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: ABSTRACT

An ecolopical study was conducted from April 1974 to
-
July 1975 in Beonoue Natlonal Park, Cameroon, West Africa.
The major objectives of the study were to deltneate the
L Y .

major plant communities, examine some of the-coffects of
e‘nmml burning, evaluate tHe numbers and distribution

. 4 . (\
patterns of the larga herbivores, and describe habitat-use

relationships within an insular. large herbivore community.

.

Vegetation was classified into five major communities
based on dominant species and structure: namely,

Isoberlinia woodland | Anogeissus ripgrian forest, ‘

1

Terminalia laxiflora open savanna, Ta macroptera open
. I I ’ T w.;.,,h_‘.—

T :
savarina and Burkea-Detarium open savanna. Tufted

perennials of Andropogon spp., Hyparrhenia spp. and
Loudetia spp. dominated the ygrass layer.

Benoue National Park is burned annually during the

carly dry season. This is a critical time of the year,

+
\

. tor although fire plays an important role for grazers in .

encouraying new, nutritious pgrowth of perennial grasses

1

there are detrimental cffects on the wood% species,

<Afzelia africana. Afzelia africana is a common, somewhat

fire—tolerant species, but under annual burning, Afzelia

woodland is dying and being invaded by Monotes kerstingii.

Basal scarving is severe and chronic on the majority of

Afzelia africana.  Four Wandred and eighty-nine Afzelia
trees In 5 different stands were randomly selected and

measured. Twenly=two Afzelia trees were aped. Direction



/ v ' .
ot busulynrs revealed historic and present =day annual

-

fire s(r(cn(l in Benoue National Park and aplng revealed 2

distinjet fire histories., Annual burning appears to be the

cause of the decline of Afzelia woodland due to repeated

scorching ot cambial cells which do not allow time for

basal -scars to heal. ‘

. -
The most common large herbivores in the park are

i

Button's kob (Kobug nggﬁ), defassa waterbuck (l(ohus I

defassa), western hartebeest (A/lculaphus buselaphus), roan

4

antelope (Hippotragus equinus) and savanna buffale .

s

s /
S b .:g‘
, | o g
(S“yj)cerus caffer brachyseros). - Stzmdﬂrdlzed .roads Tdgg~?) P
e —— e A T - . .

¢ ‘

count’s and fo‘ot transecty wo.nf established to determine
the numbers and biomass of the five large herbivores, to
detgrmineg [ht*.ir geopraphical disgrihn[ions within’ Benoue
National Park and to determine use of the five major plant

» <

communities and habitat overlap during the dry and wet

seasons.  Beonoue National Park .appears to be below its

—

restimated carrying capacity, probably because of poaching,
: /
Distribu“%‘?ons of large herbiv’rcs Llay on an east-west

pradient in relation to the perennially flowing Benoue

River. Hipghest animal concentrations throughout the vear

were: found within 10 km of Benoue River. Habitat overlap

amonyg all five large herbivores occurred more during the :

dry season than wet season.

Results of the study are pcused din o preliminary :
e : . : .
management plan.  The three most important and immediate

concerns for Benoue National Park are fire control
b

especially in Afzelia africana woodland poaching and

vi



hunting pressure. Tourism and park extension are of less

fmmediate concern but are also addressed.

[

vii
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CHAPTER 1

INTRODUCTION

Benoue Wational Park, Cameroon, is one of several

licecle-known protected areas in savanna West Africa. The

o
.

park is an island ot protected habitat encircled by

hunting zones. It's area of 180,000 ha is small in
relation to the total of 2,000,000 ha under protection in

Cameroon, and in comparison with many protected areas in

Africa. With only 1l large mammalian species, faunal
diveré;cy\iSNCUrrespondingly low (TébLe 1.1) (also lower
than one would expect on the basis of area). :

From April 1974 to July'l975, I conducted an

# " s N
ccological study in Benoue National--Park. The study,

jointly sponsored by the UnitédANacions Development

Program (UNDP) and the Food apd Agriculture Organization

|
(FAO), provided a unique and challenging opportunity to

’

.exémine hablitat and wildlife in a repres?ptative’sa§anna
ecosystem id West Africa.

ThHe term “savanna”™ was probably first used in Central
America where it denoted scrublands, marshes or any other
areas not covcredeith forests but consisting mainly of
grassy plains (Richards 1952). However, its
interpretation has hecn‘hroaq. Beard (1953) dcgincd
savanna ay “communitiecs comprising a virtually concinuous,.

ecologically dominant stratum of more or less xeromorphic

w L .
herbaceous plants, of which yrasses and sedges are the
I Y )) })

principal components and with scattered shrubs, trees and

-



Table 1.1 Size and faunal richness of some protected areas in East
Africa compared with Benoue National Park (Soule et al. 1979).

Number of large
Protected Area ’ Area (km?) mammal species

Tsavo NP, Kenya 20808 o 63
Serengeti NP, Tan;ania 14504 70
Ruaha NP, Tanzania 12950 49
Ngorongoro CA, Tanzania 6475 40

Murchison Falls NP, Uganda 4040 42
Amboseli GR, kenya 3261 56
Aarsabit Né, Kenya 2072 46
Queen Elizabeth NP, Uganda ‘ 1986 48
Masai Mara CR, Kenya | 1313 66
Kidepo Valley NP, Uganda 1259 44
Mikumi NP, Tanzania 1165 34
Meru GR, Kenya 1021 58
Aberdares 1P, Kenya 530 43
Mt. Kenya NP, Kenya 588 R
Lake quyara NP, Tanzania 319 42
Samburu-Isiclo GR, Kenya 298 56
dairobi UP, Kenya 114 56
Ngurdoto Crater NP, Tanzania 54 .38
Benoue NP, Cameroon 1éOO M



palms somcfimcs yresunt". Kimble (1960) described savamna
as oa vugucutinn'typc compriﬁnd of grasses, shrubs and
trees adapted to conditions of alternating wetness and
dryness. Hill (1965) added that vegetation formations
such as gallery (riparian) forest and forest mosalcs are

. : .
likely to be present.

Savanna in West Africa, first described by Chevalier
(1900, 1934), encompasses approximately 4,950,000 ka(Pugh
and Perry 1960), including parts of Senegal, Malf,
Mauritania, Upper Volta, Ivory Coas;,bTogo,‘Chana, Niger,
Benin (Dahomey), Nigeria, Chad and the United Republic of
Cameroon. Despite this magnitude, ecological studies of

///
savanna ecosystems in Wes{ Africa have been largely
overlooked in prefergnce for studies in East Africa.

The ecological stddy in Benoue National Park was the
first of its kind. Identifying, classifying, recording
and cataloguingmthe park's resources, flora and fauna were
‘therefore necessary. For reasons beyogd anyone's control,
Tesearch was usually carried out alone and much of the

work had to be opportunist and patt-time; funds for

research were very limited. For this reason there are

gaps in the pattern that emerges and the quality of the

data collected is variable, Inferences have been made
about thé management of Benoue National Park from the
~results of [short-term studies. Clearly, a continuous
monitoring system for Benoue National Pack is desirable
cand it is/ hoped that others will build on this study's

findin;g7. : N



Over the 16 month study, data were collected on the
history, élimntc, topography and peolepy, solls, dratnnge
and water rvesources, vepetation, fire and wildlife. This
thesis synthesizes that dat&.

Specifically, the objectives of the study were:

.

l. to delingate‘thc major plant communities;

2. fo eiamihe some Of fhe cffects of annual

burniag;

3. to evaluate the numbers and“disgribution

éatterns of the large herbivores;

4. to describe hébltat—use\feldtionships within

an 1n§ular, large herbivofe_community.
This thesis has fhe following organization: - Chapter
LT ércsencs a brief deScriptioﬁ of the study area, its

history, climatg, topography and geoiogy, drainage and
water regources, soils, vegetation and wildlife. Chapter
111 provideé an objective phytosociological delineation of
the m;jor plant cbmmunities.v Chapter 1V reviews the fire
history of Benoue National: Park and effects of annual
burning'oﬁ ground cover ﬁTﬁ_ifzelih africana’uoodland.!
The numbers, discribution‘barCerns and habitat.preferénces
of the larger herbivores are presented in Chapter V.,
Chapter VI examines the role of X ..,ue National Park as a
protected area in Africa and concludes the thesis with a

‘e

preliminary management plan.



CHAPTER 11

STUDY AREA

Benoue National Park (lac. 7'53: ~ 8740 N; lonu:
13°4" = 14°1'E) attalned national pn}k sLutus‘in 1964,  1¢
was first established oﬁ November 19, 1932 as a forest
reserve. Buffie Noir hunting camp had been established S
years earlier. Situated on the Benoue plains at the foot
of the Adamaoua Plateau in north-central Camuroén, the
park lies cdmpletely within che‘Norfhctn Guinea Savanna
Zone. 'Tﬁe eastern boundary of the pnfk follows the Benoue
River while a tarmac road delineates the greatest part of
the western park boundary. The northern and southern

boundaries are demdrcated by phe Laindeaol and Sala

Rivers, respectively (Fig. 2.1).
2.1 History

’It is iikely that man occupied what 1is now Benoue
National Park for a considerable length of time. From
Letouzey's acé0unt (1948), it is apparent that what is
Qacant today, was “fairly héavily populated” during the
late 1800's and early 1900"s. Archeologiéal and
ecological evidences uncovered dufinﬂ the study supported
this view. O0ld village sites and grinding stones were
often discovgred. The distribucion'éf Adnnsoniﬁ.di itata

hnd'Pilioscigma_thonningii trees, both of which have

edible pods, confirm human habitation. A few old village

. sites are demarcated by the sausage wree (Kigelia
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Fig. 2.1 -Benoue National Park - Its positlion and slze 1n relation
to the United Republic of Cameroon.
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d(![')ioj)i(\l) whose truit

is also edible. Numerous pottery
«
shards are common ar sach sites and porticns” of old
boukacoo (mud hat) walls still seand.,
B
’ )

el

Climate

!
"

Climate is ot considerableecoloyical {mportance. |
. i I

Benoue National Park has two seasons characteristic of

a

.
Ka"‘
tropical climate a lony, well-marked dry season from‘j
R

()

late November/early December to mid-May, and a wet sea§;
1y

¥

wet (August) months coincide with the pPassan
tropical air masses.

During May the first st%

Rains are light and intermittent but winds are violent and
atmospheric electricity is high.

/
The wmajority of
thunderstorms, averaging 100 per year, commonly occurs

¢

during August ard September (L'Institut de-Recherches

Scientifiques du Cameroun 1971).°

Unfortunately, there are no meteorological stations
human settlement.

in the park, largely because there is little surrounding
Therefore

, temperature, humidity and

. - q

ralnfall were extrapolated from stations outside the park,
namely N'gaoundere and Garoua.

south of Benoue

At N'gaoundere, 160 km
National

Park, the

annual mean (averaged

over a 12 year period) maximum temperature is 28.6°C and
at Garoua, 200 km nofth, the mean maximum (averaged over a
IS year period) is 34.7°C (Letouzey 1968). Mean minimum
temperatures are 15.7°C and 21.3°C’for N'gaoundere and
Garoua respectively (Letouzey 1968). The

mean minimum and



waximum temperatures tor Benoue National Park should be
stmilar to the values recorded in the two cities.

Humidity 15 penerally low.  For N'yaoundere, the
monthly mean relative humidity is 677 (range 60-73%) and
tor Garoua the mean is 582 Crange 49-67%2). Accordingly,
humidity for Benoue National Park should he simtlar to the
vialues recorded 1n the two clties.-

Rainfall is of most interest, larygely through icts
effect on the lengeh of the growfng season. Average
rainfall (averaged over a 31 year period) at N'paoundere

is 1,582 mn and 1s 985 mwn at Garoua (Letouzey 1968).
2.3 Topography and Geology

Bcn‘!g)uc’ National Park ranyes from 300-1000 m in
altitude. The land rises gently south-east from the
southern regions of the park’and then talls fairly steeply
to the lower flood-plain around ‘Laindeaol River in ths«
north and from the o to the Niger-Gulf of Guinea 1
watershed.

Three—quarters of the park s underlain by a Basement
Complex of late Pre-Cambiaun metamorphic rock, most of
which 1s granitic and forms the central massif of northern
Cameroon. Gneiss overlays most of the park, except the
north-west region which is_§ovcrvd by grey and red
sandstone laild down during the Cretaceous period (Brabant
and Humbel 1974). Early fctrusions of porphyritic grénite
(Gazel 1956):exist in the north—central region of the

"park. Here, mountains attain heights up to 1000 m. These



hiyphlands have withstood the levelling influences o
veathering and erosfon and represent small, relatively
clevated relics of ancleat landtorms. They do not torwm
part ot a mmmt.‘lltn chaln and therefore do not form a
barrier-1like teature. More recent intrusions (some mere
surtface t!\'xpm;urcs, others heaps of bhoulders up to 40 m

high) are found scattered {n the southern part of the

park. These are composed mainly of basalt (Brabant and
Humbel 1974). The-entire park is dotted with isolated

steep-sided hills.
2.4 Soils

Solls of Benoue National Park are classified as
ferruginous tropical (Bridges 1970, Brapant and Humbel
1974). These soils are found where there is d pronounced
dry season and in previous classifications) these soils
were called red earths or red latosols. In Benoue
National Park; these soils can be broken down into soil
subtypes based on underlyiung parent rock (Fig. 2.2). For
the most part, the soils are derived from granite, ynelss
and acid schist. The pH is gencrally"slightly acldic but
becomes more basic wi;h depth (Nye and Bartheux 1957).

The clay fraction is predominantly kaolinitic, often with
small amounts of {llite (Kowal and Kassam 1978). Surface
horizon cfay content is varfable (0-25%) depending on
parent material. Cation exchange capacities are low (1-10
HE/lOO gn soil) (Kowal and Kassam 1978).

Free drainage occurs in the upper horizons and- as a
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Sesquioxtde Solls
~-bleached soils

-poorly developed
-on acidic rock

—ovidized soils

—on sandstones
—on yrantte

Mineral Soils
—erousion sotils
-on diverse rock

Hydromdrphic Soils
-mineral soils
-pseudogley solls
-original material
(non—-differentiated)

Juxtapositions
-sesquioxide soils

. . .. ) \
Fig. 2.2 Soils of Benoue HNational Park (adapted from Brabant and
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A}



result of leachtog ol fron compotunds ) oan eluvial hu(iqm
of tree fron oxides ocears ia the torm ol coneret Foneg,

0
mottles or terrupinous hardpaos approximately Vometegsy
below the soll surtace (Nye and Greenlaod 1960, Kowal aad
Kassam 1978) . These soils are nore vellow in colour where

molsture conditions prevail tor longper periods. A typical

prottle of a ferrugloous tropical soil is found below:

0-5 cm  Very dark brown to dark grey-brown
clayey sand to sandy clay, penerally
structureless; tew ferruyinous concretions.
5-20 ¢m Tr.n1ﬁi;i<n).
20-120 cm  Dark brown or brown-yellow clay or -
sQde clay, structureless; moderately
compact; normally with a few ferruyginous
concretions.
120 em+  Parent rock.

(adapted from Bridges 1970)
2.5 Drainage and Water Resources

Benoue River, the greatest of the HMiger tributaries,
drains almost the entire park. Descending from its source
on the Adamaoua Plateau, Benohc River winds {ts way
northward interruétcd by falls and rapids through'xranitic
bedrock. It gradually widens oaro an alluvial plaln afrer
the confluence with the Laindeaol River in the extreme

north-east corner of the park. The Sala River drains the

southern region of the park.



. ‘ ' 12

A number of small tributaries join the Benoue River

)

inside the park. These arc:msudlly quite. short and have a .
highly seasonal discharge, only a trickle between February

° ) S
and March, with dry beds in smaller channdls, rising to a ,

/

peak_in September—October{
. % s
. It is not until late-June after the first heavy
e o ’
ity st
!

