
Chapter  2. 

V e g e t a t i o n .  

In t ro  duct i on. 

The na tu ra l  vege ta t i on  o f  85% o f  t he  coun t ry  i s  l o w l a n d  r a i n  f o r e s t  (Caballi!, 

1983) ,  a l  though t h e  p r e s e n t  ex ten t  o f  f o r e s t  cover  i s  e s t i m a t e d  a t  200,000 km2 

(75%) (Myers, 1991). A r e a s  ou ts ide  t hose  o r i g i na l l y  f o r e s t e d  a re  m o s t l y  

savanna, swamp  and mangroves  (Cabal lé  & Fontes, 1978). Va r i ous  au tho r s  have 

commented on t ree  species d i s t r i b u t i o n  in Gabon, and a t t emp ted  c l ass i f i ca t i ons  o f  

f o r e s t  t ypes  ( A u b r é v i l l e ,  1948; Caballi! 1978, 1983; Cat ino t ,  1978; Cheval ier ,  

1916; He i tz ,  1943; Nicolas, 1977; de Sa in t  Aubin, 1963; Schnel l ,  1976; White,  

1983; W i l k s ,  1990). I n  t h e  UNESCO c l a s s i f i c a t i o n  (White,  1983) Gabonese f o r e s t s  

a re  p redom inan t l y  e i t h e r  'hygrophylous coas ta l  evergreen Guineo-Congol ian r a i n  

f o res t '  o r  'm ixed  m o i s t  semi- evergreen Guineo-Congolian r a i n  forest ' ,  w i th  

pa tches  o f  's ingle- dominant m o i s t  evergreen Guineo-Congolian r a i n  fo res t '  

cha rac te r i sed  by Gilbertiodendron dewevrei, i n  t he  no r t heas t  (Wi l ks ,  1990). 

Letouzey ( 1968) descr ibed  Gabon's f o r e s t s  as ' f o re t  dense humide  sempe rv i r en te  

de basse e t  moyenne a l t i t ude ' .  Other c l ass i f i ca t i ons  have a t tempted  t o  d e l i m i t  

f o r e s t  t ypes  cha rac te r i sed  by one o r  mo re  species: Schnel l  (1976) recognised t w o  

f o r e s t  types, w i th  o r  w i t h o u t  Aucoumea klaineana respec t i ve ly ;  and Cabal lé 

(1 978, 1983) recognised t h ree  geographica l  areas in  w h i c h  t h e  commoner  la rge  

t r e e  spec ies var ied. However,  m o s t  o f  t h e  ava i lab le  da ta  we re  c o l l e c t e d  on f o r e s t  

i n ven to r i es  w i t h  a b ias  t o w a r d s  l a rge  o r  commerc i a l  spec ies (Nicolas, 1977). Few  

p l a n t  c o l l e c t i o n s  have been made i n  t he  coun t ry  (Brete ler ,  1978), and unt i l  f u r t h e r  

da ta  are avai lab le ,  i t  i s  po i n t l e ss  t o  a t t e m p t  mo re  than t he  general c l ass i f i ca t i ons  

o f  Wh i t e  and  Letouzey ( A .  Louis, personal  communicat ion) .  

R e i t s m a  (1  988) under took a d e t a i l e d  bo tan ica l  i n ven to r y  o f  f o u r  square 1 - 
ha p l o t s  in d i f f e r e n t  reg ions  o f  Gabon. He repo r t ed  la rge  d i f f e rences  i n  species 

compos i t i on  and d i ve r s i t y ,  w h i c h  were  r e l a t e d  i n  p a r t  t o  p reva i l i ng  env i ronmenta l  

cond i t i ons  i n  the f o u r  s i tes ,  and p r o x i m i t y  t o  an area thought  t o  be a Ple is tocene 

f o r e s t  re fuge .  The l e a s t  Spec ies - r i ch  p l o t  w a s  l oca ted  i n  t he  Lopé Reserve, cen t r a l  

Gabon, whe re  s o i l  cond i t i ons  we re  l e a s t  favourab le  and average annual r a i n f a l l  w a s  
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l ow .  Th is  chapter describes a la rger  scale botanical study conducted w i t h i n  Lope, 

and a t tempts  t o  explain observed di f ferences in fo res t  s t ruc tu re  and composition. 

Study Area. 

Research was ca r r i ed  out i n  the Lope Reserve, a t  the Sta t ion  d'Etudes des 

Gor i l les e t  Chimpanzés (SEGC) a t  0°10 'S,  1l°35'E and the Societe Fores t ie r  du 

Gabon (SOFORGA) logging concession (0°25 'S,  1l°25'E). Lope, wh ich  covers 

5,000 km2, i s  t h e  la rges t  o f  f i v e  protected areas i n  Gabon. Most o f  the reserve i s  

covered by mature semi-evergreen t rop ica l  ra in  fo res t ,  but  there are 300 km2 of 

savanna and forest-savanna mosaic along i t s  nor thern and eastern l i m i t s  (Figure 

2.1 ). About 2,500-3,000 km2 o f  the fo res t  have been se lec t ive ly  logged a t  low 

in tens i t y  (1-2 t rees  per  hectare), p r inc ipa l ly  f o r  one t r e e  species, Aucoumea 

klaineana. 

Lopé l i e s  i n  an area o f  r e la t i ve l y  low r a i n f a l l  compared t o  much o f  Gabon 

(EDICEF, 1983). Mean annual r a i n f a l l  a t  SEGC i s  1,536 mm (1984-90), although 

there i s  considerable inter-annual var iat ion i n  the amount and d is t r ibu t ion  of 

ra in fa l l :  Consistently l o w  r a i n f a l l  i n  Ju l y  and August cons t i t u tes  a " major  dry 

season", which i s  a feature o f  the annual cycle, although the t i m i n g  o f  i t s  onset 

and i t s  dura t ion  var ies between years; December t o  February are general ly 

re la t i ve l y  dry months, but  no d i s t i n c t  second dry season can be defined (Figure 

2.2). Ra in fa l l  increases f r o m  nor th  t o  south  w i t h i n  the reserve (EDICEF, 1983: p. 

35). 

Mean re la t i ve  humid i t y  does n o t  drop be low  70%, even between 13:00 and 

15:00 (SEGC, unpublished datal, wh ich  compares w e l l  w i t h  data col lected 

elsewhere in  Gabon (see Nicolas, 1977; de Saint  Aubin, 1963). Mean r e l a t i v e  

humid i ty  does not, as might  be expected, f a l l  i n  the long dry season, because cold 

sea currents a t  t h i s  t i m e  o f  year cause constant cloud cover throughout the 

country, resu l t i ng  i n  reduced temperature, insolat ion,  and evaporat ion (EDICEF, 

1983; Hladik, 1973; Nicolas, 1977). Temperatures vary  l i t t l e  over t h e  year, but  

both mean monthly min ima and maxima are l owes t  during the m a j o r  dry season, 

w i t h  a range of 20-23°C and 26-33°C respect ive ly  over 7 years. 
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Gabon can be d iv ided i n t o  three geomophological  zones (EDICEF, 1983), 

w i t h i n  wh ich  six d i s t i n c t  regions can be dist inguished (Fontes, 1975; Mar t in  et al, 

1981 ). Lope st raddles the border between t w o  o f  these regions: the centra l  

Precambrian mountain range, and the 'Francevi l l ian '  sedimentary basin; wh ich  

meet towards the eastern l i m i t  o f  the reserve. A l l  s tudy s i t e s  f e l l  w i t h in  the 

'Massif du Chaillu', one o f  three Precambrian mountain ranges, wh ich  runs f r o m  

centra l  Gabon southeast i n t o  Congo (EDICEF, 1983; Mar t i n  et al, 1981). Par ts  o f  

the n o r t h  o f  the  reserve, outs ide the study area, f a l l  within the  'Monts de Ndjolé', 

the  second of the th ree Precambrian mountain ranges. The metamorphic rocks t h a t  

cons t i tu te  the  range are deeply weathered, fo rming wel l -dra ined,  i n fe r t i l e ,  clay, 

o r  sandy-clay f e r a l l i t i c  so i l s  w i t h  l o w  pH (>4.5). Wi th in  Lopé, f ou r  sub-regions 

can be i den t i f i ed  w i t h i n  the Massif  du Chaillu, based on topography (Mart in et al, 

1981 - see overlay t o  Figure 2.1): 

1) Mountainous r idges (Sub-Region 1) 

2) Complex convex h i l l s  w i t h  very steep slopes (Sub-Region 2) 

3) Convex h i l l s  w i t h  steep slopes (Cub-Region 3) 

4) Gently ro l l i ng  h i l l s  (Sub-Region 4) 

Aubrevi l le  (1967a) described the  pat te rn  and d i s t r i bu t i on  o f  the "strange 

forest-savanna mosaic"  i n  the Lope area and discussed fac tors  t ha t  might  have 

contr ibuted t o  i t s  formation. Savanna occurs i n  a band about 10-15 k m  w ide  along 

the r i v e r  Ogooué i n  the nor th  o f  the reserve, and w e s t  of the r i v e r  Offoué along i t s  

eastern l im i t  (Figure 2.1 - see also aer ia l  photograph i n  Harr ison and Hladik, 

1986). Close t o  the Ogooué, savanna i s  essent ia l ly  continuous, in terspersed wi th 

patches of gal lery fo res t  i n  thalwegs and up some val ley sides. Fur ther  south the  

re la t i ve  proport ion o f  savanna:forest decreases, and f u r t h e r  than about 15 km 

south o f  the Ogooué, savanna patches are generally i so la ted  w i t h i n  fo res t  on h i l l -  

tops about 200-450m i n  a l t i t ude  (Plates 2.1 & 2.2). Adjacent h i l l s  above about 

450m tend t o  be fo res ted (IGN, 1985). Smal l  i so la ted  patches o f  savanna o r r u r  up 

t o  35 k m  t o  the south o f  the  Ogooué. 

Savanna vegetat ion i n  the nor th  of the reserve has been described i n  de ta i l  

by Descoings, (1974). It i s  character ised by the grass, Pobeguinea arrecta, wh ich  

i s  dominant, o r  co-dominant w i t h  Andropogon pseudapricus, Hyparrhenia 

diplandra , o r Schizachyrium platyphyllum. S h r  u b s su c h a s Crossoptaryx 
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febrifuga, Bridelia ferruginea, Nauclea latifolia Sarcocephalus esculentus, 

Psidium guineense and Psorospermum febrifugum, occur sparsely throughout the  

savanna [Descoings, 1974; Fontes, 1978; Wilks, 1990). 

There i s  some debate as t o  whether the or ig ins  o f  these savannas, and 

equivalent areas i n  o ther  pa r t s  o f  centra l  Afr ica,  are natural  [ r e l i c t s  o f  a d r i e r  

per iod in  the Pleistocene when fo res ts  receded and were  replaced b y  savannas) o r  

anthropic ( l e f t  over f rom periods when the human populat ion o f  the  area was 

higher). Descoings (1974), a f t e r  a detai led study of the composi t ion and 

d i s t r i bu t ion  of savannas i n  the Lopé area, concluded t h a t  the l a t t e r  was more 

l ike ly ,  and Fontes (1978) reached a s i m i l a r  conclusion. Aubrevi l le  (1 967a) 

concluded tha t  the pat tern  o f  savanna-forest mosaic was due t o  an on-going 

process o f  recolonisat ion o f  savanna which had resul ted natura l ly  f r o m  

preh is tor ica l  d i f ferences in  c l imate,  and Nicolas I19771 agreed that the savannas 

around Lopé were l i k e l y  t o  be natural  i n  origin. Recent work  i n  Congo has 

suggested tha t  savannas i n  the Oriental Mayombe are natural  i n  origin, although 

they are mainta ined today by regular  f i r e s  s ta r ted  by humans (de Foresta, 1990; 

Schwartz et al., 1990). 

Methods. 

