_
]

I

| WY

m
i
|
|

_
___:_
THEH

_:

:__ __“_ ___
L H

|

...uﬂﬂ.u.._ Hw»a»ﬂnx«ukaﬂuutvasnxtczuunﬂ , _ _
~ _ m __ _, _ _ __ w _

v

:

__
IRHEHIH

_.
“__. _:

,

| uu,uunuuuud»n ....annuun.. e uvu -

] b

. sr:ﬁyuk&«ﬁﬁu}»s@uf,ic
' ”.T_“_f. _..
BEEE grobit

it ﬁw.ﬂ___“ﬂ_
I
i . .n.._.“
_, “ FEisic Lt
! :.__.."_
; dLLHN
! 1IN
PEY Y §d
THHRRH
_ IR
el
m _.,.__.._x_.L
_ Voo ;
e |
ngr== |
_hdf._ :
N
| Py

i

satdads g1 X saeapend 001

c0

¢'0 L°0
NONVISIQ ¥9ISOTo

0

%0



124

Bauom NOILYINYId Yono X MHEBJ_.: YIVO MV DIISTHO DILJONAS ¥Od s1MmsI WYHOONONZa GHHWD.HUHG WO TVWRON

..ncun.un!n..uu n»qa«-uuuununntuﬁuuﬁusuuuu n.unmutuﬁun.un'-nuunusu-nuﬂuwi-;asn«ann T PEPERE

........ A TR R R AR R 11 1 1i REREEL
. t_.;;;,:_;_:";:_;___.m_,____.:_:__._z“_:,_“;__fﬁ. HIRIRTEA
3 m _.._:;"T._“,.:_;___,:__:;.._:.f.,_:”__w..__:__._?:__;_::_;._
1 “ N HUHHN AT R R
| _._ SERLERRRRREE et HItNE

T
:i’_ _’
i

_ |
,____:w__#.w _,,_;.: ___ | _ T ;
I .

_l | |

il
I

L
i

t b Y

satoads 1Yl X saeapend 88

‘0 o0

¢0

ok 10 G R RISS RN

|!'



125

"IAYIEIYE 1FI80I NOLLVYINVIA-NON YOono

uuunm.unuwluuuuwu_ut..munmuuu.#.nwnn”..__h..nl'..
HnnnanHHm
TR IRH ORI I
iR
STt E IR e R R LA R R AR A
HEHEIHHH
T
SRR AR TR RRRRA S
SHETR NI ¥
it
Lt |
| _m _
RERRIRE T
FHs ;
i | S
aif |
BRI
i} _ﬁ
A T

PR, !

HEE :

satoeds of1

g —

nus -uumﬁnnu.m...u_.urun..p ."..“...uu_.-..m.,c_...iummam“. ,ﬂmm
T R
"__”___._H?mmmq;“._r.mwf_. _.,,_"._____;
b
il
AR R
HRHUNL .m____._m”i.%_m:jm
RIS H I S

_ H _m__q__wm__l_:.m
LT

___ r,_ _._ '.lmlL

! i L

_. ]

.__C

0 0 1)

l;'D

NI IRV R R

LNy



—
o ———  — =
———

e ——— e

g

— —————

w rof

— e a ———

. —

———————— —

[ ——————

g

S ——
- S . ——— . ————— — -

L

#
- ———— - =t =

——— —

—— ¢ — ——

—— e s — s

——— o — ——— —— - =

[—-

- —— i "

— . o — — A ————————

[—._.—....._...
- ———— o — . —

L

- —

B

§ e —— s
. ———— —
L e ——

. — - — e

. = %
P A ———

s M

— —— a—— e b =
—————
- - S

-
—— e

2

- — . —— o ————
- i R

C

o

o

. —— -

e m e

- [

—

- - & VS .

- ——
e ——— =

- ==

_—

-

—

1
_
|

T

setoads Zyl X sieIpend S8

o

- ——— . b

. B
—a ed

b &

e ——— e

e ————
U ——

AANVISIO 20T

770



FLORLSTIC CODE NUMBERS AND THELR
CORRESPONDING BOTANICAL NOMENCLATURES

PER STRATUM FROM 1 TO XI1



01
02
03
04
05

07
08
09

11

13
14

16
17
18
19
20
21
22
23
24
25
26
27
28
29

31
32
33

35

37
38
39

41
42
43
44
45

47
49

51
52
53
54
55

Species

Paspalum orbiculare
Borreria verticillata
Nelsonlia canescens
Vetiveria nigritana
Vernonia perrottetii
Sporobolus pyramidalis
Ageratum conyzoides
Borrerla radiata
Ipomoea eriocarpa
Pennisetum pedicellatum
Indigofera pulchra
Mimosa pigra

Centella aslatica
Andropogon pseudapricus
Waltheria indica
Oldenlandia herbacea
Cassia rotundifolia
Eragrostis tremula
Ethulia conyzoldes
Hyparrhenia rufa
Jussiaea suffruticosa
Scleria foliosa

Leucas martinicensis
Stachytarpheta angustifolia
Mitracarpus scaber
Scoparia dulcis
Eragrostis atrovirens
Schweinckia americana
Monechma ciliatum
Cassia tora

Hygrophila auriculata
Guizotia scabra
Thelepogon elegans
Glinus lotoides
Alysicarpus glumaceus
Sphaeranthus senegalensis
Urena lobata

Aspilia africana
Imperata cylindrica
Brachiaria stigmatisata
Cynodon dactyleon
Hypoestes verticillaris
Vernonia ambigus
Vernonia pauciflora
Crotalaria senegalensis
Crotalaria macrocalyx
Panicum subalbidum
Cassia mimosoides
Crotalaria lachnosema
Elionurus pubeguinii
Gardenia erubescens
Polygala petitiana
Euphorbia hirta

Sida linifolia
Digitaria longiflora

107

109
110

127

Species

Setaria anceps

Cyperus digitatus

Sida ovata

Indigofera secundiflora
Chloris pilosa
Fimbristylis hispidula
Melochia corchorifolia
Chrozophora senegalensls
Acanthospermum hispidum
Blumea aurita

Sida rhombifollia
Crotalaria glauca
Hyptis specigera
Guiera senegalensis
Eriosema griseum
Urelytrum muricatum
Hyparrhenia cyanescens
Eclipta prostrata
Sesbanla sesban
Heliotropium supinum
Annona senegalensis
Triumfetta pentandra
Cyperus dilatatus
Englerastrum gracillimum
Helichrysum odoratissimum
Sida urens

Senecio abyssinicus
Evolvulus alsinoides
Tephrosia linearis
Pandiaka heudelotii
Lactuca taraxacifolia
Securinega virosa
Piliostigma thonningii
Fadogia agrestis
Lepidagathis collina
Schizachyrium sanguineum
Ctenium newtonii
Carissa edulis
Asparagus africanus
Penicum maximum
Biophytum petersianum
Andropogon gayanus
Eleusine indica
Solanum torvum
Alternanthera nodiflora
Dactyloctenium aegyptium
Commelina forskalaei
Rhytachne triaristata
Leersia hexandra

Uvaria chamae

Tephrosia pedicellata
Pansum pansum
Indigofera arrecta
Ficus exasperata
Buchnera hispida
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sEecies

Paspalun orbiculare
sorreria verticillata
Jussiaea suffruticosa
Centella aslatica
Aspilia africana

Oryza sativa

Scoparia dulcis
Oldenlandia herbacea
Ipomoea aquatica
Ageratum conyzoldea
Eclipta prostrata
Setaria anceps
Hyparrhenia rufa
Ethulia conyzoides
Physalls angulata
Leersia hexandra
Nelsonia canescens
Indigofera pulchra
Melochia corchorifollia
panicum subalbidum
Digitaria ciliaris
Cyperus amabilis
Sporobolus pyramidalis
Commelina benghalensis
portulaca cleracea
Stachytarpheta angustifolla
Ipomoea eriocarpa
Alternanthera nodiflora
Crotalarla naragutensis
Euphorbia hirta
Euphorbla hetarophylla
Penisetum pedicellatum
Segbania sesban '
Imperata cylindrica
sida linifolia

Urena lobata

Cyperus escutlentus
polyganum limbatum
Crotalaria retusa
Oryza lorngistaminata
Caaslia tora

Vetiveria nigritana
Vernonia perrottetii
Brachiaria stigmatisata
Schweinckia americana
Eragrostis atrovirens
Gutenbergla nigritana
Sida rhomifolia
Mimosa pigra
Triumfetta pentandra
Indigofera hirsuta
Coldenia procumbens
Blumea perrottetiana
Cyperus rotundus

5ida urens

SEecies

Kyllinga squamulata
Bldens pilosa

waltheria indica
Crotalaria lachnosema
Tephrosia linearis
Indigofera arrecta
Eragrostis tremula
Eleusine indica
Cienfuegosia digitata
Mitracarpus scaber
Jacquemontia tamnifolla
Chrozophora senegalenals
Stylochiton lancifolius
Stylosanthes mucronata
Guiera senegalensis
Dissotls rotundifollia
Andropogon gayanus
Helichrysum odoratlissimum
Guizotla scabra
Hypoestes verticularis
Acanthospermum higpidum
Cyperus dilatatus
Phragmites mauritianus
Hyparrhenia involurata
Hellotropium p terocarpum
Indigofera dendrolides
Vernonia pauciflora
Fimbristylis hispidula
Dactyloctenium segyptium
Corchorus tridens
Polygonus lanigerum
Eragrostis clliaris
Kohautla grandiflora
Hygrophila auriculata
Hypoxis angustifolia
Leucas martinicensis
Heliotropium strigosum
Desmodium barbatum
Securinega virosa
Schizachyrium platyphyllum
Monechma ciliatum
Eriosema psoraleioldes
piliostigma thonningii
Dichrostachys glomerata
Annona senegalensis
Feretia apodanthera
ochna afzelll

Asparagus africanus
Cochlospermum tinctorium
Eriosema griseum
Fadogis agrestis

sida ovata

Blepharis linarifolia
Lepidagathis collina
Elionurus pobeguinil



111

112,

113
114
115

Schizachyrium sanguineum
Cywmbopogon giganteus
Monocymbium ceresiiforme
Vicoa leptoclada
Gloriosa superba

116
117
118
119

vigna ambacensis
Tridax procumbens
Rottboellla exaltata
Gynuzra smplixicaulis

GALMA BASIN:- ZARIA - DAMBO 'KURMI®' FLORLSTIC CODE
Species list correspond with the high to low order of recurrence as

in the floristic raw data matrix table,
te the codings used in both the ordination with Rac's Canonical

Factoring and the agglomerative Cluster Analyses computational techniques

employed,

130

Numbers of species correspond
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__Ng_. Species

01 Panicum subalbidum

02 Digitaria ciliaris

03 Paspalum orbiculare

04 Melochia corchorifolia
05 Setaria pallide~fusca
06 Eleusine indica

07 Eriochloa nubica

08 Cyperus rotundus

09 Cyperus pustulatus

10 Brachiaria stigmatisata
11 Commelina forskalaed
12 Ageratum conyzoides

13 Alternanthera nodiflora
14 Eclipta prostrata

15 Ethulia conyzoides

16 Fimbristylis pilosa

17 Digitaria acuminatissima
18 Eragrostis pilosa

19 Physalis angulata

20 Oryza longistaminata
21 Cassia mimosoides

22 Vernonia pauciflora

23 Commelina benghalensis
24 Fimbristylis hispidula
25 Oldenlandia herbacea

26 Sacciolepis africana
27 Kyllinga squamulata

28 Leucas martinicensis

29 Scleria folliosa

30 Echinochloa colona

31 Mariscus squarrosus

32 Euphorbia heterophylla
a3 Jussiaea suffruticosa
34 Indigofera nummulariifolia
35 Dyschoriste pedicellata
36 Eragrostis tremula

37 Indigofera hirsuta

38 Lipocarpha sphacelata
39 Sida ovata

40 Buchnera hispida

41 Pennisetum pedicellatum
42 Setaria anceps

43 Sesbania sesban

44 Chloris pilosa

45 Imperata cylindrica

46 Sida rhombifolia

GALMA BASIN:~ GALMA IRRIGATION SCHEME SITE FLORLSTIC CODES

Species list correspond with the high to low order of recurrence as in
the floristic raw data table matrix. Numbers of species correspond to
the codings used in both the ordination and cluster analytic methods,
using Rao's Canonical Factor Analysis and Agglomerative Cluster Analysis.



GALMA BASIN : KAKO VILLAGE - GALMA RIVER
AND WEEDY FLCORISTIC CODES.

Species

Paspalum orbiculare
Digitaria ciliaris
Borreria verticillata
Dactyloctenium aegyptium
Mitracarpus scaber
Imperata cylindrica
Cassia mimosoides
Centella asiatica
Eragrostis atrovirens
Eragrostis tremula
Indigofera arrecta
Schwenckia americana
Cynodon dactylon
Heliotropium strigosum
Brachiaria stigmatisata
Jacquemontia tamnifolia
Stachytarpheta angustifolia
Thelepogon elegans
Tridax procumbens
Crotalaria senegalensis
Nelsonia canescens
Sphaeranthus senegalensis
Waltheria indica
Pennisetum pedicellatum
Vetiveria nigritana
Mimosa pigra

Vernonia perrottetlii
Acanthospermum hispidum
Euphorbla hirta
Borreria radiata
Indigofera nummulariifolia
Ipomoea aquatica
Scoparia dulcis
Indigofera pulchra
Ethulia conyzoides
Tephrosia linearis

Sida linifolia

38
39

41
42
43
44
45

47

49
50
51
-
53
54
55
36
57

59
60
61
62
63
64
65
66
67
68
69

71
72
73
74
75

132

Species

Sida rhombifolia
Oldenlandia herbacea
Crotalaria confusa
Hyparrhenia cyanescens
Oryza sativa

Oryza longistaminata
Sesbania sesban
Cyperus amabilis
Hyparrhenia rufa
Crotalaria glauca
Cassia tora

Vernonia ambigua
Eragrostis ciliaris
Leucas martinicensis
Chrozophora senegalensis
Ageratum conyzoldes
Evolvulus alsinoides
Cleome aculiata
Chrysanthellum americanum
Indigofera secundiflora
Hyperrthelia dissoluta
Indigofera hirsuta
Portulaca cleracea
Corchorus tridens
Cyperus esculentus
Fimbristylis exilis
Cassla nigricans

Urena lobata
Lepidagathis collina
Stylosanthes mucronata
Panicum repens

Hyptis specigera
Jussiaea suffruticosa
Tephrosia pedicellata
Tamarindus indica
Diospyros mespiliformis
Pennisetum typholides
Sorghum vulgare

‘UPLAND' - 'FADAMA' SERAL

Specles list correspond with the high to

low order of recurrence as in the floristic raw data table matrix.
Numbers of species correspond to the codings used in ordination by
RCFA and in the Cluster Analysis computations employed.



Species

Pennisetum pedicellatum
Piliostigma thonningii
Indigofera pulchra
Ageratum conyzoldes
Andropogon pseudapricus
Paspalum orbiculare
Vernonia perrottetii
Borreria radiata
Oldenlandia herbacea
Terminalia avicennioides
Leucas martinicensis
Nelsonlia canescens
Annona senegalensis
Vernonia ambigua

Guiera senegalensis
Cochlospermum tinctorium
Hyptis spicigera
Eragrostis tremula
Sporobolus pyramidalis
Andropogon gayanus
Englerastrum gracillimum
Anogeissus lelocarpus
Setaria pallide-fusca
Ctenium newtonii
Vernonla pauciflora
Butyrospermum paradoxum
Hyparrhenia rufa
Loudetia simplex
Pandiaka heudelotii
Jussiaea suffruticosa
Stylosanthes mucronata
Elionurus pobeguinii
Bridella ferruginea
Waltheria indica
Digitaria ciliaris
Ipomoea erlocarpa
Borreria verticillata
Mitracarpus scaber
Sphaeranthus senegalensis
Ethulia conyzoides

Stachytarpheta angustifolia

Cassia mimosoides
Aspilia africana
Crotalaria lachnosema
Andropogon ascinodis
Alysicarpus glumaceus
Eleusine indica

Vitex doniana
Combretum ghasalense
Cynodon dactylon
Centella asiatica
Biophytum petersianum
Tamarindus indica
Fimbristylis hispidula
Monocymbium ceresiiforme

105

107
108
109
110

Diospyros mespiliformis
Gardenla erubescens
Dyschoriste perrottetil
Lannea schimperi

Cassia singueana
Brachiaria stigmatisata
Sida ovata

Leplidagathis collina
Indigofera secundiflora
Schizachyrium exile
Blumea aurita
Eragrostis pilosa
Sacciolepis africana
Urena lobata

Parkia clappertoniana
Entada africana

Tridax procumbens
Monechma cilialum
Naucles latifolia
Melochia corchorifolia
Hygrophila auriculata
Schizachyrium sanguinium
Combretum sericeum
Euphorbia hirta
Acanthospermum hispidum
Dichrostachys glomerata
Urelytrum muricatum
Crotalaria confusa
Hyptls suaveolers
Cassla rotundifolia
Combretum molle

Ximenia americana
Kyllinga squamulata
Byroscarpus coccineus
Sida urens

Khaya senegalenslis
Vicoa leptoclada
Indigofera hirsuta
Sesbania sesban
Stereospermum kunthianum
Adenodolichos paniculatus
Carrisa edulls
Crotalaria senegalensis
Pseudocedrela kotschyi
Indigofera capitata
Indigofera macrocalyx
Schwenckia americana
Cissampelos mucronata
Dactyloctenium aegyptium
Brachiaria jubata
Strychnos innocua
Schizachyrium brevifolium
Eragrostis ciliaris
Ipomoea aquatica
Scleria foliosa



111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156

157
158
159
160
161

GALMA BASIN : DUMBIL
List of recorded speci
floristic raw data matrix.
used in ordination by RCFA and in the

Paulinia pinnata
Setaria anceps

Sida linifolia
Fimbristylis hispidula
Scoparia dulcls
Buchnera hispida
Imperata cylindrica
Isoberlina doka
parinari curatellifolla
Eriosema griseum
Tephrosia linearls
Beckeropis uniseta
Ziziphus mucronata
Wissadula amplissima
Holarrhenia floribunda
Hypoestes verticillaris
Desmodium hirtum

Oryza sativa
Eragrostis atrovirens
Phragmites communis
Syzygium guineense
Heliotropium indicum
Cyperus pustulatus
Helichrysum odoratissimum
Cynura miniata

Cyperus amabilis
Hyparrhenia involucrata
Leersia hexandra
Monotes kerstingil
Aristida kerstingii
Adina microcephala
Desmodium barbatum
Feretia canthiodes
Eragrostis turgida
Microchloa indica
Thelepogon elegans
securidace longepedunculata
Polygala petitiana
Corchorus tridens
Cassla tora

Vernonia ogcephala
Striga senegalensis
Rottboella exaltata
Acacia ataxacantha
Triumfetta pentandra
Elionurus hirtifolius
Sorghastrum bipennatum
Indigofera arecta
Oryza longistiminata
Fuirena umbellata
Cissus crotalarioides

162
163
164
165

167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189

191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212

134

Hyparrhenia cyanescens
vitex simplicifolia
Fadogia agrestis
Vernonia glaberrima
Tephrosia purpuea
Lactuca tarazacifolia
Cassia nigricans
Trichilia emetica
Vernonia nigritiana
Terminalia laxiflora
Pseudarthria hookeri
Clematis hirsuta
Crotalaria calycina
Zornia glochidiata
Evolvulus alsinoides
Hibiscus asper
Acacia seiberiana
Andropogon fastiglatus
Sida rhombifolia
Trema guineensis
Uvaria chamae
Panicum repens
Dioscorea bulbifera
Vigna racemosa
Lipocarpha sphacelata
Tephrosia linearis
Ipomoea agentaurata
Melothria maderaspatana
Justicia insularis
Panicum pansum
Mariscus squarossus
Sporobolus festivus
Panicum maximum
Kohautia grandiflora
Syzygium guineense
Ficus ingens
Alchornea cordilifolia
Culcasia sexatilis
Phaulopsis sp.
Dissotis rotundifolia
Sclerocarya birrea
Pavetta glaucescens
Trachypogon spicatus
Protea alliottii
Prosopis africana
Heeria pulcherrima
Echinops longifolius
Boswellia dalzielii
Crossopteryx febrifuga
Rauvolfia caffra
Phaulopsis barteri

PLAINS - ZARIA TO ZANGON AYA VEGETATION SURVEY (FEBRUARY)
es ordered from high to low recurrence, as in the

Numbers of species correspond to the codirgs

agglomerative Cluster Analysis employed.



SEecies

Paspalum orbliculare
Stylochiton lancifollus
Annona senegalensls
Borreria radiata
Cochlospermum tinctorium
Digitaria ciliaris
Piliostigma thonningii
Brachiaria stigmatigata
Borreria verticillata
Gulera senegalensis
Dactyloctenium aegyptium
Jacquemcntlia tamnifclia
Pennisetum pedlcellatum
Sida rhomblifolia
Andropogon gayanus
Terminalia avicennioldes
Mitracarpus scaber
Waltheria indica
Indigofera pulchra
Agspilia africana
Fadogia agrestis
Schweinckia americana
Fimbristylis exile
Bridella ferruginea
Butyrospermum paradoxum
Urginea altissima
Chrysanthellum amerlcanum
Dichrostachys glomerata
Sporcbolus pyramidalis
Eragrostis tremula
Ctenlum newtonii
Elionurus pobeguinii
Cyperus obtusiflorus
Stachytarpheta angustifolia
Eriosema griseum

Vitex donlana

Leucas martinlcensis
Combretum sericeum
Gutenbergla nigritana
Indigofera capitata
Entada africana

Cassia mimogolides
Brachiaria jubata
Physalis angulata
Clssus rufescens

Lannea schimperdl
Oldenlandia herbecea
Indigofera nummulariifolia
Eleusine indica
Fimbristylls pllosas
Setaria anceps

Parkia clappertoniana
Lasiosiphon kraussianus
Leplidagathis collina
Hyperthellia dlsscluta

89

91
92
93

95
97

29

100
101
102
104
104
105
106
107
108
109
110

135

Sgecies

Tridax procumbens
Hellotropium strigosum
Tephrosia pedicellata
Vernonia perrottetii
Strychnos spinosa
Nelsonia canescens
Scoparia dulcis
Fimbristylis ovata
Sporobolus festivus
Tephrosia bracteoclata
Andropogon pseudapricus
Nauclea latifolia
Anogeissus lelocarpus
Casslia singueana
Stereospermum kunthianum
Euphorbia hirta
Adenodolichos panlculatus
Monocymbium ceresiiforme
Acalypha brachystachya
Heeria pulcherrima
Tephrosia linearis
Urelytrum muricatum
Ximehla amerlcana
Evolvulus alsinoides
Ethulia conyzeoides
Imperata cyiindrica
S8ida linifolia
Tephrosia purpurea
Diospyros mesplliformis
Gardenla erubeacens
Daniellia oliveri

Sida ovata

Vitex simplicifolia
Chrozophora senegalensis
Vernonia ambigua
Crotalaria confusa
Stylosanthes mucronata
Indigofera arrecta
Ipomoea argentaurata
Lippia chevalieri
Terminalia laciflora
Casgsia tora

Combretum ghasalense
Parinari curatellitolia
Alysicarpus glumaceus
Indigofera dendroides
Monechma ciliatum
Commelina benghalensis
Thelepogon elegans
Elionurus hirtifolius
Scleria folliosa
Desmodium velutinum
Acanthospermum hispidum
Sida urens

Crotalaria senegalensis
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112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166

Cymbopogon giganteus
Psorospermum corymbiferum
Prosopls africana
Cynodon dactylon
Muraannia simplex
Melothria maderaspatana
Loudetia simplex
Feretia apodanthera
Hoslundia opposita
Swartzia madagascariensis
Ageratum conyzoides
Englerastrum gracillimum
Hyptis specigera
Fimbristylis dichotoma
Pseudocedrela kotachyli
Lannea acida

Eragrostis pilosa
Corchorus tridens
Vernonia pauciflora
Detarium macrocarpum
Lactuca taraxacifolia
Borreria octodon
Pandiaka heudelotil
Jussiaea suffruticosa
Zornia glochidiata
Lantana rhodesiensis
Cussonia barterl
Vernonia nigritana
Isoberlinia doka
Sclerocarya birrea
Heliotropium pterocarpum
Eragrostis turgida
Gardenia tarnifolia
Ficus ingens

Heeria pulcherrima
Echinops longifolius
ficus platyphyla
Commiphora africana
Uvaria chamae

Paulinia pinnata

Ceiba pentandra

Grewia mollis
Schizachyrium sanguinum
Dyschoriste perrottetii
Asparagus africanus
Boswellia dalzielii
Schizachyrium brevifolium
Ziziphus mucronata
Euphorbia convolvuloides
Hyparrhenia rufa
Aneilema lanceolatum
Holarrhenia floribunda
Commelina forskalaei
Ipomoea aquatica
Blepharis linariifolia
Costus spectabilis

167
168
169
170
17
172
173
174
175
176
177
178
179
180
181
182
183
184
185

187
189

191
192
193
194
195
196
187
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221

A D

Alternanthera nodiflora
Bombax costatum
Milletia thonningil
Securinega virosa
Byrsocarpus coccineus
Dioscorea bulbifera
Cissampelos mucronata
Desmodium hirtum
Croton macrostachyos
Cyanotis lanata
Pulicaria crispa
Chrozophora plicata
Adansonia digitata
Fimbristylis hispidula
Ochna afzelii

Abrus precatorlus
Merremia tridentata
Securidaca longepedunculata
Opilia celtidifolla
Panicum baumannii
Crotalaria naragutensis
Heliotropium indicum
Eclipta prostrata
Hygrophila auriculata
Kyllinga squamulata
Hyperthelia dissoluta
Tacca involucrata
Ziziphus mauritiana
Cassia rotundifolia
Staganotaenia arallacea
Bidens pilosa

Saba florida

Mariscus alternifolius
Achyranthes aspera
Indigofera hirsuta
Eriosema psoroleoides
Cyperus esculentus
Crotalaria glauca
Vicoa leptoclada
Pterocarpus erinaceus
Hymenocardia acida
Dyschoriste pedicellata
Tamarindus indica
Striga hermontheca
Cissus crotalariocides
Senecio abyssinicus
Platostoma africanum
Maytenus senegalensis
Clssus cornifolia
Buchnera hispida
Trichilia emetica
Brachlaria xantholeuca
Carissa edulils

Chloris pilosa
Crotalaria senegalensis

DUMBI ~ KAKO PLAINS TRANSECT SURVEY FLORISTIC CODES
*ia+ anf gpecies recorded in order of constancy from high to low. Code
t=+i~ne with RCFA and Cluster Analysis. They



species

Borreria radiata
Dioscorea pulbifera
cissus rufescens
clerodendron capitatum
Byrsocarpus
Milletia thonning il
pombax costatum
Andropogon gayanus

ea involucrnta
Cyanotis lanata

Indigofera dendroides
Achyranthes aspera
Tephrosi.a practeolata

Dissotis SP-

Tacca jinvolucrata
Stereospermumn kun
Brachiaria lata
Anogeissus leiocarpus
Triumfetta pentandn
Rottboellia exaltata
Commiphora africana
Diospyros mpi.lifornis
Dioscorea preusil
wissadula amplissima
Asparagus africanus
Eulophia quartiniana
Vigna racemosa
Scleria foliosa
sporobolus pyranidalh
Bidens pilosa
Hackelochloa granulari.s
Entada africana
Allophylus spicatus
cassia singueana
parklia clappertoniam
Aneilema lanceolatum

Melothria madaraspatana
Ficus umbellata
Brachiaria sti.gnnt.i.sata
Indigofera practeolata
Indigofera hirsuta
Crotalaria naraqutensis
Afrotrilepis pllosa
Glorlosa superba

Khaya senegalensis
cassia tora
stylochiton 1ancifolius
Grewia mollis

56
57
58
59
60
61
62
63
64
65

67

69

7
72
73
74
75
76
77

80
81
82
83
84
85
86
87
88
89

91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110

- -

Sp ecies

Holarrhenia floribunda
Ziziphus mucronata
Cissus quadranqularj.s
Setaria pallide—fusca
Clematls hirsuta
Jasminum dichotomum
Lannea kerstingil
gesbania sesban
Gutenbergia nigritana
Canthium horizontale
Landolphia SPe
Lannea parteri
Solenos temon

Celtis integrifolia
Cochlospermum tinctorium
Cussonia barteri
Bridelia ferruginea
Sida urens

Bambusa vulgaris
pterocarpus erinaceus
itatus

Lannea schimperl
Hyperthelia disscluta
Albizia zyglia

Urginea altissima
Mariscus alternifolius
Securinega virosa
Dichrostachys glomerata
Strychnos spinosa
Crotalaria senogalensis
Tamarindus indica
sclerocarys birrea
Jacquemontia tamnifollia
Exebergia serwgalm.i.su
lmphoz:bi.a conVOI.vuloldes
Euphorbla hirta

Croton macros tachyus
Allophylus africanus
Kaempferia aethiopica
Combretum molle
Desmodium velutinum
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111 G\rysophyll.m albidum 145
112 Diospyros abyssinica 146
113 Pycreus macros tachyos 147
114 Jusslaea guf fruticosa 148
115 Setaria anceps 149
116 Corchorus tridens 150
117 Trema guinemis 151
118 Ficus exasperata 152
119 Eleusine indica 153
120 Saba florida 154
121 Boerhavia diffusa 155
122 Urena lobata 156
123 Drosera indica 157
124 Synedrella nodiflora 158
125 Acalypha prachystachya 159
126 Ensete gilletil 160
127 Carissa edulis 161
128 Butyrospermum paradoxum 162
129 Strychnos innocua 163
130 Feretia apodanthera 164
131 Tephrosia purpurea 165
132 Loudetia togoensis 166
133 Microchloa indica 167
134 Crotalaria confusa 168
135 Waltheria ca 169
136 Fimbristylis hispidula 170
137 Cyperus esculentus 171
138 Trichilia emetica 172
139 Ximenia americana 173
140  Ipomoea argentaurata 174
141 Zornia glochidliata 175
142 Commelina forskalael 176
143 on giganteus 177
144 Ficus polita 178
DUMBL INSELBERG AND ROCKY HILLS (JUHE_JUL!)
species list from vegetation survey in order

138

Nauclea latifolia
vitex doniana

Aloe barteri

Ficus ingens

paullinia pinnata
Cyperus pustulatus
Melochla corchorifolia
Acacia sieberiana
pactyloctenium aegyp tium
Echinochloa colona
undifolia
Cyperus rotundus
Alysicarpus glumaceus
pandiaka involucrata
Blepharis linariifolla
Ageratum conyzoldes
Eratrostis turgida
Sida rhombifolia
Commelina benghalemis
s trophanthus hispidus
Kleinia cliffordiana
pPeristrophe bicalyculata
Cassla absus

Cissus caeslia
Bulbostylis abortiva
Indigofera nummulariifolia
Dopatrium longidens
Commiphora kerstingii
Cissus ulnea

Opilia celtidifolia
Acanthospermum hispidum
Biophytum petersianum
paspalum orbiculare
sida orata

of high to low constancy.



No.

01
02
03
04
05
06
07
o8
09
10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
a1
42
43
44
a5
46
47
48
49
50
51
52
53
54
55

SEecias

Brachiaria stigmatisata
Sporobolus pyramidalis
Dyschoriste pedicellata
Cassia rotundifolia
Fimbristylis pilosa
Eucalyptus teriticornis
Sida rhombifolia
Phyllanthus nigericus
Waltheria indica
Aspilia africana
Triumfetta pentandra
Sida urens

Stylochiton lancifolius
Eucalyptus camaldulensis
Cassia mimosolides

Sida linifolia
Borreria verticillata
Borreria radiata
Desmodium barbatum
Imperata cylindrica
Andropogon gayanus
Tephrosia pedicellata
Evolvulus alsinoides
Indigofera pulchra
Blepharis linariifolia
Stylosanthes mucronata
Schwenckia americana
Crotalaria retusa
Cassia siamae

Annona senegalensis
Dichrostachys glomerata
Ageratum conyzoides
Carissa edulis

Setaria anceps
Indigofera nummulariifolia
Eucalyptus c¢itriodora
Tephrosia purpurea
Clerodendrum capitatum
Paspalum orbiculare
Cyperus rotundus
Cissus rufescens
Euphorbia hirta

Bidens pilosa
Indigofera charlierlana
Kyllinga aquamulata
Khaya senegalensis
Gulera senegalensis
Eragrostis turgida
Digitaria clliaris
Scopa-ria dulcis
Acanthospermum hispidum
Pennisetum pedicellatum
Mitracarpus scaber
Pandiaka heudelotii

Cynodon dactylon

Y.

56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
7
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110

139

Species

Gutenbergia nigritana
Hoslundia opposita
Leucas martinicensis
Nelsonia canescens
Jacquenontia tamnifolia
Cassia tora
Dactyloctenium aegyptium
Sida ovata

Balanites aegyptiaca
Diospyros mespiliformis
Parkia clappertoniana
Eragrostis tremula
Brachiaria jubata
Zornia glochidiata
Acacla ataxacantha
Jasminum dichotomum
Indigofera arrecta
Asparagus africanus
Tridax procumbens
Piliostigma thonningii
Cissampelos mucronata
Stachytapheta angustifolia
Fadogia agrestis
Chrysanthellum americanum
Brachiaria xantholeuca
Feretia apodanthera
Byroscarpus coccineus
Eleusine indica
lsoberlina doka
Fimbristylis ovata
Terminalis avicennoides
Saba florida

Bridelia ferruginea
Crotalaria senegalensis
Securinega virosa
Dioscorea bulbifera
Hyparthelia dissoluta
Vernonia nigritana
Ipomoea asarifolia
Centella asiatica
Crotalaria lachnophora
Commelina benghalensis
Conyza aegyptiaca
Desmodium velutinum
Setaria pallide-fusca
Vernonia perrottetii
Eragrostis gangetica
Lassiosiphon kraussianus
Oldenlandia herbacea
Euphorbia convolvulolides
Lautuca taraxacifolia
Tacca involucrata
Pterocarpus erinaceus
Spigelia anthelmai
Urena lobata

MAIRABO PLANTATION RESERVE VEGETATION SURVEY (JULY 1978)

“ne~ias list from high to low constancy.



Cassia rotundifolia
Brachiaria stigmatisata
Stylochiton lancifolius
Fimbristylis ovata
Gutenbergia nigritana
Fimbristylis pilosa
Sporobolus pyramidalis
Stylosanthes mucronata
Indigofera pulchra
Blepharis linariifolia
Dyschoriste perrottetil
Waltheria indica

Sida rhombifolia
Aspllia africana
Eucalyptus camaldulensis
Borreria verticillata
Paspalum orbiculare
Isoberlinia doka
Borreria radiata
Setaria anceps

Sida urens

Evolvulus alsinoides
Andropogon gayanus
Hyperthelia dissoluta
Terminalia avicennioides
Brachiaria jubata
Tacca involucrata
Triumfetta dubia
Zornia glochidiata
Cassia mimosoldes
Fadogia agrestis
Indigofera nummulariifolia
Dichrostachys glomerata
Cissus rufescens
Annona senegalensis
Tephrosia pedicellata
Desmodium barbatum
Pandiaka heudclotil
Sida linifolia
Asparagus africanus
Pennisetum pedicellatum
Triumfetta pentandra
Scoparia dulcis
Daniellia oliveri
Guiera senegalensis
Schwenckia americana
Gloriosa superba
Pillostigma thonningil
Bridelia ferruginea
Carissa edulis
Eucalyptus teriticornis
Ochna afzelil

Diospyros mespiliformis
Chrysanthellum americanum
Entada africana

87

100

103
104
105
106
107
108
109
110

140

Species

Khaya senegalensis
Eragrostis gigantica
Hoslundia opposita
Nauclea latifolia
Crotalaria senegaleni
Sporobolus festivus

“Combretum ghasalensis

Cassia singueana
Eragrostis turgida
Gardenla erubescens
Clerodendron capitatum
Dactyloctenium aegyptium
Vitex doniana

Uvaria chamae

Bucalyptus citriodora
Pterocarpus erinaceus
Hypoxis angustifolia
Stereospermum kunthianum
Combretum sericeum
Urginea altissima
Bidens pilosa

Lactuca taraxacifolia
Curculigo pilosa
Gladiolus gregarius
Securidaca longepedunculata
Kyllinga squamulata
Eragrostis tremula
Euphorbia hirta
Mitracarpus scaber
Parkia clappertoniana
Kaempferia aethopica
Jasminum dichotomum
Cyperus dilatatus
Eucalyptus robusta
Acanthospermum hispidum
Psorospermum corymbiferum
Cassia tora

Lannea schimperi
Cochlospermum tinctorium
Lannea aclda

Combretum glutinosum
Ficus ingens
Stachytarpheta angustifolia
Euphorbia heterophylla
Nelsonia canescens
Digitaria ciliaris
Eriosema psoraleolides
Anogelssus leiocarpus
Piliostigma reticulatum
Erythrina senegalensis
Indigofera arrecta
Vitex simplicifolia
Crotalaria naragutensis
Acacia ataxacantha
Pseudocedrela kotschyi



111
112
113
114
115
116
117
118
119

121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148

KABAMA EUCALYPTUS PLANTATION RESERVE

Indigofera charlieriana
Feretia apodanthera
Sida ovata

Lasiosiphon kraussianus
Ageratum conyzoides
Monechma cilliatum
Cyperus obtusiflorus
Clematis hirsuta

Opilia celtidifolia
Tridax procumbens
Dioscorea bulbifera
Indigofera capitata
Urena lobata
Jacquemontia tamnifolia
Casslia siamae

Eleusine indica

Abrus precatorius
Swartzia madagascariensis
Indigofera dendroides
Cryptolepis sanguinolenta
Steganotaenia araliacea
Tephrosia purporea
Afromosia laxiflora
Eriosema griseum
Crossopteryx febrifuga
Combretum molle
Crotalaria lachnosema
Borassus aethiopum
Grewia mollis
Securinega virosa
Tephrosia bracteclata
Spigelia anthelmia
Schizachyrium platyphyllum
Mariscus alternifolius
Murdania simplex
Ipomoea argentaurata
Chrozophora senegalensis
Ipomoea erlocarpa

149
150
151
152
153
154
155
156
157

159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185

141

Ctenium newtonii
Hyptis specigera
Lippia chevalieri
Hymenocardia acida
Ipomoea vagans

Trema guineensis
Paulinia pinnata
Parinari curatelifolia
Englerastrum gracillimum
Maytenus senegalensis
Syzygium guineense
Borreria octodon
Eragrostis atrovirens
Detarium macrocarpum
Cyperus rotundus
Butyrospermum paradoxum
Crotalaria retusa
Maerus angolensis
Euphorbia convolvuloides
Feretia apodanthera
Byrsocarpus coccineus
Terminalia laxiflora
Vernonia ambigus
Imperata cylindrica
Cassla sieberiana
Phyllanthus negericus
Canthium venosum
Ekeberglia senegalensis
Cussonia barteri
Balanites aegyptiaca
Chloris pilosa
Boerhavia diffusa
Wissadula amplissima
Brachiaria xantholeuca
Celba pentandra

Slda acuta

Eucalyptus grandis

Species list from vegetation survey records (May - June)
Order of species list is from high to low constancy.



Species

Pennisetum pedicellatum
Dichrostachys glomerata
Isoberlinia doka
Terminalia avicennioides
Andropogon pseudapricus
Borreria radiata
Andropogon gayanus
Piliostigma thonningii
Annona senegalensis
Aspilia africana
Elionurus pobeguinii
Indigofera pulchra
Isoberlinia tomentosa
Butyrospermum paradoxum
Ctenium newtonii
Cochlospermum tinctorium
Lannea schimperi
Ximenia americana
Sporobolus pyramidalis
Monotes kerstingii
Combretum ghasalense
wWaltheria indica
Stylosanthes mucronata
Panicum maximum
Detarium macrocarpum
Strychnos spinosa
Lepidagathis collina
Eucalyptus camaldulensis
Afrormosia laxiflora
Sida ovata

Nauclea latifolia
Brachliaria jubata
Dyschoriste perrottetili
Eucalyptus citriodora
Hyparrhenia rufa
Monechma ciliatum
Swartzia madagascariensis
Pandiaka heudelotii
Gardenia erubescens
Borreria verticillata
Englerastrum gracillimum
Gardenia aqualla
Aristida funiculata
Eragrostis tremula
Dyschoriste pedicellata
Lippia chevalieri
Nelsonia canescens
Entada africana

Parkia clappertoniana
Urelytrum muricatum
Monocymbium ceresiiforme
Asparagus africanus
Parinari curatellifolia
Paspalum orbiculare
Anogeissus lelocarpus

56
57
58
59
60
61
62
63
64
65
66
67
68
69

n
72
73
74
75
76
77

80
81
B2
83
84
85
86
87

89

91
92
93
94
95

97

99

100
101
102
103
104
105
106
107
108
109
110

Species

Khaya senegalensis
Bridelia ferruginea
Cassia singueana

Ochna afzelii
Microchloa indica
Imperata cylindrica
Vernonia ambigua
Securidaca longepeduncuta
Diospyros mespiliformis
Daniellia oliveri
Adenodolichos paniculatus
Lannea aclda

Evolvulus alsinoides
Indigofera capitata
Cassia mimosoides
Vitex doniana
Trichilia emetica
Blepharis linariifolia
Prosopis africana
Schwenckia americana
Vernonia glaberrima
Opilia celtidifolia
Combretum molle

Grewia mollis
Stereospermum kunthianum
Schizachyrium sanguineum
Fadogla agrestis
Gardenia ternifolia
Hymenocardia acida
Alysicarpus glumaceus
Crotalaria retusa
Desmodium barbatum
Terminalia laxiflora
Vitex simplicifolia
Strychnos innocua
Schizachyrium exile
Trachypogon spicatus
Heeria pulcherrima
Eriosema psoraleoides
Tridax procumbens
Tephrosia linearis
Zornia glochidiata
Sida linifolia

Panicum baumanii
Beckeropsis uniseta
Buchnera hispida
Loudetia simplex
Cissus rufescens
Burkea africana

Maerua angolensis
Setaria anceps
Centalla asiatica
Acacia seiberiana
Sphaeranthus senegalensis
Eragrostis turgida



111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145

Species

Leucas martinicensis
Clerodendron capitatum
Polygala petitiana
Uapaca togoensis
Pavetta glaucescens
Aristida adscensionis
Pterocarpus erinaceus
Crossopteryx febrifuga
Aloe barteri

Maytenus senegalensis
Cassia nigricans
Hyperthelia dissoluta
Hygrophila auriculata
Ilpomoea argentaurata
Oldenlandia herbacea
Terminalia glaucescens
Crotalaria senegalensis
Dactyloctenium aegyptium
Tephorosia pedicellata
Ipomoea aquatica
Euphorbia hirta

Oryza longistaminata
Feretla apodanthera
Vernonia perrottetii
Indigogera secundiflora
Setaria pallide-fusca
Commiphora africana
Sida rhombifolia
Hibiscus asper
Hyparrhenia involucrata
Cussonia barteri
Sphenostylis schweinfurthii
Biophytum petersionum
Sida urens

Indigofera macrocalyx

146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167

169
170
171
172
173
174
175
176
177
178
179

143

Species

Costus spectabilis
Carissa edulis

Uvaria chamae
Eragrostis pilosa
Urena lobata

Cassia selberiana
Gutenbergia nigritana
Fimbristylis hispidula
Brachliaria brizantha
Securinega virosa

Saba florida

Mitragyna inermis

Ficus ingens

Chlofis pilosa
Kohautia grandiflora
Stachytarpheta angustifolia
Heeria insignis
Aristida kerstingii
Thelepogon elegans
Hyptls specigera
Indigofera arrecta
Antidesma venosum
Cyperus dilatatus
Jussiaea suffruticosa
Alternanthera nodiflora
Hemizygia welwitschii
Ziziphus mucronata
Balanites aegyptiaca
Panicum subalbidum
Brachiaria stigmatisata
Cassia tora
Mitracarpus staber
Psorospermum corymbiferum
Tamarindus indica

GUGA FOREST RESERVE:- GUGA PLANTATION AND ENCLAVE

Floristic codes, Species list correspond to their high to
low order of recurrence in the floristic raw data matrix
Numbers of species correspond to codings for analytic
procedures by RCFA ordination and Cluster Analysis.

table.



01
02
03
04
05
06
07
o8
09
10
11
12
13
14

16
17

21
22
23
24
25

27
28

31
32
33
34
35

37
39

41
42
43
44
45

47
49

51
52
53
54
55

Sgec.'l.es

Borreria radiata
Andropogon gayanus
Eragrostis turgida
Dyschoriste perrottetil
Kaempferia aethiopica
Stylosanthes mucronata
Digitaria lecardii
Dichrostachys glomerata
Zornia glochidiata
Cassia mimosoides
Cochlospermum tinctorium
Terminalia avicennioides
Stylochiton lancifolius
Microchloa indica
Digitaria gayana
Blepharis linariifolia
Monotes kerstingil
Isoberlinia tomentosa
Elionurus pobeguinii
Isoberlinia doka
Pennisetum pedicellatum
Brachiaria stigmatisata
Aspilia africana
Andropogon schirensis
Gutenbergia nigritana
Brachiaria jubata
Fimbristylis pilosa
Ctenium newtonil
Tephrosia pedicellata
Detarium microcarpum
Asparagus africanus
Lippia chevalieri
Panicum maximum
Sporobolus pyramidalis
Urginea al tissima
Schizachyrium sanguineum
wWaltheria indica
Pandiaka heudelotil
Vernonia perrottetil
Gladiolus gregarius
Monocymbium ceresiiforme
Hyperthelia dissoluta
Indigofera pulchra

sida rhombifolia
Indigofera nummulariifolia
Sporobolus festivus
Costus spectabilis
Commiphora africana
strychnos spinosa
Swartzla madagascariensis
Annona senegalensis
Piliostigma thonningil
Gardenia erubescens
Ximenia americana
Evolvulus alsinoldes

2SR I¥

59
60
61

63
64
65
66
67
68
69

7
72
73
74
5

77

80
81
82
83
84
85
86
87
a8
89

91
92
93
94
95

97
99

101
102
103
104
105
106
107

109
110

144

Species

Curculigo pilosa
Combretum molle
Lepidagathis collina
Cassia nigricans

Lannea barteri
Gardenia aqualla
Loudetia simplex

Ochna afzelii
Butyrospermum paradoxum
Cryptolepls sanguinolenta
Paspalum orbiculare
Anogeissus lelocarpus
Fadogia agrestis
Fimbristylis ovata
pPavetaa glaucescens
Combretum ghasalense
Monechma ciliatum
Fimbristylis hispidula
sida linifolia
Urelytrum muricatum
Vernonia glaberrima
Diospyros mespiliformis
Stereospermum kunthianum
pDactyloctenium aegyp tium
Bidens pllosa
Schizachyrium exile
Setaria anceps

Cissus rufescens
Lannea schimperi
Chloris lamproparia
Sida ovata

Feretia apadanthera
Terminalia laxiflora
Bridelia ferruginea
vitex simplicifolia
Parinari curatellifolia
Aloe barteri

Setaria pallide-fusca
Jacquemontia tamnifolia
Tephrosia bracteolata
Crotalaria senegalensis
Hackelochlos granularis
Lannea acida
Chrysanthellum americanum
Hypoxis angustifolia
Entada africana
Polygala petitiana
Hymenocardia acida
Adenodolichos paniculatus
Tacca involucrata
Biophytum petersianum
Striga asiatica

Burkea africana

Khaya senegalensis
Grewia mollis



No,

111
112
113
114
115
116
117
118
119
120
221
122
123
124
125
126
127
128
129
130
131

© 132

133
134
135
136
137
138
139
140
141
142

Species

Pterocarpus erinaceus
Cassia sieberiana
Aristida adscenslonis
Afrormosia laxiflora
Crotalaria glauca
Tephrosia purpurea
Tephrosia linearis
Parkia clappertoniana
Maerua angolensis
Tamarindus indica

Cassia singueana
Pzeudocedrela kotschyl
Gardenla ternifolla
Albizia chevalieri
Securidaca longipedunculata
Diovscorea bulbifera
Cissus aralicides
Terminalia glsucescens
Ficus gnaphalocarpa
Cassia tora

Trichilia emetica
Cyperus postulalus
Crosgopteryx febrifuga
Dicoma tomentosa
Fsorospermum corymbiferum
Opilia celtidifeolia
Balanltes aegyptiaca
Cissus crotalarioides
Eragrostis gangetica
Hyparrhenia rufa
Pioscorea dumetorum .
Hoslundia opposita ;

143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163

165

167
168
169
1%
11
172
173
174

145

Species

Uvaria chamae
Macrosphyra longistyla
Lasiosiphon kraussianus
Heeria pulcherrima
Ipomcea erlocarpa
Ipomoea argentaurata
Prosopis africana
Lantana rhodesiensis
Bombax costatum
Scoparia dulcis
Jasminum dichotomum
Beckeropsis uniseta
Leersia hexardra
Eragrostls atrovirens
Kyllinga squamulata
Triumfetta pentandra
Nelsonla canesoens
Hygrophila auriculata
Paulinia pirnata
Mariscus alternifolius
Strychneos innocua
Vernonia nigritiana
Indigofera dendroldes
Echinops longifolius
Vernonla ambigua

S5ida urens

Indigofera capitata
Commiphora pedunculata ?
Danniella oliveri 5
Brachiaria brizantha
Euphorbia convolvuloldes
Desmodium barbatum

GUGA FOREST RESERVE: "UNIMPRCVED" NON-PLANTATION RESERYE FLORISTIC CODES
Species list follow thelr high to low order of recurrence in the raw

florigtic data table matrix,

Speclies numbers represent thelr codings

for ordination by RCFA and the Cluster analytic procedures employed.



Species

Isoberlinia doka
Pennisetum pedicellatum
Andropogon gayanus
Borreria radiata
Alysicarpus glumaceus
Annona senegalensis
Butyrospermum paradoxum
Andropogon pseudapricus
Monotes kerstingii
Panicum maximum
Lepidagathis collina
Adenodolichos paniculatus
Monocymbium ceresiiforme
Daniellia oliveri
Piliostigma thonningii
Terminalia laxiflora
Cassia mimosoldes
Vernonia ambigua
Parinari curatellifolia
Ctenium newtonii
Cymbopogon giganteus
Uapaca togoensis
Afromorsia laxiflora
Elionurus pobeguinii
Ximenia americana
Aspilia africana
Strychnos splnosa
Isoberlinia tomentosa
Pterocarpus erinaceus
Loudetia simplex
Parkia clappertoniana
Hyptis specigera
Lactuca glandulifera
Ageratum conyzolides
Hyparrhenia rufa
Prosopls africana
Pavetta gloucescens
Leucas martinicensis
Detarium microcarpum
Imperata cylindrica
Beckeropsis uniseta
Vernonia pauciflora
Bridelia ferruginea
Entada africana

Ochna rhizomatosa
Scoparia dulcis
Paspalum orbiculare
Jacquemontia tamnifolia
Schwenckia americana
Mitracarpus scaber
Eriosema griseum
Crossopteryx febrifuga
Vernonia glaberrima
Dichrostachys glomerata
Psorospermum corymbiferum

56
57
58
59
60
61
62
63
64
65
66
67

69

71
72
73
74

76
77

81
82
83
84
85

a7
89

91
g2
93
94
95

97
99

101
102
103
104
105
106
107
108
109
110

Species

Polygala petitiana
Swartzia madagascariensis
Terminalia avicennioldes
Gardenia aqualla

Vitex doniana

Gardenia erubescens
Tridax procumbens
Vernonia perrottetii
Ficus capensis
Combretum ghasalense
Pandiaka heudelotii
Cussonia barteri
Nauclea latifolia
Lophira lanceolata
Eragrostis ciliaris
Trichilia emetica
Monechma ciliatum
Vernonia ococephala
Lannea schimperi
Hyparrhenia cyanescens
Nelsonia canescens
Echinops langifolius
Grewia mollis
Hyparrhenia involucrata
Oldenlandia herbacea
Stereospermum kunthianum
Syzygium guineensis
Ochna afzelil
Indigofera capitata
Schizachyrium sanguineum
Combretum molle
Terminalia gloucescens
Crotalaria senegalensis
Striga senegalensis
Loudetia togoensis
Aeschynomene indica
Mitragyna inermis
Guizotia scabra
Jusslaea suffruticosa
Hymenocardia acida
Ficus congensis
Securinega virosa
Afzelia africana
Diospyrcs mespiliformis
Asparagus africanus
Ficus platyphylla
Cryptolepis sanguinolenta
Vernonia nigritana
Byrsocarpus coccineus
Panicum baumannii
Pseudocedrela kotschyi
Gardenia ternifolia
Strychnos innocua
Rottboellia exaltata
Hannoa undulata



No.
—

111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165

Species

Eriosema psoralecides
Beckeropsis uniseta
Urelytrum muricatum
Tephrosia bracteolata
Khaya senegalensis

Ficus sp.

Sesbania sesban
Tamarindus indica

Bacopa floribunda
Indigofera charlierlana
Euphorbia hirta

Chloris pilosa
Mangifera indica

Lannea kerstingii

Cassis tora
Sphaeranthus senegalensis
Securidaca longepedunculata
Microchloa indica

Protea alliottii

Acacla sieberiana
Fadogia agrestis
Oxytenathera abyssinica
Andropogon tectorum
Pseudarthria hookeri
Mimosa pigra

Antidesma venosum
Strophanthus preussii
Paulinia pinnata

Morelia senegalensis
Polygonum 1limbatum
Schizachyrium brevifolium
Pulicaria crispa
Tephrosia bracteolata
Eragrostis atrovirens
Combretum glutinosum
Bombax costatum
Crotalaria confusa
Buchnera hispida
Desmodium barbatum
Cochlospermum tinctorium

Sphenostylis schweinfurthii

Andropogon ascinodis
Vicoa leptoclada
Andropogon schirensis
Cassia sieberiana
Albizlia chevalieri
Carissa edulis
Clerodendrum capitatum
Justicia insularis
Merremia hederacea
Chloris rubusta

Ficus natalensis
Desmodium salicifolium
Clematis hirsuta
Eragrostis pilosa

191

193
194
195
196
197
198
199

201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220

Species

Sporobolus pyramidalis
Vitex simplicifolia
Physalis angulata
Heerla pulcherrima
Sida rhombifolia
Tephrosia linearis
Setaria pallide-fusca
Indigofera microcarpa
Thelepogon elegans
Sterculia setigera
Acacia polycantha
Chrysanthellum americanum
Indigofera arrecta
Gynura miniata

Ochna rhizomatosa
Dactyloctenium aegyptium
Digitaria ciliaris
Biophytum petersianum
Hibiscus asper
Gutenbergia nigritana
Trema guineensis

Opilia celtidifolia
Borreria octodon

Ficus ingens
Sporobolus festivus
Anogelssus lelocarpus
Ipomoea agentaurata
Crotalaria calycina
Margaretta rosea
Haumaniastrum lilacinum
Dicoma sessiliflora
Rhnchosia floribunda
Croton zambesicus
Canthium venosum
Maytenus senegalensis
Phyllanthus muellerianus
Borassus aethiopum
Heteropogon contortus
Crotalaria lachnosema
Adina microcephala
Faurea speciosa
Schizachyrium exile
Indigofera nummulariifolia
Waltheria indica
Ostryoderris stuhmannii
Balanites aegyptiaca
Trachypogon spicatus
Costus spectabilis
Lannea barteri

Phoenix reclinata
Erythrina senegalensis
Linociera nilotica
Cyperus sp.

Santaloides afzelii
Ipomoea ochraces
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222
223
224
225

Sgecies

Polysphaeria orbuscula
Psychotria psychotrioides
Alchornea cordifolia
Echinochloa pyramidalis
Cyperus digitatus

226
227
228
229
230

SE-ciu

Alternanthera nodiflora
Culcasia sexatilis
Dyschoriste perrottetii
Abrus precatorius
Panicum pansum

FLORISTIC CODES FROM VEGETATION SURVEY OF KUYELLC AND ITS ENVIRONS.
List of species are from high to low order of recurrence as in the

floristic raw data matrix table.

Numbers correspond to species

codings used in ordination with RCFA and agglomerative Cluster

Analysis computational techniques employed.
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46 Species :1 20 Quadrats
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*See attached Floristic Codes for species assoclated with each number,




152

60 Species x 23 Quadrats

1

o

"
¢
-
[
e
[ ]
%9 )
- ™
[

. T

- 1

{
—H ¥ e ———— J‘
o ~nmassrmer O AR RAS R AR R AR R R AR ARSI RARRARIANL YNSRI en gD

INVERSE OR R-CLUSTER DENDROGRAM RESULTS FOR SYNOPTIC FLORLSTIC DATA
MATRIX IV: UPLAND KAKO VILLAGE TO GALMA "FADAMA' -

¢ gee attached Floristic Codes for species associated with each number.



153

e e e e e e —————

!lnlln&ﬂ!uﬂliﬂlitlluJ

*Jaqunu YOR® UM PIRPTOOSSe Satoads 103 S9pOD OTISTIONL pIaudeIIe sag .,

HREVIEZ hhﬁﬁuhﬂﬂuunﬂdduuhﬂ hnﬂu“ﬂuul“ﬂuﬂﬂudin n ¥2Zewwn -

TN

1

syeIpendh 9¢ X sartoads ¢g

o'za'te tL it IS iy LEnIes I'lO'Io'ﬁ?ﬂd'O‘?'UE'O?'OE'O&"O!‘00'0

JONYISIO ¥ILSn1D



*I2qUNU YOE® YITM PIIETOIOSSE SITORAS JOF SIPOD ITISTIOTS PIUDFIIE S5 o

%%Eggg

154

teasnwwwa FSUFYYFESY

A XTHIVW VIVO OIISTNONd DILJONAS ¥Od SIMSH € HOd SIMSTY WYEOOMONI( NWALSI'D-¥ MO ISHIANT

=% HhﬂuwlnnnﬁﬂlﬂohﬂuﬂlﬂﬂhoNwﬂnﬁu.lhPﬁ“ﬂuiluﬂuuﬁulhhﬂﬂvIBRHHM!N "o~

]
L

SRS

_

sjegpend 111 X sa1o2ds 08

I t t t I t ! | S I

WX T2 TR0 26 1B 129 IS YIS 12T TI0" 16708702 1097050 0% "02 701 *00"0

i

JONYISIO RSN



155

Aﬂh
| |

;

303 SOpoD DTASTIONL PoUDEII® 295 o

<STITH XD0¥ ONY oNagTISNT TEWNd TTIA XTHIVW YIYD DILSTHOM STIIONAS ¥O0d SITM

"I“Hi‘dn

_

MY THFBES

“Hhuvhwsv1nnuvm966uﬂvuuru&uuuuwnn

s WYNOONON3d yarsno-¥ ¥0 FSHIANT

i)

——

i e

—

.ﬂ'unﬂnn-uhnan.l.ml

—

E'I‘I'IE_'IZ'I 1"10°16°CE870L

L] ] ' L] L]

rACZA LB LLTLEYL

sqeIperd 95 X setoeds 921

£9°656'07°0£°02°01°0C0



CLUSTER DISTANCE

3.0

2.Q

1.0

0.9

156
63 Species x 25 Quadrats .
P"] |
L] |
: |
|
- L N RN YRR IS IS S AR RN SRARE AL IARER TSR RAR:

LR R RN N ]
. -
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* Jae attached Floristic Codea for species associated with each number,




*JaquUNU UOE® U3 TM PIIETOOSSe SaTOads JOF S9pOD OTISTIONS PIUDeR3aw 39S

157

0'¢

0%

s3ezpend Q01 x s9T>9ds 08

AINVSTT ¥ALSNT1D



e e Rt "——_"—'"{“ ;:
—
'_{ P W

100 species x 88 (uadrats

s en it AR RLTEIRAARL NS RLASE

o
1§

] | ] I ' ) ) I 1 I I 1 ' 1 i i U | ] ' | ]
2217207267187 12127167177 1E 17117107 16"0R702709°06°CY°02°07°0L°CC 0
ANYLS IO ¥41517)

* See attached Floristic Codes for species associated with each number,




“IANISH 45T

159

o!ttoilnuwnﬂ“Hdﬂﬂt!“ﬂ:htuﬂunﬂhnxlnﬂnh

|

*JoquUNU YORd UITM pPIETOOSSE !-«.u!_u 303 S9pOD) OTISTIONS uoﬁuuun %35 o

dkd. . INTC 4O
-3 3+ 50334 lﬂlﬂﬂ“ﬂi““““ﬂtﬂﬂﬂ“ TISTITIITLIEST Otﬂﬂ“ﬂhﬂﬂ
_ | _EEE_E
————
= »=

—{_¢

P

B

FieIperd o x saTo9ds 001

S'NEZATX BB TITGTIIET T

1076700020201 0C "0

FINY IS M SN



160

*JaquMu UORe U3TM PIjRTOOSSE ..aﬂu!_- J03 S9poD DTISTIONL PaydeIIe 89§ ,

HO
=333282= dl'

_E_

o P

|
sjexpend c¢g X saToeds D01

LB L2 ?S e e IS0t e’ ORQLICRPOG0OY0E'GCOL1'Q0°0

AINYISIO ¥ 10SNT1D



161

CHAPTER ? ORDINATION
Ta1 _ INTRODUCTION

The maxim for the analytic approaches to the detection and delimitation

of natural grouplngs of speciles in an enviromment into plant community units
was stated by Daubenmire (1968), viz: "Wherever areas of equlvalent
environment are encountered, whether continuous or detached, essentially

the same plant assemblages reappear,”

Ii Anderson {1965} pointed out that "any procedt;lre of vegetation
classification involves an arrangement of communities into classes; the
members of which have in common a constellation of attributes which serve to
set them apart from members of another class". Also Greig-Smith (1964)
stated that "the process of ordination involves an attempt to place each
stand of vegetation in relation to one or more axes in auch a way that a
statement of its pogition relative to such axes conveys the maximum amount
of information about its composition".
| The cbjective of vegetation analysls by ordination and by numerical
classification is thus to produce sorting criteria for the reorganisation of
a floristic or environmental distributional raw data matrix such that the
latent co-variations and organisations or the trends and clusters of specles
distribution become recognisable and become linkable to environmental causes,
! A classificatory reorganisation of a raw floristic or environmental
;data matrix into communltlies thus seeks to group sample plots containing
the species which have similar digtributional patterns on the landscape
together, as a criterion for simllarities and differences among peints in
the environment,

i "Ordinations are concerned with the identification of trends and
patterns of variaticn in terms of correlations with external variables" as
whittaker {(1967) peinted out. Implicitly, therefore, a fundamental function
of ordination is the discovery of *'causes' for trends of cbservable continuum

flora changes or seguences of speciea comblnatlons.
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Causality is, however, often as confusing as the 'equivalent environ-
ment', Floral communities are the results of plurality of causes. Plurality
of causal factors of which there may be many alternative combinations pre-
supposes a plurality of floral combinations and recombinations into numerous
possible communities. The same causes hardly ever produce the same plant
communities of identical floral cover-abundance values. The recurrence of
the same species 1s, however, highly probably to recur in 'equivalent
environments" under a logical assumption of 'same same causes, the same
species assemblages'. However, there is no question of repetitive same
causes producing the same constant species within a plant community,

Rather, in a floristic ordination, it is the connected distribution of
species or the observation of species related to each other that is the basis
of an empirical generalization of relatively isolated number of quadrats
from a larger number of field observations of quadrats. A plant community
is therefore an empirical generalization of an isolated portion of quadrats
from a larger number of observable quadrats, having a relatively uniformity
of species composition, within an assignable level of error, under an
operative, probable, estimable environmental cause,

The isolation of a plant community is relative; for one community is
only isolated from another with regard to one or a few differential diagnostic
species by which the members of the community are assignable to their
approximate uniform area in the environment. Ordination of vegetation
samples provides a possibility of discovering the quadrats containing the
diagnostic species with positive definite relationships to the cause of
variation,

Communities are, however, neither always true under all circumstances
nor are they permanent. Rather they are temporal contiguities of floristic
an.'enblagu which will not necessarlily endure for an infinite time; for in
the breakdown of a web of floristic data into subsets of communities, it is

the connected distribution of species at the time of the field survey which
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is related to each other for the ecologist to seek the significance for
which the trends or clusters stand in the enviromment.

