
Chapter 6 

Biomass o f  ra in  forest mammals, and the ef fects  o f  logging. 

In t roduct ion.  

Trop ica l  r a i n  fo res t  ve r teb ra te  communi t ies  are diverse and are dominated 

by  f rug ivores  (Emmons ai al., 1983; F leming et al., 1987; Gautier-Hion et ut. ,  

1980; Terborgh, 1983, 1986; W i l l i s ,  1980). There are complex i n te rac t i ons  

between species, and w i d e  scope f o r  compe t i t i on  (Gautier-Hion ai al., 1980). I n  

order  to understand these in terac t ions  detai led studies o f  feeding ecology and 

commun i ty  s t ruc tu re  are necessary. However, f e w  s tud ies  have invo lved 

simultaneous invest iga t ions  o f  the  bio logy o f  more than one group o f  species (e.g., 

pr imates),  and f e w  es t ima tes  o f  communi ty  biomass, arguably the  best  means o f  

making comparisons between areas, are avai lable. 

I n  A f r i c a n  low land  r a i n  fo res ts  there  are many est imates o f  populat ion 

densi t ies o f  ind iv idua l  species o r  groups, bu t  no es t imates are avai lable o f  

mammal ian community biomass based an systemat ic,  long- term data. In th is  

study, populat ion densi t ies and biomasses were es t imated s imul taneously f o r  

d iurnal  pr imates,  ruminants, pigs, elephants and squ i r re ls  using a combinat ion of  

d i r e c t  and i nd i rec t  census techniques. Resul ts f r o m  d i f f e ren t  census methods and 

the  changes i n  animal densi ty due t o  logging are discussed, and biomass est imates 

are compared between s i t e s  and w i t h  comparable data f r o m  A f r i c a  and elsewhere.  

Methods. 

Census methods 

Line- transect  methods (c.f., Burnham et al., 1981) were used t o  es t ima te  

mammal  densi t ies.  T w o  types of  census were undertaken, one recording s igh t ing  

frequencies, and the  second recording signs o f  mammal  presence (dung and nests)  

as w e l l  as sightings. 
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Animal sighting censuses 

Censuses t o  record  animal  s igh t ings  were commenced between 06:30 and 

09:30 hrs .  I f  r a i n  f e l l  cont inuously f o r  more than 15 minutes the  census was  

abandoned. I n  S i t e  1 (see Chapter 2) successive censuses were  conducted i n  

opposite direct ions, bu t  i n  t he  other s i t e s  t h i s  was no t  possible f o r  l og i s t i ca l  

reasons. Censuses i n  each s i t e  were  general ly  about a month o r  more apart, and 

never wi th in  l ess  than three days o f  one another. 

Otherwise, methodology and data co l lec t ion  were  as described i n  Whitesides 

et al (1988): the  observer moved s l o w l y  and qu ie t l y  along the  t ransec t  a t  a r a t e  

o f  1-1.5 km h-1, never leaving the  l ine, stopping per iod ica l ly  t o  w a t c h  and l i s t e n  

f o r  animals. Upon detect ing a group o r  ind iv idua l  animal, up t o  10 minutes were  

spent in situ recording data, and occasional ly  t he  observer moved up t o  25m i n  

reverse t o  obta in  a b e t t e r  v iew .  For  the  f i r s t  ind iv idua l  o f  each species seen 

detec t ion  method, t ime, height, behaviour, d istance along transect, d istance f r o m  

the  observer, s igh t ing  angle and perpendicular  d istance f r o m  the t ransect  w e r e  

recorded. Distances w e r e  es t ima ted  by eye. The number o f  ind iv idua ls  seen and 

es t ima ted  t o  be present w e r e  also recorded. When more than one species was  

present data were  recorded f o r  the  f i r s t  ind iv idua l  o f  each species seen, and any 

species detected (e.g., by vocal isat ion) bu t  no t  seen were  also noted. P r ima tes  

w e r e  corisidered t o  be i n  po lyspec i f i c  associat ions i f  they were s ighted w i t h i n  50m 

of  one another, and ind iv idua ls  considered t o  be s o l i t a r y  w e r e  a t  l eas t  50m from 

any o the r  indiv idual .  Vocal isat ions o f  species no t  s igh ted were recorded whenever 

heard, and loud voca l isa t ions  o f  those species seen were  also recorded. Data were 

recorded on a checksheet adapted f r o m  t h a t  used by Whitesides PI al. (1988) I G .  

H. Whitesides, personal communication). 

Data were co l lec ted f o r  Gorilla g. gorilla (wes te rn  l ow land  gori l la),  Pan t. 

troglodytes (chimpanzee), Mandrillus sphinx (mandrill), Colobus satanus (black' 

colobus), Cercocebus albigena ( g r e  y c he e k e d m an gab e y ) , Cercopithecus nictitans 

(greater  s p o t - n o s e d monk e y ) , Cercopithecus pogonias ( crowned g u e non ), 

Cercopithecus cephus (moustached monkey), Loxodonta africana (elephant ), 

Syncerus caffer (buffalo), Cephalophus monticola (blue duiker), Cephalophus 

leucogaster (Gaboon duiker), Cephalophus callipygus (Pet er 's duiker)  

Cephalophus d'salis (bay duiker), Cephalophus sylvicultor (yel low-backed 
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duiker) , Hyemoschus aquaticua (water chevrotain), Potamochoerus porcus (red - 

river hog), Protoxerus stangeri (giant forest squirrel), Epixerus wilsoni 

( Wilson's splendid-tailed squ i r re l  ), Heliosciurus rufobrachium ( red - legged sun - 

squirrel) , Funisciurus lemniscatus ( LeConte‘s four-striped tree squirrel) and 

Nyosciurus pumilio (pygmy squirrel). 

Dung and nest counts. 

Standard dung (cf., Barnes and Jensen, 1987) and nest counts (cf. Tutin and 

Fernandez, 1983) were undertaken simultaneously. During censuses average rate 

of travel was 0.5-0.75 km hr-1 and two days were often required to complete data 

collection. Censuses were conducted once monthly in each site. For each dung 

deposit the species, distance along the transect and perpendicular distance from 

the centre of the transect to the centre of the dung deposit (measured to the 

nearest 5cm using a tape measure) were recorded. Any deposit present in more 

than one month was only included in the sample for the month in which it was 

deposited . Dung of Loxodonta africana , Syncerus caffer, Gorilla g gorilla, Pan 

t, troglodytes, Cephalophus monticola, red duikers (Cephalophus leucogaster, 

Cephalophus callipygus and Cephalophus dorsalis) , Cephalophus sylvicultor a n d 

Potamochoerus porcus were recorded. 

For gorilla and chimpanzee nest sites (Plate 6.1) the distance to the first 

nest sighted was estimated visually and by pacing. Maps of the nest sites were 

made and detailed data taken for all nests (height, tree species it was in, 

construction materials for ground nests, age class of occupant if fresh dung was 

present, c.f., Williamson, 1988). The distance to the nest group centre was 

determined by calculating the average distance of all nests from the transect, 

scoring one side positive and the other side negative if nests occurred on both 

sides. During dung and nest counts data on species sightings and calls were 

recorded as for animal sighting censuses. Table 6.1 gives the number of censuses 

conducted in each study site. 
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Fresh elephant dung p i l es  seen f r o m  t ransects each month w e r e  observed 

in situ f r o m  the  t ransec t  (i.e., no a t t e m p t  was  made t o  approach them) a t  t w o  

week i n t e r v a l s  i n  the  f i r s t  year o f  the  study, and a t  month ly  i n te rva l s  i n  the  

second year, u n t i l  they w e r e  no longer v is ib le .  S imi la r ly ,  samples of  28 and 3 0  

f r esh  g o r i l l a  dung p i l es  w e r e  observed week ly  i n  the  dry and w e t  seasons 

respect ive ly  unt i l  they disappeared, and 15 p i l es  o f  f resh  red  du iker  p e l l e t s  were  

checked dai ly  i n  the  w e t  season un t i l  none remained. A l l  f r esh  ape nest s i t e s  were 

moni tored a t  two- weekly  i n te rva l s  u n t i l  no longer v is ib le  f r o m  the t ransect .  

Non-parametr ic  s t a t i s t i c a l  t e s t s  were used t o  t e s t  whether  census data 

w e r e  a f f e c t e d  by  season, t i m e  o f  day, d i rec t i on  o f  t r ave l  or t he  type o f  census 

used (Siegel & Castel lan 1988). Encounter r a t e s  (s ight ings) f o r  each species and 

nes t  encounter frequencies d id  no t  d i f f e r  s i gn i f i can t l y  f rom the  Poisson 

dist r ibut ion,  but dung was  d is t r ibu ted patch i ly  in  space and t i m e  and d id  not 

con fo rm t o  the  Poisson d i s t r i bu t i on .  Parametr ic  t e s t s  ( f o l l o w i n g  Sokal & Rohlf, 
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1981) were  ca r r i ed  out on square- root t ransformed data where appropr iate,  t o  

c o n f i r m  resu l t s  obtained using non-parametric procedures. The c r i  te r ion  f o r  

s t a t i s t i c a l  s igni f icance was P < 0.05 i n  a l l  cases, and t e s t s  were two- ta i led.  

