
Chapter  4 

The e f f e c t s  o f  logging on fo res t  vegetat ion- 

In t roduct ion .  

Selec t i ve  logging t yp i ca l l y  r e s u l t s  i n  the  des t ruc t ion  of  about 50% o f  t rees  

p resen t  be fo re  logging (e.g., Ewe l  &Conde, 1976; Johns 1983, 1989; Whitmore, 

1984), bu t  t h i s  var ies g rea t l y  w i th  the  s tock ing  dens i t y  o f  commerc ia l l y  v iab le  

t i m b e r  species, wh ich  i s  dependent upon the botanical  composi t ion o f  t he  forest ,  

p reva i l i ng  economic condit ions and t he  methods o f  exp lo i ta t ion.  

The r a i n  f o res t s  o f  Centra l  A f r i c a  cover  about 1.7 m i l l i o n  km2 (FAO, 198 1). 

These f o res t s  are diverse, bu t  f e w  de ta i led  botanica l  s tud ies  have been undertaken 

i n  t he  reg ion  (Rei tsma, 1988). Commercia l  t i m b e r  ex t r ac t i on  i s  underway i n  

much o f  t h i s  area, bu t  no deta i led s tud ies  have been undertaken t o  inves t iga te  how 

logging i s  a f f ec t i ng  f o r e s t  s t ruc tu re  and composition, al though exp lo i ta t ion  is  

genera l ly  thought t o  be a t  l o w  i n t e n s i t y  (Doumenge, 1950 ; Dowset t- Lemaire,  

194 1 ; Gart lan, 1589; Wilks, 1990). 

This chapter descr ibes i n  de ta i l  damage caused by logging t o  vegetat ion i n  

S i t e  3. 

Methods.  

The area in  which S i t e  3 w a s  located w a s  logged be tween November 1989 

and A p r i l  1990. Only 2.5 km o f  t h e  t ransec t  (see Chapter  2) w a s  logged, f r o m  

1900-4400m ( the remain ing area contained steep t e r r a i n  where  logging w a s  no t  

f i nanc i a l l y  viable, bu t  may be explo i ted a t  some t i m e  i n  the future),  so t h i s  

chap te r  deals  w i t h  the  logged sec t ion  on ly  (i.e., samples o f  1.25 and 12.5 ha o f  

t r ees  >10 and >70 c m  dbh respect ive ly) .  A f t e r  logging a c t i v i t i e s  had f in i shed  a l l  

l abe l led  ind iv iduals  i n  the  > 1 O c m  and >70 c m  dbh botanical  samples (see Chapter 

2 )  w e r e  checked f o r  s igns o f  damage, and canopy cover  measurements we re  

repeated. Where t r e e s  had been dest royed the  cause was recorded (e.g., c u t  f o r  

ext ract ion,  road const ruct ion) .  I n  addit ion, t he  p ropor t ion  o f  t he  t ransec t  covered 
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by m a j o r  roads  ( l o r r y  roads), secondary haul roads  (along wh i ch  c u t  l ugs  w e r e  

hauled t o  loading areas loca ted  along m a j o r  roads),  sk idder  t r a i l s  (leading f r o m  the  

c u t  t r ee  t o  secondary haul roads) and f a l l en  canopies was  recorded. 

The Kolmogorov-Smirnov one-sample non-parametr ic s t a t i s t i c a l  t e s t  

(Siegel & Caste l lan,  1988) was  used t o  t e s t  f o r  d i f fe rences  be tween observed and 

expected frequency of  t r ees  l o s t  t o  logging. 

Resul ts .  

Sample of trees > 70 cm dbh 

In t he  12.5 ha sample o f  t r e e s  >70 c m  dbh there  w e r e  202 t r e e s  of  51 

species and a t  l e a s t  19 taxonomic f am i l i e s .  Table 4.1 g ives the  " top 15" species 

i n  t e r m s  o f  basal  area, and Table 4.2 l i s t s  t h e  " top 10" fami l ies .  There w a s  l i t t l e  

change f r o m  data presented i n  Chapter 2 f o r  the  who le  leng th  o f  the  t ransec t  (see 

Tables 2.5 & 2.6), except t he  prominence o f  Cylicodiscus gabonensis due t o  t he  

presence of t w o  la rge  ind iv iduals  i n  t h i s  pa r t  o f  t he  t ransect ,  and t he  replacement 

o f  Papi l ionaceae as t en th  mos t  impo r tan t  f a m i l y  by Meliaceae. Table 4.3 shows 

bo tan ica l  data f o r  t he  t ransec t  and g ives changes t h a t  occurred dur ing logging. 