However, in spite of the difficulties that there are no strictly
invariable floristic uniformities between two separate points in the
environment, and that there are no strictly repetitive ‘equivalent
envirorments', it is nevertheless commonly pre-supposed by ordinationists
and classifiers in quantitative plant ecology that many fairly dependable
regularities of aggregations and sequences occur in the flora distribution
over an environment, And it is the regularities that have suggested a
search for plant communities using classification where ordination has
failed and ordination where classification has not provided the full answer.

Ordination procedures generate sorting criteria for sequencing and
re-ordering quadrats according to values of factor score coefficients,

By the same values, subsets of the raw floristic data are arbitrarily
reducible into categories having relatively homogeneous species
distributional characteristics.

A raw data table of plant distribution studied by a consideration
for the species composition, takes the form of a two-dimensional tabular
matrix consisting of species lists and of measured or estimated sample
quadrats derived from a series of measured or estimated sample quadrats
derived from a field survey. The plant distribution raw data matrix
table thus represents a matrix with latent variations and organisations
and may be reducible into relatively homogeneous subsets having closely
related floristic distributions, either by ordination along some trends
of co-variations or by a classificatory reorganisation into plant
communities, each with the highest within-group collective floristic
similarity, differentiated from the rest by a number of constant

characteristic or diagnostic species combinations.
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LITERATURE REVIEW OF THE

DEFINITIONS OF ORDINATION

In terms of the nature of the mathematics from which ordinations
are derived, Noy-Meir (1973) viewed ordination as "a collective term
for multivariate techniques by which samples or other entities are
arranged and metric information extracted". In terms of the displays
of variables by factor leading coefficients on bivariate, trivariate
or multidimensional scatter diagrams as a result of an ordination, Rolf
(1971) described ordination as "the multidimensional scaling analysis
by which most of the information about the co-variation among observations
found in original characters are constructed on a few axes",

As an aid to an interpretation of plant distribution as non-discrete
continuous variables, ordination was seen as a means of identifying and
interpreting "community gradients" or "coenoclines" defined as "the
sequences or directions of community compositional variation that can
be directly related to gradients of environmental factors" (whittaker,
1967), As a complement to numerical classification, Noy-Meir and
Whittaker (1978) saw ordination as an aid to the "identification and
typification of groups of related samples and species without necessarily
drawing discrete boundaries between them",

McIntosh (1973) pointed out that "the matrix rearranged by inspection
to produce orders or clusters is always subject to subjective interpretation
of the arranger and large matrices become very unwieldly". So, "ordination
is a method of evaluating similarity matrices in objective repeatable
fashion"., Goodall (1954) introduced ordination into plant distribution
analysis for "an arrangement of units in uni- or multi-dimensional order",
whether applied to quadrats or species, Orloci (1966) interpreted it as

the "summarisation of information content of a matrix whose elements define



165

the spatial relationships between ecological entities, (where) the

entities may represent either species or stands as well as factors
from an environment or habitats"., According to Orloci (1966) "the
geometric model so obtained is interpreted in terms of the major
ecological gradients and the clusters of individuals".

For a working explorative tool, Gittins (1969) defined ordination
as "a means for analysing the causal factors determining the distribution
of plants and vegetation". Ordination, however, does not analyse causal
factors directly, as Gittins' definition suggests. Rather, it is a
means of analysing the probable sequences of a distributional data that
are assumed to be the consequences of causes. The resulting data
sequences are thence investigated in terms of their possibilities to
discover the probable underlying deterministic causes. The distribution
data are thus subsequently interpreted in terms of those probable causal
sequences under which the quadrats occurred in the environment.

Ordination of plant communities is made on the assumption that a
latent restructurable organisation of some sort exists within the
distributional data matrix. So, Kershaw (1968) pointed out that
"ordination produces no defined units but merely relates all plots in
a series of axes which reflects their interrelationships (so that) a
more objective assessment of contreolling factors can be made",

The process of an ordination proceeds from a set of objectively
derived numerical indices of positive and negative correlations between
all the possible palrs of quadrats within a raw data matrix. A
differential quadrat is located at the end of an axis. The quadrats
having the highest significant similarity measures with it are then
located next to it. The remaining quadrats in the matrix are similarly
successively arranged according to the sequences of the degrees of their

significant positive and negative correlation values so that the quadrats
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with the minimum similarities with the differential quadrat are
arranged last.

The technique therefore provides a means to the identification of
correlated quadrats, or quadrat-clusters and indicates the possible
rearrangements of the data matrix, suggest the possible trends of the
plant distributional co-varliations and represents their patterns in
relationships with the probable differential causal factors of the
environment,

Ordination is therefore an cbjective sorting technique for re-
shuffling quadrats to indicate their affinities with one another and
to a common environment, starting from a complex mixture of floristic
or environmental raw data samples.

Since related quadrats having greater affinity for similar environ-
mental properties should occupy similar areas on the ground, and should
be close together in the abstract vegetation space of an ordination
diagram, ordination is also an aid to the synthesis of relatively
homogeneous subsets from a plant distributional raw data matrix. It
is thus a method for demonstrating, representing and identifying the
possible groupings of correlated quadrats in relation to their common
environmental factors and a supportive method of locating the clusters
of correlated quadrats that represent different plant communities from

a raw data matrix table,

7.3 LITERATURE REVIEW OF ORDINATION TECHNIQUES

By the distinction of ordination methods into either 'direct' or
‘indirect' (whittaker, 1967), the prevalent techniques are 'indirect’
such as the principal component analysis (PCA), whereby axes of ordination
are mathematically constructed from a matrix of similarity coefficients,

The ordinated quadrats in an indirect ordination are characterised by their
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quantitative floristic scores and the axes should represent some major

directions of floristic assemblages or trends in relation to the

environment. The constellations and alignments of the quadrats produced
on the graphical scatter diagrams are thence evaluated in terms of one
or more environmental properties by which floristic clusters and trends
could be determined in the field gource from which the zamples were
procured, |

‘| The maln methods of indirect ordination derive from the large
variety of multivariate numerical techniques organised around factor
analysls used also in non-ecological disciplines to summarise matrices
of correlation coefflicient values into small numbers of 'factors'., Thus
a *facter' by indirect ordination is an ecological concept as well as a
mathematical cne. The application of factor analytic techniques to
plant distribution arranges a given set of intercorrelations among field

sample matrix of quantltative flora data into factor loading coefficlents

" to which ecological meanings are attached from the relevant environmental

characterigstics of the related quadrats, The main function of a factor
in plant distribution analysis is to organise the quadrats differentiated
out by & common cause such that the floristic content of the quadrats
which comprise the factor can be listed and related to their environments,
Thus the floristic content of a factor is employed as an indiqat.or of

the properties of an envircnment, The species content of the quadralts
loading high on a factor may therefore reflect a land use peculiarity,

a restricted soil feature or a specific geomorphorloglcal landmark
typified or mondtored by the specles agsembled by the factor. Thus an
indirect ordination is made on the a;sswlptian that each axis of an
ordination may indicate a basic direction of co-variation within the
coded vegetation data which may be related to gradienta or types of

underlying factors. The interpretation of an ordination axis as to
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whether it is a continuum gradient or a plant community cluster depends
pactly upon the theory of plant distribution held by the investigator
and partly on the display of the factor gsolutions obtained.

The factor solutions obtained may also depend upon the nature and
number of observations in the analysis, If the subset area surveyed is
relatively homogeneous over the whole range of the environment, then
the analysis wlill probably yield few factors and give prominence toc one
general factor or factor gradient. Conversely, analysis of samples from
a florlstically and environmentally heterogenecus area is probably
going to require a large number of axes with which a mosajic of plant
commnities are related and minimise the likelihood of there being one
general factor with loadings on all sample units.
| A common problem of factor analytic techniques as a method of
ordination 1s to know when to stop factor analysing, on which the number
of comunities are dependent. Cuantitative ecologlgts normally stop the
analysis when the known main 'causes' or factors have been consldered
extracted. For example, Austin and Greig-Smith {1968) reported that
“only two axes are considered as, with limited amount of envlronmental
information available, the examination of further axes 1s unlikely to
profitable"”, Communities of plants are of unequal size and a2 complex
matrix of correlations may require for its complete analysis a number of
factors which have small loadings on any of the axes;

One of the criteria for a good ordination technique should perhaps
be th.at”the technique should enable an objective analysis of inter-
correlations from the raw data matrix punched on cﬁrds without a subjective
manual data manipulation. Thus, "“direct gradient analysis" (whittaker,
1967) and "polar ordination" (Bray and Curtils, 1557) have been criticised

for linearity of vegetational gradients based on quadrat scores derived
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from estimates of species in response to "subjectively estimated
environmental variables or in response to those variables which are
simple to measure" (Austin, 1971).

The preliminary choice of option required to be made concerns
whether the calculation of correlation coefficients should be made for
the columns or for the rows of an array of a raw data matrix, This is
less important, however, with a technique such as the reciprocal averaging
(Hill, 1973) which can be applied to perform a concurrent dual Q-matrix
and R-matrix of similarity coefficients without a need for transposing
the raw data matrix between analyses. The choice determines whether
analysis is made for ordering quadrats, the basic units of a plant
community, or species, the components and indicators of plant communities.

The Q-type calculations represent the analysis of the individual
sample areas of vegetation (quadrats), as employed by Cattell (1952)
and by Greig-Smith (1964), or the 'Normal Analysis' of wWilliams and
Lambert (1960). While the R-type ordination may be usefully employed
to explore "ecological species groups with similar distributional
similarities" (Whittaker, 1967), it is considered that a plant community
investigation should be based on the co-variation among the basic sample
units of plant communities achieved with a Q-ordination.

The unifying first step in ordination is the assessment of the
strength of association among the entities of floristic data coded as a
series of columns and rows, representing quadrats and their species
content values.

The strength of association is a reflection of the degree of the
tendency for species to vary together in quadrats and hence for quadrats
to resemble one another in species compogition, For a ranked ratio-
level interval-scaled species cover measurement scheme in quantitative

floristic scores per quadrat such as species scores by the Domin scale,
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bivariate correlation coefficient provides an appropriate linear
relationship between two variables and forms the basic statistic for
the atrength of the assoclation describing a continuum vegetation ordér.
A correlation coefficient matrix may also be found for presence or
absence data (Greig-Smith, 1971). The Pearson product-noment correlation
coefficient r 1s calculated for all possible pairs of quadrats or
.envlronmental data by Pearson correlation coefficient:
= zl?=| x =%X){y ¥)

\[{[ Zb;‘:l_lxi _Tl’][zﬁi‘:h w_-?}z], -—

where X and Y symbolize a pair of quadrats

|
|
|
|
[

| Xi = ith cbservatlon of quadrat X

-
[
[}

ith observation of quadrat ¥

number of observed quadrats

I
]

= mean quantity of species scores in X

|
[

= mean gquantity of speclies scores in ¥

Different ordination procedures explore the reduction possibilities
of the similarity coefficlents in different ways. The properties of the
Lechniques employed were reviewed by gsevera)l authors in Tuxen (1973) and
in whittaker {(1978), with the outlines of the types of multivariate
statistical techniques which have found use ln ordination. Supports for,
and criticisms of, each technique have been dlscussed.

| Noy-Meldr (1978) identified three periods in the evolution of multi-
varlate techniques in plant distribution analysis, viz:

|a) the early perlod of direct gradient analysis and informal techniques,
b) a middle period of testing multivariate techniques from other fields,
¢) the present period of selection among available techniques and designs
of new ones for ecologlcal data.

Noy-Melr and whittaker (1978) suggested that supports and criticisms

of each technique have probably been overstated, as all the methods provide
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numerical results which though not identical in general, lead to
similar ecological interpretations: "No one method has emerged as the
most suitable for describing and explaining patterns of variation in
plant communities, but most techniques have been indicated to be useful
in the analysis of data although they potentially lead to different
ordination results." However, Robertson (1978) has appropriately
suggested that "most often, the gradient or continuum of floral distribution
have been more vehemently and exclusively supported by analysts of data
taken from gradients such as elevation, topographic moisture, and
successional factors. In those instances ordination techniques have
been generally successful in elucidating floral relationships between
environmental variables and linear gradient structures", Austin (1971)
suggested that "non-linear" or "restrictive-linear" combinations between
sets of vegetation and environmental variables are more realistic
ecological models and that "most ecologists would not expect species to
interact or respond to an environmental gradient in a linear manner".

The application of a variety of eigenvector multi-factor analytic
techniques, such as the classical factor analysis (Spearman, 1904),
principal component analysis (Hotelling, 1933) and reciprocal averaging
(Hill, 1973) yields an "indirect ordination" or "phytosociological
ordination" (Goldsmith and Harrison, 1976) by which factors are objectively
abstracted by purely mathematical transformations and reductions of the
coefficient of similarity matrix for the vegetation sample quadrats, into
a few hypothetical underlying axes. The resulting orthogonal (uncorrelated)
axes are interpreted along the major directions of community variations

with the environment.
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7.4 MY APPLICATION OF RAC'S CANONICAL FACTORING

ANALYSLS A3 AN ORDINATION TECHNLIQUE

Rac's canonical factoring analysis (RCFA) is one avallable

technique which I use in my ordinationg here., I believe RCFA potentially
makes substantial contributlions to the organisatlion of community trends
in plant distribution along with the other multivariate techniques
introduced from other fields, though it has not been employed in plant
ecological ordinations before.

Princlpal components analysis "the assumed method of factor
‘extraction” (Morrison, 1967) was described by Gittins (1969) as "probably
representing the most successful ordination technique currently employed
in studies of vegetation" and Orlocl (1969) believed that BCA "provides
the most efficient means for a parsimonious summarisation of linear
vegetational or environmental variation in a given sample", Conversely,
the utility of PCA was questioned by Gauch and wWhittaker (1973). They
$ade an "over-all ranking of techniques" to form "an ordination of
ordination methods™, and concluded that PCA was the "worst".

. Canonical correlation analysis (CCA} was introduced into phyto-
sociological ordination by Austin (1968) and had been re-used by Casle

- and Michael (1968), Casie (1969), Barkham and Norrls (1870), Gauch and
Wentworth (1976) with varied reports about successes achieved from it,
Barkham and Norris (1970) described a case of data analysis by both PCA

and CCA, and they belleved that both "techniques of data analysis H
described provide a workable strategy to investigate a complex vegetation-
solil system", However, CCA was judged to have "little value for ordination"
by Whittaker and Gauch (1978}, |

A major drawback to many of the popular indirect ordination multi-

variate eigen vector techniques is that the data oust be '"consistepnt with
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the multi-variate normal distribution" (Rolf, 1971) on the assumption
that they were derived by statistical random experiments. '"The concept
of principal component analysis applies to a random variable" (Hotelling,
1933). However, vegetation surveys are hardly randomly executed in

the field. Greig-Smith (1964) stated that "truly random dispersal is
hardly, if ever, found in nature" but that "plant individuals tend to
be clumped or be contingously distributed around central points".
whittaker (1973) also pointed out that "formal randomisation of sample
locations has been abandoned by most who have tried it", RCFA makes

no assumption of a random sample and my data collection was not totally
random.

The departure from random vegetation survey thus requires a
departure from an ordination technique such as PCA whose predictive
efficiency as a multi-dimensional scaling technique presupposes a random
sampling., RCFA makes multiple correlations and readjusts the correlation
matrix following the assumption that the observed N variables are only
a sample from a universe of variables. "It implies that any observed
point can be corrected for errors of measurement and can be expressed
as linear combination of a number of basic vectors" (Rao 1964). It
assumes that a given correlation matrix is based upon a sample of cases
(species) and determines what the most likely population segments would
be when determined by the linear combination of the common and unique
(items) specles of the observed variables (quadrats), assuming some
sampling errors, without presupposing a random survey or a multi-
variate normal distribution,

1 consider Rao's canonical factoring analysis as a bridge between,
and a combination of the features of the two multi-variate techniques of
factor analysis by PCA and the canonical correlation analysis which

Austin (1968) and othem employed. Thus, like CCA, it extracts sets of



linear combinations of variables in order to account for maximal
variance within the data matrix, Also, like PCA, it is a procedure
for locating and defining multi-dimensional space among a large group
of variables; locates a small number of dimensions, clusters, axes,
or factors, specified by the user, in a large set of variables; it
determines the degrees to which a set of varlables are a part of a
common underlying ‘'cause' or unique 'causes'; RCFA thus enables a
simplification of the coefficlients of correlations between a large number
of independent variables (quadrats) and a large number of dependent
variables (species).

In this way Rao's canonlcal factoring fits into the cbjectives
of ordination and axes may be constructed for vegetational quadrats
from situations where floristic variation is continuous or as an
alternative to the classification of relatively discrete floral
assemblages. The R-ordination of species' abundance in quadrats can
also be executed by RCFA, but only after transposing the raw data matrix,
unlike reciprocal averaging (Hill, 1973) in which a dual quadrat-species
can be concurrently ordinated with the same data matrix. Similarly, an
environmental ordination, where multi-dimensional scaling is executed
from environmental data can be achieved with either a Q-ordination or

an R-ordination.
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RCFA may be employed for any one of the stated purposes of ordination

either as a basis for "group identification" (Dagnelie, 1960); "cluster
recognition" (Greig-Smith et al 1967); "graphical discrimination
analysis" (Orloci 1968, Rolf 1971); "the identification of trends and
patterns of floristic variations in terms of correlations with external
factors" (Whittaker 1967, Austin and Greig-Smith 1968, Gittins 1969), or
as an aid to plant community identification for which it 1s being

investigated,
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The statistics and the geometric principles involved in the
canonical factor analysis by Rao have been detailed in Rao (1955)
and reviewed with the criterion for judging the significance of factor
loading estimates derived for explaining correlations between measure-
ments particularly in psychology in Rao (1964). The computational
procedures were described for sociological data in the computer manual
of Statistical Packages for the Social Sciences by Nie et al (1970, 1975).
However, I know of no ecological literature suggesting that the canonical
factoring analysis has been adopted for the purpose of phytosociological
ordination or related ecological analyses.

McDonald (1970) compared the theoretical mathematical foundations
of factoring procedures by principal factoring analysis (PFA), canonical
factoring analysis by Rao (1955) (CFA), alpha factoring analysis (AFA)
and PCA, He reported that of them, Rao's "CFA seems the most natural
choice"” and that "constructed factor scores given by the method have
(relative) maximum correlations with true factors'". McDonald affirmed
that "it seems possible to say unequivocally that CFA is the best
procedure for almost all applications'.

By the Q-type approach, bivariate correlation coefficients (r)
between paired gquadrats are calculated and arranged in a co-variance
matrix to provide the idea of the concomitant variation as well as the
degree to which variations in the quantitative floristic values in one
quadrat is related to variations in the species values in other quadrats

by the formula
N N
,__'Z,-z—: X E;L‘ZE"' X4 ‘Zhilsz Yi /N
1 =

Jf- |Z,.',.l """’;anfiﬁx }’f—'ZT:; Y;‘:}N]Im

That is, the correlation coefficient formula 1 is restated by a

division of the numerator and denominator by N-1 to show that r can also

be defined as the covariance in X and Y divided by the product of their



|
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standard deviations. Covariance in X and Y 1is given by

Z?I:l (X =RX) (i =¥) 3
AN/
and standard deviation is given by
s iy - NEP 4
Nl
The covariate specles are assuned by 3 to be linearly related to

the continuous variables (quadrats) in order to provide a convenient
way for examining the combined effects and interactions of species
combinations within quadrats in a continuum trend. 3 measures the
dispersion about the mean of an interval level species score and how
closely the individual scores of species cluster around the mean,
The computations of the factor loading coefficients only requires
the set of bivariate correlation coefficlents for a data to work out
the assumed underlyirg structures in terms of hypothetical variables
depending on what are called "common and specific or individual
factors” (Rao 1933). ’ |
a RCFA assumes that the calculated takle of inﬁercorrelations is
influenced by various determinants., Some determinants are shared by
others, others are not shared by the rest, Thus there are general
factors common to a relatively higher proportion of the population
$ruup, and some pecullar factors uniquely or specifically shared by

a few variables, Since the determinants of community correlation in a
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Q-ordination are the speclies, jolntly shared or discriminantly distributeq

in the quadrats, it is possible to allgn the species with high constancy

in a raw floristic data table with the ‘common factor' goal of RCFA,

shile the subsequent successive axes will synthesize a correspondence

|
to the 'fildelity' data of the Zurich-Montpelller School of Braun-

Blanquent (1932). Braun-Blanquent used the concept of fidelity to
determine the "characteristic" species of an association or plant

|
" community, and scaled the relatlve exclusiveness to which species are
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confined to one or a few communities as "exclusive", "selective",
“preferential" and "indifferent" (the order being from species most
specific to unique communities to species which have the least pronounced
affinity for any community and are common to a general factor).

The aims of RCFA are to explain a table of intercorrelations in
terms of simpler covariations by decomposing the correlation coefficients
such that variables determined by the same common and unique factors
are mutually highly correlated positively ("non-negative positive-
definite or positive semi.definite canonically reduced matrices",

Rac 1955, 1964).

It is assumed that raw variable matrix is influenced by various
determinants, some of which are shared by other variables in the set
while others are not shared by any other variable, i.e, that some
causes are 'common' and others are 'unique'. Thus the correlation
coefficient matrix for the variable set is assumed to be the result of
the correlated variables sharing some of the common factors, which is
modelled as:

Z] = ajiFl + ajzFz + aj3F3+4.ees + ajmfm + djUj
where j = 1, 2, 3.e.n

Zj = variable j in standardized form

F

hypothetical factors (eco-mathematical factor)
Uj = unique factor for variable j

aji

standardized multiple-regression coefficient of variable
) on factor i (factor loading)
dj = standardized regression coefficient of variable j on
unique factor j
= = no, of factors common to all variables.
Since the computations can be tackled only on a computer there is

no particular need to repeat the mathematics of Rao's canonical factoring
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analysis which have been fully developed in Rao (1955, 1960, 1961

and 1964),

The unique factor Uj is assumed to be orthogonal to the common
factors assoclated with other variables, i.e. factors are not related.
The initial factoring results in the extraction of an unrotated factor
matrix in which
1. all factors are imposed to be orthogonal;

2. factors are arranged in the order of their importance; the first
factor being the most important component. The second factor is
the second most important, and so on. That 1s, the axes are
successive and progressively diminish in accounting for the
maximum covariance or heterogeneities within a sample, like PCA
(Hotelling, 1933, defined principal components as "the axes which
successively account for maximal variability in a sample").

3. the first factor is a general factor; subsequent factors are bipolar,
with mixed positive factor loadings and negative loadings.

A complete canonical factor solution provides a means of estimating
factor loading coefficients from the observed variables, involving
regression weight constants for factors to describe a variable

Z) = ajiFi + ajzF2 + aj3F3+.... + ajmFm + djUj
where aji and dj stand for regression weights

Zj for a variable

Fi for common factors

Uj for a unique factor

7.4.1 FACTOR SCORE COEFFICIENT MATRIX

The theoretical associations with the successive factors are
represented by a composite of indices, the factor scores, calculated

for each variable,



179

Rotation simplifies the factor scores and enhances a meaningful
interpretation of each axis., The initial solutions extract orthogonal
factors in the order of their importance, the first being a general
factor with significant loadings on most variables, The second and
subsequent factors tend to be approximately half and half positive and
negative loadings by all the variables combined. From an unrotated
original axis, the patterns of variables on a two-dimensional factor
loading space tend not to be cbvious, The goal of rotation is to
obtain readily recognizable trends or clusters from the ordination.

Rotation may be achieved by one of several methods, the geometry
of which are incorporated into the RCFA computing procedures in the
S.P.5.5. (Nie et al 1975)., Orthogonal rotation by varimax centres on
simplifying the columns of the axes into maximum trends by a computational

formula

~ A a/P ¥ ~ P a;p’]? X
s Tpw Zpea () -6, éﬁ)__....m....-

where n = no., of eigen-values (= no. of variables)
m = no. of factors
hj2 = communality of variable j
a = factor loadings
Z;.- the sum of factor loadings for variable j

p = common factors (less than the number of variables)

T.4.2 EIGENVALUES AND PROPORTION OF COMMON VARIANCE

The number of successive factors are determined by discriminant
quadrats derived in order of their importance and can be stopped whenever
the relative proportion of the covariation of sets of significantly
correlated variables have been adequately extracted. In the absence of

any fixed rule for deciding what is too small, more parsimonious axes
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RESULTS OF Q~ORDINATION MATRICES I TO XII

Wuadrats are sequenced by the "Mean Trait Distance" and the
“Average Linkage" results from the corresponding Cluster Analytic
Dendrograms shown on pages 115-126.

Gaps among guadrats and factor coefficients on the six factors
represent the relative boundaries between plant communities as
predicted by the preliminary clustering of quadrats on each
corresponding dendrogram (pages 115-126).

Accuracy to the fifth digit calculated by the computer was
rounded up to three.

Factor solutions were rotated by the varimax method.

Graphical plotting of factor loadings for visual display of paired
axes (i.e, ordination scatter diagrams) are concurrently produced
for each set of matrix, but these are only illustrated by a few
examples {(pages 202-206}.

PCT of VAR = percentage of varlation accounted for by a factor,

CWM PCT = Cumulative percentage of variation accounted for by
successive additions of PCT of VAR.

Page 188 exemplifies the application of the RCFA as an R-ordination
technique based on the first most constant forty species in the
inverted synthetized synoptic floristic raw data matrix. Redundancy
or trivilality of one or more species in a synoptic data matrix ig

a barrier to this methed of approaching ordination by RCFA.
Conversely, Cluster Analysis is insensitive to elther the redundancy
or the triviallty of a specles,



FACTOR 1 FACTOR 2 FACTOR 3 FACTOR 4  FACTCR 5 FACTCR 6

Q1 -0,069 0.005 -0,003 -0,036 0.047 -0,062
Q30 -0.094 0,029 -0,068 -0,021 0.186 0.078
Q 0.046 0.478 0.207 -0,081 ~-0.227 ~0.130
Q3 0.004 0.413 0.415 0.063 -0.137 ~0.162
Q4 0,040 0.480 0.384 0.135 0.202 ~-0.03%%
Q9 0.884 0,117 0.096 -0,305 0.121 -0.03%1
Q24 0.888 -0,141 0.112 -0.324 0.107 ~0,001
Q19 0.940 -0.088 -0.035 -0,121 0.069 ~0.,028
Q21 0.944 ~0.075 -0.007 -0,129 0.078 ~0,013
Q10 0.835 0.126 0.077 ~0,005 0.026 ~0.140
Q18 0.771 ~0.068 0.274 -0, 306 0.150 ~0.085
Q12 0.817 0.033 -0,268 0.435 -0.108 0.029
Q22 0.894 ~0,035 -0,212 0.339 -0.077 0.031
Q20 0.869 0,002 -0,079 0,018 0.136 0.055
Q11 0.477 -0.139 0,238 -0.384 ~0,022 0.069
Q32 0.504 0.598 0.300 -0.194 -0.416 0.105
Q33 0.214 0.615 0.197 ~0.139 ~-0.571 0.182
Q34 -0,036 0.172 0,032 -0.174 . =0,390 0.103
Q6 0.173 0.212 0.339 0.084 -0,018 -0.017
QB -0,012 0.523 0,220 0.129 0,531 0.521
Q7 0,163 0.465 0.138 0.084 0.210 0.325
Q35 0,057 0.466 0.124 0.096 0.378 0.143
Q36 0,044 © 0,486 0,102 -0,021 0.019 0.197
Q13 0,327 0.362 ~0,068 0.248 0.291 0.141
Q31 -0,070 0.281 0.002 0,028 0,397 0.304
Q8 0,126 0.462 0.182 0.167 0.444 -0.025
Q14 0.275 0.479 0.253 0.178 0.190 -0.170
Q25 0.097 0.504 0.216 0,150 0,369 0.010
Q26 0.138 0.212 0.406 0.310 0.123 ~0.427
Q27 0.132 0.575 0.459 0.241 0.148 -0.324
Q28 0,143 0.615 0.441 0.239 0,214 ~0.380
Q29 0.100 0,463 0.410 0.208 0.099 -0.474
Q15 0.010 -0.448 0.558 0.165 -0,076 0.032
Q16 0,068 -0.549 0.728 0.221 -0.,112 0.093
Q17 0,095 -0.47 0.771 0.242 ~0,064 0.104

ORDINATION MATRIX I: GALMA 'FADAMA' VEGETATION
FACTOR COEFFICIENT MATRIX FROM Q-ORDINATION USING RAO'S CANONICAL FACTOR
ANALYSIS (RCFA) ON THE SYNTHETIZED SYNOPTIC FLORISTIC RAW DATA MATRIX I

Sequence of quadrats are in the order of the agglomerative Cluster Analysis
first employed in the community classification.

FACTOR EIGENVALUE PCT OF VAR CUM PCT CHI-SQUARE DEG FREEDOM
1. 103.49318 53.5 535 3816.60596 594
2 28.49162 14.7 68.2 3204.88550 559
3 25.49689 13.2 81.4 2458,52661 525
4 15.74265 8.1 89.5 1908,94019 492
5 12.51413 6.5 96.0 1357.45630 460
é 7.73094 4.0 100.0 987.45166 429

TAMTMAMTR TRADADTTAN AR VARTATTON ACCOUNTED FOR BY SIX FACTOR-AXES ON ORDINATION



FACTOR 1 FACTOR 2 FACTOR 3 FACTOR 4 FACTCR 5 FACTCR 6

Q! -0,062 0.207 ~0,167 0.05% 0,202 0.292
Q2 0.020 0.165 -0,148 -0.073 -0.061 0.120
Q32 ~0,035 0.042 0.006 0.048 =0,008 0.025
Q10 0.366 0.185 0.451 0.609 0,008 0.015
Q12 0.088 0.071 0.186 0.229 -0,013 0.013
Q13 -0.024 0.149 0.117 0.441 -0.121 0.029
Q3 -0.052 0,067 0.194 -0.187 =0,041 0,092
QB 0.46 0.207 0.709 =0.405 0.043 0.032
Qb 0.224 0.131 0.716 -0.452 -0,007 0.178
Q7 0.600 0,220 0.111 0.016 0.198 -0,282
Q15 0.485 0.289 -0,099 0,024 0.508 0.146
Q16 0,728 0.377 -0.175 0,020 0.284 0,224
Q18 0.750 0.314 0.007 0.023 0.207 -0,387
Q19 0.856 0.332 -0.103 -0,013 -0,225 -0.178
Q20 0.831 0.367 -0,250 -0,012 -~0.213 0.100
Q17 0.496 0.151 0.080 0.022 0.158 -0.348
Q8 0.341 0.175 0.505 0.612 0.067 0.063
Q 0.259 0.154 0.444 0,660 0.057 0.057
Q11 0.150 0.182 0.364 0.695 0.047 0.132
Q14 0,383 0.153 0.302 0.301 0.168 0.041
Q33 0,267 0.163 -0.342 0,048 ~0,124 0.596
Q21 0.872 -0,271 0.041 -0,006 ~0,168 0.151
Q22 0.646 ~0,715 -0.,017 0,019 -0,036 0.101
Q28 0.695 ~0,491 -0.065 -0,019 0.286 -0.207
Q23 0.534 ~0.314 -0.164 -0.033 - 0021 0.092
Q26 0.525 ~0,562 -0,054 -0,043% -0.050 0.006
Q29 -0,001 ~0.433 -0.075 -0,046 -0.008 -0,096
Q4 0.374 0.301 -0.277 -0.127 0.319 0,019
Q30 0.537 0.23%1 -0.231 ~0.062 0.381 -0,288
Q31 0.240 0.276 -0,276 -0.105 0.570 0.399
Q34 0,222 0,226 -0,243 ~-0.034 0.471 0.251
Q24 0.336 0.148 -0,436 -0,151 0.257 0.125
Q25 0.523 0.288 -0.362 -0,102 0.253 0,029

ORDINATION MATRIX II: ZARTA-DAMBO 'KURMI'
FACTOR COEFFICIENT MATRIX FROM Q-ORDINATION USING RCFA ON THE SYNTHETIZED
SYNOPTIC FLORISTIC RAW DATA MATRIX II

Sequence of quadrats are partly due to test recombinations following the
agglomerative Cluster Analysis first employed for the community classification.

FACTOR EIGENVALUE PCT OF VAR CUM PCT CHI-SQUARE DEG FRECDOM
1 68.64105 48.4 48.4  2602.18579 527
2 27.09036 19.1 67.6 2119.35767 494
3 18.28801 12.9 80.5  1719.10547 462
4 12.40084 8.8 89.2  1403.03467 431
5 8,40263 5.9 95.1  1170.35254 401
6 6.88057 4.9 100,0 949.58887 372

ESTIMATED PROFORTION OF VARIATION ACCOUNTED FOR BY SIX FACTOR-AXES ON ORDINATION
- MATRIX II IN THEIR DESCENDING ORDER OF IMPORTANCE
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FACTOR 1 FACTOR 2 FACTOR 3 FACTOR 4 FACTOR 5 FACTOR 6

Q1 0.325 -00120 0.328 "0.007 -0.046 -0. 154
Q2 0.075 -0.404 0-605 -0.000 "0.255 0.051
3 0.281 =0.544 0.741 0.032 -0.134 0,058
Q4 0.567 -0.,482 0.568 0.025 0,162 0.047
(a5] 0,568 ~0.416 0.538 ~0.0%8 0,103 -0,019
Qb 0.558 -~0.006 0.019 ~0.093 0.646 -0.114
Q12 0.792 -0,222 ~0.407 0.144 -0.285 0,018
Q13 0.933 ~0,143 ~0.,192 -0,012 -0.014 -0,082
Q20 0.933 0.049 -0.228 -0.030 0.114 0,101
Q14 0,845 ~0.256 -0,235 0.074 0.080 -0,096
Q15 0.512 0.490 0,206 ~0.455 0.120 ~0.237
Q16 0.511 0.531 0,265 ~0,467 -0.213 -0.162
Q11 0,604 -0,008 -0,030 0.137 -0,057 0.078
Q7 0.200 0.798 0.261 -0.066 -0.152 0.222
Q8 0.272 0,773 0,292 -0,062 -0,021 -0.114
Q 0.403 0.700 0.308 0.384 -0.060 ~0,042
Q19 0.225 0.795 0,296 0.239 0.005 -0.129
Q18 0.106 0.642 0,225 0.553 0.072 -0,089
Q10 0.477 0,593 0,149 0,285 0.160 0.299
Q17 0.254 0,527 -0,003 =0.400 0.010 0.556

ORDINATION MATRIX III: GALMA IRRIGATION SCHEME SITE
FACTOR COEFFICIENT MATRIX FROM @Q-ORDINATION USING RCFA ON THE SYNTHETIZED
SYNOPTIC FLORISTIC RAW DATA MATRIX 111

Sequence of quadrats are in the order of the agglomerative Cluster Analysis
first employed in the community classification,

FACTOR EIGENVALUE PCT OF VAR CUM PCT CHI-SQUARE DEG FREEDON
1 75.89616 44.4 44.4 940.97900 170
2 43.05170 25,2 69,6 683,48071 151
3 28,42638 16.6 86.2 414.58374 133
4 11.28933 6.6 92.8 296.13379 116
5 6.74416 3.9 96.7 224.24957 100
6 5.56811 3.3 100.0 151.29027 85

ESTIMATED PROPORTION OF VARIATION ACCOUNTED FOR BY SIX FACTOR-AXES Ol ORDINATION
MATRIX 111 IN THEIR DESCENDING ORDER OF IMPORTANCE T
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FACTOR 1 FAvrun 2 FACTOR 3 FACTOR 4 FACTCR 5 FACTOH 6

(o)) 0.672 -0,288 0,328 -0,083 -0.109 ~0,065
QA3 0.766 -0.295 0,402 0.019 -0,207 =0,151
&S 0.833 -0,322 0,292 -0,171 -0,015 -0.031
Q11 0.900 -0t138 0.068 "00117 "0.112 "‘0.230
Q10 0.882 -0,064 -0,185 -0,259 0,211 0.033
Q9 0.849 ~0,002 -0.074 -0.058 ~0.120 -0.039
Q12 0.800 0.013 -0.189 -0,250 0.327 0.101
Q2 0.567 0,021 0.294 0.204 0.161 0,263
b 0.579 0,151 0.344 0.152 0.323 0.504
Q4 0.738 -0,078 0.487 0.306 ~0,146 0.169
Q7 0.608 -0,031 0.284 0.098 0.073 0.090
Q8 0.655 0.276 -0.456 0.419 ~0.177 -0,074
Q13 0.645 0.309 -0,653 0,039 0.067 -0,010
Q14 0.572 0.330 ~0.300 0.360 0.094 0.072
Q15 0.513 0.371 ~0.077 0.215 0.129 -0.086
Q16 0.125 0,736 -0.103 ~0.327 -0.468 0.195
Q17 0,011 0,502 0.180 ~0,304 -0,312 0.266
Q18 0.062 0.782 0.412 ~0.049 -0,012 0.010
Q19 0,066 0,828 0.400 ~0.059 0.137 -0,119
Q23 0.102 0.791 0.329 0.120 0.149 ~0.120
Q20 0,046 0.726 0.386 0.084 0.245 -0,236
Q22 0.020 0.753 0.417 -0.028 0.133 -0.169
Q21 -0.014 0.462 0.201 0.060 0.312 -0.287

ORDINATION MATRIX IV: UPLAND KAKO VILLAGE TO GALFA 'FADAKA'
FACTOR COEFFICIENT MATRIX FROM Q~ORDINATION USING RCFA ON THE SYNTHETIZED
SYNOPTIC FLORISTIC RAW DATA MATRIX IV

Sequence of quadrats are in the order of the agglomerative Cluster Analysis
first employed in the community classification.

FACTOR EIGENVALUE PCT OF VAR CUM PCT CHI-SQUARE DEG FREEDOM

1 84,48830 47.6 47.6 1642.56909 230
2 37.98502 21.4 69.0 1239.16333 208
3 28.23535 15.9 85.0 781.12305 187
4 10.29647 5.8 90.8 619.73210 167
5 9.79105 5.5 96.3 405.09033 148
6 6.581%2 3.7 100.0 239.11826 130

ESTIMATED PROPORTION OF VARIATION ACCOUNTED FOR BY SIX FACTOR-AXES ON ORDINATIO
T VATRIX IV IN THEIR DESCENDING ORDER OF IMPORTANCE




FACTOR 1

FACTOR

2 FACTOR 3  FACTOR 4  FACTOR 5  FACTOR 6
Q‘ Om1 G,Tz -31‘.‘ 088 g
Q2 -.034 «360 373 003 .Og; :g?;
Q6 064 .222 «350 -,002 +204 .138
@ . 380 096 . 308 .270 .
Q10 ~388 1178 1253 .097 HH 33
Qn “501 2160 1212 2097 .339 +507
Q12 .335 .082 .361 379 an 059
Q20 .204 -,010 . 518 .081 -.uB6
Q19 081 047 297 541 -.193 -,218
@1 075 «051 «360 649 - 165 -0244
Q24 .029 -.096 .193 663 - 139 -.197
Q22 065 -.074 «294 «540 .033 =291
Q23 -,044 -,023 145 « 366 .01 -.152
Q41 -, 107 -.027 -, 061 -.027 0T =-.081
Q55 010 -,05 .079 130 096 - 121
Q56 -.10% -.034 -,031 -.022 .076 -.088
Q42 655 «345 -.120 -,080 -.118 -.154
Q44 633 27 -.195 -.097 =.15% -.274
Q48 .705 .358 -, 168 -.029 =125 -.202
Q45 624 « 342 -.092 -.092 -,108 -, 157
Q50 675 318 -.098 029 -.133 -.23
Q46 176 343 -s113 =-.057 061 .084
B3 172 .405 -.107 =017 =-.029 .003%
Q49 660 .216 =105 -.109 .070 045
Q43 516 .226 -,187 -. 124 -, 122 -.134
61 -‘56 l”z "0151 - -.165 -2?1
Q417 «561 .162 -,014 -.013 175 19
Q52 621 .233 040 L119 . 185 .156
QB4 M 127 =072 -,029 .082 144
Q7 -.195 «509 374 -.149 -.101 -.044
Q8 =235 «547 407 -, 165 -,036 - 117
Q" '0551 !525 -“‘ —-051 -|“1 -.016
Q14 =337 496 116 -.051 .104 -.189
Q16 =275 451 079 008 .050 -.090
Q15 -. 340 +509 .oes -.123 «393 -.259
Q17 =343 A1 -.00% -.112 .404 -.297
Eﬂ '-,56 -5” =-.107 --032 -570 "0257
Q33 - 352 491 -.110 007 052 .032
QW4 -.256 397 .204 -,209 -.108 039
Qs -.239 407 . 302 =254 =,200 063
L6 =193 .249 179 -.174 -,503 232
BT -.168 el .089 -,011 -.559 - 302
B9 -,098 .252 230 056 -.381 «279
Q40 -,138 .368 146 061 -.566 «272
Qe -.253 . 526 -.028 .083 .006 L063
Q25 -3 241 -.488 515 -.046 +203
Q26 -.261 191 -.548 .269 .016 121
¢T -l51° .‘32 -.52‘ .251 -177 -01?
Q}‘l -u“’ 0557 -.“G oz“ .05‘ a16°
02 -.29’ .52' --509 0131 .045 -010
@9 —.243 .‘W --109 01” -.165 108
039 -y 30‘ I557 - ,68 Qm -.166 .108
@ﬂ --,41 0‘55 '-‘6’ -256 -108 0095
& -.310 653 <344 -.138 .029 -.033%
Q4 -265 513 316 =117 101 -, 041
e "-25, 1475 l)" "-1” -120 -.Ns
RDINATION MATRIX ¥ SELECTED UPIAND SITES
FACTOR COEFFICTET 'ATAIX FMC: u-CHOli TICH LS1.G ACSa Cf THE SYNTHHTIZED
SYuCr:IC rLOAISTIC kAW LiTA vATRIX Y

Sequence of quadrats are in the order of the agglomerative Cluster Analysis
first employed in the community classification.
FACTCR EIGENVALUE PCT OF VAR CUM KT CHI-SQUARE DEG FREEDOM

1 19.51459 31.8 31.8 6253.61699 1484

2 14.65192 “ 23,8 55.6 5240,60385 1429

3 8.96907 14.6 70,2 4633.53940 157%

4 7.1206N 11.6 81.8 41%6,47419 1322

] ?.93]22 2.2 91.3 3722.12719 1270

4% O

119 49215

1219



FACTCH 1 FaCTCR 2 FACTOR 3 FACTOR 4 FACTOR 5 FACTCRt 6

< 175 =073 042 =, 266 -.0%0 212
W9 « 322 -+ 109 217 -.212 034 .097
93 179 -, 122 -.170 073 =110 -, 199

< 127 0513 478 .243 -.034 -.080
“ .281 . 506 .483% . 184 =-.070 -.05%
) I «452 « 39 179 -.064 + 005
fosc] +469 « 393 A5 066 <034 -,088
q7 .278 A20 027 125 123 -, 102
Q10 + 368 «606 337 215 13 -, 155
L .230 + 560 461 .219 -,005 L046
Q‘z "“ |41T 049) 015‘ .053 0122
Q16 «279 924 312 191 .078 -.148
Q17 252 533 «109 272 2N -.174
G +436 488 344 -.048 - 117 AT
ce <524 «5330 «286 -.101 -.130 310
Q4 +530 39 . 168 -.046 -,2% 197
Q15 .460 547 .052 .027 -.033 .105
%29 .382 .558 =-.396 -,278 .022 -,018
Q32 .490 339 -.143 -.242 -.033% .014
%3 - 506 447 - 517 - 112 -.003% -.245
69 546 522 -, 382 .024 .022 -.003%
Q75 . 396 + 360 =533 .084 -.131 RE1I
qQmn AT76 +486 -.460 132 .152 .o88
qr2 «423 .600 -.436 093 105 -, 006
€96 434 .267 -.323 113 . 326 .085
\;TU N c‘“ “'0‘“ "-056 043 -,010
:55 t‘l‘ .?’T --,” ".32‘ -.111 —.“o
24 277 464 -.219 .032 034 -.027
Q109 426 460 -.444 060 042 -.024
Q,Oe .262 G‘ST -.095 .0‘9‘ .}25 -0025
087 404 2054 -.403 . 196 037 -.180
Q7 JAB9 .048 . 356 -.028 -. 525 .094
62 .568 074 .042 -.064 .058 -.130
35 ) .562 . 005 240 -.409 -.261 025
Q38 914 -,060 #2597 -.4351 - 241 - 105
st 607 "-015 -Im’ ‘o‘” - m 0095
&lo 625 -,024 -.012 -, 383 - 132 -.049
I‘JT .“a‘ -055 . 18‘ -Am 3015 .5}?
Q46 .468 .059 =153 -.418 -.040 .033
Q18 316 -. 196 094 -,228 077 213
QN 9‘90 -.531' 0166 '0158 'M !071
Q?‘ 489 --m 082 -.0‘9 . ‘9‘ 220
22 <529 -.284 116 -,093 407 256
G23 .481 -.514 N -,085 406 .228
st !567 'o”j 1137 -."6 leo "-055
Q49 572 - 465 112 .033 «207 -1
Q45 5 -39 .208 -, 262 .004 -.270
Q44 .603% -.250 065 -.254 .064 -. 300
k’g t‘o’ --295 . 1?‘ -.M -017 "0057
Q33 284 -.084 063 -.107 -.065 -.078
Q}‘ 0562 "-1“ 01'71 el ] 320 -127 1052
[VC)] 696 -.396 =, 100 032 -.017 « 529

«573 -.433 . 103 073 -.062 -

[e11:] .483 -.443 ~-.054 « 349 .002 -, 265
QM .464 =304 .068 117 - 117 -.238
Qes 433 -.414 -,081 403 =175% 031
Q92 421 - 371 .129 094 « 325 076
Q98 513 -.183 025 400 - 042
99 514 -.443 -.085 336 118 155
Q100 432 -.420 -.08% 452 -.076 1262
Q1°1 0565 -0‘0‘ --03‘0 525 "0011 .2‘5
Q107 530 - -.068 342 -. 525 -,009
Q‘“ .‘26 -‘.1” "-m -,72 - 597 -035
QT’ "qs -02” -0059 055 .wT -09‘
q?‘ 05“ - “T -.01. -1’6 -172 0138
Q76 0525 -.1’? ‘-1’5 .55 "0"1 0191

R_COEFFICIE: 5
..Wﬂmﬁﬂ)rh'ﬂx ACGLC OH
"A' VARKED IN PLAIN & DENDHOCH

Sequence of the 66 quadrats are in the order of the nulo-nun Cluster Analyaois
first employed in the community classification of the 111 guadrates.

FACTOR EICENVALUE FCT OF VAR CUM FCT CHI-SQUARE DEG FREEDOM

1 32,29687 37.7 371.7 9656.52208 2079
2 22,28587 26,0 63.7 7904.04178 2014
3 11,61380 13,9 11.2 6£980,42018 1950
4 8.70740 10,2 87.4 6261,84670 1887
b} 5.99154 7.0 94.4 5798.34927 1825
£ A_ BI85 5.6 100,0 543%5,0173%8 1764



FACTOR 1 FACTOR 2

FACTOR 3

-0,03
09

Lobbibodsd
2323838ky

0.62

-0,0%
-0.13

FACTOR 4

=0.14
-001,
-0.26

0.19

0.24
-0.24
-0,14
0,19
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665055566oﬁonabyooooo&nboob&boooob

0.12
0.
0.
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EAXD ND

Q3 0.13 0.2}
Q52 0.70 0.08
q79 0.87 0.03
Q104 0,83 0.04
: :;gs 0,80 0,22
0,70 0.14
Q56 . 0.9 =0,17
1] 0.9% -0,15
d7 0.85 -0,39
Qa1 0,83 ~0.39
By 0.67 =0.59
Qa2 0.83 ~0,43
N 0.73 ~0.39
B5 0.74 ~0.01
Q8 0.86 ~0,07
g111 0. 80 0.01
Qa3 0.73 0.28
Q90 0.86 0.01
Q42 0.73 0,26
Q95 0.68 -0,18
7 0.63 0.03
61 0.61 0.50
Q67 0.72 0.49
Q103 0.55 0.41
Qb4 0.7% 0.32
B4 0.56 0,12
Q80 0.43 0.23
Q60 0.73% 0.05
Q84 0.56 =0.01
Q27 0.43 0.32
Q85 0.66 -0,22
Q106 0.54 0.18
B 0.54 0.29
Qi 0.73 0,18
Q43 0.64 0,17
Q24 0.68 0,30
Q26 0.59 0,42
Q53 0.65 0,34
Q48 0.72 0.37
Q30 0.74 0,39
ot 0.48 0.26
Qa3 0-2; 0,23
©&o 0. 0.22
g8é 0.70 0.23
Q1o 0.47 0,3
NATION MATRIX VIA: DUMBL TO KAKO UPLAND
%‘. CLESTE? DEiLzCGRa OF GUADRA:S
R COEFFICIE!
NTELT OF THE

FACTCR § FACTOR 6
0.18 -0,32
~0.04 0,28
-0,01 0.01
0.17 -0,05
0.23 0.24
0.12 0.27
~0.13% 0,10
-0,10 0.04
0.08 -0,08
-0.15 ~0.01
0.01 ~0,03
=0,10 ~0,12
0.07 0,05
0,10 0.04
=0,10 0,10
=0.04 0,14
-0.03 =0.16
«0,10 -0,19
0.1 -0,06
0,38 0.14
0.32 0,23
=-0,41 =0.16
-0,23 0.01
-0,03 =0.04
-0,07 0.1%
=0.17 0.18
=0, 30 0.16
0,02 =0,05
-0,21 0,01
=0,01 0.14
0.44 =-0.04
0.4} 0,07
=0,10 0.10
0,15 -0,08
0,25 =0,18
0.09 -0.04
0.04 -0,04
0.17 0,14
0.16 0,07
0,02 =a,01
0,1 0.17
0.04 0.01
0.34 0.17
0.17 -0.45
0.08 ~0,14
NS, CLUSTER'A'

E DENDRCGRAM

ISTIC RAW DATA
'Y USTNG RCFA

Sequence of the 45 quadrata are in tne order of the agglomerative Cluster
Analysis first employed in the community classification of 111 quadrats,
Sub-ordination vas made necessary because of the large number of quadrats
involved. {The University of Manchester Regional Computer Centre limits
maximum variables (quadrata) to 100, while it is limited to 46 at the
Oxford University Computing Laboratory, hence the need for sub-ordination
when analysing the 111 quadrats.)

FACTCR EIGENVALUE

' 133.33760
21.68509
12.62299
11.21362

8.272%2
5.83692

1
2
3
4
3
6

FCT OF VAR CUM PCT

MATED PROFOITICH OF VARTATION A

69.1
11,2
6.9
5.8
‘.’
30

PATHIX VIA I3 THLTA DRLSTRLSING

69.1
80.3
86.9
92.7
91.0
100,0

~SCUNTED FOR BY SIX FACTCR-AXFE

CHI-SQUARE DEC FRFEDOM

7129,25781
5953,16016
5257.28516
4485,42187
3890,19434
347583600

OXDER OF TFFOKTA.LCE

945
501
858
816
115
735

ON CROTMAT
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FACTOR 1 PACTOR 2 FACTCR 3 FACTOR 4 FACTCR § FACTOR 6

Q1 757 -.046 -.120 .049 a21 o
Q:' 0652 =261 -.203 <154 14 .03.;
%] 670 -, 125 =21 «151 044 #1335
Q4 <704 -.216 -.189 16 a3 -.043
Qn 643 .108 =-.247 0’45 --“5 |"a
S +360 «146 =157 +226 -.023 =215
Q’ -55‘ g ] ‘?9 "-09. -.000 .212 -.050
Q18 571 -.289 -.170 .093 .198 =260
Q19 715 =319 .023 =075 =.007 -.207
Q13 601 -. U6 -.018 .006 151 -.446
Q4 444 -.210 -.084 -.03% 116 -.12%
Q7 6906 - 301 -.108 =019 052 <129
Q7 625 =314 ~.095 028 035 .020
Q12 733 -.082 -.103 243 -.217 -.049
Q15 672 =205 107 =159 -.079 -.089
Q16 114 =.308 .007 =.05%% -.046 =.061
Q20 274 -.209 .021 -.024 .128 243
szi -575 -.775 e 125 0055 091 .057
322 379 -.276 =.091 .014 -.014 .201
Q1 .380 -,240 -,129 064 J22 -, 107
@7 51 =297 .20} .093 114 .095
¢6 .“9 -y ,19 - 100 '-m’ .11? "'0215
Q@3 .080 -122 - 144 .043 009 105
mﬂ - .0‘5 -.0?1 -875 lm -?91 . 1‘,
B3 -.054 -.08% .697 A7 «224 058
Go "-072 "-011 t’“ om -302 n‘“
Q24 184 -.040 .080 =215 ~.007 «250
m 1‘92 -02‘5 ""0055 -101? ".o‘? «402
Q10 602 -.106 ~.169 +201 ~.192 324
573 =295 ~.068 -.045 .078 -.032
Q41 «504 =-.139 .200 -.108 -.251 146
Q49 lm =124 -796 0055 "'0059 -.003
G .278 =116 JT77 -.098 ~.216 -.066
(>3] +344 -.180 -425 - 175 ~.35% -.420
Q52 212 -.170 .580 .022 ~.254 -.350
(ﬂ! -2‘5 l?“ .m1 lm - ‘10 -014
QY3 221 <749 ~.026 096 -.035 -.005
Q29 .220 738 ~.087 .189 .09 =157
Q43 244 645 -.032 .032 «236 167
Q‘T .1“ 366? ‘0019 -.w -m -.161
9 261 .823 .027 -.026 157 -.018
Q42 267 144 102 -.150 .248 =.079
Q8 .220 .662 -.075 259 -.221 -.020
Q,}O 125} -4“0 .“1 -0352 -m -150
Qdd 342 «334 .124 -.239 .150 =023
45 11 251 167 -21 124 2200
“‘ 02‘-6 05’5 tm = ’70 .323 -.0‘3
q}, .056 0‘1, -l%‘ .“s - }51 Om‘
Q}G l‘“ -565 - 120 l’T‘ -y ,‘2 -.05‘
L7 257 .620 010 +185 =320 093
G5 046 313 -, 107 « 330 -.412 019
Q” 440 .21’ .319 -l‘,’ —-574 u“z
Q32 363 .483 159 -.307 216 .201
Q40 «913 -294 . 362 =425 =152 192
m .022 .005 -.“3 0129 -.268 -050

BE .140 .173 -,058 .169 =172 -.086

ORDIIATICHN !ATRIX VI1: DUF3T IVSILBEMG ALD KOCKY HI1LS
EFTICIILT L. 0hiX M SX L-CHOLLATICN ESLLS RC, Cib THr SYUTERTIZED
S{H0PTIC FLCISTIC "A s SiTRIX V1L

Sequence of guadrats are in the order of the agglomcrative Cluster Analysis
results employed in the comaunity clagsification.

FACTOR  EICZIVALUE FCT OF VAR CUM FCT CHI-SQUARE DIC FREEDCM

1 25.4190 33.8 3%.8 5792.52675 1484
2 20.1863% 26.8 60,6 4670,99449 1429
3 11,971709 15.9 76.6 3958.97623 1375
4 7.22728 9.6 86,2 3552.06775 1322
5 5.50755 7.5 93.5 5249.49808 1270
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QUADRAT
SAMPLE FACTOR 1 FACTOR 2 FACTOR 3 FACTOR 4 FACTOR 5 FACTCR 6

NO.

52 0.518 0,563 -0.294 0,212 0.258 0,025
S3 0.42% 0,394 0.634 0.243 -0.,282 -0,037
S4 0.586 0.522 0.033 0.290 -0.011 0.212
S5 0.689 0,285 0.369 ~0,004 0,218 -0,024
s6 0,369 0.512 0.132 ~0.003 0.109 0.044
S7 0.521 -0,026 0,289 -0.145 0.632 0.037
S8 0,427 0,322 -0.020 -0.273 0.128 -0,185
59 0,368 0.570 -0.193 0.124 0.225 0,263
810 0,566 0,084 ~0,368 0,107 0,263 0.15%
811 0.492 0,185 -0.5217 0.443 0,013 -0.343
s12 0.449 04134 0,272 0.018 ~0.244 -0,318
§13 0,341 0.365 -0,167 0.417 ~0,042 0.029
S14 0.498 -0.632 0.333 0.012 0.214 0.218
s15 0.491 0.538 -0,250 -0,115 ~0,081 0.377
516 0,190 0.224 -0,019 0.028 ~0.042 0.256
517 0,114 0.244 0,238 0.225 ~0.061 0.127
8518 0.754 -0.429 -0.339 -0.087 -0.277 0.022
S19 0.556 -0,600 0,037 0.153 0.200 -0,107
520 0.441 0.109 0,361 -0.421 0.174 -0,354
s21 0.297 0,545 0,029 0.084 0.197 0,037
522 0,615 -0.569 0.356 -0,03%6 0.080 0.077
523 0,502 0.426 -0,006 -0.676 -0.023 ~0,151
524 0.431 ~0.466 -0.233 0.133 -0.204 -0,304
§25 0.306 0,048 -0,139 0.088 0.294 -0,048
526 0.375 0.325 -0,035 0.135 -0,109 0.408
s27 0.299 0.196 0,566 0,355 -0.454 -0,130
528 0.404 -0,518 0.445 0,117 -0,013 0.112
529 0,460 -0.329 0,020 0.256 0.271 ~0,207
530 0.145 0.300 0.294 0,226 -0.148 ~0,127
s31 0,305 0.255 0.168 0.333 0.298 0.107
§%2 0.212 -0.,218 0,050 0,118 -0.166 0.090
S33 0.280 0.407 -0,016 0.006 -0.004 0,175
§34 0.253% 0,399 0.316 -0.157 0.059 ~0.410
836 0.376 0.231 -0,332 -0.387 -0.287 0.293
S37 0,269 0.429 -0,292 0.282 0.209 0,268
§38 0,408 0.391 0.001 -0,02% -0.183 0.444
539 01094 00193 0.142 -0.169 0.084 "‘0.269
§40 0.288 0.459 0.,05% 0,116 -0.059 -0,054

R-ORDINATION MATRIX VII: DUMBI INSIZLBERG AND ROCKY HILLS
FACTOR COEFFICIENT MATRIX FROM R~ORDINATION OF SPECIES USING RCFA ON THE IN-
~ VERTED SYNTHETIZED SYNOPTIC FLORISTIC RAW DATA MATRIX VII

Due to the large number of species, analysis was based on the first forty
most constant species occurring in the 56 quadrats. BExclusion of §1 was
necessary because initial correlation coefficient matrix with it was not
calculable,

FACTOR EIGENVALUE PCT OF VAR CUM PCT CRI-SQUARE  DEG FREEDON
1 39.53810 34.4 34.4 6043.55859 702
2 27.14311 23.6 58,1 5649.21484 664
3 17.83145 15:% 73.6 5342,96094 627
4 13,09093 1.4 85.0 5079.22266 591
5 10,00035 8.7 93.7 4845,01172 556
6 7.20341 6.3 100.0 4660.87109 522

ESTIMATED FROPORTION OF VARIATION ACCOUNTED FOR BY SIX FACTOR-AXES ON THE INVERTEI
TAMTIYY WTT TM TUETR NRSOTMNTHG ORDER OF IMPORTANCE
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FACTOR 1 FACTOR 2 FACTOR 3 FACTOR 4 FACTOR 5 FACTOR 6

Q! 0.308 0.867 0.157 -0,147 0.018 -0,012
Q2 0.355 0.8%4 0.113 -0,271 -0,012 =0.075
Q16 0.269 0.635 0.323 0.524 -0,013 -0,015
Q17 0.454 0.424 0.485 0,218 ~0.053 0,162
Q6 0.3%61 0,682 ~0.197 0.225 -0,034 0,307
Q9 0,385 0.687 0.162 0,176 -0,004 0.029
Q15 0.544 0.227 0,276 ~-0,067 0,103 0,112
Q7 0.253 0,232 0.148 0.675 -0.023% -0.135
Q8 0,256 0,087 0.144 0.558 0,003 -0,399
Qj 00702 ol 395 -01448 "00092 0- 147 "00036
Q5 0.581 0,265 ~0,596 ~0,146 ~-0,012 -0,171
Q4 0.245 0.356 =0,43%2 -0,136 -0,240 0.219
Q10 0.733 -0,215 0.509 -0.152 -0,231 0,007
Q18 0.682 -0.178 0.519 -0,046 -0,027 0.003
Q20 0.753 ~-0.293 0.316 -0.139 0.010 -0.144
Q19 0.83%6 =-0,202 0,302 -0.059 0,202 -0.154
Qi1 0.819 -0,136 -0.227 -0.011 -0.313 0,168
Q12 0.840 -0.145 -0.262 0.130 -0.286 -0,091
Q21 0,851 -0,222 0.077 0,026 0,206 0.024
Q22 0.849 -0.,202 -0.136 -0,032 0.153 0.048
Q23 0,901 -0.175 -0.150 0,024 0,070 0.143
Q24 0.780 ~0.225 0.026 0.071 0.324 0.255
Q13 0.758 ~0,146 -0,370 0.122 -0,080 -0.204
Q14 0.688 -0.197 -0.298 0.190 0.221 -0,182
Q25 0.527 -0.,219 0.147 0.047 0.053 0.278

ORDINATION MATRIX VIII; MAIRABO FOREST PLANTATION RESERVE
FACTOR COEFFICIENT MATRIX FROM Q-ORDINATION USING "RCFA_ON _THE SYNTHETIZED
SYNOPTIC FLORIST RAW DATA MATRII VIII

FACTOR EIGENVALUE PCT OF VAR CUM PCT CHI-SQUARE DEG FREEDOM

1 78.29672 5345 53.5 1665,81665 275
2 31.76375 217 75.3 1124,07764 251
3 17.74722 12.1 87.4 727.00464 228
4 8.05522 5.5 92.9 555.28760 206
5 5.96480 4.1 97.0 420,60278 185
6 4.42691 3.0 100.0 320,80078 165

ESTIMATED PROPORTION OF VARIATION ACCOUNTED FOR BY SIX FACTOR-AXES ON ORDINATIO
MATRIX VIII IN THEIR DESCENDING ORDER OF IMPORTANCE
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FACTOR 1 FACTOR 2 FACTOR 3 FACTOR 4 FACTOR 5 FACTOR 6

Q1 1540 '590 -281 .474 -172 -.069
w « 341 339 +395 «401 112 .083
Q53 0559 -158 .319 "-077 —.015 “.004
Q61 486 .488 .428 298 .020 .038
Q15 .387 0574 .125 .502 -.111 -.019
Q14 «390 «565 .091 . 386 -.078 -.116
Q28 546 54T 316 +306 -.083 -.089
Q37 .626 511 262 «264 - 1M -.050
Q36 776 .446 .119 .054 .006 27
Q38 <135 «504 -.029 166 -.027 -.145
Q62 0741 o411 .098 .089 —.192 -.0?1
Q63 661 «203 -,026 -.162 157 -, 061
Q65 B po 251 -.272 -.183% -.088 -e164
Qb4 726 236 -.133 -.173 .009 -.179
Q} .672 o482 -0145 -105 -054 -.03?
Qi2 .756 -.293 -.027 139 164 .070
Q87 174 -+260 240 .107 -.025 .074
QB9 .812 -.184 .024 .099 037 -,059
Q90 .850 -.158 .048 -.024 -.104 -.065
Q72 692 . -.423% ,058 e122 -.055 087
Q78 . 720 -.251 229 -.024 -.128 . 105
QRT -642 ‘-297 a425 -048 “0016 .124
Q98 657 -.380 +378 067 -.223 .202
QBB tTTg --595 IOOB .185 --117 “0011
Q99 647 -+456 «333 .187 .079 .203
Q97 .627 -.416 .404 ATT .162 -.014
ng .?12 “-299 0220 --003 _¢305 -.047
Q100 .770 -.265 -.026 .031 -.280 -.230
Q71 .876 012 .022 -.121 .0%4 -.236
Q95 .906 -.079 -.03%0 -.077 -.026 -,136
Q96 .825 -.193 .002 <035 .057 -.244
QT4 0794 "0232 —oOTT r055 1187 -,208
Q82 o774 -lso? -0095 l050 .196 -.289
Q93 .800 -.273 .036 -.005 -,013 -.290
Q94 .B878 -.232 -.059 .014 -.030 -.242
Q80 .823 =177 -.023 -.052 -.358 -.138
Q83 871 -.219 069 -.005 -.058 -.218
Q76 + 790 -.025 .184 -.213 -.155 162
Q85 .833 -.087 A73 -.099 -.155 -.162
Q86 .800 -.064 144 -.069 -.246 -.093
Q67 . 700 =177 -.065 041 .276 -.080
Q69 .698 -.183 .028 077 .187 .051
Q?O .605 -1448 .275 1255 .165 .015
Q84 .763 -.199 <165 041 .256 -.117
Q24 .810 -.050 +235 .002 -.198 .198
Q25 «193 -.071 116 -.014 -.242 176
Q43 . 758 -.113 .130 ,012 - 173 .170
QZT .392 —-009 -.065 —.087 -.109 .14?
Q54 -952 ' "-041 -0052 =.057 -,082 -.002
Q54 0886 -.059 lon -1092 .028 .000
Q35 .858 -.019 .148 -.073 -.173 -.008
Q44 .867 -.182 .092 042 -.027 .078
Q45 .877 -.135 067 ~-.0%2 138 .076
Q46 .845 "-169 0087 --007 .081 1131
Q33 .850 -.159 .106 -.022 -.035 .032

Q42 .755 _-272 .273 .056 -,042 -168
eyt - nri nNgLET — 019
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Qs 636 330 123 — Ve

Q9 622 . 308 <294 -.541 -.068 115 191
Q18 671 .236 .248 w519 -.03%6 -.078
Q17 7186 297 151 -.468 -.037 -.056
Q19 NAL gl .104 - 497 -.044 -.169
Q16 131 291 .098 -.428 -.017 063
Q20 632 263 T2 -.470 .187 276
Q10 521 .284 -.070 -.469 307 .166
Q21 .60% 211 -.004 -. 444 356 .207
Q22 .681 .285 -.243 -.455 75 . 006
Q52 452 .128 .268 -.110 ,074 .207
Q59 . 486 023 «192 567 197 .105
Q73 535 =375 .258 .088 .286 -.119
Q81 671 -.166 -.196 .035 LATT -.183
Q91 .480 -.243 -.344 .088 .400 127
Q92 678 -.165 -.250 -,058 .194 -.218
(5] .184 -.063 -.368 .079 -.055 245
Qb .764 -.03%2 =351 .049 -.047 .258
Q7 .788 -.058 -.369 077 -.169 .119
Q29 .828 167 - 114 .062 -.260 .072
Q30 .B30 .005 -.365 -.006 -.065 .058
Q39 .187 -.007 -.442 -.002 -.060 .038
Q59 T -.118 -.422 .087 -.098 .034
Q40 .769 074 -.488 007 -.072 .108
Qb6 652 159 -.488 -.122 005 -.085
Q31 139 132 -.325 -.098 -,009 .016
QAT .B16 .190 -.298 307 -,057 .050
Q56 .798 221 -.181 w318 -.029 -.038
Q49 147 2717 -+ 345 257 -.024 .138
QBT 191 .287 -.313 .276 -.080 .150
Q8 696 4 Y -.527 315 -,021 .045
Q11 0825 --07? "-055 --074 .120 0054
Q26 o191 -.113 =071 -.02% -.114 .235
Q15 .646 -. 151 -.352 .102 .102 .115
Q41 .586 ,007 - 325 -.003 131 ,119
Q23 139 -.208 -.254 .078 134 -.13%
Q32 607 -.209 -,148 073 .23%6 .129
Q4 627 .383 .200 097 163 143
Q50 545 -e132 -4201 .078 . 366 362

ORDINATION MATRIX IX: KABAVA PLANTATION FOREST RESERVE
FACTOR GOEFFICIENT MATRIX FROM Q—ORDINATION USING RCFA ON THE SYNTHETIZED
FLOR1STIC RAW DATA MATRIX

Sequence of quadrats are in the order of the agglomerative Cluster Analysis
first employed in the community classification.