Estimates of  density and biomass from animal census data 

Animal sighting censuses. 

Many of the species s tud ied l i v e  i n  social  groups, and i t  was  therefore these 

groups t h a t  were detected by the observer and f o r  wh ich  data were recorded. It 

was  not  possible t o  est imate re l iab ly  the pos i t ion o f  the group centre, s ince 

groups were  o f ten  spread over a large area and only a f e w  ind iv idua ls  were 

v is ib le .  When group spread could be re l iab ly  determined i t  was noted, and using 

these data, and experience of o ther  workers  a t  SEGC, species spec i f i c  group 

spreads were est imated.  Indiv idual  measures of perpendicular distance t o  the 

t ransect  were  converted t o  es t ima tes  f o r  groups f o l l ow ing  the protoco l  o f  

Whitesides et al., (1988): It was assumed tha t  the f i r s t  ind iv idual  s ighted was a t  

the group's per iphery nearest the observer. The perpendicular distance, X, of the 

group cen t re  f r o m  the f i rs t  ind iv idual  was given by: 

X = r cos Ø (6.1) 

where r = ha l f  the species spec i f i c  group spread, and Ø i s  the sight ing angle. Th is  

cor rect ion f ac to r  was  added t o  the perpendicular distance of the f i r s t  s ighted 

ind iv idual  f o r  species l i v ing  i n  groups. Four ier  ser ies  analysis (Burnham et al., 
1981 - us ing a programme w r i t t e n  by White, 1988), and the hazard- rate model 

(Buckland, 1985; Hayes & Buckland, 1983 - us ing  a programme provided by S. T.' 

Buckland), were used t o  ca lcu la te  group dens i t ies  f r o m  perpendicular s ight ing 

distance data f o r  groups and so l i t a r y  animals, when the sample s i ze  was  25 o r  

more (cf. K o s t e r  and Hart, 1988). Duikers were  o f t e n  " flushed", and detected by 

a la rm vocal isat ion and the sound of movement as they l e f t  cover. I t  was general ly 

possible t o  es t ima te  the loca t ion  f r o m  which they were  flushed, but  not  a lways 

possible t o  i den t i f y  the species, so census data f o r  du iker  s ight ing (and f lushing) 
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were  lumped and an overal l  f i gu re  calculated. 

The hazard- rate model i s  a two- parameter model, wh ich  uses s ight ing angle 

and distance t o  the indiv iduals o r  geometr ic centre of groups sighted, t o  calculate 

the perpendicular t ransect  t o  indiv idual  o r  group cent re  distance. It assumes that 

changes i n  distance and s ight ing angle a l t e r  the probabi l i ty  of s ight ing a group as 

the observer advances along the t ransect .  The Four ier  ser ies  i s  a non- parametr ic 

model which uses data f o r  the perpendicular distance o f  each ind iv idual  o r  group 

cent re  f r o m  the t ransect  t o  ca lcu la te  a ‘probabi l i ty  dens i ty  function’, w h i c h  i s  the 

p robab i l i t y  of seeing a dropping a t  a given distance f r o m  the transect.  Both models 

make use o f  a l l  data collected, r a t he r  than res t r i c t i ng  data co l lec t ion t o  a s t r i p  o f  

f i xed  w i d t h  i n  which i t  i s  assumed t ha t  a l l  ind iv iduals  o r  groups are detected (c f .  

Wi lson & Wilson, 1975), but  both are mathemat i ca l l y  complex and make several  

assumptions tha t  may not  a lways  apply t o  f i e l d  data (see Buckland, 1985; Burnham 

et al., 198 1 ; Hayes & Buckland, 1983; W h i  tesides et al., 1988). 

Smal l  sample s izes precluded the use o f  these densi ty est imat ion techniques 

i n  one o r  more o f  the s i tes  f o r  a l l  species. F o r  t h i s  reason, densi t ies were  also 

est imated using a method modi f ied f rom Whitesides et al., ( 1  988):  The ‘ e f f e c t i v e  

distance’ f o r  each species was  calculated by p l o t t i ng  the cumulat ive percentage o f  

t o t a l  s ight ings f o r  each species as a funct ion o f  the perpendicular distance f r o m  the 

t ransect  t o  the f i r s t  indiv idual  sighted. As there was no s t a t i s t i ca l l y  s ign i f i can t  

d i f ference i n  species detect ion distances between s i tes  (see below), data f o r  a l l  

s i t es  were combined t o  increase sample sizes f o r  t h i s  analysis. T w o  s t ra igh t  l i nes  

that best f i t  the cumulat ive percentage sight ing points so as t o  m i n i m i s e  the e r ro r  

sum-of-squares were then p lo t ted,  and the distance f r o m  the t ransect  t ha t  

corresponded t o  the po in t  of  i n te rsec t ion  o f  these t w o  l i nes  was taken t o  be the 

e f f ec t i ve  distance. The w i d t h  sampled on e i t he r  s ide o f  the t ransect  was 

equivalent t o  t h i s  distance p lus one-half the es t ima ted  species group spread. The 

sample w i d t h  was  double th is ,  as observations were  made on both s ides of the 

transec t. 

I n  addition, histograms of the perpendicular distance t o  the f i r s t  indiv idual  

s ighted (grouped i n t o  10m categor ies) were plot ted. The distance a t  wh ich  the 

number of observations missed was  compensated f o r  by observat ions beyond was 

est imated. Again, the w i d t h  sampled t o  e i t he r  s ide of the t ransect  was  equivalent 

t o  t h i s  distance plus one-half the est imated species group spread. The average o f  

these t w o  est imates was taken t o  be the s t r i p  w i d t h  sampled. 
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Average encounter r a t e s  w e r e  calculated f o r  each species i n  each s i t e .  Due 

t o  sma l l  sample s izes  and l o w  encounter ra tes  i t  was  not  possib le t o  calculate 95% 

confidence l i m i t s  re l i ab l y  f o r  a l l  species in  a l l  s i tes .  Iristead, the cumulat ive 

average encounter r a t e  was  ca lcu la ted a f t e r  each census: 

C n =  En i’ t i  (6 .2 )  

where, Cn cumu la t i ve  average a f t e r  n censuses, En = t o t a l  number o f  encounters 

a f t e r  n censuses, n = number o f  censuses. 

The var ia t ion  about t he  mean should decrease w i t h  the  number o f  repeat 

censuses, and the  range f o r  t he  average encounter r a t e  was assumed t o  b e  

between the  highest  and l o w e s t  values f o r  cumula t ive  average number of 

encounters / census f o r  t he  l a s t  10 censuses. Es t ima tes  f o r  group spread were  

assumed t o  be wi th in  10m o f  the  actual  value, except f o r  Mandrillus sphinx (50m) 

and Potamochoerus porcus (25m), both  o f  w h i c h  t rave l  i n  large, d i f f use  groups. 

E f f e c t i v e  distances w e r e  assumed to be wi th in  10m o f  theac tua l  f i gu re  except f o r  

ungulates (5m) and squ i r re l s  (2.5m), f o r  w h i c h  s igh t ing  distances were l o w .  

Group dens i ty  was  calculated using the  equation: 

Gd E,, / A ( 6 . 3 )  

where Gd group dens i t y  (Groups km-2), E,, = average encounter r a t e  p e r  

census, A area censused. The t o t a l  area censused i s  g iven by: 

A = L x 2(De + S/2) (6.4) 

where L = t ransect  length  (km), D, = species spec i f i c  e f f e c t i v e  distance (km), S 

species group spread (km). 

Group dens i ty  was  calculated as a range by pu t t i ng  m in imum and maximum‘ 

es t ima ted  values of  E,,, D e  and S i n t o  equat ions (6 .3)  and (6.4). 

Dung and nest count censuses 

Hazard-rate, Four ie r  and Whitesides’ methods o f  ana lys is  described above 
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were used t o  ca lcu la te  dung densi t ies w i t h  the exception tha t  where f e w e r  than 20 

repeat dung counts  had been undertaken on a transect,  the range o f  the average 

encounter r a t e  was ca lcu la ted f r o m  the cumulat ive average of the second ha l f  of 

the sample. E f fec t i ve  distances f o r  nests and dung were assumed t o  be accurate t o  

w i t h i n  10m and 0.5m respect ive ly .  