Five study s i t e s  were establ ished on the basis o f  t h e i r  logging h is tory :  In  

S i tes  4 & 5 rectangles 5km by 1km were drawn on a map, on a compass bear ing 

crossing the drainage (cf. Norton-Gri f f i ths,  1978), s i t e d  such t h a t  they were in 

fo res t  t h a t  had been subject  t o  a speci f ied logging regime. A l i n e  t ransect  1m wide 

and 5km in length was located randomly in the study area (using a random number 

table to select  a number between 0-1000 t o  signal a s t a r t i n g  point along the 1km 

boundary o f  the  s i te ) ,  and was cut  f o l l ow ing  the compass bearing [Figure 2.1 ). In  

S i tes  2 & 3 the same procedure was fo l lowed, but  the s i t e s  were continuous and a 
10.5 k m  li ne was cu t  ( t ransects 2 and 3 were t h e  eastern and western  5km 

respect ively) .  In  S i t e  1, a 1-km t ransect  establ ished previously (across the 

drainage, as above) t o  undertake a botanical  survey (Wil l iamson, 1988) was 

extended t o  5 km:  

S i t e  1 was the SEGC main  study area, in  wh ich  research on the ecology o f  
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apes (Gorilla g. gorilla and Pan i. troglodytes) has been underway since 1984 

(e.g., T u t i n  et al, 1991a). The SEGC study area covers about 40 km2 along the 

nor thern l imi t  o f  the continuous forest  block. The transect was cu t  a t  a bearing o f  

235" and r a n  para l le l  t o  the  savanna- forest boundary, about 1km f r o m  the fo res t  

edge. The ent i re  length o f  the transect f e l l  w i t h i n  geological Sub-Region 4 (see 

Figure 2.1). The f o r e s t  had been logged once, 20-25 years previously, f o r  one 

t ree  species, Aucoumea klaineana which  was ext racted a t  an i n tens i t y  of about 

one t ree  ha-'. 

S i t es  2 and 3 were  adjacent t o  one another, located i n  the SOFORGA logging 

concession, 35 km southwest  o f  SEGC, w i t h  an essent ia l ly  continuous t ransect  a t  a 

bearing of 265°. The f i r s t  (eastern) 5km (S i te  2 )  had been logged f o r  Aucoumea 

klaineana, and a l i m i t e d  number of o ther  species, a t  an in tens i ty  o f  i - 2  t rees ha-1 

ear ly  i n  1986 (3-5 years before t h i s  study). The f i rs t  9 k m  (S i te  2 plus 3.5 k m  o f  

S i t e  3) were  in  Sub-Region 3, and the f i na l  1.5-km o f  S i t e  3 overlapped i n t o  Sub- 

Region 2. A r i v e r  about 20m wide, the Leledi, b isected S i te  2 a t  3.6 km. 

S i te  4 was about 5 k m  southwest  o f  SEGC, w i t h  a t ransect  cu t  a t  270"  

f a l l i n g  w i t h i n  Sub-Region 1. The forest  had been logged f o r  Aucoumea klaineana a t  

an i n tens i t y  o f  about 1 t r ee  ha-', 10-15 years before.  

S i t e  5 s ta r ted  about 3km south of SEGC, w i t h  a t ransect  a t  155°, 

predominantly located w i t h i n  Sub-Region 4, but crossing i n t o  sub-region 3 i n  the 

l a s t  (southern) 500m. T w o  t r i bu ta r i es  o f  the R iver  Lope, each about 10-15m 

wide, crossed the t ransect  a t  3100m and 3800m. Th is  s i t e  had not  been a f fec ted  

by t imber  extract ion, but  logging was  known t o  have occurred w i t h i n  about 1km of 

the end o f  the transect, and towards  the end of the study i t  was discovered tha t  

loggers had ( i l l ega l l y )  a lmost  reached the t ransect  a t  3700m. 

Figure 2.3 shows p ro f i l e  diagrams f o r  the f i v e  s i tes,  i l l u s t r a t i n g  their 

contrast ing topographies. 
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The diameters o f  a l l  t rees  >10 cm dbh i n  a 5 met re  s t r i p ,  2.5 m e i the r  side 

o f  each t ransect  (g iv ing a sample o f  2.5 ha), were measured a t  1.3m above the 

ground (d iameter  a t  breast  height, dbh), o r  immedia te ly  above s t i l t  o r  bu t t ress  

roots, using a d iameter  tape. Each t ree  was label led with a numbered aluminium 

tag. Trees were  i den t i f i ed  using a combination o f  s t e r i l e  characters: general f o r m  

(e.g., buttresses, s t i l t  roots);  bark texture;  s l ash  colour, smel l  and exudates; leaf  

type and shape. Leaves were col lected and compared w i t h  herbarium specimens, 

and where possible f e r t i l e  co l lec t ions  were made. A voucher specimen o f  each new 

species encountered was taken, and these are lodged a t  herbar ia i n  L ibrevi l le ,  

Gabon and Missouri ,  U.S.A., as w e l l  as a t  SEGC and w i t h  the author. A l l  t rees  >70 

c m  dbh (minimum legal d iameter  f o r  commercia l  explo i tat ion f o r  mos t  species) i n  a 

50 me t re  s t r ip ,  25m e i t h e r  side o f  the  t ransect ,  were  measured (g iv ing  a sample 

o f  25 ha), ident i f ied  and label led i n  the same way.  In addit ion, specimens were  

col lected opportunist ica l ly  f r o m  a l l  p lan t  species encountered f e r t i l e  during the 

study i n  any o f  the  study si tes, i r respect ive  o f  s ize and location. Heights of a l l  

t r ees  were es t ima ted  v isua l ly  t o  the nearest  metre.  

Canopy cover a t  th ree he igh ts  (<10m, 10-20m, >20m) was es t ima ted  along 

the  length of the  t ransect  using a po in t  quadrat method (Greig-Smith, 1983): As 

mos t  c rowns o f  t rees  in  the Gabonese r a i n  fo res t  do not  exceed 5m i n  d iameter  

(Reitsma, 1488) a s igh t ing  c l inometer  was used t o  look up ve r t i ca l l y  a t  f i v e  me t re  

i n te rva l s  along the  length o f  the transect, and canopy cover was scored as present 

o r  absent i n  each o f  the three height  classes depending on whether o r  no t  a po in t  in 

the s igh t  p ro jec ted  upon vegetat ion. Thus 1000 points were  recorded a t  each 

height  along each 5000m t ransect.  

Density o f  herbaceous vegetat ion o f  the fam i l i es  Marantaceae and 

Zingiberaceae was assessed by counting stem densit ies f o r  each species present i n  

areas o f  1m2, displaced one met re  o f f  the t ransect  ( t o  avoid any e f fec t s  o f  cu t t i ng  

the t ransect)  a t  f i v e  me t re  in te rva ls  along each t ransect  (c f .  Rogers & Wil l iamson, 

1987). These f a m i l i e s  were  chosen because they were  abundant, r e l a t i v e l y  easy 

t o  i d e n t i f y  f r o m  vegetat ive mater ia l ,  species composit ion and abundance varied 

between habitats, and they were  a m a j o r  component o f  the d ie t s  o f  go r i l l as  and 

chimpanzees ( c f .  Rogers & Wil l iamson, 1987). Other herbs, shrubs, and t rees  

< 1 0cm dbh were  not  sampled systemat ical ly ,  but  co l lec t ions  were  made whenever 

they were encountered wi th f l o w e r s  o r  f r u i t s .  

The locat ions o f  notable physical fea tures  (e.g., streams, marshes, rocky 
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outcrops, o ld  roads, r idges)  w e r e  recorded, and average gradient was measured 

f o r  each 50m por t ion  o f  each transect using a c l inometer .  

During the course of the  study, an a t temp t  was made t o  i den t i f y  eas i ly  

recognised vegetat ion types, wh ich  could be characterised by t h e i r  species 

composit ion, and s t ruc tu re  and general appearence. Some o f  these had been 

described previously, such a s  marshes dominated by Marantochloa spp. 

(Marantaceae) (Rogers & Wil l iamson, 1987) and were eas i ly  recognised. Wi th  

experience more subt le var ia t ion  i n  vegetat ion became apparent, and was o f ten  

associated w i t h  pa r t i cu la r  physical condit ions in  the area (e.g., rock  outcrops, 

p rox im i t y  t o  the savanna edge), but  c l ass i f i ca t i on  o f  the  fo res t  i n t o  vegetat ion 

categories i n  t h i s  way was subject ive, and of ten based on intu i t ion.  

Two  types o f  mu l t i va r i a te  analysis were applied t o  botanical  data i n  order 

t o  substantiate these f i e l d  c l  assi f i  cat ions: Two-way Indi ca to r  Species Analysis 

(TWINSPAN) (Hil l, 1979a) and Canonical Community Ordinat ion (CANOCO) (Ter 

Braak, 1988 - an extension o f  DECORANA [H i l l ,  1979b]). Programmes t o  process 

the data were  w r i t t e n  by C. Legg, who also ran  data through TWINSPAN and 

CANOCO. TWINSPAN w a s  r u n  f o r  t r ees  > 10 c m  dbh, t rees  > 70 c m  dbh, a 

combination of these t w o  data sets, and f o r  a l l  three se ts  o f  data i n  combination 

w i t h  herb data (using 100m segments of t ransects as the sample unit i n  a l l  cases, 

al though 500m segments were  a lso t r i e d  f o r  t rees  >10 and >70). Stem densi ty  

was the un i t  o f  abundance adopted i n  a l l  cases, and cu t  leve ls  f o r  pseudospecies 

were  a t  zero, two, four, and seven individuals, adding 12 as the l a s t  cu t  when 

herb data was added. CANOCO was run  on data f o r  t rees  >10cm, >70cm, these 

t w o  data se ts  combined, and f o r  herb data i n  100m segments. I t  was then re- run 

incorporat ing environmental data: a l t i tude;  slope angle; canopy cover a t  < 10m, 

10-20m, >20m and overal l ;  p r o x i m i t y  t o  permanent water; p rox im i t y  t o  seasonal 

s t reams o r  gul leys wh ich  ac t  as w a t e r  courses dur ing periods o f  heavy rain; 

p rox im i t y  t o  rocky  outcrops; nearest logging road; and distance t o  continuous 

savanna vegetat ion. F ina l ly  combinations o f  t rees  > 10 and >70 and herbs (using log 

o f  s tem densi ty  as u n i t  o f  abundance) were processed w i th  environment data. The 

ind i rec t  gradient analysis (DCA) option was selected, using 2nd order polynomials 

f o r  detrending, and down-weighting ra r i t i es .  Both  programmes were  run  f o r  a l l  

species, and f o r  only those species w h i c h  occurred i n  a t  leas t  three 100m samples. 

TWINSPAN uses reciprocal  averaging t o  d iv ide the  data se t  i n t o  t w o  groups, and 

then continues t o  f u r t h e r  divide the resu l t i ng  sub-groups u n t i l  they become too 
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smal l  t o  d iv ide  fur ther ,  o r  a pre-determined number o f  d iv is ions have been made. 

It fo rms  a d iv is ive  hierarchy, g iv ing an output i n  the f o r m  o f  an ordered two- way 

phytosociological table o f  species and transect segments. Being divisive, i t  i s  

prone t o  mis- c lass i f i ca t ion  o f  borderl ine points, since there i s  no ecological basis 

f o r  making divisions, nor f o r  determining a sensible po in t  a t  wh ich  t o  stop. 

In te rpre ta t ion  o f  the  ecological ‘sense’ ( o r  otherwise)  o f  the output r e s t s  w i t h  the 

f i e l d  observer. CANOCO, on the o the r  hand, per fo rms an ordinat ion o f  the data, 

g iv ing an output i n  wh ich  p lo ts  and species are ordered continuously i n  t e rms  of 

s i m i l a r i t y  w i th  respect t o  one another, wh ich  can be displayed graphical ly. I n  

addition, i t  can incorporate environmental variables, and d isplay these as 

gradients o f  increasing cor re la t ion  i n  the graphical output. TWINSPAN groupings 

can be superimposed upon the CANOCO output, and if the c l a r i t y  o f  the groupings i s  

maintained t h i s  object ive ly substantiates the two analyses. The m e r i t s  and p i t f a l l s  

o f  these techniques have been w ide l y  discussed (e.g., Gauche, 1982; H i l l  & Gauche, 

1980; Kershaw & Looney, 1985). 

