
C h a p t e r  5 

Ecology o f  forest e l e p h a n t s .  

introduction.  

The elephant (Loxodonta africana Blumenbach 1797) i s  A f r i c a ' s  l a rges t  

mammal,  b u t  cu r ren t  knowledge o f  i t ' s  n a t u r a l  h i s t o r y  i s  biased. Exce l len t  long- 

t e r m  s tud ies  have been undertaken, b u t  a l l  i n  savanna dominated h a b i t a t s  of 

eas te rn  and southern A f r i c a ,  where  good v i s i b i l i t y  f ac i l i t a t es  un in te r rup ted  

observat ion.  Elephants l i v i n g  i n  f o r e s t s  are d i f f i c u l t  t o  s tudy because bo th  access 

and v i s i b i l i t y  are l im i t ed ,  and the w o r k  undertaken t o  date i s  conf ined t o  

popu la t ion  surveys and bas ic  d ie ta ry  i n f o r m a t i o n  (Alexandre, 1977; Barnes et al, 
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1991; Chapman et al., i n  press[b];  Dudley et al., 1992; Fay, 1991; L a w s  et al, 

1975; L ieberman et al., 1987; M a r t i n ,  1991; Merz, 1981, 1986a, 1986b ,  

1986c; Roth, Merz & Steinhauer,  1984; Shor t ,  1981, 1983; Wing & Euss, 1970). 

The soc ia l  o rgan isa t ion  o f  A f r i c a n  elephants has been s tud ied i n  de ta i l  i n  

savanna areas (e.g., Euss, 1961; Douglas-Hamil ton,  1972; L a w s  & Parker,  1968; 

L a w s  ai al., 1975; Moss, 1988; Moss & Poole, 1983). The s o c i a l  o rgan isa t ion  o f  

savanna elephants s tud ied i n  East  A f r i c a  i s  based around the ' f a m i l y  unit ' ,  

cons i s t i ng  o f  one o r  more  r e l a t e d  adu l t  f ema les  and t h e i r  o f f s p r i n g  (Buss 1961; 

Douglas-Hamil ton,  1972; L a w s  and Parker,  1968; Moss 1988; Moss & Poole, 

1983). F a m i l y  u n i t s  a re  s tab le ,  b u t  aggregate t o  f o r m  'k in '  o r  bond groups, c lans ,  

subpopulat ions and popu la t ions  (Douglas-Hamilton, 1972; Moss 1988; Moss & 

Poole, 1983). L a w s  et a.? (1975) demonst ra ted t h a t  a l though t h e  mo the r- o f f sp r ing  

u n i t  (average s i z e  = 2.75 i nd iv idua ls )  i s  the fundamental  u n i t  w i t h i n  elephant 

populat ions, elephant group s ize  f requency dist r ibut -ions are  polymodal  i n  nature  

and suggest t h e  bas i c  socia l  u n i t  i s  a group o f  5-6, cons is t ing  o f  2-3 adu l t  f ema les  

and t h e i r  o f f sp r i ng .  In Ambose l i  Nat iona l  Park, Kenya, f a m i l y  units averaged 9.4 

ind i v idua l s  (range 2-29) t y p i c a l l y  w i t h  2-3 a d u l t  fernales (range 1-9) (Moss, 

1988; Moss and Poole, 1983). O l i v i e r  (1978) gave a f i g u r e  o f  5-6 f o r  the f a m i l y  

u n i t  o f  the As ian elephant, Elephas maximus, i n  r a i n  f o r e s t  i n  Malaya. There  i s  one 

publ ished account o f  group s t r u c t u r e  i n  f o r e s t  e lephants (Merz, 1986c), based on 

37 group counts, w h i c h  suggested t h a t  average group s i ze  w a s  s m a l l e r  t han  f o r  

savanna elephants.  

The d ie t  o f  elephants i n  eastern and southern A f r i c a  i s  w e l l  documented 

(e.g., Barnes,1982; Buss, 1961; Field, 1971; F i e l d  & Ross, 1976; Guy, 1976; 

L a w s  & Parker ,  1963; Nap ier  Bax & She ldr ick ,  1963; Wi l l iamson,1975; Wing & 

Euss, 1970: see Owen-Smith,  1988, f o r  a rev iew) .  I t  i s  dominated by  grasses, 

espec ia l l y  i n  open grass land areas, w h e r e  they  o f t e n  f o r m  60% o r  more  o f  t h e  bu lk  

throughout t h e  year.  I n  wooded savannas grass i s  genera l ly  equa l ly  i m p o r t a n t  i n  

t h e  w e t  season, b u t  b rowse  f r o m  woody p lan ts  tends t o  prov ide t h e  bu lk  o f  t he  d i e t  

i n  t h e  d ry  season. Frui ts are  eaten when avai lable.  

O l i v i e r  (1978) l i s t e d  290 species o f  food p lan t  f o r  As ian elephants, w i t h  a 

f u r t h e r  100 t h a t  cou ld  n o t  be i d e n t i f i e d .  The m a j o r i t y  w e r e  t rees,  but  t h e  bu lk  o f  

t h e  d ie t  w a s  made up o f  pa lms  and grasses w h i c h  are  l o w  qua l i t y  foods w i t h  l o w  

l e v e l s  of  secondary compounds. He suggested t h a t  s m a l l  quan t i t i es  o f  leaves f r o m  

trees,  w h i c h  are  o f  b e t t e r  q u a l i t y  b u t  w h i c h  conta in  h igh  l e v e l s  o f  t ox i c  secondary 
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compounds, were eaten in order to obtain certain essential nutrients and amino 

acids. Data on the diet of forest elephants, Loxodonta africana cyclotis Matschie 

1900, are available for two sites in West Africa (Lieberman et al, 1987; Short, 

1981: Bia National Park, Ghana and Alexandre, 1977; Merz, 1981: Tai National 

Park, Ivory Coast), and suggest that fruit is an important component of the diet, 

along with bark and foliage. No data have been published for elephants in the 

forests of Central Africa. 

Elephants play an important role in African rain forests, influencing their 

structure and composition (Jones, 1955; Kortlandt, 1984; Laws, 1970; Martin, 

1991; Western, 1989; Wing & Buss, 1970), and are important, and sometimes the 

only, seed dispersers for some species o f  plant, (Alexandre 1978; Chapman et al., 

in press[b]). In Sierra Leone, elephants are held in high esteem by the Mendeh 

tribe (Richards, unpublished manuscript): These rice farmers used to be restricted 

in their abilities to clear large forest trees, so when they first entered the forest 

they exploited natural gaps and clearings, especially grassy swamp basins. 

According to local tradition, such areas were opened up for farming by elephants, 

which thinned the forest, letting in light, puddled the swampy soils and encouraged 

the growth of grassy plants. They then sowed undigested rice seeds, carried in 

their digestive systems from far away villages. By dispersing rice seeds over 

long distances, the elephants would sometimes introduce new types (strains) of 

rice, and in times of famine "elephant dung" rice was collected for food. Hence, 

by their ecological role, they undertook the hard work of establishing farms, and in 

times of hunger they fed the Mendeh. In some forests in Central Africa elephants 

account for 50-80% or more of the mammalian biomass (Prins & Reitsma, 1989; 

Chapter 6). Therefore, elephants are an integral component of African forests as 

we find them today. 

Seasonal migration in response to food availability is a widely accepted 

feature of the biology of elephants living in savanna areas (e.g., Bosman & Hall- 

Martin, 1986; Caughly & Goddard, 1975; Laws et al, 1975; Leuthold, 1976; 

Moss, 1988; Sikes, 1971; Western & Lindsay, 1984), and once enabled them to 

utilise almost all available habitat types in the region to some degree (Bosman & 

Hall-Martin, 1986; Sikes, 1971). These migrations are not well documented in the 

scientific literature, since humans have disrupted the movements of elephants in 

recent times and many populations are now confined to limited protected areas and 

are no longer able to migrate (Douglas-Hamilton, 1987; Sikes, 1966,1971; 
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Western  & Lindsay, 1934). Ear ly r e p o r t s  t o l d  o f  l a rge  gather ings  o f  e lephants  a t  

c e r t a i n  t i m e s  o f  yea r  i n  prepara t ion  f o r  l a r g e  sca le  movements  (Barker, 1866; 

Be l l ,  1923; Rushby 1953, 1965) and these m i g r a t i o n s  are  somet imes  a p a r t  o f  

l oca l  fo lk lo re ,  s i nce  p a s t u r a l i s t s  such as the  Maasai i n  Ambosel i ,  Kenya, used to  

f o l l o w  t h e  same r o u t e s  (Moss, 1938; Wes te rn  & Lindsay, 1984). Some 

popu la t ions  are  be l ieved once t o  have m i g r a t e d  annual ly  ove r  up t o  about 650 k m  

(Sikes, 1971, p. 245), a l though d is tance t rave l l ed  w a s  genera l ly  l e s s  than t h i s  

(e.g., Western  & Lindsay,  1984). Such m i g r a t i o n s  a l l o w e d  elephants t o  make  

temporary  use o f  h a b i t a t s  w h i c h  wou ld  no t  have supported a res iden t  populat ion,  

bu t  e x h i b i t  ephemeral peaks in  p roduc t i v i t y ,  such as t h e  Kaokoveld i n  Namibia, 

where r a i n s  s t i m u l a t e  t h e  g r o w t h  o f  sho r t- l i ved  grasses, b r i e f l y  changing deser t  

t o  a h a b i t a t  f o r  herb ivores  (Bosman & Hal l- Mar t in ,  1986). Migra t ions  o f  o t h e r  

East  A f r i c a n  savanna species, p a r t i c u l a r l y  ungulates, have been w e l l  documented 

(e.g., Pennycuik, 1975). S h o r t  (1983) r e p o r t e d  seasonal movements  o f  f o r e s t  

e lephants i n  response t o  f r u i t i n g  pa t te rns  i n  B i a  Nat iona l  Park, Ghana, and o t h e r  

authors  have noted movements  within f o r e s t  o r  b e t w e e n  f o r e s t  and savanna (e.g., 

Buechner et al., 1963; Wing & Euss, 1970). 