¥nfalls that Benoue Rivg$ begins co rise noticeably.

fhe level rises méptdlj during July and reaches its
méximum in August."High water continues after the rains
h;vé'geased but théxievéi drops rapidly during November
and'Décémber to the base—flow qof February/Mafch. Pelieway

(1971) QUotéd that the average volume of flowing water

past a given point in November was 1/5 the volume flowing

N,

. . IS
in the previous month.

‘Water supply ié not a problem in Bénoué National
Park. ,Ih addition to the perennially fldwing Bénoué and
‘Sala éivers, all gajor watercourses have pérmanént sﬁgded
, p%ois of water ;}ohg the?r lengtﬁs~throughouc thé dry

‘season. In the northern interior of the park, a large

.

waterhole exists which is important to wildlife towards

the end of the dry season. ‘Heavy clay-lined depressions . R Vs

A

(pans) s¢attered among open Terminalia woodland fill with-
water durfng the wet season and retain water until

~mid=February.

-

2.6 Vegertation

\

Vegetation consists of open savanna woodland (Chapter

L

_II1), cypified by Isoberlinta spp., Afzelia africana and

EN

N 3 e S

&l



-
Terminalia sppl”gThese trees are usually short-boled,
b;oéd~leavedﬁand reach helghts up to 9-12 m. At.best;
these trees form clased woodland but‘wherever the Creé
canopy {is open;‘perennial grasses af Andropogon épp. and
Hyparrhenia spp. dominate the ground layer. Woody.
climbers are presont locarfff -Over 142 species of trees

and shrubs and 85 species of gfasses occur within the park

(Appendix 1).

[

CO
2.7 Wildlife '

@

, £ '
Information on wildlife in Benoue National Park prior

to this study was almost non-existent. Apart from

Letouzey (1948) who stated rhat game meat wa “readily

-

availablé", no information on»wiLdlife speciles or
populationslwas found. Jeannin (1951) gave population
éstima;es of varioué wildl{fe species but these
represented national totals and not populations for
specific parks and reserves. Although the 1list is ﬁot
exhaustive, there are over 45 species of mammals.(Appendix
I1), 12 species of reptiles (Appendix IIT), and 200

species of birds (Appendix IV).



CHAPTER 111

Classification of Majot Plant Communities’

; N

Knowledge of plant communities, their present status
and ecological significance to wildlife are essential for

sound park management. . Delineation of plant communities

in Benoue National Park, ‘therefore, was awarded high

: -
priority in this study.

Differentiation among plant communities has been

determined using physiognbmic (structural) and floristic

.

(taxonomic) -characteristics (Bgérd 1944, Kuchler 1960,
,Hopkiné 1974, Moll, Campbell and Probyn 1976). 1In terms
of individual plant characteristics, features such as

herbaceous and woody, tall and short, plant densities and
spacing, leaf-size and phenology can be used. For N

example, Aubreville (1949) differentiated vegetation types

taxonomically but placed more emphasis on the

physiognomic—structural approach. .Richards, Tansley and

4

Watts (1939a,b), Kuchler (1947), Hopkins (1957) and Keay
(1953) idcntiffed WCSC%African savanna vegetation by the

. .
dominance of certain species.

3.1 Methods

Field work was carried out in two stages. During the

first stage, a general reconaissance of the park was made.
Floristically distinct plant communities were confirmed
2

using randomly selected line transects approximately 2 kn

{n length throughout the park. A total of 78 line



transects werd run. Arboreal vegetation was tdentified,
photogfaphcd and marked on aerial photographs (scale
l:S0,00U).‘ Grasses and forbs were recorded using
paced-line transccts primarily during the wet season when

positive identifications were possible. Plant species

which could not be identified were collected, mounted and.

sent to Wageningeﬁ,‘Holland for positive identification.
During - -the second stayge, physipgnomic—structural

aracteristics of each stand were fecorded»using a

standardized field data sheet (Apbendix V). The

collection of environmental data was standarized and

limited to factors thought té be of major importance in

determining community structure and composition. . Thirty

stands were randomly sélg;ted to represent the diversity

)

of vegetation in the park. v

7

3.1.1 Stand Measurement

Procedures followed Moll et al. (1976) with
modifications: in addition to noting biotic influences,
the following site factors were recorded at every secdnd

step along each transect:

l. Topography: aspect and percent slope.:
! N
2. Mean diameter (cm) of surface rock and

N @
percent (%) total roch%&@ver: 0 representing
-b 7'

’

0 % rock cover, | representing 1-5%; 2

representing 5-25%; 3.rcprescnting 25-50%;

4 representing 50-75%; 5 representing 75-100%.

£

>

Ean s



3. Soils: soll texture:/ color.
4. Moilsture regime in general terms: dry;

seasonally moisc; seasonally wet; permanently wet.

Floristic data were used to group plant communities
Ifnto similar physiognomid-structural classes.
Classification of different plant communities was compi led
'usiné 30, 80-point line transects. Every seccond ;[Qp was
/
held staciqnary in the direction of march. If the toe

landed on a grass tuft a "hit” was recorded. The

following were also determined at every second step:

l. Percent tree canopy cover, a suﬁjective estimate:
(0-25%; 26-50%; S1-75%; 76-100%). -
2. Distance and tree species (>l metre in height)
glosest'tonghe vertex of the right angle
. formed by the fighc and left foot and within the
bound;ry formed by the imaginéry projectidné
from both.fee; (Fig. 3.1).

3. Height of the tree closest to the vertex.

4

3.1.2 Statristical Analysis

VPriACipal Component Analysis (procedure HIERARCHY and
procedure RELOCATE) was applied using the CLUSTAN IC
cluster analysis package (Wishart 1975). '

.Principal Combonent (Factor) Analysis (PCA)
transforms a given §eF‘of va;iableé Into a reducged set of
éodposite variables of érincipal components (Auﬁtin and

Orloci 1966, Clifford and Stephenson 1975, Nie et al.



Fig. 3.1 Vertex formed by the right and left foot, every second
step, 80-point line transects, Benoue National Park, 1977.

>

Distance (m) to the closest tree > m high

A =
B = Tree species >1 'm high
C = Imaginary lines from the left and right foot with the vertex

formed.- as origin



1975, Wishart 197%). The analysis displays clearly and
s .

conveniently many of the relationships among the
disttibution of stands. It provides axes which are
extracted in a descendiny order of Importance (Austin and
Orloci 1966) which are orthoponal (uncorrelated) v.'md which
are oriented in the direction of maximal vegecatiyn
variation aﬁong plant communities. PCA enables variations
to be treated as a continuum rather than as discrggc
associations. Eigenvector values indicate the rélacive
importance qf each axis and therefore, the degree to which
the original variables aré assoclated withveach component
(factor). .PCA is multidimensional and can provide as many
axes as desired.” In this study, the first three ‘
dimensions were used. N

Hierarchical cluster analysis (procedure HIERARCHY,
Ward 1963) based on the least increase iq_the'errok sum of
sduarcs starts with N clusters which are Auﬁbered
according t; the input order of the individuals. It
produces a fusion hierarchy from which an asséciated
dendrogram is drawn. The dcndrogram Indicates the level
where the groups (plant communities in this case) make the
-best 5plitﬂon an intuitive basis.

Classifications derived by procedure HIERARCHY were
optimized using an iterative rclocqtion procedure.
Procedure RELOCATE starts with a classification of the

population of N individuals into K clusters. During one

relpcation scan, each individual is congsidered 1n turn and.

¢
i

its similarities with all K clustefs are computed. . It the '

/



similarity with another clustor Is preater than the

v

similaricy with the pareat cluster, the individual will be
relocated to the new cluster. If the same resulting

classifications are obtained frow several different

5

starting groupiogs, then the probability that the global

: 2
solution has been achieved is high (Wishart “1975).

3.2 Results and Discussion 2]

3.2.1 Levels of Vegetation

Three more-or-less distinct overall strata of

z

vegetation based on height were distinguished in Benoue”
R . ¢

National Park (Fig. 3.2). The uppcritrce level (level
III) consisted of relatively tall trees over 7 metres,

often reaching 11-18 metres in height. Afzelia africana,

Isoberlinia doka’, 1. tomentosa. and Anogeissus leiocarpus

were the most common tree species in this level. Thelr
o ‘ . N .
boles were relatively short but they had full spreading
crowns. Other common trees in this level were Burkea

africana and Lophira lanceq}ggg- The latter two had tall

straight boles. Other less common species were Borassus

aethiopium, Ficus- spp., Butyrospermunm paradoxum and Uapaca

}

-

togoehsis.
The intermediaty tree level (level II) éonsisted of

trees up to approximately 7 metres in heigher., Terminalia

-
macroptera and T. laxiflora were the most common trees,
although Combretum spp., Piliostigma thonningii, Monotes
r

kerstingii and Crossopteryx febrifuga were very common,
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Annona senegalensts, Lannea spp., Detarium microcarpum and

Haytenus senepalensis occurred less frequently. Within

this level, youny trees of the upper level were

represented In ditferent stayes of prowth. In riparian

[y

forest, regeneration in this tree level was restricted ro

shndc~tolerdpc trees such as Prosopsif nfricugﬁ, Eggbrctum
Spp. andAﬁSﬂgiﬂ Spp.
The shrub ieycl (Levul_I) ?ncludvd erect and climbing
shrubs as well as tree scedlings and suckers. Annual
fires prevented this level fron gstablishing except along

watercourses and in heavily shaded valleys and

depressions. The most common erect shrubs were Profea

angolensis, Ziziphus mucronata, Nauclea latifolia and

Gardenia erubescens, the latter often reaching 4 metres in

o

height. Opilia celtidifolia was only present locally. In

open, flat regions of Benoue Natlional Park the heights of

Piliostigma thonningii, Cembretum spp. and Terminalia
: .

spp. were often held in check as a result of fires and

made up a gpod part of the shrub level. The shrub level
wias never continuous apart fron areas on rocky hills and
along watéréourscs.

The ground level was dominated by perennial grasses

3

from the genera Andropogon and Hyparrhenia; they reached

up to 2 metres by the end of the wet season. The ground

between tussocks was more or less bare and tussocks seldom

formed a complete grass cover. Andropogon gayanus {s the
/ ' ¢ .
must widely distributed and abundant grass in Benoue

National Park. It {s a larye perenntial, forming dense,



hemispherical tussocks up to | metre in diametev. 1t
appears to favor sandy and sandy-clay soils which
predominate throughout Benoue National Park. [t is
drought -resiscant (Hopkins 1965) and forms the principal
r\url.tk)r 1n\nlu¥l Pires in the park. Burning oot only
removed dead and macture leaves but most of the young green
fFlush as well. The ground becomes bare and blackened and
trees in the lower level become charred and usual¥y
leatless.  The leaves are efther burned off or fall
naturally. Although areas of the park rested in this
burned state for{cuo or three weeks, those areas
préviously overlain with good .t s 5 cover, especially

where Andropogon gayanus prev.: . | sent up new shoots

very quickly after the last fires. Rhizomes are probably
responsible for the ecarly regrowth and fire drought

resistance of this grass. Tussocks of Andropogon gayanus

/
grow radially. Large tggﬁgcks encircle a central portion -~
of dead tillers. These central portions were declining in
vigour and did not send up new érowth even during the wet
season. After burning, these central portions were

completely consumed by fire and did not resprout.’

The annuals, Brachiaria bizantha, Setaria sphacelata,

Loudetia spp., Imperata cylindrica, Spdrobolus

pyramidalis, S. festuvius, - Panicum spp. ‘and Pennisetun

spp. have shallow, fibrous roots and are the first
rrasses to flush at the commencement of the ralny season
.after the first light showers. Prior to the peak of the

rainy season (July/August), these grasses form the bulk of

22
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f

/ B
the grass cover.  However, dnouals makoe np only a small

'

h A

component ot the prouvnd Layer:  trom paced=-line rransecty,
.nuym.lls; made apaless than Yoot the total yround cover,

Andropogon gayanus and

.”}(Ejif}:hff}}ll spp. overtake these species in heiphe.

In peneral, prasses were shorter on hilltops and
mountains than on slopes and lowlands. This wias due to
the soil catenas (Bell 1970, Laws, Parker and Johostone
1975). On hilltops and mountains, wind and rain had
sévercly proded soils leaving bare, exposed rock
interlaced with cracks which trap enough soll to support
grass growth. This soil -was heavy clay and during the dry
season, became hard and dry. o

On slopes and lowlands, soil depth and s<)ilA[noI:;t11rQ
retention increased. Tree cover, qbscnt on hilltops and
mountains, augmcntéa $01l moisture retention anq
productivity as a result of leaf fall. Lowlands supported
#ood yrass production averaging 1.5 metres in height
during the wet season. Grass cover on slopes was high but
intermittent and averaged slightly less than | metre in
height durinyg the wet season. Clay loam soils and

lowlands showed higher productivity than sandy clay soils

of slobes“and clay soils of hilltops and mountains.
'fﬁg.z Habitat Class{fication -

Relationships amony stands were classified by
orthogonal principal components (factors) (Figs. 3.3,

3.4, 3.5). Facrtor 1 (4 slope) and Factor 11 (soil

b
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texture) accounted for 17%~and 13% respectively, of the
variance 1in the data as a whole and appeared to represent

S the catenary gradient. Only two (original) stands (4 and

20) were not classified. Anogeissus riparian forest and

soll mofsture were positively associated with Factor 1

while open Te;minalia laxiflora,_I. mac£OPCeré savanné
aéd grass cover vere inversely related. Factor Il was
(highly) positivel§'assgciated with Isoberlinia woodland
and soil moisture while negagively associated with open T.
laxiflora,‘z. macroptera and grass cover. On the basis
of these two factors, ‘a separatign‘betwecn forest and apen

woodland and between moist soils (good grags cover) and -

v N

dry soils {poor grass cover) repectively took place.

There was a definite grédient*from open ‘savanna; good
grass '‘cover and mbist, clay soils to dense forestiy"and
‘woodland, low grass cover and dry, sandy loam soils.
Factor Ifi (% total surface rock cover),did not
contfibutevgreaclyvto plant communicy-classificaciqns.}

.

However, the distinctiveness of Terminalia laxiflora and

T. macroptera was highlighted. The discrepency caused by

.the,pre@qminaﬁce of Monotes kerstingii in stand 4 and
P:étca spp.  1in stand 20, Aid not affect the vegetation
clhssification as a whole or the characteristics of each
CLQSCQr.

Fig. 3.6 disblgyg tl. ndrogram produced with

procedure HIERARCHY. ' Examining photographs taken of

stands in the field and considering

c . e . R . , Y
physiognomic-structural characteristics of each stand, a

L e
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HABITAT CLASSIFICATION DENOROCRﬂﬁ :
‘Fig. 3.6 Dendrogram produced bv procedure HIERARCHY showing
<18531flcat10n'§ of 30 stands. The vertical §x15 represents g
measure of homogencity of each cluster’ usmgfthe least increase
error sum of. squares. The dott horizontal 1ine represents the
"best' level where p‘f}ant commurr es are ‘defined. Symbols as in

Fig. 3.3. . : <
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horizontal l{nu was drawn subjectively, designating five
recognizable plant communities. Fig; 3.7 represents the
cluster circles drawn by procedure HIERARCHY. They were
drawn almost exactly the same as by PCA;

Procedure RELOGATE>produccd five cluster circles the
same as PCA and procedure HIERARCHY further establishing
the robustness of classification. Therefore, from PCA,
procedure HIERARCHY and proccdurc RELOCATE, five major
plant communities were defined. PhYsiognomic and %&
strucchal characteristics of each stand are listed in
Table 3.1 and are described below. Photographs of

representative stands are provided in Fig. 3.8.

l. 1Isoberlinia Woodland

1

[soberlinia doka is a broad-leaved decidubus species

reaching heights of 18 metres. It was, found predominantly
on incline areas and upper slopes where drainage and

erosion left accumulations of pebble-sized irounstone.

Often found in pure stands, the foliage of?

