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A bs t roc t .  

An invest igat ion o f  the e f fec t s  o f  commercial mechanised select ive logging 

on ra in  fo res t  vegetat ion and mammals, was undertaken i n  the Lope Reserve, 

central  Gabon, between January 1989 t o  Ju ly  1991. Vegetation i n  Lope i s  most ly  

semi-evergreen lowland t ropical  ra in  forest,  but there are some local ised patches 

of savanna., which are thought t o  be natural i n  origin, but  which are maintained 

today by regular f i r e s  s ta r ted  by humans. Study s i t es  were establ ished i n  areas 

o f  fo res t  logged 20-25, 10-15, and 3-5 years previously.. a f ou r th  was logged 

during the study, and a f i f t h  remained unexploited. None o f  the study s i t es  had 

been subject t o  hunt ing i n  the recent past. 

A l ine- transect f i ve  k i lometres in  length was cut across the drainage i n  

each s i te.  Forest composit ion and s t ruc ture  was assessed along each transect, by 

ident i fy ing and measuring t rees and l ianes i n  botanical plots, counting s tem density 

o f  herbaceous vegetation i n  the fami l ies  Marantaceae and Zingiberaceae, and by 

measuring canopy cover  a t  three heights. A t  t o ta l  o f  4885 t rees and l ianes of 327 

species occurred i n  f i v e  2.5 ha samples o f  p lants greater than 10 c m  dbh, w h i l s t  

1832 individuals o f  137 species were found i n  f i v e  25ha samples o f  t rees greater 

than 70cm dbh. There were marked di f ferences i n  s t ruc tu re  and species 

composit ion both between and w i t h i n  sites. A model was developed t o  attempt t o  

explain t h i s  variation, based upon the theory tha t  much o f  Lope had been covered 

by savanna vegetation during a previous cool., dry c l ima t i c  phase, and tha t  fo res t  

s t ruc tu re  and composit ion ref lected recolonisat ion o f  the savanna by forest .  

Physical features such as swamps, rocky outcrops and a l t i tude were also 

considered. Two types o f  mu l t i var ia te  analysis were applied to  botanical data and 

supported the model. The e f fec t s  o f  logging on fo res t  vegetation were assessed by 

returning a f t e r  logging t o  botanical p lo t s  established before exploi tat ion. Damage 

levels we re  low, compared t o  other par ts  of the World, resu l t ing  i n  about a 10% 

reduct ion i n  canopy cover. 

Pat terns of f r u i t  production were studied by counting fa l len  r ipe  and unripe 

f r u i t  on transects. F ru i t s  encountered were c lass i f ied on the basis o f  t he i r  

morphology and dispersal mechanism. There was a period of l o w  f r u i t  production 

during the ma jo r  dry season, when f rugivores are l i k e l y  t o  su f fe r  d ietary st ress.  

A number of plant  species which did produce f r u i t  at t h i s  t i m e  were ident i f ied  as 
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species which might  represent 'keystone' resources. Over 70% of f r u i t  species 

were animal-dispersed, demonstrating the the important r o l e  animals play i n  the 

ecology of  t rop ica l  r a i n  forests .  

Forest elephant (Loxodonta africana cyclotis) diet, ecological r o l e  and 

group s t ruc tu re  were analysed. The bulk of the d ie t  consisted of  the bark and 

leaves o f  trees, and some monocotyledons in the fami l ies  Marantaceae and 

Zingiberaceae, but  f ru i t  was also impor tant .  Large-scale seasonal movements i n  

response t o  f r u i t  ava i lab i l i t y  were detected. Elephants were impor tant  seed 

dispersers f o r  many p lant  species, and were responsible f o r  less  than 1 %  of  

natural  t ree  mor ta l i t y .  The social s t ructure o f  these fo res t  elephants d i f fered 

f r o m  tha t  of populations t ha t  have been studied i n  east and southern Afr ica. 

Average group size was 2.8, and no groups of  more than 10 ind iv iduals  were 

encountered. 