The numbers o f  e lephants l i v i n g  i n  A f r i c a n  fo res ts  now exceeds those found 

i n  savannas (IUCN, 1989). Over t he  l a s t  decade popu la t ions  i n  many savanna 

reg ions have been f ragmen ted  by loss o f  hab i ta t ,  and i n  some cases dec imated by 

poaching (see Poole and Thomsen, 1989). When elephants have been concent ra ted 

i n t o  pro tec ted areas o f  l i m i t e d  size, such as Nat iona l  Parks, unnatura l ly  h igh  

popu la t ion  dens i t i es  have r e s u l t e d  i n  severe damage t o  t h e  env i ronment  (e.g., 

Buechner & Dawkins,  1961; Laws,  1970; L a w s  e t  al,  1975). 

I n  West A f r i c a  de fo res ta t i on  has g rea t l y  reduced the  fo res ted  area (e.g., 

B a r n e s  1990; FAO, 1981). Most o f  t h e  rema in ing  f o r e s t  i s  located i n  r e l a t i v e l y  

s m a l l  Fores t  Reserves, surrounded by densely populated r u r a l  areas w h e r e  

e lephants  have been hunted o u t  (e.g.,: Douglas-Hamilton, 1987; Merz, 1986; Roth  

et al., 198 1 ) .  Where elephants su rv i ve  they are  usua l ly  i s o l a t e d  i n  s m a l l  

populat ions.  Even i n  the  ex tens ive  f o r e s t s  o f  Cent ra l  A f r i c a  there  i s  evidence t h a t  

hunt ing i s  ex te rm ina t i ng  elephants i n  some areas, again f ragment ing  and i so la t i ng  

popu la t ions  (A le rs  et al., 1990). 

The f ragmenta t ion  o f  a once continuous populat ion i n t o  many genet ic  i s o l a t e s  

has ser ious  i m p l i c a t i o n s  f o r  t h e  conservat ion o f  e lephants (Poole and Thomson, 

1989) and the  e l im ina t i on  o f  elephants f r o m  t rop i ca l  f o res t  wou ld  a f f e c t  b o t h  t h e  
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s t r u c t u r e  and species compos i t ion  o f  the forest .  Data un the b io logy of  elephants 

and the r o l e s  they p lay  i n  f o r e s t  ecosys tems a r e  requ i red  t o  f o r m u l a t e  e f f e c t i v e  

conservat ion s t ra teg ies .  These are essent ia l  t o  ensure the long- te rm surv iva l  o f  

elephants, and t o  assess the  consequences o f  t h e i r  disappearance f o r  t h e  s t r u c t u r e  

and compos i t ion  of f o res t s .  It has been suggested t h a t  i f  A f r i c a ' s  r a i n  f o r e s t  

ecosystems are t o  be p ro tec ted  then A f r i ca ' s  f o r e s t  e lephants  m u s t  rece ive  a c t i v e  

p r o t e c t i o n  (Pr ins  & Rei tsma, 1989) .  

T h i s  Chapter descr ibes the  d ie t ,  group s t ruc tu re ,  seasonal movements  and 

eco log ica l  r o l e  played by elephants i n  Lopé. Elephants were  observed a t  SEGC on an 

o p p o r t u n i s t i c  basis, be tween 1 984-1991 by researchers  work ing  on apes. 

Elephants w e r e  a lmos t  a l l  (99%) o f  t h e  f o r e s t  form (P la te  5.1), Loxodonta 

africana cyclotis Matschie and dens i t i es  averaged o v e r  2 km-2 (Chapter 6 ) .  In  

addi t ion,  I undertook a more  in tens ive  s tudy o f  e lephant feeding ecology f r o m  June 

1990-May 1 99 1 .  

Methods. 

Dur ing an on-going s tudy  of  go r i l l a s  and chimpanzees a t  SEGC f r o m  February 

1984, a l l  observat ions o f  e lephants i n  the s tudy area, w h i c h  covers 40 km2 o f  

Marantaceae Fores t  (see Chapter  21, w e r e  recorded. Whenever poss ib le ,  the  

number o f  i nd iv idua ls  seen and t h e i r  age c lasses (assessed s u b j e c t i v e l y  according 

t o  s i ze  as adult, sub-adult, juveni le ,  i n fan t )  were  noted. I f  observat ion condi t ions 

precluded this,  the  m i n i m u m  group s i ze  (i.e., the  number of i n d i v i d u a l s  detec ted by 

s igh t  o r  sound) was es t ima ted .  In  addi t ion, d i s t i n c t i v e  c h a r a c t e r i s t i c s  t o  enable 

ind iv idua l  recogn i t i on  (e.g., t o rn  ears), a c t i v i t y ,  foods consumed, and any notab le  

behaviour were  recorded. Feeding s ign t h a t  could be a t t r i b u t e d  w i t h  c e r t a i n t y  t o  

elephants ( e i t h e r  d i r e c t l y  by s ight ,  sound, o r  smel l ,  o r  i n d i r e c t l y  by assoc ia t ion  

w i t h  f o o t p r i n t s  o r  dung) was  inspected as and when i t  w a s  encountered and the  

species and part(s) consumed noted. M. Fernandez (unpublished data) recorded the  

s i ze  o f  a l l  elephant groups encountered dur ing 732 r e t u r n  t r i p s  made by c a r  on a 

d i r t  t r a c k  between SEGC and Lope Vi l lage, a d is tance o f  12 k m  through savanna and 

savanna- forest  mosaic, be tween  October 1985 and June 1987. These data  are 

presented f o r  compar ison w i t h  f o r e s t  observat ions.  

A more in tens ive  inves t iga t ion  o f  f r e s h  s ign  along feeding t r a i l s  was  

undertaken between June 1990-May 199 1.  Unknown p l a n t  spec ies  w e r e  c o l l e c t e d  
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and pressed, and where poss ib le  were i d e n t i f i e d  l a t e r  a t  herbar ia  i n  L ib rev i l l e ,  

Gabon and Missour i  Botan ica l  Garden. Voucher specimens are lodged w i th  bo th  

these i n s t i t u t i o n s .  Add i t iona l  da ta  on foods w e r e  co l l ec ted  by searching through a l l  

undisturbed dung p i l e s  t h a t  w e r e  encountered i n  t h e  f o r e s t  and judged t o  be l e s s  

than  th ree  days old, f o r  i d e n t i f i a b l e  remains.  Seeds above about 1 c m  d iamete r  

w e r e  counted. The  abundances o f  f ib re ,  green l e a f  f ragments,  s m a l l  seeds and 

o t h e r  remains  w e r e  quan t i f i ed  on a four- po in t  sca le  o f  r e l a t i v e  abundance: rare,  

few,  c o m m o n  abundant ( a f t e r  T u t i n  and Fernandez, 1985). 

F r u i t  ava i l  a b i l i t y  was  mon i to red  be tween  June 1990-May 1991 by count ing  

t h e  number  o f  f r e s h  r i p e  and unr ipe f a l l e n  f r u i t s  on a s t r i p  one m e t r e  w ide  along 

t ransec ts  once a month (see Chapter 3 ) .  A l l  t r ees  and l ianes i n  botan ica l  t ransec ts  

(Chapter  2) w e r e  checked f o r  s igns o f  bark  feed ing by elephants, t o  ob ta in  an idea 

o f  w h i c h  species were  m o s t  i m p o r t a n t  i n  the d ie t .  T rees  be low 10cm dbh w e r e  

r a r e l y  barked.  

Wonparametric s t a t i s t i c s  (Siegel  & Castel lan, 1988) w e r e  used t o  

i nves t i ga te  co r re la t i ons  be tween  f ru i t  a v a i l a b i l i t y  and i t s  occurrence i n  t h e  diet, 

and t o  t e s t  f o r  dev ia t ions  from the  expected f requency o f  bark  feeding on t r e e s  o f  

d i f f e r e n t  g i r t h  classes. 

Results 

6roup Composition 

Between  February 1 9 8 4  and December 1990, e lephants  w e r e  encountered 645 

t i m e s  in  t h e  f o r e s t .  On 383 occasions comple te  group counts  w e r e  obtained. Tab le  

5.1 shows t h a t  t he  average group s i ze  f o r  t he  383 comple te  counts  w a s  1.8 

ind iv idua ls  and the  m i n i m u m  es t ima ted  group size, when observat ion cond i t ions  d id  

n o t  p e r m i t  comple te  counts, w a s  2.5 i nd i v idua l s .  Complete group counts  w e r e  

poss ib le  whenever elephants w e r e  encountered feeding a t  sa l ines  i n  t h e  f o r e s t  

(P la te  5.1) o r  w e r e  observed i n  savannas. The 37 groups observed a t  sa l i nes  had 

an average group s i z e  o f  2.6 and the  average s i z e  o f  t he  86 groups s igh ted  i n  t h e  

savanna w a s  2.8. 

O f  572 elephants seen i n  t h e  645 f o r e s t  encounters, 395 w e r e  adu l t s  o r  

sub-adults, 121 w e r e  j uven i l es  and 56 w e r e  i n fan ts .  The age- classes o f  94 
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i nd i v idua l s  seen i n  37 groups a t  sa l ines  were :  59 adu l t s  and sub-adults, 23 

juven i les ,  1 1  i n fan ts ,  and one undetermined.  Age c lasses w e r e  not  n o t e d  

s y s t e m a t i c a l l y  on groups seen in  t h e  savanna. Tab le  5.2 shows  the  group 

compos i t ions  observed a t  sa l ines :  lone males, and adu l t  f ema les  accompanied by 

one o r  t w o  o f f sp r i ng ,  accounted f o r  a l m o s t  60% o f  observat ions.  

The presence o f  a f e w  ind i v idua l l y  recognisable elephants enabled us t o  

m o n i t o r  movements  t o  a l i m i t e d  ex tent ,  b u t  such i nd i v idua l s  were  r a r e l y  s igh ted  

more  than  once. One group o f  three, a fema le  w i th  a j u v e n i l e  and i n fan t ,  w e r e  

seen repeatedly over  a per iod  o f  19 mon ths  from March 1989, bu t  have n o t  been 

seen s ince October 1990. Other  such f a m i l y  groups, as w e l l  as s o l i t a r y  an imals ,  

have appeared t o  be res iden t  in  t h e  SEGC s tudy area f o r  s h o r t e r  per iods.  























