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Ce travail décrit le régime ct le comportement alimentaire des éléphants de forét dans
pouest du Ghana.

Les éléphants se nourrissaient surtout de feuilles et de branches d’arbres. L’herbe, rare dans
Ja forét, était en proportion négligeable dans ce régime. Trente-six especes de fruits ont été consom
mées dont 9 ont constitué la partie principale du régime : Anfrocaryon micraster, Irvingia gabo-
nensis, Klainedoxa gabonensis, Myrianthus arboreus, Panda oleosa, Parinari excelsa, Strychnos
auleata, Tetrapleura tetraptera et Vitex ferruginea. C’est pendant la saison séche que les éléphants
ont disposé de la plus grande variété de fruits. Les ¢léphants ont enlevé I'écorce de 20 espéces
Qarbres et particuliérement de 7 d’entre elles : 44 A 1009, des arbres de ces espéces étaient
endommagés.

Les éléphants broutaient en forét claire quand la végétation forestitre était facilement
accessible. Ils aimaient spécialement les lianes ligneuses. C’est plutét en forét dense qu’ils se sont
nourris d’écorce et de fruits.

Les éléphants prenaient leur nourriture en tirant a eux les rameaux terminaux ou en dépouil-
lant les branches de leurs feuilles. Rarement ils ont brisé, déraciné ou écorcé les troncs des arbres.

INTRODUCTION

The clephant (Loxodonta africana) has been the subject of considerable research
in East and Southern Africa. However, to date, little or no information is available
on elephants from the tropical closed-canopy forests of West and Central Africa, a
significant part of its range. Elephants in this part of Africa are usually given subspe-
cific status — Loxodonta a. cyclotis Matschie (Grassé, 1955 ; Laws, 1970).

This paper describes the diet and feeding behaviour of elephants in Bia National
Park in the forest belt of western Ghana. Aspects of the diet and feeding behaviour
of elephants in forest in East Africa have been studied by Wing and Buss (1970) and
by Laws, Parker and Johnstone (1975). Alexandre (1977) studied the role of the
clephant in seed dispersal in the Tai Forest, Ivory Coast. His paper indicates the
great variety of fruits utilized by elephants of the West African forests.

Martin (1977) estimated that elephants occur over approximately 1350 square
kilometers at Bia. Density of elephants within the Bia National Park averages
0.33 km?, with a seasonal peak in the dry season related to the availability of fruit
within the Park (Short, in prep.).

The study was conducted between July, 1977 and January, 1978.
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STUDY AREA

Bia National Park covers 75 km2. The 225 km? Bia Game Production Resepy,
(G.P.R.) adjoins the southern boundary of the park, farmland and secondary foreg
bordering the park to the north, east and west. The park lies on the watersheg
separating the Bia, Sukusuku and Esupri rivers. Topography is generally flat, altityg,
varying between 170 and 200 m.

Rainfall averages 1 500 mm per annum with peaks in May-J uly and Septembgy.
October. Streams and swamps within the park become dry soon after the end of the
rains. Permanent water is found only in “elephant pools”, scattered thinly throughoy
the park. These pools appear to be dug and maintained by elephants.

The vegetation of the park is lowland tropical rain-forest with characteristie
(species composition, structure) of both moist evergreen and moist semi-decidugyg
forest (Hall and Swaine, 1976 ; Hall, Swaine and Lock, 1976). Emergents rise tg 3
height of 50-60 m. Some are deciduous in the dry season. Woody lianes, slende
climbers and epiphytes are common. The forest is indistinctly stratified. Commgy
upper canopy trees include Pycnanihus angolensis, Triplochiton scleroxylon, Sirom.
bosia glaucescens, Celtis mildbraedii, Terminalia superba and Enfandrophragma utile,

The vegetation of the park can be subdivided into the following categories
largely on the basis of forest structure :

(i) Closed forest — forest with a closed upper or mid canopy through which
little light penetrates to ground level, resulting in a low density of vegetation at this
level (0-7 m).

(ii) Open forest — forest with an open upper and mid canopy through which
much light penetrates to ground level. This forest type is characterised by a dense
tangle of climbers, shrubs and herbs within easy reach of elephants.