To ca lcu la te  animal dens i ty  f r o m  dung (and nest) dens i t ies  i t  was  necessary 

t o  know the defecat ion r a t e  (calculated f r o m  values i n  the l i tera ture) ,  t ha t  apes 

bu i ld  one nest  each n ight  / independent ind iv idual  (Tu t in  and Fernandez, 1983), and 

the % o f  dung p i l es  ( o r  nests), i f  any, tha t  would  not  survive f o r  a t  l eas t  one 

month, and hence migh t  be missed on month ly  censuses (see below).  Density was 

g iven by: 

D = Dd / F x T (6 .5 )  

where D animal dens i ty  ( ind iv iduals  km-2), Dd dung o r  nest densi ty (deposi ts 

km-2), F defecat ions day-1 (=1 f o r  nests),  T t i m e  between censuses i n  days. 

Biomass calculation 

To calculate the densi t ies of indiv iduals of species l i v ing  i n  groups, and then 

biomass, average group sizes and the mass o f  an average ind iv idual  mus t  be 

known. Group counts f o r  monkeys were ra re ly  possible, so data co l lec ted  dur ing 

t h i s  study were combined w i th  group counts obtained i n  the SEGC main study area 

by o ther  workers  (R. Ham & C.  E. G. Tut in,  unpublished data). Group counts 

included i n  the analysis were  those where the observer was  conf ident tha t  a l l  

ind iv iduals  had been detected, and where the loca t ion  was su f f i c i en t l y  f a r  away 

f r o m  groups t ha t  had been counted previously,  t o  be sure tha t  the same group was 

not represented more than once. F o r  apes group s ize was assumed t o  be equal t o  

the average nest  group size. Th i s  would  lead t o  ind iv iduals  tha t  were too young t o  

bu i ld  nests and wh ich  slept w i t h  t h e i r  mothers being overlooked (c f .  Tu t in  and 

Fernandez, 1983), b u t  these ind iv iduals  would only account f o r  a m i n o r  pa r t  o f  the 

biomass. For elephants good data on group s izes were  avai lable f o r  Lope (Chapter 

5). For  duikers and squ i r re ls  encounters were general ly w i t h  only one ind iv idual  

(occasional ly two) ,  and data f r o m  censuses w e r e  used t o  ca lcu la te  the average 

number encountered a t  any one t ime.  For bu f fa lo  the average f o r  a l i m i t e d  number 
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of  encounters i n  the fo res t  was used. 

Body masses were taken f r o m  the  l i t e ra tu re .  The we igh t  o f  an average 

indiv idual  was ca lcu la ted as f o l l ows :  f o r  Cercopithecus spp. and Cercacebus 

albigena an average ind iv idual  was  assumed t o  be 75% the mass of an adul t  female 

(c f .  Oates et al., 1990). F o r  Colobus satanus group composi t ion was  assumed t o  

be as f o r  Colobus polykomos reported i n  Oates et al. (1990) and the we igh t  o f  the 

average indiv idual  was ca lcu la ted fo l l ow ing  t h e i r  protocol .  F o r  Mandrillus sphinx 

group composi t ion w a s  assumed t o  be as repor ted by Hoshino et al. (1984) i n  

Cameroun, sub-adult males were assumed t o  be the we igh t  of an adul t  female, and 

juveni les  were assumed t o  be ha l f  the female w e i g h t  (c f .  Oates et al., 1990). For 

apes i t  was  assumed tha t  there were  t w o  juveni les  ha l f  the female weight f o r  each 

male and female. For  elephants the r a t i o  was  assumed t o  be one male, one female 

and t w o  and a ha l f  juveni les  of ha l f  the female weight  (Chapter 5). For  ungulates 

the r a t i o  was assumed t o  be one juveni le  ha l f  the adul t  weight  to t w o  adults.  For 

Potamochoerus porcus and f o r  squ i r re ls  the r a t i o  was  assumed t o  be t w o  

juveni les  t o  t w o  adults.  Average we igh ts  of males and females were  used where 

available, and f o r  ranges the mid- poin t  was assumed t o  be represen ta t i ve .  

i t  was not  possible t o  calculate 95% confidence l i m i t s  f o r  the we igh t  of  an 

average indiv idual ,  nor  f o r  group densi t ies using the method adapted f r o m  

Whitesides et al. ( these authors gave 95% confidence l i m i t s  f o r  t h e i r  method, but 

i t  i s  not  c lear  how t h i s  was done). Therefore, the dens i ty  o f  indiv iduals using the 

Whitesides' method was calculated as a s ing le  f igure using the average encounter 

r a t e  t o  obta in  group densi ty.  Where hazard- rate and Four ier  analyses were 

possible, 95% confidence l i m i t s  were  calculated. Biomasses were the product of 

the indiv idual  densi t ies and the we igh t  of an average indiv idual .  Where indiv idual  

densi t ies could be calculated using the hazard- rate method th is  f i gu re  was used t o  

ca lcu la te  biomass (see below). Where indiv idual  dens i ty  had been calculated using 

more than  one method the average f igu re  was  used. For duikers, overa l l  dens i ty  

calculated f o r  s ight ing and f lush ing frequency data was converted t o  species 

dens i t ies  by assuming tha t  the r a t i o  of  C. monticola: Red duikers: C. sylvicultor 

H. aquaticus was equivalent t o  t ha t  f o r  the ind iv iduals  tha t  were  re l iab ly  

i dent i f i  ed. 
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Statistical tests of  differences in animal densities between sites 

For  group, ind iv idual  and nest s ight ing data, crude encounter ra tes  per  

census were  used i n  t e s t s  f o r  s t a t i s t i c a l  d i f ferences between sites, s ince there 

were no s t a t i s t i ca l  d i f ferences i n  s ight ing distances between s i tes  (see below). 

For  dung counts, s t a t i s t i c a l  t es t s  were  performed on dens i t ies  est imated by the 

mod i f i ed  Whitesides' method (see below) f o r  each census, cor rect ing f o r  

d i f ferences i n  dung decay ra tes  between w e t  and dry seasons where appropr iate 

(see be low) .  

Encounter ra tes (s ight ings)  f o r  each species conformed t o  the Poisson 

d is t r ibut ion,  as d id  nest encounter frequency, so paramet r i c  t es t s  were  ca r r ied  

out on square- root t ransformed data. Dung was d is t r ibu ted  pa tch i l y  i n  space and 

t ime and d id  not  conform t o  the Poisson d is t r ibut ion,  so only non-parametric t e s t s  

were  used f o r  dung data. 

Sampl ing reso lu t ion was determined using a parametr ic  formula (c f .  

Skorupa, 1987): 

D 4 (C. V. ) / (N)0.5 ( Eq. 6.6) 

where, 

D= minimum % di f ference i n  sample mean tha t  ind icates a s t a t i s t i c a l  d i f ference. 

C. V. coe f f i c i en t  o f  var ia t ion.  

N = number of rep l i ca te  samples. 

Using th is  formula the di f ference i n  the mean encounter r a t e  tha t  ind icated a 

s t a t i s t i c a l  d i f ference was  calculated f o r  each species i n  each s i te .  In  addition, 

d i f ferences in  encounter ra tes  f o r  each species between s i tes  were tes ted  using 

the Kruskal-Wal l is one-way ANOVA, test ing f o r  d i f ferences between spec i f i c  pa i rs  

o f  s i t es  by mu l t i p l e  comparisons as described i n  Siegel & Castel lan (1988), and a 

one-way ANOVA w i t h  Tukey HSD mu l t i p l e  comparisons. P < 0.05 was  the c r i t e r i on  

f o r  s t a t i s t i ca l  s ign i f icance in a l l  cases, and t es t s  were two- ta i led.  For deta i ls  o f  

s t a t i s t i c a l  t e s t s  see Siegel & Castel lan (1988) and Sokal & Rohlf (1981). 
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Resul ts .  

Pooling o f  data. 

In  S i t e  1 animal s ight ing data were recorded during both types o f  census, i n  

both d i rec t ions  on the transect.  Since censuses were conducted throughout the 

year, the e f f ec t  o f  sampl ing date was tested (holding census type and d i rec t ion  

constant)  f o r  a l l  species sighted, and f o r  p r imates  alone (Friedman two- way  

ANOVAS: f o r  animal s ight ing census data heading w e s t  consider ing a l l  species P < 

0.05; P >0.05 i n  a l l  o the r  cases). Data f o r  each census type and d i rec t ion  taken on 

d i f f e ren t  dates were pooled and d i rect ions were tested w i t h i n  survey types f o r  

any e f f e c t s  of  time o f  day and sight ings by species ( fo r  s ight ing t imes, 

Kolmogorov-Smirnov two- sample tes t ,  P < 0.001 i n  b o t h  cases; f o r  s ight ings by 

species, Wi lcoxon matched-pairs signed-ranks tes t ,  P > 0.05 i n  both cases). 