.

erlinia

. C 3
doka (up to 14 metres in dfxmwtut) frequently formed a
Lord b .

5
closed tanopy.

Woody species associated uich-Isoberlihia woodland

Iincluded Protea spp., Burkea africana, Crossopteryx

febrifuga, and Gardenia erubescens. In some sections of .

the park, notably the south-east, Isoberlinia tomentosa

more-or-less completely replaced Tsoberlinia doka. The

major grasses werce the percanials Andropogon spp.,

Hyparrhenia spp. and Sporobolus spp. Their total basal

29
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ared averaged 107,

2. Anogelssus Riparian Forest

Tree and shrub forests occu;rfng alony streams,
valley bottoms and riverbanks are often referred "to as
riparian or "gallery forests™. lVegcCation.was usually
thick and often fmpenctrable, particularly during the wet

season. The dominant tree was Anogeissus lelocarpus.

Other large trees consisted of Borassus acthiopium,

Prosopsis africana and Combretum spp. Pterocarpus
Rt

erinaceus was a much less common tree located in the lower

tree level.

Acacla ataxacantha, Ficus Spp-, Syzyglum macrocarpun,

Ximenia americana and Ziziphus mucronata made up the o

majority of -the lower tree and thicket-forming layers.

«
3

Basal area of the perennials Androposion spp., Hyparrhenia

spp. and Eragrostis spp. averaged 3.

3. Terminalia laxiflora Open Savanna

\

n

This open savanna woodland supports primarily

e

Terminalia laxiflora, although frequently invassociation

with Cowbretum spp., Piliostigma }honningii,iProtea spp.,

Lophira lanceolata, Bridelia scleroneura and Crossopteryx

febrifuga. .I' laxiflora trees were usually widely spaced
undlhad small boles ‘which were r;ughly barked, Spoﬁgy and
permanently charred.

Su;face horizon soll was heavy (clay)) and gray in

color., During the wet season, drainage was impeded and as

32



a result, tlooding was frequent. Over the year, this
plant community was subject to wide varfations in-moisture
conditions. Basal area, predominantly Hyparrhenia spp.,

was dense (15%), and they averaged 2 meters in helyght.

4. Terminalfa macroptera Open Savanna

Although widespread in occurrence, Terminalia

macroptera open Savanna nrever occurred in areas larger

than 1.5 km?, Gardenia erubescens, Combretum spp.,

Pseudocedrela kotschyi, Annona senegalensis, Detarium

microcarpum and Pilioétigma thonningii{ were frequently

assoclated with this vegetation type but never occurred in .

great numbers.
Soils were heavy (clay) and seasonally inundated.

Basal area of predominantly Andropogon gayanus, averaged

189%.

5. Burkea-Detarium Open Savanna

This open savanna woodland is characterized by Burkea

africana and Detarium microcarpum, and common around the
bases of large hills. Other species included Lophira

lanceolata, Ximenia americana, Protea spp., Crossopteryx

febrifuga, Hymenocardia acida, Gardenia erubescens,

Terminalia laxiflora, T. macroptera, Piliostigma

thonningii and Combretum spp. The ability of the latter

four species to-producc vigorous copplce shoots after

burning (Keay 1959), gave them a defic .e growth
4 '

advantage.. Afzelia africana woodland often Interspersed

33
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&

34
this savanna type close to Benoue River,

Soils of Burkea-Detariam savanna woodland were heavy

¢clay and rather coarse on the surface. Floodiny was

common during the wet season and grass production ot
8 W
Andropoygon payanus, the dominant pereanial, averaged 117%

basal area.



Fig.

Cameroon

Terminalia laxiflora open savanna. Soils are heavy clav.

Large-leaved Isoberlinia woodland on shallow
Lronstone concretions are common.
['4 .

3.8 Five'major plant communitics defined 1
» West Africa. ‘

Soil.

Benoue

Pebble-s 1oed

National Park
¢



Dense Anopelissus riparian forest with thick understorev.

SeImINAlla macropltera open Savanna.  Note orookedness of bholes
l Iomdcropterrd »
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CHAPTER TV
Fire History and Afzelia africana

Annual srassland burning has been fo o tised by
African peoples tor centuries. In the African Guinea
savanna zone, acvual tires occurred as much as 2,500 years
ago (Muller 1895). According to Schnell (1950) and
Richards (1952), fire was recorded in West Africa at the
time of Hanno's voyage before 480 B.C.

Effects of annual burning'mny be short or lony-tern.
short-term effects center around the destruction of mosc
vcgetaciyé cover and the sudden release of minéral
elements.  These are soon utilized by the plants or
sradually leached by rain (Egunjobe 1971), Probably the
nost obvious long-term effect is on floristic composition.
Generally, savanra areas protected from fire become more
wooded with increases in fire-susceptible species, while
areas subjected to constant burning have’feucr trees and
retain a much denser grass cover (Ramsay and Rose Innes
1963, Hopkins 1965).  Prolonged burning most often results
in the developnent of fire-tolerant plant species which
become dependent upon periodic burning for thelir existence
(Glover 1968).

It habitat is to be maintained and vet burned (it is
very ditticult to dissuade. native peoplo,fr:m burning

. ¥
.Annu411y), the most "approoriate” time is dﬁ?ing the carly
dry season when muvh »rass is still green and planc

molsture content is high., Fire Intensity is then



rnxrvapnndingly low. With the Teagthentng of the dry

Sedason, more and more fuel is made avallable as grasses

-

mature resulting in progrcssivuly “hotter  burns. These
-

burns completely remove acrial parts ot plants except for ¢
omi ! f i i

woody prowth large cenouyh or res istant enough to withstand
*

them.

In Benoue National Park today, burning occurs on 4
wide scale. Annually, with the onset of the dry geason ' in
December/January, prasses are buraed commencing in the
vicinity of yreatest human‘nctivity, Buffle Nolr Tourist
Camp, and progrcssivcly radiate from it. Although the

primary and immediate effect of burning in Benoue National

park is to restrict dry seagon food supplies of

ffrbivorcs, imnortant 1on g -Pgaign effects on the composition

ane‘struc:ure of the pare yetation are occurring.

T P
Fire-tol@rant trees such a ¥roinalia macroptera, T.
e ——— .

”

laxiflora and lately, Monotes kcrstingii (Keay 1949, -
Hopkins 1974) are common and adapted to regular burning.
Terminalia Spp- have deeply fissured, thick spoogy bark
which aids 1o the protection from fire. Charring 1is
common on the bark and may in fact aid io the preservatiOn
and increase of these species. Charring of fence posts
was a method, nowv mostly forgotten, used by North American
ploneers to preserve wood (Jetfrey 1925, Komarek 1972).
Monotes kerstingii has Aa fine orange powder covoring Lts
thin bark which acts as 4 fire retardant (Hopkin- 19695) .

Afzelia africauna {s also common and somewhat fire—tolerant
Atzelld 47 2 —

(Keay 1949, Hopkins 1974), bur under repeated burning,

19



Afzelia woodland s dying and is being invaded by Monotes
—— 5 «

kerstingii. Also, severe basal®rarring occugs on the

majorityof Afzelia trees.

This  study {nvestigated the historical nature of
N\
. burning of Benoue National Park and set Gub to provide
evidence that fire has been the main reason for the

A

decline of Afzelia africana.

4.1 Materials and Methods o . \

4.1.1 Basal Scars o : )

L

: ' 4
Fire can leave evidence of its presence on woody

. .

B ) A i )
vegetation as bark or wood scars. Backfires, can be

particularly damaging (Fahnestock and Hare 1964, Tuns:all

3

et al, 1976). Fire is drawn intd a vortex at the bas: of

. .
a tree creéating a hotter fire - particularly for large
trees (Fig.  4.1). Flames and heat caught in this vortex

cause bark to scorch. Before the dead bark is shed, fires
in the following dry season are again drawn in by a wind
) )

vortex and heat subsequently ignites dead bark and kills

-

more cambium. Exposed scars do nof have time to heal

between annual fires and are scorched repeatedly. On the - (;“
1 i )

‘edges of these scars, one often finds folds of healing T

'
1l

tissue forming over the open scar or "catface” (an open

scar which has resulted frow more than one fire) (Lutz

1930). Although a catface can occur anywhere on a tree 4

depending on flame heights, it usually developss near the
. |

)

base, hencé the more common Lcwpindlog', basal scar.

o opg



u Wind Direction

NS\

Pirection Of Burn

Fig. 4.1 An‘ex‘amplé of the creation of a wind vortex resulting from
an opposite moving tire and wind direction.
A = catt: 3 = bark '

g

\'//
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In 1974, 5 hiffgrenc stands (labelled A,H.C,D,E) of

Afzelia africana woodland were selected within Benoue

o
Nationdl Park with the aid of aerial photographs (scale '
1:50,000) (Fig. 4.2). In total, 489 aAfzelia trees were
randonly selected and measured. Heasurements included
tree helght and bhole circuanference, basal scar heighe,
width and depth and basal scar direction. Tree height was

’ . bEa . )

measured using A Suunto clinometer. Hasal scar. direction
was determined using a Silva compass. Bole circumferefice

(taken 1 m above round surface) and basal scar heighe,
g g

width and depth were measured using a netric measuring
s ’

Lape.
Scar classes were assigned using the following

criteria:

1 - no danaype
2 = damage to 0° to 45" of the hole circumference
extending frém ¥round surface to 0.5 m above
O the grdund
3 - damage to 457 to 90° of the bole circunmference

extending 0.5 metres to 1.5 o above the ground

43
damage to 90" to 180° of the bole circumference

I~
t

and extending 1S m to 3 n above the ground

G e
.

. @ : - .
In 1977, 22 randonly selected Afzelia trees among the
- ’ it . »H—»—
5 stands. were ayed, including one Afzelia tree per stand

2

wvhich had mo basal scar. Ag By was carried out by core

X ‘{,(l}! v-'
PR S
and wcﬁ%@ﬁsampling. Using a 40 cm Swedish increment borer
LRC Qy!i‘ ) . .
(0.8 cm in diameter), 4 core sample wvas taken | m above
- *
SN
.

42



L4

*— Buffle Noir tourist camp
R Central tourist route

.

L]

Fig. 4.2 Location of Afzelia

africana stands sampled in

Benoue National Park, 1977.

Z
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ground surface on the side of a bole opposite (180) 4

basal scar (in no instance was fire damage evident on the

4

side of a bole opposite a basal scar). A narrow wedype was -

»\ .
)

obtained by sawiny two converying cuts (one taken at a
right angle to the bole) midway on the basal scar to a

distance deep enough to include the pith (Fig. 4.3).
4.1.2 Annual Ring Counts

Cores were glued on mounting boards with the vertical

grain oriented in a horizontal position. To facilitate

Y
\

counting of annual rings, core samples were lightly sanded

using fine sandpaper and_a soluflon of phenol red
dissolved in methyl alcohol was used to wet and accentuate
indistingt rings. Thé‘first and successive annual rings
showing burned wood were marked and the n@mber of rings

laid down from the pith were recorded.

¢

4.1.3 Correlating Fire Chronologies

An annual ring includes wood formed by cambium from

. P
the time growth starts in the wet seasonantil It ceases

because of the approach of the height of the dry season.
Wet season (spring) wood is composed of cells which are
large, thin-walled and light-coloured, whereas dry season

. ) h o
(sumner) wood is composed of cells which are small,
thick-walled and dark-coloured. A constant and abundant
supply of available molsture causes the formation of

]

consistently thick rings (Stevens 1924). In contrast, a

constant but Trestricted supply of available moisture



Fig., 4.3 A wedge removed from an Afzelia

africana basal scar,

Jenoue Nationa

Park,

1977.

- e



causes the forwmarion ot consistently thin rings. As a

‘ v

rule, the spring wood merges pradually into the Summér
' M .
wood and the latter terminaces abruptly {n a sharp Qutef
face.

To establish the chronolopical idcnzity of annual
rings from difterent trees of the same site, line'dfaggams
were constructed (AppendixiVI). Cross—décing was used to
overcome minor errors which.could r?sult frbm missing

¢ ' .

rings, rot or false rings.
4.2 Results

Table 4.1 7ives the circumference, height, age and

dimensions of basal scars of Afzelia sampled in 1977.

*

Fire damage to Afzelia africana was extensive: in total, v
. : g8
73.9% of Afzelia trees sampled _had basal scars, the ) R

majority of whicﬁ fell in scar clnss 4 (Fig. 4.4). Basal
scars were oval in shépe and in most cases, extended from
ground surface to 3.% m (Fig. 4.5). Scarring has been so
%évere on some Afzelia that the trces Have died (Fig.
4.6). Afzelia cfees uichout-bégal scars were all young
trees averaging 37 oam (range 31-42 cm) in circumference
and ranging from 28-31 years oldf ]
Ground céver 1s burned annually from Buffle Noir

Tourist Camp and along both sides of the central park road‘

(R1, Fig. 4.7). This burning practice was evidcnc.from

the directions of the basal scar . The majority of basal
scars faced south and south-west i 4.2). Afzelia

trees in the south of the park (s ! ‘ad west-facing



Table 4.1 Tree dimensions and basal scar direction

of Afzelia africana sampled in Benoue National Park,

b 1)
2)
3)
4)

E 1)
2)
1
4.
5)

~ Rest

Note:

Cire, (em) !
160, 0
99.0
171.5
1.0
148.0
66.0

146, 9
104 .0
6.5
1764.0

76.0
79.0
KB.S

139.5
114.0
219.0
220.0

105.0
179.0
69.0
72.5
99.0

P Circumference at

TREE

1.5
10.0

1240

9.8
.
8.0

Lh.5
1.0
10.0
12.7

9.7
11.3
13.5
14.0

10,0 4.
1.7 -
‘}'{.'“a.

Y.4
7.5

base helght

estimate (25 vears)

70
89
130
35
130

65

155

70
69
105

87
90
B3

110

80
120
15

[N
107
]
S0
45

(1

v

meter

Aged Height (cm)

104,10
83.0
0.0
1.0
[N}
S4 .0

3500
49,0

1780

255.0

165.0
77.0
0.0

138.0
34,0
0.0
108.0

52.0
141.0
40.0
132.0
107.0"

ahove

.
0.
0.
25.
. 0.
1.

15,

17.
.0
iy,

Gl

29.
17,
0.

[
0
0
0
]
§]

n
0

)

]

)

the pround)

Were 25, 28, 26, 6 and 28 years old respectively,

The 5 youny trees without basal scars from sttes
youny, ,

e

Hidth tem) . bepth (cm)

A,

12,0
39.0
o.n
3.
0.0
1.0
A
3.0
6.1
th.o0O

47

(magnetic)-
1977.

Direction

S
SW

SW

SW
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FREQUENCY OF OCCURRENCE

4007 <
3001
2001 Q
100 1 |
. ‘
0 ] 2 3

SCAR CLASS

Fig. 4.4 Frequency of occurrence of the
basal scar classes on Afzelia africana,
Benoue National Park, 1977.

four

¢
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Fig. 4.5

An Afzelia africana basal scar st

the pronounced oval shape and severity of

damage,

Benoue

Natlonal Park, 1977,

wwlng
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Sampling arcas

- - Rivers

Buffle Notr tourist camp

n Central tonrist road
—--* Wind direction
= Dlrectton of burn
! -

Sampling plots

Fig. 4.7 Direction of annual fire spread through Benoue National
Park

and direction (magnetic) of the maijority of basal scars
in respective Afzelia stands.

C = cattface




k0
Cey

Table 4.2 Percent occurrence of basal scar direction on Afzella
africana, Benoue National Park, 1977. ‘

DIRECTION NuMBER of Trees PERCENT
South p 152 42.1
South-—wost - RUCIE S 29.1
f?outh—:»;outh‘wust, 55. - . 15.2

Wt 19 | 5.3

South-cast ‘ .18 5.0

floutl’—southwzas;t ' 6 1.6
NOTrth . 3
LNorth-north-west ]

Fast . ] B
,'-‘-'4'f§t"I:()L‘f.l’l-'.-.'f)’f‘)t 1




. é

scars, and. those {n the mid-central (sites B, €)Y amd noreh

(sitosAA, C) had south and south west=tfacioy basal sears
P
(sce Fily. 4.7). In addition to different scat

awe

“directions, Afzella stands h%ﬂ two distinet tire
Dl I

historifes: stands A, E and D had the tirst evidence ot
burned wood in the 1930-1933 annual rings; stands B aod €
had burned wood first evident in the 1944-1946 annual
rings (Fig. 4.8). Eight percent (8%7) of the Afzelia

trees examined were dead.