Results .  

Species compostition. 

Trees > 10 cm dbh. 

A t o t a l  o f  4885 t rees  and l ianes > 10 crn dbh, of 327 species, we re  

encountered on t ransects.  In a l l ,  181 (55%) species were  f u l l y  ident i f ied ,  a 

f u r t h e r  54 (17%) cou ld  be i den t i f i ed  t o  genus, 44(13%) t o  fami ly ,  and 48 (15%) 

could no t  be ident i f ied .  In t e rms  o f  individuals, 4449 (91%) were  f u l l y  ident i f ied,  

277 (6%) could be i d e n t i f i e d  t o  genus, 82 (2%) t o  f a m i l y  and 77 (2%) could no t  be 

ident i f ied .  Appendix 2.1 l i s t s  a l l  p lan t  species >10cm dbh encountered on 

transects, and g ives the number o f  each species i n  each s i te.  Appendix 2.2 l i s t s  

p lan ts  not  encountered un transects, wh ich  were  i den t i f i ed  t o  species level  f r o m  

f e r t i l e  co l lec t ions  made i n  the f i ve  si tes, and in savanna close t o  S i te  1 .  

There were marked di f ferences i n  species composit ion both w i t h i n  and 

between s i tes,  wh ich  could be used t o  c lass i f y  several vegetat ion types. Table 2.1 

l i s t s  a l l  p lan t  species > 10cm dbh ranked i n  t h e  “top 10” f o r  basal area and/or 

number o f  stems, on a t  l eas t  one t ransect  (it summarises Appendix 2.1 f o r  the 

22 







more impor tan t  species, but does not  supersede it). Some species were re la t i ve l y  

common i n  a l l  study sites, notably Aucoumea klaineana, Dacryodes buettneri, 

Pentaclethra macrophylla Other species tended t o  be r e s t r i c t e d  to, o r  more  

abundant i n  S i tes  2, 3 & 4, o r  S i tes  1 & 5, notably: Augouardia letestui, 

Centroplacus glaucinas, Coula edulis , Desbordesia glaucescens, Santiria 

trimera , Scyphocephalium ochocae, Sindoropsis le- testui, Staudtia gabonensis 

and Strombosiopsis tetrandra i n  S i  t es  2, 3 & 4; and Cola lizae, Hylodendron 

gabunense ~ Hypodaphnis zenkeri, Laphira alata , Trichilia c f .  prieureana an d 

Xylopia quintasii i n  S i tes  1 & 5. However some species charac ter is t i c  of Si tes  2, 

3 & 4 occurred a t  low densi ty  i n  S i te  5 (e.g., Centroplacus glaucinas, Santiria 

trimera, Scyphocephalium ochocoa, Strombosiopsis tetrandra). So  me s p e c i e s 

were  common in  only one s i t e  (e.g., Sacoglottis gabonensis i n  S i t e  2), o r  were 

r e s t r i c t e d  t o  any two o f  S i t es  2, 3 & 4 (e.g.,, Concevaiba africana, Dacryodes 

klaineana, Garcinia smeathmannii ~ Treculia obovoidea). The top ten  species i n  

S i tes  1 & 5 contr ibuted a greater  proport ion of the  t o t a l  basa1 area and number o f  

s tems than in  the o ther  three s i tes,  showing they were l ess  species diverse. 

Table 2.2 summarises the vegetat ion data f o r  species > 10cm dbh and l i s t s  

a l l  f am i l i es  ranked i n  the  “top 15” i n  t e rms  of basal area i n  a t  l eas t  one s i te .  

Burseraceae was the dominant f a m i l y  i n  all f i v e  si tes, fo l lowed by the  Leguminosae 

(separated i n t o  sub-f ami l ies:  Caesalpiniaceae, Mimosaceae, Papi 1 ionaceae). 

Fami l ies  in S i tes  1 & 5 obtained s i m i l a r  ranks, as was the case f o r  S i t es  2, 3 & 4, 

but  there were some marked di f ferences between these t w o  s e t s  of  s i tes:  

Olacaceae, Myrist icaceae and Euphorbiaceae were more impor tan t  i n  S i tes  2, 3 & 

4; w h i l s t  Sterculiaceae, Ochnaceae Sapindaceae and Ebenaceae were more 

impor tan t  i n  S i tes  1 & 5. S i tes  2-5 had a t  leas t  37-39 fami l ies,  but  S i t e  1 was 

l ess  diverse, w i t h  31 f a m i l i e s  present. 

S i t es  1 & 5 and S i tes  2, 3 & 4 respect ive ly  could be separated i n t o  t w o  

sub-units i n  t e r m s  o f  species composit ion. Burseraceae dominated S i tes  1 & 5 i n  

t e rms  o f  basal area, and t rees  o f  the Stercul iaceae were  mos t  numerous. 

Aucoumea klaineana accounted f o r  the m a j o r i t y  of the s tems and basal area o f  

Burseraceae, w h i l s t  Cola lizae was the only Stercul iaceae i n  the >10cm dbh 

samples. Aucoumea klaineana, Col, lizae and Laphira alata together represented 

44% and 45% o f  basal  area and 39% and 36% o f  ind iv idua ls  in S i t e s  1 and 5 

respect ively.  The abundance of Cola lizae i s  par t i cu la r ly  wo r thy  o f  note as i t  i s  a 

species with a l i m i t e d  d is t r ibu t ion  that was unknown t o  science un t i l  co l lected a t  
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SEGC in  1984 (Halle, 1987). 

i n  S i tes  2, 3 & 4 species d i s t r i bu t i on  was less  skewed towards  a few 

dominant species, as i l l u s t r a t e d  i n  Table 2.1, and by the measures o f  evenness 

presented in Table 2.2. Aucoumea klaineana was s t i l l  mos t  common i n  t e rms  of 

basal area but  o ther  species a t ta ined comparable values (e.g., Dacryodes 

buettneri, Santiria trimera, Scyphocephalium ochocoa). Santiria trimera was  

common i n  a l l  three o f  these s i tes,  but  par ts  o f  S i t e  2, and pa r t i cu la r l y  S i t e  3, 

were  character ised by the abundance o f  Conceveiba africana. 

The number o f  indiv iduals varied between sites, f r o m  a minimum o f  760 in 

S i te  1 up t o  1 169 i n  S i t e  3. Tota l  basal area var ied between s i tes,  between 

extremes o f  29.59 m2 ha-' i n  S i te  1 and 39.97 m2 ha-1 i n  S i te  4. The t o t a l  number 

o f  species i n  each s i t e  var ied f r o m  84 in S i te  1 t o  a maximum of  164 i n  S i te  3. 

Th i s  i s  i l l us t ra ted  graphical ly  i n  Figure 2.4, wh ich  shows a species-area p l o t  f o r  

a l l  species > 10cm dbh i n  each o f  the f i v e  si tes. A l l  f i v e  curves are s t i l l  increasing 

a t  2.5 ha, although this i s  most  marked f o r  S i t es  2, 3 & 4. Th is  f igure  suggests 

tha t  p lan t  d i ve rs i t y  was  highest i n  Si t e  3 and tha t  S i t es  4, 2, 5 and 1 were 

successive1 y less diverse. 

Var ia t ion  i n  the number o f  indiv iduals / un i t  area (s i te )  can mask 

d i f fe rences in species d i ve rs i t y  (Reitsma, 1988). The r a t i o  o f  indiv iduals t o  

species g iven in Table 2.2 demonstrates this, showing S i te  5 t o  have been the l eas t  

d iverse i n  t e rms  o f  the number of species represented i n  a given number o f  

individuals, w h i l s t  S i t e  4 was the mos t  diverse. The percentage o f  species, 

indiv iduals and basal area accounted f o r  by the top 15 fam i l i es  i s  a s i m i l a r  index of 

d ivers i ty ,  and suggests t ha t  S i t e  1 was the leas t  diverse I a  greater  proport ion o f  

the t o t a l  are w i t h i n  the top 15 fami l ies)  , but i s  less c lea r  f o r  the o the r  si tes. Two 

w ide l y  used indices of d i ve rs i t y  are presented in  Table 2.2: the Shannon Weaver 

index (Shannon & Weaver, 1949) and Simpson's index (Simpson, 1949). Both 

indices rank the s i t e s  in a s im i l a r  order, wi th S i te  4 being mos t  d iverse and C i tes  

5 and 1 ranked fou r th  and f i f t h  respectively, bu t  S i t es  2 and 3 receive d i f f e r e n t  

ranks, w i t h  Si t e  3 ranked second by Shannon Weaver, und t h i r d  by Simpson's index 

(and v i c e  versa f o r  S i t e  2). T w o  measures o f  species evenness are presented i n  

Table 2: J’ o f  Pielou ( 1 9 7 5 ,  1977) and the Modif ied H i l l ' s  Ra t i o  (Alata lo,  1981 ; 

c f .  Hi l l ,  1973). Both suggest t h a t  evenness i s  greatest  i n  S i te  4, but  g ive 

conf l i c t ing  in fo rmat ion  about the other  si tes. 

28 





In  al l ,  327 p lan t  species > 10cm dbh occurred on the f i v e  transects, o f  

wh ich  176 were present i n  one s i t e  only, and 76, 36, 12 and 27 occurred in two, 

three, f ou r  and f i v e  s i t e s  respect ively.  Table 2.3 l i s t s  the percentage overlap o f  

species between each o f  the si tes.  This shows tha t  S i t es  1 and 5 had many species 

i n  common, as d id  S i tes  2, 3 and 4. Table 2.4 gives the  Czekanowski coe f f i c i en t  o f  

s i m i l a r i t y  (Bray & Curt is, 1457) f o r  the  f i v e  si tes, w h i c h  takes into account both 

the number o f  species i n  common, and their abundance i n  each paired comparison. 

From t h i s  table the s i t e s  can be ranked i n  te rms  o f  t h e i r  overlap, w i th  S i tes  1 and 

5 being most  s imi la r ,  and S i tes  1 and 2 most  divergent. 



t ransects.  In a l l ,  109 species (30%) were f u l l y  ident i f ied,  a further f i v e  (4%) t o  

genus, 14 ( 1 0 % )  t o  fami ly ,  and nine (7%) cou ld  n o t  be i den t i f i ed  [Appendix 2.1). 

Of the indiv iduals,  1797 (98%) were  f u l l y  ident i f ied,  a f u r the r  e igh t  (0.4%) t o  

genus, 16 ( 1 % )  t o  fami ly ,  and 1 1  (0.6%) could not  be ident i f ied .  

Large t rees  were  less  useful f o r  quanti fying vegetat ion categories, but  

some species did show d i f fe rences w i t h i n  and between s i tes,  as was observed f o r  

t rees  >10cm dbh. Table 2.5 l i s t s  a l l  t rees  > 70cm dbh ranked i n  the  top 10 f o r  

basal area on a t  l eas t  one t ransect .  The number o f  t rees  d i f fe red l i t t l e  i n  

proport ion from basal area and so i s  not  shown. As f o r  smal le r  trees, some 

species were  common in a l l  s i tes,  notably Aucoumea klaineana Dacryodes 

buettneri , Irvingia gabonensis , Pentaclethra macrophylla, Pycnanthus 

angolensis Other species were  cha rac te r i s t i c  o f  S i t es  2, 3 & 4, notab ly  Coula 

edulis, Paraberlinia bifoliolata, Sindoropsis le-testui, o r  were more common i n  

these three s i  tes (e.g., Desbordesia glaucescens, Klainedoxa trilasii), w h i l s t  

some species were cha rac te r i s t i c  of ,  o r  more common i n  S i tes  1 & 5, notably 

Ceiba pentandra, Ganophyllum giganteum, Lophira alata, a n d Pterocarpus soyauxii 

t o  some extent. The proport ion of the basal area accounted f o r  by the top 10 

species was  greatest i n  S i te  5,  and l eas t  in S i t e  3. 

Table 2.6 summarises the vegetation data f o r  t rees  > 70cm dbh and l i s t s  a l l  

f am i l i es  ranked i n  the  top  10 in te rms  of basal area i n  a t  l eas t  one s i te .  