FACTOR EIGENVALUE PCT OF VAR CUM PCT CHI-SQUARE DEG FREEDOM
1 228.70757 69.2 69.2 28869.89932 4752
2 33,32108 10.1 793 26187.01905 4654
3 23.91972 7.2 86.6 23992,21102 4557
4 22.36516 6.8 9%.3 21531,73261 4461
5 12.48159 3.8 97.1 20126.16422 4366
6 9,58256 2.9 100.0 19001, 35073 4272

ESTIMATED PROPORTION OF VARIATION ACCOUNTED FOR BY SIX FACTOR-AXES ON ORDINATION
EQTRIX X 1IN THEIR DESCENDING ORDER_OF IMPORTANCE




Q14

Q23

FACTOR 1

153
.830
.788
l725
.7172
676
616
641
3800
l826
153
.853
.865
«595
.649
754
.588

579
-515
573
7153
348
129
.287
<523
522
<495
0455
262
.550
.701
675
1646
.678
.668
.338
.418
« 322
259
« 305
0555
'424
-513

317
«291
1439
250
1111
.051
097
103
.057
.068
-.007
-.027
Ay

FACTOR 2

-0506
--150
=277
-.403
-+384
-.388
-.298
‘.437
-.318
-.368
--465
-.2%6
—.186
-1357
—-160

.008
~-.246

«127
e
.106
111
«139
120
-.118
-.059
.022
“0011
-.164
-0075
«280
.080
.092
193
-0?4
041
-.083
-.040
'116
.042
255
.190
144
<149

.023
=369
-.241
-l425
-0597
-.390
-.401
--362
-.331
-.356
-.291
-.250
-.045

FACTOR 3

-.198
-l121
“0187
-.290
-.26%
-.320
-.282
-.261
-'280
-.232
-.206
-.225
-.188
-.203
-.191
‘0018
—0026

121
037
.040
051
.001
.180
236

-.014
.031
022
046
062
«129
045
. 154
.106
«057
027
.058
.147
«255
134
074

-.004
- 062
.056

125
503
-558
694
+834
3842
« 790
1844
845
.832
.486
474
« 349

FACTOR 4

097

163

.00}
-.130
-.124
_1442
-0553
--303
-.224
-.130
=237

.063
—.064
-.032
--214
-.243
-.385

-.045
J21
-0026
«292
«257
1T
<336
«500
-459
+489
-404
+300
+233
.490
.AT6
.464
.18
376
.506
.276
«226
+256
.068
.170
247
« 349

.336
-.220
-, 133
-,108
-.122
-o116
-.065
“t069
-,113
-.106
-0005
-.061

.124

FACTOR 5

-.047
.072
*0252
-.105
-.179
.092
.001
-0049
.053
101
.063
0005
.049
-.219
.202
1504
0224

-.098
.006
-+359
.143
149
s 3,
~-.058
_0396
-.120
=175
--335
-.286
-.046
.018
.013
.023
.018
053
—0248
-0105
644
.433
199
0090
-307
059

-1107
.080
-.096
.091
.066
-.0%6
-.149
.032
-.039
-'055
-.189
- 111
354

192

FACTOR 6

0014
-.152
<153
"-055
044
-0004
. 191
-.073
-.040
=.073
—uo?d
=193
-.020
-.129
.093
071
-.017

.054
0145
122
.004
025
007
1555
.192
.186
0396
«235
«326
.092
-.0%31
-.083%
-.053
-.176
.085
--195
--374
.123
149
.256
.006
1361
-.076

0565
.189
“-048
.118
-, 005
-.050
-0001
-.103
-.088
-.096
-,038
-, 105
.083

.



Q2

Q21
Qb1
Q10
Q43
Q5
Q36
Q37
Q42
Q28
Q29
Q62
Q65
Q44
Q45
Q78
Q32
Q39
Q33
Q41
Q46
QM
Q26
Q27
Q31
Q77
QB0
Q81
Q7

ORDINATION MATRIX X:

417
. 365
.565
367
« 345
. 302
.420
a2 17
.381
|497
.700
+460
666
«369
. 361
. 401
.283
. 362
.240
-409
.609
920
.403
-300
.308
113
«249
.238
a365

<193
«422
«240
631
631
603
.625
.643
«599
«599
416
572
418
.365
«554
522
647
«537
«539
447
375
«557
<503
413
513
.028
314
417
.138

022
.110
234
149
163
» 140
<172
.188
.155
171
«139
179
.193
«145
161
-250
.170
« 118
176
- 115
2112
o117
.101
«240
179
<135
«139
125
«125

-.047
-.072
178
-.228
-.420
—.252
"‘.180
= 343
=333
.048
109
015
176
.060

=.034

-.050
-0469
s 529
-.410
=245
“0058
-.080

.046
e 1 1 5
=+255

.105
-.010
-.039
- 089

-.086
-1059
- 1?8
-.206
.009
-.132
.079
"'1092
.160
~.043
-~,008
"'.022
|071
.064
.163
.189
-.263
"'-5?1
-.228
<294
132
-.040
"-053
~-.041
-0"56
« 300
.444
.203
-.075

GUGA PLANTATION FOREST RESERVE AND ENCLAVES

FACTOR COEFFICIENT MATRIX FROM Q-ORDINATION USING RCFA ON THE SYN=-

THET1ZED SYNOPTIC FLORISTIC RAW DATA MATRIX V

Sequence of quadrats are in the order of the agglomerative Cluster
Analysis first employed in the community classification.

FACTOR

O B v N -

EIGENVALUE

70.62795
33.78003
30.05004
18.19851
8.72974
7.66094

PCT OF VAR

41.8
20.0
17.8
10.8
5.2
4.5

CUM PCT

41.8

61.8

7945
90.3
9545
100.0

CHI-SQUARE

18000,28371
16005, 12312
13769.76808
12227.21535
11537.13938
10892,21195

-.257 193

-.087
~-s223
-.194
115
.189
102
1006
235
-.190
-0162
--355
-0249
“oOTé
-.131
«007
<172
.159
-104
212
-.005
-.009
- 108
-.283
_0120
-126
-.047
025
5!

DEG FREEDOM

3740
3653
3567
3482
3398
3315

ESTIMATED FROPORTION OF VARIATION ACCOUNTED FOR BY SIX FACTOR-AXES ON ORDINATION
IN THEIR DESCENDING ORDER OF IMPORTANCE

MATRIX




Q1

Q17
Q18
Q21
Q69
Q2

Q22
Q73
Q72
Q32
Qd

Q29
6
Q33
Q7

Q11
Q13
Q16
Q44
Q63
Q62
Q36
Q14
Q26
Q71

Q53
Q74
Q23
Q24
Q25
Q15
Q35
Q38
Q9
Q12
Q20
Q27
Q10
R4
Q45
Q42
QAT
Q48
BT

FACTOR 1

.629
.436
«450
521
«448
. 562
444
617
593
<479
.596
<597
.123
<117
-736
697
720

.586
620
.764
.834
+478
.640
636
724
.685
619
Ry -
664

+904
+158
666
657
. 151
604
.438
634
0688
672
.696
l793
.502
699
631
-507
.648
-589
<493

FACTOR 2

=447
--450
-, 366
‘t46?
—-456
- 550
-.422
e 545
- 345
"'0497
--548
-.296
-.252
".128
= 340
-.059
-.112

=199
-.043
~.136
~.030
"-241
.294
«302
<299
-.140
«238
-.029
I162

-.334
-.029
-.170
-.290
”-132
-.040
349
270
. 265
-.115
-0200
-.105
.124
« 300
.158
.226
«201
-079
.013

FACTOR 3

v 129
.218
«293
363
<314
+230
. 100
v232
«431
-409
«299
«335
014
« 151
"0001
"'.429
-.250

—-291
-.264
-.090
-.346
-.287
-.198
-.296
--281
-.091
- 395
-+339
‘-198

<234
«120
+032
227
- 117
"‘.220
-.023
-.262
= 201
-.267
--367
'-247
«035
«152
«251
n15?
«134
163
<426

FACTOR 4

-195
-.101
.103
--176
-l013
XT3
-0079
-.0&7
« 112
1064
‘-.022
117
«135
«201
0084
.108
1184

--046
-.117
-0406
-.087
-'21 4

.044
-.120
- 046
-.120
=140
-n170

005

.060
022
] 550
e 1 50
-.063
0058
=.055
-.033
239
025
|026
.099
041 3
«234
.403
051
.188
-193
-.049

FACTCR 5

-.052
. 119
. 122
014
0095
233
.118
-071
.028

-.013
021
115

=075

-.143
.103

=253
.005

-.070
-.009
""-022
-.036
-.317
-.030

.068
-, 100
=+253

101
--218

. 147

.298
.123
059
016
.088
.184
-.075
=154
341
"'.359
-0291
-.078
-.048
006
«299
"0086
«199
'168
131

194

FACTOR 6

-.091
-.190
-a167
.040
-.121
-.035
-.040
-.049
071
-.060
-.101.
-.069
=295
"0112
0055

059
.213

.212
-124
.019
.002
=131
-.327
-.250
-a252
-.102
-.058
-.084
077

092
304
—0049
.018
.010
-'022
--578
-.363
-,011
-0040
»129
213
« 302
""'01 10
-.060
015
-.193
-1119
-.030



Q19
Q37
Q40

.429
A48
.084
.102
.290
354
564
405
.299
«519
.440
«9599
«506
373
426
121
228

«358

.559

«474
-547
606
056
533
'558
606
405
«263
a124
. 308
-246
+359

-.199
045
316
327
+520
478
«438
«407
.388

-.188
«138
337
352
406
«360
412
«465
«5T1
584

«128
«460
0352
021
-.027
027
-4 306
+299
3179
277
«465
-126
« 301

ORDINATION MATRIX XI:

«H27
.605
.578
601
+ 369
«396
-0201
199
«325
«395
.288
-.006
069
210
270
«285
<376
.106
+229

-.344
-.223
-.289
.052
-1286
"'.371
-.012
«374
475
«508
«492
.080
062

.135
.240
.255
143
.187
.168

153
.OO?
--011
-.407
-.487
“1048
052
--108
039
-0410
-.503
-.475
_-43?

« 120
-.086
019?
«234
«252
-240
.1??
n049
«410
.022
.080
133
-0116

-.238
-.098
-n545
-.310
-.336
-.28%
-.046

078
-.259
-.167
-.066

262
-.047
-.061
-.002
-.149
-.069

«185

.059

.305
03?6
.551
.182
.018
=.037
.208
.130
<055
-0025
.086
«552
«522

GUGA NON-PLANTATION FOREST RESERVE

-.04% 195

-.226
010
093

-.054
.222
.139
124
.356
.326

152
.168
.214

.203
I’BO
-.145
—0014

<197
-.079
<137
.199
<344
316
<196
-.099
-.001
.136
-.037
179
—.006

FACTOR COEFFICIENT MATRIX FROK Q-ORDINATION USING RCFA ON THE SYNTHETIZED

SYNOPTIC FLORISTIC RAW DATA FATRIX XI

Sequence of quadrats are in the order of the agglomerative Cluster Analysis
first employed in the community classification,

PACTOR

ESTIMATED PROPORTION OF VARIATION ACCOUNTED FOR BY SIX FACTOR-A

AN BN D~

EIGENVALUE

68.96618
20.60036
19.30311
10.13127
8.65275
6£.81619

FCT OF VAR

MATRIX XI IN THEITR DESCENDING ORDER OF IMPORTANCE

5
1
1

2143
66.6

CUM PCT

81.0

88.5

94.9
100.0

CHI-SQUARE

12979.74997
11749.02002
10366.08042
9665.45387
9026,63363
8518,17219

DEG FREEDOM

3080
3001
2923
2846
27170
2695

 XES ON ORDINATION



Q1

Q2
Q3
Q4

Q7
Q8

Q10
Q11
Q12
Q13
Q14
Q15
Q16
QT
Q18
Q19
Q20
Q21
Q22
Q23
Q24
Q25
Q26

Q28
Q29
Q30

Q32
Q33
Q34
Q35
Q36

Q38
Q39
Q40
Q41
Q42
Q43
Q44
Q45
Q46
Q47
Q48
Q49
Q50
QB1
Q52
b3
Q4
QA5

=

FACTOR 1
338

.150
o137
185
467
.016

.692
.388
1248
137
.424
1465
+525
0453
479
.447
.485
«249
.108
112
.500
352
.485
«337
.541
.459
.582
574
.409
+448
474
.602
637
.693
127
413
.458
.328
.596
576
+550
614
472
- 5?7
1516
518
.481
562
a604
.605
. 156
.201
<365
.200

. 360
270

FACTOR 2
« 320

0542
527
576
AT5
«329

.266
<495
492
<413
.694
625
. 633
335
«239
482
.480
493
9507
«430
619
'594
«481
550
-.301
--112
75

- =e240
456
AT3
527
|508
«428
.058
-0043
=379
=203
~-,148
-1572
.020
--463
‘“0449
-, 302
407
“.552
-.208
-0525
“3456
-.355
.101
-.091
’0211
-.148
-.115
-.409
-2174

FACTOR 3
--505

693
L] 628
642
.103
543

--421
--144
.228
I365
I202
.078
.009
-.140
-.105
019
L] 1 16
213
1478
238
167
-lOBT
<319
.018
127
-.138
“.368
.109
.093
-.172
‘-135
--356
-.352
-l1?5
-.047
.150
193
--234
-.029
-.200
.198
.122
-.038
-.121
115
-.129
. 262
041
.040
-1267
-.117
-.087
-.119
-.043
.200
-a212

FACTOR 4
-0061

074
.089
.068
.166
066

-.040
-.073
“!017
051
-.030
-.057
-,009
-,098
-.096
.081
0146
.038
.019
-016
“0057
-.102
.034
-.144
. 344
«295
. 141
-588
-.042
.010
-.088
-l190
-.183
-.035
.058
011
-+329
«281
«386
'-506
-.155
=~ 127
«530
-l010
.442
=137
-.394
-.099
“-119
-l456
221
--196
.423
«428
- 306
-.055

FACTOR 5
.004

243
. 280
«220

-.111
1246

131
--260
-.002

.009
-1022
-.000
-.155
-.203
=-.200
-.180
-.165

042

.083

003

0005
-0145

.022
--112

«240

.264

361

016

176
-.082
-0251
-0127
_-040
-.084
-4 328
-.188

.096

|330

045

o116
-.027
-.025

.044

1351
“n248

.198
-.030

«333

. 149

.150

045

.466

.023

071
-.002

.508

196

FACTOR 6
“1006

'0062
-.015
-.026

158
-.095

-.125
.134
.007

-1069
.018

-.059
«132
136
.067
132
+100
.069

-:084
062

-0012
049

-.029

_0018

-.116

-.043

-,203
.061

=150
122
« 111
1009

-.056
.014
095
.03
012

-0217

-.019

“0025
.045

-.018
.010

-, 004
119

--119
.060

-.056
.12

-.057

-.102
« 111

-0042
.262
.046

-.194




Q70
Q11
Q72
QT3
Q74
Q75
Q76
Q17
Q78

Q79
QB0
Q81
Q82
Q83
Q84
Q85

A
o/

.386
0545
547

« 396
.638
.592
597
«508
.428
o547
.288
-345
«582
.436
239
<475
. 465
0559
0454
401
.405

. 065
--048
-.168
--1?2
-.14?
-.072
-.126

--35?
«095
211

~.132

*-407
“-428
‘0542
-0506

.362

«286

.042
_0228
=255
=374
—.465
-1546
-.527
--472
-0443
-.449
-0406
-0459

“-011
.025
1012
.030
014
0044
.014

143
=316
-.208
--127

-041
.034
230
229
—|197
-.348
=370
-.044
-0089
.126
-154
157
250
|20d
.247
095
«176
.182

-1055

-014
--043
-~.059
~.066
—0072
-0092

ORDINATION MATRIX XIT:

062
276
«195
536

_-28?
071
-.094
-.264
.032
025
+256
263
0330
239
-.398
073
.076
'101
- 119
-.258
-.020
—4112

0007
_0161
-.022
-.014
-.033

.067
-.012

=207
201

274
-.041

251
.093
-0054
-.110
—.085
115
1248
134
.183
-.253
.142
-.330
-.263
-.213
-.176
185
-.115
‘n0}9

.050
<334
l218
<251
213
.203
<251

KUYELLO RURAL AREA

027
054
019
093

-,072
-.012
036
063
-065
~.057
~,102
.009
009
101
.002
|126
0076
.060
014
~.001
017
_1046

314
.585
.507
<
683
'517
724

FACTOR COEFFICIENT MATRIX FROM Q-ORDINATION USING RCFA ON THE SYNTHETIZED
SYNOPTIC FLORISTIC RAW DATA MATRIX XII

FACTOR

VT BN

EIGENVALUE

41,17859
32.50426
13.19194
10.02142
8.06987
7.28328

PCT OF VAR

36.7

29.0 |

11.8
8.9
7.2
6.5

CUM PCT

36.7
65.6
T7.4
86.3
9345
100.0

CHI-SQUARE

13243,87406
10904.23784
9965, 39401
9227.55732
8616.87949
8027.85156

3485
3401
3318
3236
3155
3075

197

DEG FREEDOM

ESTIMATED PROPORTION OF VARIATION ACCOUNTED FOR BY SIX FACTOR-AXES ON ORDINATION
MATRIX XIT IN THEIR DESCENDING ORDER OF TMPORTANCE
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(usually the first two or three) are often extracted or supported in
related factor analytic techniques, e.g. reciprocal averaging (Hill,
1973) and PCA (Austin and Greig-Smith 1968). However, Cattell (1965)
pointed out that "our real aim is not in fact to minimize the number
of factors. Though it is certainly the real goal, it is not necessarily
the right one". And Cattell (1965) believed that a parsimony of factor
axes may lead to "degenerative factor fission" and suggested that "the
best possible is the true number of factors actually at work in a given
area, as far as can be possibly gauged from the evidence'.

RCFA provides two measures for judging the relative importance of
a factor as a result of canonical reduction of matrices; by eigenvalues
and by the percentages of the eigenvalues associated with each of the

rotated factors.

Tedo3 GRAPHICAL REPRESENTATION OF RCFA ORDINATION AXES

The data matrix transformation processes by Rao's canonical factoring
analysis results in sets of factor loading scores arranged in columns
corresponding to the successive hypothetical eco-mathematical factor axes.
The scores per column take on the values of +1.0 to -1.0 equal to the
number of variables analysed.

Each value corresponds to the significance of each variable on the
rotated factor axes. For the purpose of identifying subsets of variables
that are relatively homogeneous, to which some common underlying causes
may be attributed, Rao (1955, 1964) suggested that the factor loadings
for an axis be divided into non-negative "positive-definite" and
positive semi-definite" values., A general strategy of interpreting plant
communities from a Q-ordination factor axis thus consists of locating
strongly associated series of non-negative positive-definite quadrats

characterised by high lcocadings from successive column-axis,
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Plotting the relative positions of the variables by their orthogonal
varimax rotated factor loading coefficients on all possible factor axes-
pairs provide two-dimensional space graphical representation of the factor
loading matrix scatterplots for visual representations of the possible
trends and clusters for the gquadrats as well as the interconnections
between factors.

On the general linear hypothesis approach to vegetation analysis
(continuum), the graphical representation provides a test for trends
across categories or communities., Significantly correlated quadrats
will tend to cluster on successive factor axes hierarchically (in
proportion to their eigenvalues. Like in PCA, the axes are '"successive"
and progressively account for "maximal variability in a sample"
(Hotelling 1933, Gittins 1969) so that sets of covariates of likely
group memberships can be partitioned into series of regions. Highly
correlated quadrats are brought together so that groups representing
homogeneous populations are separated in clusters or in trends as much
as possible. Variables clustering near the mean suggest that variance
or heterogeneity 1s small while variables spreading out suggest a
heterogeneous population, the end result of which is that groups are
as distinct as possible on different axes,

However, Cattell (1965) had pointed out that "the simplification of
observed numerous variables by factor analytic methods may consist of
producing a set of classificatory categories where the important causal
influences lie in a bewildering array of possibilities", Rao's canonical
factor analysis is essentially a linear hypothesis modelling technique
and its power as a classification technique may be greatly reduced by
complications due to correlations between factors which may result in

factorial complexities whereby some variables load significantly on more
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than one axis because the 'cause' of the variable is more than what

can be explained in one direction, o .

T8 PLANT COMMUNITY INTERPRETATION FROM RCFA

The ordination technique by Rao's canoﬁical factofihg analysis does
not produce definite classes of plant commnities per se. The factor
trends and clusters ldentified are the expressions of the rank-ordered
coefficients of correlation among quadrats, as the result of the inter-
actions of the multi-variate floristic measurements, on a linear
hypothesls modelling theory., Each axis is a floristic description of
possible underiying environmental propertles or 'causal factors' by
which relatively similar fleoral combinations are jointly stimulated in
the environment, - ‘ l

However, while an ordination axi# may be regarded as quadrats lying
along a continuum to which causal factors may be attached, it is concelvable
that clasgification may be applied to the same axis-trend to delineate
types of highly correlated homogenecus plant communities identified by
positive-definite factor loadings on an axis; by similar floristic score
measurements; and possibly by a simllar underlying cause,

Rao's canonical factoring analysis assumes that 1t ls possible to
characterise ‘'canonical variates' or independent guadrats in a vegetation
data matrix; where a 'canonical variate’ "measures the extent to which
relaticnships in one set of characters can be predicted by a set of
features" (Rolf 1971). The canonical variates or the 'typical' variables
are the best discriminators or predictors of guccessive trends "postulated
by a factorial structure" (Rac 1964). The tachniﬁué, according to Rao
(1964) postulates that "any cbserved variables can be expressed as lineér

combinations of some basic vectors".
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Therefore, a typical variable in a linear model approach may be
interpreted as the criterion variable whose predictive value is used
to decompose a factor-trend or clusters of variables that belong together
on an axis of a multi-dimensional ordination., RCFA may thus be con-
sidered as the identification of key quadrats of theoretical importance
to the decomposition of successive linear factor-trends, The factor
axes are orthogonal (uncorrelated) and are therefore distinct and
independent from each other. They are multi-level (or hierarchical)
and successive; derived by step-wise resolutions of non-key quadrats
(or residuals) around 'typical' factor-determinant quadrats., The
successive resolutions of non-key quadrats around the instrumental
quadrats thus has the capacity to produce multiple classifications
consisting of fairly distinct, relatively homogeneous, subsets of the
linear trends on each axis. Contour lines drawn around adjacent quadrats
therefore groups relatively homogeneous groups of quadrats into plant
community clusters.

RCFA is thus my technique of arranging observation units in order
to establish continuum connections as well as serving as a method for
decomposition of heterogeneous communities into homogeneous subsets,

The general strategy for the partition of the ordination axes consists

of locating strongly associated significantly correlated clusters of
variables on successive factor axes by which the floristic data matrix
are organised into series of "non-negative positive-definite and positive
semi-definite submatrices", Rao (1964),

The following only exemplify a fraction of the ordination scatter
diagrams. They appear to suggest that Andrew's (1975) Cluster Analysis and
my introduced Rao's Canonical Factoring Analysis are basically two comple-
mentary methods of multivariate numerical transformations of data matrices
into clusters of relatively homogeneous groups. The differences in results

are minor, Ordination graphs are minimized since the constructed dendrograms
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An example graphical representation of the factor loadings in
Ordination Matrix 1 - AxXes 1 and 2:

'A' represents the quadrats which are positive-definite on the
first axis, 'B' represents those quadrats which are positive-
definite on factor 2. 'C' and 'E' are the quadrats clustered
together by the preceding agglomerative Cluster Analytic technique
C, D, E, become positive-definite or positive-semi-definite on
successive axes. Five relatively distinct communities of unequal
size were therefore suggested by both the Cluster Analysis and the:
Rao's Canonical Factor Analysis ordination, trends and factorial
complexities notwithstanding. Each of the five cluster-factor
floristic communities from the 'Fadama' was tabulated as a community,
The arrangements of the communities in the stratum follow the trends
suggested by the successive loadings on the successive factor axes,
for the ordination relates to the trends of the communities with
environments as indicated on the associated Floristic plant
community tables based on the analyses of the synthetized synoptic

floristic data and subsequently related with the environmental
data matrix.
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IX:3, S An example graphical representation of the factor loadings on
Ordination Matrix II: Axes 3 and 5:
Cluster-factor quadrats change positions with successive axes,
but each set of quadrats derived from the preceding Cluster

Analysis tend to be clustered together on the ordination scatter-
plot,




R

Iv: 1, 2.

204

' 12 12
j/: i0 ? 1 &3

s

An example grapnical representation of the factor loadings
on Ordination Matrix IV - Axes 1 and 2:

The floristic data was sampled using 10m, x 10m. quadrats
placed at 50m, regular intervals along a 1.15km, 23 samples
were thus collected. The transect was located near Kako, an
old agricultural village on the edge of the River Galma,
rig. 18. The vegetation was visibly in the seral or weedy
stage. The geomorphologic distinction from the 'upland' to
the 'fadama' was visible but 1t was not an abrupt change.

The floristic composition, or the weed flora in 'a' represent
the gradual gradation of species from the deep, freely drained,
unmottled, reddish brown to yellowish brown 'upland' loamy soils
to the edges of the 'fadama'. The 'a' continuum thus reflects
the topeography and the hydrology in the form of the lateral flow
of water from the upland to lower-lying fadama. The 'b’
continuun reflects largely the intensity of water-logging
within the 'fadama' alluvial complex. The dividing line corre-
sponds to the geomorphological division between the 'upland'

and the 'fadama' complexes,
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XIl: 1, 2. An example graphical representation of the factor loadings in
Ordination Matrix XI1 -~ Axes 1 and 2:
The demarcation line drawn represents the two major clusters
derived from the Cluster Analysis. The 'A' factor-cluster
consist of all quadrats sampled in Eucalyptus camaldulensis
stands. The 'B' cluster-factor represents the quadrats
sampled in Eucalyptus teriticornis stands along two transects.
(See Discussions and Conclusions, point 9, for the possible
explanations.)
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An example graphical representation of the factor loadings in
Ordination Matrix VI - Axes 1 and 2:

An ordination within ordination following Cluster Analysis. The
data collected in my sixth stratum was too large (111 quadrats

x 221 speclies), even when transferred from the Oxford Computing
Laboratory to the University of Manchester Regional Computer

Centre where the maximum workspace for S.P.5.5. computation was
available. A sub-ordination was made on the Community of weeds

in current arable lands identified and clustered by the Cluster
Analysis, For the Cluster Analysis the 111 quadrats and the most
recurrent 167 species from the synoptic floristic raw data matrix
V1 was used, Cluster 'A' from the dendrogram (p. 120) was
separated, and ordinated for this computer workspace limitation
reason. It will be noticed that 69.1% of the variation is explained
the first (succession) factor on current arable lands, p. 186,

(see also Plates 9, 10 and 11.) Successive factors in their
descending order of importance (11.2%, 6.5%, 5.8%, 4.3% and 3%)

are considered too trivial for further synecological investigations.
The Andrew's Cluster Analysis and my introduced RCFA ordination are
therefore, in my view, harmonious, though not identical, in their
uses for exploring plant communities and their trends.




207

CHAPTER 8 FLELD DESCRIPIIONS OF 501L SAMPLES

Soil profile descriptions within the guadrats in the field were
made from samples taken at fixed depths of 0-3", 3-6", 12-18", 18-24",
24-30" and 30-36". The excavation equipment included the core auger
or the screw auger, depending on the looseness, compactness, stoniness
or hardness of tne soil at tne time and site of the field survey. In
general, the core auger was used in the rainy season over all sites,

In the dry season, the soil was often hard and required to be bored,
using tne screw auger. Manual labour was employed. My other field
tools included the Munsell Soil Colour Code Book, field note recording
form for each soil sample descriped, plastic or cellophane soil sample
bags, and wash-bottle containing distilled water., Plate 52 illustrates
my instruments for soil descriptions on the field and the successive
descriptions of the norizons at the fixed depth intervals made in all
the first eleven domains. .

The twelfth domain around Kuyello was however different., Since it
was a multi-disciplinary team work, in which 1 was acting purely as the
plant ecologist, soil pit excavations and descriptions were looked after
py my colleague, tne pedologist. Several large grave-like pits were
dug with diggers, shovels, spades and lots of manual labour. plates 53
and 54 illustrate tne large pits dug around Kuyello in contrast to my

‘core' and 'screw' method used in domains 1 to X1, Plate 52.

8.1 PHYSICO-CHEMICAL LABORATORY ANALYSES

OF 501L SAMPLES

The soil samples from the field were transferred in numbered
cellophane pags to the Soil Survey Section of the Institute for
Agricultural Research, Samaru, They were analysed in accordance with

the procedures in operation at the Laboratorye.
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Each augured sample was separately air-dried in trays and cleaned

| s

up from non-soil materials (leaves, twigs, or any biotic debris). Soil
aggregates were crumbled, Sub-samples of 500-600 gms. of each 'horizon
sample’ were extracted and ground with mortar and pestle. The particles
were shaken and sieved through a 30 mesh (= 2mm,) sieve, Suspended particles
in the sieve were weighed as ‘'‘stones'.

Sub-samples of 2mm, fraction were apportioned for fractionalisation
into the three primary textural groups, ‘'sand', 'silt', and ‘clay’,
before chemical analyses. The soll particle size fractional definitions

are in accordance with the U.,S$.D,A. (1951) diameter ranges, viz:

stone _ | > 200
sand S 2mm - Q«05mm,
silt O.05mm - Q. 002mm.,
clay _ € 0.002mm,
The determinatioﬁ“of sand, silt and clay particles were executed

with Bouyouco's sedimentation and sieving methods and dispersion with
' Calgon solution. The soil particle sizes are reported as weights
percentages per sub-sample, Appendix B .
I' Chemical analyses were performed on each sub-sample extract to
| determine the pH, percentage Organic Carbon, milli-equivalent (meq)
per 100gm. of exchangeable cations: sodium (Na*) Potassium (K+),
Calcium and Magnessium (ca*’ Mg*+} and the Cation Exchange Capacity
(C.E.C.). ' |

pH values were read from 1:5 soil-distilled water solutions, using
standardised EEL model 23A pH meter. Organic carbon percent determination
were achieved by the valkley-Black procedure (1965} of oxidation with
standard dichromate in sulphuric acid followed by back titration using

ferous ammonium sulphate and diphenylamine as indicator, Sodium and
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Potassium determination were effected Dy use of an EEL flame photometer,
Calcium with magnessium were determined by titfation agalnst 0.01M
E.b.T.A. Cation Exchange Capacity values were measured as tne sum of
exchangeaple Na*. K*, Ca+++ Mg++ which can be displaced by N ammonium
acetate, following personal communication (Abolarin 1978). Each C.E.C.
value was ortained by leachiryj measured soil samples by the ﬁ_NHQOﬂc,
foliowed by alcohol washing and distillation.

| Drzymalski {i974) pointed out that "the analytic procedures used

in the S5oil Survey Section of tne Institute for Agricultural Hesearch,
Samaru, are the same as those routinely used by other scil investiyators
in the Nigerian savanna zone" (e.g. the Land Resources Divislion, Ministry
of Overseas Uevelopment); and that "they have shown to produce reproducible

reliable results when carefully performed".

N3 QTHER EVALUATED ENVIRONMENTA . PROPERTIES

MADE IN THE QUADRATS SAMPLED

As pointed out by Valette (1977) a quantitative approach to soil and
environmental analyses are yet non-existent in the Nigerian ‘'savanna’ |
My approach here is essentially an exploratory extension of my floristic
analytic strategies into the analyses of environmentsl data., Gualitative
enthusiasts and critics of quantitative approaches may therefore consider
my approach, in some cases, pseudo-guantitative, It is probably not
completely objective where visual estimations were involved, and there-
fore still partially pseudo-quantitative in that sense, However, the
results will perhaps pe more objective, more concise, and more consistent
than the totally subjective verbal descriptions of the envirenment in use
in the regional zone up till now.

For an example, Puilan and de Leeuw (1969) described the soils and

vegetation in the Kirawa Area of the former North East State, Nigeria, as
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"series" named after thirteen towns, villages and nhamlets, viz:

1) Mamourgl Series, 2) Zale Serlies, 3) Arawa Serles, 4) Lougouma Series,
5) Jebra Series, 6) Tireji Series, 7) Peteke Series, 8) Ashigashiya
Series, 9) Pulke Series, 10) Kirawa Series, 11) Doutarou Series,

12} Ngoshie Series, and, 13} Guva series. de Leeuw, the ecologist,

then subjectively descriped the plant assemblages concurrently examined
with the soils as thirteen "associations'" (or plant communities) based
on trees, shrubs and their physiognomic appearance, each of which
perfectly reflected one of the thirteen soil series described by the
pedologist.

Apart from the seemingly perfect wedlock purported to exist between
"goil series” and "plant assocliations'", the nomenclature of soil series
and plant communities after obscure localities, is, in my view, a
tremendous barrier to an objective comparative correlation of floristic-
environment interrelationships from one part of the Country to another,

or even in one regional zone.

The non-floristic environmental factors which 1 observed, measured,
estimated or named from the quadrats, fall into four broad classes, viz:
vegetational, biclogical, geological and the edaphic,

"Edaphic" 1s employed ecologically in its broad sense, meaning the
physical and chemical properties of the soil. 1t includes the site of
the quadrat in relationship with the relief of the landscape; its slope
or steepness at the micro-relief scale; its erosional position during the
field survey, its drainage status or soil moisture regime, each of which
were visually observed and rated on a five-point scale,

The other components of the edaphic factor were obtained by physico-
chemical measurements. They include the colour, depth, textural particies,

stone content, pH, cations, organic carbon, total exchangeable base, cation
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exchange capacity, and base saturation. This last set of edaphic
properties was obtained through analyses of soil samples, before they
were each converted into a five-point interval ratio.

Similarly, the biological factors were rated on the five-point scale
put they were derived from the field by visual assessments. The features
were the earthworm casts on the ground surface, the termitaria or termite
hills there, the last cultivation status of the site and the ridges and
furrows with wnicn cultivation is normally associated under land use Dy
professional farmers. (Pastoralists are, for example, mainly ad noc
non-professional farmers.)

Three vegetational factors were evaluated and given the five-point
level assignments on the field. These were; the proportion of the land
which was bare; the canopy closure; and the physiognomy. My criticism
of the physiognomic approach should, however, be borne in mind along with
the statements quoted from quantitative ecologists who invariably place
more emphasis on the floristic composition rather than on physiognomic
distrioution,

Stevens (1946) identified four levels of quantifying measurements
as: nominal, ordinal, interval and ratio levels, for the purpose of
statistical and numerical analyses. Combs (1953) pointed out that '"there
are situations where categories can be defined for scme items, but not
for others by the scientist". 1 applied the "nominal level" of Stevens
to the geological properties of the guadrats and to the crops found there.
These are given a dichotomous rating in the environmental data matrices,
where a dichotomy is a property with only two possible values, such as
the present and absence scores,

The raw data results for edaphic property measurements are shown

in Appendix for the domains, except for Domains I1IL (Galma Irrigation
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Scheme Site on the River Galma 'Fadama') and VIII (Mairabo Forest
Plantation Resecve).

| A possible gquestion that may be asked is: "Why convert the actual J
figures from laboratory measurements into five-point ratio levels ‘
by fixing stopping points between continuum or ordinal real laboratory |
figures before analyses?" And the answers are: for a practical i
ecological reason and for a practical computational reasone. f

The ecological reason for the modification of raw environmental
data is that it facilitates a simplified use of the quantitative data
results as a guide to the interpretation of the associated floral communities.
TLe fiva-point interval level means that quantitative comparisons can be
made about the asgociated plant communities, based on the simplified
relative magnitudes of the environmental properties, measured, or
Jstimated. Goodall (1952) pointed this out that "quantitative methods
can never be more than an adjunct to description - ihey can pever provide
interprecations®,

The computational reason is that the amount of computer core storage
{i.e. Bpace) required for each set of data analyses from the domains or
strata depend both on the number of properties to be inter-associated
Ar crosg=correlated to each other and on the number of integers to be
cross-calculated among the individuals. The reduction to five-point
interval values results in computer core savings, which was particularly
Lssential with my large data matrices.

! The following table lists the five-point scales, and their meanings,

for the environmental properties;
|
|
|
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CATEGORIES OF ENVIKONMENTAL FACTORS EVALUATED

THELR CODINGS AND MEANINGS

pe PHYSICO~CHEMICAL EDAPHIC FACTORS

Topograpnic Site

LU g PO N

e wNn e

L -

Ve wNp

by visual estimation

summit; crest
sub-summit

middle slope

lower middle slope
valley

gently or moderately sloping (3-5)¢
strongly or steeply sloping (5-15)°

Code Slope or Steepness
by measurement
1 level or nearly level (0 - 3)°
2
3
“ steeply sloping (15-25)°¢
5

very steeply sloping to
precipitous slopes 25°¢

Site modification for Dumbli Inselberg, Strata No. 7 (see Fig. 19)

summi t
sub-summit
middle slope
lower middle

foot hill of inselberg

Erosion by visual

es timation
slight
moderate
severe
very seavere
gullied; extreme
Colour1

Red
Dark Brown
Brown

Yellow
Grey

2500-2565"
2450-25001
2400-~2450"
2350~2400"
2300~2350!

(A.M.5.L. = Above Mean Sea Level.)

U b N

760m - 775m AM.S.L.
745m - 760m A.M.S5.L.
730m - 745m A.M.5.L.

715m - 730m A.M.S.L.
700& - 71—5“ A.H IS .L-

PR RN

Drainage by soil profile
description

perfect throughout profile;

dry; no mottles.

slightly imperfect at depths;

fresn; few mottles.

imperfect at depths; damp;

mottles common.

poor at depths; moist; mottles many.
poorly drained throughout profile;
wet; mottles very many.

Soil (Augur) Dep t:h2

very shallow 25¢cm
shallow 25=-50cm
moderately deep 51-75cm
deep 76-100cm
very deep 100cm

1 Based on Munsell Soil Colour Code, but rounded up to the prevalent

colour in the top soil profiles.

2 Unreliable over the whole cerado because of the changes in the compactness
of the soils with the dry and rainy seasons, but useful within each domain
surveyed within one to four continuous weeks in either the dry or rainy
season,
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Soil particle sizes

Code Texture Clay % 5ilt % Sand %
1 very light 0-10 0-10 0-20
2 lignt 11-20 11-20 21-40
3 moderately heavy 21-30 21-30 41-60
4 neavy 31-40 31-40 61-80
5 very heavy 40 40 80
Stone % pi
1 very sligntly stony 0-10 5 acidic
2 slightly stony 11-20 5.1-6.0 slightly acidic
3 moderately stony 21-30 6.1-7.0 neutral
“ very stony 3140 71840 slightly alkaline
5 extremely stony 40 8.0 alkaline
EXCHANGEABLE CATION
Na' (meg/100g) K’ (meg/100g) ca'” + mg”” (meg/100g)
1 very low 0.05 0.05 0=5
2 low 0.06-0,10 0.06=0.10 5.1-10.0
4 high Q0.16-0,20 0.16-0.20 15.01-20.0
5 very high 0.20 0.20 20.0
Organic carbon % Total (meg) C.E.C.({meg) Base Saturation %

1 very low 0-0.5 1.0 10.0 20
2 low 0.51-1.0 1.01-2.0 11-20 20-40
3 moderate 1.10-1.5 2.01-3.0 21-30 41-60
4 high 1.60-2.0 3.01-4.0 31-40 61-80
5 very high 2.0 4.0 40 80
B.3.1I 11l  GEOLOGICAL FACTORS

Rock material
(+/-) Quartzite
(+/=) Mica
(+/-) Schist
(+/-) Ironstone
(+/-) Granite
Be3.111 L1l BICQGLOGICAL FACTORS

Earthworm cast.s3 _T_t-mmj._____t_a_r_i._q_z'
1 rare rare
2 occasional occasional
3 frequent frequent
“ comnon CoOmmorn
5 abundant abundant
3 The relative abundance of mobile fauna were not attempted. They

are however profusely illustrated in my Photographs.



Code Last Cultivation in Arable Lands

current cultivation

post harvest

1-2 years fallow

3J—4 years ifallow
uncultivated for over 4 years

(L P
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Ridges and Furrows

very faintly ridged
faintly ridged

distinct ridges

prominent ridges

very prominent nigh ridges

B.3.1Y v VEGZTATION FACTORS

Bare Area @ Canopy Closure %

1 1-20 0-20 arboreal cover

2 21-40 21-40 arboreal cover

3 41-60 41-60 arboreal cover

4 61-80 61-80 arboreal cover

5 81-100 100 arboreal cover
CROPS

Phys iggno:n'(

Farmland; current
Forb—grassland; often in fallow,
Scrubland

Snrubland 4
Tree/Shrubland/Woodland °

The number of crops observed in aravle lands were recorded., The crops
are given presence and absence (+/-) scores in the environmental data

matrices, €.g.

Sorghum vulgare

Lycopersicum esculentum

Uiscorea spe
Zea mays
Caesicum SDe

Pennesetum typhoides

Saccharum officinarium

Gossypium barbadense

+/=
t/=

4 Visual estimation beyond shrubland becomes progressively too
subjective, inconsistent and useless for numerical analyses and

interpretation,
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GALMA_IRRIGATION SCHEME !

Minislry of Agricuiture end Noturel Resources,
Irrigation section Jarig, December
SCALE .- 1-400

Alter Kaduna sfafle

e el

Fig. 22, Site of my Domain 111 on the terrace of the Galma 'Fadama'
Alluvial Complex., Redrawn and reduced from the contoured
base map after Kaduna State Ministry of Agric. & Nat.
Resources, Irrigation Section, Zaria. Scale 1:400
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REFINED ENVIRONMENTAL DATA MATRLCES

FRUM TEN OUT OF THE TWELVE DOMAINS

These sats of data have been refined from the raw field data
for the purpose of computations.

The laboratory raw data from which some of the data were converted
into the 5-point ratic-level are contained in Appendix B {pages

373-382),

The meanings of the codings are found on pages 213-215. Figs. 16-21
are attached to elucidate my attempts at an objective interpretation
cof the epvironmental properties where visual estimations are involved,

Where estimations cannot be relied upon for judging the intensity of
an operative environmental property, I have relied upon the nominal
level of scoring and have indicated these as dichotomous (+/-) data,
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GALMA 'FADAMA'

Entries consist of five point ratio-level conversions from laboratory measurezents and field estizates of

quadrat site e

ENVIRCIITNTAL DaTA MATRIX I:

—

level as indicated.

|
-

Geological, biological and land use characteristics were scored either

nt ccale level or on dichotouous presence and absence nomzina

aphic propecties.
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on tne five po
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and land use characteristice were scored either on the five point scale level or on dichotozous

cglcal, bioleogica
sresence and atserce nozinal level as indicated.

e
-

Gec

Entries consist of [ive point ratio-level conversions froa laboratory measurezents and fleld estimates of gquadrat site edaphic
Toperties.
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RIVIRCMITUTAL DATA MATRHIZ
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EXVIROMM-LTAL DATA FATRIX VII:

Entries consist of five point ratio-level conversions f{roa laboratory measure-

ments and ficld estimates of quadrat site edaphic properties,

Geologieal,

scale level or on dichotomous presence and absence noxinal level as indicated,

- biological and land use characteristics were ccored either on the five point
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RESULTS OF THE
ENVIRONMENTAL DATA ANALYSES
IN THE FORM OF
INVERSE DENDROGRAMS DERIVED FROM

THE AGGLOMERATIVE CLUSTER ANALYSILS
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34 Environmental x 36 Quadrat
Properties Samples
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INVERSE OR R-CLUSTER DENUROGRAM RESULTS FOR ENVIRONMENTAL DATA

MATKIX LI: GALMA 'FADAMA'

For the relatively clustered and the relatively distinct groups in the

results, see Matrix I for the meaning associated with each number,
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INVERSE OR R-CLUSTER DENDROGRAM RESULTS FOR ENVIRONMENTAL DATA

MATRIX V1il: DUMBL INSELBERG AND ROCKY HILLS

For the relatively clustered and the relatively distinct groups in the
results, see Matrix VII for the meaning associated with each number.
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LINVEKSE OK R-CLUSTER DENDROGHRAM RESULTS FOR ENVIRONMENTAL DATA

MATRIX 1i: ZARIA-DAMBO 'KURML'

For the relatively clustered and the relatively distinct groups in the
results, see Matrix Il for the meaning associated with each number,

i | r%l




CLUSTER DISTANCE

L
™

2.0

U

un

(a8

R

235

33 Environmental x 23 Quadrat
Properties | Samples

1

THegreezsreagenpan

p—_——

T ]
rj—_LII f r‘l“1'|'.
Rnage IR TEREEY

INVERSE OR KR-CLUSTER DENDROGRAM RESULTS FOR ENVIRONMENTAL DATA

MATRIX 1V:

UPLAND KAKO VILLAGE TO GALMA 'FADAMA'

For the relatively clustered and the relatively distinct groups in the
results, see Matrix IV for the meaning associated with each number.
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38 Environmental x 56 Quadrat
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INVERSE OR R-CLUSTER DENUROGRAM RESULTS FOR ENVIRONMENTAL DATA

MATRIX Vi  SELECTED GALMA UPLAND SITES

For the relatively clustered and the relatively distinct groups in the
results, see Matrix V for the meaning associated with each number.
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INVERSE OR R~CLUSTER DENDROGHAM RESULTS FOR ENVIRONMENTAL DATA

MATRIX VI: OUMBL TO KAKO UPLAND PLAINS

.

For the relatively clustered and the relatively distinct groups in the
results, see Matrix VI for the meaning associated with each nuwmber,
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INVERSE OR R-CLUSTER DENDROGRAM RESULTS FOR ENVIRONMENTAL DATA

MATRIX IX: KABAMA PLANTATION FOREST RESERVE

For the relatively clustered and the relatively distinct groups in the
results, see Matrix IX for the.meaning associated with each number.
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33 Environmental x 88 Quadrat
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INVERSE OR R~CLUSTER DENDROGRAM RESULTS FOR ENVIRONMENTAL DATA

MATRIX X: GUGA PLANTATION FOREST RESERVE AND ENCLAVES

For the relatively clustered and the relatively distinct groups in the
results, see Matrix X for the meaning associated with each number.
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INVERSE OR R-CLUSTER DENDROGRAM RESULTS FOR ENVIRONMENTAL DATA

MATRIX XI: GUGA NON-PLANTATION FOREST RESERVE

For the relatively clustered and the relatively distinct groups in the
results, see Matrix XiI for the meaning associated with each number.
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INVERSE OR R-CLUSTER DENDROGRAM RESULTS FOR ENVIRONMENTAL DIATA

‘ MATRIX XIL: KUYELLO RURAL AREA i .

For the relatively clustered and the relatively distinct groups in the
results, "see Matrix XI1 for the meaning asgociated with each number,
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RESULTs Or' THE ENVIRONMENTAL
DATA ANALYSES IN THE FORM

OF R-QRUINATION FACTOR SCOHES

Qsn, etc., remain to mean Quadrat Sample Number, etc., as used
in the matrices on pages 222-232.

The ecological environmental ordination have also been constructed
into ordination graphs which are similar to the constructed
dendrograms presented on pages 232-241., The flgures are, however,
preferred to the scatter diagrams.

The proportion of variation accounted for by six factors explored
in the data matrices are sequenced in their descending order of
importance for the sets of matrices,

The environmental properties which iload significantliy on each

factor can be easily read in conjunction with the environmental

data matrices on pages 222-232. The interpretation is discussed

along with the general discussions and on conclusions on pages 304-323,

A trivial or redundant data 4dn the RCFA could mean
i) an unnecessary overloading with a set of data which the analyst
cught to recognize, sorit, and delete before re-submission for

ordination, or

ii) the property have the same value in all the cases being analyzed,
and should also be deleted before re-submission to the computer,
A redundant environmental property in the RCFA inverse ordination
may, in fact, be the salient common facter within the stratum
under examination, such as the granite rocks on the Dumbi Inselbery,
Environmental Data Matrix VII, variable 19 on page 227, demonstrated
on the R-ordination Matrix VII on page 247,
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WUADRAT
SAMFLE  FACTCR 1 FACTOR 2 FACTOR 3 FACTOR 4 FACTOR 5 FACTOR 6
NO.

QS1 0.82 -0.35 0.35 -0.09 0.09 0.4}
QS2 ~0.71 0,03 0.58 0.18 0.09 =0.12
QS4 ~0,18 =0.53 -0,.10 0.09 0.19 0.51
Qs9 0.97 0,12 0.01 -0,03 0,02 -0.,09
us6 0.18 -0.28 0,06 -0.13 0,22 -0.25
QST 0,32 0.22 . 0.10 0.41 0.03 0.20
(S8 0.62 0.29 -0.10 -~0,13 ~043%4 0,18
QS9 -0.48 -0,30 0,02 ~0,23% 0.23 0.00
QS11 -0056 0.42 0.52 “0-27 0.24 -0.25
QsS12 C.25 0,21 0.55 0.35 -0.05 =0,15
QS15 0.25 0-41 0033 "'0'03 —000} "0.0?
QS14 0.1 0496 0.30 0.12 0.01 =0,22
QsS15 0.05 0.41 0.10 0.14 0.32 0.43
QS16 0.15 0.89 0.10 0.07 =0,10 0.23
QS17 0.28 =0,10 0.04 0451 0.48 =0,35
Qs18 0.07 0,82 -0.07 0.25 0.24 0.15
Qs23 0.02 =0,09 0.19 0,13 -0.,26 -0,06
QS24 -0.47 -0.38 0.47 0.01 -0.24 0.34
QS?9 0.36 -0,50 -0,28 0.62 -0.09 0,08
Q826 0431 -0434 =-0,04 0.47 =0.01 -0.11
Qs27 =0,26 -0.08 ~0,26 -0.29 0.72 0,17

R-ORDINATION OF ENVIRONMENTAL DATA FATRIX I: GALMA 'FADANA'
EXPLORATION OF THE FIRST SIX MOST SIGNIFICANT FACTORS USING RCFA

Trivial and redundant scores were deleted before computation. Accuracy
beyond the second digit from the computer output were rounded up in the
factor coefficient matrix results.

FACTOR EIGENVALUE PCT OF VAR CUNM PCT CHI-SQUARE DEG FREEDOM
1 50,60928 49,0 49,0 631.56545 189
2 22.75943 22,0 71.0 471.35081 169
3 10.93991 10,6 81.6 392 .,58960 150
4 7.54941 Te3 88.9 535.38452 132
5 6.32610 6.1 95.0 278,02295 119
6 5.16782 5.0 100.0 222.17560 99

ESTIMATED FROFOHTION OF VARIATION ACCOUNTED FOR BY THE SIX ENVIRONMINTAL FACTORS
EXFLORED IN THE R-ORDINATION OF ENVIRONMENTAL DATA MATRIX I

Factor sequence are in their descending order of importance.
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QUADRAT
SAMFLE FACTOR 1 FACTOR 2 FACTOR 3 FACTOR 4 FACTCR 5 FACTCR 6
NO.

QsS4 =0,.09 -0, 30 0.75 0.48 0.07 0.04
Q55 -O. 12 -0-56 -0.14 0. 31 0.62 -0.16
QS6 0,21 -0,06 0.24 0.17 0.22 =0.21
Qs7 -0,3%2 =0.,15 =0.45 0,73 ~0.13 0,02
Qs8 -0,03 =033 -0,40 -0,40 0.32 0427
Qs9 0.05 0.30 0.80 0.03 ~0.19 0.04
Qs10 0.37 0.56 0.19 0.17 0.05 -0.14
QS11 0431 0.77 0,15 -0,12 0.3%8 0.10
QS13 0.10 ~0.03% 0.07 0.42 ~0.06 0435
QsS4 0,04 0.16 =-0.02 0.52 0.00 ~0,01
QS15 0.46 0.81 =0.08 0.19 -0,0% ~0.,19
Q516 0.03 0.62 -0.17 0.37 0.04 0.52
0S523 ~0.05 =0,34 0.09 0,16 -0,07 ~0,33
Q524 "'0.50 "0.01 0! 36 0.09 0.17 ‘0.?‘)
Qs25 -0.89 0.31 =0.10 -0,01 0.18 0.07
Qs26 -0.94 0.29 0.02 -0,02 -0,06 0.01
QS27 0.55 0.23 =-0,10 0,01 -0,24 0.10
Q_S?B 0.89 "0.24 "0.06 0-08 -0.06 0. 17
Q529 0.67 ~0.07 =0.34 0.04 0.01 0.02
R=ORDINATION OF ENVIRONMENTAL DATA MATRIX I1I1: ZAKIA-DAMBO 'KURMI'
EXPLORATION OF THE FIRST SIX MOST SIGNIFICANT FACTORS USIKG RCFA
Trivial and redundant scores were deleted before computation. Accuracy
beyond the second digit from the computer output were rounded up in the
factor coefficient matrix results,
FACTOR EIGENVALUR PCT OF VAR CUM PCT CHI-SQUARE DEG FREEDON
1 56.76282 41.8 41.8 -+ 154415674 189
2 36 . 86005 2741 68.9 554.05396 169
3 15.41203 11.3 80.3 462,95825 150
4 13,27226 9.8 90.0 353.50317 132
6 5.61372 4.1 100.0 223,48941 99

ESTIMATED PROPORTION OF VARIATION ACCOUNTED FOR BY THE SIX EKVIRONMENTAL FACTORS
EXPLORED IN THE R~ORDINATION OF ENVIR NTAL DATA MATRIX II

Factor sequence are in their descending order of importance,




244

QUADRAT
SAMFLE FACTOR 1 FACTOR 2 FACTOR 3 FACTCR 4 FACTOR 5 FACTOR 6
NO.

QS1 -0.23% ~0.02 ~0434 ~0,15 -0.16 0,60
QSZ -0.4‘ 0.20 0.41 0-69 -0.15 —'0.04
QsS4 -0,08 0.20 -0,32 0.31 0.25 0.13
st 0.66 -0.27 0.25 -0.02 -‘0.61 -0.11
QS6 .0.01 0.40 -0-10 ""0018 -0.07 0.0I
Qs? 0.81 -0,44 0.21 0.23 0.16 0.05
QS9 -0.80 0.20 -0,05 ~0,24 -0.36 0.04
Q810 -0.42 -0.14 -0.20 0.04 0.01 0,16
QS11 -0.53 0.19 -0,03 0439 0.36 0,49
Qs12 0.74 -0,47 0.25 0.29 -0,06 -0,03
QS13 0.23 0.24 0.04 0.01 0.27 -0,14
QS14 =0,01 =0.19 0.39 0.32 0.09 0.29
QS16 0-54 -0.46 0.15 0.25 0.28 -0.20
@S25 0.94 0,20 ' 0.27 0.02 0.01 -0,01
Q526 0.95 0.16 -0123 0-06 “0-01 "'01 02
Qs27 =0.76 -0.12 -0.02 0.13 0.31 -0.49
Q528 <0.74 0.17 0437 -0.16 0.03 0.07
QS29 -0.56 0.68 0.24 0.32 =0.11 =0.00
Q531 =0,47 0.14 =0,51 0.61 ~0,22 =0,02
Q553 0.67 0066 0.18 "0- '5 0. 12 -0.08
QS36 -0,70 -0.08 0.68 =0,10 0.02 0.04
Q837 -0.07 -0,01 -0,21 -0.15 ~0,03 0.12

R-ORDINATION OF ENVIRONIGENTAL DATA MATRIX IV: KAKO VILLAGE TO GALMA 'FADAVNA'
EXPLORATION OF THE FIRST SIX MOST SIGNIFICANT FACTORS USING RCFA

Trivial and redundant scores were deleted before computation. Accuracy beyond
the second digit from the computer output were rounded up in the factor
coefficient matrix results,

FACTOR EIGENVALUE PCT OF VAR CUM PCT CHI-SQUARE DEG FREEDOJ
1 234,52084 61.6 61,6 3.17391 15
2 50.87805 13.4 75.0 1.08696 7
3 41.14328 10.8 85.8 3,82609 6
4 24.3%8994 6.4 92,2 1.34783 4
5 18.69702 4.9 97.2 2.78261 4
6 10.80860 2.8 100.0 1.56522 3

ESTIMATED PROFORTION OF VARIATION ACCOUNTED FOR BY THE R-ORDINATION OF ENVIRONMENTAL
DATA PATAIX 1V [

Factor sequence are in their descending order of importance,
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UADRAT
SAKMPLE FACTOR 1 FACTOR 2 FACTCH 3 FACTOR 4 FACTOR 5 FACTOR 6

NO.