During the study, no Afzelia secedlings were found.

However, "seedlings of Monotes kerstingili were common and

found invading (by suckering) sites previously held by

Afzelia trees (Fig. 4.9). Because afzelia woodland does

not charactegistically torm closed canopies, Andropogon

Spp. grass cover yasﬁgoBé (18%), whereas grass cover in

Monotes stands, composed primarily of Hyparrhenia spp.,

was low (< 47%).

4.3 Discussion "

Direction of basal scars on Afzelia africana revealed

historic gnd present—~day annual fire spread in Benoue
National Pdfkl’ Fires burn north-east and south-west as
roads and topography dictate. Fires burning ngrth—edsc
have no natural or man-made barrlers to stop their spread,
and therefore retain a north—east heading attacking trees
from the south and south-west. However, fires spreading

sbuth-west are interrupted by a road (R2) which acts as a

fire break (sce Fig. 4.7). To counteract this, park

-



.
¢
}\,.
Fig. 4.8 Top:-Wedpe of an Atzelid africans taken from the mid-vast central
reyion of Benoue National Park showing first firu'dnmJge {(A) around the
1944-1946 annual rings. Bottom: Wedge trom the north-central répion showi by
first fire damage around the. 1930=1933 anonual rings (A). B is a. subsequent
1945 annual ring showing.severe fire damaye. From the 193Q—1933 )
“annual rings, po healtoy-over of the basal scar hasg occurfcd.' i
”



Fig. 4.9 The invasion of Monotes kerstingii on a

mAature
stand ‘of Afzella africana, Beroue National Park, 1977.




pérsonnél torch yground cover along the western park
boundary. ?ires, therefo;e, spread in an easterly
directioﬁfdamaging trees from the west. However,

. o .
harmattan winds blow ffom the norgl—east during the early
dry scason, thereby opposing the ﬁ%adiﬁb‘fires, creating
vortices on the west, south and souch—Q;gc sides of boles.
As a result, Afzelia trees north of Buffle Noir have basgl
scars on the south and south-west of their boles and
Afzélia trees south of Buffle Noir have the majority of
basal scars on the wgsf side of their boles.

: 3
Letouzey (1948) stated that the first recorded

(severe late dry season) fotal burn of Benoue National

?ﬂPark (excluding 2,000 ha in.the Tmid-ﬁentral gegionf ofv
the park) occurred just before 1932, buf in EBAS, a hot,
late, dry season fire burned the entire park including the
remaining 2,006 ha. The results of Afzelia annual riv,
analysis confirmedithis fire history: late, severe, dfy

A
season fires (around 1930 and 1945) created initial basal

~S¢ars on Afzelia africana. Hopkins (1965) showed that

g .
late, dry season fires produced temperatures {n excess of

-

538°C from the soll surface up to heighrts of 3 m on
p TR :
~ e 7 : G .
Nigerian savamnas. It i{s likely that siwmilar

temperatures, possibly hotter, induced che'initial damage

on Afzelia africana in the ecarly 1930's and mid 194®'s ‘in

. Benoue National Park. Basal scars.have not had time to
heal because® of ‘annual fires and are scorched repeatedly,

‘killing more cambilal cells. Afzelia trees without basal

scars were established after 1945 and therefore were not ,«




57

subjccfcd to Lhc same iJLC, hot, dry scason firés. In
1946, legislation ua; passed making the lighting of fires
in Benoue National Park "ebligatory” at the beginding of
the'dry season (Letouzey 1948). This burning policy fis
still in effect and as a resulrc, Af;elia trees established
after 1945 show 60 fire damagc.

Fire is An ecological‘factor of great significancé}in,
Benoue National Park. The present burning poliéy is to
burn ground cover annually, ag éarly aé possible in the
dry season tovpreveng hottef fi;es later in the season.
However, even early dry season burning continues to have
long-term effects on the composition and str;cture of
‘vegetation. The mosE obvious thange {s the die-off of
Afzelia'trecé greater than é5vyéars old (initlally damaged
by fires during 1930-1933) due to ée&ere and chronic basal

© A .

scarring resulting from successive annual fires, and the

fnvasion of Monotes kerstingii into Afzelia woodland where

Afzelia trees are dying or ‘dead. Annual fires are

damaging Afzelia whereas they are stimulating‘the growth

of Monotes, a much smaller tree which provides little

shade. The abrupt transition from Andropogon spp. grass

cover {n Afzelia woodland, to a ground cover of

Hyparrhenia spp. among invading Monotes stands occurs
because shade 1{s removed. Clayton (1958) noted an

opposite effect in Nigerian savanna, .where Andropogon spp.

. ) v . !
replaced Hyparrhenia spp. grasses wherever a savanna tree
—_— e w5 4

B3

o
gy -

ptew large enough to cast an aﬁ@kéc}dblc amount of.shade.
a ‘
Ko .

Grasses in Mondtes stands stiﬁl burn but fire intensjty {s-

F

@
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not tntense enouph to damage Monotes. Grasses in Afzelia

s;ands on the other hand, provide a good supply of fuel
a;a therefore enhance fire sptead into the stands,
supprgs;ing'any.sccﬁiing prowth. . ‘?
lere appears to be little doubt that without annual
Burn'ngy(lightning\Strikes are rarce iniﬁénoué Ngtional
Park), tree density would increase in Benoue National
Park, especially since this savanna type was originally
derived from high forest (Chevalier 1934, Jones 1950,
Richards et al:. 193%9a,b, Glover 1968). For this reason,.

it is recommended that there be no policy change for

burning except 1in Afzélia woodland. Afzelia woodland must

. have a reprieve from burning or it will continue to die

RS
out aqﬂtﬁbnoces kerstingii will continue to proliferate.
R

In Qqﬁpter VI suggestions are made to prevent the further

decline of Afzelia africana.
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CHAPTER V.
\ .
Habitat Reléciénships of Larger Hc{bivofes

‘The fauna of Benoue National Park is typical of the
Guinea Savanna Zone of West Africa. The park includes
species assoclated with open-wooded savanﬁa, good
pereanial water supplies and riparian vegetation. As
eléewhere 1o Africa, poaching has lefé certaln species
almost extirpated.

Prio%lto this study, no recorded information e;isted
on the numbers and distributions of animals in Benoue
National Park. At the request of “"Les Eaux et Forets"”,
Garoua, my specific objectives were: a) to determine the

numbers and blomass of the more common large herbivores:

Buffon's kob (Kobus kobus),lwestern hartebeest (Alcelaphus

buselaphus), defassa waterbuck (Kobus defassa), roan

antelope (Hippotragus equinus) and savanna buffalo

]
(Syncerus caffer brachyceros); b) to determine their

geographical distributions within Benoue National Park;
and c) to determine use of 5 major plant communities and
habitat overlap during the dry and wet seasoqsvby the 5

large herbivores.
-5.1 Methods
5.1.1 Numbers and Distributions of Animals

Both road counts and foot transects were used to

determine the spatial abundance of animal% (Ffé. 5.1).
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Benoue National Park,  19/74-1975.
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Untortunately ouly one observer-driver vas present during
the road county. Neither of Cﬁese techniques was suitable
for secretive specles such as duikers (Egghalophu§
ru{‘f:;i‘zlaCLxs and Sylvicapra'immia), bushbuck (Tragelaphus
écrichs), oribi, (Qurebi ourebi), and bohor reedbuck
(Redunca redunca) .

Road counts were carried out along the 3 longest
roads in the park, a combined distance of 54 km. Roéd TA"
\h{22'km) passed through Savanna and riparian woodland of
vérying density and tnmposition. During the wet season,

#

this road was impassable by Land-Rover and was accessed

using a motorcycle. Although it was evident that the
motorcycle reduced counging$efficiency'due to the noise
disturbance, dbserva;ions were possible during the wet
season and counts Qefe therefore continued throughout the
season.  Road "B" (14 km) passed through riparian forest |
and herbaceous floodplains. Road "C* (18 km) passed
through open savanna and woodland types; Both roads "g*
and "C" were passable year-round.

Mean visibility was determined by placing life-sized
painted plywood figures of the five large herb(vore; at
varying -distances (by someone other than myself) along the
transects; ; then drove the transects, noted the figures
seen and gstimated'their distances. Placement of the
figuresvwas r%péated at 25 m distanccs‘until the figures
were no léngcr seen.  Average sighting distances (mean
visibility) on either side ot roads “R" nnﬁ “C” (for their

v

total lengths) was |50 o and 100 m on cither side of Road



“AT (tor its total length). The area counted covered 0. 8%
of the pack's 1800 k'

Counts were run at two diffcrunt times durlng census
days (starting 1/2 hr. before sunrise and 4 hr. before
sunset) and were run at least 13 days per month. However,
3 months (2 during the dry season) were missed because of
other research commitments. Informatlon was collected on
specles, number of animals, sex and distance opserved.
During the wet season, vegetation restricted Qisibility
and greatly reduced areaé counted.

Foot transects varied in length from 4-12 km (25 km

.

total) and were located in mountainous regions, open -
4

savanna woodland and riparian forest. The area counted
(Logal of all 3 transects), covered 2.7% of the park's
1800 km.  Each transect was walked noting the specles

sighted, sighting disgance, nunbers of animals and sex.

»Estimated\population densities were calculated:
\ ) ) -

\
i
!

\ D = N/2(TD) ¥

D = estimated population density

N = total number of each species observed
A

T = total distance walked

D = averayge distance from the observer to the

s

animal (s) when sighted

Three general assumptions were made: 1) animals vary with
‘ A

regard to sighting distance from the observer:; 2)

assuming that animals vary with respect to sightin

%
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distance, cthen they are randomly scattered relative to the
path of the observer; and 3) the averagpe sighting
distance {s a true average of all antmals {a the

. !
population.

Observations from road counts and foor transects, and
miscellaneous observations made throuphout the park,
including &4, 3-day foot safards to the interior' of the

‘\

park were’ used to produce veneral discribution maps for

the five large herbivores.

4

5.1.2 Data Analysis

|

Numbers of animals for cach species per km were
3

calculated for each road count and foot transect, and

8
i

totalled monthly. ' \ o

Livé—yeight bivmass for all 1arge-hcrbivores in
Benoue National Park was estimated using the mean mass of
an indivi?ual animal (based on the mean mass of an adult
female of each species) derived from welghts provided. by
Blancou (1935), Talbot and Talbot (1964), Sachs.(l967),
ﬂedgcr (1968), Child (1974), Bindernagel (1975) and
Lcn;hold and Lleuthold (1976)-

Distribucions were plotted for cach specles on maps
of Benoue National Park pruducedlby SYMAP (Synapraphic
Mapping Systen, Doégcnik and Sheehan 1976) on an
clcctrost;tic plotter (Appendix VIL)L

In recognition of the importance of distance to
water, data were stratifiéh into three regions {n relation

to distanc¢e from Benoue River: savanna adjacent to
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riparian habitat (0-3 kn from Benoue River); savanna

‘

middle distance (3-10 kn frowm Benoue River); aand savanna
. h

Intecfor (10-15 km from Benoue River). In recognition of
the ifmportance of habitat, plant communities' use was
summiarized for each large herbivore species.,

To test overlap in terms of “common” habitat, a
custom program involving number (frequency) of
observations, circle radii and distance between circle

centers was uscd (Appendix VIII). The program solves for

¥

D, the distance between circle centers using a series of

B

iterations with a modified bisection method. Radius |

Y ;
produces a circle whoSe area is proportional to frequency
I, and radius 2 produces a.ciréle whose area 1s
proportional to frequency 2. The distance (D) between w
circle centers Cdu;es an area of overlap (if one exists)
that is proportional to frequency (1+42) overlap. Circle
radii lengths aré lefr to tﬁe discretion of the
researcher.  For ease of drawing, a radius of 5 cm,
representing 200 obscrvations was used in determining
ha.bitat ovcrla;). Using "Fisher's Exact Method™ (Keeping
1962), probabilities offhabitat overlap were calculated by

2 x 2 tables using the same set of marginal frequencies

(observations).
5.2 Results
5.2.1 Numbers and Biomass

From road counts and foot transects, proup size and

b4
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adult sex ratio for the five large herbivores were

averayed and totalled (Table 5.1). Population estimaces
ﬂnd 95% countidence limics, denstty and Live-weight bfomass
estimates of 15 of the larpger herbivores for Benoue
Nawional Park are shown in Table 5.2. Table 5.3 compares
biomass densities of large herbivores from various parks

‘.

in East and West Africa with Benoue National Park.

5.2.2 General Distributions

Kob ranged almost exclusively within 1.5 km of Benoue
River throughout the year, although the very nofthern and
southern stretches supported very few kob (Fig. 5.2).
Hartebeest were the most widely distributed of the laryer
herbivores. They were found in all plant communities and
it was not unusual to find them in the i{nterior of the
park during the late dry season (Fig. 5.3). Waterbuck
usually ranged within 3 km from Benoue River although
sightings were made along smaller tributaries gowards the
interior of the park (Fig. 5.4). They narrowed their
rangé during Lhc wet season to approximately 1.5 km,
greatly overlappling the range of kob. Both roan antelope

.
and buffalo ranged throughout Benoue Natiornal Park “igs.

IS

5.57/575). However, antelope frequented more the interior

N

of the park and buffalo frequented regions closer to

Benoue River.
5.2.3 Distribution by Habitat Preférence

Animal distributions were seasonal in Benoue Mattonal

EiC R



Table 5.1 - Mean group size and adult sex ratio in Butfon's kob,
defassa waterbuck, western hartebeest, roan antelope and savanna
buftalo, Benoue National Park, 1974-1975.

Group Size

+ Sex Ratio

Species (M: 100F) Mean Range S.D. n

-
But fon's kob 71:100 4.5 1-12 2.7 745
western hartebeest 53:100 5.8 1-24 2.2 446
defassa waterbhuck 63: 100 3.1 1-7 1.6 464
roan antelope ’ 100: 100 3.6 1-11 0.5 142
savanna butfalo 31100 36.4 1-125 3.7 328
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Table S.2Population estimates (PE) and 95% counfidence limits (CcLy,

densities, and

liverweight- biomass for

15 large herbivores,

Benoue

ES

National Park, 19Y74-1975. L.
N rd
Species P, CL Density (km)  Biomiss (kg/ha)

Eldphiant 33 26 0.02 4,30

. ) 4
Rhinoceros 8 5 0. 004 Fo4
Hippopot.amuas 235 217 .13 L, hi
Buttalo , Y060 1865 l.ln I

¥ g:‘
Bufton's kobh. 2850 1772 1.58 " (.95
g |

Western hartebeebr i_()()ll 2501 l.hb i 2.42

. : \ B

CBushbiek i eSO “a .36 L2

Detasga Wit v buck 1350 1014 .75 .99

. ’ & i

S Roan antelope 325 196 o 0.8 .42

Orihi - ° - 73 54 0L SRIIE
wiTthog eoLIon REtS bk L35
Liant !‘l,il;‘:'nl - Y15 214 0,00 LYK

; a . P
R(‘(i‘flLJl‘;J;‘.'r(‘l:l_!}"(f‘v-l‘l'kt!{‘ [ YR RN t)eid

. A -

Hrimm'é‘;{i,a:vikc‘r" FoHi) Yh! , .9l Halih
f;ir;it"ry"'”;- A b/ . 0.001 feay

1 ‘ bl
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Table 5.3 Comparison of biomass densities (kg/ha).of large herbivores

A
Locality
Sahara, be.dgl Oro

Tano Nitsi Forest Resérve, Ghana
‘West of Oum-Cha-Coaba, Chad

~ > Aberdare Mountains, Ken

5,

Borgu Ganme Reserve, Nigeria
Bardg01 Plains, Kenya .
Taranglre Game Reserve, Tan?anla

. Mkomazi Game Reserve, Tanzanla

Benoue Natlonal Park, Cameroonww\
~Akagera National Park, Rwandd\
Shinyanga,. Tanzania ' - -
Tsavo East Natlnnal Park, Kenya-
Hairobi National Park Kenya
Serengeti National Park, Tanzania

" Queen Elizabeth National Park, Uglnda

Albert ,Nationad. Park, Zaire

1 Cloudsley—Thompsoﬂ (1969)

2 Child:(1974)

3 Harris ' (1370)

4 Spinage €1969)

5 Leuthold (1976)- \

6 Present - -gtudy '
. - 7

“from various parks in East and West Africa with Benoue National Park.s

N

N BiqmaSs (kg%ﬁé)

0.01
0.05
0.80
4,20

7?03
8495

10.50
12.00

10.40-13.80 .