(iif) Forest gaps — these are caused by the death of an upper canopy tree or by
a tree fall. They occur within closed forest and generally cover a fairly small area.

(iv) Swamp forest — occurs in moister low lying areas and is characterised by
Raflia (Raphia hookeri) and climbing palms (Ancistrophyllum sp.).

The proportions of each vegetation type within the park are given in Table 4a,

METHODS

(1) Fresh elephant trails (0-3 days) were followed and samples of plants utilized
by elephants were collected. The age of an elephant trail was estimated by the
appearance of dung and broken vegetation. Signs of elephant feeding are con-
spicuous-—plants are broken, climbers are pulled down, leaves are stripped from
branches. Elephants sometimes feed in a less conspicuous manner ; for example by
plucking single leaves. uch feeding was issed by this survey but was judged to be
relatively insignificant.

For each plant sample collected a record was made of forest type (see Study
Area and type of feeding. Feeding was classified as : leaf stripping, removal of ter-
minal twigs, breaking of main stem, pushing over of a tree, or barking.

(2) One hundred and ninety dung piles were examined for fruit and seed content
(50 — long wet season, 40 — short wet season, 100 — early dry season). Sceds and
fruit fragments were picked from the dung pile as it was broken apart and spread
out using a machete or a stick.

(3) Barked trees were counted along 75 km of transect line. All trees within1om
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of the transect line were examined. The amount of damage (heigh t of barking, pereep
tage of circumference) was determined for all trees of rare species and for every
third tree of the common species.

RESULTS
DieT

One hundred and thirty eight species of plants were recorded as browsed. The
more commonly utilized plants are listed in Table 1. Most were woody lianes. Woody
material (mainly leaves and stems) formed the bulk of the elephant diet. Grass j
almost completely absent from Bia and thus does not contribute to the diet to any
extent. This was obvious both from an examination of dung (100% woody material)
and from the collection of plants utilized by elephants. Herbs were noticeably abseyt
from the diet (Table 4c and Appendix 1).

Fruit was an important component of the diet. Ninety-three percent of all dung
piles examined showed some trace of fruit (either seeds or fruit fragments). A tota
of 35 species of fruit were recorded in the dung (Appendix 2) of which 9 were commoy
(i.e. found in more than 20% of dung of a particular season). These were Antrocaryon
micraster, Irvingia gabonensis, Klainedoxa gabonensis, Myrianfhus arboreus, Pandq
oleosa, Parinari excelsa, Strychnos aculeala, Tetrapleura tetraptera and Vitex ferrugine,

The variety of fruits consumed by elephants at Bia was lowest in the long wet
season (with a mean of 1.9 species per dung pile). Only three species — Myrianthus
arboreus, Strychnos aculeata and Klainedoza gabonensis were found regularly in the
dung at this season. Variety progressively increased to a value of 4.6 species per dung
pile in January (mid dry season), the last month of the study.

TABLE 4 : ELEPHANT FEEDING ACTIVITY

(a) elephant use of each cover type (b) type of feeding
Cover type % of each % of elephants 2
cover type use of each
in Bia N.P. cover type Terminal twigs and leaf stripping 85.7
Broken main stem of plant 11.0
Closed forest 83 19.5) Tree pushed over or uprooted 0.4
) 36 Barking 2.8
Forest gap = 16.5 )
Open forest 11 62
Swamp forest 6 2

(c) growth form of plants fed on by elephants

Growth form No. species No. species %
fed on by recorded utilized
elephants for park
Trees (»8m high) 48 165 29
Shrubs (<£8m high) 30 91 33
Climbers (slender - .
climber) 12 82 15
Lianes (large liane

reaching canopy) 47 83 57
Hexbs L 11 1
Total 138 532




DIET OF THE FOREST ELEPHANT 181

The number of tree species having a high proportion of individuals barked was
jow. Species having greater than 509 of individuals barked were Calpocalyx brevi-
jracteatus, Terminalia ivorensis, Bombax brevicuspe, Entandrophragma ultile, Gui-
. pourfia ehia, and Lannea welwitschii. Table 3 shows proportions of trees barked,and
the extent of barking, of the seven most commonly utilized species. The amount of
park removed from a tree varied considerably from species to species. In Bombax
mrevicuspe and Lannea welwitschii bark was pulled away in large strips 0.3-0.6 meters
wide and up to 10 meters in length. Elephants would chew a small portion of this
park, finally spitting it out as a large ball of matted fibre. The large, commercially
caluable timber trees, Entandrophragma ulile and E. angolense, generally sustained
minor damage. Areas of bark, 0.3 to 0.6 meters square were removed on the lower
trunk and buttresses.