Densi t i es  of primates, ungulates and squi r re ls  were  assessed using 

standard l ine- transect censuses. Resolution was poor, but  s ta t i s t i ca l  di f ferences 

were detected between s i t es  f o r  some species. Chimpanzee, (Pan t. troglodytes) 

densit ies declined i n  logged forest,  but no other species could be shown to  decline 

a f t e r  logging. Some other  di f ferences between s i t es  were related t o  vegetation 

composit ion. Biomass was high, est imated a t  up t o  4692.6 kg  km-2, but was 

dominated by elephants, which made up 25-82%. 

Conservation impl icat ions o f  t h i s  study are discussed, and recommendations 

ma de. 
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Gabon s on the equa 

Chapter  1 . 

Introductìon. 

o r  on the West Coast o f  A f r i ca  (3°N-3°S, 8°E-l5°E), 

and covers 267,667 km² (Figure 1.1). The human population of  Gabon i s  l ow:  an 

o f f i c i a l  census i n  1980 recorded 1,232,000 inhabi tants  (EDICEF, 1983), but 

outside organisations es t imate  the population t o  be below one m i l l i on  (Pourtier, 

1989; World Bank, 1986). About 50% o f  the population i s  urban, and as a resu l t  

o f  a reset t lement  programme i n  the 1950's a l l  v i l lages are s i ted  on roads o r  

navigable r i ve r s  (see EDICEF 1983, p. 49). Rural population densi ty i s  below 2 

inhabitants and vast areas of the i n t e r i o r  are unpopluated. L im i ted  numbers 

o f  indigenous hunter-gatherers, the pygmies, mainta in  the i r  t rad i t iona l  l i f e- s t y l e  

i n  par ts  of the north-east and south-west. Pour t ier  (1989) gives an excel lent 

rev iew of  Gabon's cul tura l  and economic h is tory .  

The " red wood", Pterocarpus soyauxii, used t o  co lour  paint, was probably 

Gabon's f i r s t  export, and wood dominated the economy un t i l  the mid-1960's 

(EDICEF, 1983; Pourt ier ,  1989; Wilks, 1990). Annual product ion peaked a t  about 

1.85 m i l l i o n  m³ yea r - '  i n  1972, but crashed i n  1974 t o  about 1 m i l l i o n  m³  year- ',  

due t o  reduced demand f r om Europe, and has remained s tab le  a t  t h i s  leve l  ever 

since. Wood exports were t rad i t i ona l l y  dominated by one t ree species, Okoumé, 

Aucoumea klaineana, wh ich  made up 90% o r  more o f  production, but i n  recent 

years the industry has d ive rs i f i ed  somewhat, and i n  1987, of 830,000 m³ of wood 

exported f r om L ibrev i l le ,  the ma jo r  port, Okoumé made up 72%. A fu r ther  53 

commercial  species were exported, but only 14 accounted f o r  5,000 m³ o r  more 

(Wilks, 1990). Wi lks  (1990) est imated that i n  1988, 46% of  Gabon's f o res t  had 

been se lect ive ly  logged a t  least  once, and each year about 2,500 km² i s  logged, 

60% of  which has not previously been exploi ted. Less than 30% o f  production i s  

processed i n  the country.  

O i l  exports began i n  1958 and rose throughout the 1960's t o  the mid-  

1970's, replacing wood as t he  ma jo r  par t  o f  t he  economy (EDICEF, 1983; 

Pourt ier ,  1989), and i n  1987 wood made up 11.9% of  exports, compared t o  o i l ,  

manganese and uranium (production o f  the l a t t e r  t w o  began i n  the ear ly 1960's), 

which accounted f o r  84% (Wilks, 1990). In  t h e  ear ly 1980's, t h i s  minera l  wea l th  

gave Gabon the highest per  capi ta income i n  A f r i ca  south o f  the Sahara (Pourtier, 
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Figure 1.1 :  Locat ion o f  Gabon i n  Af r ica .  
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1989), and reduced the economic pressure on the forest .  