Dur ing logging 33 t rees  died and one died l a t e r ,  as a r e s u l t  o f  damage 

sustained, mak ing  a t o t a l  o f  34 (16.8%) and a t o t a l  l o ss  i n  basal area o f  150.7 m2 

(20.1%). A t o t a l  o f  23 t rees  were  cut, 25 o f  w h i c h  we re  ext racted,  g iv ing  an 

ex t r ac t i on  r a t e  o f  t w o  t r ees  p e r  hectare (P late 4.1). Aucoumea Klaineana 

accounted f o r  64% o f  t rees  fe l led.  Three species, Baillonella toxisperma, Celtis 

tessmannii and Entandophragma utile w e r e  no longer  present a f t e r  logging bu t  

d ive rs i t y ,  as  measured by Shannon's and Simpson's i nd i ces  rose  f r o m  3.14 t o  

3.23 and 0 . 0 8 3  t o  0.062 respec t i ve ly .  Tab le  4.4 summar ises  the  changes due t o  

logging. 

There was no d i f ference be tween the number o f  ind iv iduals  k i l l e d  i n  each 

g i r t h  c lass  and t he  expected values, bu t  there  was  a s i gn i f i can t  d i f fe rence  be tween 

the  observed and expected numbers o f  each species k i l l e d  (N=5 1, D=0.27, P<0.0 1) 

due t o  selection f o r  Aucoumea klaineana 
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A Baillonella toxisperma (Moabi) t r ee  tha t  has been dragged out  t o  a road. F r u i t  o f  t h i s  
species a re  an impor tant  food f o r  many animal  species, inc luding humans 















Dur ing logging 54 ind iv idua ls  (10.7%) o f  36 species wet-e destroyed, 

inc lud ing  t w o  t r ees  t h a t  we re  cu t  and ext racted,  and a f u r t h e r  16 ind iv idua ls  

(3.2%) su f f e red  bark  damage o r  canopy l oss  bu t  we re  s t i l l  a l i v e  one year a f t e r  

logging. Over h a l f  o f  the  m o r t a l i t i e s  (N=29) we re  due t o  f a l l i n g  trees, w h i l s t  

sk idder  and e x t r a c t o r  roads accounted f o r  16 and 7 t rees  respec t i ve ly .  Basal area 

w a s  reduced by 5.2 m2 ( 1 1 . 2 % ) .  T w o  species, Swartzia fistuloides and 

Fillaeopsis discophora w e r e  no longer  present a f t e r  logging, a l  though species 

d i ve r s i t y ,  measured b y  Shannon's (P ie lou,  1966) and Simpson's {Simpson, 1949, 

see Wi l l i ams,  1964) ind ices,  inc reased f r o m  4.09 t o  4.14 and 0.028 t o  0.025 

respec t i ve ly .  Table 4.8 summar ises  the  e f f e c t s  o f  logging a c t i v i t y .  

F igure 4.1 shows t he  d i s t r i bu t i on  o f  g i r t h  c lasses befare and a f t e r  logging. 

There w a s  no s i gn i f i can t  d i f fe rence  be tween observed and expected values o f  t rees  

k i l l e d  i n  each g i r t h  class, ca lcu lated f r o m  the  r e l a t i v e  propor t ion o f  ind iv iduals  i n  

each class, n o r  between the number o f  ind iv idua ls  of each species k i l l e d  and the  

expected values ca lcu lated f r o m  the  r e l a t i v e  abundance o f  each species. However, 

the re  seemed t o  be a b ias i n  propor t ional  loss t owa rds  smal l  and la rge  individuals,  

s ince  sma l l  t r ees  were  pushed aside dur ing cons t ruc t ion  of sk idder  and ex t rac t ion  

t r a i l s  (medium- and large- sized t rees  we re  avoided) w h i l s t  some la rge  t r ees  w e r e  

fe l led.  
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Table 4.9 gives the  canopy cover  before and a f t e r  logging. The overa l l  