Burseraceae was the dominant f a m i l y  in each site, f o l l owed  by the Leguminosae. 

Fami ly  ranks were  more consistent than f o r  smal l  species, bu t  again some fam i l i es  

were  more common i n  S i t e s  2, 3 & 4 (e.g., Caesalpiniaceae, Myr ist icaceae) o r  i n  

S i t es  1 & 5 (e.g., Ochnaceae, Sapindaceae), o r  occurred i n  on ly  one o r  t w o  s i t e s  

(e.g., Humiriaceae, Chrysobalanaceae). The number o f  f am i l i es  present per  s i t e  

var ied between 19 (Si te 5 )  and 24 (Si te 3). 

I n  S i tes  1 & 5 Aucoumea klaineana was the  dominant large tree, 

representing 40% and 48% of  basal area in  t h e  two s i t e s  respect ively.  Lophra 

alata, Pterocarpus soyauxii and Dacryodes buettneri were a l  so common. In Si t'es 

2, 3 & 4 Aucoumea klaineana was the commonest large tree, but  represented only 

20%, 27% and 21% of  the respect ive  basal areas. Dacryodes buettneri and 

Scyphocephalium ochocoa were common in  a l l  th ree  s i  tes, Sindoropsis le-testui 

was common in Si t es  2 & 4, and Sacoglottis gabonensis and Paraberlinia 
bifoliolata were common in S i t e  2. Species overlap between s i t e s  was more 

un i fo rm f o r  large t rees  than f o r  p lants >10cm dbh, bu t  s i m i l a r  t rends emerge. 
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As f o r  t ransects o f  smal le r  trees, the number o f  individuals, species and 

t o t a l  basal area, f o r  trees >70 c m  dbh, d i f f e red  i n  the f i v e  s i tes,  indicat ing tha t  

there were d i f ferences i n  vegetat ion st ructure as w e l l  as composition. S i tes  1 and 

2 had l eas t  and mos t  individuals, w i t h  297 and 427 respect ively,  and were  also 

ranked l a s t  and f i r s t  respectively i n  te rms o f  t o t a l  basal area. Si te 3 had mos t  

species, and S i te  5 had fewest ,  w i t h  70 and 42 respect ively.  Figure 2.5, showing 

species - area p lo ts  f o r  the f i v e  sites, i l l us t ra tes  the d i f ferences i n  species 

number between s i tes .  Curves f o r  S i tes  2, 3 and 4 continue t o  increase, w h i l s t  

those f o r  S i tes  1 and 5 seem t o  be leve l l ing  out. D ivers i ty  o f  large t ree  species 

was highest i n  S i t e  3, w i t h  S i tes  4, 2 and then 1 and 5 together, successively less  

diverse. 

The r a t i o  of indiv iduals t o  species was l owes t  (most  diverse) f o r  S i t e  3, 

and highest f o r  C i te  5. The percentage o f  species, indiv iduals and basal area 

accounted f o r  by the top  10 species are re la t i ve l y  un i f o rm in the f i v e  s i tes.  

Shannon Weaver and Simpson’s indices ranked the s i t e s  i n  the  same order f o r  

d ivers i ty :  S i t e  3 mos t  diverse, wi th S i tes  2, 4, 1 and 5 fo l l ow ing  i n  order o f  

decreasing d ivers i ty .  The t w o  evenness indices ranked S i tes  1 and 5 as fou r th  and 

f i f t h  ( least  even) respect ively,  but  gave con f l i c t i ng  ranks f o r  the other  three 

s i tes .  Measures such as these, wh ich  t r y  t o  take both the number and abundance o f  

species i n t o  account, are prone t o  such inconsistencies (Greig-Smith, 1983). 

O f  the  137 t ree  species > 70cm dbh encountered, 71 were  present i n  one 

s i t e  on l y ,  and 29, 13, 9 and 15 were present  i n  two, three, four  and f i v e  s i t e s  

respect ively.  Table 2.7 l i s t s  the percentage overlap o f  species between each o f  

the  si tes, showing a s i m i l a r  pa t te rn  t o  t ha t  observed f o r  sma l l  transects, w i t h  

S i tes  1 and 5, and S i tes  2, 3 and 4 having mos t  species in common. Table 2.8 

gives the Czekanowski coef f i c ien t  o f  s i m i l a r i t y  f o r  the f i v e  s i tes .  Overlap 

rankings were  s i m i l a r  tu those f a r  smal le r  transects, w i t h  S i tes  1 & 5 again most  

s i m i l a r  although S i tes  1 and 4 were mos t  d iss imi la r .  
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Differences i n  the number o f  indiv iduals per u n i t  area i n  the f i v e  s i tes  have 

already been i l lust rated,  and these indicated tha t  there were d i s t i n c t  d i f ferences in 

fo res t  s t ructure between the s i tes,  s ingl ing out S i t e  1 as being par t i cu la ry  

d i f f e ren t  f r o m  the others. Table 2.9 gives t h e  percentage canopy cover  recorded 

along the f i v e  t ransects.  C i te  1 d i f fe red  markedly f r o m  the o ther  sites, w i th  low 

canopy cover a t  <10m and 10-20m, high cover >20m and a low overal l  value. 

Values f o r  the o ther  f ou r  s i t e s  were s imi la r ,  except those f o r  S i t e  2 a t  10-2Om 

and >20m, which  were  s l i gh t l y  below the other  th ree s i tes .  
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Table 2.9: % canopy cover a t  d i f f e r e n t  h e i g h t s  

Figure 2.6 shows the  proport ion o f  t rees  >10 c m  dbh i n  each s i t e  in 

d iameter  categories increasing i n  steps of 1 0 c m  The d i s t r i bu t i on  of t rees 

between diameter  classes was st rongly skewed towards  smal l  trees, w i t h  t rees  

<20cm dbh making up 47-53g of  the samples, but  t he re  were  no obvious 

di f ferences between the si tes, except a s l i gh t l y  l ower  proport ion o f  indiv iduals i n  

t o  10-20cm glass i n  S i t e  4. 

Figure 2.7 shows the d i s t r i bu t i on  o f  t r ee  heights f o r  the f i v e  si tes, wh ich  

was negat ively skewed. Average heights were 17m, 15m, 13m, 15m and 15m f o r  

S i t es  1-5 respect ively,  ranging f r o m  3- 57m. There were  no obvious d i f ferences 

between s i tes .  Figure 2.8 shows the d i s t r i bu t i on  o f  heights o f  t rees  >70 c m  dbh. 

Average heights o f  large t rees  were  34m, 36m, 34m, 33m and 3 6 m  f o r  S i tes  1-5 

respect ively.  Trees 30-45m represented 57- 81% o f  t h i s  sample and const i tu ted  

the upper canopy (cf., Richards, 1952), and scat tered emergent indiv iduals 45- 

60m i n  height rose above th is .  S i t e  1 had a greater  proport ion o f  t rees  i n  the 30- 

39m classes, w i t h  f e w  emergent indiv iduals above 44m compared t o  the other  

s i  t es  
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Table 2.10 gives densi t ies f o r  herbaceous species enumerated along the f i ve  

t ransects.  Halopegia azurea and Marantochloa spp. (not M filipes) were found in 

marshes and along w a t e r  courses, w h i l s t  the remaining species occurred on dry 

land. Marshes contained e i t he r  Marantochloa spp. o r  Halopegia azurea, but  not  
both. Haumania liebrechtsiana and Megaphrynium spp. were numer ical ly  the m o s t  

common species, and were  more abundant in S i tes  1 and 5 than the o ther  s i tes .  

Most taxa proved t o  be more abundant i n  S i tes  1 and/or  5, w i th  the  exception o f  

Halopegia azurea, wh ich  was present i n  large numbers in marshy areas in  S i te  4, 

and Marantoch filipes and Costus spp. wh ich  were  not  common i n  any o f  the 

s i tes .  The common Aframomum sp. i n  Ci tes 1 & 5 i s  probably an  undescribed 

species (J. M. Lock, personal communication), and d i d  not occur i n  S i tes  2, 3 o r  4. 

In  par ts  o f  S i tes  1 & 5 herbaceous vegetat ion formed dense th icke ts  wh ich  

carpeted the  ground and rose t o  5m o r  more in tangled c l imb ing towers.  I n  these 

areas t r e e  densi ty  and canopy cover were low, and the fo res t  had a cha rac te r i s t i c  

open appearance (Plate 2.3). In S i tes  2, 3 & 4 ground vegetat ion was sparse, and 

i s  described by Rei tsma (1988) 





subject ive ly assign p lo t s  t o  vegetat ion categories, on the  basis of s t ructure and 

composition. I n i t i a l l y  c lass i f i ca t ion  was rudimentary, dist inguishing between Si tes 

1 & 5, and S i tes  2, 3 & 4, pr inc ipa l ly  on the basis o f  the dens i ty  o f  Marantaceae, 

the mos t  obvious d i f fe rence t o  an inexperienced observer. With prac t ice  a more 

detai led p ic tu re  was obtained by incorporat ing species composit ion i n t o  the 

judgment. 

Once enumerations on the t ransects had been completed the data was 

inspected by dividing i t  i n t o  50m plots, wi th a v iew  t o  f ine tuning vegetat ion 

categories i den t i f i ed  i n  the f ield. For  each 50m plot,  locat ion, topography and 

species composit ion were evaluated, and p lo t s  considered s i m i l a r  were lumped 

together. Species generally found in associat ion were ident i f ied,  and p lo t s  were 

assigned t o  one o r  more o f  a se t  o f  20 vegetat ion categories. Come o f  these 

vegetat ion categories were  determined by physical  fac tors  (e.g., p rox im i t y  t o  

permanent water )  wh ich  were easi ly  ident i f ied,  but  o f ten  only a f fec ted  a sect ion o f  

any 50m plot .  Other vegetat ion categories occurred i n  areas tha t  d id not seem t o  

d i f f e r  physical ly, and f o r  these i t  was  sometimes d i f f i c u l t  t o  d is t inguish exact ly  

wh ich  category a given p lo t  belonged to .  Come categories were  related, and 

probably represented d i f f e ren t  stages o f  a succession (see below). The categories 

were  as fo l l ows :  

1) Savanna, dominated by grasses, w i t h  shrubs patch i ly  d i s t r i bu ted  i n  some 

areas (as described above). Th is  vegetat ion type occurs i n  the  nor th  and east o f  

the reserve. Much i s  p resent ly  maintained by regu la r  burning o f  the savanna, but  

i so la ted  patches occur where colonisat ion by f o res t  species seems t o  be underway. 

Large continuous areas o f  savanna are res t r i c ted  t o  l o w  a l t i t ude  areas, w h i l s t  

smal l  i so la ted  patches occur e i t he r  around these zones, o r  on h i l l  tops wi th a l t i tude 

o f  about 250-450m. 

1a) Fern savannas, dominated by Gleichenia linearis, wh ich  general ly  

occur on steep hi l ls ides. Gleichenia linearis colonises bare ear th  besides roads and 

landsl ides elsewhere in  Gabon. In Lope i t  colonises roadsides, and landsl ides may 

also be a f a c t o r  i n  Lope, as mos t  ex is t ing  f e r n  savannas were  on steep slopes. 

2) Forest wh ich  occurs adjacent t o  savannas, dominated by Aucoumea 

klaineana and Lophira alata, both o f  wh ich  are able t o  establ ish i n  savanna 
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Cassipourea congoensis. This  vegetat ion i s  associated w i t h  rock outcrops, and 

probably represents a colonisat ion process wh ich  proceeds as organic m a t t e r  

accumulates, especia l ly  i n  crevices (Plate 2.41. 

9) Forest character ised by Hylodendron gabunense and Scottellia coriacea 
i n  addit ion t o  those seen i n  (8) wh ich  occurs on deeper so i l  f rom which  some large 

rocks emerge. , 

1 0 ) Mo r e  d i v e r s e  fo re  s t w i t h Hylodendron gabunense, Heisteria 

parvifolia, Trichilia c f ,  prieureana a n d ganophyllum giganteum , a g a i n c lose to 

rocky outcrops o r  perhaps on t h i n  so i l .  