Between June 1990-May 1991, 31 1 f r e s h  dung p i l e s  were  inspected. Dung 

w a s  dominated by f i b r e  and l e a f  f ragments,  w h i c h  were  genera l l y  g iven the 

max imum "abundant" ra t i ng .  In Marantaceae Fores t  herbaceous vegetat i  on i s  

abundant, and Marantaceae and Zingiberaceae w e r e  m a j o r  components of  the  d ie t .  

In  t h e  o t h e r  p a r t s  o f  the  fo res t ,  character ised by a sparse unders torey,  m o s t  

feed ing was on leaves and t w i g s  o f  s m a l l  t rees, w h i c h  somet imes  l o s t  branches o r  

w e r e  pushed over o r  snapped dur ing  feeding. 

Overal l ,  82  % o f  dung p i l e s  contained f r u i t  remains,  but  the re  was  a 

d i s t i n c t  seasonal d i f fe rence  i n  the quan t i t y  and d i v e r s i t y  of  f r u i t  eaten. In the 

per iod  November-March dung p i l e s  contained an average o f  3.1 f r u i t  species (range 

0-7), w i t h  99% of  dung p i l e s  inspected conta in ing f r u i t  remains  (N= 124). Dur ing 

the  r e m a i n i n g  7 mon ths  the  average was 1.4 (range 0- 7)  w i t h  7 1 % o f  dung p i l e s  

conta in ing f r u i t  rema ins  (N=187). F igure 5.1 shows the average number o f  f r u i t  

species found i n  dung p i l e s  each month. 

157 



On f r u i t  f a l l  t ransec ts  140 species of  r i p e  f r u i t  we re  recorded, o f  w h i c h  33 

w e r e  known elephant foods. F igure 5.2 shows t h a t  the re  w a s  a peak i n  overa l l  

a v a i l a b i l i t y  o f  r i p e  f r u i t  i n  January and February (see a lso Figures 3.2 and 3.4), 

w h i l s t  a v a i l a b i l i t y  was l o w e s t  i n  the  May-July per iod.  Product ion of f r u i t s  eaten 

by elephants w a s  l e s s  seasonal (Figure 5.2). The average number  o f  f r u i t  species 

recorded i n  dung each mon th  was s i g n i f i c a n t l y  co r re la ted  w i t h  bo th  the  overa l l  

number o f  r i p e  f r u i t s  on f r u i t - f a l l  t ransec ts  (Spearman rank co r re la t ion :  

rs=0.751,  P<0.01) and the  number o f  species of r i p e  f r u i t  known t o  be elephant 

foods  ( rs=0.  536, P<0. 05). 
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Elephants a t e  a la rge  range of f r u i t  I71 species), wh ich  va r ied  w i d e l y  i n  

shape, size, c o l o u r  and sme l l .  One species, Triumfetta cordifolia was  probably 

consumed acc identa l ly  w i t h  fo l iage.  Three quar ters  o f  the f r u i t  species eaten were 

f r o m  t rees.  W h i l s t  the  m a j o r i t y  o f  f r u i t s  were  co l lec ted  once they had f a l l e n  t o  

the  ground, those f r o m  s m a l l e r  t rees  and shrubs were  o f t e n  de l i ca te ly  p icked w i t h  

the  t runk.  These inc luded very s m a l l  f r u i t s ,  such as those of  Antidesma 

vogelianum, w h i c h  a r e  smal l ,  shor t- s ta lked,  f l eshy  drupes w h i c h  hang be low the 

leaves i n  conspicuous racemes. Each f r u i t  i s  about 5 m m  long, and they r i p e n  

ind iv idua l l y ,  no doubt t o  encourage d ispersa l  by b i rds,  but  the racemes are 

s t r i pped  by elephants, caus ing l i t t l e  o r  no damage t o  the  t rees.  P re fe r red  t r e e  

species are  o f t e n  surrounded by an open area of  t ramp led  ground and connected by 

paths.  

Elephants d isperse seeds o f  f r u i t s  ingested by deposi t ing them i n  faeces, a 

'gut passage time' l a t e r .  The m a j o r i t y  o f  seeds were  passed i n t ac t ,  the only 

except ion being those o f  Coula edulis, o f  wh ich  elephants are seed predators .  

Elephants w e r e  the  only known d ispersers  o f  23 species, a l though i t  i s  l i k e l y  t h a t  

du ikers  d isperse many o f  these (J. and T .  Hart, personal  communicat ion) .  Table 

5.5 l i s t s  and descr ibes a l l  f r u i t  species consumed and gives d e t a i l s  o f  o the r  known 

an imal  seed d ispersers  (see a lso  P l a t e  5.2). 

Many o f  the  f r u i t  species recorded w e r e  present  i n  f e w e r  than 1 %  o f  dung 

p i l e s  inspected, and only observed dur ing one month.  These species were  n o t  

considered t o  p lay  an i m p o r t a n t  r o l e  i n  the d i e t  of e lephants dur ing t h e  course o f  

the study (but  see be low) .  However, 13 species were  present  i n  5% o r  more of  

dung p i les ,  o r  dur ing a t  l e a s t  s i x  months, and w e r e  probably i m p o r t a n t  components 

i n  elephant n u t r i t i o n  (e.g., Duboscia macrocarpa was  present  i n  30% of  dung p i l e s  

and i n  a l l  12 months of  the  study, w h i l s t  both  Swartzia fistuloides and Klainedoxa 

gabonensis were  each present  dur ing 10 months, i n  18% and 20% o f  dung p i l e s  

respec t i ve ly  - see Tab le  5.5). These i m p o r t a n t  species genera l ly  have large, du l l ,  

f l eshy  f r u i t s  o r  pods, absc iss  as they become r ipe, and have a strong, o f t e n  

yeasty, s m e l l  (see Tab le  5.5).  Other  species possess ing these genera l  

c h a r a c t e r i s t i c s  were  a lso eaten, bu t  occur red a t  low dens i t ies  i n  the  s tudy area, 

so were  r a r e l y  recorded as foods. 
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Bark f r o m  85 f r e e  s tand ing t r e e  species w a s  removed, us ing  the t u s k s  as levers,  

and eaten. I n  addi t ion,  bark  w a s  removed f r o m  t w o  Ficus species, one o f  w h i c h  i s  

ep iphy t ic ,  w h i l s t  the second can su rv i ve  as a f ree  standing t r e e  once i t s  o r i g ina l  

h o s t  dies, and from 6 species o f  l i ane  (see Tab le  5.3). O f  41 38 t rees  o f  > 10 c m  

dbh inspected on t r a n s e c t s  ( S i t e s  2-5), 70 (1.7%) had s c a r s  due t o  bark remova l  

by e lephants (see P l a t e  5.2). A f u r t h e r  1335 t rees  o f  d iamete r  g rea te r  t h a n  7 0 c m  

w e r e  checked and 69 (5 .2%)  showed s igns o f  elephant damage. Tab le  5.6 l i s t s  

those species encountered on t ransec ts  whose bark  w a s  removed by elephants and 

g ives  t h e  r a t i o  o f  barked and un-barked ind iv idua ls .  At leas t  one i nd i v idua l  f r o m  

each o f  48 ou t  o f  a t o t a l  o f  338 species o f  t r e e s  and l i anes  on t h e  t ransec ts  showed 

s igns  o f  bark ing.  Many o r  a l l  i nd i v idua l s  o f  c e r t a i n  species recorded (e.g., 

Piptadeniastrum africanum, Petersianthus macrocarpus , Pentaclethra 

eetveldeana), showed s i g n s  o f  bark ing.  Some spec ies  w e r e  rare, so w e r e  n o t  

abundant on t ransects,  b u t  observat ions  e lsewhere showed t h a t  m o s t  i nd i v idua l s  

w e r e  b a r k ed (e. g ., Detarium macrocarpum , Pentadesma butyracea , Panda oleosa ). 

Other spec ies  w e r e  barked l e s s  regu la r l y  (e.g., Pentaclethra macrophylla, 

Sacoglottis gabonensis), o r  only excep t i ona l l y  f ed  upon (e.g., Desbordesia 

glaucescens, Strombosiopsis tetrandra ). 

The 4138 t rees  > 10 c m  dbh inspected on t ransec ts  w e r e  c l a s s i f i e d  i n t o  

d iamete r  categor ies.  Tab le  5.6 g ives  the  number  o f  i nd i v idua l s  i n  each category,  

and shows  numbers t h a t  had been barked i n  each s i z e  c lass.  The expected 

d i s t r i b u t i o n  o f  barked i nd i v idua l s  w a s  calculated, assuming the number  o f  t rees  

barked i n  any s i ze  c lass  wou ld  be propor t iona l  t o  t h e  number i n  t h a t  c lass .  The 

observed d i s t r i b u t i o n  o f  ba rk ing  w a s  s i g n i f i c a n t l y  d i f f e r e n t  t o  t h a t  expected 

(Kolmogorov-Smirnov one-sample t e s t ,  D=0.505, P<0.0 1, N= 14), suggest ing  t h a t  

e lephants tended n o t  t o  bark  t rees  i n  l o w e r  d iamete r  classes. O f  t he  15 ind iv idua ls  

be low 30 c m  dbh t h a t  had been barked, seven w e r e  l ianes,  s i x  w e r e  t rees  t h a t  

g r o w  t o  l a rge  diameter,  and t h e  only t w o  i nd i v idua l s  o f  t r e e s  t h a t  r a r e l y  exceed 

2 0 c m  d iamete r  w e r e  bo th  Diospyros dendo, a common s m a l l  t r e e  whose f r u i t s  

w e r e  a lso  eaten. 

. 
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Elephants pushed over  t r e e s  up t o  4 5  cm dbh, and t h i s  was m o s t  apparent 

a long o ld  logg ing roads w i t h  a h igh p ropor t i on  o f  secondary species.  However, i n  

an area o f  0 . 2 5  km2 (5m e i t h e r  s ide of the f i v e  t ransec ts ) ,  a t o t a l  o f  only 20 

t r e e s  up t o  42 c m  dbh (9 i n d i v i d u a l s  > 10 cm dbh) w e r e  pushed over  by elephants 

dur ing the course o f  the study, o f  w h i c h  10 were  secondary species. T h i s  was 

equ iva lent  t o  7.6 t r e e s  km-2 y e a r - ’  (3.4 km-2 y e a r - ’  f o r  t r e e s  > 1 0 c m  dbh). 