Local demand f o r  t imber,  which i s  l imited, i s  sat is f ied by logging operations 

close t o  major  population centres, and most  logging ac t i v i t i es  are geared towards 

the export market.  Gabon contrasts sharply w i t h  nearby Nigeria, which has 

banned t imber  exports, and has become a net importer,  because of  high local  

demand due t o  i t s  large human population (e.g., Kio, 1983). The number o f  t ree  

species exploited i n  Gabon i s  determined by the f i ck le  demands of the internat ional  

market f o r  t rop ica l  t imber .  Due t o  the high per capi ta income and dependence upon 

imports,  cost  o f  l i v i ng  (and hence both labour and transport  costs) i s  high, and 

t h i s  reduces the number o f  species that are commerc ia l ly  viable, especial ly i n  the 

i n t e r i o r  of the country. These fac to rs  l i m i t  the in tens i t y  o f  commercial forest ry .  

Ext ract ion ra tes are about 1.5 t rees  ha-1 (CTFT, 1974; c i ted  i n  Wilks,  1990) and 

resu l t  i n  about 10% canopy loss, but damage leve ls  vary w i t h  location, being 

higher i n  the coastal sedimentary basin (c loser t o  the por ts  o f  L ibrev i l le  and Por t-  

Gentil, where lower transport costs  permi t  in tens i f icat ion of logging), and lower  in 

the i n t e r i o r  (Wi lks,  1990). Low human population has resul ted i n  l o w  leve ls  o f  

deforestat ion (Myers, 1989; Wilks, 1990) and Gabon i s  un l ike ly  t o  lose a 

s ign i f i can t  proport ion of i t s  forests  i n  the next 50 years (Barnes, 1990). 

Gabon’s forests are f l o r i s t i ca l l y  diverse, w i t h  est imates o f  the t o t a l  

number of p lan t  species varying between 6,000-10,000 (Brete ler ,  1988; Floret, 

1976; Hallé & Le Thomas, 1968; Lebrun, 1976). Over 22% of  species recorded i n  

the ‘Flore du Gabon’ we re  endemic (Brenan, 1978) and there i s  a greater  recorded 

d ive rs i t y  o f  r a i n  forest  plant species and genera i n  Gabon, than the whole of West 

Afr ica,  even though co l lec t ion has been less complete (Breteler, 1988). Reitsma 

(1988) recorded the second mos t  species diverse p l o t  o f  ra in  forest  found t o  date 

i n  the World, in  the Monts de Cristales, nor thwestern Gabon. The d i ve r s i t y  o f  

p lant  l i f e  i n  Gabon has been at t r ibuted t o  the f ac t  tha t  i t  was the centre of a forest  

refuge, during a r id  periods i n  the Pleistocene when savanna vegetation replaced 

fo res t  over much of i t s  present range (see Hamilton, 1982; Kingdon, 1990; Malèy, 

1987; Reitsma, 1988). 

The diverse fauna includes over 150 mammals, w i t h  a t  least  20 primates, 

and 600 b i rds (Nicol l  & Langrand, 1986; Wilks, 1990). Recent faunal surveys 

i l l u s t r a t e  the importance of  Gabon f o r  the conservation of  A f r i can  ra in  forest  

w i l d l i f e :  There are an est imated 35,000 western lowland gor i l las,  Gorilla g. 

gorilla and 64,000 chimpanzees, Pan i. troglodytes - there are more apes i n 
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Gabon than any other- A f r i c a n  coun t ry  ( T u t i n &  Fernandez, 1983¹); Barnes et al. 

(unpubl ished manuscr ipt -)  e s t i m a t e d  t he  e lephant  populat ion t o  number  87,000 - one 

o f  t he  la rges t  populat ions i n  A f r i ca ,  and one o f  t h e  f e w  cons idered s tab le ;  and a 

n e w  p r i m a t e  species, the sun- ta i led  guenon, Cercopithecus solatus, w a s  

d iscovered as r ecen t l y  as 1984 i n  t h e  “Foret  des Abe i l l e s ”  i n  t he  cen t r e  o f  t h e  

coun t r y  (Harr ison,  1988a).  Gabon i s  cons idered a h i gh  conserva t ion  p r i o r i t y  (e.g., 

McShane, 1990; Oates, 1986) and McShane (1990) suggested t h a t  i t  represented a 

r a r e  oppo r t un i t y  t o  i n i t i a t e  a conserva t ion  p rogramme ‘before t h e  c r i s i s ’ .  