1 1 )  Swampy areas int roducing added var ia t ion  t o  vegetat ion samples by 

support ing h y d r o p h i l i c  species (e.g., Mitragyna ciliata) as w e l l  as charac ter is t i c  

Marantaceae ( e.  g ., Marantochloa s p p., Halopegia azurea 1 . 

12) Seasonal w a t e r  courses and dry gulleys, wh ich  channel r a i n f a l l  down 

slopes increasing w a t e r  ava i lab i l i t y ,  have charac ter is t i c  species (e.g., Antidesma 

laciniatum, Hexalobus crispi florus , Thomandersia hensii 1. 

13) River ine vegetation, wh ich  occurs where st reams and r i ve rs  provide a 

hab i ta t  w i t h  increased w a t e r  ava i l ab i l i t y  i n  wh ich  some t ree  species (e.g., 

Pseudospondias microcarpa, Myrianthus arboreus, Marquesia excelsa 1 and 

Marantaceae (e.g., Trachyphrynium brownii) occur pr inc ipal ly ,  o r  exclus ively.  

14) Disturbed vegetat ion w i t h  increased abundance o f  some secondary 

species (e.g., Maprounea membrenacea, Xylopia aethiopica), and somet imes 

increased densi ty  o f  herbaceous vegetation. It occurs na tu ra l l y  (e.g., l i g h t  gaps 

due t o  t ree- fa l l ) ,  bu t  most  disturbance detected i n  botanical  p lo ts  had resul ted 

f r o m  past logging ac t i v i t i es .  

15) Areas a t  elevations above about 400-450m where cer ta in  species are 

found exclusively, o r  are more common (e.g., Treculia obovoidea, Symphonia 

globulifera). Opportunist ic col lect ions i n  areas h igher than occurred on t ransects 

(up t o  678m) revealed many species not  found elsewhere, inc luding one species, 
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Ocotea gabonensis, cha rac te r i s t i c  o f  montane f l o ras  a t  about 1,000m (Maley et 
al, 1990), wh ich  was  found on a peak a t  about 650m, close t o  the end of the 

t ransect  i n  S i te  4 (Appendix 2.2). 

16) Forest resembling ( 6 )  but  w i th  many addit ional species, o f ten  species 

associated w i t h  more  ancient (mature) f o res t  (e.g., Coula edulis, Sindoropsis le- 

testui, Desbordesia glaucescens) (c f .  de Saint Aubin, 1963). Densi t i e s  o f  

Marantaceae and Zingiberaceae are fu r the r  decreased (Plat  e 2.4). 

17) ‘Sacoglottis fo res t ’  characterised by a fo res t  type resembl ing (16) 

but  where Sacoglottis gabonensis i s  one o f  the  dominant upper canopy trees. 

18) ‘Paraberlinia fo res t ’  characterised by a fo res t  t ype  resembl ing ( 1  6) 

but  where Paraberlinia bifoliolata was reco rd  e d. 

19) ‘Conceveiba fo res t ’  a t  SOFORGA, resembl ing ( 1  6) but  conta in ing large 

numbers o f  the understorey t ree  Conceveiba africana 

20) Vegetat ion characterised by increased abundance o f  t rees  of the 

Caesalpiniaceae, Olacaceae and Myr i s t i caceae  and sparse understorey vegetation. 

Many species represented here are  cha rac te r i s t i c  o f  mature  r a i n  f o res t  (e.g., 

Gilbertiodendron spp., Strombosiopsis sp. ?nov) (c f .  de Saint Aubin, 1963). 

Figure 2.9 shows the number of p lo t s  f a l l i n g  i n t o  each vegetat ion category 

i n  each s i t e  [when a p l o t  was considered t o  be in te rmedia te  between t w o  o r  more 

categor ies the  appropr iate f rac t i on  was assigned t o  each). S i tes  1 & 5 were  

dominated by vegetat ion categories 3 - 5, and S i tes  2, 3 & 4 by categories 16 - 
20. 
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Multivariate analyses 

Figures 2.10 and 2.1 1 summarise data f r o m  TWINSPAN analyses o f  t rees 

>10 c m  dbh and >70 c m  dbh respect ively ( a f t e r  t r i a l  runs, only species wh ich  

occurred i n  a t  leas t  three 100m p lo t s  were included). F o r  p lants >10 c m  dbh the 

f i r s t  d iv is ion  gave an a lmost  per fec t  separation o f  p lo t s  i n  S i tes  1 & 5, f r o m  those 

i n  S i tes  2, 3 & 4, on the basis o f  the presence o f  Cola lizae and Lophira alata i n  

the former, and Santiria trimera i n  the l a t t e r  grouping. This d iv is ion  can be 

recognised i n  the f ie ld,  and separates fo res t  w i t h  dense Marantaceae and 

Zingiberaceae from fo res t  w i t h  sparse undergrowth (i.e., i t  separated fo res t  f r o m  

categor ies [2]-[6] above, from those i n  [16]- [20]) .  P lo t s  i n  S i tes  1 and 5 were  

spread almost  equal ly over the second division, which d is t inguished between Cola 

lizae (a t  densit ies o f  a t  leas t  four  indiv iduals per  p lo t )  and Diospyros polystemon 

([4]-[6] above), and p lo ts  w i t h  Lophira alata, Aucoumea klaineana Klainedoxa 

gabonensis, Barteria fistulosa a n d Diospyros dendo ( [ 2 ] &. [ 3 1 ab o ve, with the 

inf luence o f  rocky areas compl icat ing the division). Again, t h i s  d iv is ion  i s  easi ly  

recognised i n  the f ie ld,  as were many o f  the successive d iv is ions on t h i s  side of 

the c lass i f i ca t ion .  P lo t s  i n  S i tes  2, 3 & 4 tended t o  be separated f r o m  one another 

on the o ther  side o f  the c lassi f icat ion,  i n i t i a l l y  on the basis o f  Conceveiba africana 

and Dacryodes klaineana ( [19] above) and again, many o f  the d iv is ions  could be 

ident i f ied  i n  the f ie ld,  and f i t t e d  i n t o  one o r  more of the above vegetat ion 

categories. However, e f f e c t s  o f  disturbance and water ,  w h i c h  were general ly  

local ised w i t h i n  a por t ion o f  any 100m section, tended not  t o  inf luence div is ions i n  

any consistent  manner. 

Data f o r  t rees  >70 cm dbh were  divided i n  a s i m i l a r  fashion t o  tha t  >10 cm 

dbh, although the  d iv is ion between s i tes  was less clear-cut. A l l  but  one o f  the 

p lo t s  i n  S i t e  1, and the m a j o r i t y  i n  C i te  5, were i n  the category character ised by 

Aucoumea klaineana and Lophira alata (agai n separat ing [2 ] - [6 ]  f r o m  [16]- [20]) .  

Th is  d iv is ion  i s  one tha t  can easi ly  b e  made i n  the f ield, but  the ecological 

s igni f icance of most  o f  the fu r the r  d iv is ions was less  c lear .  When the t w o  data 

se ts  were combined the d iv is ions were l i t t l e  a l te red f r o m  those obtained 

considering only t rees  > 1 O cm dbh, and f e w  of the large t rees  were classed as 

indicators.  Adding herbs t o  the analysis f o r  t rees > 1 O c m  dbh had l i t t l e  e f f e c t  on 

the f inal  c lassi f icat ion,  but  many o f  the herbs were  chosen as ind ica tors  i n  the 

ear ly  divisions. 
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Figure  2.12 shows  the  CANOCO output  f o r  axes 1 and 2, f o r  t r e e s  > 1 0 c m  

dbh w h i c h  occu r red  i n  a t  l e a s t  t h r e e  100m samples. The symbols  used correspond 

t o  d i f f e r e n t  groups f r o m  the equ iva lent  TWINSPAN analysis,  and tend t o  occur i n  

clumps, demonst ra t ing  t h a t  t he  t w o  analyses detected s i m i l a r  pa t te rns .  An 

env i ronment  ‘b ip lo t ’  i s  over layed onto t h e  species d i s t r i b u t i o n .  Moving away from 

t h e  or ig in ,  these axes represent  increas ing co r re la t i on  be tween  t h e  species i n  t h a t  

p a r t  o f  t h e  ord ina t ion  and the  environmental  var iab le .  Species i n  t he  b o t t o n  r i g h t  

o f  t he  p lo t  are pos i t i ve l y  assoc ia ted w i t h  rock  outcrops. Those i n  the top  l e f t  w i t h  

h igh  canopy cove r  a t  <10m and 10-20m, and so on. 

F igure  2.13 i s  a p l o t  o f  t he  same output  show ing  species names. Al though 

t h i s  f i gu re  i s  c lu t te red,  those species o f  m o s t  i n t e r e s t  a re  t h e  out l ie rs ,  w h i c h  can 

be dist inguished.  Many o f  the species c i t e d  as being c h a r a c t e r i s t i c  o f  vegeta t ion  

ca tegor ies  w h i c h  are  v i s i b l e  i n  t he  f i e l d ,  appear on t h e  edge o f  the ord ina t ion .  

Throughout t he  CANOCO analyses, c e r t a i n  species groups tended t o  be c lus te red  

toge the r  as ou t l i e r s .  T h i s  w a s  most  cons i s ten t  f o r  a group inc lud ing Cassipourea 

congoensis, Lecaniodiscus cupanioides , Dichapetalum s p, a n d s e v e r a 1 Diospyros 

spp., amongst  o t h e r s  (groups [8]-[10] above). These spec ies  ‘were known t o  be 

c h a r a c t e r i s t i c  o f  areas where  rock  outcrops occurred, so an eco log ica l  

i n t e r p r e t a t i o n  o f  t h i s  p a r t  o f  t he  ana lys is  seemed safe, and w a s  con f i rmed  by the  

env i ronment  b ip lo t .  Species considered c h a r a c t e r i s t i c  o f  areas f u r t h e r  f r o m  t h e  

outcrop i t s e l f  w e r e  located progress ive ly  c lose r  t o  t he  cen t re  o f  the ord ina t ion .  

Savanna co lon isers ,  and species c h a r a c t e r i s t i c  o f  ca tegor ies  [3] and [4] tended t o  

be i n  t h e  top  r i g h t  o f  t he  p lo t .  This i s  confusing, as t h e  environmental  b ip lo t  

i nd i ca tes  t h a t  species cha rac te r i s t i c  o f  areas c lose t o  t h e  savanna edge should 

occur  t o  t h e  l e f t  o f  t he  ord ina t ion .  However, p r o x i m i t y  t o  t he  savanna edge was  

compl ica ted by l oca t i on  wi th  respect  t o  geomorphological sub- regions (see below).  

The cent re  o f  t h e  p l o t  i s  d i f f i c u l t  t o  in te rpre t ,  a l though m o s t  species general ly  

found a t  h igher a l t i t u d e s  are t o w a r d s  the  f a r  l e f t  o f  t h e  ordinat ion.  These groups 

w e r e  cons i s ten t l y  on the  per iphery  o f  o t h e r  CANOCO p lo ts ,  and some o f  t he  

ord ina t ions  a lso  picked ou t  a m i x e d  group o f  species cha rac te r i s t i c  o f  d isturbance 

and w a t e r .  F igure  2.14 i s  a p l o t  o f  t h e  output  f o r  100m samples (as opposed t o  

species)  f r o m  t h e  same ana lys is .  I t  shows  a c l e a r  d i v i s i o n  be tween  S i t e s  1 & 5, 

and S i t e s  2, 3 & 4, as was  i nd i ca ted  b y  t h e  desc r ip t i ve  data  presented above, bu t  

w i t h i n  these two  groups there  w a s  considerable overlap. 
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Discussion. 