Occasionally large-girthed woody lianes would also be barked (e.g. Landolphia
pirsule, Acacia spp.).

FEEDING ACTIVITY

The bulk of elephant feeding is by either the removal of terminal twigs or by
Jeaf stripping. These two forms account for 869, of feeding activity (Table 4b). Only
119% of feeding activity involves the breaking of the main stem of a plant. Broken
plants are generally less than 25 c¢m in girth. The barking of trees, uprooting or
pushing over are minor feeding activities (3%).

Elephants appeared to browse mainly in areas of open forest and old forest gaps
(Table 4a). Comparatively little browsing took place in closed forest, the major cover
type. Thus elephants do not utilize vegetation cover types in direct proportion to
their occurrence.

While browsing generally cccurs in the more open areas, most barking and the
gathering of {ruit occurs in closed forest. Fruit trees (e.g. Parinari excelsa, Balanites
wilsoniana, Tieghemella heckelii) usually have a large area of trampled ground around
their base where elephants have searched for fallen fruit. A network of elephant trails
connect most major fruiting trees. Major elephant trails appeared to be used mainly
for moving quickly between areas and for moving between fruit trees rather than for
browsing — gencrally elephants would leave these trails and push through the bush
to browse.

DISCUSSION

The diet of the elephant in the West African forest zone consists almost entirely
of woody material and fruit. Grass, which predominates in the diet of elephants in
East Africa (80-90% of bulk) even where sufficient browsec appears to be available
(e.¢. Kibale Forest (Wing and Buss, 1970)) is almost entirely absent from Bia and does
not contribute significantly to the diet. In contrast to the East African findings
(Buss, 1961 ; Laws and Parker, 1968 ; Wing and Buss, 1970) browse forms the major
part of the diet through much of the year in Southern Africa (Williamson, 1975).
Williamson found that grass replaces woody material in importance only during the
wet season, presumably because of its increased palatibility during that scason.

The importance and variety of fruit in the diet of elephants in the West African
forest is suggested by the work of Alexandre (1977) in the Tai Forest, Ivory Coast.
He found that elephants fed upon (and subsequently dispersed) the fruits of 37 species



AFPENDIX I - Browse plants utilized by elephants showing the number of records of browsing

{T - tree, S - shrub, C - small climber in understorey, L - large woody liane reaching canocpy,

Species

L Acaoia kemerinenois

L A. pentagena

C Adenia manii

T Afrosersalisia afzelii
L Agelaea nitida

T Aldia genipiflora

L Alafia barteri

L A. multifiora

L A. sehunanii

T Albisia adianthifolia

T A. glaberrima

T A. aygia

L Anecistrophyllun opacum
T Aningeria robusta

T Anthoeleieta sp.

& Antideema laeiniatum

8 Baphia nitida

T B, pubescens

T Alighia sapida

T Bombax Breviewspe

L Bouringia mildbraedii
L Entada scelerata

8 Fious erasperata
T F. mucuso

& Glyphaea brevia

L (rewia hookerana

L @. malacoearpa

L Griffenia simplicifolia

§ Hetaterig pavifolia
T Hexalolue epispifiorus
L Hippoeratea africana
L H. elematoides

L i, ectypetala

L H, macrophylla

L H. unguiculata

L H. vignei

& Teolona eampanulata

L Lamdoiphia foretiana

L L. hirsuta

L L. Cwariensis

T Lomea we lwitschii

L leptoderris brachyptara
T Linocisra africana

T Mzeavanga bavteri

N Maesobotrya barteri

N Mallotus dppositifoiifus
T Mavmea africana

No. of
records
of
browsing
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Antoearyon mioraster
Aubregrinia taiensies
Balanites wileoniana
Buchholaia coviaseq