@s1 -0,02 0,65 0.19 0,38 0.06 0,33
Qs2 0,41 -0.22 -0.61 0.16 0.33 0.32
QSEI 0049 0.10 -‘0-45 0:01 0.52 0.02
QsS4 =0,22 0,36 =039 0,40 0.09 -0,02
QsH =0,29 0.47 04295 0.29 -0,20 ~0.13
QSG -0.?d 0.44 "'0.% 0.17 0.01 -0-42
Qs7 0,24 0,70 =0.15 =0,13 0.19 0,02
Qs8 0,03 0.42 =0,25 -0,12 -0.19 -0,06
@S9 -0,15 ~0.84 0.15 0.36 -0.19 0,03
GS10 0,14 ~0.41 0.15 0.24 =010 ~0.17
qs11 0.06 "0.44 0.51 0.% 0-62 "’0- 15
0512 0,19 0.39 0.62 0.10 0.01 0.35
Qs13 -0, 11 0457 0.43 0.37 0.27 0,17
GS14 0.4 0.33 0,22 -0,04 0.10 0.47
QS15 0,21 U.15 0452 -0,13 0.13 0.23
S16 0431 0415 0.43 -0.24 0,11 0.39
Q517 -0,01 0.24 0411 0,11 -0.28 0.38
Qs18 0.16 ‘0-12 0102 "0.41 0-41 -0.15
Gs19 0,19 ~0,22 0.38 =0,07 =0.31 0.31
@S24 0.60 -0,16 ~0.53 0,18 0.27 -0.04
Qs25 0.94 =004 0.14 =-0.19 -~0,08 =0,0%
4826 0,99 -0.09 0.01 0.03 ~0.00 -0.01
Q527 0.24 "0.45 "'0-03 "0.23 0006 0.01
QS?B -O.T? -0.40 0.04 "0-56 0.10 0.02
Q529 -0.77 -0,02 -0.03 -0,20 0.11 -0.09

R=-ORDINATICN OF ENVIRONMMNTAL DATA MATRIX V: SELECTED GALMA UPLAND SITES
EXPLORATION OF THE FIRST SIX MOST SIGHIFICANT FACTORS USING RCFA
Trivial and redundant scores were deleted before computation., Accuracy

beyond the second digit from the computer output were rounded up in the
factor coefficient matrix results,

FACTOR EIGENVALUE PCT OF VAR CUM FPCT CHI-SQUARE DEG FREEDOM
1 72.48396 557 55.7 1125.24561 275
2 23.14417 17.8 73.4 851.09473 251
3 13.37858 10.3 83.7 670.64453 228
4 8.591151 6.5 90,2 550.71899 206
5 7.84193 6.0 96,3 406 ,88550 185
6 4.87824 1% 4 100.0 320.80127 165

ESTIMATED PROFORTION OF VARIATION ACCOUNTHD FOR BY THE R-ORDINATION OF ENVIRONMENTAL
DATA MATRIX V

Factor sequence are in their descending order of importance.
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QUADRAT
SAFPLE  FACTUR 1  FACTCR 2 ~ FACTOR 3  FACTOR 4 FACTOR 5  FACTOR 6
NO.,

QRS1 0.04 0.22 ~0413 0.12 -0,08 =0.01
Qs2 0,24 0,05 ~0.08 =0.05 -0,06 0.08
0s3 (422 0,12 0.01 0.06 0.11 0.16
Q54 -0.16 =0,01 ~U.16 =0,01 -0,02 -0,108
st 0.’8 "0.04 "0-24 0. 14 -0.22 -0.0‘)
QS? 0.(1',‘ 0.22 0.46 -Ol4} "0.18 “-0.23
QS8 0424 0444 0.04 =-0.11 -0,03 0,41
ng 0. 1:6 0.65 ""'0- 55 0-41 0.0B 0- 42
Q510 ~0.1% 0.14 -0,20 0.23 0,10 0.23
QS11 0.09 0.59 0.05 =0,02 0.20 0,04
Qs12 =-0,19 Q.44 -0.01 ~0.,03 0.195 0.20
Qs13 0.30 0.92 -0.0% 0.08 =0.05 ~0,10
Qs14 0.33 0.37 0.22 ~0430 0.16 0.19
QS15 0.51 0.77 -0,06 0.10 -0.01 =0.28
Q516 0422 0443 0.55 ~0.60 0.06 0.17
QS17 0,28 0,65 -0,07 0.05 =0.11 -0.04
QsS18 0.31 0.35 0,02 ~0.,28 0.21 0.28
Qs19 =037 -0.11 =0,01 0,01 0.09 0.31
Qs2e2 -0,02 0.06 0.43% 0,20 ~0.01 0.10
QS23 -0,03 -0,03 0.12 ~0.15 0.02 -0,07
QS24 0,72 0.06 -0,06 0.05% -0.01 -0,03
Q826 -0.97 0.13 0.09 0,02 0.03 -0.04
0527 0,49 -0.06 0.16 0.13 0.19 -0.07
|S28 0.94 ~0.13 -0.06 0,07 =0.04 0.00
QS29 0,82 ~0.14 0,22 0.21 0.37 ~0.09
@S30 0.09 ~0,02 -0.09 0.05 -0.10 0,08
QS}1 0.62 -0.11 "'0.15 -0.06 0.25 0.02
Qs32 0.23% ~0.01 0.41 0.15 ~0.18 -0,17
QsS33 0.24 ~0.03 0.54 0.29 0,01 0.09
QS34 0.22 ~0.,07 0.60 0.45 0.06 =0,08
QS35 0.17 -0,04 0.77 0.49 ~0.,21 0.07
Q536 0491 -0,08 -0.09 0.05 0.58 =0.14
QS37 0.33 -0,06 ~0.06 0.04 0,22 -0,01
QS38 0,06 -0,06 -0,10 0.08 ~0,1% -0.15

R-ORDINATION OF ENVIHONMENTAL DATA MATRIX VI: DUMBI TO KAKO UPLAND FLAINS
EXPLORATION OF THE FIRST SIX MOST SIGHIFICANT FACTORS USING RCFA
Trivial and redundant scores were deleted before computation. Accuracy

beyond the second digit from the computer output were rounded up in the
factor coefficient matrix results.

FACTCR EIGENVALUE FCT OF VAk CUM PCT CHI-SQUARE DEG FHEELOM

1 83.26125 52.3 52.3 3791.11084 594

2 34.18079 21.5 13.7 2747.58447 559

3 17.42308 10.9 84.7 2113.81396 529

4 12.91207 8.1 92,8 1536.65820 492

5 6.53218 4.0 96.7 1282.30176 460

6 5.18389 3.3 100.0 1060.69458 429
ESTIFATED PROTORTION OF VARIATION ACCOUNTED FOR BY THE R-CRDINATIOH OF ENVIHONMENTAL

DATA FMATRIX VI
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WUADRAT .
SAMPLE  FACTOR 1 FACTCR 2 FACTOR 3  FACTOR 4  FACTOR 5  FACTOR 6

NO.

qs1 0,60 0,01 0.69 ~0.08 0.19 0,17
QS2 0436 0,01 0.01 0.20 0.05 0.49
QS5 0.14 "0.01 -0.80 0.05 "0.04 -0-14
GS4 0456 ~0,01 -0.04 0,19 0.14 017
Q35 0.05 0.01 0-05 0.01 0009 -0.02
ws6 0.56 0,01 0.21 0.18 -0.71 -0.04
Qs7 0,59 0.01 -0,03% 0,07 0.08 0.46
Qs8 0.7% 0.01 -0,06 0.35 0.04 0,22
Qs9 090 =0,01 -0.09 -0.33 =-0,07 0,01
@s10 0.41 0,01 0.11 -0,38 0,00 -0,23%
«S11 0.80 0.01 0.13 =~0.10 ~0,12 =0.11
Gs12 0.72 =0,01 015 ~0.31 0,06 =0,32
Gs13 0.73 0,01 0,07 0.49 ~0,01 0.07
wS14 0,90 -0,01 0,17 0,10 0.01 -0.18
QS15 0,69 0.01 ~0,14 0.51 0.19 ~0.26
Qs16 0,86 -0.01 ~0.0% 0.13 0,08 -0.18
QS17 0.93 -0,01 =0,07 -0.05 0,08 0,08
QsS18 0,96 -0,01 0,16 -0.05 0,02 0.06
QS20 0.57 0,01 0.07 -0,05 -0.22 0.08
Qs21 0.81 0.01 0.40 0.09 0,09 0.23
QS22 0,01 0.96 -0,01 -0,01 0.01 -0.01
QS23 0.09 -0.,01 =0, 30 =0.,04 0.33 0.15
Qs24 0,36 0,01 0.17 0.49 0,01 0.06

R=ORDINATION OF ENVIHONMFNTAL DATA FATRIA VII:s DUFBI INSELBERG AND hOCKY HILLS
EXTLORATION OF THE FI«ST SIX MOST SIGNIFICANT FACTORS USING RCFA
Trivial and redundant scores were deleted before computation., Accuracy beyona

the second digit from the computer output were rounded up in the flactor
coefficient matrix results.

FACTOR EIGENVALUE FCT OF VAR CUM PCT CHI-SWQUARE DEG FHELDOM
1 100,93999 67.3 67.3 877.40698 250
2 14.34681 9.6 76.8 746.56470 208
3 12.62545 8.4 89.3 599.58838 187
4 9.6773%6 6.5 91.7 465.45459 167
5 T.23355 4.8 96.5 350.016%6 148
6 520890 3.9 100.0 260.73706 130

ESTIFATED FROFCRTION OF VARIATION ACCOUNTED FOR BY THE R-ORDINATION OF ENVIROIMENTAL
DATA FATRIX VII

Factor sequence are in their descending order of importance,
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QUADRAT
SAMPLE  FACTCR 1  FACTOR 2  FACTOR 3  PACTOR 4  FACTOR FACTOR 6
NO.

Rs1 ~(0.03 =0.23 =0, 11 0.39 -0,02 0.20 _
QS2 0.15 -0,02 -0, 10 -0.03 . 11 0.22 :
QS3 ~0.08 -0.13 0414 0.27 0.23 0.28 5
0S4 0,14 0,15 0,06 0.33 =04 36 0,04
Qsh =0, 34 0.01 0.09 ~0.42 0.0% 0.0? .
qsé ~0.07 =0,01 0,04 -0.18 0,14 -0.08 ;
Q57 0457 0.01 0.58 0.24 0.23% ~0.09 :
Qsa 00?9 0.15 -0-32 -0.05 -OOOT "0.0?
ng 0081 Ol15 -Olig 0019 0-01 ‘-0.00
qs10 0,12 ~0.18 -0.0% 0.13 0.22 0.35
{81 0,86 0.03 ~0.17 0.07 -0,14 =0,15
9312 0,64 0.2% -0, 32 0.13 ~0.09 0421
QS15 0-49 "0.10 "'0.20 "0.45 0056 -0.08 ,
GS14 0,82 0.11 0.18 -0.34 ~0.18 0.16 -
4819 0,92 0,12 ~0.05 0.04 0.06 -0,04
Q516 0,82 0,02 0.43 ~(3.03 ~0,08 -0,02
G517 0.82 =0.02 0.09 0. 31 0.24 0u3
4518 0.83 0.08 -0,16 0,17 -0.13 -0,07
¢519 0.01 -0.,20 0.18 0.07 0.06 =0.53
qS20 0.28 =0.07 0.17 0.18 ~0,23 ~0,3%
Q521 =0.20 0.93 0.05 ~0,07 0.05 0,02
QS22 -0,17 0.51 -0.03 0.06 0.10 0,42
qs23 -0,18 0.91 -0.01 0.10 0,01 -0.04

R—ORDINATION OF BNVINONFENTAL DATA MATRIX IX: KABAMA POHEST PLANTATION
EXPLORATICN OF THE FIRST SIX MOST SIGHIFICAUT FACTORS USING RCFA
Trivial and redundant scores were deleted before computation. Accuracy

beyond the second digit from the computer output were rounded up in the
factor coefficient matrix results,

FACTOR KIGERVALUS PCT CF VAR CUM FCT CHI-SQUARE DEG FREBDON
1 52,9884% 53.6 53,6 1321,84863 230
2 23,76463 24,0 77.6 702.38379 208
3 7.95060 8.0 85.7 524.29004 187
4 6414759 6.2 91,9 377.57476 167
5 4.76048 4,8 96.7 259.50586 148
6 3,24201 o % 100.0 195.81279 130

ESTIFATED FROVORTION OF VAMTATION ACCCUNTRD FOR BY THE R-ORDIBATION CF FMVIHCIMLNTAL
DATA MATRIX IX

Factor sequence are in their descending order of importance.




249

QUADRAT
SAMPLE FACTOR 1 FACTCR 2 FACTCR 3 FACTOR 4 FACTOR 5 FACTCR 6
NO.

QS1 0.26 “‘0.19 0.)1 0.17 0-04 -0.15
Qse ~0,13 0.18 -0431 0,19 0,02 =0,08
Q55 '*0.21 "0.01 -0-24 0.49 0.04 0.42
QS4 0.12 ~0,01 -0,07 -0.15 -0,03 -0,32
QS5 ~0.09 -(0,18 0,60 -0.23 -0,37 033
Qsé Oed6 0.03 0.10 0,14 -0,18 -0s1%
QS7 ~0,20 -0,02 0.49 0.32 =0.29 0.38
QS8 0.08 0,01 0.37 0.10 0.13 =0,.3%0
Qs9 0,10 0¢33 -0,36 0,03 0.46 -0.15
QS10 ~(,18 0,15 =0.3%0 =0.24 0.43% 0.47
QS11 0,01 0,13 0.3%6 0,06 0.47 =0,17
Qs12 -0 17 0,12 0.67 -0,02 0.14 0,07
QS13 0,22 0,93 0,07 0.11 -0,04 0.02
QS14 0,06 -0, 11 0.65 0,20 0.27 =0,03%
Qs195 -0,02 0,26 0.28 0.26 0.62 =0.14
QsS16 -0,10 -0,09 0.69 0.34 0.20 -0,07
Qs17 -0,07 0.12 0.72 0.08 -0,01 0.16
QS]G 0‘01 "001? 0117 0'47 0-12 "0.46
Q519 0,01 -0,03% -0,28 0.01 0.09 ~0,05
QS20 -0,17 =0,11 0.13 ~0.3% -0,16 0.10
Q821 0-07 0055 -0.10 0.05 -0.14 0.12
Qs22 =0,22 0,06 -0,20 -0,06 0.52 0.54
Q523 -0,13 0.04 0.03 0.04 0.28 ~0.19
Q824 -0.12 0.29 -0.51 0019 "0.14 0.16
QS25 ~0.81 0.28 -0.,20 -0,06 ~0.07 ~0412
us26 -0,99 -0,20 0.01 0,03 0.07 -0,02
Q527 0,98 =0,07 -0,02 =0.,01 0.01 0.01
QS28 ~0,10 0.18 =-0.14 -0.18 ~0.19 <0,36
QS29 0,12 -0.26 -0.29 0.80 ~0.19 0,10
QS30 0.89 =0.25 0,02 =0.03% 0.11 0.01
QS31 0,82 -0.25% ~0,02 -0.03 0.10 0,06
Qs32 0.64 -0.,18 0.06 0.02 0.04 -0,06
QS33 0.31 -0,08 ~0.01 ~0.11 0.11 0,01

R=ORDINATION OF ENVIHONMENTAL DATA MATRIX X: GUCA FOREST PLANTATION AND ENCLAVES
EXFLORATION OF THE FIRST SIX MOST SIGNIFICANT FACTORS USING RCFA

Trivial and redundant scores were deleted before computation., Accuracy beyond
the second digit from the computer output were rounded up in the factor
coefficient matrix results,

FACTOR EIGENVALUE PCT OF VAR CUM PCT CHI SQUARE DEG FREEDOM
1 70.42841 59.7 59.7 2773.20312 499
2 17.50049 14,8 74,5 2337.74658 463
3 10,40662 8.8 83.3 2070.05200 432
4 T«97152 6.8 90,1 1847.79419 402
e, 6.37348 54 95.5 1655. 38403 373
6 5.37096 4.5 100,0 1475.65723 345

ESTIMATED PROPORTION OF VARIATION ACCOUNTED FOR BY THE R-ORDINATION OF kiVIRONMINTAL
DATA MATRIX X

Factor sequence are in their descending order of importance.
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QUADRAT
SAMPLE PACTOR 1 FACTOR 2 FACTOR 3 FACTOR 4 FACTOR 5 FACTCR 6
NO.

QS1 -0.15 0.09 0.43% 0,17 0431 0.3%4
Qs? 0.04 =0.03 =0,12 0,36 -0,12 0.11
QS3 -0.10 0.23 ~0,16 0,81 =-0,21 0,29
Q54 -0,08 0,32 -0,03% 0,32 =0.16 0.3%9
QS5 0.43 0.29 0,13 0,07 0.25 0.24
QS6 -0.20 "0. 54 0. 52 -0.25 "0104 "'0.05
Qs7 0.42 0.53 0.24 0.18 0.19 ~0.09
QS8 0.10 0.23 0.09 -0.29 -0,78 ~0,02
Qs9 =0.72 -0,37 ~0,16 0.04 0,42 0.19
QS10 0,09 0.14 0.05 0.04 0.33 0.01
QS ~0.18 0.57 0.16 -0,02 0.10 0431
QS12 0,20 -0.10 0.18 -0.35 0,08 0.09
QS13 0ed3 0.49 0,20 -0,04 0,10 0.06
QS14 ~0.22 0.66 0.57 ~0,11 0,23 -0,08
@S15 0,63 0439 0.10 -0.06 0,28 0.08
Q816 ~0,18 0.73 0.38 =-0,07 0.13 0,19
QS17 ‘ 0.94 ~0,10 0.04 0.07 0.13 0,10
Qs18 0,83 0.19 0.01 -0,09 -0,13 0.13
Q519 0.05 0.53 ~0.49 -0,06 0,01 -0,07
Qs20 0.06 0.47 =0,77 =0,31 0.03 0,02
QS21 0.30 0.46 =0.56 0.03 0,26 -0,04
Q522 0.50 ~0.26 0.27 0.05 0.08 -0,18
Qs23 0.19 ~0.17 0.03 -0.08 -0,22 0.40
QS?d 0. 18 "'0.}4 ""'0.01 “"0.19 0.09 -0. 51
QSZ‘) "0.7? 0018 0.05 -0.15 -0-07 -{).11
Qs26 -0,13 0.23 -0,15 0.76 0,06 ~0.43

R-ORDINATION OF ENVIRONMENTAL DATA MATRIX XI: GUGA NON~PLANTATION. FOREST RESERVE
EXPLORATION OF THE FIHST SIX MOST SIGNIFICANT FACTORS USING RCFA

Trivial and redundant scores were deleted before computation, Accuracy beyond
the second digit from the compuier output were rounded up in the factor
coefficient matrix results,

FACTOR EIGENVALUE PCT OF VAR CUM PCT CHI~SQUARE DEG FIEEDOV
1 52.85406 33.8 33,8 1601.52661 299
2 19.01967 19.6 53.3 1346.60547 274
3 16,32874 16.8 70.1 1064 .92212 250
4 14,22662 14.6 84.8 730.72266 227
5 9,28200 9.5 94.3 472.00391 205
6 5452703 5.7 100.0- 318.13135 184

ESTIMATED PROFOHTION OF VARIATION ACCOUNTED FOR BY THE R-ORDINATION OF ENVIHONIENTAL
DATA FATRIX XI

Pactor sequence are in their descending order of importance,
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QUADRAT
SAFTLE FACTOR 1 FACTOR 2 FACTOR 3 FACTOR 4 FACTOR 5 FACTCR 6

NO.

Q31 0.09 =0444 ~0.06 0.39 0,04 0,27
Qs2 -0.19 0.29 ~0.17 -0.01 0,03 -0,15
Qs3 0.04 0.21 ~0,06 0.09 -0,13 -0,02
QsS4 -0,02 -0,40 0.03 0.51 ~0.14 0.15
QS5 0,01 ~0.74 ~0.03 0,60 -0,10 0,01
Qsé 0.97 0,08 ~0.09 0,05 0.10 =0,09
Qs7 0.87 0e17 0.09 0,10 0,10 -0,08
QS8 0.90 ~0,01 -0.27 0.06 0.14 -0,18
@S9 0.91 0,09 0.04 0.01 0.05 0.07
as10 0.43 0.08 =0, 14 0.07 -0,16 0,03
Q511 0,95 0.06 =0,16 -0,04 -0,07 -0,02
Qs12 0.69 0.21 0.22 0,16 0,02 0,09
Qs13 0,74 0405 0416 0,13 -0,45 «0,13
QS14 0.84 0413 ~0,06 0.10 0437 0.21
Qs15 0.93 0415 0.03 0,02 =0.10 =0,17
Qs16 0,95 0,11 0.11 -0,02 -0,16 0,12
QS17 0.7% 0,12 0461 0,06 0.01 =0,02
QS18 0,87 0,02 =-0.36 -0.07 =0.17 0,17
QS19 0,05 0445 -0,02 0.18 0,10 ~0.,01
Q820 0,24 0,10 0,15 -0,24 0,01 -0,16
QS21 “0.29 0-49 ”0005 -0-03 0.11 0.27
Q523 0,01 0.01 0.04 ~0.09 0.16 0.10
[s24 -0,68 0,59 -0,02 0.06 -0,02 0,09
Q525 ~0,62 0.73 -0,05 0,19 -0.01 0.01
QS26 -0.48 0.10 0,02 0.09 =-0.05 =0.01
Qs27 0.56 -0,58 0.11 -0.41 0.10 0,12
QS2B 0.45 50.65 0-29 -0-15 0-10 -0408
Qs29 0443 0452 0.29 =-0.23 0.19 -0,03%
Q530 0.24 =0.19 -0,08 -0.19 0.16 0.13
Q534 0,02 -0,48 =0.11 0.39 -0,06 ~0,06

R-ORDINATION OF ENVIRONMENTAL DATA MATRIX XII: XUYELLO RUHAL AREA
EXPLORATION OF THE FIRST SIX MOST SIGNIFICAKT FACTORS USING RCFA

Trivial and redundant scores were deleted before computation. Accuracy
beyond the second digit from the computer output were rounded up in the
factor coefficient matrix results,

FACTOR EIGENVALUE PCT OF VAR CUM PCT CHI-SQUAKRE DEG FHEEDOM
1 191.51326 73.0 73.0 2313.44385 405
2 32.57104 12.4 85.4 1635,24023 176
5 15»29059 5-8 91.5 1271.11504 Bﬂ&
4 10,93561 4.2 954 964.32593 321
5 7.03680 2T 98.1 75%.89819 295
6 4,92766 1.9 100.0 619.09570 270

ESTIMATED PROPORTION OF VARIATION ACCOUNTED FOX BY THE R~ORDINATION OF ENVIRONM:NTAL
DATA FATRIX X1l

Factor sequence are in their descending order of importance.




THE FIFTY PLANT COMMUNITIES AND THE FOUR SUB-COMMUNLTLES
WITH THEIR ENVIRONMENTS AS DETECTED BY
THE QUANTITATIVE EXAMINATION OF

714 QUADRATS x 419 SPECIES
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Nelsonla

anescens - Borreris verticillata -

Pa

spalum orbicuiare Community

on flat ‘'f

poorly dra

current cultivation rare but occasional standing crops

present;
freguent,

community of recent {1-4 years) Arable lands, largely

in fallow,

adamal! terrace; soll colour brown; texture
silty-sand {(loam), stoneless, s0il water mainly moist,

253

ined at depths; worm casts common; signs of

signs of cultivation within last four vears
Therefore it may be called 'fadama' weeds

111

4. s & 4 ¥ F 2 p = 8 8 % & % ¥ & B F ¥ u

® & 4 % & & p a
BwWr P E QEW WL WEY JBONLD W ah s b W a0 680 g

OO OQ LB DO0O0C R D00 OO0 D OOR DM N LT A

» * A &

CODE SPECIES DOMIN SCORES EVALUATION
8§ 16 25 26 27 28 29 I 1 L
& Paspalum orbiculare -~ 5 86 4 5 4 a4 23 7 13
12 Borreria verticillata a7 7 a4 7T 71T 7 7 42
[ 3 Nelsonia canescens 6 7 7 4 T7 7 7 45
[ Verhonia perrottetii 5 8 2 1 3 1 T 8
P 1d Ingigotera pulchra 2 3 1 2 1 3 3 70015
[ Pennisctum pedicellatum 2 1 2 5 3 . 2 & 15
| Ageratum conyzoides 7 14 1 . 3 1 . s 13
. Borreria radiata s« 1 8 3 2 1 5 15
-9 Ipomoea eripcorpa « 3 2 1 1 3 - S 10
| Eragrostis tremula » « 3 3 2 3 1 5 12
40 Brachiaria stigmatisata 7 . - & 1T 5 2 329
14 Andropogon pseudapricus . . . 4 3 4 7 4 18
3% Alysicarpus glumaceus . . 1 1 . 1 2 4 5
36 Sphaeranthus senegalensis . - i 1 1 1 4 4
37 Urena lobata 3 . . - 2 1 3 4 9
52 Polygala petitiana . . . I1 1 1 4 4
16 Oldenlandia nerbacea 1 . 7 o 1 . . 3 g
17 Cassla rotundifollia o 2 1 . . 1 . 3 -
25 Mitracarpus scaber v e 2 . 1 1 . 3 4
26 Scoparia dulcis 1 T T § k] 3
29 Monechma ciliatum « + e« 1T 4 L, 4 i a2
Kk Thelepogon elaegans . i . 2 3 ., 3 6
45 Crotolaria senegalensis « 1 . 1 . 1 . 3 3
-] Sporcbolus pyramidalls 1 1 . . . . - 2 2
13 Centella asiatica . « - . 5 3 . 2 8
13 waltheria indica 1 . . . . 1 . 2 2
20 Hyparrhenia rufa PR - 1 1 . . z 2
21 Jussiaea suffruticosa « 1 o . . 1 . 2 2
22 Scleria folioso . 0w - i . « 4 2 5
23 Leucas martinicensis - 2 & . . 2 . 2 8
24 Stachytapheta angustifolla s e 3 .1 . 2 4
0 Cassia tora 1 . . 1 . . . 2 2
43 VYernonla ambigua 2 . 6 . . . 2 <
46 Crotalaria lachnosema b S . . . " 1 2 2
48 Cassia mimiosoides a . N 1 . - 2 2 3
53 Euphorbia hirta e & s+ = 1 < 1 2 2
56 Setaria anceps « . T 1 . - . 2 2
59 Indigofera secundiflora . s . 1 . 1 2 2
B3 Chrozophora senegalensis - . . . 1 1 . 2 2
77 Triumpheta pentandra . s . 1 . 1 . 2 ¢
103 Rhytachne triaristata . - 4 3 . . 2 7
DOMAIN GALMA 'FADAMAY - PACTOR 2 FLORISTIC CLUSTER DETERMINANTS
L.ds Floristic Community Table 2

b ——— -




CODE

BURBRRENURESENRT YU gL

SPEC1ES

Sporobolus pyramidalis
Borreria verticillata
Ethulia conyzoides
Hyperrhenia rufa
Hygrophila auriculata
Nelsonia canescens
Ipomoea erlocarpa
Pennisetum pedicellatum
Cassia tora

. Hypoestes verticillaris

Paspalum orbiculare
Vernonia perrottetii
Ageratum conyzoides
Centella asiatica

Scleria foliosa
Eragrostis atravirens
Sida ovata

Chloris pilosa

Indigofera pulchra
Andropogon pseudapricus
Waltheria indica

Jussiaea suffruticosa
Leucas martinicensis
Stachytapheta angustifolia
Guizotia scabra
Alysicarpus glumaceus
Sphaeranthus senegalensis
Urena lobata

Aspilia africana

N SCORES

-

&

...N.-.-Noncn-com@ootntsuiﬁmh-punnu

Npc.mo-opNMlnoohou-n-‘“mugunolnu 8§

e e s e W sy DBENY R e W N NN AD s

l.ll...l.l..lﬂaﬂ..ﬁm”.”lIOIINMN““..Q

.-‘tow.}”ilullltllplttM..npw..-\p,)”,.nu..

44 Vernonia pauciflora
59 Indigofera secundiflora

Fimbristylis hispidula
66 Sida rhombifolia
75 Hellotropium supinum
71 Triumfetta pentandra $ 3 @ w =
L} Elusine indica - 1 - ~ -
101 Dactyloctenium aegyptium s ¥ & & .
105 Uvaria chamae . - - ™ 1
B1 S5ida urens - - . - 2
82 Senecio abyssinicus « . e 1
83 Evolvulus Il.mld" - - - - 1
DOMAIN: GALMA 'FADAMA' - FACTOR 3ii FLORISTIC CLUSTER DETERMINANTS
I.3. Floristic Community Table J

Borreria verticillata -~ Sporobolus pyramidalis -

Nelsonia canescens Community

EVALUATLION
I I1 111
13 2.6
23 4.6
5 1.0
11 2.2
1.2
2.4
1.4
1.6
2.4
1.0
-4
-6
.8

L . LI I I

. 8 0
bNOCAMMBONSE NP PN DDNODDDD

B P R e e e Wl P R R B BNV NNN WWWWLWES S AWN
oY - s
N UNNWUBRONNRBNNWLLE O DOOEVAESWNULRE gl

QO OCOCOO0DO0OO0DOOCCLORENLADOOO

Bkl gl pd s
O U =
NN BANDNOND

on damp, imperfectly drained flat lower middle slopes of the

‘fadama‘’,

(moist to damp)j;
carbon content.

mainly silty-clay;

Soils are stoneless, brown, mottled at depths
with moderate Organic

The floristic composition is a mixture of

forbs and grasses, suggesting vegetation in a 1-2 year fallow

regrowth,
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Incidental species having an absolute constancy value (ACV) of one are:
(4) Vetiveria nigritana, (11) Indigofers pulchra, (14) Andropogon pseudapricus,

Vernonia ambigua
Vernonla pauciflora
Euphorbia hirta

Sida linifolia
Acanthospermun hispidum
Blumea aurita

Hyptis specigera

o.

SPECIES DCMIN SCORES EVALUATION

== 6 5 7 21 35 36 13 I 11 iz
Borreria verticillata 4 2 1 4 2 4 2 7 19 2.7
Nelsonla canescens 16 1 4 2 2 2 7 18 2.6
Paspalum orbiculare 4 1 4 2 2 7 . 6 20 2.8
Ageratum conyzoldes « 9 2 8 5 7 4 6 35 5.0
Leucas martinicensis s 3 3 ; T Z '3 S 15 24
Mitracarpus scaber « 1 2 2 2 2 . ] 2 1.)
Scoparia dulcis 1 . 3 3 1 . 5 7 1.0
Schwelnkia americana « 1 1 4 . 1 1 5 8 1.1
Guizotia scabra . 2 4 . 3 1 1 5 9 1.3
Yernonia perrottetii 1+ 7 8 12 = & 4 17 2.4
Centella asiatica 6 3 § . & , ., 4 20 2.8
Oldenlandia herbacea « 1 .« 2 . 3 3 4 7 1.0
Ethulia conyzoldes 1 5 . « « 3 7 4 16 2.3
Stachytaphets angustifolia . 2 1 ., « 5 2 4 10 1.4
Imperata cylindrica 2 1 . - 1 . “ 4 8 1.1
Borreria radiata T+ 3 % . . . . 3 3 0.4
Waltheria indica - ; | - - 1 . 1 3 3 0.4
Jussiaea suffruticosa e e« o & X 4 . 3 8 1.1
Sporobolus pyramidalis 3 2 4 & 4 e 2 5 0.7
Pennisetum pedicellatum - . 1 4 . . 2 5 0.7
Eragrostls tremula . . - - . 4 1 2 5 0.7
Hyparrhenia rufa 2 . « &« 2 e 2 4 0.6
Thelepogon elegans s o 1 1 o+ o« 2 2 0.3

o & @ @ & ¥ 1 2 3

- 2 2 - - - - z ‘

- - - 3 1 - . 2 ‘

. . . . 2 . 1 2 3

- - 1 z - - - z J

- - 1 - J - - 3 "

& » a - -] 4 2 10

. = . 2 5 . . 2 7

Leersia hexandra

(12) Mimosa

p»b?ﬂoo
L= SN -
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igra,

(17) Cassia rotundifolla, (22) Scleria follosa, {27) Eragrostis afrovirens, (29) Monechma ciliatvum,
(30) Cassia tora, (31) rygrophila auriculata, (34) Glinus lotoides, {42) Hypoestes verticillaris,

(45) Crotolaria senegalensls, (62) Melochia corchorifolia, {63) Chrozophora sentgalensis,
(73) Eclipta prostrata, i/5) Heliotropium supinum, (81) 5ida urens, (B2) Senecio apyssinicus,

(84) Tephrosia linearis, (85) Pandiaka heudelotil, (86) Lactuca taraxacifolia, and (56} 3iopnytus
petersianun,

DCHMALN:

1.4,

Floristic Community Table 4

Ageratum conyzoides - Centella asiatica -

GALMA ‘FADAMA' -~ PACTOR 34 FLORISTIC CLUSTER DETERMINANTS

Paspalum orbiculare Community

on the outer zones of the 'fadama',

1t occuples the

flat lower middle slopes which form the 'fadama -
upland ecotone'. It is in places eroded, possibly by
occasional water waves from Gaima Wiver lapping against
the banks., The soil is damp, brown, and contains very
heavy silt. Na* and K* contents tend to be high in the
sites. Forb-grasslands in 3-4 years fallow.

———— .



CODE SPECIES DQMIN SCORES EVALUATION

15 16 17 X JX IIT
4 Vetiveria nigrinata 2 3 3 3 8 2,7
6 Sporobolus pyramidalis 5 4 3 3 12 4.0
8 Borreria radiata 2 5 4 3 11 3.7
14 Andropogon pseudapricus 2 4 4 3 40 3.3
15 Waltheria indica 2 2 2 3 6 2.0
17 Cassia rotundifolia 1 4 3 3 8 2al
29 Monechma ciliatum 3 3 2 3 8 2%
38 Aspilia africana 3 3 3 3 9 3.0
49 Crotalaria lachnosema 3 4 1 3 8 2.7
50 Elionurus pobeguinea 1 3 3 3 5 1.7
70 Erisema griseum 2 3 4 3 9 3.0
71 Urelytrum muricatum 1 2 2 3 5 1.7
69 Guiera senegalensis 5 6 7 3 18 6.0
79 Englerastrum gracillimum 3 2 3 e 8 2.7
13 Indigofera pulchra 3 . 2 2 5 1.7
46 Crotalaria lachnosema 1 1 . 2 2 0.7
76 Annona senegalensis 1 1 . 2 2 0,7
93 Carissa edilis 1 1 . 2 2 0.7
94 Asparagus africanus 1 1 . 2 2 0.7
95 Panicum maximum i 2 . 2 3 1.0
9 Ipomoea eriocarpus 3 1 . 2 4 1.3
3 Nelsonia canescens . » 1 1 1 0.3
5 Vernonia perrottetii . . 1 1 1 0.2
84 . Tephrosia linearis « 2 . 1 2 0.7
85 Pandiaka heudelotii = 2 . 1 2 0.7
88 Piliostigma thonningii “ . . 1 4 1.3
89 Fadogia agrestis 3 . . 1 3 1.0
90 Lepidagathis collina 3 . * 1 3 1.0
91 Schizachyrium sanguienum 2 e . 1 2 0.7
92 Ctenium newtcni..i 1 - . 1 a 0.3
96 Biophytum petersianum o 1 1 0.3
97 Andropogon gayanus . 1 . 1 1 0.3
g8 Eleusine indica . . 1 1 1 0.3
99 Solanum. torvum - . 2 1 1 0.3
100 Alternanthera nodiflora . . 1 1 1 0,3
105 Uvarlia chamae . 1 . 1 1 0.3
DOMALN GALMA 'FADAMA' FACTOR 4 FLORISTIC CLUSTER DETERMINANTS
I.5. Floristic Community Table 5

Guiera senegalensis - Sporobolus pyramidalis -
Andropogon pseudapricus Community

of an indistinct 'fadama' - 'upland' zone of
geomorphological intergradation, The community
occurs on gently sloping lower middle slopes from
the upland to the ‘fadama' alluvial plain. It is
eroded, stony with ironstone concretions, and sandy.
S0il colour is yellow in contrast to the greyish to
brownish 'fadama' soils. The flora combination, in
my view, appears to be an antithesis of 'fadama' and
‘upland’ in a wedlock, possibly due to the factorial
complexities,

256
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CcQuk SPECLES DCMIN SCORES EVALUATION
21 _22 27 2) 28 26 24 25 31 34 1 I1 11z
5 Vernonla perrottetii 1 3 2 § ¢ 2 3 ) 2 2 10 25 2.5
1 Paspalum orblculare y 5 & 3 7 3 . 3 4 3 9 43 4.}
2 Borreria verticillata 2 1 2 2 6 3 4 & . 2 9 28 2.8
13 Centella asiatica 7 8 8 7 8 9 . v o 1 7 48 4.8
4 Vetiveria nigritana T e« o« 3 4 . B8 8 9 17 7 40 4.0
22 Sclerla foliosa 2 4 . . 4 2 4 3 2 . 7T 21 2.1
23 Leucas martinicensis 7 8 8 7T 8 9 . . .« 1 6 48 4.8
6 Sporobolus pyramidalis 7 3 +~ 3 , 2 2 & . 6 21 2.1
29 Monechma cllistum ¢ 3 « 12 2 12 4 3 & e 5 6 0,6
17 Cassis rotunditolia e = e ® s = 1 7T 4 & 4 22 2.2
3 Nelsonla canescens . s e + « « 6 3 5 4 4 18 1.8
7 Ageratum conyzolides « e e e« @« « 2 3 3 2 4 10 1.0
18 Erogrostis tremula « 3 2 2 2 o & & & e 4 & 0.6
9 Ipomoea eriocarpa « s« s e+ « 6 a4 1 . . 3 11 14
35 Alysicarpus glumaceus + s s = = 1 « 2 1 3 4 0.4
16 Oldenlandia herbacea . N . - . - . 1 2 2 3 5 0.5
47 Panicum subalbidum . 3 - . 2 2 . . . . 3 7 0,7
56 Setarla anceps - . - - 3 - - 2 1 - 3 [ 0.6
36 Sphaeranthus senegalensis s s 1 & 2 3 4 e e . 1 6 0,6
[} Borgreria radlata . - - . - 2 1 . 3 . J & 0.6
48 Casslia mimosolides . . - - - . y | ;! - 1 3 3 0.3
10 Pennisetum pedicellatum « ® e o » = e« o 8 & 2 14 1.4
32 Gulzotia scabra s o s & 8 8 s e & 4 2 8 0.8
27 Srqmth atrovirens . 3 4 . . - - - - - 2 7 0.7
12 Mimosa pigra e o o o = 2 + 2 e . 2 4 0.4
53 mrbla hirta - - - - - - 3 1 . - 2 4 0.4
a6 Crotalaria macrocalyx « s o @ @ T & e e = 2 4 0,4
34 Glinus lotoides * - . ] - - - f - - 2 7 0.7
14 Andropogon pseudapricus e o = e » e ¥ 2 . . 2 4 0.4
T4 Sesbania sesban s 8 e = = = = « 4 1 2 5 0.
42 Hypoestes verticillaris 2 - - - - 2 - - - - 2 4 0.4
2 o & & s a « e = 1 2 3 0.4

58 Sida ovata

Incidental speclies having ACY of one:

(26) Stachytarpheta angustifolia, (45) Schweinckia americana, (30) Euphorbla hirta, (65) Mitracarpus scaber,
(55) Sida ucens, (57) Bidens piiosa, (53) Blumea perrottetiana, (59) Crotalaris lachnosema, (41) Cassia tora,
(61) Indigofera arrects, (v8) Stylochiton lancifolius, (69) Stylosanthes mucronata, (70) Guiera senegalensis,

and (38) Folygenim 1imbatus.
DOMAIN: ZARIA - DAMBO 'KURMI'® - FACTOR t FLORISTIC CLUSTER DETERMINANTS

11.1. Floristic Community Table &
Centella asiatica - Leucas martinicensis -

Paspalum orbiculere Community

fianking the local marsh at the head of a 'kurmi’ which

is the spring from wnich a narrow tributary seasonally

flows to the 'fadama' of the maln Galma Hiver. It

occuples a gentle middle slope; not eroded, grey and

damp (during field survey). Soil texture is loam.
Laboratory soll sample analyses indicate stonlessness but
the area is surrounded Dy impermeadle granitic rock outcrops
on the field, Sites were cultivated and tecrroced, similac
to Plates 10, 14 and 18, Crops were sSorgnum, Oryza, and
Saccharum, Tnis is therefore a floristic community of weeds
in Areple Crops.
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Incidental species having ACV of one are:
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CODE SPECIES DOMIN SCORES EVALUATION

1 2 3 4 5 I 11 1I1
7 Eriochloa nubica 4 656 6 b6 & 5 28 5.6
4 Melochia corchorifolia 12 3 3 1 5 10 2,0
9 Cyperus pustulatus 6 2 2 . 2 4 12 2.4
1 Panicum subalbidum 2 . 13 3 4 9 1.8
17 Digitaria acuminatissima . 3 3 2 3 8 1.6
5 Setaria pallide-fusca « « 2 3 3 3 8 1.6
3 Paspalum orbiculare 2 « « 3 2 3 7 “Lad
20 Oryza longistaminata e + 5 1 . 2 6 1.2
21 Casslia minosoides . e« 2 2 . 2 4 0.8
2 Digitaria ciliaris 2 . . . 1 2 3 0.6

{16) Fimbristylis pilosa, (19) Pnhvsalis angulata, (29) Scleria foliovsa.

{22) Vernonia pauciflora, (11) Commelina forskalaei, and (30} Echinochloa

colona.

DOMAIN: GALMA LIRRIGATION SCHEME SITE - PACTOR 3 FLORISTIC CLUSTER
DETERAINANTS .

II1.3. Floristic Community Table 12

Eriochloa nubica - Panicum subalbidum =
Cyperus pustulatus Community

of semi-aquatic weeds in the Galma Irrigation Scheme Centre
(Plate 17). The agricultural land use at the Centre is
controlled by the Kaduna State Government. Land treatment

is unifom. Irrigation channels are constructed and
maintenance is executed using tractors (Plate 48}, Variations
in flora are, in my view, controlled by the minor topographic
variaticens on the alluvial ‘'fadama' terrace.

{10) Brachiarlia stigmatisata,



264

] SPECIES DOMIN SCORES EVALUATION

- 1.3 5 11 10 9 12 _2 6 4 7 8 13 14 1% I i1 1L
2 Digitaria ciliaris 8 6 88 6 78 5586 33 4 § 15 %0 6.0
1 Paspalum orbiculare e+ = 1 1 . 2 4 4 2 4 3 2 ] 9 11 38 2.5
4 Dactyloctenun I 4 5 ¢ FO SN Z . 4 5 3 . . 10 14 2.3
5 Mitracarpus scabuer 1T 2 1, - . s 4 4 & 2 3 . 4 . 9 27 1.8
12 Schwencklia americana 1 = 1 & 1 . . « 1 1 . 2 1 1 4 % 21 0.9
] Imperata cylindcica . = « 3 4 4 5 . . . . 9 9 & 4 8 45 .1
10 Ersgrostis tremuls 2 & s . . 1. 32 012 ¢ . 5 - a 14 3.2
13 Cynodon dactyleon . & & . 5 . & 3 o4 .02 4 2 . - 7 23 1.9
15 Jacquesontla tamnifolia 1 1 1 . 1 103 r e+ 2 s = ow . 2 s ] 0.7
3 Borreria vertacillata 1 1 » e 2 2 1 3 31 4 s e . 7 12 D.A
11 Indigofera arrecta 1 1 « =« . 1 11 . 2 . . . 1 T 8 0,5
19 Tridax procumnbens s e 1 . . i . 15 2 2 . . . e &8 8B 0.5
20 Crotalaria senmalensis * &« & = - « 1 111 + - 1 3 . 3 ] D.4
15 Brachiarla stigmatisata e 2 e & a4 f 4 4« . e 2 4 2 ., 3 5 13 0.9
14 Heliotropium strigosum S N P 3 .03 L. . . 4 5 14 0.9
18 Thelepogon elegans . s 2 1+« 6 & o & &1 1 5 011 0.7
24 Pennisetuwn pedicilletum P R e S e 5 32 0.8
7 Cassia mimasoides 1 1 « . « 1 s e I & 1 a - . 3 5 a3
17 Stachytatphets sugustifolia 3 1 o . . « 8 3 e @ 4 4 . . . 4 9 0.6
20 Acanthospermun hispidum 4 1 1 . 1 . .- s e s e s » . 4 7 0.5
27 Vernonis parrottetid P - S A 1 0.5
0 Borreria radiata P . - « e« = 2 « 3+ 1 . 4 5 0.3
23 waltherla yndica [ 1 . . s 0+ = « 1 . . 3 4 5 0.3
29 ELlphﬂl'bil hirta 11 - . . - 1 s o 1 4 . . - - 4 4 Q.3
31 Indigofera nummulariifolia . o 1 & . e s 2+ +» = 1 1 « « 1 4 4 9.3
22 Sphagranthus sanegalensis 1 + I « .« ¢ ¢ s & & 4 2 o« 4 . 3 4 8
40 Crotalarts confuge A e s o= s P e S i 3 0,2
39 Oldenlandia herbacea 2 e = s . s . e o 1 4 1 . » 2 3 4 0,3
21 Nelsonia canmscens 1T & & = . . . 1 4 &« » + « o« 2 3 4 0,3
37 S5ida linifolia 2 4+ = v P « 2w s e » 1 2 3 5 0.3
36 Tephrosia linearis v s m oa = e e o oe o« 1T 1 . 2 2 0.
49 Yerponia ampiqua . s = = . s . « e o« 2 1 4 . . 2 3 0,2
50 Eragrostia ciliarfa » 1 « 3 . . . .+ % w o+ 0w - . 2 2 J.1
51 Leucas martinicensis PO S S . . T e e e . . 2 2 0,1
52 Chypzophora senegalensis s & & a - . » 2 « = 3 & . » - 2 3 0.2
a2 Ipomoes aquatica P N P T T . s 2 2 G.1
48 Cassia tora . s o= " . 0w « 1 o« w a 1 . 2 2 0.1
as Ethilia conyzoldes P o o e o e 1 s & e o« s s . 2 2 3 0,2
3 $ida rhombifolla 1 & « = - . . s o« v 1 4 . . 2 2 Bg.
53 Ageratun conyzoldes. 1T ¢« &+ a = % o % » = 5 v &« o @ 2 3 n.2
DOMAIN: UPLAND {(KAKQ VILLAGE) TO GALMA '"FADAMA' FACTOR i FLORISTIC CLUSTER DETERMINANTS

IV.1.

Floristic Community Table 13
Digitaria ciliaris - Imoepata cylindrica - Paspalum orbiculsre Communlty

of weeds Lln *upland' arable crops (Sorgnum, Pennesetum and Arachls) and post-harvest
farmionds on level to nearly ievel maddle slope edges of the tradama (Figs., 17 and 18},
soil eroslon nil; soil golour yeliow; dralnage pecfect; shallow to deep] silghtly
acidic ko neutral; loamy sand in texturs; organic rarbon content very low; stonalwss
to very s)ightly stony, ridges and furrows distinct or prominent {terraced).

Upland farmiands arcund Kako agricultural Yillage.
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CO0E SPECIES DOMIN SCORES EVALUATION
46 93 w9 L0 43 1 b9 1l Il

F
L%
F
&
&
-3
Fe
w
e
=
wn
[
W
L

Terminalla avicenndoives

w . 4 3 5 5 s 4 2 3 . 2 & 7 3 12 47 Lo
" Cochlospermum finclorium 3 3 2 4 3 1 2 k} 3 . 4 2 4 12 14 2.b
i Loudetls simpiex 5 4 6 4 B8 6 7 4 4 4 3 4 12 59 4.5
13 Stylosunthes mucronsta 2 3 3y 3 1 2 2 3 i 3 N N i 11 24 1:5
3 ELionusus pobegulndl 3 4 4 ¢ 2 4 2 8 2 03y o1 . . 11 B 2.9
k Fennlseiun pedicel batum 2 1 1 2 1+ 2 . 2 3 2 . . 1 10 16 1.2
2 Mllostigma thomaudigad 12 3 1 01 2 1 2 T T 10 17 1.3
4% Andropogon ascinodis « % 2 3 3y 2 2 3 . . 3 2 4 10 2% 4,9
3 Indigotera pulcinra 2 2 L. 2 2 1 2 . . . 5% a4 2 9 22 1,7
i Ctenlua newtonid « + s+ + ®& 3 7 2 3 2 3 131 s 8 314 2.6
. 28 Bulyrospermud paradoxum 1 « ¢ «+ 2 3 1 2 1 2 3 2 . 9 B 1.2
LT | Uyscnoriste perrottetll 4 5 T . 2 3 . 4 3 & . . . B 14 2.8
1 Annona senegalunsis . . - . 1 2 1 1 2 - 7 a4 3 | 21 1.6
) Lannea schimperd « 1« 1 1 . i 1 2 - 3 ., 1 8 11 J.8
a3 Aspilia africana . . 2 2 . . . 1 1 . B 2 3 7 a7 1.3
1 Guiera seneqalensls 11 1 3 . . 2 4 .2 . . . 7T 14 1.1
i Combretun ghagalurse « 1. 3 2 . ZF . T 01 .1 7 11 0.8
T Schizachyrium sanjuindum « e Y o2 ., 2 2 » 2 s+ 3 5 12 D.9
 H Anogelssus lelocarpus . N S R - e T - & 10 0.8
b} | Bridelia ferruginca 1 . k S 1 . . . 1 . F I [ T 0.%
0 Andropogon gayanis 2 02 2 e s e e 2 4 4 2 . . S 20 5.8
31 Englerastrum geacillium . 101 . . . « 2 1 3 . . S 8 0.6
» Pandiaka heudelotii 2 2 . 1 . . P 1 1 . . . 57 0.5
55 Monocymblun ceresliformis - . . . e 3 - - 1 . 7 . 2 5 15 1.2
5 Tamarindus fndica O I ¢ &« . % . . 4 11 0.8
(3] Lepidagathis collina - 1 . . T . k| . 2 - . . 4 7 0.5
&5 Schizachyrium exile - 1 - - H . - - . . 2 4 & 0.5
a2 Urelytoum suricatus - - - 1 2 . - . i - 2 4 6 D.5
118 Isoberiinia doka 2 3 . . - . 3 . 5 . N . . 4 1) 1.0
48 Vitex doniana 1 - - - - - - 1 . 3 1 - i 4 0.3
a7 H]“pd[:h&ﬂld rufa - - - - - - * - Fy 8 - . 5 3 19 1.5
14 Yernonia ambiqua 1 - . - - - - 1 . 1 . - - 3 3 0.2
60 Cassla slngueana 1 . . . - - 2 1 . . . . 3 4 0.3
« Parkla clappertondana i - - - - - » 1 - 1 - - 3 3 Qad
71 Entada africana . . . 1 2 - - 3 - . . . - 3 6 0.5
a? imenia americana . 1T 1 & « e e« =« 1 . - . . 3 3 0,2
9% Stereospesmwn kunthianum PR P P T | I T
106 Strychinos innocua 2 . 1 - - - . . . 3 . - - 3 L) 0.3
119 parinari curatellitolia R S L T . . 1 . 3 3 e¢.2
8 Porreria radiata - . 2 . - - ~ - . 1 * . - 2 3 0,2
44 Cratalaria lachnaosema . . . . - . . . . 3 2 . 2 5 D.4
56 Dlospyros mespilifomis T s e e . . 2 2 0,2
£2 Slda ovata . . . . 1 . 1 - N . . . 2 2 0,2
81 Dichrostachys glumerata ‘. . " . . - - 3 . 1 . . . & 4 J.3
J: 1 Combretum melle . . . 2 2 . . . . . . . N 2 4 0,3
ELYY Adina microcephala 2 . e w - s - . = 1 . 2 3 0.2
142 Desmodium barbatum e 5 & 4 s = e+« a 4 . « . - 2 9 0.7

DCMAING SELECTED fUPLAMD' SLTES - FACTOR 1 FLORISTIC CLUSTER QETERMINANTS

¥ela Floristic Community Table 15

Loudetia simplex - Teorminalia svicennioldes -~ Elionuzus pobeguinil -
Cochlosuekmim LansloFlum — CLonlum hewionil: - Uyschoriste purrotiviil Community

on uncultivated guliieo upland sites on the Dumbl uplands over solls broadly desCrilied as
"perpuginous Tropical solils on Ceystalline acid rocks and litnosols” (Kilnkenberd end
Higyins, 19701, Thiz commumaty 4$ sited on middle siopes and on the valley sidus af the
Kororobi and Kotunoei strewts nedf Zangan Aya {Fig., 17). The quadrats were distributed on
the gully banks, and the guiiy becs, fron the neadsCarps to tnelc Junctions with the streams.
Mence some of tne species are strictly riverine isee Plates W oand 77 tor examples of such
geamorpholojicsi-hydroleyical~floristic conplexities). The CONspLCUOUS fraltuius afo: Lokl
colour is red, drainage 15 variapice, wath doy Barks and ffesh or dump Duds  duplh varied
from vepy Ahdllow 1o moderetely decp;  buxtupe silty-sandy, olten with moderate cloy Contenti
uxposed Lronstone pevements;  low pH, vacidpclie organiC caroon, nign K*, The consistently
frequent termitaria is above averdye withln the shrubland community (gec also ithates 29, 51

and ¥Gl,
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COLE SPECIES DOMIN SCORES EVALUATION
12 6 3 4 5 7 s I iz 11
1 Pennisetum pedicellatum 34 17 4 3 95 7 B 38 4.8
3 Indigofera pulchra 12 8 2 2 2 131 1 8 21 2.6
7 Vernonia perrottetidi 2 2 3 4 78 3 7 8 36 4,5
8 Borreria radiata 2 4 2 3 . 3 2 2 7 18 2.3
18 Eragrostis tremula 2 2 1 4 . 2 6 8 7 28 3.3
11 Leucus martinicensis 2 « « 5 5 5 4 4 &6 25 1.1
15 Guieru senegalensis 11 3 1 2 1 4 & & 9 1.1
2 Piliostigma thonningii T3 2 %3 & 1 4 @ 5 6 0.8
6 Paspalum orbiculure « & « 33 2 5 4 5 16 2.0
25 Vernonla pauciflora s = o 1 2 2 5 & 5 14 1.8
34 Naltheria i.nd.\.ca 2 - 1 - 1 3 2 - 5 9 1.1
a5 Digitaria ciliaris e s « & 3 & T 3 5 22 2.8
36 Ipomocea eriocarpa ¢« % » % 3 4 % 5 5 10 1.3
37 Borreria verticillata s 3 B & B iy & % 5 25 3.1
61 Brachiaria stigmatisata 8 3 2 859 86 & a 5 22 2.8
78 Combretum sericeunm 11 . 111 . 5 S 0.6
“ Ageratum conyzoides e &« @« 4 3 I & 4 12 1.5
5 Andropogon pseudapricus 3 ¢« @ s 2 1 & & 4 8 1.0
9 Oldenlandia herbacea « o =« 4 4 5 2 . 4 15 1.9
17 Hypt.l.a splmﬂrﬂ 2 . A4 . 2 &6 8 4 22 2.8
k) Mitracarpus scaber « 2 « 3 4 3 , . 4 12 1.5
47 Eleusine indica e o o 3 1 3 4 ., 4 11 1.4
12 Kelsonla canescens £ w o & B 0 e 3 6 0,8
13 Annonlia senegalensis 1T 1 2o 1 & o & @ 3 3 0.4
20 Andropogon gayanus e T 1 o« T & 0 e 3 3 0.4
23 Setaria pallide-fusca e o « 1 . 1 , 2 3 4 0.5
39 Sphaeranthus senegalensdis . . 1 2 . 3 , . 3 6 0.8
46 Alysicarpus glumaceus e 1 o o w 2 o 2 3 5 0.6
52 Biophytum petersianum -« 1 & 1 & . 1 . 3 3 0.4
62 Sida ovata « 1 &« « « 1 2 . 3 4 0.5
100 Indigofera capitata @« 1 T 1 & o w e 3 3 0.4
101 Indigofera macrocalyx e o 1T 3 o 3 & @ 3 3 0.4
102 Schwenckia americana v @ % 3 & 8 o @ 3 & 0.8
10 Terminalia avicennoides 1 ¢ 2 o o 1 &+ 2 2 0.3
14 Vernonia ambigua e o 1 o 1 . . 2 2 0.3
10 Cochlospermum tinctorium 11 . . « s = 2 2 0.3
21 Bnqleraatrm qracllli.llull 1 1 . - . - - - 2 2 0.3
41 Stachytarpheta angustifolia « + . « 3 2 . . 2 5 0.6
54 Pimpbrystylis hispidula s e 1 1 4 & W e 2 2 0.3
57 Gardenia erubescens 2 v Kt e ow e 2 2 0.3
60 Cassia singueana 1 ¢« o & s 1 & o« 2 2 0.3
70 Parkia clappertoniana 5 a o o 1 & o e 2 6 0.8
84 Hyptis suaveolens e o £ @ » B o . 2 10 1.3
87 Carrisa edulis 1 . - 1 « =« - - 2 2 0.3
g8 Crotalaria senegalensis e & 0w W ow w € & 2 4 0.5
104 Dactyloctenium aegyptium s w o € B e & m 2 4 0,5
151 Vernonia oocephala e v 3 ¢ 3 4 4 2 6 0.8

Incidental species having an absolute constancy value (ACV) of one are:

e i N —

[

PSR ———

(19) Sporcbolus pyramidalis, (33) Bridelia ferruginea, (40) Ethullia conywoides,
(42) Cassia munosoades, (43) Aspilia africana, («8) Vitex doniana, (71) Entada
africana, (72) Tricax procumbens, (73) Monechma ciliatum, (79) Euohorbia nirta,
(80) Acanthospermum nispicum, (81) Dichrostachys giomerata, (82) Urelytrum
muricatum, (83) Cassia rotundifolia, (90) Adenodelichos paniculatus,

(99) Pseudocedreia kotscnyi, (103) Cissampelos mucronata, (120) kriosema griseum,
{121) Tephrosia linearis, (144) Eragrostis turgida, (145) Microchloa indica,
(146) Thnelepogon elegans, (147) Securida lorgipedunculata, (148) Polygala

petitiana, (149) Corchorus tridens, and (150) Cassia tora.

ROYALN: SELECTED 'UPLAND' SITES - PACTORS 2/3 FLORISTIC CLUSTER DETERMINANTS,

Vela Floristic Comaunity Table 16
Pennisetum pedicellatum - Yermonia perrottetii -
Eragrostis tremula - Leucas martinicensis -
Borreria verticillata = bigitaria ciliaris -
Brachioria stigmatisata - Oldenlandia herpacea Community

of weeds in current croplands and post-harvest farmlands associated
with Sorghum, Uiscorca, Zea and Arachis. These occur on nearly flat
to gentlie middle slopes. Erosion absent; solil colour yellow;

drainage imperfect (damp) on average; texture loamy-sand; Sioneiusa,
g ce b= mavhan variahle frem law TO vervy h_\qh;

—

- m——
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FINER ANALYSL
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AMORMIOUS FLORISTIC CLUSTER

‘UPLANG Y SITES ~ MULTIFACTORIAL COMPLEX

nodan dactylon (Super-) Commundty

w
i
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a3
a3
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o -
1]
M...
-
83
w
- |
-
-
:
™

= Perniselum  pedicellatum

eratum conyiolde:

V.1,

combindng weeds of arable crops under different crops in varlous hydrologlical states.

floristic cluster as the lloristic table sugjests,

more specific segments were indicated,

Three

This ia an amorphous

An 'ordination within ogdination’ was periormed,
The segments are probably relstively distinct communities within o

C——— . ——

See V.34, A4, MM,

continuum gradation of flora and envirorment.
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CODE SPECILES DCMIN SCORES EVALUATION
e 13 14 16 15 17 18 I II_ 11z
4 Ageratum conyzoides 2 3 5 2 3 3 6 25 4,2
7 Vernonia perrottetii 1 2 2 3 4 2 6 14 2:3
12 Nelsonlia canescensis 4 3 3 5 3 5 6 23 3.8
40 Ethulia conyzoides 8 4 2 3 1 1 6 19 3.2
41 Stachytarpheta angustifolia 1 2 2 1 1 1 6 8 a3
6 Paspalum orbiculare 3 3 . 4 2 4 5 16 27
9 Oldenlandia herbacea « 2 1 1 1 1 5 6 1,0
11 Leucas martinicensis 3 » 2 3 1 2 5 13 2.2
14 Vernonia ambigua s 1 2 12 3 3 5 11 1.8
25 Vernonia pauciflora 3 « 2 2 1 1 5 9 s R
52 Biophytum petersianum « 2 1 1 2 1 5 7 1.2
66 Blumea aurita 2 2 &2 1 2 . 5 S 15
1 Pennisetum pedicellatum 4 3 4 2 & . 4 ¥4 2.2
38 Mitracarpus scaber i 12 1 %2 . 4 4 0.7
67 Eragrostis pilosa « « o« 9 9 8 3 26 4.3
18 Eragrostis tremula « 2 o 1 4 , 3 13 2.2
17 Hyptis spicigera s %2 a2 3 . 2 3 6 1.0
30 Jussiaea suffruticosa v w = ¥ 1 2 3 4 De’?
8 Borreria radiata 1 ¢« 1 1 4 3 3 0.5
36 Ipomoea ericcarpa s @ 1 1 1 . 3 3 0.5
39 Sphaeranthus senegalensis 2 ¢« o & & 8 2 7 4-2
35 Digitaria ciliaris 1 2 + o + e 2 3 0.5
47 Eleusine indica e 1 «+ & 1 . 2 2 0.3
54 Fimbristylis hispidula s o & 2 2 . 2 4 5 I
19 Sporobolus pyramidalis e+ 1 T &« & » 2 2 0.3
152 Striga senegalensis 1 2 o ¢« o 2 3 0.5
153 Rottboella exaltata . 4 2 - . - 2 6 1.0

Incidental species having ACV equal to unity are: (50) Cynodon dactylon,

(58) Dyschoriste perrottetii, (23) Setaria pallide-fusca, (72) Tridax procumbens
(108) Eragrostis ciliaris, (B4) Hyptis suaveolens, (21) Englerastrum
gracillimum, (104) Dactyloctenium aegyptium, and (121) Tephrosia linearis.

Evaluation Key: I = Absolute Constancy Value (AVC)
II = Total Domin Cover-Abundance Value
II1I = Mean Domin Cover-Abundance Value

DCMAIN: SELECTED 'UPLAND' SITES - BREAKDOWN OF FACTORIAL COMPLEXITY
FACTOR 3ii FLORISTIC CLUSTER DETERMINANTS.

V.3.ii. Floristic Community Table 17, Segment 2.
Ageratum conyzoides - Nelsonia canescensis -
Ethulia conyzoides - Paspalum orblculare -
Eragrostis pilosa (Sub-) Community

of weeds on current farmlands associated with monocultures of
Sorghum vulgare on flat or nearly flat damp uplands. Soils are
largely yellow,occasionally brownish; shallow sandy loam,
occasionally underlain by granitic rocks or superficially storeless.
K'Y content moderate or high; organic carbon low, worm casts and
termitaria absent. (Plate 20 illustrates this community).
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CQUE SPECLES DOMIN SCORES EVALUATIOH

B R 34 35 3 37 40 39 32 33 W I_11_ 1n
1 Pernisetum pedicellatum 2 2 2 2 1 3 2 2 2 9 24 2.7
50 Cynodon dactylon 8 9% 3y . 2 131 4 2 8 40 4.4
4 Ageratum conyzoldes 3 i 1 . 1 2 F 7T 3 8 24 2.7
S Andropogon pseudapricus 1 1 . 1 2 2 s 1 1 7 8 1.1
9 Oldenlandla herbacea I 2 1 S s &« & 2 6 11 1,2
92 Vicoa leptoclada P 1T 2 X % . . . 5 5 0.6
39 Sphaeranthus senegelensds 1 1 2 1 . .+ . 3 ., 5 8 0.9
11 Leucas martinicensis «a @ 3 F 2 &« & 2 5 11 1.2
117 Imperata cylindrica . « 2 8B & 9 4 e i 4 32 16
11 Buchnera hispaida . . = 1?2 1 1 . . 4 5 0.6
[*T+] Acanthospermum hispidum 2 1 . . 1 . . . 1 4 % 0.6
18 Eragrostis tremula 3 2 . s o 2 . 3 . é 10 1.1
7 Vernonla perrottetii 5 4 . 2 . N . 3 & 4 14 1.6
83 Crotalaria confusa . i 1 . 1 & & & 3 3 0.3
20 Andropogon gayanus 1 1 . 1. . . . . 3 3 0.3
115 scoparia dulcis . . - . . 11 1 . 3 3 0.3
72 Tridax procumbens . 2 « 2« . & . ., 2 3 2 0.9
23 Setaria pallide~fusca . . . 1 1 . . 1 & 3 3 0.3
54 Fimbristylis nispidula 1 ¢« s o s« s« 5 & ., I W0 1
47 Eleusine indica 1 . - - - . 2 2 - 3 5 0.6
35 ulﬁxmll ciliaris - 2 2 . 1 . - - - 3 5 0.6
d Borrecla radiata 1 1 « « « 2 « = e 3 4 0.4
27 Hyperrhenia rufa . - . . . Fd 1 . 4 3 7 0.8
14 Vernonia ambigua 2 . 1 . . - - 3 » 3 6 0,7
40 Ethulia conyzoldes - 2 1 - - - - - 1 3 4 0.4
138 Leersia hexandra - . - LY 2 - - - - 2 6 0.7
107 Schizachyrum brevifollum T 2 2 0,2
74 Nauclea latifolia 1 1 . . - . . . . 2 2 0.2
73 Monechma cilialum - - - - - f - - 1 2 2 0.2
106 E.taqruu.l ciliaris 1 - - - - - = - - 2 3 0.3
114 Fambristylis hispidula 1 . - . . . - . ¥ F 2 0,2
113 S5ida unifolia . . » . T 1T a s = 2 2 0.2
7% Euphorbia hirta v @ & @ & ¥ = w = 2 5 0.6
k§ ] Borreris verticillata s e & w & X § @ B 2 7 0.8
19 Sporobolus pyramidalis v s s s s 3 < . 13 2 4 0.4
94 Sesbanis sesban - . b | . . 1 . - - 2 2 0.2
7% Hygrophilia auriculata e s s e s e 2 1 . 2 3 0.
1] Urena lobata . - - 2 2 - . . - 2 4 0.4
s Mitracarpus sceber 6 . . T B « . B 2 7 0.8
42 Cassia mimosoides ¢ o . « o« 1 . . 1 2 2 0.2
25 Vernonia pauciflora e 2 1 & = . & . . 2 3 0,3
51 Centella asiatica " . - 7 3 - . . . 2 10 1.1
41 Stachytarpheta angustifolia 2 . . . . « +» 4 2 b 0.7

DEMALN:  SELECTEY 'UPLAND' SITES - BREAXDOWN OF FACTORIAL COMPLEXITY FACTOR 3iii
i FLOKISTIC CLUSTER DETERMLNANTS.

v.3.441 Floristic Community Table 17, Segment 3
Cynodon dactylon - lmperata cylindrica - Pennisetum pedicellatum -
Ageratun conyzoides (Sub-) Community

of weeds in current farmlands associated with mainly mixed crops (Discorea, Oryza, Sorghum, inomcas,
Capsicum) as illustrated on Plates 13 and 14, The sites are on flat or nearly flat middle s.cpes
and valleys. Erosion absent, Hidges are very prominent and high or distinct lo prominent.io: hon-
tuberods crops. Soll colour brown or yellow, Drainage perfect to poor. Malnly very slightlv stony
with occasional granite or few ironstone, The granitic stones are possibly fragments of irpermeable
subterranean massive rocks wnich appear to hold water close to the plant roots, Plate 20 il..strates
a similar site during December.