21,40

'56. 90
.00
122.50
140,40

& L

<

28.10 ¢
41.15 &
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Although each of the five large herbivores favored drier

o riparian habitat were in search of natural licks., ¢

ol
shifting closer to Benoue River during the dry season.
. .

During the dry season the mean number of combined
24 ) !

sightings per month was B724.36 sightiogs 0-3 km distance

from Benoue Riwer; 55%4.36 sightings 3=10 km distance
from Benoue River; and 15%24.36 sightings greater than 10

ket distance from Benoue River. During the wet season the

-mean number of sightings per month was: 58t2T32'sightihgs

0-3 km distance from Benoue River; 664%2.32 sightings 3-10

o

km distance from Benoue Riveﬁ, and 23%2.32 sightings

greater than 10 km distance from Benoue River.

v

Fig.t 5.7 presents habitat preference during the dry -~

. N + 3 "
and wet seasons based on number of sighrings in relation
. N
to distance from Benoue River. Use o %kiparian habitat
P e
K4

was ,greatly influenced by the time of yédr, kgcation and

open savanpna woodland.
2 g o

extent of annual grass gring in
. A

adjacent savanna woodland for feediwg, there was a reg r
2

!; . - -
movement {in and out of chisihabiCac’Fo.drink or wallow 1in

shaded pools”and riverbeds. Grazing and browsing

frequently occurred during this movement and many visimqg@

&

., cr

Mifosa spp. scrub vegetation at conflueéhes of the Benoue

. . . S P - :
River and its tributaries were ﬁ@@brice feeding grounds

for kob and waterbuck at mid-day and early evenings during

the dry season. . ‘ , : G

'
’

L]

Savanna adﬁacent to riparian habitat (0-3 km from.

 Benoue River) was utilized by all largecherbivores and in

, ’ . ' B ’A'Qx
some instahces, particularly on the short grass swardb of
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-ipstances, perennial grass tussocks were left untouched.

old villape sites where animals conpregated durtog both

the dry and wet seasons, there were signs of deterioration
of grass cover. Flushes of pgrennial prasses after annual

fires attracted hartebeest, buftalo and antelope, and

supported resident populations of tecritorial kob, Grimm's

duiker (Sylvicapra ygrimmia) and waterbuck.

Hartebeest and buffalo were found priéarily in

savanna middle distance (3-10 km from Benoue River). Roan
antelope increasingly occupied this savanna durin% the

late dry season. Kob were never observed in“this savanna

and only rarely were waterbuck observed.

-

Very low levels of vegetation utilization occurred ‘in -

savauna interior (10-15 km from Benoue River). In many

Widely spaced disfributions of hartebeest and buffalo

agcurred in this region. This savanna was preferred by

“

,'amtelopg,th[pugﬁgﬁp'the”year until late in the dry season

s e

when water sources became scarce, forcing them to move
o . '

closer to Benoue River.-

-4

The ppreent use of the five major plant communittes
L4 . .
during the dryfﬁﬁa“wc&\Feasons is illustrated in Fig.

N \

5.8. Kob had a narrow plAnt community preference in.

Terminalia laxiflora op‘n‘savanna, particularly during -the

N

dry season. During the wet season, utilization of .
. Iy M ‘:\\./‘V—

Isoberlinia woodland increased with moveglent away from

© 3 ' -

Benoue River.

Hartebeest did not show a preference for one

<
»

S

LY
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e particular’ plant communfty durfng the dry season: Y

Burkea-Detariam, T. laxiflora and T, macrouptera open

’ savanna were all used in alwost the same proportion as

- ‘ . V-

were, Isoberlinia woodland and Anopelssus ripacrian torest
L =

combined. During the wet scason, use of Burkea~ Detarium

open savannd increased as hartebeest moved more ito the

tnterior of the park, beyound Anogeissus riparian forest

and Isoberlinia woodland, common close to the Benoue ) e

i' ver.

TN

-Waterbuck spent more than one-half the dry season in

. .

e&iﬁcr An0guis€usnripdrlan foresc #c Isobcrlinin woodland.

During the wet season, use of Isoberlinia woodland

decpeased slightly but there was a significant shift to

3

. . )
Anoftissus riparian forest as animals moved further (nto

£ ;
the. park but remained alonyg smaller tributaries.
: ' G
Roan antelope showed a significant shift into
2 L:,a B

Burkta-Detarfum and T. laxiflora open savanna during the
—_ B e .

N wet season whereas use of Anogelssus riparian forest

decreased. Their shift towards:s the {nterior of the park,

away from Benoue River accounted §8r4these changes.

b
¥
As with the other four large herbivores,® there was a ‘
- si%nificant shift I{n use of *habltat by buffalo close to
' . : % .
Benoue River and {¥ tributaries,-to the interior of ttie .
Cw : . . .
- \

park as témporary water sougces increased durinp the wet

‘ - .
R .
s suasﬁn. Huffabo util zud sAnogelssys’ riparian forcst
e . _“‘—"T"—"P‘_A'\ . 5 .
<t . o L4 . ‘& ¥ ':' r”, <k AR : P ‘,~ 3 . " N R ; R

o Boa 4 q LN . . - 5
s B o Lhea 1ly durinycthe dr “séésh% whcrEOS Burkea—DQtarium opon
s ! E e -

Iif‘ # K ‘ ‘t_ w . :4 .-

.- L oy A i

-~ 5avinna use. ir reased daring Lhe wet season. ;
. B
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Duadua Hableat Overlap

- . PR . . .
The spatial overlap dis depicred in Fipe o 9.9 o terms

w . — . by
ot Tcommon” hab{tat used by tive laryer herbivores

durtpg the dry.and wet seasons. There was overlap amoag

all tive laroye hvrbivnrw.-; during cthe dry sceason, whereas

»
1 f

. : ;
during the wer season, there was no overlap between kob,
waterbuck or roan, or between kob and buftfalo. The

overlap during the dry secason resulted from an apparent

shitt of animals closer to the permanent water source,

Benoue River. Antelope aoved far into the park's interior )

Aaccounting for no overlap with kob and waterbuck which ’
remained close to Beocoue River. Frequent movements of
»

hartebeest ifito the interfor of the park accounted for the
stgniticant overlap with antelope and buffalo. Although.
there was no overlap between kob and buffalo during the

v L
woel season, there was some overlap between waterbuck and

buftfalo resulting from a slight shift by waterbuck towards

the park's interior. Hartebeest and antelope which were
I P

tound more towards the interior of othe park during the wet .

season only ovcrlappcd buffalo range slightly due to

buffaloes' preference of savanna middle distance.

% . o .
¥ oo Y
e 59 N

5.3 Discussion o *

The low biomass for Benoue National Park s the

resule of low numbers of very larve herbivores - glant

& fR v Ly R o . , . ! . ,
‘;‘f%nd ATaurotrayus derbianus ), elephant (Loxodonta

g I S,
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Fig..5.9 Spatfﬁl overlap of Buffon's kob (K), western hartebeest (H),
defassa waterbuck (W), roan antelope (R), and savanna buffalo (B) during
the dry and wet seasons, Benoue National Park, 1974-1975. (Circle .
diameters represent habitat preference - the smaller the diameter, the

more narrow the habitat preference).
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- rthino (ﬁiccros bicornis). Usinyg the logarithmic, curve of

“

Lo ) . .
;large -herbivore biomass in relation to annual
. . E B

precipitation (Coe, Cumming and Phillipson, :1976), Benoue
| Natiohal Park should support 125-158 kg/ha. Presently,

the park is supporting 10% of the expected biomass.
i Although herbivore biomass of habitat (vegetation) type§

_in East and South Africa are not direcctly applicable to.
. ) ¥

' West Africa (Acacia woodland in East and -South Africa ha%
N £ ‘

:high primary productivity, Laws et ali 1975), the ratio

1:10 hqrbiﬁofe biomass does reveal that Benoue National

2

" Park is below 1ts carrying capacity. The main }eason for
the low &iomaés is poaching. During chegstudy,‘poachers

blatantly entered the park‘ac any time of the year and

’

. . ;
during daylight ‘hours, shooting animals with moderm
rifles. Alchqggh/ﬁb deaths of 'game guards occurred, the
guards were frequehtly cha¥*lenged by poachers. The

guards' obsolete 303 rifles were no match for the

o .
~

poachers, often civil‘servanté and -equipped with modern ~

rifles. As a result, guards usually turned a blind eye to

[

‘poaching.-
The ecosysteg of 8enoue.National Park 1is highly

seasonal ard‘this has an importan;#bearing-on.ché

dispersal of large herbivores. ‘The4availabil%ty\bf Qater

! .
varied seasonally and habitat preference varied during the

BN
\. Y

¢

dry and wet seasons as. a resdlt, Thi's was illustrated by //

' stratifying Benoue National Park into three géneral ]
savanna regions and compafing.thc relative abundance of
_the five-farge herbivores in each during the dry and wet

7
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scasons. The two savanna regxons (ddjl(ent,ro riparxan .
,

habltat and middle savanna) have the Bcnoue River, a

consfant water source throuyhout the dry scason. " The

»

sayadpa reglon greater than 10 km from Benoue River, has

intermittent standing water sources, the majority of which

-~

dry .up b(/t>k and of the dry season. - -
g o

Seaspnal movements of animals in Benouc National Park

A“ /' : “
are not as. \impressive nor 4S vast as seasonal movements of
4 N

‘\‘ -
. S
animals in parks.of East Africa. However, there is a

distincc seasonal movewent of animals with the exception

of roan antelopc and giant eland which reside primarily in

N

che interior regions of the parK. These movements are'
. . W - ‘

largely in telaQ}oh to availability of water. In Benbue

National Parky greatest concentraty6ns‘bf“i2?§é herbivéres

during both the dry and wet seasons wefe found within ana
avérage distance of 7 km from Bedoue River. Lamprey
C(1963), noting&the confined distribution of herbivores in
Tarangire.National.Pafk~ering the dry seasdﬁ, comménted
that the extentvand distribution o} permanent wateg in the
dry season thrOUghou& the Masai areca of Tanganyika (now
Tanzania) was probaSIy the most impoitanc limiting factor
“in the number aéd distr#bution of game dnimals 1M the
savanna of East Africa.

According to,HarrI; (1972) and Sale (1974), the
rclativ% propoftion of times a species fs_obscrved in
various habitats is a suitable index of habitgi
préférénce. A positive‘rclationship has usually been

assumed between habitat overlap and Compctition and™



J

mgnsurqsvof'overlap have been p§gaﬂés estimate; of
comﬁetitton Eoefficigéts CCulv;% 1970, l9>&, Pianka 1974,
deidson:l980, Porter and. Dueser 1982). Colwell and
Futuyma (1971) and Hurlbert (1978) have commeﬁted that
overlap necg not result in conmpetition, ff resources arQ
not 1in short supply.! In Benoue‘Nationél Pérk,nthe
gEeaCQSé overlap d;Zered during’the:ﬁry éeqson a%ong all
S‘large herbivores. ‘During the wet season, a shift away
“from Benoue River decreased the éverlap of all spéciés as

-

‘their distributions became more scattered.

The herbivore study had 1ts limitations wicﬁ the
techniques us?d, in particular there was only one
observer-driver on the road counts. Nevertheless, the
study providéd some indication of the numbers and )
distributions of the five large herbivores and their

habitat preferences. These will hopefully be useful for

comparison with follow-up studies in Benoue National Park '

and possibly elsewhere in Africa. A possible extension to -

"the. boundary of Benoue Natfonal Park has been proposed and

it is hoped that the knowledge gained during the study on
habitats of general iLmportance for the five large

ungulates may be relevant. to decisions on the extension.
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Chapter V1

Synthesis and Management Proposals
s L A
, SN . .
Protected ar®as in Affica can cncqmpnss thousands of

square kjilometers: 1in Kenya, Tsavo National Park is more

) . . &
than 20,720 km, the Serengeti in Tanzania {s more than -
. ‘. 4
15,540 km'and the Luangwa Valley in Zambla is over 12,950

km> Parks in Kenya, Tanzania, Uganda and Zambia total
98,420 k', whereas in other countries including Malawi,
Botswana, Rwaqda} Ethiopia, Mozambique, Zimbabwe and South

Africa, protected areas total almost 103,600 km’ (Myers
" .

1972). Most of these areas are fdund in savanna and
because of their extreme diversity in bilota, are usually
complex. Virtually all protected ageas are; or soon will

: : 4
be,,ecologically incomplete, insular islands of "natural”

/

"habitat surrounded by supporting territory which {is

becoming less and less suppdrtive, and in most cases,

. 2, .
lost. Many, 1f not most, are poorly managed.  Some are
hl i R
N /

essentially unmanaged. Policies, 1if any were set up to
fulfill management objectives, may once havcvbcen'dynamic

but most are now unable to'adjust to new/pressures and

-

‘

R

opportunities. )
7
ot

A protected area musf Have a perceived purpése and
S : -
researchers and governments mugt realize that natural
. 1’,“ . .
succession in {its bilota is no longer possible. ~In short,

protected areas cannot continue to bervigorously defended

enclaves (as most areas are today) excluded from local

\\ 86



landruse planning. They must be {nteprated inty a
i -’I" ‘.“ S . .
‘ti\prlc—use concept. Myers (1972) stated that future

. - R

.protectgd‘areus_in Africa will reflect the extent to which

i : o
ecologigal needs are balanced with socio-economic needs..

e ' \

7

.Any /newv protected area must cope with encroaching
" pressures of the environs and must be able té adjust to
new pressures and to establish a specific poliéy from

.

which to derive management objectives. According to*Soule
et al. (1979), the best one can hope for protected areas

in Africa today is "benign‘neglégt".
6.1 Benoue Nacignal Park | s
B ,
) Benoue National Park is rjot ‘a complete 'ecological
unit as evidenced during the study'uhich showed some
. spécies'excended their range@mbeyond-the park boundaries.
Although- a prbhibited hunting zone extgnds i km from tﬁc’
park boundary, it does little in providing a buffer zone
ge;;een hunting zones, which completély encircle the paék
(Fig. 6.1). TheiPark has no ‘clearly enunciated or
wri;ten policy on wildlife .or habitat ménagement; In
'pridciple, the park provides for multiple-use: it
protecc‘ér ncient Africa, ?roﬁotes tourism, serves as a
sapctuarQ-for'wildlife‘(the preyalence of the tsetse fly
. excludes lives;ock), preserves vegetation, and permits
fishing in Benoue River (this includes fishing by line,
and poison). However, in practice, ghe pa;k assﬁmes two

roles, a small degree of tourism and a reservolr to

malntain wildlife for sport hdnting.

S
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From the study, there are 3 areas’ of immediate
N :
concern for Benoue National Park: fire control, poaching

4

and hunting pressure.  Tourism and park extensino which
are of less fmmediate concern but st{il very fmportant,

. +
age directly related to these concerns and therefore are
i

also addressed in the management proposals. The

management proposals for all five concerns are presented

a

below.