Therefore, there was a s ign i f icant  e f f e c t  of time of day on sight ings i n  opposite 

census d i rect ions.  It was considered that t h i s  e f f ec t  was  due t o  actual  di f ferences 

i n  densi ty along the transect,  because f o r  east-west  censuses more s ight ings than 

were expected were  recorded i n  the l a t e  morning and ear ly  afternoon, whereas on 

west- east  censuses there were  more s ight ings than  expected i n  the ear ly  morning. 

Data f o r  d i f f e ren t  d i rect ions were  combined f o r  the  two census types. 

Data f o r  the t w o  census types on a l l  t ransects ( f o r  t ransect  3 the per iods 

before and a f t e r  logging were t rea ted  separately)  were tes ted  f o r  d i f ferences in 

s ight ings by species and any e f f e c t s  o f  t ime  of day. The expected d is t r ibu t ion  of 

s ight ings was generated assuming the number of s ight ings per hour ly  i n t e r va l  was 

d i rec t l y  proport ional  t o  the to ta l  t ime sampled i n  tha t  i n te rva l  (for s ight ings by 

species: Wilcoxon matched-pairs signed-ranks t es t ,  P > 0.05 i n  a l l  cases; f o r  

s igh t ing  t ime:  Kolmogorov-Smirnov one-sample test ,  P <0.05 f o r  a l l  species on 

animal s igh t ing  censuses i n  S i t e  2 and f o r  p r imates  only on animal s ight ing 

censuses i n  S i t e  4, a l l  o ther  P >0.05). Detect ion distances t o  the f i r s t  ind iv idual ’  

s ighted dur ing animal s igh t ing  censuses and dung/nest censuses were compared f o r  

species f o r  wh ich  there was  su f f i c i en t  data, t o  check tha t  observer e f f i c iency  was 

constant (Kruska l -Wal l i s  one-way ANOVAS, P >0.05 i n  a l l  cases). Therefore data 

f r o m  the t w o  types o f  census were lumped. 

Detect ion distances t o  the f i r s t  indiv idual  sighted, and t o  the cent re  of ape 

nest  groups, were compared between s i t es  where sample s ize permi t ted .  The 
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Kruska l- Wal l is  one-way ANOVAS showed P >0.05 i n  a l l  cases, there fore  s ight ings 

f o r  a l l  t ransects  were  combined to calculate species- speci f ic  e f fec t i ve  distances. 

To check f o r  d i f ferences i n  animal  behaviour before arid a f t e r  logging the  frequency 

o f  p r i m a t e  ma le  loud c a l l s  (number heard pe r  hour o f  observat ion i n  hour ly  

i n te rva l s )  i n  S i t e  3 before and a f t e r  exp lo i ta t ion  w e r e  compared and found not  t o  

d i f f e r  (Wilcoxon matched-pairs signed-ranks tes t ,  P > 0.05). No d i f fe rences in 

behaviour were  seen dur ing casual observations w h i l s t  no t  censusing. 

Density estimates 

Table 6.2 summarises the  es t ima ted  e f f e c t i v e  distances and group spreads 

f o r  an imals  s ighted i n  groups, and t h e i r  der ived sample w id ths .  For species 

s ighted singly, and f o r  dung deposi ts and nest groups the sample w i d t h  was  double 

the  e f fec t i ve  distance. Since ground vegetat ion d i f f e r e d  between sites, e f f e c t i v e  

distances o f  dung deposi ts were  ca lcu la ted separately f o r  each s i t e  (Table 6.2).  

Dung d i s t r i bu t i on  data indicated t h a t  a l l  species used the  t ransect  l i n e s  as a 

pa th  t o  some extent, as s igh t ings  became skewed towards  the  f i r s t  0.5m f r o m  the 

mid- l ine a f t e r  the  f i r s t  f e w  months of data col lect ion.  T h i s  was especia l ly  so i n  

S i t e s  1 and 5, where dense ground vegeta t ion  hampered movement o f f  paths.  

Transects  d i d  not  come t o  resemble game t ra i l s ,  suggesting t h a t  they only a f fec ted  

local ised movements, so e f f e c t i v e  distances were ca lcu la ted using data f o r  dung 

deposi ted a t  l eas t  50cm f r o m  the mid- l ine  ( the  t ransect  was about 1 m wide). 
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O f  1164 elephant dung p i l es  moni tored every t w o  weeks u n t i l  they 

disappeared, 1151 (99%) surv ived t o  t h r e e  weeks, and 1025 (88%)  t o  f i v e  

weeks. Therefore, i t  was  assumed t h a t  a l l  elephant dung p i l e s  deposited each 

month surv ived t o  be counted, as the  number t h a t  disappeared was  smal l .  For  

g o r i l l a  dung the  average dura t ion  o f  f resh  deposi ts moni tored week ly  was  23.5 

(N=28) and 16.3 (N=30) days i n  dry  and w e t  seasons respec t i ve l y ,  {maximum 

dura t ion  was  assumed t o  be fou r  weeks as  dung p i l es  were counted only once i f  

present i n  successive months). Dung counts w e r e  there fore  assumed t o  be 
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representa t ive  o f  the  previous 23.5 and 16.3 days i n  dry  (June, J u l y  and August) 

and w e t  mon ths  respect ively,  and counts dur ing the  dry  season w e r e  scaled down 

accordingly by a f a c t o r  o f  16.3/23.5. Of 15 p i l es  of  red  du iker  pe l l e t s  moni tored 

da i l y  i n  t he  w e t  season the  average su rv i va l  time was  4.3 days, so each census 

was  considered t o  represent th is  t i m e  period. Dry season dung counts were not  

inc luded i n  t he  analysis because many deposi ts surv ived through t w o  o r  th ree 

censuses and i t  was not  possible t o  determine re l iab ly  wh ich  had been counted 

prev ious ly  because encounter r a t e s  increased t o  more  than 100 dung p i l es  per  

t ransect .  Dung decay exper iments were no t  undertaken f o r  o the r  species and mean 

dung surv iva l  was  est imated.  O f  57 and 84 fresh g o r i l l a  and chimpanzee nest  s i t e s  

moni tored f r o m  transects,  three and t w o  respect ive ly  disappeared wi th in  one 

month. Any f resh  nest  s i t e s  encountered on t ransects  between month ly  censuses 

w e r e  noted and mapped; one chimpanzee nest  s i t e  seen on a pr imate  census i n  S i t e  

1 had disappeared by the  t i m e  the  month ly  nest count was  undertaken, bu t  t h i s  was 

exceptional, and i t  was assumed t h a t  a l l  v i s i b le  nest  s i t e s  constructed i n  t he  

previous month  w e r e  detected on censuses. 

Table 6.3 l i s t s  defecat ion ra tes  f r o m  the  l i t e r a t u r e  (and es t ima tes  where 

none was  avai lable). An imal  dens i t ies  were ca lcu la ted using fo rmu la  (6.5), but  f o r  

ungulates and ape dung i t  was  mod i f i ed  to :  

D  =  Dd /  F x S ( 6 . 7 )  

Where, S i s  the  surv iva l  t i m e  i n  days ( f o r  elephant dung and ape nests  S 30, the  

t i m e  i n  days between successive censuses). 

Table 6.4 gives data on average group s izes  o f  the  species studied, t h e  

we igh ts  o f  adu l t  males and females and the  weight  o f  an 'average indiv idual '  used 

f o r  calculat ion o f  biomass. 
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Table 6.5 gives the group and indiv idual  densi t ies calculated f r o m  s ight ing 

frequencies using hazard- rate, Four ier  and mod i f i ed  Whitesides’ methods f o r  

species f o r  which there were  a t  least 25 sight ings. Densi t ies ca lcu la ted from 

animal s ight ing data by hazard-rate, Four ier and Whitesides‘ methods were  

comparable, although the Four ier model was pa r t i cu l a r l y  sensi t ive t o  s ight ings tha t  

occurred unusually f a r  f r o m  the transect,  hence the discrepancy i n  es t ima tes  f o r  

C nictitans Table 6.6 gives dung dens i t ies  es t ima ted  by the three methods, and 

f igu res  f o r  the Whitesides’ method ad justed f o r  d i f ferences i n  defecat ion and dung 

decay r a tes  i n  w e t  and dry seasons. Hazard- rate and Four ier model es t ima t ions  

were  af fected by the skewed dung d is t r ibu t ion  tha t  resu l ted f r o m  animals’  use o f  

t ransects.  indiv idual  densi t ies were calculated using the Whitesides’ method. 
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Those species (o r  groups) f o r  wh ich  s t a t i s t i c a l  d i f fe rences i n  encounter 

r a t e  were  detected are underl ined. Pa i r s  o f  s i t e s  where the  mean encounter r a t e  

was  greater  than the  m in imum ind ica t ing  a s t a t i s t i c a l  d i f fe rence (Eq. 6.6) are 

marked w i t h  a number (superscr ipt ) .  Resolut ion d i f f e r e d  w i th  the  number o f  

censuses conducted, and the  encounter rate, so on occasion one s i  t e  ind ica ted a 

s t a t i s t i c a l  d i f ference w h i l s t  t he  o the r  (superscr ipt  bracketed) d id  not .  Underl ined 

superscr ipts were  also shown to be s t a t i s t i c a l l y  d i f f e ren t  by both  the  Kruskal-  

Wa l l i s  one-way ANOVA and parametr ic  one-way ANOVA (only the  f o r m e r  f o r  

dung). There was a h igh  degree o f  concordance between the  s t a t i s t i c a l  methods, 

and where there was  su f f i c i en t  d i f ference in the  means bu t  no s t a t i s t i c a l  

d i f fe rence ind ica ted by the  ANOVAS, 0.1> P > 0.05, suggesting a meaningful  

b io logical  t rend d id  ex i s t .  S t a t i s t i c a l  d i f ferences were detected i n  a t  l eas t  two 

s i t e s  f o r  m o s t  species, and where more than one census method was  used f o r  the  

same species r e s u l t s  were s i m i l a r .  Encounter r a t e s  w e r e  general ly h igh  i n  S i tes  1 

and 5, h igh  f o r  monkeys i n  S i t e  4, and genera l ly  l o w  i n  S i tes  2, and 3 be fo re  and 

a f t e r  logging. 