Assuming a s tock ing  dens i t y  o f  390 t rees  ha-1 > 10 cm dbh (equal t o  the  average 

f o r  the f i ve  s i t e s  - Chapter 2 )  t h i s  was  equivalent t o  an annual m o r t a l i t y  o f  less 

t h a n  0.0 1 % .  

Dung counts o f ten  d i f f e r e d  marked ly  between s i t e s  i n  the same month, and between 

months  a t  each s i t e .  Figure 5.3 shows p l o t s  o f  average dung p i l e  dens i ty  i n  C i tes  

1-4 each m o n t h  f o r  March 1989-February 1990 (see Chapter 6 f o r  d e t a i l s  o f  

densi ty ca lcu la t ion) .  S ign i f i can t  f l uc tua t ions  i n  month ly  elephant densi ty,  as 

171 



i nd ica ted  by dung, are apparent i n  a l l  s i tes .  

F igure 5.3: Elephant dung d e n s i t i e s  for Ci tes  1-4 (March 1989-February 1990). 

T h i s  was m o s t  marked i n  S i t e  2, where  a d i s t i n c t  peak w a s  noted i n  October 

t o  December 1989. Here, the  f o r e s t  w a s  charac te r i sed  by Sacoglottis gabonensis 

(Humir iaceae) (Chapter 2 )  w h i c h  produces a f r u i t  much sought a f t e r  by elephants' 

(see above), and la rge  quant i  t i e s  of r i p e  Sacoglottis gabonensis w e r e  observed t o  

be f a l l i n g  t o  the ground a t  the t ime o f  the in f lux .  Sacoglottis gabonensis occur red  

a t  an average dens i t y  o f  3.4 t rees  ha-1 and ranked f o u r t h  i n  t e r m s  o f  basa l  area 

(Chapter 2). Re i tsma ( 1 9 8 8 )  enumerated a 1-ha botan ica l  p l o t  nearby and found a 

h igher  density. Sacoglottis gabonensis i s  an emergent t r e e  species r i s i n g  above 

45m. The f r u i t  i s  an e l l i p so i d  drupe, 3 t o  4 c m  by 2.5 cm, w i t h  a pulp about 1 cm 
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t h i c k  around a rough stone. The f ru i t  abscisses when r ipe,  and has a r i c h  yeasty  

s m e l l  c h a r a c t e r i s t i c  o f  many f r u i t s  favoured by elephants (see above). T w o  o t h e r  

t r e e s  w h i c h  produce f r u i t s  o f t e n  eaten by elephants w e r e  r e l a t i v e l y  common: 

Hexalobus crispiflorus (Annonaceae) and Irvingia gabonensis ( I rv ing iaceae) ;  b u t  

S i t e  2 w a s  o t h e r w i s e  poor  i n  such species.  In the  f o u r  o the r  study s i t e s  

Sacoglottis gabonensis w a s  absent o r  rare,  and no o the r  spec ies  producing f ru i ts  

favoured by elephants occur red a t  comparable dens i t ies .  

Therefore,  t h e  f o r e s t  where  Sacoglottis gabonensis w a s  abundant 

presented an ideal oppor tun i ty  t o  t e s t  t o  w h a t  extent  f rui t  a v a i l a b i l i t y  in f luences 

f o r e s t  e lephant  movements.  F r o m  J u l y  1390 - June 1991 elephant dens i t i es  and 

f ru i t  p roduct ion  were  mon i to red  mon th l y  t o  see if p a t t e r n s  o f  elephant movement  

cou ld  be explained. 

F igure  5.4 shows  p l o t s  o f  average dung p i l e  densi ty  i n  a l l  s i t e s  p e r  mon th  

f o r  J u l y  1990-June 1991. In the  1990-1991 f r u i t i n g  season a s i m i l a r  b u t  l e s s  

marked peak w a s  observed i n  S i t e  2 i n  the  October - December per iod.  Figure 5.5 

p l o t s  t he  ava i l ab i l i t y  o f  r i pe  and unr ipe  Sacoglottis gabonensis f r u i t s  as measured 

on the  f r u i t - f a l l  t r ansec t  (Chapter 3) and the number o f  elephant dung p i l e s  

deposi ted i n  t h e  prev ious  month .  Sacoglottis gabonensis a v a i l a b i l i t y  i n  1390- 

1991 w a s  s u b j e c t i v e l y  assessed t o  be l e s s  than i n  t h e  p rev ious  year, and some 

t r e e s  f a i l e d  t o  f ru i t  i n  t h e  October t o  December period, b u t  produced a m i n o r  crop 

i n  March 1991. The number  o f  f r e s h  dung p i l e s  observed w a s  p o s i t i v e l y  

co r re la ted  t o  t he  number o f  r i p e  Sacoglottis gabonensis f r u i t s  on t h e  t ransec t  i n  

1990-1991 (N=l  1, rs 0.619, P < 0.025), and the  number o f  f r e s h  dung p i l e s  i n  

1983 - 1990 (when Sacoglottis gabonensis a v a i l a b i l i t y  w a s  sub jec t i ve l y  assessed 

t o  show t h e  same general pa t te rn )  was  a lso  co r re la ted  t o  Sacoglottis gabonensis 

a v a i l a b i l i t y  i n  1990-1991 (N=1 1 ,  rs 0.566, P < 0.05) .  

O f  16 f r e s h  dung p i l e s  searched f o r  Sacoglottis gabonensis seeds i n  t he  

s tudy area dur ing  t h e  f r u i t i n g  season 10 contained seeds and t h e  average number 

of seeds p e r  dung p i l e  w a s  41 (range 0-220) 
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Discussion. 

Group size and composition. 

The average group s i z e  o f  e lephants i n  savanna h a b i t a t s  va r i es  over  t i m e  

arid between areas and some o f  t h i s  va r i a t i on  can be re la ted  t o  food a v a i l a b i l i t y  

(Leuthold, 1976; Moss, 1988; Wes te rn  & Lindsay, 1984). Moss (1988) found  t h a t  

group s i z e  i n  Ambose l i  Nat iona l  Park  averaged 15.1 i n  a year  dur ing  w h i c h  the re  

w a s  a ser ious  drought and food w a s  scarce, bu t  w a s  45.9 i n  a yea r  when good 

r a i n s  f e l l  and food was  abundant, w i t h  m a x i m u m  group s izes  a t  t h i s  t i m e  o f  up t o  

550 ind iv idua ls ,  where  the m a j o r i t y  o f  t h e  t o t a l  popu la t ion  f o r  t h e  area w a s  

present .  Males  w e r e  found s ingly,  i n  sho r t  l i v e d  a l l - ma le  groups (mean group s i z e  

3.8, range 2 - 2 5 )  o r  i n  assoc ia t i on  w i th  fema les  (Moss, 1988; Moss & Poole, 

1983). 

Comple te  counts  in t h e  f o r e s t  a t  Lope were b iased t o w a r d s  s m a l l e r  groups, 

as f o r  l a r g e r  groups i t  w a s  r a r e l y  poss ib le  t o  be sure t h a t  a l l  i nd i v idua l s  had been 

detected.  Fo r  t h i s  reason, m i n i m u m  e s t i m a t e s  and counts obtained a t  sal ines are  

considered more  r e l i a b l e  and g ive  average group s i zes  o f  2.5 and 2.6 r e s p e c t i v e l y  

(range 1-8). Excluding lone i nd i v idua l s  (assumed t a  be males)  average group s i zes  

( f a m i l y  u n i t  s izes)  r i s e  t o  3.2 and 3.3 respec t i ve l y .  Group s i z e s  recorded i n  t h e  

savanna, where  comp le te  counts were  a l m o s t  a l w a y s  possible, g ive  a s l i g h t l y  

h igher  average group s i z e  (2.8 ind iv idua ls /g roup ,  3 .5 /group exc lud ing lone 

animals), due t o  t h e  occurrence o f  3 l a rge  groups (Table 5.1). The only 

comparable data  f o r  f o r e s t  e lephants (Merz, 1986c) gave average group s i z e  o f  

2.44 ±1.7, o r  3.4 ±1.6 exc lud ing s o l i t a r y  an imals ,  f o r  t h e  T a i  Forest ,  I vo ry  Coast  

(N=63, range 1-9). 

There  w a s  no s i g n i f i c a n t  d i f f e rence  be tween  counts in  the  savanna and those 

a t  sal ines,  suggest ing t h a t  t he re  w a s  no tendency t o  f o r m  l a r g e r  groups i n  the  open 

savanna. Accura te  counts  o f  l a rge  groups are  a l m o s t  imposs ib le  i n  t h e  fo res t ,  and 

sa l i nes  a re  r a r e l y  l a r g e  enough t o  accommodate 10 ind iv idua ls ,  so group s i zes  

recorded i n  the  savanna are  considered t o  be m o s t  rep resen ta t i ve  o f  t he  normal  

p a t t e r n  o f  e lephants a t  Lopé. This suggests tha t  a s ing le  mo the r  and h e r  o f f sp r i ng  

i s  by f a r  the most f requent  f a m i l y  u n i t  f o r  f o r e s t  e lephants a t  Lope, and t h a t  ma les  

are  genera l ly  so l i t a r y .  T h i s  conc lus ion i s  re in fo rced  by t h e  data  f r o m  known 

f a m i l y  groups w h i c h  w e r e  stable,  and composed o f  a fema le  w i th  one o r  more 
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of fsp r ing ,  and occas ional ly  o t h e r  adu l t s  (poss ib ly  a lso o f fspr ing) .  These groups 

w e r e  seen t o  fuse w i t h  o t he r  s i m i l a r  un i ts ,  but assoc ia t ions o f  more  than four o r  

f i v e  elephants d id  no t  seem t o  be common o r  s tab le.  