In t he  ‘o i l  boom years ‘  o f  t he  ea r l y  1980‘s m a n y  development  p r o j e c t s  

w e r e  undertaken within Gabon, the  l a rges t  be ing  t he  cons t r uc t i on  o f  t h e  

“ t ransgabonais”  r a i l w a y ,  comp le ted  i n  1987, l i n k i n g  t h e  c a p i t a l  L i b rev i l l e ,  on t h e  

coast,  t o  Francev i l le ,  650km in land.  This opened up l a rge  p a r t s  o f  t he  coun t ry  t h a t  

had p rev ious ly  been inaccess ib le ,  and t h e  government  planned t o  g ran t  logging 

concess ions ove r  an area o f  30,000 km 2  o f  p rev ious ly  unexp lo i ted  fo res t ,  w h i c h  

w o u l d  be made commerc i a l l y  v iab le  by t he  r a i l w a y  (Figure 1.2). Reduct ion o f  

commod i t y  p r i c e s  ( p r i n c i p a l l y  o i l )  i n  t h e  l a t e  1980’s reduced Gabon’s revenues by 

a l m o s t  50%, r e s u l t i n g  i n  a budget d e f i c i t  and p ressure  t o  boost  o t h e r  sec to r s  o f  

t h e  economy (Arnaud, 1987; c i t e d  i n  McShane, 1990; Pou r t i e r ,  1989). These  

f a c t o r s  seemed l i k e l y  t o  r e s u l t  i n  a l a rge  increase i n  commerc ia l  logging and 

hun t ing  p ressure  on t he  f o res t .  There  are c u r r e n t l y  no p ro tec ted  areas i n  Gabon 

w i t h i n  wh i ch  logging i s  forbidden, no r  have t h e r e  been any de ta i l ed  i nves t i ga t i ons  

o f  the e f f e c t s  o f  logging on f o r e s t  vege ta t ion  and w i l d l i f e ,  upon w h i c h  management 

dec is ions could be based. 

Logging has been shown t o  cause changes in dens i t i e s  (genera l ly  decreases) 

o f  A f r i c a n  f o r e s t  p r i m a t e s  (many examples i n  Johns & Skorupa, 1987). 

Commerc i a l l y  valuable t r e e  spec ies i n  A f r i c a  a re  o f t e n  i m p o r t a n t  food p l a n t s  f o r  

f o r e s t  a n i m a l s  (e.g., Ma r t i n  & Asibey, 1979; Skorupa, 19882; Struhsaker ,  

1975), so logg ing  may have a se r ious  e f f e c t  on w i l d l i f e  a t  i n t e n s i t i e s  l ower  than 

can be suppor ted i n  reg ions  such as Malaysia,  whe re  an ima l  communi  t i e s  appear t o  

be ab le  t o  w i t h s t a n d  p a r t i c u l a r l y  h i gh  damage l e v e l s  (Johns, 1989). Le igh ton  & 

Le igh ton  (1983) demons t ra ted  t h e  keys tone  r o l e  p layed  by a l i m i t e d  number  o f  

p l a n t  species, w h i c h  produced f r u i t  du r ing  an annual pe r iod  o f  overa l l  scarc i t y ,  and 

suggested t ha t  w e r e  logging t o  focus on these species, the e f f e c t s  on f rug ivo rous  

1 - a shorter version was published i n  1984 
2 - a short summary was published i n  1986 
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Figure 1.2: Gabon,  showing the l o c a t i o n  Lope Reserve. 
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animals might  be out o f  proport ion with the actual damage levels.  Fru i t  production 

i n  Lope i s  seasonal and the ma jo r  dry season (June-August) i s  a per iod of f r u i t  

scarc i t y  (Tut in  et al., 1991a; Will iamson, 1988), so i f  logging were t o  se lect ive ly  

e f f e c t  species tha t  provide food a t  this t ime o f  the year, it migh t  have adverse 

ef fects  on w i l d l i f e  despite low damage levels. 