Nest counts showed a s t a t i s t i c a l l y  s ign i f i cant  d i f ference i n  chimpanzee 

dens i ty  i n  S i t e  3 a f t e r  logging, when a l l  th ree ind ices  o f  abundance decreased. 

When the  study began chimpanzees w e r e  seen regular ly ,  and prolonged bouts o f  

pant-hooting, drumming and exc i ted  screaming were  heard a t  l eas t  once on m o s t  

days. A t  t h i s  stage logging was  underway about 5km t o  the  no r th  and the  noise o f  

chain s a w s  and heavy machinery w a s  audible. Several la rge exc i ted  groups were  

encountered i n  the  fo res t .  As logging advanced towards  the  t ransect  vocal isat ions 

became less  frequent, and only smal l ,  qu ie t  groups were seen. 

Figure 6.2 shows cumula t ive  p l o t s  o f  average chimp nest  encounter r a t e s  / 

census in al l  s i tes,  w i th  S i t e  3 d iv ided i n t o  t w o  data sets: before  and after logging. 

A f t e r  i n i t i a l  noise due t o  sma l l  sample sizes, data f o r  S i t e s  1, 2, 4 and 5 s e t t l e d  

c lose t o  t h e i r  f i n a l  overal l  averages, as  does the  data f o r  S i t e  3 a f t e r  logging. 

However, S i t e  3 had h igh nest  group encounter r a t e s  i n  the  f i r s t  f e w  months o f  t he  

study, w i t h  six, 1 1 ,  nine and e ight  f resh  nest  groups i n  the  f i r s t  f ou r  months 

respect ively,  concentrated i n  t he  l a s t  2 k m  o f  t he  transect, i n  t he  area l a t e r  

explo i ted and c losest  t o  logging a c t i v i t i e s  at t he  t ime.  In a l l  t he  other s i t es  only one 

census w i th  10 f resh  nes t  groups occurred and o the rw ise  counts d i d  not exceed 

f i ve ,  and w e r e  ra re l y  above three. A f t e r  t he  f i f t h  month o f  t he  study logging was  

underway about 1 k m  f r o m  the  t ransect  and the  number o f  nes ts  (and ind iv idua ls  
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seen arid heard) decreased. A f t e r  logging (S i te  3a i n  Figure 6.1) nest encounter 

r a t e  was  s tab le  bu t  low, and comparable t o  S i t e  2, where logging had taken place 

three t o  four years prev ious ly .  

Tables 6.8 and 6.5 respect ive ly  g ive the  densi ty o f  ind iv idua ls  ca lcu la ted by 

the  various census techniques and the  t o t a l  es t ima ted  biomass, calculated f o r  each 

species i n  each s i te .  I t  was  no t  possib le t o  calculate 95% confidence l i m i t s  so 

po in t  es t ima tes  are given. Where more than one census method was  appl ied t o  a 

species r e s u l t s  were  general ly  comparable. For  apes, and espec ia l ly  elephants, 

densi t ies calculated f r o m  s igh t ing  frequencies tended t o  be higher than f o r  dung and 

nests, whi lst  f o r  duikers dens i t ies  f r o m  sight ings w e r e  l o w e r  than f o r  dung in 

S i t e s  1 and 5 bu t  h igher  i n  S i t e  4.There was  a great  deal o f  var ia t ion  between 

Sites, bo th  i n  t e r m s  of t he  biomass a t ta ined by any given species, and the  t o t a l  

biomass. Elephants dominated the  biomass, accounting f o r  82,  7 2 ,  25,  50, 62  and 

76% o f  t o t a l  b iomass i n  S i t e s  1 t o  5 respect ive ly .  P r ima tes  accounted f o r  9, 13, 

35, 26, 16 and 14% o f  t he  t o t a l  i n  t h e  f i v e  s i tes .  
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Discussion. 

Reliability of biomass estimates 

Line- transect census methods used i n  t h i s  study have been shown t o  give 

reasonable dens i ty  est imates f o r  p r imates  (Whitesides et al., 1988) and ungulates 

(Koster and Hart, 1988) i n  t rop ica l  r a i n  f o res t s .  However, some studies have 

shown tha t  t h i s  i s  not a lways the case and have demonstrated cons is tent  over-  o r  

under- est imat ion f o r  some species o r  groups (e.g., Anon, 1981; Butynski ,  1990; 

De f le r  and Pin tor ,  1984). Fa i lure  o f  the technique can resu l t  when a study species 

does not  conform t o  var ious assumptions (c f . ,  Burnham et al., 198 1) fundamen t a l  

t o  l i n e  t ransect  censusing (e.g., De f l e r  & Pintor,  1984) o r  because the area 

censused i s  wrongly  es t ima ted  (e.g., Whitesides et al., 1988). Whitesides et al. 

(1988) discussed the app l i cab i l i t y  of  l ine- t ransect  sampling f o r  es t imat ion  of  

p r i m a t e  densi ty i n  ra in- fo res t  i n  West A f r i c a  and compared various methods f o r  

ca lcu la t ing the area sampled (see also Brockelman & A l i ,  1987; Buckland, 1985; 

Burnham et al., 1981; Heyes & Buckland, 1983; Janson & Terborgh, 1980). 

Line- transect censusing i s  a sampl ing technique, and l i k e  any sample, there 

w i l l  be a ce r ta in  amount of e r r o r  i n  t h e  resu l t s .  The accuracy, and hence 

resolut ion, o f  the sample w i l l  be dependent upon the sampl ing in tens i t y  and the 

degree o f  v a r i a b i l i t y  between censuses (e.g., Anon, 198 1; Janson & Terborgh, 

1980; Skorupa, 1988). When censuses re l y  upon es t imat ion  o f  t races l e f t  by an 

animal to ca lcu la te  density, r a t he r  than sight ings o f  the an imals  themselves, 

f u r t he r  sources o f  e r r o r  are introduced. For example, t o  ca lcu la te  elephant 

dens i ty  f r o m  the abundance o f  t he i r  droppings one has t o  es t ima te  the number of  

droppings produced per day (no easy m a t t e r  i n  a t rop ica l  r a i n  f o res t  environment 

where v i s i b i l i t y  i s  poor and extended per iods of  good observat ion rare)  and the 

length o f  t i m e  f o r  w h i c h  dung remains detectable (Barnes & Jansen, 1987) .  

Defecat ion r a t e  can vary w i t h  d i e t  and season (e.g., Barnes, 1982; Kos te r  & Hart ,  

1988), so i t  i s  d i f f i c u l t  t o  j u s t i f y  the use o f  defecat ion ra tes  obtained in one area 

t o  ca lcu la te  dens i t ies  i n  another. S im i la r l y ,  dung decay ra tes  vary between 

seasons i n  response t o  weather  condi t ions and other factors,  such as dung-beetle 

a c t i v i t y  (e.g., Short, 1981; Wiles, 1980). It i s  preferab le  t o  undertake long- te rm 

stud ies wh ich  a l l o w  actual  dens i t ies  t o  be determined (c.f., Anon, 1981; Butynski ,  

1990; Johns, 1985), but where t h i s  i s  not possible l ine- t ransect  censuses are t he  
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best  a l ternat ive i n  the t rop ica l  ra in  fo res t  environment, provided t h e i r  l im i t a t i ons  

are borne i n  m ind .  