Sma l l  groups cons is t ing  o f  a s ing le  adult  female  w i t h  h e r  o f f sp r i ng  are on ly  

r a r e l y  encountered i n  savanna areas, a l  though t h e i r  inc idence increases dur ing 

t i m e s  o f  severe env i ronmenta l  s t r ess  (Moss, 1988).  The s m a l l e r  f a m i l y  u n i t  

observed f o r  f o r e s t  e lephants may have ser ious i m p l i c a t i o n s  f o r  the su rv i va l  o f  

younger elephants where  poaching i s  a problem. Females are inc reas ing ly  

becoming t a r g e t s  f o r  poachers i n  areas where  m a l e s  (who bear l a r g e r  tusks)  are 

scarce due t o  heavy h u n t i n g  (e.g., Poole & Thomsen, 1989). The death o f  any adu l t  

member  o f  a f a m i l y  may a f f e c t  the surv iva l  and soc ia l  re la t ionsh ips  of  o ther  

members o f  even qu i t e  la rge  groups (Poole, 1989), but where the  f a m i l y  u n i t  

cons is ts  o f  j u s t  one female  w i t h  h e r  young, the chances o f  t h e  o f f s p r i n g  surv iv ing  

the  death  o f  t h e i r  mo the r  are very  l ow .  

Local  and tempora l  va r ia t ions  i n  the  ra te  of  encounters w i t h  elephants a t  

Lopé were  great,  suggest ing that f a m i l y  u n i t s  co-ordinate t h e i r  movements t o  

some ex ten t  i n  response t o  seasonal ava i l ab i l i t y  o f  f r u i t  (e.g., Sacoglottis 

gabonensis). Studies i n  eas t  and southern A f r i c a  have revealed coord inated 

movements o f  elephant groups t ha t  are out  of  v i sua l  and o l f ac to r y  con tac t  (Martin, 

1978; Poole rot al., 1988) .  These groups appear t o  m a i n t a i n  con tac t  by us ing 

i n f r ason i c  cal ls,  w h i c h  a l l o w  communicat ion over  distances o f  up t o  f i v e  k m  {Payne 

et al., 1986; Poole roi al., 1988) .  As s tud ies  of f o r e s t  e lephants progress we  may 

f i n d  t h a t  re la ted  f am i l y  u n i t s  tend t o  remain  close enough t o  use in f rason ic  c a l l s  to 

enable them t o  coord inate  movements.  

Large aggregations o f  elephants such as those seen i n  east  and southern 

A f r i c a  d i d  no t  occur  i n  Lopé  Nor was  there  any tendency t o  f o r m  l a r g e r  groups i n  

the  savanna, even a t  the  beginning o f  the  w e t  season, when a f l u s h  o f  new grass 

c rea ted  condi t ions resemb l ing  those in  east  and southern A f r i c a .  T h i s  suggests 

t h a t  the re  i s  a fundamental d i f fe rence  i n  the  soc ia l  organisat ion o f  f o r e s t  and 

savanna elephants.  

It has been suggested t h a t  average group s i ze  (and dens i ty)  o f  e lephants 

decreases i n  poorer  q u a l i t y  h a b i t a t  (Leutho ld  1976; O l i v i e r  1978). However, 

average dens i t i es  i n  the SEGC study area ( S i t e  1) were  over  2 e lephants  km-2 

(Chapter 6), w h i c h  i s  h igher  than i n  many savanna areas (e.g., L a w s  et al., 1975), 

suggest ing t ha t  the t r op i ca l  r a i n  f o r e s t  i n  Lope i s  not a poor qua l i t y  hab i ta t  f o r  
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elephants. Elephant population density at Lopé is higher- than that reported for 

other tropical forest areas, where densities average about 0.2 - 0.6 individuals 

km-2 (Barnes et al., in press; Fay, 1991; Merz, 1981; Merz & Roth, 1986; Short, 

1983) but the Lopé population is well protected from poaching (see also Chapter 6). 

Western & Lindsay (1934) discussed reasons for large group formation. 

Large aggregations formed in response to heavy predation (by humans) (Laws et 

al., 1975), but the characteristically tight formations that were adopted in areas 

of heavy poaching bear little resemblance to looser aggregations formed naturally 

(Western & Lindsay, 1984). It seems unlikely that forest and savanna races of 

elephant would have sufficiently different evolutionary experience of predation for 

this to be the reason for present differences in social organisation. Moss (1981) 

and Poole (1982) have suggested that there are social and reproductive benefits to 

be gained from formation of large aggregations, but similarly it is unlikely that 

this would be so for one race and not the other. 

I f  the smaller group size observed at Lope is typical o f  forest elephants as a 

whole, it could be due to the importance of fruit in the diet. Elephant movements 

seem to be related to fruiting patterns (Short, 1983; this study). Small family 

units are perhaps better able to exploit a patchily available resource such as ripe 

fruit than are larger groups. Observation of a tendency for larger associations of 

elephants in areas where favoured fruits were temporarily super-abundant 

supports this, but insufficient data are available at present to draw any 

conclusions. 

Diet seed dispersal and ecological role in the forest 

The diet of elephants at Lopé was diverse, including a minimum of 306 items 

(Table 5.4). The bulk of the diet, both in terms of number of species and quantities 

eaten, came from leaves and bark (70% of all items recorded), but it was not 

possible to quantify the amounts of each species eaten. Trees accounted for 73% 

of the species fed upon, which is similar to the figure for elephants in the Tai 

National Park in Ivory Coast (Merz, 1981), but contrasts sharply with the findings 

of Short (1981) in the Bia National Park, Ghana, where woody lianes made up the 

majority of plants browsed. 

Short (1981) recorded bark feeding in Bia but noted that it was highly 
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se lec t ive ,  w i t h  on ly  20 species o f  t r e e  a f fec ted,  and on ly  seven regu la r l y  f ed  

upon; i n  Tai ,  Merz ( 1  98 1) i d e n t i f i e d  22 t r e e  species whose bark  w a s  eaten. Wing 

and Buss (1970) l i s t  e igh t  species t h a t  w e r e  heavi ly  u t i l i s e d  in Kibale fo res t ,  

Uganda, and Shor t  (1981) noted t h a t  some species f e d  upon i n  Kibale, and i n  

Murchison F a l l s  Nat iona l  Park  in  Uganda (Field, i n  L a w s  cot al., 1975), w e r e  no t  

used i n  Bia, a l though they  w e r e  present .  Merz (1981) s t a t e d  t h a t  t h e  bark  o f  

Coula edulis and Sacoglottis gabonensis w e r e  favoured foods, b u t  a t  Lope these 

species w e r e  r a r e l y  f ed  upon, though common. There  a lso  seem t o  be reg iona l  

d i f f e rences  w i t h i n  Gabon: a t  Lope Scytopetalum klaineanum, a common tree, w a s  

no t  barked, b u t  a t  Doussala, i n  southeast  Gabon, m o s t  i nd i v idua l s  w e r e  f e d  upon 

heav i l y  (J.M. Rei tsma, personal  communicat ion),  and Symphonia globulifera, w h i c h  

w a s  on ly  r a r e l y  f ed  upon i n  Lopé, i s  a favoured species i n  o t h e r  p a r t s  o f  t h e  

count ry  (unpublished data). 

Grubb ( 1  974) suggested tha t  t he  chemica l  make-up o f  a p lan t  va r i es  with 

t h e  s o i l  c h e m i s t r y  (see a lso  Gar t lan  et al., 1980). Perhaps reg iona l  va r i a t i ons  i n  

bark  feeding are  r e l a t e d  t o  d i f f e rences  i n  the  chemica l  compos i t i on  o f  t he  bark.  

A l t e r n a t i v e l y  they cou ld  be due t o  d i f f e r i n g  d ie tary  requ i remen ts  o f  e lephants 

l i v i n g  i n  d i f f e r e n t  areas, o r  t o  c u l t u r a l  d i f f e rences  in  t a s t e  pre ference o r  

exper ience (see a lso  Short ,  1981). Bark was  n o t  ea ten by As ian elephants l i v i n g  

i n  r a i n  f o r e s t  i n  Malaya (Ol iv ie r ,  1378).  

Savanna p l a n t  species, inc lud ing grasses, w e r e  poor ly  represented i n  t h e  

d i e t  o f  e lephants a t  Lope. This w a s  due, i n  par t ,  t o  sampl ing  bias, as m o s t  data 

w e r e  co l l ec ted  i n  the f o r e s t  and f e w  observat ions o f  elephants feeding i n  the 

savanna w e r e  made. Grass w a s  r a r e l y  d is t ingu ishab le  i n  dung (it w a s  recorded 

on ly  once i n  s y s t e m a t i c  searches o f  31 1 f r e s h  dung p i l e s  i n  t h e  forest) ,  but  i t  i s  

possib le t h a t  i t s  impor tance increased a t  the beginning o f  t h e  r a i n y  season i n  

September, as  e lephants  w e r e  o f t e n  observed feed ing on young shoots  t h a t  were  

abundant a t  t h i s  t ime (but  see above). 

F r u i t  w a s  an impor tan t  p a r t  o f  t he  d i e t  in this t rop i ca l  f o r e s t  hab i ta t .  F ru i t  

o f  a t  l e a s t  71 species w a s  eaten a t  Lopé and the  remains  o f  at  l e a s t  one species of 

f ru i t  were  found i n  82% o f  dung p i l es .  The c o r r e l a t i o n  be tween  the  number  o f  

species o f  r i pe  f ru i t  on t r a n s e c t s  and the number o f  f r u i t  species p e r  dung p i le ,  

i nd i ca tes  tha t  e lephants a re  oppor tun is t ic  f rug ivores .  This i s  a lso  supported by t h e  

w i d e  range o f  s izes,  shapes, co lours  and t ypes  o f  f r u i t  ea ten by elephants. 