decrease i n  canopy cover  was 10.2% although 49.2 % of  the  t ransec t  was  

considered t o  have undergone some changes i n  canopy s t ruc tu re .  Ac tua l  l oss  

var ied  w i t h  height,  and was h ighes t  f o r  the upper canopy (>20m) as was  the  l oss  

i n  t e r m s  o f  % o f  o r ig ina l  cover. Absolute loss i n  the  m i d d l e  canopy (10-20m) w a s  

h igher  than f o r  the l o w e r  canopy, but  loss i n  t e r m s  o f  p ropor t ion  of  o r ig ina l  cover  

was  lower, perhaps because t rees  wh i ch  cont r ibu ted  t o  the l o w e r  canopy we re  

destroyed by skidder and secondary ex t rac t i on  roads, bu t  many t r e e s  con t r i bu t i ng  

t o  the m i d d l e  canopy we re  la rge  enough t o  be avoided r a t h e r  than pushed over. On 

the ground 34m (1.4%) o f  the t ransec t  became a m a j o r  road, 125m (5.0%) 

became secondary ex t rac t i on  roads  ( thus a t o t a l  o f  159m o r  6 .4% o f  the  ground 

was  bare  soi l ) ,  124m ( 5 % )  became sk idder  t r a i l s  and 422m (16.9%) was covered 

by fa l l en  c rowns.  

. 
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Some comparat ive i n f o rma t i on  about logging damage was obtained i n  t he  

o the r  s i t e s  t h a t  had been explo i ted.  S i t e  2 had been logged i n  ear l y  1986, and 

roads, sk idder  and some secondary e x t r a c t i o n  roads, and areas where canopy had 

been damaged, we re  s t i l l  v i s ib le .  The f i r s t  3500m w e r e  logged sys temat ica l l y ,  

and t he  remain ing  1500m, wh i ch  was  i n  steep te r ra in ,  w a s  l i g h t l y  exp lo i ted.  For  

t he  f i r s t  3500m t w o  roads t h a t  crossed the  t ransec t  made up 1.3% o f  t he  s i te ,  

sk idder  and secondary ex t r ac t i on  roads toge ther  accounted f o r  7.5% (but some o f  

t he  l a t t e r  w e r e  probably no l onger  v is ib le) ,  and 51.2% of t he  canopy had su f f e red  

some disturbance. I t  was  not poss ib le  t o  es t ima te  r e l i ab l y  how much o f  the  s i t e  

had been a f f ec ted  by f a l l e n  crowns.  I n  S i t e  4, logged 10-15 years before t h i s  

study, roads, sk idders  and some secondary ex t r ac t i on  roads were  v is ib le ,  and a l l  

bu t  the  f i n a l  750m had been a f f ec ted  by logging. Four l o r r y  roads crossed t h e  

t ransect ,  account ing f o r  1.8% o f  t he  logged area, and the  detectable sk idder  and 

secondary ex t r ac t i on  t r a i l s  made up 7.2%. Roads w e r e  s m a l l e r  than i n  areas 

logged m o r e  recent ly ,  and w e r e  loca ted  c loser  together,  presumably because 

machinery t o  haul logs ou t  long d is tances t o  a road was  no t  avai lable.  The t ransec t  

i n  S i t e  1 had been exp lo i ted  throughout  20-25 years prev ious ly ,  and was  crossed 

by s i x  l o r r y  roads wh i ch  accounted f o r  2.0% o f  t he  s i t e .  Sk idder  t r a i l s  could not 

be i den t i f i ed  w i t h  ce r ta in ty .  

T ree  species cha rac te r i s t i c  o f  secondary vegetat ion had become establ ished 

i n  areas opened up by logging, bu t  we re  no t  common i n  any of the  s i tes,  being 

m o s t l y  r e s t r i c t e d  t o  roadsides. I n  S i t e  2, the  on ly  species t h a t  had g rown  f a s t  

enough t o  be recorded > 1 O c m  dbh was  Macaranga monandra w h i c h  fo rmed stands 
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in areas of intense disturbance (e.g., in strips 10-20m wide along roads, which 

were kept clear of vegetation cover to allow direct sunshine to dry out the road 

surface, where bare soil was colonised after the road was abandoned - see Plate 

4.2). In areas that had been abandoned for five years or more (but which did not 

form a part of this study) other tree species >10 cm dbh were found with 

Macaranga (e .g . , Maprounea membrenancea, Anthocleist a s p p . , Pauridiantha s p p . , 