In  t h i s  study three methods o f  dens i ty  es t ima t ion  f r o m  census data were 

used where sample s ize al lowed, and more than one census technique was 

employed where poss ib le .  For  monkeys standard p r i m a t e  census techniques were 

used, and data analyses using hazard- rate, Four ier  and m o d i f i e d  Whitesides’ 

methods gave s i m i l a r  group dens i t ies  where sample sizes were su f f i c i en t l y  large 

t o  use a l l  three methods (see Table 6.5). Buckland (1985) found t ha t  the hazard- 

r a t e  model was the m o s t  ve rsa t i l e  o f  several methods o f  densi ty es t imat ion  f r o m  

l ine- t ransect  data, and Whitesides et al., (1988) conf i rmed tha t  i t  was more 

re l iab le  than the Fourier model f o r  p r i m a t e  census data. Four ier  analysis was 

found by Whitesides et al. t o  give wide ly  d i f f e r i ng  r esu l t s  depending on the number 

o f  t e r m s  used, and the cu t- o f f  po in ts  chosen, as was the case i n  th i s  study. The 

number o f  ind iv iduals  was  calculated f o r  the hazard- rate, Four ier  and Whitesides’ 

methods and resu l t s  d id  not d i f f e r  s ign i f i can t l y .  

No evidence o f  d i f fe ren t ia l  v i s i b i l i t y  between s i t e s  was  found, so lumping 

sight ing data f o r  each species i n  a l l  s i t e s  enabled densi t ies t o  be calculated using 

the Whitesides‘ method f o r  spec ies/s i tes where sample s ize was i nsu f f i c i en t  f o r  

hazard- rate analysis. Sampling i n t ens i t y  was  su f f i c i en t  t o  show s ta t i s t i ca l  

d i f ferences between t w o  o r  more s i t es  i n  abundance o f  Cercopithecus spp. and C. 

albigena but encounter r a t e s  f o r  6 gorilla P. troglodytes and M. sphinx w e r e  

low,  so dens i t ies  f o r  these species should be regarded as p re l im inary  (but f o r  apes 

dung and nest  data were also available). The same s ight ing frequency method was 

used f o r  t e r r es t r i a l  species, and resu l t s  o f  the d i f f e ren t  methods o f  analysis again 

corresponded well. 

Ape nest  s i t e s  were detected more o f t en  than the animals themselves and 

su f f i c i en t  data were obtained f o r  chimpanzee nests i n  f ou r  s i tes  t o  use hazard- rate 

and Four ier model analyses. Since censuses were conducted month ly  few, i f  any, 

nest  s i t e s  would  have disappeared before detect ion and hence the decay r a t e  was  

not  requi red i n  order t o  ca lcu la te  dens i t ies  (c f . ,  T u t i n  & Fernandez, 1983). W h i l s t  

t ransec ts  d id  inf luence the movement o f  apes (see below) there was  no evidence 

tha t  the locat ion o f  nest  s i t e s  was af fected. Since sample s ize for  nest  counts 

tended t o  be la rger  than animal s ight ing frequency, they were  less  prone t o  

sampl ing e r r o r  and are l i k e l y  t o  have given more accurate ape densit ies, although 

i n  S i tes  2, 3 and 4 sample s izes f o r g o r i l l a  nests  were also l ow .  
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As noted above, a f t e r  the f i r s t  f e w  censuses (months) d is t r ibu t ion  of  dung 

of a l l  species became skewed towards  the transect,  suggesting that animals 

defecated more o f t en  than expected on the l i ne .  This introduced a b ias i n t o  dung 

counts (c f .  Barnes & Jensen, 1987) wh ich  resu l ted  i n  an over- est imate o f  dung 

(and hence animal)  density. Th is  skewed d is t r ibu t ion  resu l ted i n  implaus ib ly  large 

es t ima tes  f r o m  the Hazard-Rate and Four ier  models. Transects  did not come t o  

resemble wel l- used game t r a i l s ,  and a t ransect  cu t  i n  S i t e  1 f i v e  years before 

(Wi l l iamson, 1988) had no greater  propor t ion o f  i t s  length as game t r a i l s  than the 

new l i ne  cu t  f o r  t h i s  study (unpublished datal. Observations o f  several  species 

suggested that they somet imes deviated somewhat f r o m  t h e i r  l i ne  o f  t rave l  t o  

f o l l o w  the transect, but  would then continue i n  the or ig ina l  direct ion. Th is  was 

pa r t i cu l a r l y  so i n  dense vegetation. There was no evidence o f  a steady increase i n  

dung counts throughout the study, as would  be expected i f  t ransects  resu l ted  i n  

increased amounts of dung being deposited, so i t  seems safe t o  assume t ha t  i t  was 

the d is t r ibut ion,  not  the quant i ty o f  dung tha t  was al tered. 

In  order t o  ca lcu la te  animal dens i t ies  f r o m  dung counts defecat ion and decay 

ra tes  mus t  be known. Decay r a t e s  were studied in situ f o r  m o s t  of  the study 

species, and were  es t ima ted  a f t e r  a lmost  th ree  years f i e l d  experience f o r  the 

others.  Defecat ion ra tes  were  taken f r o m  the l i t e r a t u r e  and may not appl icable t o  

an imals  a t  Lope, but  u n t i l  such data are avai lable f o r  Lope there i s  no a l ternat ive 

but t o  use those f o r  o ther  s i tes .  Despite a l l  the possible sources of error,  there 

was a h igh degree o f  concordance between the e s t i m a t i o n  techniques, and by tak ing 

the average where more than one technique was possible large e r ro rs  were 

hopefu l ly  avoided (cf . ,  Kos te r  and Hart, 1988). The one except ion was  

Potamochoerus porcus, f o r  wh ich  dung counts cons is tent ly  gave es t ima tes  t ha t  

were  a f ac to r  of  10 o r  more be low those f o r  s igh t ing  frequencies. Defecat ion r a t e  

and dung decay ra tes  were  es t ima ted  f o r  t h i s  species, and may therefore have 

been incorrect .  In  addition, i t  was  noted t ha t  dung p i l es  were generally clumped, 

and o f ten  on r idge tops, which were favoured r es t i ng  places, but which were  no t '  

w e l l  represented on t ransects .  Stolba & Wood-Gush (1989) found domest ic  p igs i n  

a semi- f ree ranging s i tua t ion  d i d  not defecate randomly i n  a large exclosure. 

Therefore, biomasses ca lcu la ted f r o m  s igh t ing  and dung data are l i k e l y  t o  be 

under- est imates f o r  t h i s  species. For  elephants, dens i t ies  from s ight ing 

frequencies w e r e  cons is tent ly  60-300% higher  than dung counts (except f o r  S i t e  

3,  where no elephants were  seen from the t ransect  before logging). P re l im inary  
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data suggest tha t  elephants i n  Lope may not defecate as o f ten  as 17 t i m e s  day-1 

(SEGC, unpublished data), wh ich  m igh t  account f o r  t h i s  discrepancy. 

Logging and mammals. 

Changes i n  vegetation s t ruc tu re  and composi t ion due to logging w i l l  a f f ec t  

the ecology o f  r a i n  fo res t  w i l d l i f e  t o  some extent:  Species tha t  depend upon a food 

source t ha t  decl ines as a r esu l t  of logging are l i k e l y  t o  decrease in  density, w h i l s t  

species t ha t  can u t i l i s e  secondary vegetat ion may bene f i t .  However, Johns (1989) 

pointed out t ha t  var ia t ion i n  p r i m a t e  dens i t ies  between s i t e s  may be greater  than 

i n t r a- s i  t e  var ia t ion over t i m e  i n  response t o  logging, and suggested t ha t  long- term 

stud ies were  necessary t o  obta in  a c lea r  p ic tu re  o f  the changes that  occur a f t e r  

logging. Th i s  i s  a problem f o r  s tud ies such as t h i s  one, which a i m  t o  assess 

responses t o  logging by looking a t  several s i tes  w i t h  d i f fe ren t  h i s to r ies  of 

exp lo i ta t ion,  although Skorupa (1988) successfu l ly  used t h i s  approach i n  Kibale, 

Uganda, t o  assess the responses of r a i n  f o res t  p r imates  t o  logging. 