Johns & Skorupa (1987) highlighted the lack o f  i n fo rmat ion  available on the 

e f fec ts  of  logging on pr imates (and other w i ld l i f e )  i n  the central Afr ican forest  

block, which covers about 1.7 m i l l i o n  km² (FAO, 1981), and s t rongly  recommended 

tha t  a t  least  one community- level invest igat ion be undertaken in the region. 

Biomass of  mammals o f  the same, o r  c losely re la ted species, o f ten  var ies 

markedly in d i f fe ren t  areas. There are f e w  data on biomass o f  r a i n  fo res t  mammal 

communities, and determinants o f  biomass are poor ly understood (e.g., Oates er' 
al., 1990; Terborgh, 1983). Factors that  determine biomass i n  undisturbed 

areas, and mechanisms f o r  changes caused by logging will be closely related, and 

any invest igat ion of the e f fec ts  o f  logging must take both i n t o  account. 

Th is  study was star ted in January 1989, t o  invest igate the e f f ec t s  o f  

commercial  mechanised logging in the Lopé Reserve, Gabon, on r a i n  fo res t  

vegetation and mammalian w i ld l i f e ,  par t icu lar ly  apes and elephants. 

The emphasis on gor i l las,  chimpanzees and elephants was because: 

1 )  Gabon i s  a ma jo r  sanctuary f o r  these three species. 

2) Ecological in format ion on apes was available f o r  Lopé L i t t l e  i s  known 

about the biology of fo res t  elephants , Loxodonta africana cyclotis (e.g., Dudley 

et al., 1992), but Lopé was an ideal locat ion t o  invest igate t he i r  ecology, and 

pre l iminary  data had been co l lec ted a t  SEGC. 

3 )  The three species were thought t o  respond d i f fe ren t l y  t o  logging; 

densi t i e s  o f  chimpanzees were cons is tent ly  l o w e r  i n  logged fo res t  (Struhsaker, 

1975; Tu t i n  & Fernandez, 1983; Skorupa, 1988); gor i l l a  densi t ies tended t o  be 

h igher  i n  d is turbed areas (Harcourt, 1981; Murnyak, 1981; T u t i n  & Fernandez, 

1983); and Ol iv ier  (1978) found increased densi t ies o f  Asian elephants i n  logged 

ra i n  fo res t  i n  Malaysia, although no data are available f o r  A f r i can  f o res t  

elephants. 
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4) Elephants land gor i l l as  t o  some extent) are large-bodied animals and play 

an impor tan t  ecological r o l e  i n  the Af r ican r a i n  fo res t  (e.g., Jones, 1954; 

Kortlandt, 1983; Western, 1989). In Kibale forest ,  Uganda, elephants in te r fe re  

w i t h  regenerat ion in  gaps created by logging (Kasenene, 1992). 

Lope was chosen as the study area f o r  several reasons: 

1) There was a research programme underway i n  the reserve a t  the 

'Stat ion d'Etudes des Gori l les e t  Chimpanzés’ (SEGC), establ ished i n  1983. The 

SEGC main study area had been exploi ted f a r  Aucoumea klaineana i n  the 1960's, 

and was the ideal locat ion f o r  a study s i t e  t o  invest igate the longer- term e f fec ts  o f  

logging. There was a growing data base on t h e  ecology of  apes (e.g., Tu t i n  et al, 

1991a), which migh t  enable informed ecological in terpretat ions of  any observed 

changes in the populations of  chimpanzees and gor i l las  i n  response t o  logging (cf. ,  

Skorupa, 1988). In addition, densi t ies of apes calculated during t h i s  study could be 

compared t o  those f r om long- term residence records of known social groups w i t h i n  

the SEGC study area. 

2 )  Lopé was a reserve within which hunting was i l lega l ,  and poaching was 

not a s ign i f i can t  problem (C.E.G. Tu t i n  & M. Fernandez, personal communication), 

so it would be possible t o  investigate the e f fec ts  o f  logging wi thout  the 

compl icat ing f ac to r  of hunting (cf. Johns & Skorupa, 1987). An independent 

invest igat ion of the e f fec ts  of hunting on ra in  forest  mammals was underway i n  

northeast Gabon, where there was no logging (Lahm, 1992). 