Xylopia s p p . ). In Site 4 Nauclea diderrichii, Macaranga s p p., Porterandia 

cladantha, Maprounea membrenacea , Discoglypremna coloneura, Psorospermum 

spp. and Xylopia spp. (principally X. aethiopica) all occurred in sections of the 

transect that had been damaged by logging, especially along roads. Disturbed areas 

i n Si t e 1 w e re d o m i n a t e d b y Porterandia clandantha, Maprounea membrenacea , 

Psore spermum s p p . a n d Xylopia s p p . , and in p la c e s Nauclea diderrichii, Lophira 

alata and Barteria fistulosa were also common. 

Discussion. 

Of 20km of transects in this study which were in logged forest, about 15- 

16km had been exploited, suggesting that on average 20-25% of the forest 

remained-untouched, due to steep terrain where it was not (presently) 

economically viable to extract timber. Average damage levels should be adjusted 

downwards accordingly. In areas of Site 3 affected, logging was of low intensity, 

with an average of 2 trees ha-1 cut (c. 10m3) and extracted. Incidental damage and 

the cutting of trees that were not extracted resulted in an average loss of 2.7 

trees >70 cm dbh ha-1. Three species >70 cm dbh were eliminated during logging: 

all were present as a single individual; two were valuable timber species which 

were cut, and one was pushed over during road construction. Extraction rates 

average 13.5 m3 ha-1 in Africa and in the Neotropics are about 3.4 m3 ha-1 (Yeom, 

1984) Typical extraction rates in peninsular Malaysia are 52 m3 ha-1, but reach 

90 m3 ha-1 in Sarawak and 120 m3 ha-1 in Sabah (Johns, 1989). 

One tree, Aucoumea klaineana, accounted for 64% of trees cut, and 

together with another species of Burseraceae, Dacryodes buettneri accounted for 

79%. Only four other species were cut. This is representative of Gabonese 

logging, which has traditionally concentrated on Aucoumea klaineana and has only 

recently begun to diversify. Today 55 species are cut, but only 14 accounted for 
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5,000 m3 o r  more o f  a t o t a l  o f  833,103 m3 exported f r o m  the main  port,  Owendo, 

i n  1987. Aucoumea klaineana made up 72% of t h i s  volume (Wilks, 1990). Large 

t ree  d i ve rs i t y  as measured by Shannon’s and Simpson’s indices (which take i n t o  

account species numbers and evenness), increased a f t e r  logging due t o  the 

se lec t ive  removal o f  Aucoumea klaineana, the commonest t ree  i n  the sample, 

wh ich  made the d i s t r i bu t i on  o f  species numbers more even. 

Data f r o m  the >10 c m  dbh sample showed tha t  logging i n  Lopé caused low 

leve ls  o f  damage compared t o  t imber  ex t rac t ion  i n  o ther  t rop ica l  countries. 

Elsewhere i n  Gabon Wi lks (1990) est imated tha t  canopy loss  ( indicat ive of overal l  

damage) averaged 10% but no ted tha t  i n  regions close t o  the coast, where logging 

i s  more intensive and has been repeated several t imes, the fo res ts  are much 

changed. Damage levels i n  some other par ts  of Central A f r i c a  tend t o  be s i m i l a r l y  

l o w  (M. Fay- C A R .  and D. Wi lk ie  - Congo, personal communicat ions),  w h i l s t  i n  B i a  

South, Ghana, Hawthorne ( in  press) recorded an ex t rac t ion  r a t e  o f  1.6 t rees  ha-1, 

wh ich  resu l ted  i n  20- 30% canopy loss, leaving about 3% o f  the ground covered by 

roads and loading bays. 

Typical  f igures f o r  inc identa l  loss  i n  other  par ts o f  the World are around 

50% (e.g., Ewel &Conde, 1976; Johns 1983; Johns, 1989; Whitmore, 1984). As 

long ago as 1960, Redhead (1960) recorded inc idental  damage i n  Nigeria a t  44%. 