Johns and Skorupa (1986) rev iewed  data on the responses o f  r a i n  f o res t  

p r imates  t o  habi ta t  disturbance and found a t rend f o r  decreased dens i ty  of  la rge 

bodied f rug ivorous species i n  disturbed hab i ta ts .  The present study was  the f i r s t  

detai led invest igat ion o f  the e f f ec t s  o f  logging i n  the f o res t s  o f  Central  Af r ica,  but  

r esu l t s  of several  o ther  studies include species represented i n  the Lopé mammal ian 

community.  Skorupa (1988) studied a community o f  seven diurnal  p r imates  and 

found tha t  f i ve  (including Pan troglodytes and Cercocebus albigena) showed 

s t a t i s t i c a l l y  s i gn i f i can t  decl ines i n  numbers a f t e r  heavy logging (>50% and >40% 

removal o f  basal area and canopy cover respect ive ly) ,  one species increased, and 

one showed no s t a t i s t i c a l  change. Only one species (Cercopithecus l’hoesti) 

showed a s i gn i f i can t  decl ine i n  response t o  l i g h t  logging (>25% and >20% l oss  of  

basal area and canopy cover respect ive ly) .  McKey ( c i t ed  i n  Oates 1977) repor ted 

decreased numbers o f  Colobus satanus i n  logged forest ,  and suggested that t h i s  

was  because ra re  t rees whose seeds were impor tan t  i n  the d i e t  became even ra re r  

a f t e r  logging. Tutin & Fernandez (1983) conducted a na t ionw ide  census o f  Pan i. 

troglodytes and 6orilla g. gorilla i n  Gabon and repor ted decreased dens i t ies  o f  P 

i. troglodytes i n  logged forest ,  pa r t i cu l a r l y  areas t h a t  had recen t l y  (<2 years) 

been exploi ted. G. g gorilla densi t ies  were l o w e r  i n  recent ly  logged forest ,  but  
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showed l i t t l e  d i f ference i n  areas logged more than t w o  years prev ious ly .  Barnes 

et al. (unpublished manuscr ipt)  conducted elephant dung counts in logged and 

unlogged f o res t s  i n  Gabon and found no di f ferences i n  density, although Ol iv ier  

( 1  978) found dens i t ies  o f  the Asian elephant, Elephas maximus, i n  logged ra i n  

f o res t  i n  Malaya t o  be double those i n  undisturbed areas. 

In  order t o  assess s t a t i s t i ca l  d i f ferences i n  animal density between 

d i f f e ren t  areas o f  r a i n  fo res t  (or  tempora l ly  i n  the same area) sampl ing reso lu t ion  

m u s t  be a t  l eas t  equal t o  the d i f ferences t ha t  occur (c.f., Anon. 1981). The 

reso lu t ion i s  dependent on the coe f f i c i en t  of var ia t ion of  encounter ra tes  and upon 

the sample s ize (number o f  censuses conducted). Skorupa 11988) obtained an 

average reso lu t ion  o f  ±45% i n  Kibale f o r  25-27 census repe t i t i ons .  P r imate  

biomass i n  Lopé w a s  about 10-20% of  tha t  i n  Kibale (c f .  Struhsaker, 1975) and 18 

- 4 3  censuses were undertaken in  the d i f f e ren t  s i tes .  Resolut ion was best  f o r  C. 

nictitans i n  s i t e  4, f o r  wh ich  a 31% di f ference i n  mean encounter r a t e  ind icated a 

s t a t i s t i c a l  d i f ference, but f o r  o ther  species reso lu t ion  was  o f ten  above 100%, due 

t o  low encounter r a t es  and high numbers o f  censuses when no groups were  sighted. 

Resolution f o r  dung counts could not be calculated. Th i s  l o w  sens i t i v i t y  t o  

d i f fe rences  was unavoidable, s ince f o r  some o f  the p r imate  species over 200 

censuses would  have been necessary i n  each s i t e  t o  achieve a reso lu t ion  o f  50%, 

and over 800 f o r  25% r eso l u t i on  (c f .  Anon., 1981 ; Janson & Terborgh, 1980; 

Skorupa 1987). Despite this,  d i f ferences i n  encounter ra tes  (and hence dens i t ies)  

were  detected f o r  m o s t  species between a t  l eas t  t w o  s i tes .  However, i t  should be 

noted tha t  due t o  low sampling resolution, s ign i f i can t  di f ferences between s i tes  

(and/or  a f t e r  logging) would  not  have been detected s t a t i s t i c a l l y .  

The only species whose density was found t o  d i f f e r  s ign i f i can t l y  d i rec t l y  

a f t e r  logging was  P troglodytes In  s i t e  3 average nest  group counts a f t e r  logging 

were  s t a t i s t i c a l l y  l o w e r  than the average before logg ing (a t  22% of the pre- 

logging f igure),  and both s ight ing frequency and dung counts indicated a decline in 

numbers. S i t e  2, wh ich  was  adjacent t o  S i t e  3, had been logged three years before 

the s t a r t  o f  t h i s  study and had the l o w e s t  nest encounter ra te  of a l l  the s i tes.  O f  

48 nests  encountered i n  15 nest groups, only 7 (4 nes t  groups) were w i t h i n  the 

area tha t  had been exp lo i ted systemat ica l ly .  Dens i t ies  i n  f o res t  logged 10- 15 

years previously (S i te  4) were s t a t i s t i c a l l y  h igher  than i n  S i t e  2, and since S i t e  4 

was  i n  a s i m i l a r  f o res t  type i t  i s  perhaps safe t o  assume t h a t  dens i t ies  were  

beginning t o  recover  a f t e r  t h i s  period, wh ich  would  be cons is tent  w i t h  the f ind ings 
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of  Tu t i n  & Fernandez (1983).  Dens i t ies  i n  S i t e  1 were s i gn i f i can t l y  higher than in  

C i tes  2 and 3a ( a f t e r  logging), but as i t  was i n  a d i f fe ren t  fo res t  type d i rec t  

comparisons can only be made w i t h  caution. In  S i t e  5, the unlogged control ,  

densi t ies were lower  than i n  C i t e  1 (but not  s t a t i s t i c a l l y  s ign i f icant ) .  As noted i n  

Chapter 2, logging operat ions had approached the bo t tom 1.5 k m  of t h i s  t ransect,  

and o f  66 nests  found i n  29 nest  groups, only fou r  nests  ( three groups) were found 

i n  t h i s  zone, suggesting that logging had a f fec ted  chimpanzees, even though the 

f o res t  i t s e l f  had no t  been a l te red  phys ica l ly .  Other s tud ies have found decreased 

chimpanzee dens i t ies  a f t e r  logging (Skorupa, 1987; Struhsaker, 1975 [both i n  

Kibalel; T u t i n  & Fernandez, 1983) ind ica t ing  tha t  this species i s  pa r t i cu l a r l y  

suscept ib le t o  disturbance, even though the range o f  habi ta ts  i n  wh ich  i t  occurs 

suggests t ha t  i t  should be h igh ly  adaptable (Johns & Skorupa, 1987). One 

explanat ion f o r  t h i s  m igh t  be that, un l ike gor i l las,  wh ich  adopt a more fo l ivorous 

d i e t  during per iods o f  low f r u i t  ava i lab i l i ty ,  chimpanzees t r y  t o  mainta in  the f r u i t  

content o f  t h e i r d i e t  R u t i n  et al., 1991a) and therefore,  even r e l a t i v e l y  low 

changes i n  f r u i t  product ion a t  t h i s  t ime  migh t  have a ser ious impac t  on t h e i r  

energy budgets. 

However, the immediate  response of chimpanzee densi t i e s  t o  logging 

suggested t ha t  they were  avoiding logged areas and f o res t  adjacent t o  logging 

operations. Chimpanzees l i v e  i n  communi t ies  which defend terri t o r i es  (e.g., 

Goodall, 1968), so emigrat ion away from an area t ha t  was being logged w o u l d  

b r ing  communit ies i n t o  con f l i c t .  Densi t ies i n  S i t e  3 were unusually high when th is  

study began (average nest  encounter r a t e  f o r  C i te  3 before logging corresponded t o  

a dens i ty  of about 1.5 ind iv iduals  km-2, w e l l  above t h a t  f o r  the o ther  s i tes ,  o r  t he  

average f o r  unexploi ted f o res t  i n  Gabon [Tu t in  & Fernandez, 1983]) and Figure 6.1 

may i l l u s t r a t e  an increased densi ty due t o  chimpanzees wh ich  had moved away 

f r o m  the advancing logging operat ion t o  the north.  Large exc i ted groups 

encountered a t  t h i s  t ime  migh t  have formed as a r esu l t  of  con f l i c t  between the 

displaced and resident communi t i es .  

The remaining recu l ts  i l l u s t r a t e  the problems encountered when t r y i ng  t o  

i n f e r  e f f ec t s  o f  logging f r o m  animal abundances i n  d i f f e ren t  areas. Had the study 

been based a t  SOFORGA and involved several s i t es  i n  the same f o res t  types as 

S i t es  2 and 3, the general decline i n  dens i t ies  indicated f o r  C. nictitans, C. 

pogonias and C. albigena (Table 3) between S i t e  3 before and a f t e r  logging and 

S i t e  2 migh t  have been shown t o  be s t a t i s t i c a l l y  s ign i f icant ,  as m igh t  increases i n  
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C. satanus, G. gorilla and L. africana densi t ies i n  S i t e  2.  Such resu l t s  would  not 

have been unexpected, but any d i f ferences t h a t  occur were  probably due t o  natura l  

d i f ferences in  f o res t  composit ion, not changes due t o  logging (see below).  