Carica

papaya
Chlorophora excelaa
Choysopyllum beguei
Chytranthus cameus

Crateriaperrmm oaudatum

Desplateia devevrei

0. subsriocarpa

Duboseia viridiflora

Species

records

browsing

T Calypocalys Drevi-
brasteatue

Calyeobolus afrioanus

Campylogtemon angolense

Canthium venosum

C. rubens

C. satosum

C. subcordatim
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. 8P

Carpolobia lutea

‘astanolog paradoea

Celtis adolfi-
Frideriail

C. mildbraadii

HEn

Clerodendmon buchholais
Co volubile

C. 8p.

L Manotes longiflora
T Mavanthes glabra

s Missularia acuminata
8 cf Manecylon aylmeri
s Miorodesnia puberula
s Millettia rhodantha
s M, zechiang

L Motandra guineensis
T Nyrianthus arboreus
T M. Iibericus

OOnNEYauE S

T Napoleong vorelii

T Nescgordonia papaverdfera
L Newropeltia acumingta

L V. prevoetecidas

L tneinotis pontyi

M Palisota hirsuta

T Panda oleosa

T Farkia bicolon

5 FPavetta owaniensia

L Platysepalum hireutum
T Pyonanthue angolensis

L Rhaphicetyiis ferruginea
L R preuseit

8 Rinpreg {lisifolia

5 R. subintegrifolia

T Rothmarmia hispida

5 H. longifiora

& F. whitfieldii

Grewia malacocarpa
Irvingia gabonensis
Klainedara gabonensis
Lagenaria brevifiora
Mammea afrieana
Myrianthus arboreus
Omphalocarpum ahia

0. elatum

Fachypodanthium staudtii

Fanda oleosa

Plerreodendron kerstingii

Raphia hookerd
Parinari excelsa
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C Cnegtis ferruginea
S Coffen ebracteciata
L Combrgtum oyemangs
L C. rasenosun
L 0, esordidum
& ap.
B Craterigpermm caudatio
T Copaifera salikownda

L Dalhergiella weluitsohii

T Denieliia ogea

T Deaplateia deweverei

T Halium aubrevilletl

T D. dinklagei

L Mohapetalum crassi-
foldium

T Diogpyroa mannii

T Diseoglypremna saloneirg

§ Dracacma eurculosa

S Drypatea chevaliert

8 D. gilgiana

¢ futidea membraracea

L Saba thompsonti

L Zalacia debilis

L 5, ereota

8. howesii

5 8, uregaensis

9 Seaphopetalun amosnu

T Seottelia kilaineana

€ Smilam kraussiona

&8 Solamum verbascifolium

Stereulia tragacantha

Strophantiue preuseil

Stromboeia glausescens

Strychnos aculeata

5, afselil

5. floribwnda

Sysipgium cf .guingense
subsp. ocetdentals

gy

Tilfaeora dinklaegi
Trishilia martineaul
. movadeilpha
Iricalyaia pallens

Cyigez i

Unavie anoncides
Urerg robusta

Oy b

T Vitex ferruginea
& Veacanga africana

T Xylopia villosa
T ZamthexyTum gelletid

APPENDIX 2 - Fruits eaten by elephants

Risinodendvon heudelotii
Strombosia glawcescens
Stryehnos aculeata '
Stryelmos ap.

Swartasta fletuloides
Telfairia aceidentalis

Tetpap

leura tetrapterg

Tieghemella heckelid

Ireculia africana

Uapasa guineensis

Vitexr ferruginea
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of plant. This compares with 35 species for Bia, of which nine species were significant
components of the diet. Wing and Buss (1970) provided only limited information
on the use of fruit by elephants in the Kibale Forest. They examined 117 dung piles
in mid- late August (dry season). The fruits of one species, Balanites wilsoniana
occurred in 449, of dung piles (this species is also important at Bia) ; another species,
Landolphia florida, was found in 6%, of droppings.

The variety of fruit consumed by elephants at Bia was greatest in the dry
season. At this time of the year the maximum number of plant species are fruiting
(Taylor, 1960).

A few species of fruit, for example Sirychnos aculeafa, were found in dung
throughout the year. However, most had seasonal peaks of utilisation. These included
Tieghemella heckelii, (early dry season), Parinari excelsa (mid dry season) and Bala-
nifes wilsoniana (late dry season). The fruit of Panda oleosa, although produced
through much of the year, was eaten only during the dry season.