Since then, f o res t  explo i tat ion i n  Nigeria has in tens i f ied  greatly i n  response t o  

increased local  demand for timber (e.g., Kio, 1983). In Kibale forest,  Uganda, 

Skorupa (1988) recorded reduct ions of 25% and 50% i n  basal area o f  l i g h t l y  

logged and heavi ly  logged fo res t  respectively, together w i t h  comparable 

reduct ions i n  basal area, s tocking density and species d ivers i ty .  

In South-East Asia up t o  72 t rees  may be fe l l ed  ha-1 (Whi tmore,  1984), 

although ex t rac t ion  l e v e l s  o f  20-25 trees ha-1 are more  representat ive (Johns, 

1989), and removal o f  70% o r  more o f  the or ig inal  f o res t  i s  not  unusual. Johns 

(1 988) undertook a before-and-after s tudy i n  West Malaysia and recorded 3.3% of 

t rees  being extracted.  Th i s  resu l ted  i n  4.8% loss  due t o  road building, 3.6% 

dur ing log  loading and 39.2% during f e l l i n g  and skidding. A fu r the r  6% of t rees  

su f fe red damage and 43.1% remained untouched a f t e r  logging. It seems tha t  only 

i n  seasonally flooded fo res ts  i n  South America, where cu t  logs are f loa ted out of 

the fo res t  when wa te rs  r ise,  a re  damage leve ls  comparable t o  o r  lower  than f o r  

Gabon, and perhaps some o f  the other  cent ra l  A f r i c a n  count r ies  (cf., Johns, 1986). 

. 

Ewel and Conde (1 976) found tha t  major ,  sk idder and ex t rac to r  roads can 

136 



cover  up t o  a t h i r d  o f  a s i t e  where heavy machinery i s  used dur ing logging.  

Hamzah (1978) gave a f i gu re  o f  6% f o r  ma in  roads and loading areas i n  East 

Kal imantan, w h i l s t  up t o  10.8% o f  logged f o res t  w a s  covered by skidroads and 

secondary access roads  i n  pen insu la r  Malaysia (Whitmore 1984). Ka r taw ina ta  

(1978) found t h a t  30-40 % o f  logged d ipterocarp f o r e s t  can be l e f t  bare a f t e r  

logging. These f igu res  again show t h a t  equivalent damage leve ls  i n  Lopé we re  l o w  

compared t o  o t h e r  areas. 

Skorupa (1988) recorded 20 and 40% decreases i n  canopy cover  i n  l i g h t l y  

and heav i l y  logged f o res t  respec t i ve ly  i n  Kibale, Uganda, compared t o  a cont ro l ,  

recorded about 15 years a f t e r  logging. I n  S i t e  4 o f  t h i s  study, logged 1 0-  15 years 

ago, (Chapter 21 canopy cover  be low 10m w a s  61.6%, s l i g h t l y  h igher  than i n  C i t e  

3 before logging.  Levels  a t  10-20m and >20m w e r e  s l i g h t l y  decreased (72.0% and 

63.6% respec t i ve ly ) ,  al though ove ra l l  cover  was  s i m i l a r  (93.9%). T h i s  suggests 

t h a t  logging gaps i n  Lopé had been f i l l e d  by  g row th  o f  ex is t ing  o r  n e w l y  establ ished 

t r ees  and shows t h a t  logging i n  Kibale must have caused a great deal more  damage 

t o  t he  canopy. 

Johns (1990) produced a t heo re t i ca l  m i n i m u m  damage curve f o r  mechanised 

logging operat ions of d i f f e ren t  ex t r ac t i on  l eve l s  by mathemat ica l  s imu la t ion .  The 

m i n i m u m  damage leve l  p red ic ted  f o r  an ex t r ac t i on  leve l  o f  t w o  t r ees  ha-1 was  

10% o f  t he  o r ig ina l  t rees  los t .  Damage l eve l s  due t o  logging i n  Lope we re  c lose to  

th is  f igure,  wh i ch  w a s  surpr is ing, as no a t t e m p t  w a s  made t o  m in im i se  damage 

(e.g., by d i rec t iona l  f e l l i n g  o r  ca re fu l  s i t i n g  o f  roads and sk idder  t r a i l s ) .  Marn 

( 1982, c i t e d  i n  Johns, 1989) showed t h a t  d i rect ional  f e l l i n g  and care fu l  s i t i n g  o f  

s k i d  roads cou ld  reduce l eve l s  o f  i n c i den ta l  damage by 50% i n  Sarawak (and reduce 

cos t s  by 25%) and Buenaf lor  & T i k i  (1989) repor ted  s i m i l a r  f i nd ings  i n  Papua New 

Guinea. I f  such an improvement  we re  poss ib le  i n  Lope, average damage leve l  s 

could be reduced t o  about 5% each logging cyc le .  Natura l  t r ee  m o r t a l i t y  i s  

be tween 1-2 % i n  Gabonese f o r e s t s  (Hladik, 1982; Reitsma, 1988; Wi l l i amson & 

White, unpublished data). 