SPECLES

Pilicatigma thonninglil
Sporobolus pyramidalis
Anogeissus leiocarpus
Indigofera pulchra
Setaria palllide-fusca
Pandlaka heudelotil
Gardenia erubescens
Englerastows gracillimum
waltheria indica
Licspyrcs mespiliformis
Byroscarpus coccineus
Andropogon pseudapricus
Borreria radlata
Terminaila avicennioldes
Annona senejalensis
Andropogon gayanus
Ctenium newtonii

Vitex donlana
Indigofera secundiflora
Nauclea latifolla

Sida urens

Khaya senegalensis
Paulinia pinnata
Pennisetum pedicellatum
Paspalum orbiculare
Nelsonlia canescens
Vernonla anblgua
Butyrospermun paradoxum
Bridelia ferruginea
Alysicarpus glumaceus
Tamarindus indica
Lepidagathis coliina
Schizacnyrium exile
Casala rotunditolla
Combretum molle

Adenodolichos pandculatus
Pseudocedrela kotschyl
Brachiaris jubata
Beckeropls uniseta
Wissadula amplissima
Holarrhenia floribunda
Syzygium guineeanse
Guiera senegalensis
Cassia mimosolides
Aspilia africana
Combretum ghasalense
Monocyblue ceresilforme
Casszia singueana
Bracniarias stigmatisata
Entada africana
Dichrostachys glumerats
Ximenla americana
Schizachyrium brevifolium
Erlosema griseus
Ziziphus mucronata
Hypoestes verticillaris
Acacla ataxacantha
Triumfetta pentandra
Ellonurus hirtifolius
Sorghastrum bipennatum
Clasus crotalarioides
Hyparrhenla cyanescens

DOMIN SCORES
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DQMAIN: SELECTED ‘UPLAND SITES - FACTOR 4 FLOKISTIC CLUSTER DETERMINANTS

V.4,

Floristic Community Table 18

EVALUATION
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Sporobolus pyramidalis - Anogeissus leiocarpus - Pillostigma thonnlngil Comsundty

They occur as shrublands, tree/shrublands and woodlands with or without
grasses or forbs on middle slopes, and as relics of ‘kuml' woodlands on streamaides (Plate 26).

of uncultivated 'uplands'.

The floristic heterogeneity is the result of several factors:

hydrological;

tree-felling for domestic

and commercial reasons, geclogical reasons which hinder sgricultural use, and promote diffecent floral

. e O wraa 55 and 5&).

Also the floristic variations could be explained in terms of

T Am ha Adassrvihad here.
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(28) Dichrostachys glomerata,

(86) Daniellia oliveri,
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(15) Andro

(i3) Ericsema griseum, (40) Indigofera capitata, (41) Entada africana, (55) Hyperthelia dissoluta, (60) Strychnos
tium Commundty

and parts of Plate 11. By the end of the surve

for a month, the ground flora had changed to dense weeds in most cases and first weeding has already stactec.
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5 6 CLUSTER DENDROGRAM OF QUADRATS
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tis specigera, (141) Hellotropium ptsrocarpum, {163) Commelina forskalaei,
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for agriculture (Plates 1, 2, 5) following the first few rains,
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Floristic Community Table 19

Digitaria ciliaris - Dactyloctenium a
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the cross-section of which is schematized in Fig. 18,
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These were the recently established crops crossed by my 11,1 km,

farms were similar to my illustrations on Plates 9 and 10

of weeds in current arable lands associated with Capsicum
lands were just being prepared in most cases

DLMBI TO KAKO TRANSECT ON THE UPLAND PLAINS - FLORISTIC CLUSTER 'A' ON FLAT!

lncidental specles having an ACV of two are enumerated but those with an AVC of one are omitted;
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Both the

successional continuum trend mainly on the ground cover species layer

synoptic floristic raw data matrix VI.A.) and the ordination represented by
Floristic ordination of Synoptic matrix VI.A only prove one factor concluslvely,

that the climate (rainfall) imposes a dynamic

Cluster Analysis (Dendrogram results for
within a season.

Example Graphical Representation of RCFA

viz;
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SPECIES DOMIN SCORES EVALUATION

> 4 5 9 110 11 12 16 117 1 11 111
Mitracarpus scaber 5 5 4 5 77 6 2 2 4 10 47 4,7
Oldenlandia nerbecea 2 2 2 1 11 2 1 2 A 10 16 1.6
paspalum orbiculare . 2 5 5 66 4 2 2 2 9 34 3.4
pPennisetum pedicellatum 9 9 6 4 2 g 8 6 2 9 57 5.7
schweincklia americana 2 2 2 2 - 1 1 1 2 8 13 1.3
stachytarpheta dngust.i.folia 3 3 4 3 .2 - 3 7 5 B 30 3.0
Borreria verticillata 2 4 . o« 64 2 . 4 17 7 29 2.9
S5ida rhombifolia = o Lo 1 111 1 7 7 0.7
Erogrostis tremula 3 2 2 o« 3 2 » & @ 7 20 2.0
Annona senegalensis . 412 2 1% 2 4 e o 3 & B 0.8
Jacquemontia tamnifolia 14 & 92 1T e o 2 3 2 . & 14 1.4
Terminalia avicennioides . o 2 1 1 1 15 - 1 6 11 1.1
Heliotropium strigosum 2 o 3 o« 2. 1 o 2 3 6 13 1.3
Cochlospermum tinctorium ., . 3 3 12 . o 2 . 5 11 1.1
Guiera senegalensls o o B R R 2 1 1 1 5 7 0.7
waltneria indica . . 1 . 22 1 « 1 5 7 0.7
Butyrospermumn paradoxum - ® & 1. 1 1 .« - 5 5 0.5
Chrysanthellum americanum L3 o s =R 4 4 1 . 5 13 1.3
Vernonia perrottettii 3 o o o 3o 3 ¢ 3 F 5 g 0.9
porreria radiata o m 1 & w4 1 2 3 4 13 1:3
pigitaria ciliaris I 3 4 2 2 4 11 1.1
Andropogon gayanus 1 1 o« 1 e =+ ¢ 1 . 4 4 0.4
Indigofera pulchra e o W oa |@le 2 1 1 2 4 6 0.6
Lasiosiphon Kraussianus . s e 233 w0 1 . 4 5 9
stylochiton lancifolius . 4 s o w Ve s 1 « = 3 3 0.3
piliostigma thonningili . B xR 2 4 a & ® = 3 4 0.4
Dactyloctenium aegyp tium . W B e 3 . « 6 B 3 17 1.7
Vvitex doniana I 2 o o o 3 4 0.4
Leucas martinicensis 3 o @ = u @ 2 5 & 4 3 6 0.6
Eleusine indica « & ® = ® 4 2 3 o = 3 9 0.9
Strychnos spinosa - 1 1 = o o 3 4 0.4
Tephrosia purpurea . & W m W 1 1 3 . 3 5 0.5
Indigofera nummulariifolia . o © 4 .. & & w @& 2 2 0.2
Tridax procumbens £ 4 » # me ® ¥ ® F 2 5 0.5
Andropogon pseudaparicus @ W W ww ® 3 2 2 5 0.5
Adenodelichos paniculatus s e 2 al e & o 2 3 0.3
Tephrosia iinearis s e ow @ @ 1 1 . 2 2 o P
parinari curatelllfolia s e W m we 1 1 « = 2 2 0.2
Acanthospermum hispidum e 3 o e o= 3 & e - 2 6 0.6
swartzia madagascariensis P S TR B T 1 o o 2 2 0.2
Ageratum conyzoides e o o o o® 3 2 . 2 5 0.5

Incidental species having an ACV of one are omitted from tne community.

DOMALN: pwiBL T

0 KAKO TRANSECT ON THE UPLAND PLAINS - FLORLSTIC CLUSTER

EbTEHﬁINANTS OF FACTOR 1 ORDANATION 2 ON NONE (CURRENT) ARABLE LANDS.

vi.2. Floristic Communi.ty Table 20

Pennisetum Eedicellatum - Mitracarpus scaber - Paspalum orbiculare Commund ty

of weed regrowths on 1-4 years fallow farmed lands mainly on damp 1O moist
gently sloping plains and lower slopes, with mottled subsoils. Remnants of
old crops often jdentified as Arachis, Pennesetum, Sorghum Or Discorea,
during field surveyse. RrRidges remain distinct or prominent depending on for
which crops they were moulded. soil texture generally loam, Soil of ten
maintained in damp condition, according to my view, by the presence of an
impervious granitic rock in the subsoil (Fig. 18).
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DUMAT TO KAKO TRANSECT ON THE UPLAND PLAINS - FLOKISTIC CLUSTER

DETERMINANTS OF

DOMAIN
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w

Tne geological

Dichrostachys glomerata for example suggest that

- Elignurus pobeguinili Community

Cochlospermum tinctorium - Annona se

Vi.4a

Tnp Loudetia simplex and

lus festivus suggest shallow soils, Sporvbolus pyramidalis suggest locally

paradoxum, Vitex doniana, Parkla clappertoniana suggest past agricultural

apo

of cpen scrubs and shrublands with forbs and grasses on seemingly uncultivated plains, situated mainly on the sub-summitis of the
and the isclated scattered trees, Butyrospermum

topographically undulating landscepes which are the "soll catenas" of Morison, et al (1948), and of Keay (1949s, 1949b, 1960).
materials under the gquadrats consist of granites and lronstones,

the ironstone layers are part floral distributional facters,

deep moist 50L1s;

Besides,

Tne simple catena does not therefore

The geology, hydrolegy, and historical land use appear to be necessary factors to be considered.

the prominence of Cochlospermum tinctorius suggests another factor, widch is fire,

use wnile Cissus rufescens and Anogelssus leiocarpus are linked with granitic outcrops on the plains.

dppedr O explain Uhe COMMINLLY.
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Incidental species having absolute corstancy velue of one are omitted,

UQMALN: _DUMBI TO KAKO THANSECT ON THE UPLAND PLAINS - FLORISTIC CLUSTEK DETEIMINANTS OF FACTOR 4 ON ORDINATION 2.

Floristic Community Table 23

vi.5.

restis ~ Cochlos

Guiera senejalens

la

fFa

tinctorium - Annona senegalensis -

festivus ty

- Elionurus

like Piliostigma thonningil, Andropogon gayanus,

However, minor depressions among the stone boulders contain

The vegetation mainly consist of hardy dwarf shrubs and grasses

of shrublands with grasses and forbs on the shallow summlts of the minor hills which are the tops of the

on shallow soil deposits over lateritic ironstones.
deep, sessonally moist soll deposits for the specles

Sporobolus pyramidalis and Paspalum ocbiculace.

‘soll catenas' referred to in Community 21,
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Annona senegelensis - Lochlospermum tinctorium - Pilicstigma t

Gulera senegalensis - Andropogon gayanus - Terminalia avicennioides Community

Y
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LOHALIN
vi.6.

AL -

Tne

however, suggest sub-soll ironstone layers.

and Cissus rufescens are indicative of seasonally

rocks mixed with Tree-shrublands on old farmed lands.

ramidal

1

And

of open woodlands of uncultivated granitic

undergrowth grasses (such as
high soil molsture content.
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Pennisetum pedicellatum
Hackelochloa granularis
allophylus spicatus

Parkia cleppestoniana
Clematls hirsuta

Annona senegalensis
Diospyros mesplliformis
Sporobolus pyramidalis

40 Anellema lanceolatum
Helothria madaraspatana

dtereospermum kunthlanum
Milletia thonningii
Indigofera dendroldes
Knaya senegslensls

Uiscorea bulbitera
Tephrosia bracteclata
Ipomoea involucrata

Bombax costatum

Tacca involucrata
Compiphore africana
Asparagus africanus
Eulophia quartiniana
Scleris foliosa

Anogelssus lelocarpus
Pandiaka heudelotl

Cyanotlis lanate

36  Entada africana
Cassla singueana

Cissus rufescens
Andropogen gayanus
Byroscarpus CO{Clneus
Cisgus aralioides

Clerodendron capitatum

Borreria radiata
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stylochiton lancifolius

Grewis mollis
N Cochlospermum tinctorium

72

Heteropogon contortus

Cissampelos mucronata

Dichrostachys glomerata
103 ikebergla senejalensis

Gutenbergle rugritana

Indigofera bracteolata
Jasminum dichotomunm

Achyranthes aspera
Acacia ataxacantha

Rottboellia exaltata
Gloriosa superba
Bridelia ferruginea
Vigna racemosa
Bldena pilosa

Ficus umbellata
Ziziphus mucronata

Cassia tora

Brachiara lata
1We Croton macrostachyus

104 Euphorbias conwolulolides

94
25
n
47
el
13
17
J4
45
53
57

21
24
5
64
82
a7
97

Tne soil

Canopy closures of woods vary from about an average of 21-40% arboreal cover

Trnese

tic rocky hills on the plains, Lllustrated

Andropogon gayanus - Anogeissus leiocarpus -

- Bombax custatum Community

il

e

Floristic Community Table 25
with the altitudinal changes are related in my sketch in Fig,19,

tivated 'foot' and the shallow soil deposits of the granitic lnselberg.

ns - Borreria radiata -
milletia ©

The geology

e

Cissus rufesce

of Uumbi Inselberg fringing woodlands and of wooded cracks in grand

quadrats occupy the uncul
is loamy silt on average.
to occasional &1-40% caver.

on Plates % to 61,

—

GUMBI INSELBERG AND ROCKY HILLS - POSITIVE DEFINITE FACTOR 1 FLORISTIC CLUSTER DETERMINANTS

DOMALN:

vil.1.
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Brachiaria stigmatisata
Lannea kerstingil

Crotalaria larajutensis
Solencstemon mannil

dlda ucens

Mariscus alt ermifolius

hrysophyllune «lbidum
Pycreus macrostacnjos

Jusslaca suffcuticose

115 Setaria anceps

Synedrella nodifloca

Trema gulnegnals
126  Ensete gilletii

Flcus exasperata
Eleusine indica

Saba florlids
Boerhavie diffuse

Tephrosla pedicellata
Diospyros abyssinica

Eulophla gquartiniana
Cypecus digltetus
Arogelssu. lelocarpus
Sporobolus pyramidalis
albizia zygla

Solanum torvum
116 Corchorus tridens
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28 ennsssgss SRR RRTRREAY

—_—

FLORISTIC CLUSTER DETERMINANTS

POSITIVE DEFINITE FACTOR 2

ELBLAG AND ROCKY WILLS -

———

DOMAIN: DUMBL 153

Floriatic Community Table 26.1

Dissotis - Achyranthes aspera - Brachiaris lats - Milletia thanningil - Acacia ataxacantiha Commundty

of the lower middle slopes of the Dusbi Lnselbecy.

shailow soil deposits (Hig. 191,

W¥il.2.

The community occupies crevices of the steep slopes witn

Plates 60 and 61 Lllustcate the effect of possible cultivation in the distant

past in this communit;, sujjested, for example, By Ensete gilletii (wild banana) and possioly by

Acacia ataxacantna localized tnickets witnin the woodland.
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CODE SPECIES DCMIN SCORES EVALUATION

20 25 22 21 27 26 23 24 B 10 6 41 I I 11l
3 Clissus rufescens 2 35 t 1 1 1 1 67 48 12 40 1,1
1 Borreria radiasta 12 2 1 1 2 L, . 22 54 1 22 1.8
2 Discorea bulbitera 12 . 1t 1 . 11 11 22 10 13 1,1
16 Penpisetun pedicellatus 111 2 ¢ 1 4 , 22 .., 9 1% 1.3
8 Andropogon gayanus 1 3 2 3 3 .+ .+ .+ 23 .., g 20 1.7
5 Byrsocarpus cocgineus 11 .1 1T 2 . 1 .1 4., B 12 1.0
15 Pandiaka heudelattil 1, 1t 1 2 . . . .2 23 7 12 1.0
10 Cynotls lanata 2 4 . « 1 . . 4 42 3. & 16 1,3 .
12 1ndigefera dendroldes 3 2 . .01 . . L2 22 & 12 1,0
25 Commiphora afficena T, 2 1 . . 3, 3, & it G0,9
29 ASpdragus atricanus a0+ s o« 11 11 .. 11 &€ B 0.%
14 Tephrosia bracteolasta - L e - 5015 1,3
3 lpomcea involucrata s L A s 14 1,2
05 Coanthius horlzontale B L S 11 0.9
66 Landolphia zp. I N T 5 7 0.6
67 Lannea barterd 1 1 4 1 & & 2 1 4. . 5 6 0.5
7 Bombiax custatum T e T S S 5 5 0.4
74 Banbusa vulgaris 308 0 L 2R L. ., 4 13 1.1
35 Hackelochloa granularis e R : I ¢ 12 1.0
23 Triumfetta pentandra D L T T T S G : ) 4 11 0.9
46 Brachiaria stigmatisata ey R s s W .o 32 .2 4§ % 0,8
22 Arogelssus lelncarpus s 0+ + = ¢ . . 1 11 2, 4 5 0.4
26 Diospyros mesplliformis T S N 4 5 0.4
20 StereosgerMuil kunthlanam - o« 1T ., 1 1 1 , .4 s . 4 4 0,4
37 Allophyllus spicatus 1 1 &+ « 1 & o b s ou 4 4 0.4
59 Sutaria pallide-fusca « = a2 e & o« 3, 2 2. i 7 0.6
-1 Guttenburgla nlgcitlana P T s 3 7 0.6 v
a9 Lsoberlinia doka I - 1 12 1.0
90 Adenodolichus paniculatus 1 3 3 4 v v e e s e i 97 0.6
@2 Oigitacia hombled a1 3 2 & 4o 4 s s e i & 0,5
42 Cassia mimosoides « 1T 1 4 4w e e e 2. 3 4 0.4
14 Sporvbolus festivus € 1l 2 v e e o o« 3. . 3} & 0.5
75 Prerocsrpus erinsceus e S L 3 4 0.4
71 Cussonia barteri P T T Y 3 I 0.3

DOMAIN: OAWMBI INSELBEKS AND ROCKY HILLS FLORISTIC CLUSTER 4 DETERMINANTS, PQSITIVE SEMI-DEFINITE
ON FACTOR 1, WEGATIVE ON FACTORS 2 AND J,

¥il.l. rloristhc Comounity Table 26.2

| Clszus pufescens - Borrecis radiata ~ Andropogon gayanus - Ciscorea bulbifera Commundty

I

i of the sub-summits rocky, very steep slopes of the Uumbl Inselberg. This is an altitudinal-geolegical
gontinuuwn of the tlogistic comwmunity 26.1. However, the relative corcentration of climpers and
scramblers (Discorés and Cissus respectively) plus their relative custributlon mainly on the crevices
of the wvery steeply sloping to precipicously sloping sides of the Inselberg, probably makes this a
communlly 45 indicated Dy the Cluster Analysis Dendrogram. My RCTHA Flocistic Ordination of the
Synoptlc Matrix date strongly indicates a continuuwe (see the graphicsl representations of ordination
V1i, exezplitied by axes 1 and 2, 2 and I, 4 and 5i.




CODE SPECILES

50 Afrotrilepis pilosa

1 Borreria radiata

23 Triumfetta pentandra
43 Sporobolus festivus
79 Schizachyrium exile
10 Cynotis lanata

42 Cassia mimosoides

32 Scleria follosa

49 Crotalaria naragutensis
63 Sesbania sesban

80 Monechma ciliatum

9 Ipomoea involucrata
17 Acacia ataxacantha

53 Cassia tora

91 Euphorbia lateriflora
122 Urena lobata

123 Drosera indica
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EVALUATION

I II III
6 41 5.8
4 27 3.9
4 21 3.0
4 9 1.3
4 23 3.3
3 S 0.7
3 5 0.7
3 3 0.4
3 6 0.9
3 g 1.3
3 4 0.6
2 5 0.7
2 2 0.3
2 2 0.3
2 10 1.4
2 5 0.7
2 2 0.3

DUMBI INSELBERG AND ROCKY HILLS - POSITIVE DEFINITE FACTOR 3

FLORLSTIC DETERMINANTS

VIil.4.

Floristic Community Table 27
Afrotrilepsis pilosa -~ Borreria radiata - Schizachyrium exile -

Triumfetta pentandra - Sporobolus festivus Community

of the Dumbi Inselberg Crest.
very few, restricted to highly adapted species:

Soil depths more or less nil, species

Afrotrilepis sedge grown

on small rock pools, and Sporobolus festivus on very thin layers of soils

Borreria radiata will, however, grow on any
site, dry or waterlogged, lateritic or granitic, rich or poor, farmed or

on the flat rock surfaces,

unfarmed,

It is an ubiquitous ephemeral rainy season forb in the cerado.

Plate 59 and parts of Plate 58 illustrates this restricted granitic
hill summit plant community,
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DQMAING _ MAIRABO FOHEST PLANTATION RESERVE:

SPECLES

B.ochiaria stigmatisata

Eucalyptus camsldulensis

Spor obolus pyramidalis
lmperata cylinarica
Dyschoriste pedicellata
Triumietta pentendra
Fimbristylis pilosa
Cassia rotundifolia
5ica urens

Andropogon gayanus
Cassia slamae

5ida rnombitolia
waltheria indica
¥hyllanthus nigericus
Aspilia africana

Sida linifollia
Evolvulus alsinoldes
Blepharis linariifolia
Ajeratus conyzoldes
Clerodendrum capltatum
Borreria verticillata
Stylochiton lancifolius
Annona senejalensis
Schwenckla americana
Cassia mimosolides
Setaria anceps
Eucalyptus citriodora
Eragrostis turgida
Guiera senejalensis
Borreria radlatas
Desmodium Darbatum
Stylosanthes mucronata
Bidens pilosa
indigofera charlleriana

‘Carissa edulls

Cyperus rotundus
Scoparia dulcis
Hoslundia opposita
Eucalyptus teriticornis
Cynodon dactylon
Gutenbergia nigritana
Acacia ataxacantha
Crotalaria retusa
Cissus rufescens
Euphorbia hirta
pennisetum pedicellatum
Mitracarpus scaber
Diospyros mespiliformis
Tephrosia purpures
Leucas martinicensis
Tridax procumbens
Indigofera arrecta
Asparagus africanus
Tephrosia pedicellata
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FACTOR 2 FLORISTIC CLUSTER DETERMINANTS

Viili,1.

Eucal

Floristic Comaunity Table 28

tus camaldulensis - Imperata cylindrica -

Eucalyptus Coma o

in the Mairapo Forestry Plantation.
distinction of the flora growing u
erpholoql.nuy unitorm landscape

in the analyses (Clus
comnunities with abso

a normal cerado vejetation under different land uses. The primary cause

distinctions (communi

ter Analysis and KCYA or
lutely no ecotonal inter

ties 28 and 29) was appé

not in edaphic diffurences.

nder the two main estal
(Plate 38)

The paucity of undergrowth flora

dination
—gradation,

rently in the established

are particularly strixing.
) separates thum into
Which is contrary to expectations Izom
tor the cowsunity
species, and probably
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EVALUATION®
1 11 111
11 34 2.8
10 62 5.2
10 39 3.3
8 40 2.3
8 22 1.8
8 1B 1.5
8 13 1.1
7 35 2.9
6 10 0.8
6 6 0.5
5 15 1.3
5 7 0.6
5 8 0.7
5 5 0.4
5 7 0.6
5 5 0.4
5 5 0.4
5 T 0.6
s 6 0.5
5 5 0.4
4 11 0.9
4 5 0.4
4 5 0.4
4 5 0.4
4 4 0.3
4 4 0.3
3 20 1.5
3 6 0.5
3 4 0.3
i 7 0.6
3 1 0.6
3 7 0.6
i 8 0.7
3 5 0.4
31 5 0.4
3 4 0.3
3 3 0.3
3 5 0.4
2 8 0.7
2 5 0.4
2 6 0.5
2 3 0.3
2 3 0.3
2 2 0.2
2 2 0.2
2 3 0.3
2 4 0.3
2 2 0.2
2 2 9.2
2 2 0.2
2 4 0.3
2 3 0.3
2 2 0.2
2 2 0.2

Dyschoriste pedicellata Commundty

(Plate 39) and the complete
lished species on the more or less

The two Bethoos used
two absoluteiy distinct
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CQoKE SELCLES DIIN SCOKES EVALUATION
10 18 2018 11 12 21 22 23 24 1) 14 % I U 111
& Eucalyptus terlticornis & & 718 7T 1 71 1 1 1 4 8 8 11 89 6.8
1 Brachiacia stigmatizata 2 2 % %9 & 31 7T 9 9 1 & 39 4 13 93 6.4
2 sporopolus pyramidalis 4 & 2 % & 4 4 4 5 4 2 1 2 13 55 4,2
3 Uyschariste pedicellata 2 302 4 i . 2 1 2 4 - 1 2 i1 24 1.8
4 Cassia rotundifolia . . « . 9 2 3 G -] 5 g 3 9 54 4,1
? Sidda chombirolia - 1T+ 1 1 2 . 12 . 2 4 9 14 1.1
a Phyllanthus nigecicus 101 21 1 2 v . 2 . . 1 9 w2 0.9
24 Indigofers pulchra LW W N TR WS N S S g 13 1.0
22 Tephrosia pedicellata A I T T - g 1. 1.4
9 daltheria indica 1ty 2 2 . 2 . . . . 3 1 1 B 13 Lo
18 Borreria radiata . N . . v 2 1 34 2 S T 16 1.2
19 Desmodium Darbatum . 2 1 1 . 1 2 N 2 2 . - . 7T 11 0.8
5 Fimbristylis pilosa . 12 4 a4 . . 2 . 2 . - T 17 1.}
10 Aspilia africana . 2 . 2 2 . 1 N . 3 . 2 1 T 1} 1.9
13 Stylscniton lancifolius . . 11 . S 1 . 2 . 4 k] K ] 1.9
Fi- ] Crotalaria reatusa 1 . . . . . . 3 i 2 102 6 12 0.9
17 Borrerta verticiltlata 1 . - 1 2 2 . . . 3 . 1 5 18 0.8
19 Cassia mumosoldes . . .« 1 1 - 1 . 1 1 . 1 . & 6 0.%
26 Blepharis linariytolla « e 2 o= Y ¥ L L. . .3 31 & 11 0.8
FH Indigotera nusdularkifolia . 1 . . - . . 1 . T3y 2 . 5 &8 0.6
ah Khaya senegalensis e « e + » = T 2 1 t . . 1 5 B 0.5
i Dichrostachys glomeratd 1 . . = H 2 . . 1 . N N L) 5 9 G.7
12 Side wrens - T T T T 5 6 0.5
16 $1ds linifolia e s s s o+ 1 1 « « ¥ + 1 1 5 53 0.4
37 Tephrosia pulpurea . . _— . . . 101 1 . 5 4 8 0.0
i Kyllinga squamulata N . . 3 . . . 1 1 1 . . . [} 4 0.3
11 Triusietta pentandra e e e 1 2 v 2 4 e e w2 4 5 0.
2} Evolvulus alsincides N T . 1 2 1 . . . . N . 4 5 0.4
27 Scnwenckia amecicane T . b I S « . . . . . 1 . 4 4 0.3
39 Paspalum orbiculare . . 1 « 2 1 . . . . . 1T . 4 5 0.4
34 Pandiaxa neudelotil . . .1 1 .2 . . . . . 1 4 5 0.4
s Eucalyptus citriodors B I 3 11 0.8
a1 ACAnLhOSPermun hispidum . . PO . - . 2 . 2 . . 2 1 & a.5
%l Crasus refescens - . . . . » . . 1 . 1 k] 1 8.2
<2 Supnarbla hacrte . . . . . . 1 . 1 . . . 2 3 4 0.3
49 Digitaria ciliaris P T T S . . e i o4 0,1
62 Uacty Loc Lenium avegyp Lium S S S 2 3 4 Q.%
#) Sida ovata . . . e « T3 . . . - 1 3 5 0.4
'2\; Andrupagon gayanus B T 3 B 0.5
B Annona seneqalensis . . . . . . . 1 . 1 . 1 . 3 k| 0.2
2% Blepharis linertitolia . . 1 . 1 . . . . - . . 1 3 3} 0.2
ol Jacquenantis tamniiolis S T S S i 31 0.2
&1 Cassia voce . 101 . . N . . . N . . 1 3 1 0.2

Incidental spocles with ACY of two are: (29) Cassia siamse, (32) Ageratum conyrobdes, {34) setaris anceps,

(40} Cyperus ratundus, (43} Bidens pllosa, (44} Indigoferd chorliecians, (53} Mitracarpus scaber, (99) Nelsonia
Canestynt, (52} Penniseiuw? pedicellatum, {73) Piliostiyms thonnangil, (78) fodogia ajrestis, {79} Chrysanthelum
amegicancn, and Ladd] 3gechiaria xantholeucu.

UDOAIN:  AALHABD FORCST PLANTATION HESERVE - FACTOW 1 FLORISTIC CLUSTEA DETERMENANTS,

¥ill.d. Floristie Community Table 2%
Eucalyptus teriticornay - Bracniarida stigmatisate «
Sporobolun pyramidalis - Dyschogiste pedicellata Comnunity

[his community i3 eentiguous with Community 20 on the landacape ln tne Malrabo forestry plantation
Howsver, the twad Eucalyptus species appeared (o have charged the specific composition of the undecgrowths.
For the cime ©f Wné featr ip which the Mairabo sucdlyptus plantatlon geserve wds surveyed, the undergrowth
speaclric diversity was low. {It was surveyed la July.) That Eucalyptus camaldulensis and E. teriticocnis
appedr Lo innEDLE the growtn of some pofentlal undergrowth species and probote the growth of others, b3
SugJesled Dy compariny Communities 29 and 29




LCUE 3PLCIES
13 Eucalyptus camaldulensis
1 Cassia roatundifglia
[ Fimbristylis pilosa
2 Brachiaria stigmatisata
18  Isaberlinia doka
2 Stylochtton lancifollus
7 Sporcbolus pyramidalis
4 Fimbristylis ovata
9 Indigofera pulchra
11 Dyschociste perrottetii
12 wWaltheria indica
5 Gutenberyia nigritana
a Stylasanthes mucronata
13 ‘Sida rhombifolia
10 Bltepharig linariifolia
20 Setaria anceps
14  Aspilia africana
19 Borreria radlata
17  Paspalum orbiculare
23 Andropogon Gayanus
16  Borreria vertic.j.llata
21 Sida urens
26 Brachiaria jubata
24  Hyperthelia dissoluta
27 Tacca involucrata
37 DPesmodium barbatum
13 Dichrnstachys glomerata
42 Triumfetta pantandca
28 - Triumfatta dubila
M Cissus rufescens
44 Daniellias olivert
30 Cassia mimosoldes
25  Terminalia avi.i:erminides
22 Evolvulus alsinnides
40  Asparagus africanus
57 Eragrostis gigantica
56  Xhaya senegalensis
50 Carissa edulis
53 Diospyros mespiliformis
19 sida ilnifolla
12  Indigofera nummulartifolia
35 Tephrosia pedlcellata
29  Zornla glochidlata
3 Pandlaka heudelatil
49 Bridella fecruginea -
38 Hoslundia opposita
69 Waria chamaa
41 Pennlsetum pedicellakum
43  Scoparla dulciy -
532 Ochna afzelid
353 Annonra senegalensls
47 Glorinsa superba
66 Clerodendron capitatum
16 Bidens plloga
ER) Fadoqia aqrestis
45 Gulera szenegalensis
64 Eragrostis turglida
60 Crotalarla senegalensis
89 Fucalyptus robusta
54  Chrysanthellum americanum
55 Entada africana
B Curculigo pilosa
71 Pterocarpus erinaceus
73 Urginea altissima
111 Indigofera charllerlana
63  Vitex doniana
85 Packla clappertoniana
87 Jasminun dichotomum
88 Cyperus-dilatatug
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Eucalyprus camaldulensls - Casafa rotundifolia - Brachlarla stigmatisata - Iscberlinia doka Communlty

under plantations establiszhed during 1971 to 1977,

Cemmunlties 30 ta )4 are the results of further laveatigations of

the behaviour of undergrowths undec the establlshed Eucalyptus plantations in separate locallities at diffecent scasons,

on different sclls, plus under another species of Eucalyprus {(E.

E. camaldulersis),

be Little affected by the environmental features with «hich they were cbiaerved,

citriednra manoculture, and E. cltricdora mixed with

The differential Lnniblrtory and promotory effect of the plaated species on undergrowths appear Lo

to be linked with the ajes of the plantatlons.

The continuun effect obierved gppeared

({112) Feretia apodanthera, (118) Clematis hirsuta, (120) Tridax
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FLORISTIC DETEML
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Community Table 31

Floristic

Ix.2.

llata - Cassis rotundifolis -

4 - Borreris vesticl

ia atigmatisat
LOIMLa ‘lmnmuu Lomsamand Ly

Eucalyptus camaldulensis - Brachiag

of forest plantationa made in 1968 and 1969 on the Kabsss reasrve.
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CODE SPECIES : DOMIN SCORES EVALUATLON
8 9 18 17 19 16 20 10 21 22 I II IiI
70  Eucalyptus citriodora 8 8 87 8 &8 8 8 & 8 W 9 7.9
1 Cassia rotundifolia 6 6 68 9 7 3 2 2 7 10 586 5.6
2 Brachiaria stigmatisata 3 2 53 5 6 & 5 8 9 6 52 5,2
4 Fimbristylis ovata 4 4 55 4 7 4 2 2 2 0 3% 3.9
10 Blepharis linariifolia 4 7T 43 3 3 7 7T 7 5 10 50 5,0
5 Guttenbergia nigritana 3 4 34 1 6 2 1 4 2 10 30 3.0
13 Sida rhombifolia 3 2 22 1 1 1 3 1 1 10 17 1.7
8 Stylosanthes mucronata 2 1 13 1 6 1 4 2 2 10 23 2.3
21 Sida wrens 11 12 1 1 1 1 1 1 W 11 1.1
18 Isoberlinia doka 2 5 74 5 5 5 1 2 , 9 36 3.6
3 Stylochiton lancifolius 2 2 .4 2 3 5 & 6 3 9 33 3.3
7 Sporobolus pyramidalis 301 32 23 2 + 1 11 9 17 1.7
& Fimoristylis pilosa 2 1 22 2 2 2 . 1 2 9 16 1.6
11  Dysachoriste perrottetii 2 4 2. 12 2 7T . 4 1 T8 23 2.3
41 Pennisetum pedicellatum 5 3 43 2 ., 2 . 1 2 8 22 2.2
17  Paspalum orbiculare 2 2 32 + 3 2 1 . 2 & 17 1.7
231 Andropogon gayanus 1. 2 1 2 2 2 1 « 1 8 12 1.2
20 Setaria anceps 1 1 22 1 1 3 . . 7 11 1.1
16  Borreria verticillata 2 1 1. 1 2 1 . « 2 7 10 1.0
24 - Hyperthelia dissoluta - 1 21 1 . 1 . 1 1 7 8 0.8
14  Aspilia anceps 2 . .2 1 2 2 . 1 2 7 12 1.2
22 Evolvulus alsinoides s « 12 4 1 . 2 2 2 &6 10 1.0
26 Brachiaria jubata e « 21 2 2 1 . . 3 6 11 1.1
1% Borreria radiata «» » 11 1 1 1 . 1 . 6 6 0.6
3% §ida linifolia . 1 12212 1 1 . . . 1 & 6 (.6
28 Triumfetta dublia 1 1 11 1 & & « o o 5 5 0.5
30 Cassia mimoscides « 1 +1 1 1 1 . .+ . 5 5 0.5
29 Zornia gloc.hlda.ata . » . » . . Jj 2 2 2 4 9 0.9
33 Dichrostachys glomerata 1 & 1 &« « « » 1 1 4 4 0.4
9 Indigofera pulcl'u:a 1 « 1+ 1 . . » . 1 4 4 Ded
43 Scoparia dulcis 1 . «. 1 1 o 1 . 4 4 0.4
59 Nauclea latifclia 3 2 4. . 3 1l . . » 3 6 0.6
36 Tephrosia pedicellata e e e e 2 & 2 1 4 . 3 5 0.5
27 Tacca involucrata e o 11 4 4 e & 1 3 3 0,3
46 Schwenckia amerlcana . . e 1 1 . - 1 . . 3 3 0.3
47 Gloriosa superba 1 & o« 1 o o o 1 3 3 0.3
72 Hypoxis augustifolia e 1 1a & « = 1 . . 3 3 0.3
52 Ochna afzelil e« 1 1. o o o 1 . . 3 3 0.3
40 Asparaqus africanus e s & » s s » 3 4 2 2 3 D.3
31 Fadoga agrestis . . P » ™ - » 1 1 2 2 0'2
35 Annona senegalensis 1T 1 s a o o o o s « 2 2 0,2
73  Stereospermun kunthianum x e = = = 1 . 1 . 2 2 0.2
80 Securidaca longepedunculata . « + 4 ¢ 2 o + o+ 1 2 3 0.3
56 Khaya senegalensis T 2 2 0.2
38 Pandiaka heudEIUtii - . » = 1 . - 1 . - 2 2 0.2
54 Chrysanthellum americanut « e« ¢ « « 1 3 & o+ o 2 4 (.4
71 Pterocarpus erinaceus P X 2 2 0.2

DOMAIN: KABAMA EUCALYPTUS PLANTATION RESERVE -~ FLORISTIC CLUSTER FACTOR 3

IX.3. Floristic Community Table 32 )
Eucalyptus citriodora - Cassia rotundifolia -

Brachiaria stigmatisata -~ Blepharis linariifolia -

Stylochiton lancifolius - Isoberlinia doka Community

under the 1968 and 1969 Kabama plantations, The distinction and the
conpactness of this commupdity loading on the example graphical ordination

LR R e e r p —— - |

-~attar dlanram IX. axes 2 and 3(C) suggests the relative floristic
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SPLCLES TIi0n
e . ) _1¢ 2w 37 69 m'&‘:""‘:T'_m.
4 Fimbristylis ovata 2 1 4 2 1 2 2 4 A4 4 4 ) 2 & 4 6 47 2.9
5 Guttenburgla nijcitana 2 31 % 3 )} 3 1 1 ) 2 5 4 2 2 2 4 16 45 2.8
7  Sporubolus pyreasdalis 3 2.2 1 % 2 % 2 01 4 12 2 112 15 27 1,7
1 Cassis rotundilolia 1. 8 2 2 4 4 4 8 7 . 6 4 71T 1T 2 M 66 4
b ) Stylochiton lancifolius 12 348 % . 4 32 3 % 3 3 . 1 % 2 4 % 2.
11 Dyschoriste perrottecld 1 1 2 4+ 1T 3 3 3 2 3 3 5% 1 2 ) " I 2.2
0 Blephecls linurtiltolle Tt 122 + . 23 1 23 2 2 2 3 23 2 , 1 20 1.8
1% Borreria verticillata 1 11. 2 1 1.2 1 3 . 1 «» 2 1 1 1 B8 14
$1  ECucalyptus teriticornis e 8 8 8 8§ 8 8 8 7 7T 8 & . . « . 12 92 5.8
& Fimbristylis pilesa « « » 2 4 » 2 3 3 4 3 2 3 2 1 32 12 0 1.9
9 Indigofera pulcnra T » = 3 1 1 2 . 1 . 1 2 2 2 ) 2 12 9 5
21 Slda urens 112, 3+ 3 1 ., 2 3T 2 . 1 1 2 , 12 17 1L
17  Paspalus crbiculare t 3T 1+ 3T &4 % %2 12 %2 4 4 &« 2 %3 12 u 0.9
31 Fadogis ajrestis « 111 1 3 1 &« & s+ s 1 3 1 2 1 11 1) o.8
a Stylosanthes sucronats + «» 21 2 1 & 2 . 2 1 3 . & 1 . 11 23 1.4
14 Aspliia africana « + 31 1 . 2 2 1 2 3 1 3 . 3 . 11 20 1.3
18 Isoberlinia do<a « 313 . +« 3 4 4 1 1 5 , . . ) w 1\ 1.8
12  waltheris indics i owon E S 8% » 3 &« 3 03 F % 2 3 0 12 0.8
13 Sida rhorblfolia 1 . 4 . - 1 2 i 3 2 - 1 | 1 - . w 17 1.1
2 Brachisris stijmatisata » » o » o » =« 2 & % 5 35 4 3 4 7 9 4z .6
19 Borreria radista s » =« 3 1 3 3 3 2 1 2 + 1 e s o ? 12 0.8
25 Terminalia avicernioldes e s o+« ¥ 3 3 . 1 % . 12 12 1 9 W 0.6
17 Evolvulus slsinsides * o = &« o @ o+ o 2 « 3 1 3 1 2 13 4 1) 0.8
24 MHyperthella dissoluia e o 1 &« 1 1 3 2 2 o o 1 2 e 4 . & 11 0.7
0 Setaria ancegs s o @ ¥ 1 1 1 1 1 1 2 - - . - - 8 10 09.
35 Anona senegalersis « s « 13 1 1 &« 1 + 1 & « 1 « 1 1 4 8 0.5
2]  Andropogon gayanus 2 s« o8 3 4 o« o = o o« % 32 2 2 . 7 11 0.7
47 Gloriosa superda . s = = 1 1+ 1 . 3 - 1 1 . - - 7 8 0.5
41  Pennlsetia pedicellatum e o« =« 3 o+« B & « 1 &« &« 2 2T + 1 . & W 0.6
48 Plllastlgaa thonnalngid s o = s 1 & &« &« « 13 < 2 1 1 1 . 6 & 0.4
34 Clsgus rufescens e« 2 &« & o o o 3 2 a4 3 3 o 4 oo 3 6§ 6 0.4
30 Carlssa wdulls 1 « s &« o 1 1 « &« s« 1 &« « 1 12 , & & 0.4
k] Cassis mimosaides 1 . 1 3 - - - - - . . 1 - 1 - 1 [ 1 [ 1 0.4
9 Nauclea latifolia 231 . - - - 1 . - - - - 4 . - 5 t | 0.6
45 Gulera serejalensls . = " @ ] H . . . 1 - . 1 1 - - 5 7T 0.4
#M  Chrysanthellus adericanca « « 1 1 & v 1 ¢ o & 1 &« & & « 1 5 4 0J
2 Triumfetra dudis « u okt % w o Bom ow oo B o ow % ow S & 0.4
12 Indigofers nusmulariifella . . » 1 o+ 3 + 1 . o+ 1 1 L. 4 a4 . 5 5 03
27  Tacca ilnvolucrata =« s s« +» 3 1 1 1 2 o s« & » s = 5 & 0.4
3] Dichrostacnys jlomeraca e s o 1 1 31 & & &« s = » s 1 . . 4 4 0.
49 Bridelisa ferru;ines s+ s« = « = =« 1 1 4 & &« 1 1 &« . 4 4 0.3
60 Crotalaria senc alensis " s % @& s » 1 ¢ &« 1 %3 % 5 s & = 4 4 0.
40 Asparajus africanus s + & « s 31 &« &« 1 &+ & +« 1 1 & . 4 4 04
2% Brachiacria jubata « 1 4 . - - - - - - - 1 - 1 - 2 4 s 0.3
55 Entada africana . s & = - - ™ - 1 - 1 - - . - b | b ] 0.3
[ 3] Cassia sinjueana - s s = - 1 - - - - - - 3 3 - - 3 3 0.3
é3 Vitex doniana s o v o 3 & & 2 4 & e« o 1 & & 3 4 04
$2 Ochna afrelil e 3 4 0 » o 3 & & % & & ¥ 8 e @ 3 1 04
42 Triuafetta pentandcs « 8 % = 1 o » 3 & 2 1 & & s & = }» 1 0.
[ 19 Kaenpfeclisa aethlopica « & 8 a . ™ 2 1 1 - - . ™ - . - k | 4 0.3
87 Jasalnua dichotosas “ s = . - - - . - . . 11 1 . 3 3 0.
4 Cochlospermum tinctorium « « 31 . . - - - - - - - - 1 . L] 3 0.}
Associated specles with ACY of two are: (17) Desmodium barbatum, (19) 3ida linifolla, (46) Schwenckia americand,
{72) Mypoxis anjuseifolia, (62) Concretun ghasalenie, () Cosoretus serice.n, \74) stereosperam £ SNLAL.aneS,
(78) Curculigo polosa, (79) la2idi.s Jrejirius, lee) Clerosendron capitut.d, (33) Ulospsros moadilifdrsus,
{%6) Khaye surejalvrsis, (3] 4853709 €4.528, (+4) Duruelliia olivecs, (Jo) Tephrosida pecicesletd, (e¥) gocua glochidiata,
(82) Eregrostis tren.is, and (B3] Piarsda cieppertoniaend,
DOMAING _ KABWIA EUCALYPTUS PLANTATION RESEAVE - FLORISTIC CLUSTER 4 DETEMMINANTS, POSITIVE DEFINITE ON KCFA AXLS 4,
ix.4, Tlorlstic Communlity Table 311

Eucalyptus teriticornis ~ Cassla rorundifolia - Fimuristylis ovata - Quttenbergia nigritana Commundty
The first establishaent vas made during 1964 and 1969,

sdditional plantations were establisned annually.
graphical representation of MCYA floristic erdination of Lhe Aynoptic matrix data IX, axes 1 and s1D) therefore

reflects both tne distanction of this community under E, teriticornis as well as the trend of floral change
from 1964 to 1977,

There was no plantation in 1970,

Froa 1971 to 1977,
The continuum indicated Dy this condinity on the exasple
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EVALUATIC:

B_9 4D 22 30 B7 64 68 B2 B) W bd 57 Su 53 o4 BS 86 59 60 76 79 34 18 €7 C4 T 11 11
1 Penndsctus pedicellatus 2 1 3 4 2 ., 4 6 3 73 6 4 5 2 ) 4 4 " ]
3 lsoberlinia ocks $ 6880 8283230883 eap 2N e
2 Dichrostachys gloserata » 3 3 118 5 Y)Y ., .02 3 4 434, . 04316 & ; s 19 60 ;.,\
. | Andropogen psridapricus 3 ) ¢ 3 2 Y & 4 e a4 s ox 2 &) 45 22 ) 4 4 2 2 2 ., 38 Les ‘..
6 Barrecla caclata T YV o @ % oo EE R, o8 o F 1% 2943 1% T ",
$1  Bridelis ferrujinea a2 F o a3 T 8T H LT e ¢ 5 53T F w8 % owow s ¥ 7 1 o1
¢  Piliostijas Uonailmjili 1 Y Yy W Y LS S S EF R o e om Z:n i
4 Terminalis avicentordes . . - 3 . 1 . 1 4 1,32 .313312..13, 11 13 21 0.8
? Andrbpogon gayanus 2 3 2 & o 4 4 4 4 e 1. 011 L. 2 1,13 21 14 23 a-g
22 waltherls indlca e o » 2 1 o o « « « 112 , 3 11113 .12 .1 4 « 1 A O.?
L] Annona senejalensis » s = s o x s = 1131 22 4 4« %11l oL o 1 o.i
18 Ximenia anerlcana 3% % 1 ¥iae wainm e v 50 o sn o Ve T e o s 23 0'4
12 Inaigofera pulchra 1 &2 3 & o o 2 & ¢ s & ¢ o 1 & o 323 4 1 . 4 & o 8 10 0:1.
44 Lregrostis tresula ¢ o 2 3 4 e s 0 ¥F ¥ a D s s oD . s e s e X 7 16 0.8
#1 Coadretun ghasdlente T s o o« 31 1 & o o o 8 2 & o o =« &« @ & « « 112 , ., ., 7 9 0.3
4}  Aristida furuculata v o+ s & 3 4 4 4 s s . e %1 .02 .0k e V2., ,2 7 13 0.5
1 Butyrospesrnis parasconus T s s o 2 1 & e o & 3 a o1 s e oY s 0T a4 et . . 7 7 0.}
40 Borreria verticillata s s s o &2 o0 322 o a3 7 4 2 a1t s oo ¥ L oo s oe e a 7 36 0.6
311 Llionurus podejulnis Y 32 o o meewe %R a3 e e w6 . 7 14 0.3
21  Stylosenthes @scronate 2 2 4 % o o 8 % 8 &« a8 p s v 8w e e s 8. @& 33 7T 17 0.7
75  Scheenckias asericana v o w oo a8 0+ B BT s s s resn P e ta owosoew 6 9 0.
60 PMicrochloa indica » 4 » 3 3 2 0 o & o a 8 1 o a4 o o % o 8 8 8 w.n ¥ o 6 1% 0.6
0 Aspilia africara 2 s # Y o o o v s o &« 32 % a2 o2 3 Y 2 0 e 0 8 @ 3 7 0.3
» Sicda ovata e 3 1 3 4 22 4 v & o 2 0 4 @ 2 a0 % o 4 8 6 2 o 3 & 7 ¢.2
&7 Nelsonis canescers v o v oo 3 W g B F o 0o o T 12 2 s 0 6o o= o2 5 17 0.7
L¥3 Ynays senejalensis 1 % % o o % » 9.6 % o« 8 & 5 3 o o3 L s o o o » % = 5 5 0.2
28 Swrychros spiroas e o o o o s o o o 3 o o a3V VL s 0 s s e s e 0 s 1 5 5 0.2
» Dyschoriste perrotietil 3 « 3 o & 4 2 0 & @ v 2 0 2 v & e s 8 e o %7 4, s 22 c.8
36 Cochlospermua tinctocius « =+ 1 1 4 4 o & = 8 # = s » & =« = = w =« =« @2 2 , 2 S & 0.3
13 Isobarlinia tomantosa & 4 5 o 4 o & ® o % ® & % & & 4 8 8 @& 8 & o 3 o & » 4 16 0.6
1% Sporcbolus pyraaicalis L UL S T 1 4 o o = 1 « o o o =« = 1 14 4 4 0.2
96 Tepnrosia linearia e o o 8 o o 8 # o &« F o v o F w & o VB s Y 4 s s s . & 7 0.
73}  Blepharis linariifolia s o ® & & & ® o & 8 &2 & o s o 1 . 4 e 22 ., .1, 4 & 0.2
49 Parkia clappertaniana e L L T T S S 4 < 0.2
<1 ‘n’l‘t“tﬁ.‘l graclilisge s« 1 3 4 o % # & % % = » 8 s« ®w » 8 ® % s 8 =w = 3 % o 4 'Y 0.2
69 Indigafers capirtata * + & & 3 = s » s » » » # b & 0 2 4o 1 4 & & & & =« 1 3 ) 0.1
[ Hymendcarcla acida e & » » 3 5 o a =« »n o 8 o 2 o 8 ¢ 2 % 4 4 &6 o Y o o ] L 0.2
9 Srewia mallis s o 1 & & & o & 2 4 & 8 o & 1 o & & s & s & & 3 . . 3 3 P.1
47 lannea acida %2 %2 5 & % 5 & o o 58 5 8 5 8 8 5 & » & » & s w = 3 ) 0.1
 3Y Schlzachyrius exdle s @ 3 @ @ » 8 e e & 8 @ % 3 ¢ v & & 80 % G & 0 'a b | 4 0.2
64 Diospyros mespiliformis e T 1T & o 2 8 o o 2 & 6 o @ o 2 &8 & 8 o &4 » 2 & & @ 3 ) 0.1
20 Cassia mimoscides e % 2 & o & 4 = 8 @ g o & s a 8 o & o4 a0 b 49 8 2 3 1 0.3
19 Fonochaa ciliastus e« o & & ¥ & & w8 e ¥ e s e & & & v 'ew ¥ s's s s 3 4 0.2
55 Anogelssus lelocarpus s o o o & & o 8 '@ o & o o @ w b2 % a o & s & o wls @ 3 % 0.)
45  Oyschorlste pedicellata . & W@ s W Ee e ews e wowos oW wlEe e ¥row o & 3 8 0.3
2 rorotes kerstingii » & ® & e ® 5 ® e & @8 3 % e m s w s o o s = @ 4« 1 1 3 4 0.2
37 Swvartzia madajascarienals « ® ® % w8 ® ® w & % s s s s &« = w % %3 & & s &« 1 &+ 1 3 1 0.1
52 Asparagus africanus e » o 1 & & 8 2 & ®» 8 o % 8 » 8 & u &= =« 0 =« s L o 12 k] 1 0.1
105 Maerva argolensis e & o o 3 o o 2 o » o nop s s v & s un s o0 3L s e e 3 3 0.1
110 ECrejrostls curgice R T o E E  EIE R X o w e w ow o R 3 4 0.2
131 Leucas sartinicensis s o o s o & & 2 o o o 8 uw » 8 8 n o e e o n s 1% 3 s 0.2
Associated species with an ACY of two aret (17) Lannes schimperd, (38) Pandiaks heudelotii, (39) Gardenia ecubescens,
(63} Evolvulus alsiroices, (66) Adercdelichos paniculatus, (u)) Securigaca lorgepedurculata, (83) Alysicucpis g oasceus,
(91) hReeria puiciessiv, (77} Coblia cestidiioila, 197) Zornua glochuciazs, 15%) #aspulus erbiculare, (27) Legatagotl..s collina,

(25) Detariis sacrocepd, (J1) heucies lutiiolis, (81) Loperata cylindeica, (101) Cissus rutescuns, (W0F) Spadecuntn o

!mnmu. ang |lio) ACACiA sledeciana,

EOMAIN:  GUGA PLANTATICH ACSENVE AND ENCIAVE - FLORISTIC CLUSTER 2.

Xo2e " Floristic Community Table 1%
;;mrllr\lc doka -~ Pennlsetum pedicellatum « Dichrostachys glomerata C ity

of sgricultural regrowths in the Enclaves of the Guja Forest Reserve, These farmed lands include two maln

types of ajricultural lands: (1) the professional setlled "prasent’ farser's terroced current and post-narvest
farmed fallows; (2) the pastoralists' sporadic ‘farms' around ‘rugas' Lllustrated on Plates 25, 73 and Jo,

Tne Oyschoriste perroctetit fosds whose specificity to sheet- and rlll-eroslon 1 have Lilusttaced on Plates Td

o B0 were lound on the "farms’ of the latter, £ point this out for ecologlcal conservation redasors wnlen [ intend
to briefly ditcuss followving Claje's (1971, 1974) qeomorphologlcal theocy of “natural couses of eroszlon” in tne

‘yavanna' and the "wjricultursl causes of erosion” uneory propounded Dy Collier and Duncas (3937). Batn theories,

in my view, deaand #n ecolojicsl 'alddle rosd' explanation, Wnlch depends on the knowiedis of the florasl
distribution in the sceas sifected.
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« 6%) Indlgofers capliata, (71) Vitex donlana, (93} Heacla

{43] Arlstida funiculaca

Aszoclated species Naving an ACY of two arel

puicherrima, (94} Punigum bewmanll, {(64) Qiospyros dedpiittoctis, (44} Eraqeostis fpenuld, (1147 Coossoptecyx Bwboltuja,

131}) Polygala peritiena, Lid7) Ciotalacais scragalensis, and 1200 DactyloGtuniun sejyptlum,

il LAVE FLORISTIC CLUSTER 4.

10N RESLHYE A0

3

GUGA_PLANTA

Florlatic Community Tablae 37

brchrostachys glomuratd - MONSLOY Kecatingih Communiby

tephoe newtondt - Eilonurug pobeguindl -~ Isocerlinias dovs - Isnheciinid topentoks -

Koda

Floca otcuc sainly

Tha soLi is yernerally sligntiy

very phdllow, sllty send, sxuremely stony, sometimes wabh

They form unkultlvatea

low in prgante carbom, SLLINGLy eckdic, end

Teimhiaris ate fraguent, with Ders aress sfound them,

preFfectly dralned

o sumnits of fletutopped messa of leteratdc Leonstons (Lllusirsted by Place 33),
red in colour;

in cpecka and mhnor depresalony dwsrialn Gy thin aoil deposita,

eroded;
rubbles of quarktriie, mica, sSchist added Lo the ironstone]

lew In aichanjrablke bases,

but grazed open scrublends and shrublands on the cerado,
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CooE SPECIES DOMIN SCORLS EVALUATL

o 1 3 17 1B 21 69 2 9 22 13 72 32 A 5 29 & 3} 11 iu
2 Andropogon gayanus 3 4 3 2 ] 3 34 4 5 B 4 7T 4 & 1 2 17 &6 3.9
4 Dyschoriste perrotteti} 7T 4 2 7T 5 & 4 & 5 8 B 35 5 4 & 4 a 17 91 5.4
L] Dichrostachys Glomecats $ 4 3 2 , 6 ) a . s =« 3 2 3 3 11 13 B 2.2
] Borreria radiata e o 3 3 3 2 2 42 4 s+ &« 3 &2 2 a 11 213 .s
S Kaempieria arthicplce L - . 2 e o 1 . 1 1 11 11 e w0 0.6
L] 2omia glochidlata 2 11 . - - 1 -« - . 1 7 3 2 & 12 10 22 1.3
10  Cassia mlmosoldes 1 1 1 » . - 3 . 1 . . - 112 2 1 10 4 0.8
20 lscberlinia doka 3 2 4 4 5 & a4, . . 1 . i . . P | 0 22 1.)
42 Hyperthella dissoluta J 32 2 2 « 1 s s & = « 23212 , . % 15 0.9
3 Eragroatis turgida P . PR « 4 3 . e 3 2 3 3 & & 9 24 50 )
7 Pilgitaria lecardil i o o B T o T X 2 Y 4 e e 2 02 8 15 0.9
& Stylosanthes mucronata 1 33 1 4 & e s & » « 2@ % 43 ... 8 15 0.9
11 Cochlospermm Uinctorium 4 ., . 1 1 1 & &« & = 1 « « 1 . ¥ % A 13 0.8
18 Isoberlinia tomentosa s e F o o a w5 4 4 F 5 4 3 45 5 ia 8 29 1.7
22  Brachiaria stigmatisata 1 &« &+ &« + =« 1 .1 1 . . 1 .1 22 8 W 0.6
21 Penndsetum pedicellntum » » 1 &« & e« =« ot 2 2 1 , 1.4 .1 T 9 0.5
31 Asparsgus africanus s o« o o o ¥ o 0 e o 3P 32 1.1 .01 & 6 0.4
36 Schizachyrium sanjulneusm e« » 3 2 1 s = 8 3 o o =« B = o o & 13 0.8
4% Indigofera nusmulariifolia 1 . 1 1 + & & o &« =« + = 1 « « 2 4 6 10 0.6
16  Blepharis linariifolla » 8 & & = = » o o & ¥ X o 2 % 23 5 B 0.8
17  Monotes kerstingil 1 o » 2 & & s 32 & & s &% s s o S 1T 0.4
26  Brachlaria jubata e o 3 %3 4 o s o1 & s o « 2T 4 0. S T 0.4
3 Sporobolus pyramidalis n e ¥ K e o oms e @ o X oes X il S 10 0.6
54  Ximenls americana 111 1 & & & &« & s =+ s 1 & a . = s 5 0.
T Stersospermsn Kunthisnum 2 % o o 5 & B a5 @ % o a8 e 3 %o S 6 0.4
84 Lannes schizperl 1 & « e = 1 + s s s« s 1 « 21 $ & 0.4
» FPandiaka heudelotil 11 . - - - . = s - - - . o 2 « 1 4 5 0.3
»n Verronla perrottetdl . s @ . 4 . « & = ™ . . 2 % 1 4 B 0.5
95 Tephrosia bracteolata v 1 4 e e e e 1 4 3 4 e % .k s o 4 6 0.4
12 Teralnallia avicennioldes b . - . 2 . . - . - s = 1 = » 3 4 0.2
13  Stylochiton lancifelius e o » - - - . s s - - 1 e o 3 3 - 3 3 0.2
19 Elonurus pobeguinil ‘e s e @ e = s s 8 =« = 1 4 4 s 1 3 a4 0,2
35 Urgines altissisa Y e s o m w ® @ @ am & L o 3 e % & » ) & D.4
47 Costus spectabpliis «a ®» & s ® = = = = = = 1 + + 1 <1 l 3 0.2
48 Commlphora africana e ®» = - 2 - . s = - - Y w a % o @ 3 4 0.2
56 Curculigo pllosa s &« » » & s o &« a o 3 0 2 4 e s o 3 1 0.2
59 Cassla nigricans - = - - - 1 . . - - « o« 1 1 . ¥ 3 0,2
67  Arogelssus lelocarpus . = = . - . . o« = - - - « o« 1 3 T ] S 0.3
77 ° Diospyros sespiliformis v» v s 3 a & 1 ¢« e & e o 1 4 4 & = Il ) oa2
79  Dactyloctenum asgyptius e 2 4+ =+ & = 1 2 & . ¢ = ¥V s 4 s s I 4 0.2
85 Chlorks laspropacia . & = - - - 1 . . - - - s 3 1 . . b | 7 D.4
§1 Setarlas pallide-fusca « s 0w . - . A2 . - b P 3 4« 0.2

Specles with sn absolute constancy value (ACY) of two are: [(34) Mlcrochlos indica, (21) Aspllia africans,

(28) Ctenium pewtonil, (29) Tephrosia pedicellata, (13) Panlcus saximun, (17) saltheria indica, (46) Sporobolus festivus,

(52) Piitostigms tmf.'\iﬂ!'.i. (53] Evolvuius alsiroldes, (3] Lepidegatnls coillna, (60} Lannes barterl,

(66) Paspalum ordic.

re, (7)) Flabelstyils nispidula, (74) Sida linifoila, (80) Bldens guuu. (87) Setaria ant ey,
(96) Crotalacia ..-n-o,ulrmi.l. (98] Lanvea acida, (IL1) Pterocacpus erinaceus, (1174

clnuhﬂuma. (124} Alblzzia chevalieri, (125) Securidacs lorgipedunculata, and (139) Psorospermum corymblfacoa,

DOMAINT GUGA NON-PLANTATION FOREST RESLEVE - FMLORISTIC CLUSTER 1| DLTERMIMANTS FROM THE FACTOR COMPLEX.