Some fruit appeared to be fed on only incidentally, perhaps when that species
was being browsed. Examples are Grewia malacocarpa (2 x 1 cm), Strombosia glau-
cescens (2 em diam.), and Uapaca guineensis (2 cm diam.). These were generally the
smaller sized fruits which were more commonly eaten by other animals (monkeys,
chimpanzees, duiker). Fruits forming a major part of the dict (those eaten in consi-
(erable quantities or for most of the year) were generally of large size (Tieghemella
heckelii (9 X 5 cm), Parinari excelsa (4 X 3 cm), Balanifes wilsoniana (9 x 7 cm),
Telrapleura telraptera (18 x 5 cm), Strychnos aculeata (12 cms diam.) and Panda
sleosz (6 cm diam.). These fruits are characterised by firm, dry, dense ilesh, and are
therefore probably rich in lipids and proteins (Mc Key, 1975). Thus they may form
avaluable supplement to the diet. The dense, dry flesh makes it improbable that they
are consumed mainly for their water content.

APPENDIX 3 - Trees barked by elephants

(*Those species where or;ly one tree recorded as barked

although species locally abundant)

Acacia sp. (pennata) Guibourtia ehie -
Allanblackia narrifilora Landolphia hirsuta*
Bombax brevicuspe Lannea welwitschit
Calpocalyx brevibracteatus Napoleona vogelii*
Chrysophyllum subnudum* Pentaclethra macrophyla
Cyelodiscus gabunensis Petersianthus macrocarpus
Diospyros viridicans Pteleopsis hylodendron
Entandrophragma angolense Syzuguim guineensis subsp.
E. utile oceidentale

Gareinia kola* Teyminalia ivorensis

Tieghemella heckelitl

The fruit species most commonly eaten showed adaptations to dispersal by
elephants. Fruits were inconspicuously coloured when ripe (yellow or green) and
possessed a strong smell (e.g. Parinari excelsa, Irvingia gabonensis, Bucholzia coriacea,
Telrapleura tetraptera). Alexandre (1977) has suggested that these features have
" developed in response to the keen sense of smell and lack of colour vision of elephants.
Similarly the large size of many of these fruits may be an adaptation to make them
attractive to elephants which require a large food intake.

Elephants in forest are highly selective in that they take bark from relatively
few species. At Bia elephants concentrated on only seven species. Wing and Buss
(1970) list eight species heavily utilized in the Kibale Forest.
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Two species, Pipideniastrum africanum and Parinari excelsa found barkeq by
Wing and Buss (1970) (60% and 22% of individuals enumerated were damaged) Were
not barked at Bia. Similarly, Chlorophora excelsa, recorded as the most heavijy
barked tree by Field (in Laws et al., 1975) in Murchison FFalls National Park, was Not
barked at Bia. Possible explanations for this are that :

(i) elephants, with a greater range of choice in forest, select alternative Species.

(ii) palatability or calcium content may differ for these species between areqs,

(iii) clephants’ need for a particular mineral may vary between areas.

(iv) learnt preferences may differ between areas.

In contrast to the East African savanna, trees at Bia were rarely killeg by
elephants although one species, Guibourtia ehia, was particularly vulnerable {0
termite attack after barking.

Elephants do not use vegetation cover types in direct proportion to area. Closeq
forest, the major cover type, is not heavily utilized for browsing. This is in genery
agreement with the findings of Wing and Buss (1970) and Laws et al. (1975). Elephants
favour habitat types with an open canopy and dense vegetation at ground level,

In open forest and old forest gaps light intensity is high near the forest floor,
leading to the proliferation of climbers, shrubs and young trees within reach of
clephants. By their continual use of these areas elephants keep gaps from closing,
Jones (1955) described areas in southern Nigeria where high forest was intersperseq
with patches of serub 3-7 m high, draped with climbers. These scrub areas appeared
to be maintained by elephants.

Simnilarly, in the Budongo Forest of Uganda elephants may prevent the regene-
ration of logged areas by continually returning to them to browse (Johnstone in
Laws, 1970). Here the effect would be magnified by the massive influx of elephants
from the surrounding savanna into the forest during the dry season.