Other  studies i n  A f r i c a n  ra in  f o r e s t s  c o n f i r m  the  impor tance  o f  f r u i t  i n  t he  
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d i e t  o f  f o r e s t  elephants: Merz (1981) recorded 44 species o f  frui t  eaten by 

elephants i n  Tai ,  and noted t h a t  f r u i t  r ema ins  can f o r m  up t o  35% o f  faeca l  d ry  

we ight ;  Alexandre Il 977) recorded 37 spec ies  t h a t  w e r e  fed  upon and 

subsequent1 y d ispersed i n  Tai ;  and Shor t  Il 98 1 ;  1983) found t h a t  93% o f  dung 

p i l e s  inspected i n  B ia  contained f r u i t  remains,  and l i s t e d  35 f r u i t  species t h a t  w e r e  

eaten, nine o f  w h i c h  he considered t o  be m a j o r  components o f  t h e  d i e t .  I n  East  

A f r i ca ,  Wing & Buss ( 1970) recorded f ru i t  ea t i ng  by savanna elephants res iden t  i n  

K iba le  Forest ,  Uganda, where  one species, Balanites wilsoniana was present  i n  

44% o f  dung p i l e s  inspected (this species i s  a p re fe r red  food i n  Gabon where i t  

occurs, b u t  w a s  n o t  found i n  t he  Lope, unpubl ished data). O l i v i e r  (1976) found t h a t  

e lephants i n  r a i n  f o r e s t  hab i ta t  i n  Malaya r a r e l y  a t e  f ru i t :  F r u i t s  f r o m  e igh t  

genera w e r e  present  i n  dung, b u t  on ly  one species, Mangifera sp., w a s  r e l a t i v e l y  

common. I t  i s  i n t e r e s t i n g  t o  note  t h a t  o f  13 genera whose f r u i t  have been recorded 

3s foods i n  Malaya (Khan, 1977; O l i v i e r ,  1978) f i v e  w e r e  also represented i n  t h e  

d i e t o f  elephants at L o p e ( Mangifera , Santiria, Irvingia, Ficus a n d Parkia) . 

Elephants i n  Lope disperse t h e  seeds o f  a l l  b u t  one o f  t h e  f r u i t  species eaten 

and f o r  23 species they  are the so le  known d ispersers .  The f ru i t s  o f  many t rop i ca l  

f o r e s t  t r e e s  show a range o f  morpho log ica l  charac ters  t h a t  encourage d ispersa l  o f  

t h e i r  seeds by a p a r t i c u l a r  agent (Howe & Vande Kerckhove, 1979; Janson, 1983; 

Van d e r  P i j l ,  1972). Charac ters  o f  f ru i t  w i t h  seeds dispersed s o l e l y  by elephants 

are absc iss ion on r ipening;  s t rong  sme l l ;  and du l l  green o r  b r o w n  co lou ra t i on  (see 

a lso  Alexandre, 1977; Gaut ier-Hi  on et al., 1985a; Janzen and Mar t in ,  1982; 

Short,  1981). Seed s i ze  o f  “elephant f r u i t s “  was l e s s  cons i s ten t :  some o f  t he  

f ru i t  having very  l a rge  seeds w h i c h  even g o r i l l a s  ( the  nex t  l a r g e s t  f rug i vo re  a t  

Lopé) never, o r  very  ra re ly ,  s w a l  l o w  (e.g., Baillonella toxisperma, Tieghemella 

africana, Mammea a fricana , Klainedoxa s p p . , Irvingia s p p .) ; b u t o t h e r s h a v e 

s m a  1 1 e r  s e e d s , ( e. g. Swartzia fistuloides , Tetrapleura te trandra, Duboscia 

macrocarpa- see Tab le  5.45. Even the  mechan ica l ly  unpro tec ted seeds ingested by 

elephants,  (e.g., Pentadesme butyracea, Parkia bicolor) o f t e n  passed through the 

gu t  i n t a c t  and elephants a t  Lopé w e r e  known t o  predate  (i.e., c runch up) t h e  seeds 

of  only one species, Coula edulis (but  see Alexandre, 1977). S ince t h i s  study was  

undertaken, Celtis tessmannii f r u i t e d  a t  SEGC, and a t t r a c t e d  l a r g e  numbers of  

elephants, bu t  few seeds w e r e  found i n t a c t  i n  t he  dung, suggest ing t h a t  they w e r e  

dest royed dur ing  feed ing (C. E. G .  Tut in,  personal communicat ion).  I t  was s t r i k i n g  

h o w  ra re l y  elephant feeding on f r u i t  l e d  t o  damage and the  del icacy w i t h  wh ich  t i n y  

179 



f r u i t  (e.g., Antidesma vogelianum) 'were se lec t i ve l y  removed w a s  remarkab le .  

Seeds o f  a va r i e t y  o f  species w e r e  seen germinat ing  i n  elephant dung and i t  

seems l i k e l y  t h a t  t h e  surrounding m a t r i x  o f  f i b rous  dung favours  ge rm ina t i on  (see 

Alexandre, 1977). Germinat ion  o f  Balanites wilsoniana w a s  s ign i f i can t l y  more 

l i k e l y  a f t e r  passage through elephants (Chapman et al., i n  press[b] ;  L ieberman et 

al., 1987). There  can be no doubt t h a t  elephant seed d ispersa l  p lays  a c r i t i c a l  r o l e  

i n  t h e  dynamics  o f  t r e e  regenera t ion  a t  Lope. Alexandre ( 1  977) found t h a t  c e r t a i n  

elephant d ispersed species w e r e  n o t  regenerat ing i n  areas o f  T a i  where elephants 

had been e l im ina ted  by poaching. 

Repeated bark  feeding by elephants produced a c h a r a c t e r i s t i c a l l y  bulbous 

and distended base o f  t r unks  o f  species such as Detarium macrocarpum, 

Pentadesma butyracea, Antrocaryon klaineanaum (P la te  5.2). O t h e r  spec ies  w e r e  

l e s s  r e s i s t a n t  and t r e e  deaths occur red a f t e r  ex tens ive  bark  s t r i p p i n g  i n  some 

s p e c i e s ( e. g. , Hylodendron gabunense , Chlorophora excelsa , Ficus mucuso ) , 

although th is  w a s  genera l ly  a r a r e  occurrence.  The bark  o f  many t r e e  species 

commonly  eaten by elephants has s t r u c t u r a l  p rope r t i es  t h a t  preclude l a rge  

amounts be ing removed. Bark  f i b res  o f  t r ees  adapted t o  e lephant feed ing tend t o  

break eas i l y  when p r i zed  away f r o m  the  wood, and i t  i s  the re fo re  no t  poss ib le  t o  

remove l a rge  s t r i p s .  The r e s u l t  w a s  t h a t  e lephants r a r e l y  removed areas o f  bark  

g rea te r  t han  about 100 cm 2 f r o m  these species.  Some t r e e  species t h a t  w e r e  only 

r a r e l y  fed upon lacked t h i s  adaptation, and long s t r i p s  o f  bark  w e r e  occasional ly  

removed (e.g., on an i nd i v idua l  o f  Paraberlinia bifoliolata, w h i c h  w a s  n o t  general ly  

eaten, bark  damage extended t o  a he ight  o f  about 7 me t res ,  where  s t r i p s  had been 

pu l l ed  o f f ) .  

Wounds tended t o  heal  quick ly,  genera l ly  by r e g r o w t h  i n w a r d s  f r o m  t h e  

edges o f  t h e  scar, a l though i n  t h e  case o f  Petersianthus macrocarpus, a spec ies  

t h a t  w a s  never  seen w i t h o u t  s igns  o f  feeding, regenera t ion  occur red f r o m  

numerous pores  on t h e  bared wood, an adapta t ion  t h a t  speeds t h e  hea l ing  process.  

I t  seems t h a t  i n  some cases, b u t t r e s s  r o o t s  serve t o  p r o t e c t  t h e  t ree 's  bark  b y  . 

render ing  i t  inaccess ib le  t o  elephants' tusks, and bark on bu t t resses  appears 

s t r u c t u r a l l y  d i f f e r e n t ,  general ly  be ing  very  thin. T h i s  i s  suppor ted by the  

enormous quan t i t i es  o f  bark  s t r i pped  f r o m  f r e s h l y  f a l l en  t rees  o f  bu t t ressed  

species s u c h as Hylodendron gabunense a n d Ceiba pentandra ( w h i c h i s also 

p ro tec ted  mechan ica l l y  by sharp spines when young). Another  example o f  

s t r u c t u r a l  f ea tu res  prov id ing  p ro tec t i on  from elephant feeding w a s  seen a t  t w o  
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i nd iv idua ls  o f  t he  ep iphy t ic  s t rang l ing  f ig ,  Ficus thonningii, w h i c h  f e l l  dur ing the 

s tudy and w e r e  comp le te l y  s t r i pped  o f  bark: bo th  t r e e s  were  inaccess ib le  t o  

e lephants when standing.  S i m i l a r l y ,  ae r i a l  r o o t s  and /o r  spines may con t r ibu te  t o  

p ro tec t i ng  t h e  p i t h  of some monocotyledons such as Pandanus candelabrum and 

various pa lms .  

Elephants tended not t o  ea t  the bark o f  t rees  t h a t  do no t  a t t a i n  a d iamete r  

>30 cm, w h i c h  suggests t h a t  s m a l l e r  species may be p ro tec ted  chemica l l y .  The 

se lec t i on  pressure on s m a l l e r  t r e e  species t o  i n v e s t  i n  secondary compounds w i l l  

be high, as  i t  i s  easy f o r  e lephants t o  push ove r  s m a l l  t rees,  and they  wou ld  

probably do so t o  feed on bark t h a t  wou ld  o t h e r w i s e  be out  o f  reach. 

The leaves o f  m o s t  m a t u r e  t rees  are  inaccess ib le  t o  elephants, b u t  t r e e s  o f  

up t o  about 40 c m  dbh were  pushed over, e i t h e r  be ing uprooted o r  snapped, by 

elephants feeding on leaves. T h i s  seemed p a r t i c u l a r l y  des t ruc t i ve  as o f t e n  only a 

s m a l l  number  o f  leaves w e r e  eaten, bu t  as n o t e d  above, f e w  t r e e s  w e r e  a f fec ted .  

Campbell  ( 1 9 9 1 )  showed tha t  e lephants a c t  as gap bu i l de rs  and ma in ta ine rs  a long 

t r a i l s  i n  t he  f o r e s t  a t  Oveng, Gabon. I n  con t ras t ,  e lephants a t e  most ,  o r  a l l ,  o f  the 

leaves o f  many l a rge  v i c t i m s  o f  na tu ra l  t r e e- f a l l s  dur ing  t h e  course o f  t h e  study.  