6.2 Managwment Proposals
!

The current stage of habitat in Benoue Nitional Park
is suited to the needs of grass—eaging and shade-sepking
herbivores and the habitat must be maintained to

a

discourage the establishment of a denser woodland. An

"lmmediate objective, of managing Benoue National Park is, to.

maintain the present burning policy except in certain
B . . 3

arcas where fire must be eliminated or controlled.

Bscause animal densities are highest within .7 km froms -

Jenoue River along most of i%s length, particularly during

the dry season, annual burning 1s not rjfommended wiéhin 7

47. of Benoue River. The construction of a second tourist

road running pardallel to the present river road, but At a
. ) \
{

distance of 7 km from Benoue River is proposed (the
cxisticg road running along Benoue River would scill be

malntained). A system would be set up in the 7 ka wide
band whereby. “blocks™ (these blocks would be delineatled by
. e A

‘water courses which flow east to west from-the interior of

the park) would be alternately burnvd'evcrywl~3 years, .

89



depending on the amount of fuel and condition of the

ground cover (Fiy. 6.2). The blocks would vary in size

‘
and burning would be carvied out ecarly ip the dry seasons.
The ‘water courses would act as natural fire brgaks (water
still flows during the carly dry season). Alternate
burning of blocks would create a mosalc of rested,
unburned vegetation,and yet mafintain open areas for

" viewing wildlife.

To prevent further decline of Afzella africana

uobdland, it is proposed that burning be completely

eliminated from all Afzelia woodland for 5 years. Evcry‘
. T o~

3-5 years thereafter, burning would be carried out very
early in the dry season when fuels are damp and partially
green, and in the same direction (not opposite) as the
prevailing harwmattan winds. .Burning as such would
eliminate the potentlal of very hot fires resulting from a
fuel load bullt up over a 3-5 year period. Afzella stands
are not so larye that an encircling fire break could not
be cleared to prevent the spread of .fire into the stahdsj
Exclusion of fire would altlow establishment of seedlings

and give more time for basal scars to heal.

Effective protection of wildlife in Benoue HNational

Park is essential. This includes not only manipulating or -

removing annual fires, but more importantly, controlling
poaching. Poachihg is heavy, both inslde and outside the
park, especlally alony Benoue River. If' stopped, or at
i
Y

least controlled, it would allow a build-up of all antmal

numbers, resulting in increased live-weight, biomass. More

&«

9C
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tleld statt, transportation and tield oftices are

- -t

desperately needed tor ;)r(>ﬁ<'x survelllance of the park.
v .

’

Field soatt mnﬁl bhe tralned 1o communleations, use of
tirearms and the bfology and ccology of the park.  Foot
and vehicle patrols must be stepped up, includiog nipght
patrols, and monthly census flights could also be used to
help chef®k on poaching camps. Tt is péoposed that all
field staft eventually attend the Garoua Wildlife
Specialist's School.

Hunting pressure in hunting zones enclreling the park
must decreast or cease.  OQuotas are often exceeded and
wounded animals are a-serlous problem. Enforced
supervision of hunters is essentially non-existent, even
thouph guides (who are actually park rangers) gre required
with each hunter. Bribery is common. With movements of
wildlife common outside the park, hunting is severly
depleting the park’'s wildlife. With the combination of
both pmaching and hunting brcssurcs, wildlife of Benoue
National Park can only continue to decrease, seriously
aftecting any potential for tourism.

Little time, energy, finances or resources has been
spent in establishing an infrastructure for the pleasure

. .
and enjoyment of tourists {n Benoue National Park.
Tourism {s far below the Hféudl potential of the park: in
1976, 2,200 tourists visited the park, and {n 1982 there
were 2438 visfrors. Eighty-eipght percent of these
tourists were expatriates working in Cameroon or .native

Cameroonians.  Althouph there are dally flights from

92



Furope to Cametoon, there 1 gt lTeant 4%4-5% hour drive to

'

the park trom either H'yaoundere or Gatoua.  There ate no

"packape’ rours from elther ot these points to the peark
and theretore car hires aoe BeCesSary.

No major development ot the land around Benoue

LA :
Hatdlonal Park appears likely in the foresceable future and
0 the cllentele will contioue to be only persons whose .
{nterest in the wildlife and fAcilities overide the
problems of acecessibility.  The pame viewving situation and
1ts problems ave entirely different from those of savanna
areas ot East Africa. Consequently, special methods must
be adopted to provide tourists with adequate opportunities
to encounter and photoygraph wildlife. Riparian and open
»

savanna veygetagtion provide adequate opportunities to
encounter yood numbers and a4 wide diversity of animals jn
a relatively short tlme, but the system can be ilmproved.

Game guards who accompany tourists are penerally
8 b b )

unfamiliar with interesting areas of the park, and aspects

-

of tﬂe behaviour and movements of wildlife. Consequently,
tourists leave the -park without having had the opportunity
to see most wildlife or understand Aiffcrent aspects of
the park. Walking safaris ic the company of a pame guard
should be developed for tourists. This mipght also proviﬂ%
another means of detering poaching.

Plans are st{ll underwvay (o extend Benoue National
Park northward to include approximately 40,000 ha which

)

would increase the park to 220,000 ha (Fig.. 6.3). This

would include the Mbay River aod almost 40 more km of

‘
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Benoue River, whic¢h becomes very wide and spreads out over
‘an alluvial flood plain. Hunting zones 7, 8 and 21 would

-, be permanently closed. It is hoped that any proposed road

system for the extension will be examined from the

polnt-of-view of advantages and disadvantages of

o
-

accessibility, wildlife viewing and poaching (proper
o . . ‘ . 1 . ] .

parrolling is a necessity). In addition, west 'of the

- proposed extension (the proposed 40,000 ha lie,jdst on the
. . N ) . . . , . «
edge of the tsetse fly range) there is-a high cattle
population. "It may prove difficult to control movements

!

of cattle entering the broposéd egtensiod and a problem of

IS

illegal grazing could result.

. ’ ’ ‘ \ ’ ‘
The results of this study have provided baseline

.
»

information., and identifigd and suggesﬁed:managemeﬁt
pro?gsals_fbr the~ﬁiig;§froble3ﬁa;eas fp18e90ué National
P?fk. .Thé key télany Succesgful hultiéig—use plan fotéé'
.park}lie; in'co—Qrdinaﬁing land;usc mgnageme&t~and
vhk§;opération becweeﬁ government;.and‘localApéoples. An
infegracad/résource management plan which will be ™
’fl¢kiblei and which can be revie;ed at any time for
hecesséry changesiis needed for Benoue Ngtidnal Park. ¥
Furthef researég w%ll be necessary to evaluate these
changés. The:é{is iittlé doubt. that demands biaced upon
Ben;uc National Park will increase as‘populagion and
cultiQation dcmaﬁds Increase. It is hoped that theSé
findings :&ll assist future co—ordinatea resource

»

management planning.
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DICOTYLEDQUAL

ACANTHACEAE
Monechm ciliata (Jacg.) Milne-Redhead

Hygrophilia senegalensis T. Anders

Phaulopsis barteri (T. Anders) Lindan.

Blepharis glumicea 5. Moore

AMPELICACEAE
A

Cissus flavicans (RBak.) Planch.

C. adenocaulis Hochst ex A. Rich.

C. populnea Guill. & Perr. L

C. ruwbrosetosa Gilg., & Brandt

C. _ru__féscens Guill. & Perr. ‘ . .

C. waterlotii A. Chev.

C. crotolarioidés Planch. ‘
ANNCARDIACEAE

Heeria pulcherrimy Schweinf. O. Ktze.

Haematostaphys barteri Hook. f.

Lannea fruticosa (Hochst. ex A. Rich.) Engl.

L. acida A. Rich. '
ANNQONACEAE '

Xylopia parviflora (A. Rich.) benth.
)4 !

Anhona senegalensils Pers.
APOCYNNCEAL,

“Voacanga thouarsii Roem. & Schult.




(‘nlofkugpi:; procera (Avt,) Alr. ot
BIGNONTACEAL,

Klgelia africana Denth,

Stercospermum kunthianum Choun,

CAESNLPINIACTHAN
Afzeli a ij;g'ﬂqt‘}_rlg sm,

Burkea africana Hooi(.

- <

Cassia kirkil Oliv. var. guinenesis Steyaert

C. sieheriana D.C.

Daniellia oliveri. (Rolf) Hutch. & Dalz.

Detarium microcarpun Guill. & Perr.

Isoberlinia doka Craib. & Strapf.

I. tomentosa (Harms.) Craih. & Strapf.

Piliostigma thonningii (Schumach.) Milne-Redhead.

CELASTRACTAE

bnytyenus senegalensis (Lam.) Exell.

COCHLOSPERMACEAE

Cochlospermum  tinctorun A. Rich.

COMBRETACEAE

Combyetun hypopilinum Diels.

C. Jinderanum Kotschy.

C. ghasalense Engl. & Piels.
C. paniculatum Vent.

C. mllg R. Br. ex G. Don
C. sericeumn G. Don

C. nigricans Guill. & P(z:rr.

Terminalia macroptera Guill. & Perr.




7. laxitlora Engl.

Tooavicennoides Gaill, & Porr,

Ancgelssus leiocarpus (DLCL) Guill. s Perr.

Aspilia ;miuf;tif(’)lia (Oliv.) & Hiern.
A. africana (Pers.) C.D. Adams var. ambigua C.D. Adurs

A helianthoides (Schum. & Thonn.) Oliv. & Hiemn.

(_Z}Bysantollum ameri anuan (IL.) Vatke.

Cconvza aeqyptiaca (L.) Alt. spp. acqgyotiaca
—— e A D s -

Vernonia amygdalina Del.

V. ‘owlorata (Willd.) Drake.

1

V. nigritana Oliv. & Hi~m.

&

V. purpurea Sch. Bip.

CaWWOLVULACEAL

&

Ipamoea argentaurata Hall. £.

DIPTEROCARPACEAE

Monotes kers tingili Gilg.

EUPHORBILACTAE

Bridelia scleroneura Muell. Arg.

Hymenocardia acida Tul.

Phvllanthus sp.

;
gzcurineqa virosa (Roxy. ex Willd.) raill.

Uapaca tbgoensis Pax.

Antidesmy venosum Tul.

FLACCURT IACEAE

Oncoba gpinosé Forsk.

\lOb
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HYPERTCACHAL w

Poorosperimm Spp.
TABTATAL

Hatminlastoan l1lacinun (Oliv.) K. Morton

iloslundia opposita Vahl,

Platystoma atricanum P [kauv.
A

Scutellaria paucifolia pak.

LOGAN IACTAL

Strychnos spinosa Lam.
v
[ORANTHACEANFE,

Tapinanthus bangwensis (Engl. & K. Krause) Danser.

~

MALVACEAE

t

Urena lobata L.

Sida rhombifolia L.

MELIACEAL

Pseudocedrela kotschyi (Schweinf.) Harms.

0y

Trichilia roka (Forsk.) Chiov.

hava senegalensis (f»ov. ) A, Juss.
AMidyd SENegd S 1o
MIMOGACEAE

Acacia ataxacantha D.C.

A. hockii De Wild.
A. dudgeoni Craib. ex Holl.
A. polyacantha Willd.

Prosopsis africana (Guill. & Perr.)  Taub.

Minosa pigra L.

Intada africana Guill. & Perr. .

Parkia clappertoniana lHeay

N
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MOBPNCEAR
Flous glumesa Delo var . glaberrimg Martel

Foognaphalocarpa (Mig.) Stend. Tx AL mch,

. vallis—choudae el

MY RI'ACEAL,

Syzigium guineense (Willd.) D.C. var. quineense

5. quineense var. microcarpum Fngl.

 OCHNACEAR

Ochna schweinfurthii F. Hoffm.

[ophira lanccolata Van Tiegh. o Kooy

OLEACEAE }

Ximenlia americana L.
OPILIACEAR

Opilia celtidifolia (Guill. & Perr.) Endl. ex wWalp.

OXALIDACEAE

Biophytum petersianum Klotsch

PALMAE

Borassus aethiopium Mart .

PAPILICNACEAE

Crotalaria bongensis Bak. !,

C. macrocalyx Benth.

C. mucrocarpa Benth.

Desmodium adscendens (Sw.) D.C. var. robustum Schuboert

D. gangeticum (L) D.C. var. maculatum (1) Bak.

D. velutinum (Willd.) n.C.

Eriosema glomeratum (Guill. & Perr.) look £,

indigofera conjuaata Bak. var. conjwiata
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I. stenophylla Guill. & Perr. var. stenophylla

‘Lonchocarpus sericeus Poir. H.B. & K. o : ' .

Meliniella micranthﬁ Harms.

A4

Pterocarpus erlgaceus Poir. @

'Tephrosia bractéolata Guill. & Perr. ‘ .
T. platycarpa®guill. & Perr.

. 4
- Afrormosia laxiflora Harms.

Tristicha trifaria (Bory) Spreng.

POLYGALACEAE

Polygala petitiana A. Ric.

Securidacé longipeduﬁculata Fres.

=

POLYGONACEAE

~ Polygonum senegalense Meisn.

PROTEACEAE
Protea angolensis Welw.

/ ; .
P. elliottii H.C. Wright vpx, elliottii.

RHAMNACEAE -

Ziziphus mucronata Willd.

ROSMCEAE.

Parinari‘éuratellifolia‘Planch ex Benth. .
. ! ) ) I - . N : . 5 @

Gardenia  erubescens Stapf. &Hmrh

. G. lutea Fres.

Y

Cmbapaﬂyxfdniﬁgéimnﬂn

Canthium multiflorum (Schumach. & Thonn.) Hiemn.~

. w0

Fadajia agrestis Schwoihf.'éx Hiern. R .

R
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Borreria octodon Hepper

Macrosphyra longistyla (D.C.) Hiern.

Nauclea latifolia Sm.

Pentodon pentandrus (Schum. & Thonn.) Vatke.
’ T ’ :»\\; ,?‘,)’Jf

Rothmannia whitfieldii (Lindl.) Dan AR

.Tricalysia Ckelinsis Hiern.
SALICACEAE |

Salix ledernaﬁnii Seeman

SAPINDACEAE

Allophyllus afficanus P.B.

Butyrospermum paradoxum (Gaetn. f.) -Hepper

_.Malacantha alnifolia (Bak.) Pilerre
SCROPHULARIACEAE

Cycnium camporum Engl.

Sopubia simplex (Hochst) Hochst.

STERCULIACEAE

Sterculia setigera Del.
THYMELIACEAE

' Gnidia macrorhiza Gilg.

Lasiosiphon kraussiana (Meisn.) Butt-Davy: .

TILIACEAE .

Grewia mollis Juss.

Lippia multiflora Moldenke

Vitex doniana Sweet

o

- EBENACEAE

Diospyros mespiliformis Hochst.

=
=,

iy
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BOMRACEAE

' Adansonia digitata L.

porbax costatum Pellegr. & Vuillet.

MONOCOTYLEDONAE

AMARYLLIDACEAE =

Crinum humile A. Chev.

Anchémanes welwitschii Réndle'

COMMELINACEAE

. Aneilema lancéolatum Benth.
. ) " - |
® .
Ascolepis protea Welw. .

Bulbostylis -pusilla (A. Rich.) C.B.Cl. -
'B. scabricaults Cherm.

Cyperus esculentus L.

‘ C. tonkinensis C.B.Cl. var. baikei (C.B.C1.) Hooper

Eleocharis setifolia (A. Ri,,ch;) J. Raynal

_Fimbristylis scabrida Schumach.

L_igocarpha ,albiceps Ridl.

Mariscus alternifolius Vahl.

M. umbellatus vahl.

Pvcreus lanceolatus (Poir.) C.B. Cl.

P. melas' Ridl.

‘Scleria bulbifera A. Rich.
DIOSCOREACRAE

Dioscorea abyssinica Hochst. ex Kunth. .
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). bulbifera L.