Comparison with other areas 

There w a s  considerable va r i a t i on  between, and indeed w i t h i n  s i tes ,  i n  t e r m s  

o f  f o r e s t  compos i t ion  and s t ruc tu re .  S i t e s  1 & 5 cou ld  be d is t ingu ished f r o m  t h e  

o t h e r  th ree s i t e s  i n  t e r m s  o f  t r e e  species compos i t i on  and densi ty  o f  herbs. S i t e  1 

s tood out  f r o m  a l l  o t h e r  s i t e s  as having a d i f f e r e n t  s t r u c t u r e  i n  t e r m s  o f  s tock ing 

dens i ty  o f  t r e e s  and canopy cover. Sect ions  where herbaceous vegeta t ion  w a s  

p a r t i c u l a r l y  dense i n  S i t e  5 w e r e  comparable, a l though ove ra l l  th is  s i t e  resembled 

t h e  o t h e r  th ree.  Letouzey I19681 descr ibed s i m i l a r  f o r e s t  i n  Cameroun as " f o r ê t s  

c la i r semées  a s t r a t e  i n f é r i eu re  de Marantacées" and comparable f o r m a t i o n s  occur  

i n  Congo Ide  Foresta, 1990) and Cent ra l  A f r i c a n  Republ ic  (D. Har r i s ,  persona l  

communicat ion).  I n  Lopé, as i n  Cameroun and Congo, these f o r e s t s  are c lose l y  

assoc ia ted w i t h  pa tches  o f  savanna I d e  Foresta, 1990; Letouzey, 1968)  and a r e  

thought t o  r e f l e c t  f a i r l y  recen t  co lon isa t ion  o f  savanna by f o r e s t  vegeta t ion  Ide  

Foresta,  1990). 

W i l l i amson  (1988) recorded 138 species o f  a t  l e a s t  32 f a m i l i e s  i n  a 4-ha 

sample  o f  t r e e s  >10 c m  dbh enumerated a long t ransec ts  and t r a i l s  i n  'Marantaceae 

f o r e s t '  c l o s e r  t o  t h e  savanna edge a t  SEGC. She found 54 species i n  a 1 - ha sample 

along a l i n e  t ransect ,  w h i c h  i s  comparable t o  S i t e s  1 and 5, as wou ld  be expected. 

Re i t sma  (1988) enumerated f o u r  square 1-ha p l o t s  i n  d i f f e r e n t  areas o f  Gabon, and 

recorded 69 - 131 species present  o f  dbh >10 cm. The l o w e s t  f i g u r e  w a s  f o r  a 

p l o t  a t  SOFORGA, l oca ted  (by chance) about 100m f r o m  the  t ransec t  i n  S i t e  2, and 

t h e  h ighest  w a s  f o r  f o r e s t  i n  t h e  'Monts de Crysta l ' ,  w h i c h  i s  thought t o  have been 

a P le is tocene f o r e s t  re fuge (Bour l iè re ,  1973). Re i t sma  suggested t h a t  species 

d i v e r s i t y  w a s  l o w e s t  i n  his Lope p l o t  because t h e  reg ion  has l o w e r  r a i n f a l l  and 

poorer  s o i l  q u a l i t y  compared t o  h i s  o t h e r  s tudy  s i t e s .  The h ighe r  number o f  

species i n  S i t e s  2, 3 & 4 compared t o  Rei tsma's Lope p l o t  cou ld  p a r t l y  be because 

a l ine t ransect ,  r a t h e r  than a square p lot ,  w a s  used t o  sample  vegeta t ion  (Rei tsma,  

1988). However, Re i tsma's  p l o t  cannot b e  considered rep resen ta t i ve  o f  

vegeta t ion  i n  Lope as a who le  (see below). 

Un l i ke  o t h e r  p a r t s  o f  Gabon, Burseraceae (not  Caesalpiniaceae) w a s  t h e  

dominant f a m i l y  i n  Lope ( c f .  Rei tsma, 1988). T ree  spec ies  d i v e r s i t y  was  

comparab le  t o  o t h e r  areas i n  Gabon (e.g., Aubrév i l l e ,  1967b; Hladik,  1978, 1982, 
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1986), and w a s  h igher  t h a n  f o r  r a i n  f o r e s t  i n  o t h e r  p a r t s  o f  A f r i c a  (e.g., Gar t l an  

et al., 1986; Hopkins, 1974; Jones, 1954,1955; Newbery  et al., 1986; Richards,  

1952; Struhsaker,  1975) .  

Stud ies  i n  the  Neot rop ics  and southeast  A s i a  have o f t e n  revea led h igher  

t r e e  spec ies  d ive rs i t y :  Nicholson ( 1  965) found 198 t r e e  species >10 c m  dbh i n  a 

0.5 ha sample i n  Borneo; Gentry (1987) found about 300 species i n  a sample of  

600 ind iv idua ls  >10 c m  dbh ( f o r  a rev iew,  see Re i t sma 1988). However, the re  i s  

a great  deal o f  v a r i a t i o n  between s i t e s  and Hladik (1986) found t h a t  species 

d i v e r s i t y  i n  Gabon w a s  comparable w i t h  many Neot rop ica l  s i t es .  Newbery at al. , 

( 1  992) warned t h a t  compar isons between s i t es  should only be made w i t h  caution, 

espec ia l ly  when consider ing s tud ies  i n  sma l l  areas, when c r i t e r i a  f o r  s i t e  choice 

are not made c lear .  Re i tsma (1988) a lso enumerated sub- p lo ts  o f  vegeta t ion i n  a l l  

s i ze  categor ies,  and found the  second m a s t  spec ies- r ich  p l o t  recorded anywhere i n  

the  World,  i n  h i s  Monts de C r i s t a l e s  s tudy area. For t r e e s  >70 c m  dbh species 

d i v e r s i t y  compared favourab ly  w i t h  74-90 species >60 cm dbh / 40 ha found i n  

la rge- sca le  inven to r ies  i n  North-East Gabon (Hladik,  1986). 

Basal area i n  t h i s  s tudy was  29.6 - 40 .0  m2 ha-1 f o r  t r e e s  >10 cm dbh, 

w h i c h  i s  comparable to ,  o r  h igher  than o the r  A f r i c a n  fo res ts ,  but  i s  l o w e r  than 

t h a t  recorded f o r  some Neot rop ica l  and southeast  As ian forests ,  although again 

the re  i s  a great  deal o f  va r ia t ion  between s i t es  w i t h i n  geographical regions 

(Reitsma, 1988). Re i tsma ( 1988) noted t h a t  Gabonese f o r e s t s  tend t o  have 

r e l a t i v e l y  h igh  basal  areas, espec ia l l y  i n  high d i a m e t e r  c lasses. R o l l e t  (1974 )  

gave a pan- t rop ica l  average basal area of  7 m2 ha-1 f o r  t r e e s  >60 c m  dbh, so the 

f i g u r e  o f  12.1 m2 ha-1 f o r  t r e e s  >70 c m  dbh f o r  t h i s  s tudy i s  above average. There 

w e r e  304 - 468 t r e e s  >10 c m  dbh ha-’, w h i c h  i s  l o w e r  than i n  many o t h e r  s i t e s  i n  

Gabon (Aub rév i l l e ,  1967b; Hladik, 1978; Reitsma, 1988). F igures f o r  Neot rop ica l  

f o r e s t s  are  167 - 1947 i n d i v i d u a l s  > 10 cm dbh (Gentry, 1982) and P r o c t o r  et al. 

(1983) recorded o mean d e n s i t y  of  678 t r e e s  >10cm dbh ha-1 i n  Malaysia.  

Therefore,  t r e e  dens i t y  should be taken i n t o  account when compar ing species 

densi t i e s  be tween  areas (Rei tsma, 1988). 

Overa l l  canopy cover  in und is turbed fo res t ,  i n  S i t e s  3 (before logging) and 

5, w a s  94-95%. There are f e w  comparab le  data, bu t  Skorupa (1986) gave f i gu res  

o f  87% and 72% cover  above 9m and 15m respec t i ve ly  f o r  und is turbed f o r e s t  i n  

Kibale, Uganda. 
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Forest history in Lopé. 

Compos i t ion  and s t ruc tu re  o f  t he  f o r e s t  d i f f e r e d  i n  response t o  several  

env i ronmenta l  f ac to rs :  p r o x i m i t y  t o  savanna; drainage (d is tance t o  standing w a t e r  

o r  a stream); a l t i tude;  p r o x i m i t y  t o  rocky  outcrops;  and pas t  disturbance, due 

e i t h e r  t o  na tu ra l  t ree- fa l l ,  o r  logging. Savanna vegeta t ion  i n  much o f  Lopé i s  

ma in ta ined  by  regu la r  f i r e s  (P la te  2.51, w h i c h  r e s u l t  i n  sharp boundaries be tween  

f o r e s t  and savanna, and prevent  co lon i sa t i on  by f o r e s t  p l a n t  species. However, i n  

some more  i s o l a t e d  areas f i r e s  are  rare,  and f o r e s t  vegeta t ion  seems t o  be 

co lon is ing  t h e  savanna (P la te  2.2). Around SEGC t h e  p r i nc ipa l  co lon is ing  t r e e  

species are  Aucoumea klaineana and Lophira alata b u t  i n  p a r t s  o f  SOFDRGA, 

Sacoglottis gabonensis co lon ises  i n  pure stands. 

I t  i s  general ly  accepted tha t  t he re  i s  a long h i s t o r y  o f  expansion and 

c o n t r a c t i o n  of f o r e s t  and savanna zones i n  Afr ica,  i n  response t o  c l i m a t i c  

f l u c t u a t i o n  be tween  g lac ia l  m a x i m a  (see H a m i l t o n  1982; Liv ingstone,  1975; Maley 

1991) .  There  i s  good evidence f o r  East  A f r i c a  t h a t  dur ing  t h e  l a s t  g lac ia l  

maximum, a r i d i t y  i nc reased  and r e s u l t e d  i n  reduc t i on  i n  f o r e s t  cove r  i n  favou r  o f  

more  open hab i ta ts ,  w h i l s t  l o w e r  temperatures  depressed t h e  lowland-montane 

vegeta t ion  boundary, a l l o w i n g  montane species t o  su rv i ve  a t  a l t i t u d e s  

app rox ima te l y  900m b e l o w  t h e i r  c u r r e n t  l i m i t s  (e.g., Hami l ton ,  1988). Maley 

( 1 9 9 0 a ,  1 9 9 1 )  r e v i e w e d  data  f o r  Cen t ra l  A f r i c a  and concluded t h a t  f r o m  t h e  

Present  t o  about 30,000 6P t h e  pr inc ipa l  c l i m a t i c  phases w e r e  s i m i l a r  t o  those i n  

East  A f r i c a .  

Gabon w a s  t h e  cen t re  o f  a f o r e s t  refuge dur ing  a r i d  c l i m a t i c  phases 

(Hami l ton ,  1976, 1982; Kingdon, 1980; Maley 1987). Gradients o f  decreasing 

b i o t i c  d i v e r s i t y  can be i d e n t i f i e d  mov ing away  f r o m  such re fug ia  i n  var ious  p a r t s  

o f  A f r i c a  (Hami l ton ,  1976, 1982; Kingdon, 1990).  As noted above, t he re  has been 

some debate about t h e  or ig ins  o f  savannas w h i c h  occur  within t h e  f o r e s t  zone o f  

w e s t  and cen t ra l  A f r ica ,  b u t  t h e  consensus i s  t h a t  some a t  l e a s t  are o f  

p a l e o c l i m a t i c  o r ig in .  They appeared dur ing  an a r i d  c l i m a t i c  phase, and have n o t  y e t  

been reco lon ised by fo res t ,  a l though the  p reva i l i ng  c l i m a t e  cou ld  suppor t  f o res t  

vege ta t i on  (Aubrev i l l e ,  1967; de Foresta,  1990; Maley, 1990b; Nicolas,  1977; 

S c h w a r t z  et al, 1990). 