XL Floristic Community Table )8

Dyschoriste perrottelil - Andropogon gayanus - Dichrostachys glomerata -

Zornia glochidiats - lsoberlinia tomentoss Community

associated with largely bare, dry, eroded, lateritle Irorstone mesa susmits

and sub-summiLs (l1llustrated by Plates 63, ),

e e e ety T = | ——— 14 & e et e % = s aen

Tephrosia Lineards, (1) Prcaia

e e e L T r—
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p - — e s i, —

N1 GUGA NON- ATLON T _RESEAVE - FLOWSTIC CLUSTER TERMINANTS FROM THE ¥
XI,2. Floristic Comsunity Table )9
riste rottetii - Zornia glochidiata - Lragrostis turgida -
Qigitacis gaysna - Hiccochios indics Communlty

associated with sheet erosion on middle slopes and shallow solls
underlain by quactzite and schist. (Plate 7 exemplifies this Community).

coee SPECIES DOMIN_ SCORES TLON

7.8 11 11 16 44 61 62 )6 14 26 71 1 1% 11i
1 Borreria radiata 2 +3 1 1+ 1 2 2 1 2 1} 2 12 21 1.8
b { Eragrostis turgide 5S4 3 8 - 2 2 4 1 ] 4 L] 13 42 3.5
15 Digitarla gayana 6 4 ) 5 & « ¢ 6 2 3 5 1 11 43 1.6
4 Dyschoriste perrotietdl 1 26 & 4 . , 1 6 2 T 12 1 49 4.1
L] Pichrostachys glomecata $ 32 4 2 3 & . 2 . 2 1 0 27 2.3
9 Zornia glochidiata « « 2 % 4 & & & ) 4 8 2 10 46 1.8
1} Stylochiton lancifolius T « 202 . 2 2 1 3 1 11 W % 1,3
14 Microchlos Lndica « 2 4 4 . 2 1 5 2 8B 4 5 » » 1)
16  Blepharis linarilfolia « » 3 2 1 2 . 3 2 2 3 1 % 15 1.3
] Kaempferia aslruoplca .+ 3 2 1 . 2 1 . 4 2 5 BB 1.5
& Stylossnthes msucronats 2 oo 2 « 2 » 2 3 2 ) 1 8 17 1.4
W Cassia misosoldes 1. 1 1 1 . - 1 1 - 2 1 L] 9 0.8
11 Cochlospermua tinctorium e i 1 2 2 2 5 . . 1 8 17 1.4
2 Andropogon gayanus 1 . . 2 « 2 1 2 1 . - 1 7 W 0.8
: | Digitacria lecardll P « 2 2 2 1 . 1 2 7 313 1.1
22 Arachiaria stigsatisata e 8 » ¢ % & ¢ » 2 ¥ 3 B 5§ 8 0.7
M  Pandiaka heudelotii 2 a1 T 4 o e » e« T 2 . 5 & 0.7
3%  Urglines altisyima - v o8 = 1 « « « 1 « 1 1 4 4 0,3
46  Sporvbolus festivus « « 1 3 4 L. 1 . s s s = 4 9% 0.8
28 Ctenius newtonll i % % o &= % o 2 2 o 2 . 3 4 0.
30 Detariua microcarpum s % & = = ¥ o 3 1 . ® 3 3 8.
31 Aspacagus africanus « v » % w « % ¥ & % o 3 "3 1 0,)
48 Cosalphora africana e s 2 8 & o & o o 4 & , 3 12 1.0
54  Kimenia americana e &« 8 % « 1 & &« « @ . 1 3 ) 0.3
57 Combretum molle a = & % o 3 o« ¥ o & =» 12 3 5 0.4
59 Cassla nigricans 3 . . 1 + & o =» = § & ‘= 3 5 0.4
81 Schizechyrium exlle e s & 9+ & o v @ & BB e 3 8 Q.7

COMPLEX

Species with an absolute conatancy valus (ACV) of two are enumerated as follows: (12) Terminallas avicennioldes,

el 8 STICYY
{18} lsoberiinia tosentosd, (29) Tepheosia pediceliat.m, (32) Lipois chevallecd, (34) sporcbolus p ranidaiis,
(4%) Indigolesa nummsiarsifolia 33) Lvolvulus aisiroides, (49) Strychros spinosa, (64) Butyrospers.s passcosn,
(71) Comdietus gnasalense, (77) Diospyros mespllilormis, (80) Dactylocteniua aegyptium, and (99) Larnes acida.

. — . —

B

T
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21

46
48
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riY
26
3
ER]
11
51
a5t
9
{2
s
kL]
13
LL
0
k1
L}
87
100
Wi
Si
BE

Speclies haviry an adsolute constancy valus (ACY) of twc &re #numerated as (d4%) Indaigofera nummularlifoils,
(38) Lepldajathis collina, 163} Ochna afzelll, (64) Butyrospermum parsdoxum, (71) Conucelun ghazalerse,

SPECIES

Andropojon gayanus
norrecia radiats
plogltaras lecsrdil
Ersyrostlis turglda
vywhariste perrotietid
Stylosanthes moczonata
¥acmnteria avthiopics
Ceotsla Almizsides
Zornia glocnkdiata
Cothlospermun tinctorios
Terninalla avicennlaldes
Stylechiton lancliollus
Microchloa indica
plepharis linarlifolla
Penidsetun pedicellstun
Dichrostachys glomecats

Aspiila africana
pigitarla gayans
Tephrosis pedicellals
Ponates knpstingil
Isoberllnia tomentosa
rimbristylis pilosa
Isoberlinia doks
Fultenbergla nigratans
Liptta chevaliect
Pillostigma thonningid
Garderas #cubesCens
Brechlierlis stiguatisata
Sporobolus pyranidalis
Pandiaks heudeiotid
Evolvulus alsinoudes
Costus spectabllis
indigofera pulehra
Crenium newtonid

Asparagus efricanus
Gladlolos grejarius
Sporabolus festivus
Cormlpnara africana
Lannes barterd
Fadogla agrestiy
Andropoyon schipransis
arachiaris jubatas
Detarion microcarpus
Pandicum maximum
Monocymblum ceresliforme
Arvona senejalensls
Combratun sclle
Casgls nigricars
Hypecrthelis disscluta
Urginea altissima
Schizathyrium sanguifieus
Yerponis perrottetil
Strychnos sphnoss
Fevatta glaucescans
Monechas cilistum
Schizachyriua gxite
Farstls apondathecs
Hypouds angustifolls
Entada africana

Swartiis madagascariensis

Faspalum orbiculare

CMIN SCORLS

L e
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CVALUATIC

53 74023 24 25 15 35 )8 Ay 12 20 27 10 Al &% 42 47 48 57 1 10 1
4 3 3 7 7 Y 3 5 1 1 2 3 4 5 . 5 6 2 6 68 3.
1 2 2 3 ] 1 . L] - 3 3 3 2 L} 2 2 1 1 1 17 42 HS
. 3 ¢ 3y 1 2 2 3 2 1 3 2 3 1 1131 41 2 17 W 2.
. 62 2 3 7T o1 2 . S &€ 84 6 4 4 1 4 4 . 6 67 ).
E§ &6 B B 5 } ., . . T e 8 2 2 i 2 2 3} & 1% 75 3.
. 22 . 3 1 4 2 3} 4 2 2 2 i 2 .« 11 16 37 1.
1 4 1 . - 2 . k| H 1 12 31 1 1 112 . 1% 5 1.
1 2 12 . . 2 2 2 . 2 1 2 *» 1 1 1. 1 2 15 23 1.
. 1 . . 32 ) % a4 , & T & L. % 2 333 . 13 47 7.
.2 . 1 3 ., 3 . 3 7T 1 . 4, 2 2 2 11 13 M L
« 1Y 1 ) . . 2 . - . E I | 18 2 1 2 & 13 29 1.
21 . . . 1 2 1 « 3 - . - i 2 T . . 2 13 14 0.
P D T T R B R . . i 2 14 3 @ 12 a2,
4 1 1 - 4 x 1 - - 2 - . F L) - 12 . . 11 24 T
F-I S | 2 2 . - i . - 2 2 - . 2 T 1 . . 13 23 1.
LI . 5 1 1 . . . 1 1 . . 1 1T . . 2 1 0 1.
F I - . . . 2 3 . - i ., 3 11 2 2 o 1y e
. « 4 4 7T 1 1 @ . B &5 4 . . . 4 s . . 9 37 L
21 4+ « « § 4 3 3 4 . T . . 1 V1. . 9 M 0.
L1 205 1 . s 202 4 4 a el .12 9 18 O,
402 + o« - 1 4 e 3 4 a4 e . A s 2,02 9 21 1.
e T T T D2 T 9 24 I
e 3 e . S 1 L, 2 4 4 e . 1 M2, , 8 11 C.
R T T T T N F TR
sk - . . I | . - 1 . | I S 7 13 6.
1 + - » . - a . F . 1 - 1 1 T . 1 . 7 8 |+ I8
o T T T Y & 8 0.
P T S S T - T & W D,
P T T S S S 6 22 .
B 2 T S T s S € 11 o.
. 11 - 2 1 1 - - 1 . . - . - + & = = & ki 0.
S e S S T - 5 7 0.
[ T T B T 5 11 0.
B Y e 5 13 o,
N T UPO A S 2 T, 5 & o
[ - . - 1 . - . - - 1 F T « 11 . 5 5 G,
. = e - PR | . - 2 5 1 . . . [T P 3 Wm0,
PO T - 2 . . - . 4 1 . . . « o« w % 9 [+
s « 3 - 1 1 » - - .- 1 . - H . A e v s 5 5 a,
L T S - S S T S 5 0.
. . - - . . 6 . . - . 2 . R B | 4 11 0.
. . . . . . N T . . 3 1 . 3 L. . . 4 8 D,
. = N 2 . . 1 . . - - . i . 1 . .« . 4 5 Q.
. &, . « & 4 3 . . . . r h e s e 4 1y o,
L T T - T - e B 4 1r 4.
[ . - - . d . - . 1 . T - T 4 & o,
. s s T 1 . « 2 ) .01 .. .. 4 T oo
« e« s v =2 T = s = = 3 .2 . . 1, .. 4« &5 0,
s e a - - - - 2 . . - . . - . « 2 . 4 l 8 Q.
. & . . + 1 - - . 2 . - - . < L k] 5 Da
. 4 . . . . - + . - - 1 - L . 3 1 |+ 1%
- v s s a . ¢ e = L T T 3 4 0.
1 = . . . . » - . - - . . 1 . = 1 . 3 1 Q.
a om e . - 1 - . - - 1 1 - - . » & = . A 3 Q.
1 + . . - 1 2 . . - . - . L 3 4 0.
T S T 3 o1 0.
» v 1 » . 1 - - . . 2 . . - - + a m 5 3 4 O.
P L S 1 v ¢ & + s e o« 3 3 o.
) T - . - - - . - 1, - - . 1 . . . 3 3 o,
L - - T LI B
S T 3 4 0.

174) Sada lsnstolag, fbu) Sida ovata, (d8) Termbnelia laxatlors, (90} Vitex slmpliciiolaa, (94) Jacquemontis
tamnifolla, (4%7) Hackelochled granularls, (112) Cossie sreberidma, (329 ) Ficus gnaphmlocacps, and (1380) Cassib tors.

DCHATN:

K.

GUGA NON-PLAGTATION FOREST ALSENVE - FLOWISTIC CLUSTER ) DETEHHINANTS FHCH THE FACTOR CCHPLE-K-‘

Florisuc Commundty Table 40

Dyschoriste perrottetll - Andropoyon gayenws — Ecegrostis turgida Community

associated mainly with rill sroaion or swall dizpécted drainage channels slomg
the middle slopes,
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coE §PECILS DOMIN_ SCORES EVALUAT 1O
19 49 37 54 40 43 46 €3 55 7o % 38 60 M 61 17 MW 19 80 L KL iug
12 Termiralla avicennloldes 1 1 . 1 1 1 1 4 2 1 1 2 1 1 b 1 . 1 1 17 24 1.1
19  Elionurus pobejulnil 2 6 4 4 2 4 Yy . A 13 . 2 4 ¥ 4 , ) a4 5 % S22 2.7
14 Andropojon schirensis « 2 % 3 4 4 1 B 4 4 2 . 2 A 3 A B . & %W 62 1.
1 Borrecia padiats 2 v . 1 ) & 3 3 2 1 4 95 1 2 1 2 . 1 15 )7 1.9
7 Digitarla lecarda . . . - i 3 1 2 2 2 12 2 2 1 2 ] 3 1 15 29 1.4
17  Monotes kerstingii 1 « o« 3 2 4 & 3 2 ) 2 2 4 7T 4. 4 4 6 7 15 52 2.7
& stylosanthes muicgonats 1 2 L . 2 R ¥ 1 2 = T 2 2 T - - F] 3 14 27 1.4
4 Kaemyferis scthioplca . T . . . 1 2 T 2 1 a y 2 i 2 - 2 3 1 13 22 1.2
9 Zornla glocnidiata s a w s 2 2 @4 ¥ 2 o s« 4% } 2 0 2 . 0% 2 12 31 1.6
3} Panicus 3aximus e s e . - 1 . »» 3 2 4 6 % 4 1 31 &« 7 12 a1 2.2
W  Cassia mimosolidey s 0+ 2 +« 1 3 4 & 2 + %1 2 )} . o« ¥ o1 3 11 1% 0.8
N  Detarius microcacpum & =  + & ¥ & @ v W % % % 17T & 3 4 11 31 L.e
41 PMoroceymhium ceresilforme 2 2 3} 3 2 & 1 . . . 1 +« e« « @ 3 3} . . 11 ¥ LS
¥ Eragrostis turgica e W % e 3 % 8 3 4 & 3V 2 D OZF ¥ 4 w4 e 1 W 2% 1.4
11 Cochlospermum tinctorlum 1 4 . 3 2 2 . 2 & 1 . =« 3} & 2 .+ & & = 0 26 1.4
i HMicroehlos indica . T . . . 2 | . « 2 A . . « 2 T 9 &8 W 40 2.1
25  Guttendergis nigcitana s »w ¥ 3 1 %3 o« & 9 w s =& o x o« R F T 2 ¥ 0 12 0.6
28  Ctenlum newtondi 2 2 &4 2 % 2 o+ o 4 @ e =« & » o 3 3 A , W 26 1.4
32  Lippla chevallery . - . 2 T 1 3 . . . 11 . . } . 2 3 1 W 17 0.9
8 Dichrostechys jlomerata " . = oW - 1T 1 « ¥ 3 & % % o ¥ = 3 A 9 17 0.9
8  Isoberlinia tomentosa 3 o4 6 6 2 4 . . 01 . . e &« T 4 e . & 1 7 X0 1
27 Fimbristylls piloss . 2 3 4 3 T 2 2 2 - 2 . . - - - - . » ! 1.3
Stylechiton lancifolla s w» o @&« 3 F %1 o o % o 1 5 & e « ¥ 3 3 4 12 0.5
21 Pennlsetus pediceilata » t o s » @ & & & e o ¥ 5 B & 23 ¥ 2 1 8 1) 0,7
26 " Bgschlarias jubeta f 2 3 X 3 & 1T % ‘» ¥ @ @ e & ‘@ & ‘®w & & B 4 0,7
s Schizachyriva sanjulneua $ i 4 3 1 1 . F . 1 - - . . - - . - - 4 18 Q.8
8 Lepidagatnia collina . 1 . 3 - 1 - 1 . - 1 1 . . - - 2 - - 7T W 0.5
62 Loudetls sisplex s o o B 4 & & « % 3} 4 . . e e« 8 = 2 ., 7 ¥ 1,9
2 Andropogon gajenus 2 8 4+ 4 e & o % o o o 3 3 4 02 ¢ e e » 6 19 1.0
4 Dyschoriste perrottetil 4 3 . 4 e s+ = « = 8 & . . . Y . 2 . . 6 22 1.2
@ GCladiolus gregarius 1T . 1 . o 3 03 o 2 & 1 4 4 s e 8 s = s 6 T 0.4
39 VYemonia perrottetii 2 & « » & s s @ w e @« s « ¥ 2 2 2 , 2 6 W 0,5
81 Gardenla agualla B 1 . 1 1 . 1 . . - - i . . - . . 1 - L] 6 0,2
61 Ochna afzelil - - 1 - 1 - - - - - . . 1 - - 1 - 1 [ & 0.3
6% Cryptolepls sanguinoleuta . . 1 . .+ .+ + « « T « ¢« « « « 3% 1 1 1 & & 0,)
7%  VYermnopla glabescisma e o A » F a » o B @ L s e @ &« = 3 &« X & 11 0,6
.ol Isoberlinia doxa 1 1 . - - S - 1 . - - - - 1 . - - - 5 S 0.)
23 Aspllia africana « e & » s ® @& o B 4 o ¥ 1V ¥V . e F . 5 8 0.4
3 Asparagus africanus 1 - 1 - . - 1 1 . - . 2 . - - - - - s 7 0.4
64 Butyrospernua paradonas 1 1 & & 1 4 e e = s & e & @« « 1 . . 1 5 5 0.
71  rimbelstyllis nispldula - . 2 2 . 1 . . - - . . - - « 2 A - - 5 11 0.8
4)  Indigofers pulenza e + L 4 2 1 1 1 . 4 4 e s = = = = = = 5 & 0.
a9 Strychnos splnosa - 1 . - i 3 . . . - 3 . - - . . . - - 4 4 0.2
7%  Urelytrum muricetum e« 3 W 1T 1 & & & a2 s s s = =« 2 . . 4 7 0.4
29 Tephrosia pedicellata . - - - . - - - - . - 3 3 2 - - - - - ] L] 0.4
3%  VUrglnes altissisa s 2 2 o & e & 3 2 4 & &« e Y & e = s » 34 0.2
ER Waltherla indica - - - . . . 1 2 - . . 2 - - . . . . . 3 L] 2.3
42 Myperthella dissoluta P B fi . f é 3 - . . 2 5 - F - . . * 3 7T 0.4
50 Swartzis madajascariensis - - - - - - 1 - - - . - - 2 1 - - . - 3 4 0.2
51 Gardenia ecubescens = e s & = s . s 0= 1 1 ¢« & o 1 . . . - }» 1 0.2
S4 Ximenia asericans « & s s = Y & & & s 2 &« ¥ & ¥ 4 = . . l ) 0.2
$7 Combretun molle . . . . . . . . . . . . « « & 1 | 3 )} 0.2
69 Fisbristylis ovata . 2 . . F 1 . - - . . - . - . . - . ™ 3 3 0.)
] Favelta glaucescens 1 - - . : . - . - " . - - - - . . . 1 3 3 0.2
90 Vitex slmplicifolla " e o« o 1 . - - . . 1 . . » - . 1 . 3 3 0.2
03 Hymenotardia acida - ® om ® . « ® ® e & = #» e e « 2 1 4 1 3 4 0,2

Assoclated species having an absolute constency value of two are: (15) Digltaria gayana, (16) Blepharils linacilfolia,
(44) Sida chowitolla, (47) Costus spectabllls, (51) Annona senmjalensis, (36) Curculljo pilosa, (sd)} Fadogls ajcestis,
(71) Combretun jhaisivnse, (J2) Ponschas crilatus, (89] deldelia ferrujines, (91) Paranaci cutatellifolia, (Y2) Aloe Dacterd,

—

(103) Hymerocardiy sciga, (1071 Striga asiatica, (115) Crotalaria glauca, and (133} Ciossopteryx feorifuja,
DOMALN: GUGA NON-PLANTATLON FOREST AESCAVE - FLORLISTIC CLUSTER 4 DETERMINANTS FROM THE FACTOR COMPLEX,
1.4, Floristic Community Table 41

Andiopogon schifensis - Ellonurus pobequinli - Monotes kerstingil Community

on uncultivated, dry, deep, red, lower middle slope solls,
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COOE - SPECIES DOMIN SCORES EVALUATION
34 64 65 52 I 31 28 50 51 56 59 66 67 1 Il  I1I
2 Andropogon gayanus 11 » 20
5 Kaempferia aethioplca 1 20 1.5
13 Sstylochiton lancifolius 11 23 1.8
23 Asplilia africana 11 24 1.8
3 Erajrostis turyida 3.8
1 Borreria radiata 1.5
8 Dichrostachys glomerots 2.7
34  Sporobolus pyramidallis 2.9
6 Stylosantnes mucranats 1.3
12 Temminallia avicewdolides 1.5
20 Isoberlinia doxa 1.2
25 Guttenbergia nijritana 1.5
29 Tephrosia pedicellata 2.0
7 Digitaria lecaraii 1.4
14 Microchloa indica 2.5
35 Urginea altissima 0.8
9 Zornia glochidiata 1.4

22 Brachiarla stigmatisata
26  PBrachiagia jubata

27 Fimbristylis pilosa

37 daltheria indice

44 Sida rhosblfolia

51  Annona senegalensis

11 Cochleospermua tinciorium
16  Blepharis linariifolia
24 Andropogon schirensis

a3 Panicum maximum

S50 Swartzia medsjascarensis
4 Dyschoristes perzottetil
17 MonoLes kerstingii

1 lsoberlinia tomentosa

0 Detarium microcarpun

32 Lippla chevallieci

52 Pillostigma thonningll
60 Lannea barteri

66 Paspalum orbiculare

8) Cissus rufescens

10 Cassla mimosoldes

28 Ctenlum newtonili

31  Asparagus afcicanus

36 Schizachyrium sengulneum
43 Indigofura pulcnra

47 Costus spectdapills

65 Cryptolepis sanjuinoleuta
67 Anogeissus lelocarpus
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Associoted species having an ACY of two eare: (15) Digitaria gaysna, (19) Ellonurus pobequinii, (21) Pennisctum
pedicellatum, (38) Pundiaka heudwlotis, («0) Gladiolus gregarius, (41) Honocyrbiia ceuresiitorme, (46) 3poroboius
festivus, (a8) Commipnore efriciiw, («9) trychnos soindid, (23) Gurdeniu erubescens, (37) Cordretum molle,

61) Gardenie acualla, (02) Loudetia simplux, () Fodojle wirestis, (89) Finoristyglis ovata, (W) Pavelta
glaucvacens, (71) Combretus ghuasalense, (72) Yorwcnma cilietwa, (79) Ductylocttonium awvjyptium, (82) Seleris anceps, |
(88) Terainalio laxitlora, (Ye) Crotuluria senugelensis, (W2) Polyjala petitiune, (106) Hiophytum petursianum,
(110) Grewis mollis, (113) Aristids adscenslonis, and (114) Afrormosia laxitlora.

DOMAING _GUGA NON-PLANTATION FOREST WESCKVE - FLORISTIC CLUSTEM $ DETEWIINAKTS FROM THE FACTOR COMPLEX.

AL.5. Floristic Community Table 42
Eragrostis turgida - Sporobolus pyramidalis ~

Andropogon gayanus Comminity

on uncultivated, nearly level, '‘Kumi' valley.
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SPECLES

Loudetia simplex
Isoberlinia doka

Monotes kerstingii
Andropogon gayanus
Adenodolichos paniculatus
Monocymbium ceresiiformis
Pterocarpus erinaceus
Ochna rhizomatosa

Annona senegalensis

55 42 64 41 63 46 47

DOMIN SCORES
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KUYELLO COMPOSITE SURVEY - FLORISTIC CLUSTER 1

He
K

ALUATION

.
H

10 Panicum maximum

8 Andropogon pseudapricus
39 Detarium microcarpum

19 Parinari curatellifolia
11 Lepidagathis collina

17 Cassia mimosoides

57 Swartzia madagascariensis
25 Ximenia americana

22 Uapaca togoensis

4 Borreria radiata

53 Vernonia glaberrima

59 Gardenia agualla

2 Pennisetum pedicellatum
64 Ficus capensis

23 Afrormosia laxiflora

24 Elionurus pobeguinii

77 Echinops longifolius
106 Pseudocedrela kotschyd
73 Vernonia oocephala

28  Isoberlinia tomentosa
14 Daniellia oliveri

74 Lannea schimperi

108 Strychnos innocua

20 Ctenium newtonii

36 Prosopis africana

52 Crossopteryx febrifuga
DOMAIN:

XII.1.

Floristic Community Table 43
Loudetia simplex - Isoberlinia doka -

Monotes kerstingii Community

on uncultivated lateritic ironstone mesa tops.
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CODE SPECILES
9 Monotes kerstingidl

13
1

3

11
10
20
12
30
15
39
2

25
8

17
72
52
7

21
22
5

36
37
51
61
23
6

66
15
26
43
58
59
69
73
65
45
57
67
4

16
28
14

DOMAIN;

Monocymbium ceresiiformis
Isoberlinia doka
Andropogon gayanus
Lepidagathis collina
Panicum maximum

Ctenium newtonii
Adenodolichos paniculatus
Loudetia simplex
Parinari curatelifolia
Detarium microcarpum
Pennisetum pedicellatum
Ximenia americana
Andropogon pseudapricus
Cassia mimoscides
Monechma ciliatum
Crossopteryx febrifuga
Butyrospermum paradoxum
Cymbopogon giganteus
Uapaca togoensis
Alysicarpus glumaceus
Prosopis africana
Pavetta gloucescens
Eriosema griseum
Gardenla erubescens
Afrormosia laxiflora
Annona senegalensis
Pandiaka heudelotii
Piliostigma thonningii
Aspilia africana
Bridellia ferruginea
Terminalia avicenniocides
Gardenia aquala

Lophira lanceolata
Vernonia oocephala
Combretum ghasalense
Ochna rhizomatosa
Swartzia madagascariensis
Cussonia barteri
Borreria radiata
Terminalia laxiflora
Iscberlinia tomentosa
Daniellia oliveri

~3
~3
w
~J
a3

DOMIN SCORES

61 72 49 48 35 36 39
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EVALUATION
1
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KUYELLO COMPOSITE SURVEY - FLORISTIC CLUSTER 2

Xi1.2,

Floristic Community Table 44
Monotes kerstingii - Monocymbium ceresiiformis -

lsoberlinia doka Community.

associlated with uncultlivated severely gullied stream

heads having exposures of lateritic ironpan.
(Exemplified by Plates 40 and 74).
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DCMAIN:  KUYELLO CCOMPOSLITE SUHVEY - FLORISTIC €L/

SPECIES

Monotes keratingil
pPapicun maximum

Uapaca togoansls
Isoberlinia doka
Loudetis simplax
andropogan gayanus
Hanocymolum ceras)iformia
Lepidagathis collina
adenodolichos paniculatua
parinari curatelifolia
Afrormasia laxiflors
Butyrospermun pacadoxum
Pavetta gloucescens
Ctenium newtonild
Annona sensgalensis
Iscberlinls tomentosa
Pennisetum pedicellatum
Andgopogon pseudapricus
Terminalia laxiflora
Ximenia amegicana
strychnos splrosa
Bridelia ferpugined
patarium micracarpum
Alysicacpus glumsceus
prosopls africana
Terminalia avicennioides
Combretum ghasalernse
Borreria radiata
Lophira lanceclata
Combretum melle
Aspilia africana
Varnonia glaberrima
Beckeropsls uniseta
Crossopteryx febrifugs

Bardenia aqualla
Lannaa schimpecd
Cymbopogon gliganteus
Hyparrhenia involucrata

Swartzla madagascariensls

Urelytrum muricatus
Daniz=llia oliveri
Ochna afzalid
strychnos Lnnocus
Ochna rhizomatoss
Trichiliis emetica
pandiaka heudslotii
Monechma ciliatum
Ficus platyphyla
sehizachyrium sangulneum
Pterscarpus erinaceus
Ericsema griseum
Gardenia esrubascens
Dlospyros maespllifomis
Grewia mollis
Aeschynomene Lndica
panicum baumanii
Elionurus pobeguinii
Cazsla mimosoides
Vernonia ambigua

DOHIN SCORES

45 62 73 71 70 37 50 75 60 76 74 40
1 16 2 4 11 7 ., 2 4 2
2 2 1 . 1 2 2 4 . 3 3 2
3 2 01 1 31 o, 302 1 2
9 2 6 17 1 . - 5 2 4 .
.2 4 5 313 2 . - y 4 2
12 . ¢ 11 .1 1 1 1
§ 2 1 2 + 3 « T - 2 6 .
2 11 1 . 1 . 2 1 2 .
2 101 1 11 « 1 +
1 1 - 2 - 1 3 - 2 3 .
1 . 1 1 + & = 1 . 1 11
e 1 2 . 1 . 1 . 11 11
e o« 1 1 1 a0 1 1 1 1 .
303 4 1 3 & = e kY
e s s+ 1.1 12 1 . 1 . 11
L2 e 503 4 3 . . 5 o« 3
1 1 « « 1 & 4 1 . o« 3
. ST T S ] 3y, 21 . 2
2 . 111 « « 1 + = 1 .
L. 111 . A s - 1 . 2
e 11 . . 1 1 . 1 1 .
1 &4 o« « 1 o « 1 1 1 ¢ o
L - 2 * 2 - ’l - L] - 2 -
1 . . o 1 a1 o 1« v .
2 01 + 1 s e o= 1.
1 « 1 o n o 3 o o« . 1 .
1 1 a & s = s v omo* 11
I T 1 . » 2
R R A R L L
O I Y L
W e e = 1 a4} . 1 .+ 1
A S ST 1T « =
1 4+ o + o = v =+ 1 2 .+ a
1 L[ ] 5 - L] L] - L] » 1 L L]
2 - - - L] - - - 1 - 1 -
1 & +» & 1 « +» 1 & = =
R T T
T T - BT S A
- 1 1 - - - - 1 - L] - -
I T S
T T TP
PO T S S
" L] 1 - 1 L] 1 L] L[] L[ ] - .
- . - 1 1 . . . 1 - -
R T L 1
1 1 L] - - 1 - - - - L] L]
1 - 1 - - - - L4 - - * -
1 a . L] - L] - - 1 L] L] -
1 1 « a a & w & &+ = =
P T S T L
T S S T
R P A L T T
e & 3 e e oo 2 v s v =
- * - 1 - - 1 L] L] L] - -
- - - - ‘ L] - - - ‘ - -
[
R 1
R S 1
e e s e = ow w1 2 . .

USTER 2

XI1.3.

Floristic Community Takle 45
Isoberlinia doka - Monotes kerstingii -

Loudetia simplex — Uapacsd togoensis Communi Ly

assoclat
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EVALUATION
1 11 LI1
11 11 2.6
0 24 1,4
w 19 1.6
g 37 3.1
9 28 2.3
9 it 0.9
g 28 2.3
B 11 0.9
7 8 0.7
7 13 L1
7 7 0.6
7 7 0.6
7 7 0.6
& 11 1.4
T 1T L.5
6 21 1.8
& 11 0.9
& 100 0.9
& 7 0.6
[ 7 0.6
6 & Q.5
§ 5 0.4
4 7 0.8
) q 0,23
4 5 0,4
4 4 [
4 4 0.3
4 5 .4
4 4 0.4
4 S O.d
4 4 0.3
4 4 0.
3 4 0.3
17 Q.6
3 4 0.
3 k| 0.3
3 1 0.3
3 7 0.6
3 3 0.3
3 31 0]
3y 3 0.3
3 3 0.3
kO T »
i3 0.3
3 3 0.3
h) 3 0.1
2 2 0.2
2 2 0.2
2 2 0.2
2 3 0.3
2 2 0.2
2z 2 0.2
2 ] 0.4
2 2 0.2
: 2 0.2
2 ¢z 0.2
2 3 04
2 2 0.2
2 3 0.3

ed with uncultivated to hacdly cultivated ironstone
mesa = fringing colluvl

s deposits {Illustreted Dy Plate 33).
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COLE SPECLIES DOMIN SCORES EVALUATION

— - 1 5 B 9 1) 1a 15 16 22 30 31 32 54 51 T_ i1 iir
2 Pennlsetum pedicellatum 2 4 5 3 B B 3 3} 5 B B . . 12 63 4.5
5 Alysicarpus glukaceus 11 1?2 e .03 Y2 .02 01 . 11 27 1.2
1 Isoberlinka doka e« « 3 L. 2 1 1 21 2 2 1 a4 , W 1 1.4
4 Borreria radiata N « 1 1 1 1 1 2 « « & ¢ . 9 1 0.9
? Butyrospermun paradoxum 2 « 2 1 +. 11 1 11, 1 1 , 1 12 0.9
S0 Mitracarpus scaber PR T T T R S R S S SR 9 g 0,6
1 Vernonksa amblgua . b 3 03 1 b 3l 2 4. e . 8 1% 1.1
15 Piliostigme thonningll 14 1 1 1 . .« v 4 o, 4 3, T4 1.0
80 Impersta cylindrica « 2 2 .05 4 L, 4 .03, L. . 7 23 1.6
k) Leucas martinicensis « 101 .01 . .1 . Y 2 R .. T 9 0.6
46 Scoparia dulcis « 1 ¢ 11 2 . 42 01 . . T 12 0.9
43 Schweinitlia americans e o« 4 31 2 2 11 .01 - . . . 7 12 0.9
14 Danlellia wliveri P A T L N T & 9 0.6
34 Ageratum conyzoides [ S T L € 1% 1.1
LVi vernonia paucitlora L T T T . T T T & 14 1.0
i1 Parkia clappertoniana 1 P S L A s 5 [
&8 Jacquemontia tamnifolia PRI T S PO S S S A 7 0.5
B Andropogon pseudapricus 1T &« = 1 & &« &« + 3 4+ 3 . 5 5 13 0.9
& Annona sensgaivnsias T S S T T L 5 Db
1€ Terminalia laxiflcra 1 1T 1 1 & & & & & & & =« 1 ] 5 0.4
27 Strychnos spingsa 1 « &« « « 1 + & 4 1T 11 . . 5 5 0.4
47 Paspalum orbiculare a0l 4 e 201 4 0 20 4 e s 5 H Q.
17 Cassia mimoscides 1 v v 2 1 & & &+ % v . 4 4 12 0.9
13 Lactuce ghandulifera « e e 2 2 4 4 4 4 1 1 4 a4 4 & 0.4
56 Polygala petitiana P S Y S 4 4 0.)
&2 Tridax procurbuns T T T T T 4 -] Q.4
63 Vernonda perrottetild " e ow 1T « & « 2 2 . 4 6 0.4
89 Striga seneyalensis B T T S S & 5 0,4
24 Ellonuros polbeyuinil P T - 3 & 0,4
23 Afrormosia laxiflara e e & s = % + 1 » e » « 1 1 3 3 0,2
BB Crotalaria senegjalensis P N T T S 3 30,2
20 Crtenium newtondid " v e e m A e w s oa « 27 ¢ O 0,6
28 Aspllle africana T & o o « 1 a4 4 a4 a4 a4 a4 o« 2 2 4,1
28 isoberlinia tomentosa » = & = & s & =« 1 + & 1 & . 2 2 0.1
29 PteroCarpus erinaceus T T T 2 2 0.1
43 Aridellia ferruglnea A S T 2 2 4.1
sl Eripsemsa yriseum . & & & « a2 2 = = = 1 . 3 . 2 4 0.3
32 Crossopleryx febrifuga s s - a4 s+ a = w ®w e ¥ s 11 2 2 0.l
S8 Terminalla avicennioides « & » = a 1 s » e« v o ¥ o 2 2 2.1
55 psorospermum corymbiferu .« o« o« » o« T & o« s o+« 1 . . . 2 2 9.1
BD Yitex donlana P L T T 2 3 9.2
[} Hawclea latifoils P T e 2 2 0.1
0 F.raqmstd.l ciliazis T . - - - P - * - - + - 2 2 Q.1
71 Trichiiits emetica T 4 2 &« o o = & 2 1 « 4 & 2 2 Dl
76 Nelsonia canescens P T e T . 2 2 0.1
&0 Oldenlandis herbecas v e 2 e e s P T 2 3 0.2
81 Steceospermun kunthianum P T S | 2 2 0.1
87 Terminalia gloucescens TP S T 2 2 G.1
53 Guizotis scabra » . 1l . " » . . = . - 1 -« 2 2 0.1
95 dynerocardia acida » 2 4 s s e v e a = =2 = 1 . 2 31 0.2
96 Ficus congensis . 1 1 & v & v % % s+ 4 = a 2 2 0.1
78 Grewia mollis 1 1 & & & & & 2 % 4 v ® & 2 2 0.1
122 Chilorls leosﬁ - - 1 . - - * ’ * 1 & & 2 2 0.1

DCHAIN:  KWYELLO COMPOSLITE SURVEY ~ FLORLSTIC CLUSTER 5

XIl.5. Floriatic Communlty Table 47
Pennisetun pedicellstwn Communtty

of cleared and abandoned 'Model Farm Settlement Schems?
(similar to Plate 22). Third Year Fallow,
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COLE SPECILES DOMIN SCORES EVALUATION
23 18 24 10 17 19 21 20 12 29 i II III
32 Hyptis specigera 6 5 4 3 3 3 3 2 7 2 10 38 3.8
2 Pennisetum pedicellatum 4 3 5 1 4 19 , 8 2 9 37 3.7
38 Leucas martinicensis 1 ¢ 32 3 1 5 1 2 1 9 16 1.6
34 Ageratum conyzoldes 6 « 1 3 3 o 712 . T23 2.3
42 Vernonia pauciflora 1 . 1 1 1 4 , 1 3 . 7 12 1.2
18 Vernonia ambigua 1 2 » 14 1 1 « 1 & 711 1.1
4 Borreria radiata 1 « 1 12 2 3 « 2 o T 11 1.1
33 Lactuca glandulifera 2 2 1 2 3 2 ¢ o o 6 12 1,2
5 Alysicarpus glumaceus 1 5 5 &+ 1 1 i 3 1. 6 10 1.0
31 Parkia clappertoniana . 1 ., 1 1 2 . 1 1 . 6 7 0.7
48 Jacquemontia tamnifolia 14 ¢« . 12 1 11 ., & 6 9 0.9
% Isoberlinia doka 2 . « 1 4 . 1 . 1 . 5 9 0.9
46 Scoparia dulcis e« 2 « 3 2 & o« 2 1 5 8 (0.8
62 Tridax procumbens 2 o o +» o 2 « 1 . 1 4 &6 0.6
80 Oldenlandia herbecea ¢ =« LT 95 % & =« L a u 4 8 0.8
16 Terminalia laxiflora s 1 4 % 3 &« « 3 1 & 4 4 0.4
3 Andrepogon gayanus 1 & « ¢ & ¢ 1 & 4 1 3 3 0.3
6 Annona senegalensis 1 1 & & 2 & & & & » 3 3 0.3
63 Vernonia perrottetii 1 ¢ o « 1 1 & & o & 3 3 9.3
" Butyrospermum paradoxum e 3 o s 3 2 o8 & & . 3 4 0.4
14 Daniellia oliveri ™ 1 . . 1 . . - 1 . 3 3 0.3
50 Mitracarpus scaber e 3 o 5+ 1 T & o & 3 3 0.3
70 Eragrostis ciliaris s o 3 2 @ 2 & 3 & s I3 3 M3
100 Asparagus africanus ¢ T w 4 3 % i w e @ 3 3 0.3
8 Andropogon pseudapricus e s 1 4 e s & o 31 3 5 0.5
49 Schwenkia americana a 1 44 & 2 o & w » = 3 6 0.6
40 Imperata cylindrica i o o8 4 @ s % = & 3 9 0.9
17 Cassia mimosolides e 1 4 o o « 2 4 . . 3 7 0.7
19 Parinari curatellifolia 1 o o & 1 4 &« o o = 2 2 0.2
71 Trichilia emetica 1 o o ¢ o o o« « 1 & 2 2 0.2
15 Piliostigma thonningii e B & s @ &« & T o » 2 7 0.7
24 Elionuros pobeguinii &« 1 1 4 & o 5 « & = 2 2 0.2
37 Pavetta gloucescens s 3 @ & & @ & = @ 1 2 2 0.2
44 Entada africana e 1 o s o o » « 1 . 2 2 0.2
54 Dichrostachys glomerata e 1 & & o o 2 o 1 . 2 2 0.2
93 Guizotia scabra e 2 2 o @2 Y 4 & o o 2 3 0.3
47 Paspalum orbiculare e o 1 4o o o 2 2 o . 2 3 Q3
126 Sphaeranthus senegalensis .+ .« 1 + « « « 1 4 . 2 2 0.2
77 BEchinops longifolius e o 1 &« o & o 1 &« 2 2 0.2
55 Psorospermum corymbiferum . . .« « 1 « 1 . .+ & 2 2 0.2
124 Lannea kerstingil s o o o 1 o 3 1 o @ 2 2 0,2
27 Stryd‘ims spimﬂﬂ - - - - g TR . - . ; 3 2 2 0.2
96 Ficus congensis e 2w 2+ e & = = 1 . 2 2 0.2

DOMALN: KUYELLO COMPOSITE SURVEY - FLORISTIC CLUSTEKR 6

X11,6. Floristic Community Table 48
Hyptis specigera ~ Pennisetum pedicellatum -
Ageratum conyzoides Community

of agricultural regrowths on 1-2 year farmed
fallows on stoneless, imperfectly drained, flat
middle slope plains.



Floristic Community Table 49
Hyptis specigecra - Ageratum conyzoides -
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T T e

EVALUATION

L i 111
4 8 7,0
4 19 4.8
4 22 5.5
“ g 2.3
] 19 4,8
J 7 1.8
3 “ 1.0
L] 4 1.0
2 9 2.3
2 £ ] 0.8
2 3 0.8
2 3 0.8
2 2 0.5

FLORISTIC CLUSTER 7

Lactuca glandulifera - Imperata cylindrica Commund Ly

of 'weeds' on currently cultivated ‘fadama', All quadrats
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Clue SPECLES DOMIN 5C
6 2 3

k¥4 Hyptis specigera 9 7 6
i3 Lactuca glandulifera 65 4 5
34 Ageratum conyzoldes 3 75
G Jussiaea suffruticosa 5 42 2
40 Imperata cylindrica ¢« 37
7% Nelsonia canescens 2 « 2
35 Hyparrhenia rufa % a e
2 Pennisetum pedicellatum . 1 1
0 Eragrostis cilliaris 8 . 1
47 Paspalum orbiculare 1 = 2
5 Alysicarpus glumaceus 2 .
119 Bacopa floribunda o % 2
1 Vernonlia ambigua s e 2
DOMAIN:  KUYELLO COMPOSITE SURVEY -
x1i.7

contained Oryza sativa crop.
cuE SPECIES
75 Hyparrhenla cyanescens 6 9 9
92 Mitragyna inermis 6 3 2
15 Piliostigma thonningli 111
35 Hyparchenia rufa 2 3 .
117 Sesbania sesban 2 . 2
B2 Syzgium guineense 1 1 5
140 Polygonuwa limbatum 4 « 1
60 Yitex donlana 2 % .
141 Schizachyrium brevifolium 2 5 .
24 isoberlinia tomentosa . w0
47 Paspalum orbiculare .« = 2
115 Khaya sencgjalensis o o 4
135 HMimosa pigra 2 . 1
16 Antidesima venosum 2 . 2
137 Strophanthus preusil i . 1
17 Cassia mimosolides 1 3 .
14 Daniellia oliveri 2 1 .
138 Paulinia plnnata 2 1 .
32 Hyptis specigera - = =
(1] Nauclea latifolia . s e
116 Flicus sp. T
112 Beckeropsis uniseta K o e
111 Eriosema psoralecides @ 3 e
107 Gardenia ternifolia « Y9
& Annona senegalensis 1 1 .
97 Securinega virosa 11 .
S Alysicarpus glumaceus . & @
7 Butyrospermum paradoxum . e .
12 Adenodolichos paniculatus .+ .
DOMALN:  KUYELLO COMPOSITE SUHVEY - FLORISTIC CLUSTER B
XIl.B.

Floristic Community Table 50

umnhmu cyanescens - Mitragyna inermis -

Hyparrnenia rufa Community

of uncultivated 'fadama' (Illustrated by Plates 46 and
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CHAPTER 9 DISCUSSLIONS AND CONCLUSIONS

The merits and tne demerits of the usefulness of aerial photo-
interpretations can be inferred from several suggestions: Avery pointed
out in connection with British soils that individual solils do not exist
in nature and mapped soil series should bDe regarded as landscape units.
"Iin defining and mapping the soil series, a wide margin of variation is
aliowed in such features as slope, stonliness, degree of truncation by
erosion, and depth of bedrock.” (Avery 1956).

But Moss (1968) on the soil resources of tropical Africa equated the
soil series to haoitat sites: "The land facet i1s a habitat-site, a unit
of the land surface with a characteristic slope and form which constitutes
a distinct nabitat for plant growth." However, Moss appeared to acknowliedge
that land facets constitute areas with different limitations and possibilities
for floral continuum distribution: "1t is a practical unit which represents
an attempt to use the clear, though complex, relationsnip between soiis and
slopes as a basis for land use planning." (Moss 1968).

Tnereafter, Moss concluded that "land facets are more useful in
judging morphological soll cnaracteristics related to weathering process,
geomorphological history, and regional nydrological characteristics, but
they are not useful in assessing tne ecological soil properties and the
activities of the organisms whici are more intimately related to the plank
and animal components of the ecosystem",

webster and Beckett (1964) suggested that a number of statistical
tests have been carried out wnich snow that land facets mapped at the
scale of at least 1:50,000 are "reasonably homogeneous with respect to
certain soil parameters" which are "mostly physical properties" and partly
chemical parameters such as soil pi.

1 have referred to Valette (1977) who pointed out that "the classifi-
cation used in Northern Nigeria can be regarded as a qualitative classification

of land for current suitability for mechanized cultivation of arable crops".
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BEach of my five discontinuous domains were stratified into relatively
nomogeneous geomorphological subsets using, where possible, previous
available base maps (Figs. 11 to 23) or my own constructions (Figs. 18 to 21,
and 23). The assoclated surveys were however quantitatively assessed by
ground studies,

Proctor (1966) nad pointed ocut that "Ecology grew up largely as a
descriptive science, and even now descriptive work makes a substantial
part of the ecological literature", perhaps because while plant ecology
has, to a high degree, successfully emerged into a quantitative form,
particularly at the anaiytic levels (Beals, 1973), the related environ-
mental data have not and may probably not fully emerge from that pioneer
qualitative descriptive phase, at least in my study area. (See my
Conclusion, Factor 5 on pastoralism and 'farming'.)

The guide lines from the literature and experience from the soil-
vegetation survey, however, do support the use of aerial photographic
interpretations for the stratifications of study areas into some basic
‘strata' or 'domains' prior to progressively more detailed ground surveys
in the 'Northern Guinea savanna' zone, partly as recommended DY Goodall (1952),
Dawkins (1970), Wwhittaker (1973), Hopkins (1974).

Broadly, aerial photo studies tend to indicate areas with similar
land use potential and soils that can be put to the same use under the
same cultural or mechanized management practices, "They provide the bases
of broad categories of erosion limitations, water limitations, or soil
limitations" (Valette, 1977); plus the possible divisibility of land
facets which might probably be regarded as "habitat-sites'" (Moss, 1968)
having a relatively distinct floral continuum distribution. The remote
sensing method also probably indicates the 'regional hydrological and geo-
morphological soil characteristics" (Moss, 1969); they also prabably
"indicate areas with statistically significant correlations with respect to

some physico-chemical soil parameters" (Webster and Beckett, 1964). In
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of the aerial photographic interpretations and 'catenary' cross-section

crossing the landscapes in my studies here,

The mapping of the 'fadama' areas of central northern Nigeria was
a subject of a recent study by Turner (1977). Her method consisted of
interpreting 1:100,000 aerial photeograpns to cover 19,000 sq. km.
distributed in the 'Sudan' and 'Northern Guinea Savanna' zones of Keay
and Clayton. The area covered by nher geomorphological map is thus
far the only para-ecological detailed work which incorporates my study
areas on the Galma Basin. The base map of Fig. 17 on which the areas
traversed by my systematically-placed transects and semi-random surveys
derives from her geomorphological map.

My vegetation-environment surveys on the Galma Basin are of course,
like in all otner cases, based on 'true' ground data collection. My
areas of tne surveys are marked and numbered 1, 2, 3, 4, 5, 6 and 7 on
the Basin.

The correlation of her geomorphological units with the contours of
the landscape (rig. 16}, in my view, suggest a broad topographical-
geomorphological concatenation. 1 used ity and other maps, because:

1. it facilitates the preliminary geographical classification or
segmentation of floristic data associated with each stratum of the
partly continuous and partly heterogeneous landscape based on interpreted
aerial photograpns;

e to some extent, the factors controlling the environment and floral
distribution do not seem to always vary entirely independently, but

sometimes snow some degree of inter-correlation which considerably reduces

the number of possibilities to be considered into a few major environ-

mental factors within a geomorphological stratum. In other words, the
transition from one environment to another is sometimes fairly abrupt.

I noticed that such 'sometimes fairly abrupt' changes tend to occur at
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geomorpnolojical or topographical contacts, favouring certain species
combinations, and apparently suppressing others (Plate 62).

Turner's (1977) geomorphological terms are retained on the base
map, But notwitnstanding its convenience and advantage for providing
a preliminary framework witn whicn to stratify the landscape, her usage
of certain terms 1is seldom entirely synonymous with my usage of them
for ecologlical interpretations. rer classification with the aerial
photographic method "based on joint geomorphological and hydrological
characteristics" (Turner, 1977), in my view, caused some confusion which
needs rectification in terms of the environmental factors controlling
tloral distribution in my survey areas on the Galma Basin.

Thus I have used 'fadama' only in her geomorphological sense of the
term. Her nydrologically defined ‘'tadama' is, in my opinion, sometimes
inapplicable or contfusing, ecologically. 'Fadama' here, has been
restricted to tne extensive low-lying alluvial plain'along large rivers,
such as the Kiver Galma, which she identiflied as "distinct from 'uplands'",
My reason for this restricted geomorphological use of the term is that
the Hausa sense of the original word implies the idea of a more precise
basic centre for a relatively homogeneous floristic continuum on the
landscape as my Floristic Community Tables 1 to 5, 10 to 14, 49 and 50
suggest,

There are other reasons too: the geomorphologically defined 'fadama’
ls a centre for some relatively defined types of land use in the environ-
ment, such as
1) damming for public water supply near urban centres;

2) large-scale irrigation schemes such as the site of my Domain 111 on

the Basin;
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3) dry season production of vegetable crops (e.g. Lycopersicum

esculentum, Capsicum spp., Hibiscus esculentum, Amaranthus hybridus,

and alllum cepal) as my environmental data matrices involving 'fadamas'’
sugyest;
4) rainy season production of certaln graminoid crops (e.g. Saccharum

officinarum, and Oryza sativa)l;

5) dry season production of commercial crops (e.g. Nicotiana tabacum};

6) farming tuoerous crops (e.g. Discorea spp., Manihot esculenta, and

Colocasia spp.); and it is a centre for

7) the main dry season grazing ground by pastoralists' cattle,

Besides, several soil scientists (Ramsay 1963, Higgins 1964,
Tomlinson 1965, Klinkenberg and Higgins 1970 , Hope 1976, Valette 1977)
have made descriptions of soils in different areas of the northern Nigeria
(unfortunately without concurrent floristic surveys) and have, with a
general unanimity, described soils of tne topographnic depressions influenced
by permanent or seasonal waterlogging along large rivers like the River
Galma as a relatively uniform but complex type of soil,

Higgins (1904), for example, identified "River Sokoto Fadama Alluvial
Complex" and polinted out that "the variation within the complex does not
allow detailed descriptions of all combinations of the various deposited
materials". He suggested that "three series are adequate to cover the
range within the complex". Higgins named the three series as
A. Light sandy loam and coarser subsoils;

B. Heavy sandy loam to light clay loam subsolils;
Ce Heavy clay loam and clay subsoils.

Klinkenberg and Higgins (1970) referred to such soils of geo-
morhologically identified 'fadama' as "Mineral Hydromorphic Soils and
Organic Hydromorphic Soils" and described their spatial distribution as:
"their occurrence is widespread on transported material in association

with rivers". Unfortunately again, no associated botanical compositions
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were named but the authors pointed out that "it carries an aquatic type
of vegetation", though that is quite potanically meaningless: for an
aquatic vegetation can range from any of my communities of farmed 'fadama'
forblands to ‘fadama' thickets to ‘fadama' woodland (Community Tables

1, 4, 3, 4, 8 or 50, for example),

To Turner (1977) “fadamas without stream channels are associated
with Inseloergs such as the Dumbi"! The transplanting of 'fadamas' from
permanently or seasonally waterlogged river valleys to a geological
centre of a relatively homogeneous floristic continuum around inselbergs
because of a so-called "hydrological” factor per se appears to be over-
stretching the limits of 'fadamas' on the landscape. My illustrations
on Plates 8, 9, 10, 56 and %6 to 61 do not suggest the idea of '"fadamas
without stream channels". The overall botanical composition associated
with the seasonally to permanently inundated valley 'fadama' is aiso too
distinct from those associated with the Dumbi Inselberg for the areas
around inselpbergs to be called a 'fadama' of any sort.

‘Fadamas ' are strictly riverine and are of alluvial origin. They
represent edaphic complexities apart from being centres for complex forms
of land use, 'Fadamas' alsc exhibit great variations in soils. Super-
imposed upon the whole 'fadama' complexities are the diversities of
floristic compositions which may be called a continuum, but which may be
objectively segmented or clustered into plant communities.

The factors controlling the floristic distribution will probably vary
from place to place. in the particuylar area of the ‘fadama’ on which I
concentrated on the Galma River terrace, my Stratum 1, the factor scores
{in thelr descending order of importance as estimated using my R~ordination
method on the environmental data matrix 1) weres

Factor 1 scored 49% of the total variation. Drainage has the highest

loading on it, Site and silt have the second highest loadings on the same
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factor, respectively. 1 name this factor the Inundation-Alluviation
Factor.

At tnis stage, L ought to point out that though the items in a
matrix are grouped into clusters, or factors, and their estimated
importance is given by my methods when they are inter-correlated and
factor analysed, the names given to the objectively derived clusters or
factors still depend on the judgement of the_ ecologist, On this account,
the names of my factors may pe criticized as quite arbitrary. rHowever,
their main function is to give the general idea of the content of the
factor, and to enable me to correlate a factor with my plant communities.
Other names may suggest themselves and may De substituted in some cases,
This can be done py correlating my five-point scale environmental data
property entries with the results computed for the environmental data
matrices. The R-ordinated results summarize the factor scores in the
order of their importance. The inversely clustered results indicate
which properties are linked together in a dendrogram. All of these are
incorporated here.

The second most significant factor in the 'fadama', for example,
scored 22%. Total meq. and Base Saturation are the two environmental
properties wnich are highly significant (or positive-~definite) on the factor.
This implies that the 'fadama' is rich in exchangeable bases, which 1
do not consider strange because Dy virtue of its low-lying position, its
geomorphnological relation with the 'uplands' is that of an action and
reaction, bkroded 'upland' sites probably lose their exchangeable
minerals to the low-lying alluvial plains through lateral drainage.

The subsequent factors on the six axes tested on the R-ordination
were estimated as 10.6%, 7.3%, 6.1% and 5.0% of the proportion of variation

accounted for by the six environmental factors explored. None of the 34
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environmental properties may be regarded as having positive-definite
scores on these last four factors. The rest of the tabulated inverse
cluster and K-ordination results for the rest of the environmental matrices
should be interpreted together as illustrated.

Drainage (or relative inundation), site, silt, total meq., and base
saturation, in co-operation, in a heterogeneous spatial distribution, or in
a continuum distribution in the 'fadama' thus appear to be major environ-
mental factors under the pliant communities ldentified in my Stratum I on
the geomorphologically defined 'fadama'.

Ckali (1971) stated that "evidence exists to show that plant
distribution in West Africa is to a great extent controlled by some aspect
of the moisture factor of the environment.... 7The major division of the
natural vegetation of this area into savanna and forest is believed to
reflect this control, savanna specles having, among other features, a
greater adaptation to drought than forest species.... 7These observations
are so frequent that there is probably little cause to question their
general validity". My questions to CUkali would have been
X)) Is the West Atrican vegetation natural, or are they only relics of
agricultural land use which dates back to the first few millenia B.C.?

2) 1f the division of the so-called 'natural vegetation®' of this area into
the so-called 'savanna' and 'forest' indeed reflects the so~called 'moisture
factor' per se, would not the 'fadama', which is inundated for the most part
of the year be a forest like the moist areas?

3) Does the fact that these observations are s0o frequent really give it
little cause to guestion their validity?

To these questions 1 borrow the words of Goodall (1963) for a compre-
hensive answer: "The widespread recognition does not validate the hypothesis
any more than the once general acceptance of a flat earth proved that it was

flat", Following the example interpretation of the clustered and ordinated
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On the primary factors controlling indigenocus floral distribution

in the environment, it is concluded that

p
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3.

4.

Alluvial plains, and Erosion in the forms of gullles, dissected
drainage channels, sheet erosion, or their variants, behave like
distinctive edaphic centres for relatively characteristic floral
continua in the landscape. Both the edaphic centres for floral
continuities exhiblt many varied forms, though the relationship
between erosional land surfaces and the alluvial surfaces may be
regarded as the result of an action and a reaction between
denudation and deposition from hills to depressions or valleys.
Basement complex inselbergs, solid outcrops and broken houlders
of granitic/gneissic rocks with their associated geological
materials act as geological centres which promote relatively
distinct floral assemblages. Their floral continua are reliably
distinct from those on lateritic ironstone mesas and plains
containing subterranean ironstones, ironpans, oL gravely iron-
concretions.

Drainage as a factor pakes several recombinations possible,

creating a continuum gradient and factorial complexities from one -

centre of relatively distinctive floral continuum to another.
The impact of the drainage factor in causing the confusion among

the relatively distinctive centres of floral continua is most

marked in surveys carried out in the rainy season, probably because

ubiquitously distributed ephemeral ground floras have emerged,
Topographic gradients and catenary continua are hardly separable
from geological and drainage continua. They are also related to
soil depth and the distribution of minerals {particularly organic

carbon) in the soil.
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One of the ideas behind the holistic surveys and analyses presented
here is that ground flora should be as good (if not better) an indicator
of the general environmental factors and for monitoring solls and land
use types in particular. The reason is because the trees and shrubs
have been highly modified by the historic and current methods of land
use, The maln types of the land use are described and the history of
agricultural use in particular is traced back to the first few millenia
B.C.

Judging by the distribution of the degree of erosion which was
coded from nil to extreme, according to its severity, and their
quantitative analyses and interpretations with farmland or farmed
land 'weedst, I demarcate the settled farmer from the shifting
pastoralist-'farmer'. The former is called ‘professional’. The latter
18 referred to as 'farmer'. Plates 9 to 16 compared to Plate 36 explains

this point.

N

5, Shifting pastoralism and ‘farming' apparently became part of the
1and use in the environment around A.D.1000. It has probably not
yet fully adapted to the environment, scientifically, compared to
professional farming. The characteristics of these forms of land
use are overgrazing, burning, free roaming of stock, temporary
overstocking of too many animals on an area, pollarding of trees
in the dry season, free ranging and browsing, herding of hoofed
phytophages, shifting inhabitation in the countryside, and
sporadic agriculture with minimum effort, 'Farms' are often
ridgeless or ridges are Very low without or with very shallow
furrows. Erosion is not controlled by contouring. In the rainy
season, the shelters are located on the mesas, or on the summits

of low hills and their subsumwmits. paths are numerous, diffuse,
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faint, and narrow, radiating to several directions,

Therefore shifting pastoral land use has represented a difficult
and confusing type of land use to put into the guantitative terms
with which plant communites could be related, Yet the activities
of the pastoralists are often one of the most important biological
factors controlling the distribution of species, particularly in
the whole of Guga Forest Reserve, my strata 10 and 11 as well as
in parts of the seven strata examined on the Galma Basin. The long
period of work needed to formulate guantifiable definitions of plant
communities and to elucidate their relationships with the relative
abundance of mobile fauna, including pastoralism could not be
attempted during the time available for field work. I have,however,
profusely illustrated their possible impacts on the environment in
my photographs taken during the field work. By inference, rather
than by quantitative results, I have related pastoralism and the
‘farmer' to erosions. 1 therefore suggest that the causes of
erosion are not entirely "natural" as an authority on this topic
(Ologe, 1971) has previously suggested based on his geomorphological
experiments in the same sub-region of Nigeria. were my data on
shifting pastoralism based on guantitative examinations, I might
have come to the same conclusion as the South African conservationist
who declared:

Muddy water we have become accustomed to, but it
is a most dangerous symptom of progressive
destruction. Gullies we are used to, but most
of them were once where some greenness remains
well into winter, The greenness is dying; and

Africa with it, Her lifeblood is spilling from

the deep wounds.
Richard C, Haw (1939),

Parts of the causes of the "deep wounds" by which Haw reterred to

gullies, might have been correlated in my field survey areas to
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mobile phytophagous ungulates and their owners (Plates 25 to 32,
34 to 37, and 71, 76); and to other forms of land use mentioned
in factor 7.

Professional agricultural land use ls assoclated with ridging and
furrowing, contoured to conserve and control water. On dry upland
solls, ridges are lower. In wet areas, the ridges are deep and
relatively steep (Plates 9 to 16) and many crops are arranged on
them according to their known water preferences,

The professional agricultural land use creates distinct
floral continuum centres on the landscape, Different floristic
continua start and develop on them in a successicnal trend, The
composition of the successive floral regrowths have been associated
with the length of last cultivation and the length of fallow; to
the position of the farm in relation to the geomorphology of the
environment, such as the 'kurmi‘*, the peorly-drained valley
bottomland *'fadama', and to the upland plain.

The successional trend has alsc been associated with proximity
to geological materimls, such as the ironstone pavement and the
granitic rocks; and to the level of the scrupulousness with which
the farmer manages his farmland,

Notwl thstanding the ’weedy' nature of the floristlc assemblages
on the farm- and farmed lands, therefore, agricultural ugse has
glven rise to recognizable botanical communities detected by the
Cluster Analytic technique used and supported by the Rao's Canonical
Factor Analytic ordination employed,

In contrast to the mobile anthropo-zooleogical factor in number 5,
because of the fixed nature of termitaria, their presence was
quantified at the ground surface level in order to observe their

correlation with floral distribution.
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The data subjected to gquantitative evaluation with the
rest of the environmental properties from ten out of the twelve
domains of study, using inverse cluster analysis and R-ordination
suggest that 1) the relative significance of termitaria as a factér
vary at different sites; 2) that the speciles which form tall (about
2-3m,) cathedral-like mounds occurs largely on the uncultivated
well-drained sloping uplands (Plates 29, 70). The termite species

were identified as Macrotermes bellicosus (Smeathman)., The species

appeared to feed on woods and grasses, for their mounds are in-
variably surrounded by large bare areas on the uncultivated field,
They are often associated with areas affected by sheet erosion. The

M. bellicosus were not found on arable lands, possibly because they

were broken down by the farmers.
The species illustrated on Plate 51 were identified as Macro-

termes subhyalinus (Rambur). It also occupies the uncultivated lands

but on poorly drained sites., Its feeding habit and its effect upon

the flora is similar to that of M. bellicosus. Five other types of

termites were identified1 but they were not restricted to uncultivated

lands alone. They were Trinervitermes geminatus (Wasman),

Trinervitermes trinervius (Rambur), T. tegoensis {Sjostdet),

T. occidentalis (Sjostdet} and T, oeconomus {Traghardh}.

From the viewpoint that the ground cover of the flora around
the termitaria are destroyed and sheet erosion are promoted around
them in unfarmed lands, the wood-eating and grass-eating herbivorous
termites must be considered as part of the natural biological
components of the environment which are controlling plant distribution.

Kowal and Kassam (1978) pointed out that termites occur in extensive

The identification of the termites were done for me by Professor G.H.
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numbers as "crop-damaging pests on cultivated lands". According
to the authors "variable losses due to termite attack range from
20-40% in cassava and guinea corn, and up to 60-70% in maize and
yams",

It is therefore unfortunate that some ecologists do not
appear to recognize that "native fauna' can be called pests on
some grounds., Woodell (1980), for example, asserted that "Termites
are not pests in natural ecosystems, but part of the native fauna"
(personal comm.) Locusts are "native fauna" to some environments,
yet they become pests when they damage crops or flora., Similarly,

Macrotermes bellicosus and Macrotermes subhyalinus are pests in

parts of the environment which 1 surveyed, My analyses of the
environmental factors substantiate the observable evidence that I
illustrated pictorially. They show that scores for termitaria are
positive-definitely related to sheet erosion. The analyses also
indicate that the scores for termitaria are positive semi~-definite
on some areas less affected by erosion. And where the termites
are the primary factors controlling flora distribution, the scores
for termitaria receive highly significant positive scores on the
analysis of the associated environmental data matrix., It thus
suggests that the termites which I called pests of uncultivated
eroded sites are the fauna equivalents of those termites which
Kowal and Kassam (197¢) termed "crop-damaging termite pests" on

cultivated lands.