‘While elephant signs (elephant trails, damaged trees, trampled areas) in forest
are conspicuous, elephants themselves are at low density and their overall impact
on the forest is small. Certainly there is no widespread habitat modification such as
that documented for elephants in East (Buechner and Dawkins, 1961 ; Laws, 1970;
Field, 1971) and Central Africa (Caughley, 1976). Without elephants the forest would
be both less species rich and less structurally diverse. Elephants contribute to the
complexity of the forest by speading seed and by maintaining open areas.
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SUMMARY

This study reports the diet and feeding behaviour of elephants in the forest zone of westert
Ghana.

Diet consisted mainly of woody material (leaves and stems). Grasses, being rare within the
forest, mat_le up only a negligible proportion of the diet. Thirty-six species of fruit were eatel,
nine .of Whl(.!h formed a significant component of the diet : Anlrocaryon micraster, Irvingia gabo-
nensis, Klainedoxa gabonensis, Myrianthus arboreus, Panda oleosa, Parinari excelsa, Strychnos
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\ quleatds Telrapleura telraptera and Vitex ferruginea. The greatest variety of fruit was available
aring the dry season. Elephants. remqved bark from 20 species of trees but concentrated on only
ven. Between 44 and 1009, of individuals of these latter species were damaged.
Elephants gcn_erally browsed in open forest where woody vegetation within easy reacly was
; abundant- wWoody lianes in particular were favoured. Barking and the gathering of fruit usually
occurred in closed forgst. Elephants. mainly fed by removing terminal twigs or by strippingleaves
from pranches. Breaking of the main stem, pushing over, uprooting or barking were uncommon.

sC

' BIBLIOGRAPHY

i ALEXANDRE, D. Y., 1977. — Réle Disséminateur des Eléphants en forét de Tai (Cole d’ Ivoire).
' 0.R.S.T.0.M., Abidjan.
rR, H. K., and H. C. Dawkins, 1961. -— Vegetation changes induced by Elephants and
Firein Murchison Falls National Park, Uganda. Ecology, 42 : 752-766.
I. 0., 1961. — Some observations on food habits and behaviour of the African Elephant.
J. Wildl. Mgmt., 25 : 131-148.
weLey, G., 1976. — The elephant problem — an alternative hypothesis. E. Afr. Wildl. J.,
14 : 265-283.
C.R., 1971. — Elephant ecology in the Queen Elizabeth National Park, Uganda. E'. Afr.
wildl. J., 99 : 99-123.
Grasst, P. P. (ed.), 1855, — Traité de zoologie ; anatomie, systématique, biologie (X VII), Masson,
Paris.
Hiip, J. B., and M. D. SWAINE, 1976. — Classification and ecology of closed canopy forest in
Ghana. J. Ecol., 64 : 913-951.
HiL, J. B., M. D. SwaiNe and J. Lock, 1976. — Report on a visit lo Bia National Park. Game
and Wildlife Department, Republic of Ghana, 19 p.
Joses, E. W., 1955. — Ecological studies of the rainforest of southern Nigeria. J. Ecol., 43 = 504-
594.
~ Laws, R. M., 1970. — Elephants as agents of habitat and landscape change in East A frica.
: Oikos, 21 : 1-15.
Laws, R. M., and I. S. C. PARKER, 1968. — Recent studies on elephant populations in East
Africa. Symp. zool. Soc. Lond., 21 : 319-359.
Laws, R, M., 1. S. C. Parker and R. C. B. JOHNSTONE, 1975. — Elephants and their ha bilals.
Clarendon, Oxford.
McKEy, D., 1975. — The ecology of coevolved seed dispersal systems. In: L. E. GILBERT and
P. H. RAVEN, Coevolution of Plants and Animals. University of Texas Press, Austin.
Msrriy, C., 1977. — LU.C.N. Pan African Elephant Survey (Bia National Park).
TavLor, C. J., 1960. — Synecology and Silviculture in Ghana. Thomas Nelson, Edinburgh.
WiLLianson, B. R., 1975. — The condition and nutrition of elephant in Wankie National Park.
Arnoldia, 7 (12) : 1-20.
Wixg, L. D., and 1. O. Buss, 1970. — Elephants and Forest. Wildlife Monographs, 19,1-92 p.

! BrECHN

" Buss,

FIELD,