Again, t h i s  suggests t h a t  leaves o f  s m a l l  t r ees  o f  many species may be p ro tec ted  

by secondary compounds, mak ing t h e m  d i s tas te fu l  t o  e lephants and o t h e r  

t e r r e s t r i a l  herbivores,  whereas leaves o f  c e r t a i n  l a rge  t r e e s  are  l e s s  chemica l l y  

p ro tec ted,  o r  perhaps have d i f f e r e n t  defences, t o  d e t e r  a d i f f e r e n t  s e t  o f  

herbivores.  Leaves o f  herbaceous understorey p lants,  espec ia l l y  o f  t h e  

Zingiberaceae and Marantaceae, a re  i m p o r t a n t  foods f o r  e lephants and w h i l e  their  

feed ing i s  des t ruc t i ve  on a l oca l  scale, the  regenera t ive  powers  of these p l a n t s  

( through vegeta t ive  reproduct ion)  are  remarkab le  (see Bullock, 198 1 ). 

Elephant dens i t i es  i n  Lope w e r e  high (Chapter 6) and elephant feeding on 

leaves and bark had d e t r i m e n t a l  e f f e c t s  on i nd i v idua l  p lants,  as s m a l l e r  t r e e s  w e r e  

pushed over, and access ib le  branches pu l led  down. However, da ta  f r o m  botan ica l  

t r a n s e c t s  showed t h a t  e lephant m o r t a l i t y  accounts f o r  only 0.01% m o r t a l i t y  o f  

t r e e s  > 10 c m  dbh p e r  year, compared t o  overa l l  na tu ra l  m o r t a l i t y  o f  about 1-2 % 

(Hladik, 1982; Rei tsma, 1988; Wi l l i amson  & White, unpubl ished data). Elephants 

feeding a t  sal ines led  i n d i r e c t l y  t o  the death o f  mature  t r e e s  w h i c h  f e l l  a f t e r  being 

undermined. In these areas c lear ings  up t o  about  0.25 ha had been created by the  

a c t i v i t y  o f  e lephants ove r  t he  years. I n  Congo, c lea r ings  up t o  4-5 ha have been 

recorded (Léonard, 195 1 )  w i t h i n  wh ich  c h a r a c t e r i s t i c  vegeta t ion  assoc ia t ions  can 
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be i d e n t i f i e d .  However, these openings are local ised,  and ove ra l l  elephants do no t  

seem t o  w a r r a n t  t h e  " bul ldozer"  labe l  they  have been g iven i n  t h e  pas t  (Kort landt ,  

1984). 

Elephant d i e t  a t  Lope overlapped ex tens ive ly  w i t h  many sympa t r i c  mammal  

species.  A p a r a l l e l  study o f  t h e  feeding ecology o f  wes te rn  l o w l a n d  go r i l l as  

(Gorilla g. g o r i l l a )  and chimpanzees (Pan i' troglodytes) a t  Lopé a l l o w s  

compar ison o f  t h e i r  respec t i ve  d ie t s .  Gor i l l as  a t  Lope are  t h e  m o s t  f rug ivorous 

populat ion of th is  genus y e t  s tud ied (Wi l l iamson et u.., 1990; T u t i n  et al., 

1991a): t h e  f r u i t  o f  a t  l e a s t  91 species i s  ea ten and 96% of  4,301 g o r i l l a  faeces 

analysed over  a 7- year  per iod  contained the  rema ins  o f  a t  l e a s t  one species o f  

f r u i t .  O f  75 species i d e n t i f i e d  t o  fami ly ,  whose succulent  o r  f i b rous  

per icarp /mesocarp  w a s  found t o  be ea ten  by g o r i l l a s  over  a seven year  per iod  

( T u t i n  et al., , 1991b), 49 (65%) w e r e  recorded as elephant foods dur ing  t h i s  one- 

year  study.  M o s t  were  probab ly  eaten by elephants.  Chimpanzees are  more  

f rug i vo rous  than go r i l l as :  a l though t h e  d i v e r s i t y  o f  species eaten (N=96) and the  

f requency o f  f r u i t  r ema ins  i n  faeces (98%) are s i m i l a r ,  f r u i t  dominates  

chimpanzee d i e t  even when f ru i t  a v a i l a b i l i t y  i s  l o w  dur ing  t h e  annual 3- month  dry 

season (Tu t i n  AI al., 1991 a). T h i s  i s  no t  t he  case f o r  e i t h e r  g o r i l l a s  o r  e lephants:  

elephant d i e t  i s  dominated by fo l iage and bark  throughout t he  yea r  and g o r i l l a  d i e t  

i s  dominated by n o n- f r u i t  foods durir ig t h e  dry  season (Wi l l iamson,  1988). Body 

s i z e  c e r t a i n l y  l im i t s  t h e  degree o f  dependency on f ru i t  (Dubost, 1980)  and the  

elephants' d iges t i ve  physio logy i s  adapted t o  a bulky, h igh- f i b re  d i e t  (Jan is ,  19765; 

O l i v i e r ,  1978) .  

Chimpanzees and go r i l l as .  are a lso  i m p o r t a n t  d ispersers o f  seeds (Tut in  AI 

al., 1991b).  I n  add i t i on  t o  t he  23 t r e e  species whose seeds are  d ispersed so le l y  by 

elephants, 21 add i t iona l  species depend en t i re l y  on elephants and one, o r  both, 

species o f  ape t o  d isperse t h e i r  seeds (see Tab le  5.3). The r e l a t i v e l y  l a rge  body 

s i zes  o f  these th ree species make them exce l l en t  seed dispersers,  as they  i nges t  

l a rge  quan t i t i es  and c a r r y  t h e  seeds considerable d is tances f r o m  t h e  parent  p lan t .  

Many species dispersed so le l y  by e lephants and apes are  c o m m e r c i a l l y  exp lo i t ed  i n  

Gabon and o t h e r  areas o f  w e s t  and cen t ra l  A f r ica ,  so t h e  cont inued presence o f  

e lephants and apes may be v i t a l  f o r  regenera t ion  o f  commerc ia l  species i n  logged 

forest (e.g., Tieghemella africana , Baillonella toxisperma , Gambeya africana, 

Swartzia fistuloides). Other f ru i ts  t h a t  r e l y  upon elephants f o r  t he  d ispersa l  o f  

t h e i r  seeds a r e  a lso  i m p o r t a n t  f o r  humans (e.g., t h e  seeds o f  Irvingia spp. and 
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Baillonella toxisperma are  used by many peoples t o  make o i l s  used i n  cooking and 

t h e  f l esh  in  seed pods o f  Tetrapleura tetraptera i s  used as a f l avou r ing  ) 

The f e w  species o f  f r u i t  eaten by elephants b u t  n o t  by apes share a common 

cha rac te r  o f  f a l l i n g  t o  t h e  ground when r i p e  (see Tab le  5.4). Chemical  ana l ys i s  o f  

g o r i l l a  foods (Rogers et al., 1990) showed t h a t  g o r i l l a s  have e c l e c t i c  tas tes ,  bu t  

t end  t o  avo id  f ru i t s  high i n  l ip ids .  Gor i l las  to le ra te  h igh concent ra t ions  o f  

secondary compounds such a s  tann ins  bu t  p r e f e r  sugary drupes over  f i b rous  f r u i t  

(Rogers et al., 1990; T u t i n  et al., 1 9 9 l b ) .  Chemical  ana lys is  o f  t he  exc lus ive  

elephant foods m i g h t  revea l  w h y  apes apparent ly  f i n d  them unpalatable. 

Despi te  extensive over lap  i n  diet ,  l i t t l e  d i rec t  c o m p e t i t i o n  f o r  food appears 

t o  occur  between g o r i l l a s  and chimpanzees (Tutin et al., 1991a). No i n d i c a t i o n  was  

obtained o f  compe t i t i on  be tween  apes and elephants as, w h i l e  many f r u i t  foods are  

shared, t he  apes have an obvious advantage i n  t h e i r  a b i l i t y  t o  c l i m b .  Apes w i l l  

c o l l e c t  and ea t  f r u i t  f r o m  the  ground b u t  more  o f t e n  c l i m b  t o  ha rves t  d i r e c t l y  from 

the  canopy, tak ing  a l m o s t  r i p e  f ru i t  f r o m  species t h a t  absc iss  on r ipening,  such as 

Irvingia s pp.  ,. Mammea africana , Duboscia macrocarpa. I n c i dent a 1 o b s e r v a t i o n s  

suggest  t ha t  e lephants are  somet imes  a t t rac ted  t o  t r e e s  where  a group o f  go r i l l as  

i s  feeding, o r  has r e c e n t l y  fed, (e.g. Gambeya spp., Diospyros spp.) t o  ea t  t he  

f r u i t  and f ru i t  p a r t s  t h a t  f a l l  to t he  ground. However, i t  w a s  n o t  poss ib le  t o  

de te rm ine  whe the r  e lephants w e r e  a t t r a c t e d  by t h e  sound o f  f r u i t  dropping o r  by 

the s m e l l  o f  t he  f resh l y  processed f ru i t .  

I t  i s  c l e a r  f r o m  these data  and those o f  o t h e r  s tud ies  o f  f rug ivorous 

communi t ies ,  t h a t  t h e  feed ing behaviour o f  an ima ls  may e x e r t  s e l e c t i v e  pressure  

on many  fea tu res  o f  p l a n t  morphology and, perhaps physio logy.  A c l e a r  example i s  

t h e  t i m i n g  o f  absc iss ion  o f  f r u i t :  t o  depend w h o l l y  on elephant dispersion, t h e  f ru i t  

must be accessib le!  Whee lwr igh t  & Orians (1982) suggested t h a t  spec ia l i sa t i on  by  

a p lan t  t o  a s ing le  species o f  d isperser  i s  unusual, and i t  does seem a r i sky  

evo lu t ionary  s t ra tegy .  However, t h e  f a c t  t h a t  23 t r e e  species depend so le l y  on 

elephant d ispersal  o f  seeds a t  Lope suggests t h a t  i n  some t r o p i c a l  communi t ies  . 

such co- evolved re la t i onsh ips  are  r e l a t i v e l y  common. S i m i l a r l y ,  e lephant feeding 

on leaves and bark  i s  l i k e l y  t o  have exer ted s e l e c t i v e  pressures,  favour ing  

s t r u c t u r a l  o r  chemical  defences t h a t  m i n i m i s e  damage t o  the p l a n t  and reduce t h e  

r isk  o f  m o r t a l i t y .  
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Seasonal movements 

Elephants l i v i n g  i n  savanna reg ions i n  A f r i c a  tend t o  m i g r a t e  in response t o  

vegeta t ion  changes induced by r a i n f a l l  p a t t e r n s  (e.g., Bosman & Hal l-Mart in,  

1986; Leuthold, 1976; Moss, 1988; Sikes,  1971; Wes te rn  & Lindsay,  1984). 