=

D. preussii Pax
" GRAMINEAL

Alloteropsis semialata (R. Br.) Hitch.

Andropogon ascinodis C.3B.Cl.

A. gayanas Kunth.

A. pseudapricus St f,

A. schirensis Hoc - . :

A. tectorum Schum. & Thonn.

Aristida hordacea Kunth.

Arundinella pumila (Hochst. ex A. Rich.) Steud.

Beckeropsis uniseta (Nees) K. Schum.

¢ Brachiaria jubata (Fig. & De Nol.) Stapf.

g:%giiiantha (Hochst ex A. Rich.) Stapf.

Chloris pycnothrix Trin.

C. robusta Stapf. ' e

Cuﬁiunomms&mslknﬂn

Cvmbopogon giganteus (Hochst.) Chiov.

- Digitaria ciliaris (Retx.) koel.

diagonalis Stapf. var. hirsuta (De Wild. & Th. Dur.) Troupin -

Echinochloa colonum Link.

Elionurus hirtifolius lack.

Eragrostis aegvptiaca (Willd.) Link

4 2n
cqy s . g
. cilianensis (All.) Lut. 5%
®
E. tenuifolia (A. Rich.) Hochst ex Steud.

Fuclasrta condylotricha (llochst ex Steud.) Stapf.

‘Hackelochloa aranularis O. Ktze.

3

Hyvparrhenia filipendula (Hochst) Stapf. var. filipendula



v

H. involucrata Stapf.

H. rufa (Nees.) Stapf.

H. smithlana Stapf. .
H: subplumosa Stapf.

- H. welwitschii (Rendle) Stapf.

Inperata cilindrica (L) Beauv. C. E. HHubbard

‘ , .
Loudetia arundinacea Hochst. ex. A. Rich. Steud.
" L. sinplex (Nees.) C. E. Hubbard

Loxodera ledermannii (Pilger) W. D. Clayton ex Launert

Oplismenys burmannii (Retz) P. Beauv.

: W P
Panicum baumannii K. Schum. - é\>

P. pansum Rendle
RN el e L

P. phragmitoides Stapf.-

ﬁPén’nisetum giganteum A. Rich.

e
~y

l

>. monostigma Pilger
P. subangustum (Schumach.) Stapf. & C. E. Hubb.

Rotthoellia exaltata Linn. f.

Saccharum spontaneum L. var. aegyptium (Willd.) Hack.

Saccilolepis micrococca Mez.

Schizachyrium exile (Hochst.) Pilger

S. sanquineum (Retz.) Alston

Setaria sphacelata (Schum.) Stapf. & C. E. Hubbard

sporobolus festivus Hochst. ex A. Rich.
S. pyramidalis Beauv.
S. pectinellus Mez.

Tripogon minimis (A. Rich.) liochst. ox Steud.

Vetiveria nigritana (Benth.) Stapf.
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IYPOXI [)1\(})['-1

Curculigo pilosa (Schum. & Thonn.) Engl.

IRIDACEEAE

Gladiolus unguiculatus Bak.

LILIACEAL

Anthericum pubirhachis Bak.

Chlorophytun aureun Engl.

Eriospermum abvsinicum Bak.

Urginea ensifolia (Thonning) Hepper

ORCHIDACIAR,

Eulophia cuculata (Sw.) Steud.

PALMAE

Borassus acthiopicun Mart.

ZINGIBERACEAE

- Kaehpferia aethipica (Schweinf.) Solms-Laub.

o
&
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Mammals of Benoue National Park
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INSECTIVORA ‘ S o ] '
Atelerix alblventris (Wagner 1841) ................ e ; ‘\fricanwh.‘(:dgc;hog
CHIROPTERA ,\
Epamophorus gambianus (Ogilby 1835) .. eueueer e, Gambian fruit bat
Eidolon helvim (Kerr 1792) «.e e e et iie e e St_rgbjgx“u—colouped
. v fruit bat
Lavia frons (BE. Geoffroy 1810) ................ e Yellow-winged bat
PHOLIDOPA
Manis gigantea (Illiger 1815) ... .. .. ... ... ... DU R stant pangolin
LAGOMORPHA
1opUs capensis (Linnaeus 1758) ... eee et Hare
‘ lepus crawshayi (De Winton 1841)...........................Crawshay's hare
RODEIVTIA
Funisciurus aneryvthrus (Cuvier 1833) ....................... Red side-striped
_ squirrel
Xerus crythropus (Desmarest 1817) ................ Bee e West African
. ground squirrel
. Myomvs daltoni (Thomas 1892)...... e e e e e e Bush mouse
Mus minutoides (Smith 18‘34) ...... e e e Pj;c;w mouse
Hysterix cristata (Linnaeus 1758) ......... ... ... iiiun... Crested .g\’)rcupine
TUBULIDENTATA
Orvcteropus afer (Pallas 1766) ..................... R .Aardvark
HYRACOTDEAY | . ‘ o
* Procavia capensis (Pallas 1766) ..., ... .. R Rock hyrax
PROBOSCIDEA
ono'donta africana (Blurenbach 1797) ... ... ..o o o . African elephant

1 Recorded outside Benoue National Park but assuned to extend into it.

v

A
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PRIMATES
Papio anubis (Fischer 1829) ........... ... o iiuiion... PR Olive baboon
Colobus quereza (Oken 1856)....... . .................... ®Black and white

' colobus
Erythrocebus patas (Schreber 1774) ... ... ... ... e Red patas monkey
Cercopithecus acthiops tantalus (Linnaeus 1758) R Tantalus monkey
ARTIODACTYLA ' -
Kobus g_gb& {(Exrxleben 1777) ........ S e e e e Buffon's kob
Tragelachus scriptus (Pallas 1766) coon .Bushbuck
Taurotraqus derbianus (Gray 1885) ..........vinininnnn.. ?..Giant eland
Alcelaphus buselaphus (Pallas 1766)........................ Western hartebeest
Hippopotamus amphibius (anéeus 1758) oo Hippopotamus
Giraffa camelopardalis (Linnacus 1758).................. ~...Giraffe
Svlvicaorﬁa. grimmia (Linnacus 1758) ......................... Grum's duiker
Ourebia“ ourebi (Zimmerman 1783) ... .........ooeeeseesennnnnn, Oribi
Cephalophus rufilatus (Gray 1846) . ..o, Red-flanked duiker
Redunca redunca (Pallas 1777)........ .................. Bohor reedbuck
Diceros bicomis (Lﬁmaeus 1758) o e Black rhinoceros
Hippotragus equinus (Desmarest 1804) ..............uuuunnn.. Roan antelope
Damaliscus korriqum .(Ogilb‘y 1876) .. .. ... e .....Topi |
Phacochoerus aethiopicus (Pallas 1766) . .. . ... ..... Warthog
Kobus defassa (Ruppell 1852)............. ... ... ...... e befassa waterbuck
Syncerus caffer {Starrman 1779)........... e Buffalo, bush—cow
CARNIVORA
f‘elis caracal (Schreber 1777) ... i ..Caracal
Viverra civetta (Schreber 1777)“ ................. e African civet
Genetta genetta (Linnacus 1758) ... .. e Cammon genet
Canis adustus (Sundevall 1846): ...................... ..o....S1de-striped jackal

Crocuta crocuta (Erxleben 1777) oo o icn ... s . .Spottpd hyena

bty



Panthera pardus (Linnacus 1798) o ... .. . .. Jeopard
Panthera leo (Linnacus 1758) ... “.....Lion
Lycaon pictus (Tomminck 1820) ... ... ... .. ... .. .. . .. ... . ...Hunting dog
Felis serval (Schreber 1777) ..o i, :.Serval

1
Ichneunia albicauda (Cuvier 1829)........... R White-tailed

' mongoose

Herpestes ichneumon (Linnacus 1758) ........................ Egyptian mongoose

'
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Reptiles of Benoue National Park

e



(

REPTILTA

CHETLAONTA ’

Kigixys Delliana. cv.ooooooiii i Hinged tortoise

AMYada BLINGUIS. ot e ottt i e Soft-shelled
tortolise

CROCODILIA

Crocodulus niloticus...........c..ouvennn... e, Nile crocodile“

SQUAMATA

Varanus niloticus................. e et Nile noAitor

ChamaelO gracilis. ... ..ottt it e e Savanna chameleon

jgiggg 2} U PP .Red-headed agama

Pvthon sebae. ... ... .. I \. .Rock wython

P. rggiug ................................... T Royal python

Grayla snythii

claja nigricollis. ... e e e e

Causus rhombeatusS . . oot e i e e ens [,
£y

Bitis arietans

Water snake
Ring-necked cobra
Night adder

Puff adder
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Birds of Benoue National Park
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|
ARDIVIDAL 7
I:«)bry\:\hﬁ:/; LS 0 11 1 PP Dwart hittem
Nycticorax Qxctic:ornx ......... Qe o Nlght heron
Ardeola r_Lllp_lﬁgj ..................................... ... .Suaco heron
Ardeola ibls.......... ... e B, Cattle cqret
Faretta alba. . ... o e e Great white eqgret
Ardea cinerea..... e A. e e e Grey hefbn
Ardea qoliath. . ..o e (oliath heron
HSCOPIDAL ;
Scopus umbretta, ... L., e S Hamrerkop
CIQXIIDAE
Ciconia Nigra........... O e et e e e Black storx
ClOON1A P LSCODUS st e v e e e s e s e te et e eee it iee et i aasans s Woolly-necked stork
Ephippiorhynchus senegalensis................. .. ..coun... Saddle-bill stork .,
Anastomus lamelligerus... ...l ceneaee Open-bill stork
Ihis IbiS. . ieieeie ... e Wood ibls
. Sphenornvnchus abdimii........ P Abdim's stork
THRESKIORNITHIDAE ©
~Threskiomis aethioDICUS. . .. i i it e i Sacred ibis
Bostrychia hagedash, ... .. e i i i e e Hadada
-
Plegadis falcinelluS. . voe o ie e e e et i e e e e e ..Glossy 1ibis
MAHATIDAE ,
Alopechen a()g;v*otiGCLn; ..................................... Egyptian goggse
Plectropterus g»__amtxznsis .................... SR ... .l..Spur-winged . goose <‘
\ f
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'ACéIPTRIDAE o
" Neophron ;efcnoéierus...: ....... e \.i.......;...;...Egyptian vul ture
Gyos .bengalensis...... W .. ~...7;....&hite—backed vulture.
Trigonoceps bccipiﬁalis,.....................; ........... ;.dﬁite headed vulture
Neophron monachus....... ;..,,...........;....,.;.......2*%;Hooded vultu;e
‘Circus.gzgargus..;.u...; ............................. TT....Montagu's harrier
P?lybroides'radiatus...‘.....; ................ [ ;Harrier-hawk
iTérathopihs ecaudatus......... e e e :..ﬂ .......... Bateleur
Circaétué c%nérgicene...f}; ...... (...;; ...... : .......... .. :.Banded harrier®hawk.
Atcipiter badlus ........ T e 1Shnqa '
Kaupifélco ﬁonogfamnicus ....... . 5""';“1“‘ ..... Lizard buzzard
Butastur rufipéﬁnis....,..L ........... ;;.fu...l ............. Grasshopper buzzard
Dophaeths océipitaiis;;........;, .......................... ;Long—crested 7
o i T ‘ © hawk-eagle
Polemaetus bellicosus..ﬁ...u.i...f ......................... Mdrtial eagle
quila fagax ..... EREEE R STUTTRR T e ;.;..Tawny eagle
Haliaeetus yocifér.;....:..............;...,....;i ..... ‘....Fish eagle
“Milvus migrans......... S AT . S S Kite
Elanus caeriléus. . ... '..;..,w;,, .......... PUNDRRR ,...3..Bléck¥sﬁouldered'.
T o » | © . kite
Elanus riocourii..* ......... e i PP Swallow-=tailed kite
FALCONIDAE ‘
Falco Cuvvier.i.‘...} ..... e e e, African hohby
'Falég'subbuteo ..... . : v | Europeanvhobby
Falco finnuhgulus ‘ Kestrel
Falco alooéxi ............... ’...;......ﬁ:.. PR Fox kestrel
SAGITTARIIDAE s o | ’ _" R | . ,
uSagittarius serpentarus.......... P, e TR Se;rebary bird
‘
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PHASTANIDAE,
A}l:.LlOpaChUS petrosus. . e e ......Stone partridge
Numida memleagris. ....... A e, | AU Guinea fowl
Francolinus. bicaiéaratus e e e eeaa et e i Double-spurred

. 2z ' francolin
RALLIDAE X ' ‘ ’ ‘ t
POrphyrio alleni......c.oovviiinininnnnngionnnnns \..7...7 ...... Allen's gallinule
OTIDAE | .
Neotis denhami...... .‘ ...................................... Denham's bustard
BURHINIDAE
Burhinus éene_gglensis. e e Senegal thicknee
CHARADRL IDAE | '
vanellus sg'mosﬁs ..... e P B R R REE Spur-winged plover
Vapellus albiceps...... e e e e EE .White‘—he_waded plover
Charadrius h1atiCUla. . uveveeesenecnnocnnrenseeseneansanannas Ringed ;lover
Limosa limosa. ..o veninnnennennnnn PP . DT Rlack-tailed godwit
Tringa glareola: ............. P | ..+ ...Wood sandpiper
Tringa erythr@us ........ .- ..Dusky redshé_\nk
Gallinago GallinAgo. .. .. ..ueeneronreennneennens, il ‘.c'oﬁnﬁnsr{ipe
Calidris ferruginea............. . U e .Curlew sandpiper
Calidris ’a‘l‘ba. e .................. e Sanderling
‘GLAREQLIDAE |
Glareola pratincola............. B R R R R R RRREE .Pratincole
Pluvianus aeqyptus................ e e Egyptian plover
LARIDAE
Rhynchops flavirostris .............. e et Skimmer '
Stema AlibifronS..cvee i eeenn s ........ et e .ULittle' tern =



COLUMBIDAE

APODIDAE

.Common °w1ft

Little Swifb

Palm swift

125

Streptopelia turéur ....... : ........................ R Turtle dove
— : A
§E£§EEQE§li§ SeMItOrquata. ...t Red—eyed dove
Streptopelia ﬁecigiens....; ................. ; .............. Mourning dove
Treron australis............... S e P Green pigeon
Treron waalia............... et te et eteee et Bruce's green pigeon
PSITTACIDAE | |
Poicephalus senggalus...........,...' ................. .....Yellow-bellied parrot
Psittacula Krameri.................... D Rose-ringed parrakeet
MUSOPIIAGIDAR | B
Musophada_ vViolacea. .. ...c.oveeeenn... e Violet turaco
Crinifer Qiscaﬁor ......................................... Grey piantain—eatbr
CUCJLIDAL
Clamator JBOODIMUS . vt v ettt et et e e et e e et e e Black and white
: cuckoo
CUCLIUS CANOTUS « «vre vt e ee e e v et e e et et e et e e e Cuckoo
‘Centxopus Senegalcn5ls ......... e L ee e Senegal couéal
Centrogus ﬂoulou...........7 ...... R i ...Black ccucal
STRIGIDAE |
BUbO afriCanus..............c.imeii.... e ....Spotted eagle-owl
Scotogglia_ggli ................... S P Flshlnq owl )
GAPpujnnJSIDAE |
Caprimilqus CLIDAEUINS Long-tailed
v "~ nightjar
@gggggigggxz longlocnnla....‘ ..... et eteeitieaieaeaao.. ... Standard-winged
' ' %‘ - nightjar
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ALCEDINIDAE . ¢