Loggers i n  Gabon are constrained by h igh  operat ion cos t s  and the  absence of 

a s i gn i f i can t  l o c a l  ma rke t  f o r  t i m b e r  (Chapter 1). Economic considerat ions, r a t h e r  

than  good management, m i n i m i s e  t he  damage done t o  t he  f o r e s t .  In  fac t ,  they  pay 

no a t t e n t i o n  to  t he  envi ronmenta l  e f f ec t s  o f  t h e i r  ex t r ac t i on  operations, n o r  do 

they  make any a t tempt  t o  l im i t  l e ve l s  o f  i nc iden ta l  damage caused dur ing logging. 

I t  i s  therefore surp r i s ing  tha t  damage l eve l s  i n  Lopé corresponded t o  t he  op t ima l  

137 



f igure  proposed by Johns ( 1 9 9 0 ) .  I f  s i m i l a r  improvements t o  those documented by 

Marn (1982) and Buenaf l o r  and T i k i  (1989) were possible i n  Gabon, average 

damage leve ls  could be reduced t o  about 5% o r  l e s s  each logging cycle. Natural 

t r ee  m o r t a l i t y  i s  between 1-2% i n  Gabonese f o r e s t s  (Hladik,  1982; Reitsma, 

1988; Wi l l iamson & White, unpublished data). Wi th  such a l o w  leve l  of damage 

dur ing each logging cycle, Gabon could argue tha t  i t s  logging industry i s  l i k e l y  t o  be 

"sustainable" and would have a st rong c l a i m  t o  be declared a " sustainable logging 

country", provid ing i t  could be shown tha t  commercia l  hunting, wh ich  i s  o f ten  

associated w i t h  logging i n  Gabon, i s  not  e l iminat ing v i t a l  mammalian and avian seed 

dispersers, as i s  the case elsewhere i n  Central A f r i c a  (e.g., Dowsett- Lemaire, 

199 1; D. Wilkie, personal communication). 

A t  i t ' s  eighth Council Session held i n  Ba l i  i n  1990, the International Tropical  

T imber  Organisat ion (ITTO) targeted the year 2000 as a deadline f o r  making the 

t ropical  t i m b e r  trade sustainable. Gabon would seem t o  be i n  a good posi t ion t o  

conform w i t h  th is  pol icy, but. steps need t o  be taken immediate ly  t o  i n i t i a t e  a 

National management s t ra tegy  i f  Gabon i s  t o  prove tha t  i t ' s  logging industry i s  

indeed sustainable. Fur ther  research on the e f f e c t s  of logging on vegetation, and 

especial ly post- logging stocking densit ies of commercial species, are required, as 

w e l l  as an analysis of the e f fec t s  of in tensive hunting, t ha t  occurs alongside some 

logging operations, on impor tan t  mammalian and avian seed dispersers. Legis lat ion 

re la t i ng  t o  select ive logging i s  not  ye t  complete (Wilks,1990), so a rev iew should 

be i n i t i a ted  w i t h  a v iew  t o  c la r i fy ing  po l icy  f o r  concession al location, ro ta t ion  

periods and harvest ing in tens i ty .  M i l k s  ( 1 9 9 0 )  made detai led management 

recommendations. 

Some o i l  companies operating i n  ra in fo res ts  i n  Gabon have adopted sensible 

environmental guidelines t o  m in im ise  the damaging e f f e c t s  of o i l  explorat ion (J. 

Bickerton, personal communication) and a f e w  rout inely employ independent 

experts t o  mon i to r  t he i r  ac t i v i t i es .  Such an i n i t i a t i v e  on the pa r t  o f  logging 

companies i s  long overdue, and if it is forthcoming the fu ture  of Gabon's forests 

and t imber  indust ry  should be assured. 
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