L i t t l e  i s  known about f o r e s t  e lephants b u t  some general isat ions o f  re levance t o  

t h e i r  b io logy are  poss ib le :  

1) T r o p i c a l  r a i n  f o r e s t s  vary g rea t l y  i n  cornpos i t ion  and may e x h i b i t  s t rong  

seasona l i t y  (e.g., Whi tmore,  1984). 

2 )  F r u i t  i s  an i m p o r t a n t  p a r t  o f  f o r e s t  e lephant  d i e t  (Alexandre, 1978; 

L ieberman e t  al, 1987; Merz, 1931; Short ,  1981; th is  s tudy)  

3) Dens i t i es  f l u c t u a t e  loca l ly ,  and even reg iona l ly ,  perhaps i n  response t o  

f ru i t  a v a i l a b i l i t y  (Short ,  1983). 

4) Group compos i t i on  d i f f e r s  f r o m  t h a t  o f  savanna elephants; t h e i r  sma l l e r  

group s izes are  poss ib ly  re la ted  t o  t h e  impor tance o f  f ru i t  i n  t h e i r  d i e t  (see 

above).  

Composi t ion o f  t he  f o r e s t  i n  S i t e  2 w a s  unusual i n  tha t  t he  f r u i t  o f  one o f  t he  

dominant t r e e  species, Sacoglottis gabonensis i s  h igh ly  pa la tab le  t o  elephants, bu t  

f e w  o f  t h e  o t h e r  commoner t r e e s  produced such f ru i ts .  I n  t h e  1990-1991 study 

per iod  t h e  c rop o f  Invingia gabonensis f a i l e d  comple te ly ,  so on ly  one o ther  

relatively com mon t ree, Hexalobus crispiflorus , produced f r u  i t t h a t  mi g h t have 

a t t r a c t e d  elephants.  Hexalobus crispiflorus f r u i t e d  i n  A p r i l  1 990, a t  t h e  same 

t ime as Sacoglottis gabonensis produced a m i n o r  crop. There fore ,  i t  w a s  poss ib le  

t o  t e s t  whether  t h e  a v a i l a b i l i t y  o f  Sacoglottis gabonensis f r u i t s  determined 

elephant densi t i es .  

Sacoglottis gabonensis i s  common throughout t he  coastal  sed imentary  bas in  

o f  w e s t  and c e n t r a l  A f r i c a  (Letouzey, 1968; de  Sa in t  Aubin, 1968) b u t  w a s  on ly  

d iscovered r e c e n t l y  i n  Lope, w h i c h  i s  ou ts ide  th is  range (Rei tsma,  1988; 

Wi l l iamson, 1988). A t  Lope i t  i s  common in  an i so la ted  area o f  f o r e s t  e s t i m a t e d  t o  

cove r  a t  l e a s t  200 km2 ( C .  Wilks ,  personal  communicat ion;  unpubl ished data), 

w i t h i n  wh ich  i t  i s  one of t he  dominant  t ree  species (Chapter 2). Outs ide th is  area 

i t  i s  e i t h e r  absent, o r  occurs  as sca t te red  ind iv idua ls  a long savanna edges, u n t i l  

the beginning o f  t h e  sed imentary  basin, about 120 k m  t o  t h e  w e s t .  Therefore,  

though l o c a l l y  abundant, i t  i s  a l i m i t e d  resource i n  Lope. 
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of  a l l  e lephants f r o m  an area of about 3000 km2. 

In  o the r  study areas i t  was  not poss ib le  to cor re la te  elephant densi ty w i t h  

overa l l  f r u i t  ava i lab i l i t y ,  a l though elephant numbers o f ten  seemed t o  be l oca l l y  

e levated when favoured t r e e  species w e r e  f r u i t i n g  (e.g., when Gambeya subnuda 

f r u i t e d  i n  S i t e  4 elephants were encountered more o f t e n  than usual, an?, i n  

1989-90: Irvingia gabonensis a t t r a c t e d  elephants into the  SEGC ma in  I study area). 

T h i s  may be because t r e e  species producing f r u i t s  favoured by elephants general ly 

occur  a t  l o w  density and the  ground phenology undertaken w a s  no t  ex tens ive 

enough t o  demonstrate pa t te rns  of  f r u i t  p roduct ion  by these r a r e r  species (Chapter 

3). 

I f  a greater  sampl ing e f f o r t  had been poss ib le  i t  i s  l i k e l y  tha t  re la t ions  

between elephant numbers and f r u i t  a v a i l a b i l i t y  would have shown up i n  o the r  

s tudy s i t es .  Data f r o m  S i t e  2 i s  so c lear- cut  because: 1) Sacoglottis gabonensis 

i s  a dominant species; 2) i t  produces a f r u i t  favoured by elephants; 3) i t  has q u i t e  

a shor t  f r u i t i n g  season during w h i c h  large quan t i t i es  o f  f r u i t  are avai lable 

throughout the  s tudy area; 4) elephants respond en masse Thus, the  p a t t e r n  i s  

e a s i l y  detected. T h i s  i s  the f i r s t  t i m e  f o r e s t  elephant movements  have been 

cor re la ted w i th  f r u i t  p roduct ion i n  an area, but  t h i s  p a t t e r n  i s  u n l i k e l y  to be unique 

t o  Sacoglottis gabonensis. Shor t  ( 1  983) suggested t h a t  e lephants m i g r a t e  i n t o  

p a r t s  of Bia  Na t iona l  Park, Ghana, where  Mammea africana (Gu t t i f e rae )  occurs a t  

h igher  dens i t ies ,  i n  order  t o  feed on i t s  f r u i t ,  and s i m i l a r  s h i f t s  i n  range have been 

noted i n  Korup Nat iona l  Park, Cameroun (B P o w e l l ,  personal  communicat ion) .  

O b s e r v a t i o n  o f  elephants i n  Lope suggest t ha t  elephants somet imes  move d i r e c t l y  

be tween f r u i t i n g  t rees when foraging, and t he i r  t r a i l s  o f ten  connect i nd iv idua l  

t r e e s  o f  p re fe r red  species. 

The r e  fore,  elephants' response to Sacoglottis gabonensis fruiting probably  

i l l u s t r a t e s  a general fea tu re  o f  t h e i r  b iology: Tha t  t h e i r  movements  are geared 

t o w a r d s  max im is ing  the  ava i l ab i l i t y  o f  favoured f r u i t  species. Barnes et al. 

( 1  99 1 )  showed t h a t  man determines the d i s t r i b u t i o n  o f  e lephants i n  the  r a i n  

f o r e s t s  o f  nor theastern  Gabon, where  elephant dens i t i es  increase w i t h  increas ing 

d is tance f r o m  roads and v i l lages.  Elephants i n  Lopé are no t  sub jec t  t o  the same 

human pressures.  Dens i t i es  vary  between s i t e s  as A r e s u l t  o f  d i f f e rences  i n  f o r e s t  

compos i t ion  (Chapter 6 )  and w i t h i n  s i t e s  i n  response t o  f r u i t i n g  pa t te rns .  When 

elephant censuses are being undertaken i n  l i m i t e d  areas the p o s s i b i l i t y  of  l a rge  

changes i n  dens i ty  i n  a shor t  t i m e  should be borne i n  mind.  
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Future  s tud ies  should aim to evaluate whe the r  f o res t  elephants in the 

cen t ra l  A f r i can  f o r e s t s  undertake migrations of Y s i m i l a r  scale t o  those observed 

in some savanna elephant popu la t i ons  and t o  assess to what  extent these 

movements  are likely t o  he disrupted by human a c t i v i t y  Elephant migration in 

savanna areas has been reduced g r e a t l y  by human encroachment on hab i ta t ,  t o  t he  

point where  some  populat ions demonst ra te  on ly  v e s t i g i a l  m i g r a t o r y  gestures  

(Buechner et al., 1963; Sikes, 1966) M ig ra t i on  i s  a v i t a l  adapta t ion  t o  su rv i v ing  

i n  a seasonal ly  pa tchy  env i ronment  and has  enabled elephants t o  exploit every 

h a b i t a t  ava i l ab le  i n  Af r ica ,  even where these h a b i t a t s  could no t  support  a 

permanent popu la t ion  (Sikes, 1971) Where elephants have been conf ined t o  l imi ted 

p ro tec ted  areas, a r t i f i c i a l l y  e levated dens i t ies  o f  permanent ly res iden t  elephants 

have o f t e n  r e s u l t e d  i n  severe h a b i t a t  degradat ion (e.g , Buechner & Dawkins, 

1961; Laws, 1970; Laws e t  al, 1975) 

There i s  no evidence t h a t  f o res t  elephants cause s i m i l a r  h a b i t a t  

mod i f i ca t i on ,  a l though they  cer ta in ly  p lay  an i m p o r t a n t  ro le  i n  f o r e s t  ecology 

(Jones, 1955; Kor t landt ,  1984; Laws, 1970; Mar t i n ,  1991; Western,  1989; Wing 

& Suss, 1970), b u t  i f  t r a d i t i o n a l  m i g r a t o r y  rou tes  a re  e l i m i n a t e d  by human 

a c t i v i t y  and f o r e s t  e lephant commun i t i es  a re  i s o l a t e d  into con t rac t i ng  home 

ranges, t h i s  p o s s i b i l i t y  cannot be ru led  out in  the f u t u r e  
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