Ceryle maXima.......oovuiiineevnnennn ettt e Gilant kingfisher
' Ceryle rudis..........ocoouuon.. S et e Pied kingfisher
Alceda cristata. ... . S ....Malachite kingfisher
8 2 S <2 L= Pygmy kirgfisher
Halcyon senegalensiS......v..eeiiieneeeecneneecenannennnns Woodland kingfisher
Halcyon leucocephalus...........cieiiiiiveneninnnnnnnnnn. Gray-headed
kingfisher
MEROPIDAE -
S qel eI} o I Lo ot o Bee-eater
Merops superciliosSUS......c.oveueeneennns ettt riiaaaaeas Madagascar bee-eater
Merops malimbicus............. ettt et it e Rosy hee-eater
M rODS NUDICUS ..ttt e areireiieeeenrennennonecenoneaneaunnn. Carmine bee-eater
MeropsS AalbhiCOldiS . e iie i iieieecean ettt eanna. White-throated
' bee—eater
MeropS BULOCKL .t ittt it i eieiieine e, Red-throated
; . bee—eater
QORACIIDAE '
Coracias abyssinica.............. P e Abyssinian roller
Coracias Cyangaster.......coveeeeecuennnnnnnnns et ea e Blue-bellied roller -
UPUPIDAE v )
Upupa epops. .o oute s e EurOpean hoopoe
g
BUCEROTIDAE ‘ ‘ '
Tockus nasatus...........,..............................;..Grey.hornbill
Tockus erythrorhynchus.............coiiiiiiie ..., Red-billed hormbill-
Bucorvus'abx§sinicus ................... U Ceeeeea Abyssinian ground
hormbill
 CAPITONIDAE
* Lybius QubiuS......ovvieeirerennn. ... AU s Bearded barbet
HIRINDINIDAE

1288051 ST T <% ¥ o - S Ewropean sand martin
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Hirundo rustica...... e iiiieaieiiiiii..........European swallodl
Hirundo smithii ..... PRI 1..., ...... R . ;...wirg—tailed swallow
Hirundo seﬁirufa ..... R R kufous—cﬂested swallow '
Hirundd SPLI1OABIA. .o v e e e e e e Cliff swallow
'
MOTACILLIDAE
Motacilla flava..........-. e e Yellow wagtail
Anthus cervinus........ T T Red-throated piéit
mCIIJOI‘INAE
Tchagra seneg&ié........---....;..;ﬂ; ...................... Black-headed bush
= . < ‘ shrike
LANL1AriuS DarbarlS . o v e vt v m tit e i ee et seesae s e .Barbary shrike
Corvinella corvma ......... e e e Long—tailed shrike
ORIOLIDAE A A
Oriolus aNratus.........-.: PP ...African golden oriole
STURNIDAE | _ | -
Iamprotorﬁis DUIPUIRUS .+« e v v eeeveeeen e e et Purple glossy étarling
Lanprotormis caudatés.......:...;....ﬂ................5}...Long—tailed glossy
o , o . starling
Buphagus africanus......- I e Yellow-billed oxpecker
COR\/ID:\E |
COrvUS AlbUS . .ttt s et ee sttt eeeiaantae e e nnnes Pied crow
CAMPEPHAGIDAE
Campephéga 7o < 0 K> W .Red-shouldered
. : : cuckoo-shrike
MUSCICAPIDAE ' , ) -
Cercomela familiaris.......; .......................... e Red-tailed chat
Saxicola rubetr®. .......... R Whinchat
Phoenicurps phoenicufus .............. ’..7.: ..... ;...;...;...Redstart
Hippolais'gglyqlotta.ﬁ........;...; ......................... Melodius warbler
Hippolais Eg}lida ............... »....; ....... e Tree warbler’

SYLvia bBOTin. . . ueee i e e Garden warbler




el

........................................

...........................................

.........................

Terpsiphone viridis

.........................................

NECTARINIIDAE

Anthreptes longuemarel........c..c.utiniiintineinerenannannns

Nectarinia olivacea

........................................

......................................

Nectarinia verticalis
PLOCEIDAE

Ploceus cucullatus

Malimbus rubriceps

...............

Euplectes hordeaceus

.......................................

Euplectes afer

Bubalornis albirostris

Petronia dentata

...........................................

Vidua orientalis

@ * 8 6 8 s o 8 e s e e s se s e s e s 4 e e 4 e s e e s e e e e e e

........................................

Estrilda trogodytes

Estrilda bengala

.............................................

Lagonosticta senegala

.......................................

128

Rufous grass warbler
Red-winged warbler
Spotted flycatcher
Yellow-bellied

flycatcher
Paradise flycatcher

Violet-backed sunbird
Olive sunbird

Green-headed sunbird

Village weaver
Red-headed weaver

Black-winged bishop

'

Nagoleon bishop

Buffalo weaver

Broad-tail

paradise wydah
Black-rumped waxbill

Red-cheeked cordon
bleu

Red-billed fire finch
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Name : Date:
Plot No.: ________ plot Area: _______—  mZ "
Veld Type: ‘ _ Geology: e L
Biotic Influences: L e ’ L ~
Topoygraphy: mountain peak - cliff talus ridqge plain
termitaria kloof valley donga pan seep
viei river bank estuary dunes hill slope
: concave convex flood plain
Site Exposure: - Aspect: Altitude:
Surface Rock (mean size cms): 0 2.5 15 60 220 bedrock
Rock Cover: 0+12345 Soil Series: . ___ Soil Depth: scm
Soil: "litter 0+12345 Soil Texture: fSa cSa fSaLm cSaLm SaClLm
humus 0+12345 . Cllm SsacCl Cl
Soil Colour: black grey white yellow brown red olive-brown
'Site Drainage: dry seasonally moist seasonally wet permanently wet
Slope: level gentle moderate steep very steep
‘ {0-3°) (3-5°) (8,5-16,5°) (16,5~-20,5°) (26,5-45,0°)
' precipitous -

(more than 45°)
Notes:
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Appendix VI

Chronologpical Annual Ring Analysis
Sheets of 2 mn graph paper, 6 cm wide and long enough

to read off the total ring sequence of each core were
secured directly above, each core and a "0" was placed above
the pith, Likewise, strips were placed perpeﬁdicular to the
annual rings on each wedge sample. A 2 mm square

- . ‘ .
represented one “unit” and for each annual ring lying within
a "unit”, a vertical line 4 mm high was drawn directly
above. Therefore, the greater the number of rings lying
within a "unit™, the higher the line. Anquallrings with

burned wood were marked on the graph paper with an "x7.

—
Line diagrams were compared until vertical lines were found
to correspond or until all possibilities of correspondance
had been exhausted. The place of apreement, 1f such was

found, was the position-in time when two or.more trees (and

therefore the ring records) were considered to cross-—date.
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«Appendix VI

SYMAP

Program
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PROGRAM FOR PRE-PROCESS ING POLNT COORDINATES FOR SYMAP PROGRAM

CONTROL AND DATA CARDS FOR THITS PROGRAM

CARD S Col. FORMA'T VARU\HLEF
1 1 01 NUMBER OF CATEGORIES, NCAT<10.
2 1-54 Ar6.0 FILL VALUES, E.G. 999., 666., 333.
3 1-32 Ar8.0 A-MAX, Y-MAX, X-MIN, Y-MIN.
FOR EACH OF THE NCAT CATEGORIES, ONE CARD A
1-0 AG THE WORD., "POINTS™
7-11 5 THE NUMBER OF POINTS FOR THIS CATEGORY (NP)

FOLLOWED RY NP DATA CARDS.
THE l~'()RMI\T FOR THE DATA CARDS IS STATEMENT 606 IN THIS PROGRAM.

(REAL 2(120,198)/23760*-999.0/,SUBS(2,2000),VALUE10)
REAL 7(200,330),5UB5(2,2000),VALUE(10)

NOTE: [ & X ARE ABSCISSAS; J & Y ARE ORDINATES.
INTEGER NTEST/'POIN'/
NOBS=0
[MAX-120
JIMAX=198 -
JMP1=JMAX +1
READ NUMBER OF CATEGORIES (SYMBOL TYPES) <10.
READ (5,6007 NSYMB
READ "FILL VALUES" FOR THESE CATEGORIES.
READ (5,601) VALUE
READ MAX-X, MAX-Y, {(MIN-X, MIN-Y).
READ (5,602) XMAX, YMAX, XMIN, YMIN
YRANGE=YMAX-YMIN
KRANGE=XMAX-XMIN
YCONST=IMAK/YRANGE
XCONST=IMAX/XRANGE
YDEL=YRANGE*0.0000001
XDEL=XRANGE*0.0000001
DO 40 ISM=1,NSYMB
VAL =VALUE ( [ 5M) - .
READ NUMBER OF DATA POINTS FOR CATEGORY ISM.
READ (5,603) ITEST,NPOINT S
IF (ITEST.EQ.NTEST) GO TO 10 L
WRITE (6,604) 15M
GO TO 60
10 CONTINUE
IF(NPOINT.LE.2000) GO To 20
WRITE(6,605) I3M,NPOLUT
GO TO 60 “
20 CONTINUE
READ(5,606) ((sUBS(I1,J),1=1,2),J3=1,5NPOINT)



9!

30
40

60
600
601
602
603
604

1
6505
1
606
608
609
1
2

5

000

601

DO 30 INP =1, NPOINT
X S50UBG {2, INP)
Y -5UBS (1, INP)
FOR DATA CHECK, REMOVE 'C' FROM

NOBS=NOBS +1
[=INT((X-XMIN=XDEL)*XCONST)+1
J=INT( ({~YMIN=YDEL) *YCONST ) +1
J=IMP1-J

Z2(1,J3)=VAL

CONTINUE

CONTINUE

DO 45 ILN=1,JIMAX

WRITE(4) (Z(J,ILN),I=1, IMAX)
CONTINUE

WRITE (6,608) NOBS

GO TO 60

CONTINUE

OL. 1 OF NEXT CARD. :
LK (X.L’[‘.XMIN.(_)R.‘{.I.’I‘-YMIN.()R.X.G‘F.‘(M."\X'-')R.Y.G’l‘.YMl\X) GO TO 50

WRITE(6,609) I3M, INP,XMIN,XMAX, X, YMIU, YMAX, Y

STOP

FORMAT (11)
FORMAT (10Fh.0%)
FORMAT (4F8.0)
FORMAT (A4,2X,15)

FORMAT. (' *** "NUMBER OF CASES" CARD I3 MISSING FOR CATEGORY',

12)

FORMAT (' *** CATEGORY',IZ2,' HAS',

15," POINTS.'/

! o MAXIMUM=2000. ALTER SECOND DIMENSION OF SUBS.')

FORMAT (F5.2,5X,F5.2)
FORMAT ('O *** NORMAL END OF JOB.'

,17,' POINTS PROCESSED.')

FORMAT (' *** DATA ERROR AT CATEGORY',I3,': POINT',[5/
' X-RANGE =',G14.6,' TO ',G14.6,': X-VALUE =',G14.6/

! Y-RANGE =',G14.6,"' TO ',Gl4.5,': Y-VALUE =',G14.6) |

END

PROGRAM FOR OVERLAYING ANIMAL DATA ON OUTPUT OF

GEOGRAPHIC DATA (PROCES(1,100).

CARD FORMAT VARTABLE
1 i NA NUMBER OF ANIMALS
2-014+1 [SN 601 ORDINATE, ABSCISSA, DENSITY

REAL Z2(120,193)

DO 5 J=1, 198 .
READ(4) (Z(1,J),1=1,120)
CONTINQE

READ(5,600) NA

FORMAT (I4)

DO 10 IP*1,NA

READ(5,601,END=20) J,I,N
FORMAT(12,14,13)

CORRECT THE COORDINATES FOR THE
IF(I.LT.1.0R.I.5T.40) GO TO 50

[F(J.LT.1.0R.J.GT.%6) GO TO 50
IF{N.LT.1.0R.N.GT.5) GO TO 50

WEW SCALE.
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L-L*3~1
REN LTS
A1, 0) N
10 CONTINUE
GO TO 30
20 WRITE(6,602) IP .
602 FORMAT (/1X,14,' ANIMALS WERE PROCESSED.')
30 DO 40 J=1,198
WRITE(3) (Z2(I[,J),1=1,120)
40 CONTINUE
STOP
50 WRITE(6,603) IP,J,I,N
603 FORMAT (' ANIMAL ',I4,': COORDS.',314)
GO TO 10
END “



Appendix Vl\ll \
- ;

Spatial Overlap Program

o

1

The program solves for D, the distance between circle
centers using a series of {terations with a modified

bisection method. Radius 1 produces a circle whose area is

proportionnl“to frequency 1, and rag¢s 2 produces a circle
2. The distance

of overlap (if one
exists) that is proportional to frequency (1+42) overlap.
Circle radii 1éngchs are left to the discretion of the
researcher. Using “"Fisher's Exact Method” (Keeping 1962),
probabilities of spatial o;erlap were calculated by 2 x 2

tables using the same set of marginal frequencies

(observations).
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400. 2.

30
356
170
498
279
365
170
356
170

.01
319
165
356
170
356
110"
113
10

N

—_
NN W = w O

GIVE RADII AND DISPLACEMENT FOR PROPORTIONALITY
.OF 'AREAS AND OVERLAP OF TWO CIRCLES.‘

PI= 3.141593 '

READ (5, 598) VOLUME, RADIUS

"~ 598 FORMAT(2F7.0) s

59

1

CONVRT=1.0 _ -~
IF(VOLUME. LE.0.0.0R.RADIUS.LE.0.0) GO TO 5,

CONVRT= RADIUS/SQRT(VOLUME/PI) ) | T

S’ CONTINUE"
READ (5,599 ) MXITER,CRIT
9 FORMAT (I3,F8.0) '
IF(CRIT.LT.0.00001) CRIT=.001
. IF(MXITER.LE.O0.OR.MXITER.GT.500) MXITER=50,
0 READ(5,600) AN,BN,CN -

IF(AN.EQ.0.0) GO TO 80 '

600 FORMAT (3F4.0)

2

F(AN.LT.BN.OR.BN.LT.CN) GO TO 50
[F(CN.LT.0.0.0R.BN:EQ.0.0) GO TO 60
M A=SQRT (AN /PI) :
B=SQRT (BN/PI)
C=SQRT(CN/PI)

D=2.0*B ' o o
IF(C.ERsB) GO TO 40 2N '
D=0.0 o b )
IF(C.EQ.0.0) GO TO 40
ITER=0 ‘
DZ=(CN/BN)2.0*B
EXPN=2*AN/ ( AN+BN ) _ ‘
0 D-D+DZ o ' .

ITER=ITER+1
IF (ITER.GT,MXITER) GO TO 70 v ‘ .
CALL AREA(A,B,D,EN) ‘ :
¢ DIFF=CN-EN ‘
F(AES(DIFF).LT.CRIT) GO TO 40
F(DIFF.LT.0.0) TO TO 30
DZ=(2*B—D)*(DIFF/(BN—EN))
GO, TO 20

30 DZ =D*DIFF/EN* (A+B)/(2. 0*A)

40 D=(A+B-D)RONVRT ' o ' %

GO TO 20 N

A=A*CONVRT

B=B*CONVRT

WRITE(6,601) A,B,D,AN,BN,CN,DIFF,ITER,
b -

0
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601
§0
602
60
603

70
c 170
C 604
Cc

80

FORMAT (3F9.3,3F7.1,F10.6,14)

GO TO 10 ' . .

WRITE(6,602) AN,BN,CN ‘
FORMAT (3F10.3,' *** NUMBERS ARE NOT SORTED.')
GO TO 10

WRITE(6,603) AN,BN,CN

‘FORMAT (3F10.3,' *** NUMBERS SHOULD BE NON-NEGATIVE.')

GO TO 10

CONTINUE , .

WRITE(6,604) DIFF ‘ v
FORMAT (' *** NUMBER OF ITERAFIONS=MAX.'
2 ,' CN-EN=',F10.4)

GO TO 490 '

STOP ’ ;

END |

SUBROUTINE AREA(A,B,D,EN)

T=A+E-D - -
X=(T*T+B*B-A*A)/(2.0*T)

H=SQRT (B*B~-X*X) . _
EN=ARCOS ( (T-X)/A)*A*A+ARCOS (X/E ) *B*B-H*T
RETURN : ) -
END '
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