3 )  Logging was underway close t o  SEGC, and i t  was possible t o  establish 

f i v e  study s i tes  w i t h i n  25 km o f  one-another, i n  fo res t  that  had been logged 20- 

25, 10-15 and 3-5 years previously, as w e l l  as i n  a s i t e  tha t  would be logged 

during the course of  the study, and an unlogged control .  

4) Rainfa l l  i n  the Lope area was about 1500mm year- ' ,  l owe r  than the r es t  

o f  Gabon, and the presence of  iso la ted patches of savanna suggested tha t  fo res t  

vegetation i n  Lope might  be par t i cu la r l y  sensi t ive t o  logging damage. 
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Johns ( 1 9 8 9 )  showed tha t  i n t e r - s i t e  di f ferences i n  p r i m a t e  dens i t ies  i n  

several  s i t e s  in Tekam Forest  Reserve, peninsu lar  Malaysia, were  greater  than 

changes due t o  logging. He warned t ha t  only by mon i to r ing  an area through a 

complete logging cycle, would i t  be possible t o  r e l i ab l y  assess changes caused by 

logging. Such s tud ies m u s t  be considered p r i o r i t i e s  i f  logged r a i n  forests  are t o  be 

managed f o r  w i l d l i f e  conservation, but  unti l they have been undertaken, the e f f e c t s  

o f  logging over t ime will  have t o  be assessed i nd i r ec t l y .  It was  hoped that, by 

se lect ing s i t e s  t ha t  had been logged a t  d i f fe ren t  stages in  the  past, responses over 

t ime o f  ra in  f o res t  mammals  to logging could be assessed, w h i l s t  work i n  an area 

logged during t h i s  s tudy would provide the basis f o r  long- term moni tor ing.  Wi th in  

f i v e  s tudy s i t e s  selected, the a ims o f  this invest igat ion were to :  

1) analyse the s t r uc tu re  and composi t ion o f  r a i n  f o res t  vegetat ion and 

a t t e m p t  t o  explain any d i f ferences between s i tes ,  and i n  par t icu lar ,  to  t e s t  

whether  p rox im i t y  t o  the  savanna edge in f luenced vegetat ion (Chapter 21; 

2) moni to r  f r u i t i n g  pat terns i n  order t o  invest igate wh ich  plant species 

m i g h t  f u l f i l  a 'keystone' r a l e  i n  Lopé, and whether  they were targeted by loggers. 

(Chap t e r  31; 

3) undertake a vegetat ion study before, and r e t u r n  a f t e r  logging, t o  d i r ec t l y  

assess ext ract ion r a t e  and leve ls  o f  incidental  damage due t o  fel l ing, and road and 

sk idder  t r a i l  const ruct ion f o r  ex t rac t ion  o f  logs (Chapter 4); 

4) study the d i e t  and inves t iga te  the ecological  r o l es  played by f o res t  

elephants (Chapter 5); 

5) undertake censuses t o  es t imate the densi t ies of large mammals along 

l ine- t ransects  located i n  each o f  the study s i tes ,  i n  order  t o  invest igate any 

d i f ferences caused by logging (Chapter 6); 

6 )  es t imate  biomass o f  a l l  mammals  censused, and a t t e m p t  t o  explain any 

d i f ferences by re ference t o  botanical  data (Chapter 61; 

7) se t  up s i t e s  where long- term moni tor ing o f  the e f f e c t s  of logging on 
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vegetat ion and w i l d l i f e  could be monitored; 

8) make management recommendat ions t o  the Min is tère  des Eaux e t  Forê ts  

i n  Gabon (Min is t ry  o f  Water  and Forests), w h i c h  m igh t  a lso be appl icable t o  o the r  

cent ra l  A f r i c a n  coun t r i es  (Chapter 7). 

F ie ld  w o r k  was  undertaken between January 1989 and July 1991. 
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