The establishment of forest reserves and of forest plantations,
using exotic species started just from 1903. However most plantations
started after 1960 in my study areas. The potential consequences of the
plantations of the exotics on the ground flora and the environment are

therefore probably just beginning to show up.
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Nominally reserved forests involve governmental orders restricting
pastoralists and farmers into limited areas in ‘enclaves’ without

the concurrent provision of the essential amenities for which the
pastoralists shift after, The pastoralists therefore appear to
shift after flora and severe habitat degradations within the

enclaves tend to be common (Plates 32, 37), Governmental
restrictions are therefore probably also a factor, as suwjgested by my
observations in domains 10 and 11. The enclaving of pastorallsts
seems to lead to overstocking with herds by the pastoralists until
the herds have locally defoliated the floristic cover beyond repair,
especially along slopes and depressions. This eighth factor which

I may call forestry mismanagement factor, derives from observations
rather than from guantitative assessments. Like factor 5, with
which this factor is linked, I did not £ind a method of gquantifying
it. Areas within the enclaves on flat or level grounds, however,

do not seem susceptible to easy degradation and they carry a much
more diverse flora than the plantations (Plates 32, 37, 40).

Forestry plantations with exotic species change the course of the
undergrowth floral development. The specific undergrowths vary

with each species established into a plantation. Each exotic
Eucalyptus species therefore appears to be a centre of relatively
distinct undergrowth species, Each Eucalyptus species seems to inhibit
certain undergrowth species, and to promote others. The inhibitory
and promotory effects of the planted species on the undergrowth flora
also appear to be related to the age of the plantation, Thus younger

Eucalyptus camaldulensis plantations appear to support some ubiquitously

and locally distributed species, However, with increasing age, a
near-total annihilation of the potential undergrowths seems to appear

(Plate 39). The other introduced Eucalyptus species (E, teriticornis,
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E. citriodora) examined appear to exhibit the same promotory

and inhibitory roles on the undergrowth species in nearly every
location in which they were examined, Mairabo, Kabama and in Guga,
regardless of the season and in spite of the preference conferred
upon them over the indigenous species and over other forms of land
use (Plates 41, 42, 43, 44)., This suggests that before any single
tree species or group of speclies is selected for large-scale
planting, a proper assessment should be made of its environmental
impact as well as its commercial value,

The Forestry Division personnel in Zaria (Mohammed 1978),
personal comm,, have explained the causes of the floral changes
under the Eucalyptus plantations in terms of the shading cast by

the floral cover, But I noticed that the leaves of Eucalyptus spp.

generally hang down on the branches in an approximately vertical
alignment to the ground so that looking upwards, the crown of the
Eucalyptus appears thin and casts only light shade even at mid-day.

Woodell (1978), personal comm., on the field, suggested chemical
roles as the possible factors controlling the undergrowths under the
plantations because Del Moral and Muller (1970) in California noted
that the distribution of herbaceous plants around Eucalyptus

camaldulensis were destroyed by chemical factors.

In my environmental data matrix analyses under the Kabama
Plantations, for example, the major factor scored 53.6% in the
estimated ordination factor scores, K', C.E.C,, base saturation,
and organic carbon together are significantly loaded to this major
factor, The second major factor scored 24.0% and canopy closure was the
only positive-definite environmental factor attached to it, Sub~

sequent factor scores may be regarded as negligible, being 8.0%,
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6.2%, 4.8% and 3.3% in their descending order of importance on
the proportion of variations accounted for by the environmental
data matrix factor sequences estimated in their descending order
of importance, using the inverse or R-ordination method of analysis.
On the causal factor(s) operating on the forest plantations in
my survey areas, therefore, my conclusions are not definite. This
is probably because the plantations are still young. Rice (1974)
however pointed out that wit seems highly likely that allelopathy
is very important in forestry". Theron (1951) in South Africa
pointed out that "Nommally, a luxuriant growth of grass takes
place during the first seasons after the plantations are established,
but growth soon deteriorates and the sward is so poor that it hardly
affords any grazing and appears to be valueless as a rebuilder of
soil".
Biochemical experiments by del Moral and Muller (1970) caused
them to point out that "the presence of strong toxic volatile

inhibitors produced in the leaves of E. camaldulensis and released

into the soil litter zone soil profile was the responsible factor for
pare zone soils around the Eucalyptus". The authors identified the
"strong toxic volatile inhibitors" as terpenes, pinene, phellandrene
and cineole.

My work here is pased on synecological field surveys, not on
laboratory biochemical experimental tests. 1 can therefore only
cautiously interpret the major factor controlling forestry plantations
as the "allelopathic factor" based on the more detailed work by the
plant physiologists and blochemists, Muller (1966 ) defined
allelopathy as '"the deleterious effect that one nigher plant has
on another plant through the production of chemical retardants that

escape into the environment".
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Briefly, therefore, my sampling scheme was designed to provide
a comprehensive coverage of the variation in the environment and their
assoclated floristic compositions., 714 quadrats containing 419 variously
distributed species were encountered in the twelve stratas or domains of
the environment, One of the standard agglomerative Cluster Analytic
techniques currently in use at the Oxford University Computing Laboratory
was used for agglomerating the floristic community types collected from
different areas at various seasons from the 'Northern Guinea Savanna'
of Xeay and of Clayton which I described,

The analyses by the Cluster Analysis was cross-checked with the
Rao's Canonical Factor Analytic ordination which I introduced from
the Statistical Packages for the Social Sciences of Nie, Hull, Jenkins,
Steinbrenner and Bent {(1975) into synecology in order to cross-check and
rectify boundaries between plant communities should doubtful fragmentations
arise. Large floristic data were often involved notwithstanding the
preliminary stratifications of the environment into relatively homogeneous
twelve domains, partly based on geomorphologically identified differences
in the environment, and partly based on visible distinct forms of land use,.

Seven out of my twelve floristic data matrices representing the
different domains had to be computed, using the Rao's Canonical Factor
Analysis ordination from the University of Manchester Regional Computer
Centre where the maximum computer workspace was available,

Fifty relatively distinct communities of different sizes plus
four relatively indistinct segments of communities were mutually detected
by the two multivariate numerical analytic methods employed on the
floristic data matrices which I preliminarily arranged into sets of
Synthetized Synoptic Floristic Raw Data Matrices from I to XII. Each
plant community and plant community segment is tabulated, They represent
relatively distinct floral assemblages which may or may not be con-

tiguously distributed on the environment,




The roles of 1) denudation and deposition in the forms of erosion
and alluviation; 2) granitic as distinct lateritic geological factors;

3) drainage; 4) topographic or catenary gradients; 5) shifting
pastoralism and 'farming'; 6) professional farming; 7) termitaria;
8) forestry mismanagement, and 9) allelopathy in forest plantations,
were inferred, largely through guantitatively interpreted sets of
environmental data, except where otherwise stated, to be responsible
for the floristic distributions in the strata surveyed,

Bach of these factors identified exhibit varliations in their
quantitative intensities and in their qualitative forms. They are
unequally distributed in the environments examined. Their roles as
floral distribution factors and as relative centres of particular types
of species aggregations do inter-correlate, except where decisive land
uses and occasional geomorphological features create sharp lines for
discontinuities.

I therefore conclude that:

a) the so-called 'Northern Guinea Savanna of Nigeria', exemplified by

my work here, has no ecological homogeneity in the absence of climate;
b) that the climate apparently only has a seasonal phenological effect

on plant growth in the area, and its use alone as a reason for de-

limiting the zone from the rest of the Country's vegetation is
inconsistent with the very bases of ecology which seeks to study

and analyse the community of plants and animals in their relationships

with one another plus their inter-connections with the totality of

the diverse, complex, animate or inanimate, large or small environment

in which the plants and animals live and with which they also interact;
c) that the use of physiognomy as a basis for the definition of a ‘Northern

Guinea Savanna' or any savanna is hardly beneficial in the face of the

dynamic variation which has occurred in vegetation structure with the

millenia of human land use, and in the face of the recent and continuing



For these reasons, I suggest that the word 'savanna' be changed to
terrado' in Nigeria., This suggestion is not original. I borrow it
from Goodland (1969, 1970a, 1970b, 1971) who has extensively, perhaps
more than anybody else, discussed ""The Savanna Controversy" and to whom
the introduction of the 'savanna' into Brazil represents "the
catachrestic word, savanna, which is applied to nearly every type of
tropical vegetation from swamps to forests” (Goodland, 1971). I suggest
his 'cerado' for the so-called 'Nigerian Savanna Zones' because it is
particularly appropriate to the several combinations of the open to the
nearly closed mixture of vegetation which I have broken down into floristic
communities in this thesis and have had to combine some of the communities
into confused physiognomic terms, such as 'woodlands and three-shrub
savanna',

Finally, perhaps no survey or analytic methods are perfect. There
are likely to be some rare types which have not been considered, Partly
for this obvious reason, 1 have incorporated eighty pictorial illustrations
from some of my landscape photographs. All photographs were composed by
me during my field work in colour, but the colours are retained mainly
where seasonal effects are considered necessary for a sound general
picture of the range of variation covered in the cerado.

For some pragmatic soil conservation reasons rather than for purely
intellectual reasons, a few species have been given special illustrative
attention plus my ecological opinion, or the opinions gathered from other
ecologists, where stated. Often these are meant to suggest that they

require to be studied separately by a non-synecological approach.
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Oryza sativa in the inundated 'Fadama'
of the Galma Irrigation Scheme Centre.
August 1978, The associated serious
vigorous semi-aquatic weeds are
Setaria anceps, Oryza longistaminata,
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Saccharum officinarum on damp cultivated
‘kurmi' near Dambo with Leersia

|8 hexandra, Centella asiatica,

Digitaria ciliaris as some of its major

Eriochloa nubica, Cyperus pustulatus,
etc.

weeds. September 1978.

Post-harvest weed regrowths on the up-
land plains. Ipomoea batatas and
Vigna unguiculata were the crops.
dry weeds were mainly Vernonia I9
pauciflora, Digitaria ciliaris, etc.

The

December 1978,

Sorghum vulgare on the fresh upland plains
and 1ts attendant weeds, e.g. Striga

sen?alens.i;s_ y Thelepogon elegans,

Digitaria ciliaris and Vernonia
ambigua, September 1978.




&

*>® *EIOTFTPEIE PTINEUCY pue WHETTSSTHSd
iMjestuUes ‘EOTJIPUTTAD BajeJeduy :SpaeM *umouyun doxy °*gLEl

Kxenzqey *eiy uofuez SpTSINC MOTTe Ie9i PITY} UT puey aTqery ﬂNN“

*gL61 IaquweAoN ‘se3Ts puerdn cumaeTTeoTpPed
un3yasTuUUsd Aq pejeuTwop ‘mOTTRF Jeai puUODSS S3T UT puRT aTqeay
tpunozfetog *doxd> Butpuels ayj sT aJebTna umybIos :punoxbypeg

i

*BLEL JaquweAoN *se3TS puerdn °*239 ‘sapToziucd wniel
‘IT39330379d vTUOUIe) ‘IIRETIeOTpod W asTuUa] !Spoam
ﬂN 3INIXTW ® UYITM MOTTRF Jeak 3ISITF ST UT pue| oTqexe

g uTemdy ~ *91d n.u.uﬂ#: jusuTmoxd ay3 eJe uuc.nm.ﬂuadm eTUCU
pue BIQEDS BTIJOZTNO °*puURT aTgeIe BUDTA/PSIOOST(] PI1SaA
ATiusoex ® JO Speem TnFTIneEaq unﬂanﬁlunom *(LL6L) S®

~WNIT3IFTIH 03 mcﬁﬁouuu :._o Jow _ DIBACIETD U




250

Khaya senegalensis pollarded for
browsing by cattle, sheep and
goats near Fulani.shelters.

Guga Forest Regerve Enclave,
March 1978.
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A total collapse of indigenous under
zlpa:wraz: of meeﬂ;.:rabo Eucalyptus growtl 4 the introduced 'superior’
antation Reserv om Tukur Tukur ) : =
exotic E lyptus « in Mairabo Forest
granite hill top. July 1978, PG 28 Spp rabo ¥

Plantation Reserve, 11th July 1975,

.

Isoberlinia doka and Isoberlinia tomentosa shrubs in the nominally reserved
non-plantation in Guga Forest Reserve., February 1978. The indigenous shrubs

appear to 'live and let others live'. The introduced Eucalyptus exotics seem
to want to ,'live, others may diminish or die out'.
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Borassus aethiopum, scattered Parkia
clappertoniana, Butyrospermum paradoxum

and Ficus gnaphalocarpa on a post- Securicaca longepedunculata on gullied
harvest Sorghum vulgare farm, Edge of concretions of lateritic ironpan,
River Waragu in Anguwan Jamo 50 Guga Forest Keserve.

Enclave, Guga Forest Reserve Enclave, November 1978,

January- 1978.

: > A
E;] River bank sheet ercsion in co-Operation with termite-induced
bared land. Termites possibly bared the riverside first., The soil,
unprotected by flora cover, then probably enabled water wdves to lap against
the bank, The soil was then loosened and carried downwards into the river,
Notice that the erosion stops where the vegetation cover remain intact. Edge
of River Waragu, Guga non-plantatiop Forest Reserve. August 1978.
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DESCRIPTIONS WITH ECOLOGICAL COMMENTS AND APPRAISALS

Manual ridging and furrowing under the Dumbi Inselberg. It
involves tedious, time-consuming, back-breaking labour. Useful
trees are saved, like Parkia clappertoniana and Butyrospermum

paradoxum here., When possible, fire is used as an aid to clearing
the land, Plate 8. May 1978.

The useful trees retained in farmed lands and current farm lands
are not indicators of soils. For example, Parkia clappertoniana
are even retained here under mechanical tractor cultivation.
Domain VI, May 1978.

Mangi, a permanent but recently established agricultural Village
at the foot of the Dumbi Inselberg., Mangifera indica, Ficus sp.,
Butyrospermum paradoxum and Parkia clappertoniana are planted

or saved around the houses. May 19789,

An example of the so-called 'Savanna Parkland' near Zaria City
with Adansonia digitata, Ceiba pentandra and Parkia clappertoniana,
In practice it is a seasonal arable land. 1t is not a
recreational 'park’'.

Manual ridging and furrowing. The huge hoe in use is designed
for heavy 'fadama' soils. The small unused hoe is for
cultivation and weeding on upland light soils. April 1978,

Manual ‘shaduf'’ irrigation in the dry season along River Sayen
Dumbi, Crops: Allium cepa and Lycopersicum esculentum,
February 1978,

Harvested Sorghum vulgare being prepared for manual threshing,
storage or markets, October 1978.

Background: Extensions of the Dumbi Inselberg. Foreground:
arable land cleared again with fire before the next manual
tillage during the next onset of the rainy season. January 1978,

The climate imposes a seasonal effect on the floristic
composition mainly on the ground cover species layer., A view
of arable lands from the top of Kufena Inselberg on 30th March 1976,
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13

14

15

16

17
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A repeat view of the arable lands from the same top of Kufena
Inselberg on 15th May 1976. The scattered trees around the
agricultural village are the ubiquitous farm land trees,

Arable lands of the professional 'peasant' farmers at different
floristic cover stages on the same day. Remains of, or new,

ridges and furrows are contoured to prevent erosion (cf. Plate 36),
The scattered trees are Parkia clappertoniana, May 1976.

A manual harvest of Capsicum in operation on the upland plains.
This one-by-one hand picking operation, like the manual
cultivation and weeding, is a tedious, time-consuming labour.
November 1978.

Mixed cropping at an early stage under the professional (or
'‘peasant') farmer, Domain 6, June 1978, Discorea sp. and
Zea mays occupy the top of the ridges. Oryza sativa occupy

the furrows. Parkia clappertoniana and Butyrospermum paradoxum
are the standing useful trees.

The same mixed crops in Plate 13 during August 1978. Note
that Oryza sativa enjoys its required damp condition in the
furrows, while Discorea and Zea find the fresh tops of the
ridges hospitable.

A monoculture of Arachis hypogea on a well-drained, loose,
friable, sand loam soil on the upland plain. September 1978,

The ridges are low and furrows are shallow. Mangifera indica

and Butyrospermum paradoxum are the standing trees. The shrubs,

Lawsonia inermis are hedges,

A monoculture of Sorghum vulgare on a fresh upland plain. Like

the case of Arachis, ridges are low and furrows are shallow,
The standing trees are Parkia clappertoniana. July 1978.

Oryza sativa in the inundated 'Fadama' of the Galma Irrigation
Scheme Centre. August 1978. The assoclated serious vigorous
semi-aquatic weeds are Setaria anceps, Oryza longistaminata,
Eriochloa nubica, Cyperus pustulatus, etc.
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Saccharum officinarum on damp cultivated 'kurmi' near Dambo
with Leersia hexandra, Centella asiatica, Digitaria ciliaris
as some of its major weeds., September 1978,

Post-harvest weed regrowths on the upland plains, Ipomoea
batatas and Vigna unguiculata were the crops. The dry weeds
were mainly Vernonia pauciflora, Digitaria ciliaris, etc,
December 1978,

Sorghum vulgare on the fresh upland plains and its attendant

weeds, e.g, Striga senegalensis, Thelepogon elegans, Digitaria
ciliaris and Vernonia ambigua. September 1978,

"what is a weed but a plant whose virtues have not yet been
discovered," said Emerson, according to Griffith-Jones (1977).
Post-harvest beautiful weeds of a recently harvested Discorea/
Vigna arable land. Guizotia scabra and Vernonia pauciflora
are the prominent weeds here. Domain 6, October 1978,

Background: Sorghum vulgare is the standing crop. Foreground:
Arable land in its second year fallow, dominated by Pennisetum
pedicellatum, Upland Sites, November 1978.

An arable land in its first year fallow with a mixture of weeds:
Pennisetum pedicellatum, Vernonia perrottetii, Ageratum conyzoides,
etc. Upland Sites. November 1978,

Arable land in third year fallow outside Zangon Aya. February 1978.
Crop unknown. Weeds: Imperata cylindrica, Pennisetum
pedicellatum, and Kohautia grandiflora, etc.

Khaya senegalensis pollarded for browsing by cattle, sheep and
goats near Fulani shelters. Guga Forest Reserve Enclave. March 197,

Khaya senegalensis recently felled, Mortars are produced from
its heavy boles; fuel from its branchlets; timber from its
trunk., River Yashi ’Kurmi'. January 1978,

Shifting Fulani Pastoralists en route to a new site on the Galma
Basin Upland Plains. March 1978,
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28 Rainy season pastoralists' 'rugas', or shelters, in Guga
Forest Reserve Enclave, This site had been recurrently settled
upon for years. Note the bare lands and erosion around the
shelters, August 1978,

29 Background: Scattered trees in the current fallow land:
Centre: Grazing cattle and sheep avoid Borreria verticillata,
Foreground: Old termite hill surrounded by locally bare land,
Guga Non-plantation Forest Reserve, July 1978,

30 A temporary cattle, sheep and goats shed on the Galma Basin
upland, February 1978, This is an obvious temporary over-
stocking and overgrazing which ailds accelerated erosion.

31 An incidental Fulani pastoralist settlement on the Upland Plains.
June 1978, In the absence of reliable data on differences in
the palatability of plants to herds in the cerado, the abundance
of Borreria verticillata is possibly because the herds avoid it.

32 Gully erosion in Guga Forest Reserve, September 1978, This
is at least partly due to the continual grazing by the goats
plus the other domestic phytophagous ungulates,

33 Herders and farmers live in close co-operation. However, this
co-operation is perhaps ecologically rational mainly on the
flat plains and on ridged and furrowed farmed lands where there
is less danger of erosion, but not on slopes,

34 Pastoralists' sheep and cattle returning home at dusk. Note
the intercalation of ground cover by vegetation and the bare
diffused tracks. Galma Basin Upland., OCctober 1978,

s A close look at a cause of accelerated erosion in the cerado.
The Fulani cattle xe selectively grazing the floristic cover
of the soll. Their hooves also trample and stir the vegetation
and soil, The flora suffers first, Conseguently the soil
suffers, It takes time for the effects of grazing, trampling,
and stirring to become visible, but this is often how
environmental degradation starts. Guga Forest Reserve, August 197,
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Sheet erosion in a Fulani pastoralists 'farm’. Crops: Sorghum
vulgare and Hibiscus cannabinus, Unlike the case with
professional farmers, ridges and furrows by which erosion is
mechanically prevented are absent, Guga. August 1978,

Habitat degradation through overstocking with herds by
pastoralists in Guga Forest Reserve. August 1978, Note the
bare area of concentrated herds and the locally destroyed
floristic cover.

A panorama of the Mairabo Eucalyptus Plantation Reserve from
Tukur Tukur granite hill top. July 1978. The establishment
of exotic plantations at the vicinity of towns and villages
appears to compete with farming villagers' land use interests,
See also Plate 43,

A total collapse of indigenous undergrowths under the introduced
'superior' exotic Eucalyptus spp. in Mairabo Forest Plantation
Reserve, I worked on, and photographed, this site on 11th July
1978 under a 15m, high Eucalyptus camaldulensis ‘plantation stand,
having only 40% canopy closure. Just fourstunted scanty types

of undergrowth species could be observed in my 10m. x 10m, quadrat,
namely: Sporocbolus pyramidalis, Fimbristylis pilosa, Imperata
cylindrica and Brachiaria stigmatisata. During July, the

vegetation ocutside the Plantation Reserves was everywhere green,
vigorous and luxuriant (see Plate 38), The adverse ecological
implication of the exotic introduction is possibly a potential
regrettable provocation of erosion; for the ground flora cover
are being reduced or wiped out under them, See also Plates 40-44,

Isoberlinia doka and Isoberlinia tomentosa shrubs in the nominally

reserved non-plantation in Guga Forest Reserve, February 1978,

The indigenous shrubs appear to 'live and let others live'. The
introduced Eucalyptus exotics seem to want to 'live, others may

diminish or die out’,
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The successful introduction and establishment of Eucalyptus spp.
into the cerrado (‘'savanna') may appear to be an initial success to
the Forestry Department, The 'success' may become ecological and
economic failures with yet unpredictable disasters, Brachiaria

stigmatisata, Stylochiton lancifolius, Isoberlinia doka, Borreria

verticillata are the prominent ground covers under this eight-year-

old Eucalyptus camaldulensis plantation stand. These undergrowths

are usually avoided by grazing herds of cattle. Besides, sheep and
goats, perhaps unlike kangaroos, do not appear to feed on the

Eucalyptus spp. introduced from Australia, Neither the Eucalyptus

nor many of its undergrowths therefore seem to be useful to the

domesticated animals in the cerrado. Dyschoriste perrottetii,

the erosion indicator (demonstrated in Plates 78 to 80) are
appearing and suggest promotion of habitat denudation by the

Eucalyptus camaldulensis. Kabama, June 1973,

Eucalyptus tereticornis woodland in Kabama Plantation Forest

Reserve. June 1978, This ten-year-old stand is associated with

a large number of undergrowths, such as the Brachiaria stigmatisata,

Stylochiton lancifolius, Guttenbergia nigritana and the Dyschoriste

perrottetii, some of which are similar to those illustrated on
Plates 41 and 44. The recurrence of some of the species, e.g.

Dyschoriste perrottetii, gives a cause to prescribe caution on

their uncontrolled propagation in this zone until more research has
been done. As Curry-Lindahl (1972) pointed out "One can never
forsee in detail what the ecological consequences of introducing
an exotic species will be, Even if an introduction initially
appears to be a success, it can later turn out to be detrimental.
The long~term ecological effects of a new component in a habitat

are almost always too unpredictable to justify any introduction".
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43 Competition between arable land use and exotic forestry land use:
the professional ('peasant') farmer occupies the relatively drier
upper slopes, The Eucalyptus spp. occupy the moister lower
slopes of the River Kabama,

44 An established Eucalyptus citriodora with its undergrowths in
Kabama Forest Plantation Reserve. June 1978, This plantation was
established in 1969, nine years before my field study, according to
the official Forestry Division's records in Zaria. Cassia
rotundifolia constitutes the major associated weed, Uyschoriste

perrottetii is also common in it, as an erosion indicator, The
Eucalyptus trees themselves are neither too uniform in size;
neither do they enrich the local flora; nor are they too superior
in their growth rate to some of the 120 species as described by
Lely (1925) in Useful Trees of Northern Nigeria. They probably
show the quality of resistance to disease partly because they have
been removed from kangaroos and pests associated with them in

Australia, where they are indigenous, and partly because they
receive preferential intensive care in Nigeria. They are not
often resistant to unfavourable environmental factors. On the
contrary, they seem to promote erosion, On the bases of Plates

38 to 44 and on the bases of my Factor 9, explained in association
with the Plant Communities delineated from existing forest
plantations, the reasons propounded for "the need for exotics"
and the "superiority” attributed to exotics by Ojo (1973}

appear to be serious fallacies.

45 'Fadama’ swamp forblands of sedges and grasses, Fulrena umbellata
(sedge) and Leersia hexandra (grass) are the main species. It
occupled the Galma River Fadama north of the bridges referred to
on Plate 48, May 1978,

46 Farming intensities generally decrease f{rom sub-urban more or
less continuous arable lands to longer-term fallow lands around
rural areas in the cerrado. Background: a relatively natural
‘Fadama' woodland dominated by Mitragyna inermis., Foreground:
lnundated 'Fadama' terrace grassland with Hyparrhenia cyanescens

along the River Damari, Kuyello environ, (Vegetation was
surveyed in January 1977, Lt was revisited and photographed in
August 1978,) See Plate 53,
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The flora along the Kabama water course below the Kabama

Forest Plantation Reserve. June 1978, There come times when

a classifier is confused due to the continuity in the vegetation
and the environment. Is this a 'fadama' or is it a 'kurmi'?
i.e, When does a stream become a river? An easy way around it
will simply be to lump them together under an imprecise umbrella
term like the 'riverine' or 'riparian' vegetation. I do not
claim to know what geomorphological, hydrological, or physiognomic
adjective should be attached to this vegetation stand, but the
flora are mainly Leersia hexandra, Raphia sudanica, Syzygium
Quineense, Sporobolus pyramidalis, Hygrophila auriculata, and
Rauvolfia caffra, etc,

The Galma Irrigation Scheme Centre, Site of my Domin Il1I. 1t
occupies the River Galma terrace south of the first bridge from
Zaria on the road to Jos. May 1978,

Borassus aethiopum, scattered Parkia clappertoniana, Butyrospermum

paradoxum and Ficus gnaphalocarpa on a post-harvest Sorghum

vulgare farm., Edge of River Waragu in Anguwan Jamo Enclave,
Guga Forest Reserve Enclave, January 1978,

Securidaca longepedunculata on gullied concretions of lateritic
ironpan, Guga Forest Reserve, November 1978, Its buried
extensive root systems, its hardiness, drought endurance, ability
to grow in soils with very low organic matter and its ability to
withstand this type of inhospitable gullied site deserves its
consideration for gully control. However, it is often solitary

on the field for yet unknown reason(s).

River bank sheet erosion in co-operation with termite-induced
bared land., Termites possibly bared the riverside first., The
soil, unprotected by flora cover, then probably enabled water
waves to lap against the bank. The soil was then loosened and
carried downwards into the river. Notice that the erosion stops
where the vegetation cover remains intact. Edge of River Waragu,
Guga non-plantation Forest Reserve. August 1978,
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52 My soil profile descriptive equipment in the field within the
629 quadrats distributed in the first eleven domains or strata
from Fadama I to Guga XI, The equipment was the core or screw
auger, the Munsell Colour Code Book, formats for soil description
at each soil horizon, soil sample bags, and a distilled waterbottle,
Minimum manual labour and the least disturbance to the flora
were specific advantages of my method., Potential causes for pit
erosion were also negligible, cf. the pits dug for the other 85
quadrats around Kuyello, Plates 53 and 54.

53 Background: A mixture of Monotes kerstingii, Uapaca togoensis
and Loudetia simplex co-abundant wooded grassland on the ceolluvial
deposits below an ironstone mesa, Kuyello environ, January 1977.
Foreground: The deep and wide grave-like type of pits dug
for soil descriptions by the specialist pedologist - a potential

cause of man-induced pit erosion.

54 Background: Hyparrhenia cyanescens 'Fadama' grassland along
River Damari, Kuyello environ, January P77, The grassland is
unlikely to have been the natural floristic cover, It is
possibly the result of past cultivations of the Mitragyna inermis
woodland type in Plate 46, The shrub is Gardenia ternifolia,
Note the grey ‘fadama' soil in contrast to the red sub-summit
colluvial soil in Plate 53,

S5 A lateritic ironstone mesa in Guga non-plantation Forest Reserve,
March 1978, with Butyrospermum paradoxum, Ctenium newtonii,
Loudetia simplex, Dyschoriste pedicellata, Dyschoriste perrottetid,
Detarium macrocarpum, Strychnos spinosa, Microchloa indica, etc,

56 Melletia thonningii, Anogeissus leiocarpus, Entada africana,
Cochlospermum tinctorium, Cissus rufescens, Brachiaria lata, etc,
in cracks among granitic boulders of rocky hills below the Dumbi
Inselberg. July 1978,

57 My 'rocky hills' represent low rock outcrops. The geological
composition is mainly granite. Their associated flora vary but
they are distinct from those of the lateritic ironstone mesa.
Bombax custatum, etc,, on a rocky hill, Upland Sites. January 1978.
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A panoramic view from the crest of the Dumbi Inselberg, my
Stratum No. 7. Notice the solid very steep rocky slopes, the
Inselberg Fringing Woodland at the base, and what ecological
poets called "the sea of savanna". July 1978,

Below the crest or summit of the Dumbi Inselberg, rock pools
and crevices store water from rainfalls in the rainy season.
This is the zone of Afrotrilepis pilosa,Sporobolus festivus
Triumfetta pentandra, Schichyrium exile, etc., July 1978,

The Dumbi Inselberg 'Foot' or fringing woodland. Foreground:
The effect of past cultivation is certainly responsible for the
sharp transition in physiognomy, the abundance of Sporobolus
pyramidalis, and possibly for Ensete gilletii and the Acacia
ataxacantha, Background: the remaining fringing woodland with
Commiphora kerstingii, Milletia thonningii, Khaya senegalensis,
Diospyros mespiliformis, etc.

Another side of the Dumbi Inselberg fringing woodland. Foreground:
A recent tree clearance by the use of more drastic equipment,
Bulldozing tractors, by which trees were uprooted, were used.
Piliostigma thonningii shrubs and weeds now replace the fallen
trees. Background: Parts of the remains of the diminishing

pDumbi wood. Anogeissus leiocarpus and Khaya senegalensis remain

ll‘.lndi.ng (yet). July 1978.

An example of an abrupt landscape change from the uplands to a
stream bank, The result is a relatively sharp floristic
discontinuity. Leersia hexandra, a rhizomatous water-loving
grass occupies the bank. Mairabo Stream. June 197,

Dichrostachys glomerata on the sub-summit of an eroded ironstone

mesa, Guga Forest Reserve. July 1978, This shrub is a
relatively reliable indicator of erosion and of an iron-rich
soil, It is gregarious (Plate 79), spreading, hardy, drought-
enduring, and it is usually avoided by firewood hewers because
it has spines, Besides, it is attractive when flowering and

its fruit is a fodder for herds. It is worth studying for the
purpose of propagation for various uses, such as roadside hedges
and vegetative monitor and control of erosion.
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64 Parkia clappertoniana in a Sorghum vulgare farm on the edge
of the Galma River Fadama, May 1978. The use of such species
consciously preserved in current or past arable lands, as soil
indicators is, of course, worthless. Their potential uses thus
far not exploited should perhaps be to replace further
introductions of exotic species with them as plantations. They
have the ecological advantages of nativity and ubiquitous
distributions on their side, in addition to the numerous reasons
for which they have been culturally preserved in the cerado

('savanna') for at least several thousands of years,

65 "Paths are necessary evil forms of land use with respect to plants
and soils", said Macmillan (1943). A road side erosion along
the Zaria-Funtua road which forms the northern bounduy with
Guga Forest Reserve, August 1974, The road was mechanically
reconstructed, expanded and tarred during 1975/76., There was,
however, no botanical or flora protection of the roadsides. In
the absence of a plant cover, erosion is now eating up the two-

year-old highway. A mechanical construction of roads without
a flora protection of its sides is a costly waste of land and
money under the torrential rains of the cerado ('savanna').

66 Complexities of floristic communities with edaphic and land use
features (1): A unit of plant community could easily be a
continuum or a masaic of floristic communities because numerous
land use and other features are simultaneously interwoven., For
example, though 'fadama' has been employed as a realtively
distinct geomorphologic and edaphic unit within the cerado
environment, note (1) the newly cultivated arable land;

(2) the burning; (3) the grasses and forbs, under (4) the
dry seasonal effect; (5) the line of grazing cattle, and (6] the
minor physiognomic variation. Thus, in practice the 'fadama' is
both a diversity of land use and a mosaic and continua of flora
superimposed on the same relatively edaphically uniform area,
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Complexities of floristic communities with edaphic and land

use features (2): Flora are unequally distributed in the
landscape. This assembly of concentrated Phragmites karka on
the depression to the Galma Fadama might suggest that the
specles is abundant in the cerado. However, the species Wwas
encountered once in the total of 714 quadrats sampled, May 1978,

Complexities of floristic communities with edaphic and land use
features (3): This arable land was just cultivated with Sorghum
vulgare before my visit for a survey in the systematic manner,
There was no weed to record, The trees could not be of any use
for my holistic objectives of survey. May 1978,

Complexities of floristic communities with edaphic and land use
features (4): This colony of Adenodolichos paniculatus was
perhaps peculiar, or 'atypical' for I have never seen the species

to be so gregarious on a spot during my preceding eight years
of professional ecological surveys, or during my amateur botanical
trips. August 1978,

An example of an erosion-complex with the multiple 'causes'
which could possibly be attributed to one 'cause'., Guga Forest
Reserve. August 1978. The giant termite hill contains a web
of subterranean cavities filled with termites, whose diets are
plants, Behind the termite hill is a series of spectacular
vertical-sided headscarp gullies, as deep as two or three meters
in places. The termite pests devour the ground flora cover
around their hill, Only Dyschoriste perrotetii forbs remain,
The Forestry Division has recently removed all the indigenous
shrubs and trees in the vicinity, but the removal of the
floristic cover was not followed by an early implementation of
the intended plantation of the exotics., Permanent human in-
habitations are located in the main Enclaves and temporary
™-le=d reuas? are scattered in the Guga Forest Reserve, The
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is a period of heavy torrential rainfall. Other subtle edaphic
factors are probably involved, but the accelerated erosion is
now linked with (1) termite pests; (2) (mis)management by the
Forestry Division; (3) firewood collection; (4) uncontrolled
phytophagous domestic ungulates; (5) topography, and (6) rain-
fall or climate. Of the six possible 'causes', four are
anthropozooleogical, and the last two are perhaps geographical
and natural. But none of the 'natural causes' would probably
be effective if the floristic cover were maintained intact
either decisively by ecological management, or naturally, by
other numerous possible methods. The removal without replace-
ment of the floristic cover by the several agents therefore
appears to be the one 'cause' of the erosion-complex., And
erosion is the main form of habitat degradation, sometimes
called "desert encroachment" by alarmists in this cerado

environment.

The bases of Tamarindus indica, Sclerocarya birrea and Cussonla
barteri trees raised above the general bare surroundings, suggest
that there is an active accelerated soil removal leading to a
gully here, There is a cluster of 'rugas' in the vicinity of

the site, The developing gully is possibly related to over-
grazing. Guga Forest Reserve, August 1978.

Nearly vertical erosion scarps plus collapsing retreating and
under-cutting of soils from the roots of standing shrubs
(Combretum molle and Isoberlinia tomentosa) in Guga Forest
Reserve. October 1978. The sliding solils towards the gully
depression seem to trail the chang footpath linking a chain of
'rugas', to the Funtua to Zaria main road. The accelerated
gullying is probably primarily the result of devegetation along
the path though other processes might be involved, such as
grazing and trampling mammals,
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This spectacular erosion is located along the recently con-
structed highway along the Zaria to Kano road, The road trails
the summit of the topography, which minimises the number of
bridges to be built during its mecahnical construction. The
roadside gullies form nearly series of vertical steps from the
exposed ironpan bedrock in the foreground to the roadside in
the background, Galma Basin Upland. November 1978.

A gully along an ephemeral drainage channel. Guga Forest
Reserve, November 1978, The bluff consists of soils capped
by indurated lateritic ironpan. The channel consists of
accumulations of ironstone boulders and concretions. The flora
along the channel is an unexpected mixture of moist site flora
and those of dry sites: Vitex doniana,Securinega virosa,
Daniellia oliveri with Guiera senegalensis,

Mairabo Stream below the Eucalyptus Plantation. August 1978,
The stream bank is incised to the granltic bedrock. The
vertical gully wall was 2,5m, deep., Coffee~brown water flows
in the depressions among the bedrock until filtered by the

Leersia hexandra.

Sheet erosion in Guga Non-Plantation Reserve, September 1978,
1t is largely bare though it is a peak month of the rainy
season, It is possibly the beginning of the more spectacular
gully form of erosion, Balanites aegyptiaca and Dyschoriste

perrottetii appear to endure the over-grazing.

An ephemeral stream which flows intermittently following each
torrential rain. Guga Forest Reserve. August 1978, The banks
consist of soft schist, quartzites and mica. The gully floor
carries Sesbania sesban, a tall, guick-growing annual forb of
damp soils.

An isolated Dyschoriste perrottetii on a dry bare eroded
ferruginous soil. Guga Forest Keserve, September 1978. This
is one of the fabs most specific to eroded sites in the parts of
the cerado ('savanna') examined. It is a hardy, woody, drought-
resistant perennial forb, Its numerous deep roots bind the sodl
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together. It was never recorded as a weed in arable crops.

Its potential value as a ground cover to provide vegetative

control for gully-sides, sheet erosion, rcadside erosion and
other forms of erosion, is worthy of investigation.

A demonstration of the drought-enduring power and the sympathetic
distribution of Dyschoriste perrottetii with another drought-
enduring species, Dichrostachys glomerata, under the multiple
stresses of the seasonal drought, grazing, sheet erosion, and

a poor ferruginous soil, Guga Forest Reserve, March 1978,

A demonstration of the power of resurrection with the onset of
the rainy season and of the intra-species gregariousness
possessed by Dyschoriste perrottetii. In view of the environ-
mental degradation of habitats which seems to take the form of
various erosions with the cerado (or 'savanna'), the investigation
of some hardly noticed perennial forbs, like the Dyschoriste
should probably not be overlooked. The main current method of
using exotic species to provide a vegetative cover should perhaps
be reconsidered (as misguided). In my ecological opinion, a
good ground cover of perennials is what much of the degraded
environment in the cerado needs, not just species which provide
sky-high umbrella cover but destroy or decimate the floristic
diversity at the ground-layer.
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Sou—bus

Paspalun arbiculare
Borreria verticillata
helsorda Canescens
Vetiveria nlgritana
Vernonia perrottetil
Sporobolus pyramidalis
Ageratum conyioides
Borreris radiats
lponoes eriocarpa
Perndsetum pedicellatun
Indigofera pulchca
MlUwWOsa pigra

Centella asiatica
Andzopogon pseudapricus
walthieria indica
Oldenlandia herddacCea
Cassia rotundifolia
Eragrostis tremula
Ethulia conyzoldes
Hyparrnenia rula
Jussiaea sufisuticosa
Scleria folicsa

Ledcas mariiiicesisls
Stachyturpheta angustifolia
MAlrsculpus sCeler
Scoparia dulcds
Eregiustis alrovirens
SChiwelnckla amerlicana
Monechnea clliatus
Cassla Wra

Hygropnila esuriculate
Guizotlia scabra
Tnelepogon elegans
Glinus lotoides
Alysicarpus glumaceus
Spheecranthus senegjalensis
Urena lobata

aspilia africana
laperata cylindrica
Brechlarla stigmatisata
Cynodon dectylon
Hypoestes verticillaris
Vernonia ambigua
Vernondia pauciflora
Crotalaria senegalensis
Crotalaria macrocalyx
Panlcum subalbidum
Cassia mimgsoldes
Crotalaria lechnosuna
Elilonurus pobeguinii
Gardenla erubescens
Polygals petitiana

Euphorbla hirts

Sida lindfolis
Digitaris lomgiflors
Setarla anceps

Cyperus digltatus

Sida ovata

Incigofera secundiflora
Chlordis pilosa
Fimbristylis hispidula
Melochia corchorifolia
Chrozophora senejalensis
Acanthospermus hispidum
Blumea aurits

S5ida rhomdifclia
Crotalaria glauca
Hyptls specigers

Guiera senegalensis
Ericsema griseus
Urelytoum muricatium
Hyparrhenia CyalesCens
Eclipta prostrata
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reliotroplum suplnus
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Cyperus cilatatus
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Hellonrysus ocdoratissimum
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Fadogia agrestis
Lepidagathis collina
Schizachyrius sangulneus
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Aspacogus efricanus
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Uvaria chasae
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SYNTHETIZED SYNOFTIC FLORISTIC RaW DATA MATRIX II.
ZARIA=-DAMBO 'KURMI'

species enumerated are included in the 34 quadrats,

YRR T ey LR R R

g



NO.

01
02
03
04
03
06
07
o8
09
10
11

13
14
15
16
17

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

41
42
43
44
45
46

SEecies

Panicum subalbidum
Digitaria ciliaris
Paspalum orbiculare
Melochia corchorifolia
Setaria pallide - fusca
Eleusine indica
Eriochloa nubica
Cyperus rotundus
Cyperus pustulatus
Brachiaria stigmatisata
Commelina forskalaei
Ageratum conyzoides
Alternanthera nodiflora
Eclipta prostrata
Ethulia conyzoides
Fimbristylis pilosa
Digitaria acuminatissima
Eragrostis pilosa
Physalis angulata
Oryza longistaminata
Cassla mimosaides
Vernonia pauciflora
Commelina benghalensis
Fimbristylis hispidula
Oldenlandia herbacea
Sacciolepis africana
Kyllinga squamulata
Leucas martinicensis
Scleria foliosa
Echinochloa colona
Mariscus sguarrosus
Euphorbia heterophylla

‘Jussiaea suffruticosa

Indigofera nummulariifolia
Dyschoriste pedicellata
Eragrostis tremula
Indigofera hirsuta
Lipocarpha sphacelata
Sida ovata

Buchnera hispida
Pennisetum pedicellatum
Setaria anceps

Sesbania sesban

Chloris pilosa

Imperata cylindrica
Sida rhombifolia
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SYNTHETIZED SYNOPTIC FLORISTIC RAW DATA MATRIX III.

GALMA TRRIGATION SCHEME SITE

All species enumerated are included in the 20 quadrats examined.



All species enumerated are included in the 23 quadrats examined.

Specles

Paspalum orbiculare
Digitaris ciliaris
Borreria verticlllata
Dactylocterium aegyptium
Mitracarpus sceber
Imperata cylindrica
Cassle mimosoldes
Centells aslatica
Eragrostis atrovirens
Eragrostis tremula
Indigofera arrecta
Schwenckla americana
Cynodon dactylon
Heliotropium strigosum
Brachiaria stigmatisata
Jacquemontia tamnifolia
Stachytarpheta angustifolia
Thelepogon elegans
Tridax procumbens
Crotalaria senejalensis
Nelsonla canescens
Sphaeranthus senejalensis
wWaltheria indica
Pennisetus pedicellatum
Vetiveria nigritana
Himosa pigra

Verronla perrottetia
Acanthasperum hisplidum
Euphorblia hirta
Borreria radiata
Indigofera nummulariifolia
Ipomoea equatica
Scoparia dulcis
Indigofera puichra
Ethulla conyzoldes
Tephrosia linearis

Sida linifolia

Sida rhombifolia
Oldenlandia herbacea
Crotalaria confusa
Hyparrhenia cyanescens
Oryza sativa

Oryza longistaminata
Sesbania sesban

Cyperus amabilis
Hyparrhenia rufa )
Crotalaria glauca
Cassie tora

Vernonia ambigua
Eragrostis cillaris
Leucas martinicensis
Chrozophora senegalensis

Ageratum conyzoides
Evolvulus alsimnolides
Cleome aculiata
Chuysanthellum americanum
Indigofera secundiflora
Hyperrthelia disseluta
Indigofers hirsuts
Portulaca oleracea
Corchorus tridens
Cyperus esculentus
Fimbristylis exilis
Cassia nigricans

Urena lobata
Lepidagathis collina
Stylosanthes mucronata
Panicum repens

Hyptis specigera
Jussiaea suffruticosa
Tephrosis pedicellata
Tamarindus indica
Diospyros mespiliformis

Pennisetum typholides
Sorghum vulgare

4 2 443 112265933999879

856885617688 345

1112 21 2 6476 96

32445 53224

1461443 4

9443594846

111 3 1 13 42
72884363
21344353

23 % 222% 5

111 2 3 X B

i 11121 114

3 242 4 62
313 3 4 22
242 2 13 4
111 113 2
3312 3 1
& 2 1 11 2
12152 1
¢ e G 111
11 23 2
121 13
1 11 i1
117212
|
2522
21 13
411 1
11 1
1 2 11
i 1 1
11 % 1
12 2
1 i 3
1 2 2
1 1 3
2 12
1 1 2
E T 2
1 11
Kkl
34
43
23
2 2
89
3 3
1 1
21
1 1
1 | 1
2 1
1 2
1
1
1
1
1
<
1
1
3
1
1
1
1
é
1
3
1
2
1
1
s+ Tre
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SYNTHETIZED SYNOPTIC FLORISTIC RAW DATA MATRIX IV.

UPLAND KAKO VILLAGE TO CALMA 'PADAMA'

364



8o
87
88
89
S0
51
92
93
94
93
96
997
g8
99
100
101
102
103
104
105
100
1107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125

126
127
128
129
130
131
132
133°
134
135
136
137
138
139
140
141
122
1a3
144
14as
140
147
143
1.9
150
151
152
153
154
135
1506
157
138
159
100
101
» 162

assla ro olia
Combretumn molle
Xmenia americana
Kyllinga squamulata
Byroscarpus coccineus
Sida urens

Khaya senegalensis
Vicoa leptoclada
Indigofera hirsuta
Sesbania sesbans
Stereopspermun kunthianum
adencdelichos paniculatus
Carrisa edulis
Crotalaria senegalensis
Pseudocedrela kotschyi
Indigorera capitata
Indigofera macrocalyx
Schwenckia americana
Cissampelos mucronata
Dactyloctenium aegyptium
Brachiaria jubata
Strychnos innocua
Schizachyrium brevifolium
Eragrostds ciliaris
Ipomoea agquatica
Scleria foliosa
Paulinia pinnata
Setaria anceps

Sida linifolia
Fimbristylis hispidula
Scoparia dulcls
Buchnera hispida
Imperata cylindrica
Isoberlinia doka
Parinari curatellifolia
Eriosema griseum
Tephrosia linearis
Beckeropsis uniseta
Zizlphus mucronata
wissandula amplissima
Holarrhenia floribunda

Hypoestes verticillaris
Desmodium hirtum

Oryza sativa

Eragrostis atrovirens
Pnragmities comnunis
Syzygium guineense
Heliotrapium indicum
Cyperus pustulata
Helichrysum odoratissunun
Gynura minlata

Cyperus amabilis
Hyparrhenia invilucrata
Leersia hexandra
Monotes kerstingii
Aristida kerstingii
Adina microcephala
Desmodium barbatum
Feretia canthicdes
Ersgrostis turglda
Microchloa indica
Thelepogon elegans

Securidaca longepedunculata

Polygala petitiana
Corchorus tridens
Cassia tora

Vernonia cocephala
Striga senegalensls
Rottboellis exaltata
Acacia ataxacantha
Triumfetta pentandra
Elionurus hirtifolius
Sorghastrum bipennatum
Indigofera arecta
Oryza longistaminata
Fulrena unbellata
Cissus crotalarioides
Hyparrhenia Cyanescens

-

211 22
1 1 11 1
1 55 6 3
2111 %
212 31
1111 1
111 1 1
2 21 1 1
1 111
1 223
11 1 3
22 1 1
2 22 1
11 1 1
g H 5 1
32 1 2
1 23 2
22 1 ' 1
321 3
1 2 1 1
2 4 1 1
1 . 2 1
;1 11 1
1 32 2
1 1 11
223 1
21 11
1 3 y I
1311 1
1 1 32
98 9o
253 3
1 113 5
1 11
1 3 1
211
1 2 3
3 1.3
23 3
5 3
43 2
7 28
22 3
12 3
3 14
e3
2 2
52
2 1
11
: | 2
4 2
22
2 1
2 1
a5
2
2 2
3 1
3 X
1 1
1 y |
1 1
1 1
33 1
12
4 2
3 1
21
& 4
22
;3 1
2 2
2 2
2 2
2 2

SYNTHETIZED SYNOPTIC FLOWISTIC RAW DATA MATRIX V.

SELECTED UPLAND SITES

Species with ACV of one are omitted from the 56 quadrats examined.



No.

01
02
03

A
o

05
06
07
08
0s
10
11
12
13
14
15

17

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

37

38
35

41
42
43
“
45
46
47
48
438
50
51
52
53
54
55
56
57
38
59

61
62
63
64
65
66
67
&8
69
70
71
72
73
74
75

77

80
81

Species

Pennisetum pedicellatum
Piliostigma thonningii
Indigofera pulchra
Ageratum conyzoldes
Andropogon pseudapricus
Paspalum orbiculare
Verrnoria perrottetii
Borreria radiata
Oldenlandia herbacea
Terminalia avicennioides
Leucas martinicensis
Nelsonia canescens
Annona senegalensis
Vernonia ambigua

Gulera senegalensis
Cochlospermum tinctorium
Hyptls specigera
Eragrostis tremula
Sporobolus pyramidalis
Andropogon gayanus
Englerastrum gracillimum
Anogelssus lelocarpus
Setaria pallide-fusca
Ctenium newtonii
Vernonia pauciflora
Butyrospermum paradoxum
Hyparrhenia rufa
Loudetia simplex
Pandiaka heudelotid
Jussiaea suffruticosa
Stylosanthes mucronata
Elionurus pobeguinii
Bridelia ferruginea
waltheria indica
Digitaria ciliaris
Ipomoea eriocarpa
Borreria verticillata

Mitracarpus scaber
Sphaerathus senegalensis
Ethulia conyzolddes
Stachytarpheta angustifolia
Cassia mimosoldes
Aspilia africana
Crotalaria lachnosema
Andropogon ascinodis
Alysicarpus Glumaceus
Eleusine indica

Vitex doniana

Combretum ghasalense
Cynodon dactylon
Centella aslatica
Biophytum petersianunum
Tamarindus indica
Fimbristylis hispidula
Monocymbium ceresiiforme
Diospyros mespiliformis
Gardenia erubescens
Dyschoriste perrottetdl
Lannea schimperi

Cassia singueana
Brachiaria stigmatisata
Sida ovata

Lepidagathis collina
Indigofera secundiflora
Schizachyrium exile
Blumea aurita
Eragrostis pilosa
Sacclolepis africana
Urena lobata

Parkia clappertoniana
Entada africana

Tridax procumbens
Monechma ciliatum
Nauclea latifolia
Melochia corchorifolia
Hygrophila auriculata
Schizachyrium sanguinium
Combretum sericeum
Euphorbia hirta
Acanthospermum hispidum
Dichrostachys glomerata
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34743197 2 4324 4 3 2 1396 222222237 22131 1 22 21

111 12 4322 £341 1 1 2111312 32 1
122228312243 2 2 2 2 2225 2 4421
2 433 932533 328776977311 311
3 212 444 1 2 1231 112 3 2 2228 3
3333 4 334 24 2 3232 22 52 4 1
22478337 123242 T 354 2
243 322243221 11 2 11 2 ¥ a2
445 2 21111 33 33 232112
1 1 2242 4 35545232743
2 555 44 9 3212 1 2 232 2
2 22 435335 K 22 32 3 24
113 322 1 1 e 17 11 423
1. 1 214333 1 3 3 1 5
111213 3 % 1 13 1242
11 2 1333434223 214
215 5 - 13 2 3 32 352 4 1
224 2168 27 4 1 332 2
s ¢ 2 311 334594 13 3 2
111 1 2 22 11 1 e 2 222
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2 14 7453 7 113 33 2
i 2 2% 22 3322 1 2 1
3433 3 ©3 722335
122 54 32211 2%
1.21 132 23 2243
23212 '1 1% &2 2 g 9
544483074446
11 1111 2121 1
1 12 7398233 7
21331 3233 21
3244224283 4
1 213 11 121 1
2 1312 2 2121
534 73 12 22 1
134 11 111 32
356 8 1 12 61 1
2343 1111 6 1
2 3% 2 5 31121
1 843211 21 1
32 121211 42
1 + 231 12 1 14
3 1 % 12823123
3412221 1 3 2
1333223 224
1 2 2 1 22 2 1 1
313 4 11 221
p 3 1 211 % 1 32
11 322 2% 1
7 345989322
356 2% 73 3
1 1 21121 3
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1 1 22 2 541
32 1 27 32
112 1 1 > U |
1 1 3411 11
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231113 31 1
T ! 3 11 .3
63 562 6 g
1 %2 2 2 1 1
111 22 1 3
12 21 2 12
3 2 1 31 e 2
22122 p [
9 98 243 2
9664 445
4 2 11 2 2 3
5 1 2 1T 49
1 31 2 3
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P4 2 11 1
21 y By 3 11
121221
2 3221 3
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11111
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1 211 1
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Species

Paspalum orbiculare
Stylochiton lancifolius
Annona senegalensis
Borreria radiata
Cochlospermun tinctorium
Vigitarlia ciliaris
Piliostigma thornningli
Brechiarlia stigmatisaela
Borrerlia verticillata
Guliers senegalensis
Dactyloctenium aegyptium
Jacquemontia tamnifolia
Pennisetua pedicellatum
Sida rhombifolia
Andropogon gayanus
Terminalia avicerrdoldes
Hitracarpus scaber
waltheria ingica
Indigofera pulchra
Aspilia africana

Fadogia agrestis
Schweinckia americana
Fimbristylis exile
Bridelia ferruginea
Butyrospermum paradoxum
Urginea altissima
Chrysanthellum americanum
Dichrostachys glomerata
Sprobolus pyramidalls
Eragrostis tresula
Ctenium newtonii
Elionurus pobeguinidi
Cyperus obtusiflorus

Stachytarpheta angustifolia

Eriocsema griseusm

Vitex doniana

Leucas martinicensis
Combretum sericeum
Gutenberglia nigritana
indigofera capitata
Entada africana

Cassia mimoscldes
Brachieria jubata
Physalis angulata
Cissus rufescens
Lannea schimperl
Oldenlandla herbacea
Indigofera numsulariifolia
Eleusine indica
Fimbristylis pilosa
Setaria anceps |
Parkia clappertoniana
Laslosiphon Kraussianus
Lepldagatnis collina
Hyperthelia dissoluta
Tridax procumbens
Heliotropius strigosum
Tephrosia pedicellata
Vernoria perrottetil
Strychnos spincsa
Nelsonia canescens
Scoparia dulcis
Fimbristylis ovata
Sporobolus festivus
Tephrosia bracteclata
Andropogon pseudapricus
Nauclea latifolia
Anogelssus lelocarpus
Cassia singueana
Stereospermuwn Kunthlanum
Euphorbia hirta
Adenodelichos peniculatus
Monocymbium ceresiiforme
Acalypha brachystacnys
Heeria pulcherrima
Tephrosia linearis
Urelytrum muricatum
Xamenla americana
Evolvulus alsinoicdes
Ethulia conyzoides
Imperata cylindrica
S5ida linifolie
Tephrosia purpurea
Diospyros mespiliformis
Gardenia erubescens
Daniellia oliverl

S5ida ovata

Vitex doniana
Chnrozophora senegalensis
Vernonla embigua
Crotalaria confusa
Stylosanthes mucronata
Indigofera arrecta
lpomoea argentaursts
Lippia chevalieri
Terminalia laxiflora
Cassia tore

Combretum ghasalense
Parinarl curatellifclia
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107

113
124
118
116
117

119
120
121
122
123
124
125
126

Borreria radiatas
Diocscorea bulbifera
Cissus rufescens
Clerodendron capitatum
Byrsocarpus cocclneus
Milletia thonningii
Bombax costatum
Andropogon gayanus
Ipomoea involucrata
Cyanotis lanata

Cissus aralloldes
Indigofera dendroides
Achyranthes aspera
Tephrosia bracteolata
Pandiaka heudelotil
Pennisetum pedicellatum
Acacia ataxacantha
Dissotis sp,

Tacca involucrata
Steresospermum kunthianum
Brachiaria lata
Anogelssus lelocarpus
Triumfetta pentandra
Rottboellla exaltats
Commiphora africana
Diospyros mespiliformis
Dioscorea preusii
Wissandula amplissima
Asparagus africanus
Eulophia guartiniana
Vigna racemosa

Scleria foliosa
Sporcbolus pyramidalis
Bidens pilosa
Hackelochloa granularis

_Entada africana B

Allophylus splcatus
Cassia singueana
Parkia clappertoniana
Aneilema lanceolatum
Annona senejalensis
Cassia mimosocldes
Sporobolus festivus
Melothria madaraspatana
Ficus umbellata
Brachiaria stigmatisata’
Indigofera bracteolata
Indigofera hirsuta
Crotalaria naragutensis
Afrotrilepis pilosa
Gloriosa superba

Khaya senegalensis
Cassla tore
Stylochiton lancifolius
Grewia mollis
Holarrhenia floribunda
Ziziphus mucronata
Cissus quadrangularis
Setaria pallide-fusca
Clematis hirsuta
Jasminum dichotomum
Lannea kerstingii
Sesbania sesbans
Gutenbergia nigritana
Canthium horizontale
Landolphla sp.

Lannea barterl
Solencstemon manii
Celtis integrifolia
Cochlospermunm tinctorium
Cussonia barteri
Bridelia ferruginea
Sida urens

Bambusa vulgaris
Pterocarpus eripceous
Cyperus digitatus
Lantana rhodesiensis
Kyllinga squamulata
Schizachyrium exlile

Monechma ciliatum
Tephrosia pedicellata

Heteropogon contortus
Lannea achimperi
Hyperthellia dissoluta
Albizia zygia
Solanum torvum
Cissampelos mucronsta
Fadogia agrestis
Isoberlinia doka

Adencdelichos paniculatus

Euphorbia laterifolia
Digitaria homblel
Uvaria chamae

Urginea altissima
Mariscus alternifolius
Securinega vircsa
Dichrostachys glomerata
Strychnos spinosa
Crotalaria senegalensis
Tamarindus indica
Sclerocarya birrea
Jacquemontla tamnifolia
Ekebergia senegalensis
Euphorbia convolvuloldes
Eurphorbia hirta
Croton macrostachyus
Allophylus africanus
Kaempferia aethiopica
Combretum molle
Desmodium velutinum
Chrysophyllum albidum
Diospyros abyssinica
Pycreus macrostachyos
Jussiaea suffruticosa
Setsria anceps
Corchorus tridens
Trema guineensis

Ficus exasperata
Eleusine indica

Saba florida

Boerhavia diffusa

Urena lobata

Drosera indica
Synedrella nodiflora
Acalypha brachystachya
Ensete gilletii

T I INSELBER!
Species with ACY of one are omitted

112222111 1114 12 11 1

685571323 1666342351311 16746 1 2 222
2121321111111111 11 111 221 121¥ 11
21531222231121 11 112 114 13 1 1
3111321 4 121 1 56444446 132 3 4
1 11 311 231131111 1 1 113 63 142
23131 6545322353132333 23 2
2 212113 123 1 1 7 232 32 12 1223
2 3 13 23 42 1 4423 22 1 42 847
123331 13 2 2332222333 1324
2111 1113113 32 11 222 12 2
T 2 1 9542256432 5242 £ 3
1121 2123342112 3 262 3
111 2 12 11 1112 223 221 1
213 131112214 22 - 1 2 22
12 1 131 71 4 4 2 22232 4 2
563558854646 16 457
2 151 111 113221 1 522
1111 11221 11 3 1 111
2 3z 5 3 662 29 677 32
1 1413 383 1 1112 2 6
1 1 187842 3 13338 2
21 5 2 33 12 42 1 263
111 4 3 11 A 33 1
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23155524 14121 3
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2 21 111 111 1 11
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z212 13 1 11132 3
124 1 4 33 m
2224 3 3 2 2 26
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from the 56 quadrats examined,

i
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01 Brachiaria stigmatisata 119 9223325768921129579974
02 Sporobolus pyramidalis 4444  3444442145385244542
03 Dyschoriste pedicellata 11 63321 122434221242

04 Cassia rotundifolia 8972 2 99651 o653
@5 Flmbristylis pilosa 12122 122442 2 22 2

06 Eucaplytus teciticornls 877444 488777776
07 Sida rhombitolia 1 2 12 11 21 112 123
OB Phyllanthus nigericus 111112 1111212 1
09 waltheria indica 2i1323 22 311
10  Aspilia africana 11 2 d212221 N
11 Triumfetta pentandra 133222 3242 2 4+
12 Sids urens < 13 £1111 1 1
13  Stylochiton lancifolius 11 142111123

14 Eucalyptus camadulensis 887%7 7 444

15 Cassia mimosoldes 1 T ¥1 31 1211

16 Sida linifolia 1111 1111 1 ; !

17 Borreria verticillata 135 1123 2 - R -

1  Borrecria radiata 13 213 41343

19 Desmodiua barbatum % 3 1211¢ 22

20 Imperata cylindrica 31 W27 71 1
21 Adropogon gayanus i 313 %

22 Tephrosia pedicellata 1 5 122 3123

23 Evolvulus alsinoldes 1 11 2 3111 1

¢4 Indigofera pulchra 1223 11111

45 Blepharis llnariifolia 23124 2 1 1
26 Stylosanthes mucronata ¢ 4 13131 1
2?7 Schwelinckia americana 121 111 11

28 Crotalaria retusa 1 2112 332
29 Cassia siamse 2 632 2 & <2
30  Annona senegalensis 21 11 11

31 Dicnrostachys glomerata F 112 1 14

32  Ageratum conyzoldes 11 1212 1

33 Carissa edulis T3 39 T ¥

34  Setarlia anceps 111 1 11
35 Indigofera nummularilfolia 2 32 1 11

36 Eucalyptus citriodora 88 434 4

17 Tephrosia purpurea 11 1115

38 Clerodendron capitatum 1 11 11

39  paspalum orblculare : | 211 1

40 Cyperus rotundus 1 12 11
41 Clssus rufescens 11 1 11
42 Euphorbia hirta 1 1 112
43 Bidens pllosa 421 2 1

44 Indigofera chalieriana 1 22 46
43 Kyllinga squamulata 11 111

46  Knaya senejalensis 12111
47 Gulera senegalensis 11 1

48 Eragrostis turgida 123 4

49 Digitaria ciliaris 1 211

50 Scoparia dulcis 11 1 1
51  Acanthospecsus hispldum 1 2 22
$2_ Pennisetus pedicellatus o2 1
531 7T hitrecasrpus scabec P 2 12
54 Pandiska heudolotiti 1 12 1
553 Cynodon dactylon 3 2 -
56 Gutenbergia nigritana 42 1

57 Hoslundia opposita 212

58 Leucas martinicensis 1

59  Nelsonla canescens 2 1 2
60 Jacquemontia tamnifollia 111
61 Cassia tora 11 1
62 Dactyloctenium aegyptium 112
63 Sida ovata 13 1
64 Balanites aegyptiaca 1 1

65 LDiospyros mespiliformis 1 1

66 Parkia clappertonlana 1 1

67 Ersgrostis tresula 1 1

68 Brechiaria jubata 9 1
69 Zornia glochidiata 1 1

70 Acaclie ataxacantha 2 1

71 Jasminum dichotomum 1 1

n” Indigofera arrecta s

73 Asparagus africanus 1 1

74  Tridax procumbens 2 2

75 Pillostigma thonningil 1 1
7 Cissampelos mucroneta 1 1
77 Scachytarphecta angustifollia 1 1
T radogla agrestis 1

79 Chrysanthellus amecicanum 12
80 Brachiaria xantholeuca 11

SYNTHETIZED SYNOPTIC FLORISTIC RAW DATA MATRIX VITI.
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78
9
BO
81
82
81
a4
as
86

108

111
112

154
155
156
157
158
159
160
161
162
163
164
165
166

168
169
170
171
172
173
174
175
1%
177
17
i7m
180
181
182
183
184
185

Curculigo pilosa
Gladiolus gregarius
Securidaca lorgepedunculata
Kyllinga squamulata
Eragrostis tremula
Buphorbia hirta
Mitracarpus scarber
Parkia clappertoniana
Kaempferia aethioplca
Jasminum dichotomum
Cyperus dilatatus
Eucalyptus robusta
Acanthospermum hispidum
Psorospermum Corymbiferum
Cassia tora

Lannea schimperdi
Cochlospermum tinctorium
Lannea acida

Coabretum glutinosum
Flcus irgens
Stachytarpheta angustifolia
Zuphorbia heterophylla
Nelsonla canescena
Digitaria ciliaris
Ericsema psoralecides
Arogelssus lelocarpus
Pilicstigma reticulatum
Erythrina senegalensis
Indigofera arrecta
Vitex nmelic.‘.fnlia
Crotalaria naragutensis
Acacia staxacantha ~
Pseudocedrela kotschyl
Indigofera charlieriana
Feretla apodanthera
3ida ovata

Lasiosiphon kraussianus
Ageratum conyzoldes
Monechma ciliatum
Cyperus ocbtusiflorus
Clematis hirsuta
Opilia celtidifolia
Tridax procumbens

_Discorea bulbifera .