Maley et al. ( 1 9 9 0 )  found patches o f  f o r e s t  i n  i s o l a t e d  pockets  o f  savanna 

in  t h e  Massi f  du Chaillu, Congo, where remnant  populat ions o f  montane f l o r a  
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surv i ve  a t  about 650m, inc lud ing  Podocarpus latifolius, a t r e e  w h i c h  does not  

genera l ly  occur  b e l o w  1 ,500m,  and Ocotea gabonensis, genera l l y  found a t  about 

1,000m. They i n t e r p r e t e d  t h i s  as evidence t h a t  montane vegeta t ion was  able t o  

become estab l ished a t  t h i s  a l t i t u d e  dur ing periods of  depressed temperature .  De 

Foresta  (1990) c i t e d  botan ica l  evidence t h a t  fo res t  co lon ises savanna i n  the 

Mayombe, Congo, where  " f o r e t  c la i r semée à Marantaceae" { c l e a r  f o r e s t  w i t h  

Marantaceae) f o r m s  behind an advancing f o r e s t  f r on t .  S i m i l a r  fo rmat ions  have 

been documented i n  Cameroun (Letouzey, 1968, p. 224) i n  assoc ia t ion  w i t h  

savannas, and descr ipt ions,  photos and botan ica l  data  leave no doubt t h a t  these 

f o r e s t s  correspond t o  vege ta t ion  i n  S i t e s  1 & 5. 

Considering c l i m a t i c  i n f o r m a t i o n  and the present d i s t r i b u t i o n  of  savanna and 

f o r e s t  the  f o l l o w i n g  scenario, much along the  l i nes  o f  tha t  presented by Aubrev i l le  

(1968) ,  seems l i k e l y  i n  Lope: 

Due t o  i t s  l oca t ion  i n  respect  t o  the  surrounding mounta in  ranges, Lope 

exper iences a r a i n  shadow e f f e c t  w h i c h  reduces r a i n f a l l  (Nicolas, 1977) .  In  

addi t ion,  the re  i s  a na r row c o r r i d o r  o f  l o w  r a i n f a l l  a long the  Ogooué r i v e r  

(Nicolas, 1977). Therefore ,  Lope wou ld  be more adversely a f f e c t e d  than o the r  

areas o f  Gabon by w a t e r  s t r e s s  i n  a r i d  periods, espec ia l l y  i n  areas e i t h e r  s ide of  

the  Ogooué Forest  vege ta t ion  wou ld  have receded away (nor th  and south) from 

the area o f  w a t e r  s t r e s s  and wou ld  have been rep laced by savanna. Decreased 

tempera tu res  wou ld  have enabled montane f o r e s t  t o  become estab l ished on h igher  

h i l l t ops .  The presence o f  Ocotea gabonensis a t  650m, suggests t h a t  r e l i c t  

popula t ions o f  montane f l o r a  may e x i s t  i n  Lope, as found i n  Congo (c f .  Maley et al., 

1990). Once the  c l i m a t e  became w a r m e r  and wetter, f o r e s t  vege ta t ion  wou ld  

have been ab le  t o  re- es tab l i sh  i n  savanna. Forest  wou ld  have expanded f r o m  

r e f u g i a  thought  t o  have ex is ted  t o  the nor theast  and southeast  (Maley, 1987), and 

from montane f o r e s t  on h i l l t ops .  A succession wou ld  have occurred away from the 

savanna edge, where  f o r e s t  wou ld  have been dominated by co lon is ing species, back  

t o w a r d s  the  re fug ia ,  where  species c h a r a c t e r i s t i c  o f  m a t u r e  f o r e s t  wou ld  have 

been more  common. 

Modern savanna d i s t r i b u t i o n  i n  Lopé suppor ts  t h i s  scenar io.  The extens ive 

low l y i n g  areas i n  geological Sub-Region 4, c lose t o  the  Ogooué, would have become 

savanna, and wou ld  have been the  l a s t  t o  be re- co lon ised  by a f o r e s t  f r o n t  

advancing f r o m  n o r t h  and south.  H i l l t o p s  covered by savanna would  be the l a s t  
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areas t o  be re-colonised, so wou ld  p e r s i s t  as i so la ted  patches a f t e r  o t h e r  areas 

had been colonised.  These w o u l d  have been the  l a s t  areas t o  have been c leared of 

f o r e s t  by humans, w e r e  the  savannas anthropic i n  o r i g in .  H i l l t o p s  above a c e r t a i n  

th resho ld  a l t i t ude ,  w h i c h  had supported montane fo res t ,  w o u l d  m a i n t a i n  a fo res t  

cover, and perhaps still have remnant  popu la t ions  o f  montane f l o r a  today. 

Ne i the r  TWINSPAN n o r  CANOCO i s  a r i g i d  s t a t i s t i c a l  technique. Data i npu t  

i n t o  bo th  can be manipulated t o  ( sub jec t i ve ly )  ' improve'  t h e  eco log ica l  s ign i f i cance 

o f  t h e  outputs, o r  a l t e rna t i ve l y ,  t o  massage r e s u l t s  t o  b e t t e r  con fo rm t o  a 

hypothesis.  They should be used t o  develop, r a t h e r  t han  t e s t  hypotheses 

concerning vege ta t i on  p a t t e r n  and p rocess  (C. Legg, persona l  communicat ion).  

The c l a s s i f i c a t i o n s  presented i n  F igures  2.9 - 2.14 are  cons i s ten t  with t h e  

vegeta t ion  ca tegor ies  l i s t e d  above as  being v i s i b l e  i n  t h e  f i e l d .  Separat ion o f  s i t e s  

be tween  vegeta t ion  ca tegor ies  recognised i n  the  f i e l d  (Figure 2.9) was  s i m i l a r  t o  

t h a t  i n  t h e  CANOCO o r d i n a t i o n  {Figure 2.14). Figure 2 .15  presents  a schemat ic  

d iagram o f  t h e  succession from savanna t o  ma tu re  fo res t ,  us ing  t h e  vegeta t ion  

ca tegor ies  t o  represent  s tages i n  t h e  succession. This w a s  developed i n  Lope and 

w a s  r e f i n e d  a f t e r  da ta  analys is,  and has s ince been checked by worke rs  i n  t h e  

f ie ld ,  who have found i t  o f  use (C. E. G. T u t i n  & R.  Ham, personal  cornmunication). 

F igure  2.16 shows the  CANOCO ou tpu t  f o r  t r ees  > 10 c m  dbh (as  2.12 & 

2.13). Species named are those considered t o  be i n d i c a t o r s  f o r  t h e  vegeta t ion  

ca tegor ies  presented above. I nd i ca to r  species tend  t o  be grouped together,  and are 

arranged i n  a c l e a r  pa t te rn .  F igure  2.17 i s  t h e  same CANOCO plot ,  w i th  i n d i c a t o r  

species o f  each category  given d i f f e r e n t  symbols.  I nd i ca to r  spec ies  a re  a l igned on 

t w o  axes, i n  t h e  o rde r  p red i c ted  by F igu re  2.15, as shown on t h e  over lay  p lo t ,  

p rov id ing  independent suppor t  f o r  t he  v a l i d i t y  o f  t h e  succession model .  

Fo l l ow ing  t h i s  scheme, co lon isa t ion  o f  savanna wou ld  proceed as f o l l o w s :  

Lophira alata and Aucoumea klaineana have w i n d  dispersed seeds, w h i c h  

are able t o  es tab l i sh  i n  savanna cond i t ions .  They f o r m  an ea r l y  co lon is ing  f o r e s t  

p rov id ing  shade, w h i c h  moderates  t h e  ex t remes o f  t empera tu re  and h u m i d i t y  

exper ienced i n  open savanna. Ear ly  co lon is ing  i nd i v idua l s  have low, round canopies 

and branch l o w  down, bu t  successive generat ions o f  seedl ing g r o w  t a l l e r  and 

branch h ighe r  t o  escape f r o m  t h e  shadow o f  t h e i r  predecessors.  As more 

i nd i v idua l s  become es tab l ished canopy cove r  increases, and the re  i s  a 

corresponding increase i n  r e l a t i v e  humid i t y  and r a t e s  o f  organic deposi t ion,  w h i l s t  
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s o i l  temperatures  come t o  resemble  those found within the  fo res t .  Soi l  q u a l i t y  

improves,  and n e w  species are able t o  become es tab l ished f o r m i n g  a post-  

co lon is ing  fo rma t ion .  Increased shade reduces the compet i t i veness  o f  grasses and 

n e w  spec ies  o f  herbs  and shrubs appear. 

A s  t h e  process cont inues and more  species es tab l ish ,  cond i t ions  become 

favourab le  f o r  t h e  g r o w t h  o f  herbs  such as Haumania liebrechtsiana: Marantaceae 

fo res t ,  c h a r a c t e r i s t i c  o f  many savanna/ fores t  areas (de Foresta,  1990; Letouzey, 

1968) develops. Haumania liebrechtsiana dens i t ies  increase unti l  i t  f o r m s  a 

tang led ca rpe t  smothenng  the  ground and c l i m b i n g  up t o  5m o r  more  i n  dense v ine 

towers ,  w h i c h  can engu l f  s m a l l  t rees .  This f o r m a t i o n  may p e r s i s t  f o r  long 

per iods,  as t h e  ground cove r  i n t e r f e r e s  w i th  es tab l ishment  o f  t h e  next  generat ions 

o f  t rees .  Marantaceae f o r e s t s  have c h a r a c t e r i s t i c  l o w  s tock ing  dens i t i es  o f  

t rees,  espec ia l l y  med ium s ized t rees  whose c rowns  form t h e  m idd le  canopy (de 

Foresta, 1990; Letouzey, 1968), g i v i n g  t h e m  an open appearance (see photos in: 

de Fores ta ,  1990, p. 335; Letouzey,  1968, p. 225; P l a t e  2.3) and the re  a r e  

somet imes  ex tens ive  areas (up t o  about 1 ha) w i th  f e w  o r  no t r e e s  a t  a l l  (de 

Foresta,  1990). 

Marantaceae f o r e s t s  in  Lope have e leva ted  elephant dens i t i es  [Chapter  5 )  

compared t o  more  m a t u r e  f o r e s t  fo rmat ions ,  w i t h  year- round dens i t i es  averaging 

ove r  2 i n d i v i d u a l s  km-2, compared t o  more  cha rac te r i s t i c  dens i t i es  o f  about 0.3 

km-2 i n  Lop6 and e lsewhere (e.g., Fay, 1991).  Marantaceae are  an i m p o r t a n t  

component o f  f o r e s t  e lephant d i e t  i n  Lop6 (Chapter 5 )  w h i c h  may exp la in  the 

elevated dens i t ies .  I t  has been suggested tha t  e lephants p lay an impor tan t  r o l e  i n  

de te rm in ing  t h e  s t r u c t u r e  and compos i t ion  o f  A f r i c a n  f o r e s t s  (e.g., Jones, 1954; 

Kor t l and t ,  1984; Western,  1989), and elephants may prevent  f o r e s t  regenera t i on  

a f t e r  logging (Kasenene, 1992). I t  i s  possib le t h a t  e lephants con t r i bu te  t o  the 

s t r u c t u r e  o f  Marantaceae f o r e s t  by pushing over  t r e e s  up t o  40cm dbh dur ing  

feeding, and by  s t i m u l a t i n g  g r o w t h  o f  Marantaceae and Zingiberaceae, some o f  

w h i c h  may show increased p r o d u c t i v i t y  w h e n  grazed (Bu l lock ,  1981 ). However; 

e lephants also, on occasion, c l e a r  patches o f  up t o  about 100m2 i n  Marantaceae 

th i cke ts ,  within w h i c h  t r e e  seedl ings may be b e t t e r  able t o  become establ ished,  so 

t h e i r  r o l e  in t h e  succession i s  no t  necessar i l y  a nega t i ve  one. 