Indigofera capltata
Urena lcbata
Jacquemontia tamnifolia
Cassia siamae

Eleusine indica

Abrus precatorius
Swartzia madagascariensis
Indigofera dendroides
Cryptolepis sangulrolenta
Steganotaenia arallacea
Tephrosia purporea
Afrormosia laxiflora
Ericsema griseum
Crossopteryx febrifuga
Combretum molle
Crotalaria lachnosema
Borassus aethiopum
Grewia mollis
Securinega virosa
Tephrosia bracteolata
Splgelia anthelnia
Schizachyrium platyphyllum
Mariscus alternifolius
Murdania simplex
Chrozophora senegalensis
Ipomoea erlocarpa
Cteniun newtonid

Hyptis specigera

Iponea argentaurata
Lippia chevalieri
Hymenocardia aclida
Ipomoea vagans

Trema guineensis
Paulinia pinnata
Parinari curatelifolla
Englerastrum gracillium
Maytenus senegalensls
Syzyglum guineensns
Borreria octidon
Eragrostis atrovirens
Detariua microcarpum
Cyperua rotundus
Butyrospermum paradoxum
Crotalaria retusa
Haerua angolensis

Feretia apodantheca
Byrsocarpus cocclneus
Terminallia laxiflora
Vernonlia amblgua
Impecata cylindrica
Cassia sieberiana
Phyllanthus nigericus
Canthium venosum
Ekebergia senegalensis
Cussonla barteri
Balanites aegyptisca
Chloris pilosa
Boerhavia diffusa
wissandula amplissima
Brachlarla xantholeuca
Celba pentandra

S5ida acuta

Eucalyptus grandis

SYNTHETIZED SYNOPTIC FLORISTIC RAW DATA MATRIX IX.
KABAMA FOREST PLANTATION RESERVE

All npecil:-lnuaarltnd are included in the 100 quadrats examined,

11 11 1 1 1
22 1 12 111
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111 111 i
111 211 1
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Specles

Casslia rotundifolia
Brachlaria stigmatisata
Stylochiton lancifolius
Fimbristylis ovata o
Gutenbergia nigcitana
Plmbristylis pllosa
Sporcbolus pyramidalis
Stylosanthes mucronata
Indigofera pulchra
Blepharis linariifolia
Cyschoriste perrottetil
Waltheria indica

Sida rhompifolla
Aspllia africana
Eucalyptus camaldulensis
Borrecria verticillata
Paspalua orbiculare
Isoberlinia doka
Borreria radiata
Setarlia anceps

Sida urens

Evolvulus alsincides
Andropogon gayanus
Hyperthelia dissoluta
Terminalia avicenniocides
Hrachlarias jubata
Tacca involucrata
Triuafaetta dubla
Zornda glochidiata
Casasla mimoscides
Fadogla agrestis
Indigofera nummulacidifolia
Ulchrostachys glomerata
Clssus rufescens
Anaona senejalensis
Tephrosia pedicellata
Desmodiun barbatum
Pandiaka heudelotil
5ida linifolia
Asparagus africands
Penndsetus pedicellatum
Iriwmfetta pentandra
Scoparla dulcis
Dandellia oliveri
Guiera senegalensis
Schwenckla americana
Gloriosa superba
Pllicstigma thonndngil
Bridella fersuglinea
Carlssa edulls
Bucalyptus teriticorids
Ocnna afzelid

Dicspyros mespiliformis
Chcysanthelun anericanum
Entada afclicana

Khaya senejalensis
Eragrostis gigantica
Hoslundla cpposita
Nauclea latifolia
Crotalaria senegalensis
Sposobolus festivuy
Combretua ghasalense
Cassia sinmgueana
Ersjrostis tuoglda
Gardendia esubescens
Clercdendron Capitatium
Dactyloctenium aegyptium
Yitex donlana

Uvaria chamase
Eucelyptus ¢itricdora
Presocarpus erinaceus
Hypoxls angustifolia
Sterecspermum Xunthlanum
Combretum Sericeum
Urglnea altissiza
Aldens pilosa

Lactuca taraxacifclia

1 B4AT7866271244786932777068488 7377884 797538544857 2 299876 264778354172 T1612493473783407 7778812 6
7464532583 863556898 65 570060846257893 785687823 7877715 5445857417346332334590544323449866T00122
236643222674 1 34 2563153341211 22333332 14 2222353 3322 2 33 13122321221447231162 22 2 434a42413232
21443434440312 T5544221742062345 44644452 35231434 34402342 4232441322252 1421131 31332 33 udaa1 1
23575543412233364312421 5312242266312 431454334324644244125342221 31 2 14312 1 1225212 22211
222321 4 1422221216533222  44433423243332533 12243533 3221222222241 2321123 122342232 2é4a111
3¢ 51 3171211 2233 11422 12 1 22422111 1312331 1613211 5421211 47365184312 1 53552432421143280 22
2363421431215631112212 4132312 2 23263214336442 2 544664115 14 13212131 3 232 31322244 22 213
10111 11113 11 12111223311 11 1331121 333211223132 1122323 ¢ 12 12119112122122221 24341411
112523247741 13343775 35363443 3423122212213625331 5 24222323232343 3 3112 2 1 23111 2 2 2

113 24 122 21741 3 13231263 33321 5453322 426323 311323533212421 2315 11 11218265 2111431
11121 1 1113 1 1 21133 1 32 2111 11 1111 11321 11322111221 1 1311111811 1142121211121 131 1

1 4312 3233 1 1221111 21222 1 1 1312113121121131 2 232 11 1 52 1 32 21 13112111 1 1 1111111
1412 2 311 222 12122223 222232221222 211322222331 3 422131133 212621 3331 122 2 1121

66783777655556557544 7776650656 7746
p bl R - o N U O T

gsd &8 7 78687 4630866 2 ©£43888780566  BUT6LE
111135721 2 2132 111 21 22 16674 21123458111113854 113432 2 1 123211 2 1

1212122221211 3323 2 23223 1 24212111113111111122221 2 1 12 11 113 1131 322 11 21 1
317 2615 547952 676437 356441 52544 3435 135 24351575677 2526742 3 163544744
1 51112111117 22 11 313 211 423111 3 322 1 22 1 213221 1311 11 11 122112
1011 111 12213 51 1 125223111 61311 252 1 322 111 461 112233 1 11 122221
1122 1171111 1211111 1 21 11212 2 11222 2 2 122 121 221 1111 2121 11 1
212 231 23121 222 2 ] 12 131 324 231 22 1 11211 3 41 1 1211 1 12 11
1 1 121 11 21 22 121 132 11 1 2 41121 1113 21433 2 2 333 111132
11111121 121311221521112 5 322 241113 1 12 21 3221 % 11
112 12111 2 1 1224 1 122 11 111 1113 111211 1 111 11 1111 1 b
12243 121221 3 2131 1115 637 21 451 1 1 11 21 L e 111 21
11 11 1% 1 1111 112 191 11 I1L 1 1111 11111112 11111
1212 1 111 114 42 112212 221 21 121 11 1 1 313 11 2 221
46643 21 1 32032565 44 1 863 s@¢ 787 1 7 1 03 11 3 5 24
313 12 31131 1 21 12 2 1 17 11 11 11 1112 2131 1 12
11 222 1111 1111 1121 2 2 1112 11181 1 21 1 1 2
164 15 1 12 13 1 1134 124 4 a2 111 11 2 1 2 2:
101 2111 1 1 1 1 2 12 1 1 14 1 1211 21 1 1t 123 1
1 1T 2 1 131 11114 11 12211 11 11 11 112 11111
12 1111 111 33 %11l (Y b % I O I W G O - L » Mt e i
1315 12 22 2 3 1 116 T 1 12 .1 11 211 63 12
4 1 1 1 % 1 1 1 1131171 23 2 1111 22 12
11 -2 i 2 1 11 1 1313 11, 12 11 b - S | 1 12 i 1
T 1 1231 1 1211 1 11 1 1 014 111 111 1 3
1 1 13 2 1 11 111 i 1 n 1 1113 1 21 11t
1 53 12 342212 1 22 2 2220 1 1 131 1
111 1 11 n 11 1 42212 211 122 12 1
1 111 1t 1 11 1151 11 1 111 1 1.1 1
1 1112 123 212 11 1.1 1 13 1 % 3
223 1122 22 1 1 1 1 13t 111 1 1 2
1T 11 111 11 1 1111 221 2211 11
T 11 11 1 212 1112 113 1 11 11 1
11 1 1 1 111 1 11 311 1111 1 11 1
1 11 111 1 1 1 1111 1 11 ~111 1 i
1 1 ;: SO 1 r g 1 1 3% % 1 11 11 3 1 11 1 1
asss 88 84 %7 898 8508886
1 11 1 1 193112 11 1131 1% 1 ! % 3
1 1 13 4 12 11 1311111 2 11 1
12 4 1 32 3 3123 4 11 1
1 11 1 2 1 1 1111111 1 1 1%
11 11 i1l = 311 n 1 112 1
1 11 101 111 11 111 3 3, 111
11 3 2 1 1111111 11 14 1
232 32 1 0111 1 111 1 1
11111 1 1 1 111 1 1 11
2 2 1 12 3 1 1 2 121 3
11 1 1 1 111 1 1
11 1 1 112 1 11 1 -
5 2 1 1 4 3 2 2 112 1
1 11 121 1111 1 1
11 1 T 1 112 3 21
13 5 2 2 2 5 2 222
1 1 01 2 1 1 1 1 11 1
1 % 2 112 1 2 111
868 878884a ‘ 4
1 111 1 1 1 1 1 1
1 11 1 11 1 1 1 1
1 14 111 11 2t '
1 111 11 1 1 1
1 101 1 1 1 2 1 1 1
3 113 1n 1
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322
143
144
123
Lo
17
P
we
130
131
132
133
134

135

Pennlsetum pedicellatua 7 685 421 2234434573 43322 122 1 222 221 222 2 453 3 24414b43 1 11 5 £3MRas 3
Dichrostachys glomerata 1112 1 3 3 11 11 432114 331 11632141 25122 2 123 1144138 2 1344312213 1414
Iscberlinia doka 5465 1154342 453555333752324621 1 525 424 5 3646746 66 523 2 122 145
Terminalia avicenniclides 1211 21 12 21 12331 51 1122 1 2121121 11211 2 12323 11113 121 131111
Adropogon pseudapricus 3 8 85331231 222 3234332322 2 4 2 31213 2 2423143 4 2 2 3 412443 5214
Borreria radiata 112 31113 2 2123 221 1 241 321126 21 111 11 12 43113 91161434222 21
ARdIopojon Jayanus 232224 21 187875425724457 21 1 3 2321 3640 11111212 12411 2 F |
Pillostigma thonndngli 111 111 21 1 121 1 1 1 737784566111121 241 11 41353112 11 11
Alvona senegalensis 211 11 . 12 3121 1 11 11 11113 241 > Yo | 111 i 21 11211
Aspllia africana 1111122 111 21 111 12 221 11 11 112111 11 1 11
2lionurus pobeguinil : 1143 22 2 4334 543 645142242232 61 3 3 3 13 2
Indigofera pulchra ) 1 21 1 143 2 22121 2 21 1 1111 11 1.8 111 2 ;| 13
Isocberlinia toaentosa 24468642324 11 23 2651232 754441 444 2 F
Butyrospesrmun paradoxum 11 11 1 1 111111 1311 111 1 1 2 2 1 1 121 11 11
Ctendunm newtonil 111 a7 42 24453 673 334 b 234243 N 43 3 3 a2
Cochlospermun tinctorius 1 1111 1 1121221 3223212 4442 4 2 32 3 4

Lannea schimperi 1 11 1 G 11 1 111 1 1111 12 1221 11 1 111 i
Ximenia americana 2311 31 11 1 1 111211 11 2112 11 1 ! 1 11

Sporobolus pyramidalis 2 1 2° £3 332 2221321232 11 1 2331 6 1
Monotes kecstingil 3 21 4 11 422444 2 22214 44 11 167
Combretum ghasalense 1 111 121 12 1111 1 < 1 < 111 2231
saltheria indica 2 2 12 11 1 31211 1 1122 1 1211 1
Stylosanthes mucronata 11 22 2 ¥ 11 1M1 1 143 231¢ 2
Panicum peximum 2 2 314 12 223 2 11 12 2 2 24 1
Detarius macrocarpus 1 12 3 2 242 11 1 1 112 1 11 32 11
Strychnos spinosa 11 3111 111 1 1 i 11 1 111 1
Lepldagathis collina 112 3223 12 1 12 12 1 1 1 1

Eucalyptus camaldulensis 76777 887778887 542

Afromorsia laxiflora 11 1 1242112111 11 1 1

Sida ovata 1 1 11 11 11 1 211 1111

Nauclea latifolla 1 1dee2id4iing 1
Brachlacia jubata 4344444342 5 1 .12 22

Dyschoriste pecrottetii 127 21 13 1141 295 71

Eucalyptus citriodora 4 336 443444544 331 B

Hyparchenia rufa 2% ... 254bS59383 53 ————

Monechma ciliatum 41 11 1 11 2 2 2 i | 1 1

Swartzia madagescariensis i 1 11 1 13 i1 11 1 o |
Pundlaka heudelotii 1 1 1 % i 111 1 1 11
Gardenia arubescens i1 1 21 i 11 111 i1

Borreria verticillata 1 3 7 23 1 253319 1 7 1
Englerastrum gracillimisn 112 1 1111 21 1% 1

Gurdenia aqualla 111 1€ 1111 1 1

Aristida funiculata E 1 41 2 1 313 21 2
Eragrostis tremula 22 1 1 1 2 1

Dyschoriste pedicellata 1 52 75 2 2 12 416
Lippia cnevalleri i 1 1 22 21 11 : 12
Nelsonla canescens 1 1 25 443 a4a4e i
Entada africana 21 1111 11 11 1 1
Parxia clappertonlana 11 2 2 i 1 T 1.1 31 1
Urelytrum muricatum | 2 1 2 2 132 2 y y ]

Honocymbium ceresiiforme 21 3 12 22 2 21 2

Asparagjus africanus 1 1 11 11 T 1 11
Parinacl curatellifolia i 1 2 4 2 123 1 3

Paspalun orbiculare 2 11 2 3133 1

Aancgelssus lelocarpus 1 1 14
Knhaya senegalensis 1

Bridelis ferruginea 1 2

Cassia singueana 1 12 1 1 1 11 1
Ochna afzelid 1

Michrochloa Lndica 4 23 2 1 3 37 2
imperata cylindrica 84 & 225 9B El

Verronia ambigua 11 12 1 - W S §

Securlidaca lorgepedunculata 1 1 1111 1 1

Dlospyros mespiliformis 11 1 3 1 1 2 1
Dardellia oliveri b 1 11 1 21 1

Adencdelichos paniculatus 1 1 1 1 11 1 » 1
Lannea acida 11 1 12 1 1 1
Evolvulus alsinoides 11 11 1
Indigofera capitata i 1 1 . 1 il 1 1
Cassia mimosoides 1 1 1

Vitex donlana 1 1 1 1 11 1
Trichilia emetica " 11 11 1

Blepharis linariifolia 1 1 1 2 21 1
Prosopls africana 11 11 3

Schwenckia americana 1 2 1 <11 .

Verrania glaberrima 1 2 13 1 1

Sterecspermum kunthiarum

Schizachyrium sanguineus 2 3 3 32

Fadogia agrestis 1 3 1 1 4
Gardenla ternifolia 1 1213
Hymerocardia aclda 1 1 1 22
Alysicarpus glumaceus 1 1 11

Croutalaria retusa é 212

Jesnodium barbatum % 2 1 1

Terminalia laxiflora 1 1 1 2

Vitex simplicifolia 1 1 1 4
Strychnos innocua 1 3 % 1
Schizecnyrium exile g ! ¢ 15
Trachypogon spicatus 421 1

Aeeria pulcherrizs 1 3 11

Eriosema psoraleoides 1 2% 2

Tridax procumbens 1 121

Tephrosia linearia 313 2 1
Zornla glochidiata 12 12

3lda lipifolia 11 2 1t
Pandcum baumanid 12 1

Beckeropsis wdseta 1 11

Buchnera hispida : S 3 1

Loudetia simplex 3 5

Cissus rufescens 1 - 1 1
Burkea africana 12 1

Maerua angolensis 1 1
Setaria anceps

Centella asiatica 6 31
Acacia sicberiana 1
Sphaerathus senegalensis

Eragrostis turgida

Leucas martinicensis

Clerodendron capitata 1 LY 1
Polygala petitiana 1 1
Uapaca togoensis 1 ' 1
Pavetta glaucescens 1 1

Aristida adacensionis 11

Pterocarpus erinaceus 1 E
Crossopteryx febrifuga 1 1

Aloe Darteri 1 .

Maytenus senegalensis 1 &
Cassia nigricans i1
Hyperthelia dissoluta

Hygycophila auriculata

Ipomoea argentaurata - x i iR —
Oldenlandia herbacea - 1 1

Terminalia glaucescens i 1

Crotalaria senegalensis 2 1

Dactyloctenium aegyptiuam

Tephrosia pedicellata 1n
Ipomcea aquatica 1 "

Euphorbia hirta “

Oryza longistaminata 11

Feretia epodanthera 1
vernonia perrottetii 1 H g
Indigofera secundiflora

Caramis mallida _friars z s
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Borretia radiata
Andropogan gayanus
Eraegrostls turyglda
Dyschoriste persottetil
Kaegmpferlia aethiopica
Stylosanthes mucconata
Digitaria lecardii
Dlcnrostachys glomerata
Zornda glochidiata
Cassia mimosoldes
Cochlospermum tinctorium
Terminalla avicennicldes
Stylochiton lancifolius
Microchloa Aindica
Digitaria gayana
Blepharis linaciifolla
Monotes Kerstingli
Isoberlinia tomentosa
Elionurus pobeguinii
Iscberlinia doka
Perrdsetua pedicellatum
Brachleria stigmacisata
Aspilia africana
Ardropogon schirensls
Guttenbergia nigritana
Bracniaria jubata
Flmbristylis pilosa
Ctenium newtonii
Tephrosia pedicellata
Detarium aicrocarpum
Asparagus africanus
Lippia chevalierdi
Pandcum maxiaua
Sporobolus pyramidalis
Urginea altissima

Schizachyrium sanguineum

waltheria indica
Pandlaka heudelotil
Vermonia perrottetil
Gladiolus gregarius
Monocymblum ceresiliforwe
Hyperthelia dissoluta
Indigofera pulchra

Sida rhoabifolia
Indigofera nummulariifolia
Sporobolus festivus
Costus spectabllis
Commiphora africana
Strychnes spinosa
Swartzia medegascarlensis
Annona senegalensis
Piliostigma thonningid
Gardendia erubescens
Almenda americana
Evolvulus alsinoldes
Curculigo pilosa
Coabretua molle
Lepidegatndis collina
Cassia nigricans

Lannea barterl

Gardenia aqualla
Loudetia simplex

Gchna afzelil
Butyrospermuwu paradoxiam
Crypsolepis sanguinclenta
Pasgalum orbiculare
Anogelssus lelocarpus
Fadoglia agrestis
Fusoristylis ovata
Pavetta glaucescens
Combretum ghasalense
Monechama cilliatum
Fimbristylis nispldula
S$ida linifolla

Urelytoum muricatum
Vernonia glaberrima
UDlospyros mespllifoomis
Sterecspermum kunthianum
Dactylocteniua aegyptium
Bidens pilcsa
Senlzachyrium exile
Setaria anceps

Cissus rufescens

Lannea schirperl

Cnloris laspropacia

Sida ovata

Feretia apodanthera
Terminalia laxiflora
Bridelia ferruginea

vitex simplicifolia
Parinari curatellifolia
Aloe barterl

Setaria pallidefusca
Jacquemontia tamnifolia
Tephrosia bracteclata
Crotalaria senegalensis
Hackelochloa granulazis
Lannea acida
Chrysanthellua americanua
Hypoxis angustifolla
Entada africana

Polygala petitiana
Hymenocardia acida
Aderodelichos paniculatus
Tacca involucrata
Blophytum petersianum
Striga asiatica

Burkea africana

Fhaya senegalensis

Grewia mollis

Pterocarpus erinaceus
Cassia sieberiana
Aristida adscensionis
Afrormosia laxiflora
Crotalaria glauca
Tepirasia purpurea
Tephrosla linearis
Parxla clappertondana
Maerua angolensis
Tamacrindus indica

Casala singueana
Pseudocedrella xotscnyl
Gardenta ternifolla
Alpizzia chevalierdi
Securidaca loglipedunculata
Closcorea bulbifera
Cisauy aralioldes

SN L (N

3 a .. LA L
Jpecies with abso

¢ 34221 2331211112312235335133 41 1 22142312611 1 3 3 14 522223113212 22112 1

3347411 43 12 3 322154377 2862142231 11 4 25 56644 4 3533221122113 1653
238542615857 6 12254B438916711 27241124844 22 2 324277223 36 61 1

T445443262676234374B55685 70664354 6 23 22 2 2332 B 4 11 6 3B88Gu4 2

1 111 1112421 111 221112111 111 121212 2 23 322212122312151 41 231

1134 2 2 4221 2112 2 33213542 431762323234 121 2 12322 111111 21 23

2222 2 122231233222 2 1 3133323131 2 22323221 432222213212331
5342315834 2 4 1212 1 521 32 317111 1 311 114 12 1 432231611 3332 14
211736 2654341 7 186 22213453 B8£53L6243 2 4 326654 11 22 1 2 43
1311121 1121 211 1 13 2222 2 12112111111 1 1 122221 11 2 1 111

4 133471 11111 11 1 35 332 2222 231 36 3 33222 1 221 11 A1

12 32 1 113 5n 321121 2122154 12 42 13 224124 1 1111 11
11 . 112231 1 11331 123 111211221 4232 321 12 111 1 11 133
22 4 48B4 7344 332 & 3122214326 244 53831732 5 22798
21 324643 365336 & 4475443 2 4 12 32 2 62 213
2 21zea1 143 213313212 1 412 2 4 21 % 1111
11 11 21 2251 211 4 1223224 143 7 1324467
45 S 113 4 5 61 24 415 2 425 46182 1 2 31242 1
3 2 1 1 11 2 & 2234 21 183 44 22444 3 21 48
3422 54415 1 3 31 23112111 13 21 1326 2
1 1 2 3322 2 11 22 211 2 2 111 21222 1221
1112 S12 6 1 2135193 26 2 1 3 33 2 2 11
1 11211 1 312 33 2 23223 1 313z 1 2 2
52424 12 246. 3451 623.1 6 4 4245 &,
1 12113 12 22° 3 22 3 2 42222. 2222
2 31 $31 3 21 22313 1 23342 332. 1
5 2 3 13321 32322 26 4223 3 122 2
22 2 22 3425 21 24231 2 22 1 in
11 =8 1 25 16 1 21 12 313 342 2 1
Z 11 11 121111 1 111 213 47635
1 11 1 1 11 11 1 2 ™1 1 2 272 ¥2%12
12 1 3 11111 32 2 233112 1 211
1 & 2 1 3 43643 2 21 15 4122347
1 23 21 263 222 4 56 2 3 2396 2
Z 11 1111 1 1 2 212 11 31 1114
e 3Bk 124 2 24 43 X - P R
1 11 124 2 2 112 12 232132
11 2 114121 a2 @ 2T
211 124 11 1 1 21 1 22 2
1 1 11312 1 1 111 1 . 1
2 2 3 32226 1 2 34 52 133
31an 22 2 2 2 42 2 23
2 3% 22 112 1111 12 1
1 1 11 12 T 112 1 2211
1 121 11 5 24 241 1 2
32 153 3¢ 1 p & 2 3.
2 1 111 11 1 31 i 1 13
424 14211412171
111 111 1 11 12 1
2 2 123 21 22 1 11 2
3 11 o [ S 2 1 2112 3
2 111 11 1 1 1141 1
1 12 11 1 2 523 % 111
111 1 1t 11 11 1 3 ’
11 1 12 12 11 % i 1
5 3 p = 11 r 1 32 il
3 2 11 31l o1 3% A4
2 1 1 1 11 3 i > § 1 12
1 113 2 112 1 1 1
T 2% 131 0%% 1 21 1
1 1011 1 11 1 1 1
2 656 234882
1 T 11 1 2 1 1 11
1 1 1 11 1 £ % 3
11 11 ; ! 11111
2 2 1 225 22 1
3 1512 1 1 1 1
1 1 11111 2 3
1 12 13 282 4
1 1 1 1 1 1 1
11 1 11 1 1 1
1 1 1 3 2 2 12
1 2 1 2 1 2 24
-5 +t 2 111 2
1 3T 1 2 2 2
12 1 2 13 2
1% 3 1 1 1 i
211 1 1 i
121 3 2
2 F § o 1 1 1
524 a32 e
I S 1 1 31 43
132 3 1 %
11 12 1 1
3 3 8 2 % 1
3 % 3 1 3
1 1 2 -
3 1 1 1
1 1 1 1 1
1 1 1 -
%1 1 1 1
11 4t
1 2 2 1 N
1 2 1
% 1 3
1 3 1 2
1 1 1 1
5 3 1 1
: 3 ; § 1
11 1 1
1 1 1 1
11 1 1
1 21 1
1 3 1
1 1 1
1 i 1
2 31
L 1 1
11 1
1 1 1
1 1 1
2 1 1
321
1 1 i
1 3 1
1 1
11
11
1 1 1
1 1
11
1 1
1 1
1 3
1 1
11
1 1




Na. Species

01 Iscberlinia doka 32 2112 - - ; 372
o2 adin 11121124 112 3314 221 241124 325 92122 342 3325 2532142171364 21

ennksetua p cellatum 21124 653168686343119345 13125888361 31411 14 1 11111 1 1432 12 1

03  Andropogon gayanus 3 1 1 43421 22112152 124113 41 13 13111122111132211 11111

o4 Bc::_ﬂ:ld radiata ., 2 3 114211112 1 3211 1 2332 112 213 21111 @ 3211 2311 1
05 Alysicarpus glumaceus 12 11 17 4126 3151111 11 22 1 1 11 111 11 117111 111 1 1 1
ce Arnona senegalensls 233 %X 11 1% 11 11 1 11 1111 1 1111 1111 1111 11111 1 1 3 -
07  Butyrospermum peradoxua 2 1227 1111121 3 211 111 1 122111121123 24421111 1

2t} Andropogon pseudepricus i1 “@ 31 11 4 13 33 23212 4 3 35 215821111135 1 1 111

a9 Monotes kerstingidi ;- 121 12331 2223 143311 4 7 4144 423647254

10 Panicum maxigwa 2 3 13121 2111 2 1112 32 31 1221 21 1343 3

11 Lepidagatnis collina 11 1111 1 111 2 111 11 21111 11 1112 1 1

12  Adenodellchos paniculstus 1 i1 2 11 111 2 211211 1 111 111l 133 1 12

13  Momocymbium ceresiiformis T 2 313 3 221 5 521 14 c34 23 234672142

1‘.‘ Dantellia oliveri 1 1 3 31t 12 1 1 1 1 1 11 11 1311 T 2 1
15 piliostigma thonnangid T &4 3113 61 1 4 T 1 23 441 1 1w 1 1121
16 Terminalia laxitflora 1 1 1111 111 131 11211 21 ; 3 111131

17 Cassia mimosoldes e - 14 2 1 14 111 11 11111 112 1 1 313
18 Vernonia ambigua 111 1331112113421 111 1 £ 1 1 1 2

19 Parinari curatellitollia 1 % 1111 211 21 11° 112 11 2 3xn
& Ctenlum newtonii 3 4 243 31323 1732 3 33 343134 31
21 Cymbopogon glganteus 3 2421 11 1 131 313 4 2 1111 13 1
22  Uapaca togoensis 2 1111 £2 3 33 21212 3161231
23  Afromorsia laxlflora  ; p 11 111 211 : T %A 1 12131% 1
24 Elionurus pobeguinii 1 1 1 2 13271 é1 1 11 11 2 1211

45 Ximenia americana 11 11 21111 11 13 1 11t 1%

46  aspilia africana 1 1 3 : I 4 1 111 23313 131 &z 3 1

27 Sstrychnos spinosa M 1 ! 11111 1 1 11 1 1 11111111
28  Iscberlinia tomentosa 1 1 1 1% 3 2 2323 4 3 221 1 & 5 51

49  Pterccarpus erinaceus 1 1 1 1 2121 31111 111 2 12

30 Loudetia simplex 1 23 zbé 55324 8 2266 3524 32

31 Parkia clappertoniana 1 11 1 1111 1 1011 13 21 112

32 Hyptis specligera Te61s 337 35323 642 2 1 21
33 Lactuca glandulifera 454 6 <ednz 13 52111 31 % 1

34  Ageratum conyzoldes 75733 733213 17611 21 1

35  Hyparchenla cuta 21 L - s ¢ % 1 7 a3 11 11 4 22 93
36 . Froscols africana = i s s e e R b i R T e e e i
37 Pavetta glaucescens 1 1 1 1 1 1 1 1 14 1 11 111111
38 Leucas martinicensis 21 112 21 13211 13 1122 -
39 petarium microcarpup 1 M1 2 22 A 2 11 12 123 1
40 Imperata cylindrica 577¢ & 3 54 43 24 i3 7 13
41 Beckercpsis uniseta 1 13 3 A 3L 31 2 2 2 32
42 Vernonia paucirlora 1 111 3 4 11 41 411 £ 5 § o
43  Bridelia ferruginea 1 1 11 1 1 11 111 111
44 Entada africana 1 i 1 1 s L o | i 1 1 411 1 1
a3 Oochna rhlzomatosa 11 1 1 31 111 1 1 11 1 11
46  Scoparia dulcis 1 13112 1112 41 21 1
47 Paspalum orbiculare ¢ 114 21 211 1 11 B1 2
48 Jacquemontia tamnifolla 111 111 1111 1111 1
49 Schwenckia americana 141 12211 1 4 1 1 % 11
50 Mitracarpus scaber 1113 111 11 1 4 111 2

1 Eriosema griseum 1 11 111 1 33 21 12 21
52 Crosscopteryx febrifuga 1 1 1 11111 12 < S T R ¢
53  vVerrorda glaberrima 1 i 5% 1 11 11 2 1
54 Dichrostachys glomerata < 11 1 14 11 13 1242
55 PSOrospermun Corymbiferum 3 2 % 3 3 23 1 i1 T 1 4 1
56 Polygala petatiana 1111 1 1. 2% 1 1% 2%
57 Swartzia madagascariensis 111 2 2 11 11112 1
5¢ Terminalia avicennioldes 1 1 4 1 1 1 p Sl 1 11 1

29 Gardenia agualla p ! 1 1 1 11 1 3 Y 11
&0 Vitaex doniana 21 11 1 3 11 11 1
&1 Gardenla erubescens 1 11 2 11 1 1 1 1 1

64 Tridex procunbens 1 o T G T 33 1

63 Vernonla perrottetil 1 121 131 1N 22 2

64 Flcus capensis 1 11 1 i1 1 1«

65 Combretum ghasalense 11 1 1 i 2% 1 1 1
1 Pandiaka heudelotii 11, 11 11 11 p S |

67 Cussonia barterl 1 1 11 1 11 1 11

td lauclea latifolia 1 2 1 111 1 i 1 1
639 Lophira lanceclata i 11112131 1

70 Ereagrostis clliaris 128 111 111

71 Trichilia emetica 1 % 1 2 13 7 S © 1

7é  Monechma ciliatum 111 P i 1 1 1 1

73  Vernonia cocepnala 3 3 11 11 3 11

74 Lannea schimperi j T ¢ 1 % 11 13 5 ) )

75 Hyparchenia Cyanescens 2 1836939
76 lelsoria canescens 232 11 1 2 «

77  Echrdnops lengitollus 1 1 11 i1 1 1

T8  Grewia mollis 2 4 1 1 11 1 11 1

79 Hyparchenia involucrata 3 E 4 1 “e 2el

B0 Oldeniandia herbacea 258 T S 1 1

81 Sterecspermua kunthlanum y I § 1 1 e 1 1

82 Syzygium guineensis 1 3 1 615 1
83 Ochna afzelil 1 1 1 1 11

84 Indigocfera capitata 1 i 2 1 2 1 2

B85  Schizachyrium sanguineum 1 1 11 15 1

56 Cowmbretum molle 11 - I T

87 Terminalia glaucescens 1 1 31 3 1
88 Crotalarlia senegalensis 3 3% 1 1 1

85 Striga senegalensis 12 1 11 1

90 Loudetia togjoensis * e 3 7 3 11

51 Aeschynoaene indica 11 1 1 1

92 Miwagyna inermis Ba62c3
93 Guizotia scabra 1 1 <1 1

94 Jussiaea suffruticosa 121 51

95 Hywenocardia acida 2 1 é i 1

96  FPicus congensis 3 1 : 1

97 Securinega virosa 1 1 1 11
98  Afzelia africana 1 1 1 1

99 Dlospyros mespilliformis 1 1 3z 1

100 Asparagus africanus 11 1 1

101 Ficus platyphylla 1 1 11 <

102 Cryptolepls sanguinolenta 1 % 1 1

103 Vermnonia nigritana 1 1 1 1 1

104 Byroscarpus coccineus 1 . 11 1

105 Panicum baumanndd 1 1 1 11

106 Pseudocedrela kotschyl 12 3 1 1
107 Gardenia ternifolia 11 1 <1
108 Stychnos innocua ' 1 i1 1

109 Rottboellia exaltata 11 1 1

110 Hannoa undulata 1 1 1 1

111 Ericsema psoraleoldes 1 1 23
112 Beckeropsis uniseta 211 3

113 Urelytrun muricatum 1 1 101

14 Tephrosia bractolata i 1 ko =

115 Khaya senegalensis 1 1 18

116 Ficus sp. 7 § 1131.
117 Sesbania sesbans , 28
118 Tamarindus indica 1 1

119 Baccpa floribunda 1 1 1

120 Indigofera charlieriana 12 3 i

121 Euphorbia hirta $ 4 . 1

i12¢ Cnloris pllosa 1 1 1

123 Mangifera indica 1 1 1 *

124 Lannea Kerstingil 1 1 1 b .

125 Cassla tora 11 1
16 Sphaeranthus senejalensis 101 1

127 Securidaca longupedunculata 11 1

128 Microchloa indica o - - . ®
149 FProtea elliottil 4 3 2

130 Acacia sieberiana 2 1 1

131 Fadogia egrestis 1 1 1
132 Cxytenanthera abyssinica i 1 2



373
|

ok nsione s 0 11 12 13t 15 16 17 48 19 20 20 22 23 2% 25 26 27 28 29 0 3 32 3» % 3B 3% 3 B B W 4 L2 43 M L5
Vogn. Compta. No.: 1 2 3 4 5 & 1 8 9 10 M 42 13 1w 15 16 17 18 19 20 20 2 235 % 2% 26 22 B » P M 32 33 K B
Auger Depth (in.): 2 % 12 3 3 18" 3 % 12 8 2 0 2 » ¥ A 3 3 3 3 3% 3» » 3 » 3» 3 3 0 3 3 % ®» » » 2
s UOM“# ﬁa-u- 0.5 61 0.5 w-m m...m §5.7 N-m wm 30,5 45.7 m.— wm wm .wm 45,7 61 wom _u.-m Nom ._wm Mm .Nm ._«m Nvm .wm -ﬁm ﬁcﬁ Mam ﬁm N-m N-m 61 Nm Nm Mm 75
Clay (L.T. 0,002ws) X: 28 22 22 15 a [ & 4 20 28 2 28 10 0 s 5 4 i 14 & 6 8 14 L 6 10 10 [N 2 6 8 10 6 0 4
S41t (0,002 - 0,05mm) #: 40 44 46 52 N 56 56 46 % 3B 0 B 2 0 ¥ B 2 5% A48 4B K0 A8 M 0 R B 32 A4 36 K2 B A 52 A6 W0 R
Sand (0.05-2.0me) % 32 X 32 32 42 B L0 46 3% % 68 3 58 70 62 56 76 42 3B 6 54 M 32 3% 8 56 8 A 60 56 56 4 3B B &0 64
Stona (G.T. 2.0mm) %: 0 0 0 0 0 0 Q 0 0 0 0 0 a 0 o o o 0 o (o] 0 0 0 0 0 s} 0 0 0 0 o] (4] 0 0 0 0
£ (50): 5 54 5.2 6.2 58 56 5.3 50 ki 50 5.4 AT 5.3 54 5.2 5.2 53 5.0 B kA hB AT bk 52 5S4 5.3 55 54 5.6 68 57 58 5.3 5.6 65 6
s it o S0 T2 1,3 1.5 W55 1.5 W57 b2 1.5 1.2 Bk Bk 86 5B 47 B0 92 67 W55 B3 W23 1 35 W9 W80 £33 2.0 3.0 WSt 58
Na (meq/100 g): A3 08 .06 06 LOh .05 W1 .02 .05 07 W02 .06 .7 .03 .03 .03 JOb 04 W05 Ok .03 Ok 05 06 03 ,03 08 05 .12 Ok 03 W20 A7 09 08 .05
K (meq/100 g): 21 A6 AT A3 AT W10 W2 A2 AT A7 W08 02 09 W08 0 W L7 .10 W1 L0 W09 09 L2 AT WM 09 W3 W16 1a a7 a7 W23 25 823
Ca @ Mg (meq/100 g): 9.56 3,20 2,32 340 272 1.68 Mt 9k 180 1.76 1.00 2,08 1.28 0.56 1.00 80 1,28 3.2 1.8 80 1412 1Ah 1,36 2.0k 2.8 1.8 2,56 3.0k 2.00 3.52 2,20 2.0 2.80 2,08 2.08 0.%

Total meq/100 g soil: 3.9 3k 2,55 3.59 2.93 183 147 1.08 2,02 2.00 1.0 2.3 1uh 0,67 1413 W9k 149 326 200 9 1.2k 1.57 1.53 2,27 2,98 1.96 277 3.25 2,26 3.67 240 241 3.20 242 2.0 1.5

ﬂlﬂlno ﬁlﬂ\dg NVn 10,9 B.0 mlu mlw .ﬁom ﬂog m-._ mow m-m 44|u mcﬂ moN 9.2 _P.Q&. ..v-m Uco m.u m-_m 2.0 N-.r. ﬂo.— .N.-W moo ﬂlm Pom m.m Sels m.m muw ﬁ-.— moﬂ mcﬂ NOU .N-W mom U.-@
Bass Jaturation £: 90 43 3t 61 3 26 2 17 23 48 18 29 165 15 15 13 2, LB 22 13 18 22 13 0 6 0 51 4 3B 60 & 3B 4 3 W0 o
FADAMAY:

.n.a.a = chemical Analytio Data of Augarad Scil Sa
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Fleld Quadrat No,:
Vegn. Comptn. No.:

Auger Depth (4n.):
Augsr Depth (ez.)1

Clay (L.T. 0.0022a) 4]
511t (0.002 - 0,522) s
Sand (0.05 - 2,02a) %
Stors (G.7, 2,0ma) %:
PE (E0)1

Orgeate Carbon %:

Ha (xag/100 g£):

K (mg/100 g):

Ca O ¥z (meq/100 g):2
Total meq/100 £ zoil:
C.2.C. (290/100 g):

Base Seturation St

UFL.D 5; Phizstco = chest

50 51
1 2
3 §
15.3 15.3
20 8
20 25
60 &8
0 0
5.7 - 5.5
.p &L-
02 02
Ja5 .18
1.36 0.96
. 1.53 1,16
2.2 2.3
70 50

cal Analytio Data

52 53

6 12 12 12
153 305 3.5 0.5
10 6 122 6
% 8 38 3
% 56 51 62

5.8 5.4 5.7 5.9
55 L0 2.0 .48
02 .02 03 03
<19 22 .31 23
1.36 1.00 2,80 1,64
1.57 1.24 3.1, 1,90
1.7 1.6 1.1 1.7
92 78 100 100

5% 5 38 5

7 8 9 10
12 12 12 12
30.5 30.5 0.5 J0.5
18 16 6 4

o 26 3% 3%
52 58 8 80

u.u “l“ “n“ .“lu
98 1 1.3 4.3
03 03 .04 .03
26 +19 19 «19
342 2,72 3.20 2.28
341 2.9 3.3 2.50
2.3 1.8 2,7 2.3
100 100 100 100

of Aurared Soil Sarples
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.F
«23

4L.28

h.59
2,3

100

61
12

12
0.5

Ok
«18

3.64

3.86
NDN
100

12

12
30.5

&% 3

5.7

«Oh
«19
2.20

Na?u
2,0
100

63
%

12
30.5

& A

96

«Oh
O”M
3.08

3435
2.4
100

& 65 66 67
15 186 17 148
12 12 12 42
3.5 30.5 30.5 0.5
2 2 o 8
3% % 3% 26
62 62 g 65
0 0 8 10
5.6 5.9 5.6 5.1
£7 1.0 .80 .50
03 .03 .02 .02
13 17 L W19
1.08 2,16 1.12 3.6,
1.2, 2,35 1,28 3.85
8.1 8.4 9.3 9.0
15 28 1w 43

(=]
19

153

28

u.u

1.2

<03
»15
3.96

Loll
10,0
L1

<03

ula
8.9
>

RRET

12

5.7

<03
ol
2.56

N.qu
S
29

71

76

<07
o
10.6

11.1
8.5

23

12
0.5

ErY

o

u.u

06
«70
“.8

N.?
15.7
]

73

«03
«23
2,58

314
8.0
29



377
39 350 354 352 353 354 355 356 357 358 359 360 M1 N1 32 373 ;. 35 N6 ST 318 319

50 91 %2 93 S 95 96 97 98 99 100 101 102 103 10k 105 406 407 108 109 110 1M

30 6 & é 30 0 12 0 6 24 30 6 18 » 30 X 0 12 0 30 0 30
76  15.2 15.2 15.2 76 76 305 76 15,2 61 76 15,2 L5, 6 6 76 76 0.5 6 16 16 76
14 6 10 10 4 10 6 8 3 6 1% 4 10 8 8 2 6 22 8 2iy 30 12
LN 0 ® 28 26 16 22 18 20 28 2, 26 2 M % 32 28 18 32 26 8
52 (=R 60 62 70 Tk 72 e Th 66 62 70 66 LB BB L2 62 5 T B 4. 50
0 0 2 0 0 3 o] 2 5 0 Q 0 +] o 0 0 0 0 0 0 o (4]

503 6u1 5.7 6a3 5.7 6ud 58 5.9 5e6 5.9 5.8 5.2 5.3 5.8 5.5 6.0 5.6 54 6.0 5.6 5.8 641
A7 W61 W5k o5 b3 e52  o5B ok W57 478 62 o5k oAb W30 uBb 13 U6 uH W57 o352 423 498

02 02 L02 09 02 W02 02 .02 .02 02 .02 .02 W02 .03 W02 03 02 02 .02 W02 .02 O
b 0 10 W17 W07 W09 W12 15 W07 W08 W06 W07 W09 W17 W06 L1011 Ok W12 L1000 W11 W20
1.92 1,76 1,68 2,64 0.96 1.60 1.32 2.04 1436 1496 1l 1k 1,52 340 1,72 3.36 2.00 1.20 1.52 3.56 1.92 L4.36

2.08 1.88 1.80 2.90 1.05 1,71 1.46 2.21 145 2.06 1,52 1.55 1.63 3.60 1.80 349 2,43 1.26 1.66 3.68 2.05 4.50
L 10.7 1.8 1.5 2.7 39 2.8 1.6 2,0 2.1, 7.8 1.2 1.6 Hlo 2.4 2.9 1.9 2.3 2.5 3.5 b % | 5.2
47 18 100 100+ 39 4k 52 100« 73 78 19 100+ 100+ 100+ 75 100+ 400+ 38 6, 400+ 66 &8




37 318 33 320 3y 322 323 324 325 326 327 328 329 330 33 332 333 3% 335 336 337 338 39 MO M1 M2
% % 0 6 g 6 @ 65 66 67 6 6 70 M 72 B W 15 1% 7 W 79 8 & 8 83

» X P 8 o 4 o 142 6 12 18 18 330 30 30 12 320 2 30 18 2 30 2% 2 0 0
6 76 76 A5 455 45.7 76 30.5 15.2 305 452 L5.7 76 76 76 30.5 76 61 76 457 76 16 6 16 1 76
L » 6 X . 4, 30 2 16 8 W 4 2 32 % 332 26 18 22 28 2 26 20 & & W
N % B % 4 a2 22 22 2 16 26 22 2 28 @22 28 28 22 3B 28 18 2 18 26 P I

% 56 k2 s o 48 52 56 76 60 T S 4 4B KO A6 € 4 W 6 5 62 70 66 56
© o ©°o 3 ¢ o ¢ 2 2 4 © © ® © © 0 O 0 © 0 ©0© ©0 o0 1 o ©

mou huo UIN U.@ U.r W.W hIO Ulﬂ Wcr m.q mlw ﬁl.- U-ﬁ U.h u.m .W.W m.o Ucm mlu m.o Ub‘m mln

oJ2 A8 .
? e 36 L3 W29 Wb W35 W58 W27 W56 428 W15 W21 L1839 W28 W20 L9 W26 W18 W22 W3 W35 W0

L2 W02 JO2 .02
IOU Ig 'JU QAU
1.20 3.00 1,20 2.12

W02 02 L03 W03 02 W02 L03 L02 L02 L,02 L3 03 L0 03 .03 .03 03 .02 .02 .02 .02 .02
.Om .8 lg t._.— 08 -a 18 lam 08 h.—& laﬂ -Jm |4M 08 Q._w tan .am -AW ns 'AN oaa -._U
2,08 0.80 1,36 2.96 2.88 1.16 240 1.96 140 2,80 4,28 4.88 240 1.6k 2.92 3.4 4L.60 3,08 2,40 1,28 1.2k 1.12

1.27 3.0 1.35 2.29
2.3 LS5 Lat B4
5 69 3 L2

2,46 0,91 145 3,10 2,98 1,2 2,51 2,44 1.50 2.9% 448 5.09 2.57 1.75 3.10 3.58 479 3.25 251 142 157 1.27
3.2 2.7 ka2 b9 303 5.2 2,6 34 8.3 3.3 Lt 57 6.8 3.9 (2.3 39 33 9.7 25 1.7 05 2.6
€68 3% 35 63 90 2 97 63 18 B9 100+ 89 3B 45 100+ 92 100+ % 100« 84 100+ 4§
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2.83 1.82
39 2.7
73 67
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61 W57
8 10
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62 63
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L2 02
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Fleld Quadrat Ne.t 260 261 262 263 264 265 266 267 268 269 270 271 272 273 27 275 276 277 2718 279 280 284 282 283

Vegn. Cosptan, Naei 1 2 3 4 5 6 7 8 9 10 41 42 143 W 15 16 17 8 19 20 29 22 235 2
Auger Depth (din.)s 3 3 18 2, 30 30 18 18 3 30 30 3» 30 X 18 30 2 18 6 2 18 18 2 2
Auger Depth (em.): 7.6 76 L5.7 61 76 76 45,7 L5.7 76 76 76 76 16 76 45,7 76 61 A5 15.2 61 L5.7 L5.7 61 61
Clay (L.T. 0.002zz) %: 12 18 & L 8 L 10 4 8 8 I 6 " 8 ] 2 & 16 B8 h L L 10 6
£.1t (0,002 = 0.05zm) %1 % 2 2 2, 22 3% % 3 33 3 30 26 26 2 30 26 18 32 32 H» % 2 20 3B
Sand (0,05 = 2,0mm) K& 7% 58 72 72 70 60 60 62 62 62 66 68 70 68 62 5 T8 52 60 56 66 70 70 56
Stone (.7, 2.0mm) %: ) ) 4L 0 o s} 0 ) 3 1 1 2 2 0 1 o & o o 1 5 3 0 0
pi (8,0): 5.6 5.8 hal 5.5 54 5.7 546 547 53 55 54 5.7 6.0 64 6.7 6.4 6.5 6.1 6.3 6.2 6.2 6.1 6.1 6.0
Organic Carbon % 24 M A3 b W83 JTO W37 L69  L38. W8 AR U3 W63 W53 W61 Ak W25 98 14 W66 W61 4B 57 W61
Ba (meq/100 g): W02 02 02 .02 L02 L02 W02 .02 .02 .02 L02 L02 .02 ,02 L,02 ,02 4,02 ,02 .02 .02 .02 .02 .02 .02
K (m0q/100 g): 21 1 10 A1 W13 W13 b L0 06 L0 09 .22 13 W19 A1 13 W08 L1100 .15 1 08 08 .12 L1
Ca @ Mg (=2q/100 g): L.60 2,00 1,52 2,16 2,08 2,72 2,04 2,36 1,44 1.36 1.48 2,08 1,96 1.60 1,92 2,56 1.12 2,12 2,60 2.72 1,68 0,92 1,56 1,68
Total meq/100 g soil: L83 2,43 1.64 2,29 2,235 2,87 2,20 248 1.52 148 1.59 2.32 2,41 1.81 2,06 2.71 1.22 2,28 2.97 2.85 1.78 1.02 1.70 1.8
C.E.C. (meg/100 g)1 2,6 6.3 6 o5 145 9 B 3 W3 W9 243 W9 1k el 24 28 W3 34 3.2 24 B4 kb 6,5 1.7
Base Saturaticn %: 100+ 30 100+ 100+ 400+ 100+ 100+ 100+ 100+ 100+ 69 100+ 100+ 58 88 97 100+ 67 93 100+ 22 23 26 100+

FLAINS 6: Physico - chemical Analytic Data of Augoered Soil Samples




W2 543 Sk 545 546 Su7  SAB 549 550 551 552 553 55k 555 556 557 558 559 560 561 5624
R 27 28 29 3 3 32 33 X 3B 3% 3 3B 39 A0 4 42 43 W 45 W 4T
o 6 3 8 412 3 3 6 3 30 18 30 18 & 6 3 6 12 3 3 6 6 6
61 15.2 T 457 305 7.6 7.6 15,2 T.6 T6 457 76 b5 45,2 5.2 Te6 1542 3045 7.6 7.6 15.2 15.2 15.2
6 6 & B 8 [ (1 10 & 1 6 6 é 20 4 0 & 4 4 (1 10 & 14
2 2 3 20 2 22 2 P X% X 2 32 20 4 ¥ 20 22 22 3% 5 20 W 3
w7 58 72 6 6 70 60 60 56 70 62 7 4O 62 70 W Tw 6 3B 70 52 5
3 1 2 2 5 0 s 2 1 1 0 4 ] 0 0 2 0 15 0 0 15 1 12
5.8 5.6 5.7 5.2 5.2 LB 5.2 6.0 5.5 6,5 6 T2 5.9 5.8 5.5 5.2 4 70 6.8 5. 43 5. 5
1.2 3.8 29 2.5 50 * 2.2 4ad Lol 2.5 2.9 28 2.8 .25 65 6] B2 2.2 ¢ . 2.0 .68 2.8
£33 b L5 W03 W0 O W05 05 O O 05 06 05 05 L0k 06 02 08 L12 0 O, 05 07
«23 o2k 28 .12 W28 .32 B W26 W17 W17 A0 W25 A3 17 9 €31 16 50 80 65 18 .19 .28
1.88 7.3 7420 3.80 5,72 5.72 2.56 7.76 6.68 5.04 7.68 8,04 6.28 4.28 2,08 T.92 B.29 134 204 15.8 1.80 2,32 9.20
245 7.6 7.53 3.55 6,04 10,08 2,79 B.07 6.89 5.25 8.3 B8.35 6.76 k.50 2,31 1.20 1.38 13,98 21,32 16.55 2.02 2.54 9.53
2.0 A7 36 2.8 4,7 50 34 3T bdr 42 3 4O 39 SA 1.2 2.6 06 33 * 5 2.8 1,0 2.9

100+ 100+ 100+ 100« 50 100+ 100+ 100+ 100+ 100+ 100+ 100+ 100+ 100+ 100+ 100+ * L 72 100+ 100+




Field Quadret No.: 516 517

Vegn. Cozpta. Mo.: 1 2
fugnr Depth (in.): 3 (4
Augor Dapth (em.): 7.5 15.2

ﬂa.w ﬁH\-ﬂ-. OOBNRD_V nu Nﬁ m
Silt (0.002 = 0,0522) ¥t % 16
Send (0.05 = 2,0mz) & 0 78

Stons (G.Te 2.0mz) %1 O i3

P (8,0): 5.9 7.0
Crganie Carbon % 07 24
Ba Ag)r\.mg mVu 08 L5
K (m0g/100 g): 15 .30
Ca © Mg (zey/100 g)s 1.20 7,60

Total =zeq/100 g s0il: 141 7.595
C.E.Ca {meq/100 g): 2.5 3.0
Base Saturaticn %; 56 100+
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F0CY 7: Physico = chezisal Aralvtie Data of Ausarod Soil Samplas
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L33 L3 435 b36 43T L3 LB MO W4 hh2 L3 Wk WA bh6 AT W8 4h9 450 W51 452

2 5 20 12 18 18 12 30 12 30 % o 30 30 30 2 6 30 10 30 30
6 15,2 76  30.5 45.7 A5 0.5 76 30,5 76 61 ¢ 76 16 16 61 152 76 16 16 16
8 3 1w 18 X o0 =20 10 16 ik 06 26 30 30 16 1 26 F 6 10 16
0 0 26 26 20 30 30 40 36 36 28 32 30 30 3l 36 30 . 2 4B 28
2 W 60 56 50 30 50 50 48 30 L6 k2 4O KO 50 50 k& " 70 42 56
) 0 0 0 2 0 L 0 0 0 0 0 0 0 0 0 0 . 0 0 0
346 5 6.5 5ol 548 5.8 5.6 5.7 55 6.2 5o Hel  5eB 5.8 642 547 5e7 * 5.6 5¢2 5T
.62 0,28 1.1 0.35 0,30 0.35 0.33 0.6 0.33 0.6k Ouk2 0.29 0.26 0s21 0433 0.98 0.30 * 0.7 061 0.9
«02 O .05 02 GOk 03 03 02 O 09 SOk WOk 0D 05 .05 03 03 *F 02 03 05
15 AL .18 W08 W29 W19 o7 A7 A7 W28 M 15 21 W22 W2 W7 W12 F A1 09 #19
248 3,42 3.28 1.76 b8 3.80 2.4 1,76 2,88 6.96 3.8 2.92 .32 5.32 2,88 280 2.16 F 1,52 Aebh Lo
2465 3,30 3.49 1.86 5.7 LOB 2.4k 1495 309 733 3,66 3.09 LS8 559 3,47 3.00 231 * 1,65 156 koS
2.8 3.2 2.9 244 b2 2.8 1 1.8 23 L8 1.8 3.8 3.6 9 0.8 3.2 43 * 1,65 1456 kel

95 400+ 100+ 86 100+ 100+ 100+ 100+ 100+ 100+ 100+ 81 100+ 61 100+ 9% 5 0 * 85 T 1K




T

F8% %

411

[} 33& ]

wn

o7

k12 423 L L5 W16 17 48 419 420 L2 422 423 42k 425 426 427 428 k29 430 431 L%
L2 43 44 45 46 47 LB 49 5 51 52 53 5, 5 5 57 58 59 60 61 62
12 18 30 30 20 30 20 2, 20 30 30 30 2% 18 2k 18 20 12 18 30 18
2005 45.7 76 16 76 76 76 61 76 76 76 76 61 457 61 45,7 76 305 457 76 48
6 30 26 26 6 20 32 10 30 20 10 30 24 14 10 8 6 22 26 18

26 2 36 2 4 o 2 36 28 32 286 20 2 36 3 36 38 32 28 L0 2%
68 L6 38 42 50 46 4 S 42 38 62 50 52 50 56 56 56 L6 46 L2 46
0 4 0 0 o o0 0 0 2 0 0o o o o0 o 0 0 o 0 o 0.
5.6 56 Le7 5e5 5.3 543 6.6 5.9 5.7 5.8 6.2 5.7 565 546 60 6.2 6.2 5.6 6.2 5.6 5.9
99 429 W17 423 46D W86 WBE6 W73 «20 W19 52 W2 W21 62 101 Wlh 36 428 .36 .62 .25
02 02 .02 L,02 03 .02 02 .02 .02 J02 L,02 ,02 .02 .02 .02 .02 .02 .03 .03 .02 ,08
W10 413 410 1 W09 L1000 17 W7 W10 11 08 09 10 W11 19 09 W09 W09 L8 15 L1k
136 240 3428 2.0 1.56 2,00 448 2,32 2,96 3.20 1,72 2,88 3.36 2.2% 3.56 1.60 1,56 3.80 468 2.8 3.8

148 2455 340 1453 1468 212 467 251 3408 3.33 1482 2,99 38 238 3,77 171 1.67 392 489 2.65 3.7
2s1 9.0 8a1  4e2 3.5 5.8 Mhel 351 8e3 LeD 3.5 3.8 2.9 2.7 209 15 15 2.5 15 2.8 3.1
70 28 42 36 48 37 33 81 37 83 52 83 100+ 88 100+ 100+ 1400+ 100+ 100+ 95 100
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Field Quadrat No.: 106

Vegn, Comptn. No.: 1
Auger Depth (in,): 18
Auger Depth (cm,): L5.7
Gu-m.vﬂ AH..Q_HO Ongmgv M‘mn b
8ilt (0,002 = 0,05mm) %: 28
Sand (0.05 = 2.0mm) %: 68
Stone (G.Te 2.0mm) %: 0
pH (H 0): 6.9
Organic Carbon %: 39
Na (meq/100 g)3 «02
K (meg/100 g): 0
.

Ca @ Mg AEQQ\.;_OO muu 1.20
Total meq/100 g soils 1432
n.m.n. ﬁgﬂ\-*S WVN ._.l\.
Base Saturation %: 78

GUGA 10: Physico =chemical Analytic
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Data of Augered Soil Samples
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Fisld Quadrat No,: 600 601 €02 603 604 605 606 607 608 609 610 611 612 613 61 615 64

Vegn. Comptn. No.: 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17
Auger Depth (in.): 2 12 12 6 6 30 6 2 12 2, 2, 30 18 12 30 24  1¢
Auger Depth (cm.): 61 30,5 30.5 1542 1542 76 15,2 61 30,5 61 61 76  L5.7 30.5 76 61 A4t
Clay (L.T. 0.002mm) %: W 18 3 10 8 % 24 6 6 12 10 & 30 8 12 10 18
8ilt (0.002 = 0.05mm) %: 16 24 12 NN 36 32 20 36 3 3% 20 30 2L 30 28 16 2
Sand (0,05 - 2.0mm) %: 70 58 5h 46 56 54 56 58 60 5% 70 66 46 62 60 74 68
Stone (G,T, 2.,00mm) %: 0 0 58 0 0 0 6 0 13 0 %, 2 0 0 0 0 0

pH nmmoV“ 58 642 6e3 5.0 5.5 5.5 6l 5.8 5.9 63 6.0 5 5.1 5.6 6,0 5.4  be
Organic Carbon %: 05 W16 20 05 429 &30 12 419 WO A8 16 Jd 16 W2 50 32 W0
Na (meq/100 g): Ok 05 13 W07 O 07 W12 W03 10 W03 WOk 02 W13 W03 W05 04 40
K (meg/100 g): b 17 38 10 Wt W13 G2 09 A3 M S22 07 21 09 2 A
Ca @ Mg (meq/ 100 g)s 284 4o36 10,7 2476 2432 34l 8,00 1464 1,60 2,28 2,96 0.88 3. 44 2.20 3,08 2,00 34
Total BGM\AOO 8 mOm-Hu W-.Uhlu b-lwm AAQNA NOWW N‘h—.ﬁ UOP mlg A!‘Nm A.mu NL—-N UCJN OOW.N Ua-—um NQUN WONW NUAW u.
C.E.C. (meq/100 g): 1ol 17 Le5 16 8 14 2.7 o8 ol 142 186 8 292 14 14 B
Base Saturation %3 100+ 100+ 4100+ 4100+ 100+ 100+ 4100+ 4100+ 100+ 100+ 4100+ 4100+ 100+ 100+ 100+ 400+ 10O

GUGA 11: Physico - chemical Analytic Data of Augered Soil Samples
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A/T A6 AJ6 AJ5 AJ4 A=3  A=2 A=~1 9-10 9 7 A-10 A-9 4-8 5/6 174 1T

Field Quadrat No.: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Vegn. Comptn. No.: 1 2 3 4 5 6 .7 8 2 10 "1 12 13 14 15 16 17
Pit Depth (in.): 105 180 90 98 98 30 78 120 187 168 168 98 40 186 186 132 185
Fit Depth (cm.): 267 457 229 249 249 76 198 305 475 427 427 249 102 472 472 335 472
Clay (L.T. 0.002mm)%: 16 22 24 18 22 10 20 18 12 14 18 38 32 16 26 24

12
Silt (0.002 - 0,05mm)%: 40 48 54 4 28 44 46 52 46 42 46 48 36 50 56 24 24
Sand {C.05 = 2,0 mm)%: 44 20 22 38 50 46 34 20 42 46 40 34 26 18 28 50 52

Stone (G.T. 2,00mm) % 4 0 o} 45 50 20 0 0 40 6 0 0 5 22 0 0 0

pH ﬁmmov" 642 6.2 5.9 548 6.3 6.1 5.6 6.2 5,9 6.1 6.0 5.8 5.2 5.7 6.1 5.7 6.0
Organic Carbon %: 54 1426 1.40 1.04 .29 1.00 1,00 1.28 1.32 1.48 .72 .70 .18 .67 1.44 9.44 10.88
Na (meg/100 g): 02 .02 .02 ,02 .02 ,02 .03 .03 .02 L,02 .03 ,03 .08 .03 ,04 L10 .10

K (meq/100 g ): 23 W24 13 10 W09 0T LO7 W19 W12 L1100 260 W09 19 W09 L1 W37 W44
Ca @ Mg (meq/100 g): 1.84 3.64 1.80 1.00 1,96 1.64 .32 2,08 1.56 2.20 2.00 2,00 0.32 1,60 2.68 4.28 4.52
ﬁdo.ﬁm..w. Bmﬂ.\'goo m mau.uun NOO@ Wcmo domwm AQA_N NOO.N s..l.ww QiA.N NUWO ._Ouﬂo NQWW m.mw m.AN OOWW .ﬂlsw.m W-ow &.nlwm mla 4
C.E.C. (meq/100 g): 6.03 8,36 9.61 6,09 6.85 5.88 5.48 T.70 T.67 9.00 6.52 8.60 14.93 9.73 8.00 43.46 44,76 4°
Base Saturation % 35 47 20 18 30 29 8 30 22 26 35 25 4 18 38 11 11

UYELLO 123 Physico-~chemical Analytic Data of Pit Soil Samples
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