There  i s  a gradual bui ld- up o f  canopy cove r  i n  Marantaceae fo res t ,  w h i c h  

w o u l d  r e s u l t  i n  a decrease i n  herb densi t ies,  and new t r e e  species invade w h i c h  are  

cha rac te r i s t i c  of m ixed  fo res t .  As these become es tab l ished t h e  succession 
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proceeds t o w a r d s  t h e  most ma tu re  phase recorded i n  t h i s  study, charac ter ised by 

increased dominance o f  t h e  Caesalpiniaceae, Olacaceae and Myr is t icaceae.  There 

are t w o  anomalies i n  t he  l a t t e r  s tages of  t he  proposed succession: 

F i r s t  i s  t h e  occurrence o f  f o r e s t  resemb l ing  m i x e d  c losed f o r e s t  (16) bu t  

w i t h  Paraberlinia bifoliolata as one o f  t h e  common upper s to rey  t rees .  I t  i s  n o t  

c l e a r  whe the r  Paraberlinia bifoliolata is an ea r l y  m e m b e r  o f  m i x e d  c losed f o r e s t  

w h i c h  tends t o  disappear i n  l a t e r  stages, bu t  i t s  absence f r o m  p l o t s  c lass i f i ed  as 

ma tu re  c losed f o r e s t  suggests t h i s  i s  t h e  case. Caesalpiniaceae o f t e n  have patchy 

d i s t r i bu t i on ,  occu r r i ng  i n  sca t te red  dense pockets  (C. Wi lks ,  personal  

communicat ion) so t h e i r  d i s t r i b u t i o n  p a t t e r n s  may be d i f f i c u l t  t o  i n t e r p r e t .  

Second i s  m i x e d  c losed f o r e s t  w i th  Conceveiba as a common 

m i d d l e  canopy t ree .  Conceveiba africana is t h e  commonest t ree  i n  C i tes  2 & 3, 

a t ta in ing  densi t ies comparable t o  Cola lizae i n  C i tes  1 & 5. I t  i s  m o s t  dense in  

l o w e r  a l t i t u d e  areas, and may r e f l e c t  more  recen t  co lon i sa t i on  o f  these areas than 

t h e  ad jacent  mountains,  w h i c h  may have been h igh  enough t o  have supported 

montane f o r e s t .  However, dominance o f  s ing le  species o f  Euphorbiaceae i n  t h e  

unders torey  o f  m a t u r e  r a i n  f o r e s t s  has been repo r ted  elsewhere,  and has ye t  t o  be 

expla ined (Newbery et al., 1992). 

The above scheme covers  t h e  m a i n  succession f r o m  savanna t o  fo res t ,  b u t  

in  p a r t s  o f  SOFORGA, n o r t h  o f  S i t e s  2 & 3, Sacoglottis gabonensis colonises 

savanna i n  pure stands.  As f o r  Lophira alata and Aucoumea klaineana, colonis ing 

i nd i v idua l s  general ly  branch l o w  and have rounded canopies. Sacoglottis 
gabonensis i s  common i n  the  coasta l  sedimentary bas in  o f  wes t  and cen t ra l  A f r i c a  

(Letouzey, 1968; de Sa in t  Aubin, 1968) b u t  w a s  on ly  r e c e n t l y  found i n  Lope 

(Reitsma, 1988; Wi l l iamson,  1988), about 120km east  o f  t h e  sed imentary  bas in .  

I t  has a lso  been repo r ted  in the  Cha i l l u  mounta in  reg ion  (Glor iod,  1974) and i s  

known t o  colonise savannas and o ld  p lan ta t ions  e lsewhere i n  Gabon (Aubrév i l l e ,  

1967b). I n  S i t e  2 some p l o t s  contained l a rge  ind iv idua ls  o f  Sacoglottis gabonensis, 

w h i c h  dominated t h e  canopy in  places, but the re  was  no regenera t ion  under t he  

c losed canopy, suggest ing t h a t  i t  w a s  a r e l i c t  popu la t ion  o f  m a t u r e  and senescing 

ind iv idua ls ,  l e f t  ove r  f r o m  a savanna co lon i sa t i on  i n  t h e  past .  

A second succession was observed i n  areas where  the  topso i l  w a s  thin and 

rock  outcrops occurred.  The s t a r t i n g  po in t  i s  a s i t u a t i o n  where  bare  rock  i s  

p resent  w i t h i n  t h e  fo res t .  This may be a r e s u l t  of severe erosion c h a r a c t e r i s t i c  o f  

savanna ( c f .  Maley et al., 1990), which removed topso i l  when f o r e s t  cove r  was 
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Marantaceae f o r e s t  i n  Lope cannot be ru led  out, a l though the re  at-e no records of 

f o r e s t  f i r e s  i n  the area. In  f o r e s t  a f f e c t e d  by f i r e  i n  Ghana, there was  a decrease 

i n  the p ropor t i on  o f  t r e e s  i n  s m a l l e r  g i r t h  c lasses (Hawthorne,  i n  press[a]), and 

the  bases of  l a rger  t r e e s  o f t e n  have scars  r e f l e c t i n g  the  passage o f  f l a m e s  a t  some 

t ime i n  the  pas t  CM. D. Swaine, personal communicat ion).  None o f  these i n d i c a t o r s  

w e r e  observed i n  Lopé, suggest ing t h a t  the  f o r e s t  has no t  bu rn t  i n  the  recen t  pas t .  

T i m b e r  ex t rac t ion  i n  Gabon i s  l o w  i n t e n s i t y  and a t yp ica l  logg ing operat ion 

r e s u l t s  i n  the  l o s s  o f  5-10% o f  canopy cover.  Wi th in  the f o r e s t ,  gaps are created 

when la rge  t r e e s  are fe l led,  and access roads are cons t ruc ted  t o  e x t r a c t  c u t  

t i m b e r .  These roads are genera l ly  about 5-10m wide, w i t h  a band o f  10-25m on 

e i t h e r  s ide deforested t o  a l l o w  sunshine t o  dry out  the road su r face  dur ing the  w e t  

season. By remov ing  f o r e s t  c o v e r  the  loggers m i m i c  c l i m a t i c  changes, espec ia l ly  

a long roads where  la rge  c lear ings are created f o r  l og  p a r k s  (areas where  logs  are 

loaded onto lor r ies) ,  and where  eros ion s i m i l a r  t o  t h a t  seen i n  some savanna areas 

i s  poss ib le  (see P l a t e  4.2 - p. 134). T h i s  can r e s u l t  i n  i nvas ion  by savanna species 

(e.g., many species o f  grass)  and e f f e c t i v e l y  s e t  the success ion back t o  s tage one 

in  sma l l  i so la ted  patches. Where road cons t ruc t ion  r e s u l t s  i n  ex tens ive patches of  

bare so i l  on slopes, o r  i n  landsl ides,  Gleichenia linearis o f t e n  colonises, fo rm ing  

areas of ‘ f e rn  savanna’. Sacoglottis gabonensis seeds were  observed ge rm ina t ing  

along an abandoned logg ing road t ha t  crossed S i t e  2, b u t  seedl ings w e r e  no t  found 

i n  t h e  f o r e s t  under c losed canopy condi t ions.  

Hence, the  compos i t ion  of  any p l o t  f r o m  the  botan ica l  sample could be 

exp la ined by i t s  p lace i n  the succession f r o m  savanna t o  open matu re  forest ,  

and/or the  succession f r o m  bare rock, as w e l l  as r e f l e c t i n g  the  in f l uence  o f  any 

o t h e r  f a c t o r s  outs ide of  these successions ( 1 1 - 1 5 ) .  Conversely, know ing  i t s  

composi t ion,  i t  i s  poss ib le  t o  p red ic t  a p lo t ’ s  pos i t i on  i n r e l a t i o n  to  the  savanna, 

rocky  outcrops,  wa te r ,  h igh a l t i t u d e  and past  d isturbance. The m a j o r i t y  of  p l o t s  

f a l l  w i t h i n  the main  succession f r o m  savanna t o  open matu re  fo res t ,  bu t  the re  are 

marked d i f fe rences  in the  p ropor t i on  o f  each category  be tween  the s i t es .  In S i t e s  

1 and 5 ear l y  successional stages dominate, w h i l s t  i n  the o t h e r  s i t e s  l a t e r  stages 

dominate.  S i t e  4 has the g rea tes t  p ropor t i on  of  open matu re  fo res t .  T h i s  scenar io 

w o u l d  account f o r  the d i f fe rences  in the botan ica l  s t r u c t u r e  and compos i t ion  of  the 

f i v e  s i tes ,  and therefore,  the s i t e s  prov ide suppor t  f o r  the theory  t h a t  t h e  Lopé 

savannas w e r e  indeed fo rmed  na tu ra l l y ,  and t h a t  they wou ld  probably disappear i n  

the course o f  t i m e ,  i f  not  ma in ta ined  by humans. 
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How o ld  are t h e  savannas ? Maley et al. (1 990) and S c h w a r t z  (1992), 

t raced  t h e  o r i g ins  o f  comparable savannas in  Congo t o  a t  l e a s t  3,000 BP, when an 

a r i d  per iod a f f e c t e d  the  region, b u t  w e r e  unable t o  c o n f i r m  t h a t  i t  was t h i s  and not 

a prev ious  more  severe a r i d  per iod  t h a t  w a s  responsib le.  Da ta t i on  o f  c l ay  

Sediments f r o m  an anc ient  ex tens ion o f  t h e  Ogooué r i v e r  i n  t h e  n o r t h  o f  the Lope 

Reserve, t oge the r  w i t h  an ana lys is  o f  a po l l en  core, dates vege ta t i on  dominated by 

grasses back t o  1610  ±50 years BP, and savannas probably date  back t o  a t  l e a s t  

2500-2000 y e a r s  BP (J. Maley, personal  communicat ion) .  One scenar io f o r  t h e  

h i s t o r y  o f  vegeta t ion  in  t h e  Lope area (J. Maley, personal  communicat ion)  wou ld  

be: A f t e r  t h e  l a s t  m a j o r  d ry  c l i m a t i c  phase around 18,000 years  BP (e.g., 

Hami l ton,  1982; Maley, 1991), when much o r  a l l  o f  t h e  area m i g h t  have been 

savanna, f o r e s t  vege ta t i on  w o u l d  have s t a r t e d  t o  re- co lon ise  around 12- 13,000 

years BP, Maximum extens ion o f  t he  f o r e s t  occu r red  i n  t h e  m i d d l e  Holocene (7-  

4,000 BP), a t  w h i c h  p o i n t  t h e  Lope savannas wou ld  probab ly  have been much 

reduced, o r  a l m o s t  e n t i r e l y  re- colonised.  Savannas probably then re-opened 

be tween  3-4,000 BP, expanding dur i  ng a marked a r i d  phase be tween  2500 - 2000 

BP (Maley, 1992), when they  w e r e  probab ly  more  ex tens i ve  than today. The  

r e t u r n  o f  more  humid cond i t i ons  be tween  1900 - 1400 BP (Maley, 1992) wou ld  

have i n i t i a t e d  a n e w  phase o f  f o res t  re- colonisat ion,  w h i c h  may be w h a t  we see 

underway today i n  Lopé, i n  p laces  where f i r e  does n o t  i n t e r f e r e  w i t h  t h e  

succession. 

A n  advancing f o r e s t  f r o n t  co lon is ing  savanna Cor a r e t r e a t i n g  f o r e s t  front) 

w o u l d  be a rap id l y  changing environment where  species able t o  adapt wou ld  be 

l i k e l y  t o  f l ou r i sh .  I n  such a s i t u a t i o n  r a p i d  spec ia t i on  m i g h t  occu r  (e.g., Gentry, 

1989) and t h e  d i s t r i b u t i o n  and abundance o f  Cola lizae prov ides some evidence t o  

suggest  t ha t  th is  has been t h e  case i n  Lope. I n  add i t i on  t o  Cola lizae, Aframomum 

sp. ?nov, t h e  dominant Zingiberaceae i n  t h e  Lope Marantaceae fo res t ,  w h i c h  has a 

s i m i l a r l y  r e s t r i c t e d  range, may be a new species (J. M. Lock, personal  

cornmunication), as i s  the  case f o r  t h e  Dialium species found mos t  commonly  c lose 

t o  the savanna edge IF.  J. Bre te le r ,  personal  communicat ion).  These t h r e e  common 

species, w i th  r e s t r i c t e d  range, w h i c h  occur  i n  t h e  Marantaceae f o r e s t s  f r i n g i n g  

the present  fo res t- savanna boundary, a re  perhaps t h e  s t ronges t  evidence f o r  

suggest ing t h a t  environmental  f l u x  has p layed a v i t a l  r o l e  i n  determin ing t h e  

present  s t r u c t u r e  and compos i t i on  o f  vegeta t ion  i n  t h e  Lope Reserve. 
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