However, data f r o m  the o ther  s i t es  suggest that,  except f o r  P. troglodytes t he re  

was  no s imple relat ionship between logging and mammal ian biomass i n  Lope. Th is  

was  due, in  part, t o  the fact  tha t  logging was low i n t ens i t y  and the resu l t i ng  

damage was  correspondingly low (Chapter 4). In  addi t ion, the m a j o r  t i m b e r  

species, Aucoumea Klaineana, which  represented 64% of  t r ees  cut, was not  an 

impor tan t  food f o r  the animal species considered here (C. E. G. Tut in,  personal 

communication), although many o f  the lesser  commerc ia l  species were important,  

and i f  logging in tens i f i es  i n  the fu ture the p ic ture may be al tered. In  addition, 

species l i k e l y  t o  p lay a keystone r o l e  dur ing the m a j o r  dry season were n o t  

general ly selected by loggers a t  SOFORGA (Chapter 3). Milicia excelsa, the bark 

of  wh ich  i s  an impor tan t  food f o r  gor i l l as  a t  t h i s  time of year (Tu t in  et al, 

1991a),  i s  logged wherever  i t  occurs i n  Gabon (Wilks, 1990), but w a s  ra re  a t  

SOFORGA. Changes i n  reproduct ive success, and hence density, are un l i ke ly  t o  be 

detected immed ia te ly  (c f .  Struhsaker,  1976). They are l i k e l y  t o  be subtle, and 

may not  occur u n t i l  a fu tu re  ecological  bott le- neck, such as the famine repor ted by 

Foster  (1982b) on Barro  Colorado Is land. 

Comparison between Sites 

No species o ther  than the chimpanzee showed a discernible change in  densi ty 

i n  response t o  lagging disturbance, although i t  i s  l i k e l y  that the high biomass of 

buf fa lo  i n  S i t e  4 was due t o  t h e i r  penetrat ing the f o res t  along o ld  logging roads 

wh ich  connected t h i s  s i t e  t o  adjoining savanna areas (c f .  P r ins  and Reitsma, 1989; 

personal observation). The three s i t e s  where bu f fa lo  a t ta ined a biomass o f  more 

than 30kg km-2 were a l l  reasonably c lose t o  savanna areas (see Figure 1), where' 

bu f fa lo  densi t ies were h igher  than i n  the forest  (SEGC, unpublished datal .  

Densi t i e s  of Cephalophus sylvicultor which  also used savanna vegetation, were  

also elevated i n  these s i tes .  

P r imate  biomass was dominated by Colobus satanus, Cercopithecus 

nictitans Mandrillus sphinx a n d a p e s. Mandrillus sphinx w e r e  g e ne r a 1 1 y 

encountered i n  large groups wh ich  occasional ly exceeded 400 ind iv iduals  (SEGC, 
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unpublished datal, but these encounters were rare, and census data w e r e  based on 

only 10 groups and nine lone males. In  C i te  5 no groups were seen dur ing 

censuses, but  on a number o f  occasions groups were encountered when re tu rn ing  

f r o m  a census o r  when undertaking o ther  work  on the t ransect .  P re l im inary  data 

f r o m  SEGC suggest tha t  Mandrillus sphinx have l a rge  home ranges, and therefore 

d i f ferences i n  encounter r a t e  i n  a r es t r i c t ed  area are un l ike ly  t o  be meaningful  

(SEGC, unpublished data - see also Harrison, 1988b). For t h i s  species i t  m igh t  be 

sensible t o  div ide the to ta l  es t imated biomass equally between the s i x  sites, as 

apparent d i f ferences were probably due t o  inadequate sampl ing in tens i t y .  Hence, 

each s i t e  should perhaps be considered t o  have 6 1.8 kg  km-2. 

Gor i l l a  densi t ies recorded i n  t h i s  study were  comparable t o  those elsewhere 

in  the range o f  the wes te rn  l o w l a n d  sub-speci es (e.g., Carro l l ,  1988; T u t i n  & 

Fernandez, 1983) and t o  dens i t ies  o f  the eastern low land  and mountain sub-species 

(see Plumptre,  199 1 ). The feeding ecology o f  go r i l l a s  has been being s tud ied f o r  

the l a s t  e ight  years i n  Lope (e.g., T u t i n  et al., 1991a; Wi l l i amson  et al., 1990). 

Herbaceous p lants  i n  the f am i l i e s  Marantaceae and Zingiberaceae are an impor tant  

pa r t  o f  the diet ,  and some of these species play a keystone r o l e  (sensu Leighton 

and Leighton, 1983) i n  t h e i r  d ie t .  S i t es  1 and 5 were located i n  ‘Marantaceae 

forest’,  where dens i t ies  o f  these impor tan t  foods were  high (Rogers and 

Wil l iamson, 1987; Wi l l iamson, 1988 - see a lso  Chapter 2 )  and t h i s  probably 

explained the higher biomass of go r i l l a s  in  these t w o  s i tes .  In  addit ion, t rees i n  the 

genus Uapaca, which  occurred a t  unusually high dens i t ies  c lose t o  the r i v e r s  tha t  

f l o w e d  through C i t e  5, caused increased densi t ies o f  gor i l las  a t  t imes  when r i pe  

f r u i t s  were being produced. There are present ly i n su f f i c i en t  data on the feeding 

ecology o f  o ther  pr imate species censused t o  a t t e m p t  t o  explain population 

d i f ferences between s i t e s  ( c f . ,  Skorupa, 1988) but such da ta  are present ly  being 

co l lec ted  IR .  Ham, personal communicat ion) and t h i s  may be possible i n  the fu ture.  

Elephants dominated the biomass, and di f ferences i n  to ta l  biomass f o r  the 

s i t e s  were la rge ly  due t o  d i f ferences i n  elephant densi t ies.  Forest elephant 

dens i t ies  i n  Lopé change markedly throughout the year (Chapter 5), but biomasses 

repor ted here were based on a t  l eas t  17 months census data, so should not  be 

biased by these movements. Dens i t ies  were  highest i n  S i tes  1 and 5, where, as 

f o r  gor i l las,  abundant Marantaceae and Zingiberaceae were impor tan t  foods 

(Chapter 5). Elephants d id  use adjacent savanna areas, but  these d id  not  appear t o  

be a favoured habi ta t  (Chapter 5). In  S i t e  2 elephant dens i t ies  were high during 
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three months when a favoured food, the r i pe  f r u i t  o f  the emergent t ree  species 

Sacoglottis gabonensis, was  available, but dur ing the r e s t  of the year dens i t ies  

were  comparable t o  those i n  adjacent Ci te  3. 

As f o r  Mandrillus sphinx, densi t i e s  f o r  Potamochoerus porcus were  based 

on a l i m i t e d  number o f  s ight ings (and f e w  dung p i les )  and d i f ferences may again be 

due t o  i nsu f f i c i en t  sampling in tens i t y .  I t  was  noted i n  S i te  4 that encounters w i t h  

P porcus groups were pa r t i cu l a r l y  f requent when a common t r e e  species, Coula 

edulis, was  dropping r i pe  nuts wh ich  were eaten i n  large quant i t ies,  but  t h i s  d id  not 

show up i n  census data s ince audi t ions and encounters were  not  generally dur ing 

censuses. Otherwise, there were  no d i f ferences i n  overa l l  encounters between 

si tes,  and an average f igu re  of  123.4 kg km-1 f o r  each s i t e  m igh t  be more 

appropr i  a te .  

Comparisons with other areas 

Densi t ies  o f  pr imates recorded i n  t h i s  study were l o w e r  than i n  north-east 

Gabon (Gaut ier and Gautier-Hion, 1969; Gautier-Hion and Gautier, 1474; Sourd, 

1983 - summarised i n  Harr ison and Hladik, 1986) and f o r  a d i f f e ren t  study s i t e  i n  

Lope, s i t ua ted  about 5km northeast o f  S i t e  4 (Harr ison and Hladik, 1986), where 

to ta l  es t ima ted  p r i m a t e  biomass came t o  445-615 and 575- 875  kg km-2 

respect ive ly .  However, these s i t e s  were selected spec i f i ca l l y  f o r  p r imate  

studies, presumably because p r imates  were w e l l  represented, and t h i s  can lead t o  

over- est imates of representat ive p r i m a t e  abundance (Butynsk i ,  1990). Oates et 

al., ( 1  990)  rev iewed avai lable data and discussed the reasons f o r  d i f ferences i n  

p r imate  biomass f o r  s i t es  i n  A f r i ca  and elsewhere. They concluded t ha t  species 

composit ion, seasonal behaviour and s t ruc tu ra l  heterogeneity of  vegetat ion 

in te rac t  w i t h  so i l  condi t ions, o ther  elements o f  the fauna, and h is to r i ca l  fac tors  t o  

in f luence the s t ruc tu re  and funct ioning of p r imate  communit ies.  In  Africa, and 

indeed elsewhere, much o f  the va r ia t ion  i n  p r i m a t e  biomass i s  due t o  d i f ferences i n  

abundance of colobine species (Oates et al., 1990) which a t t a i n  a biomass o f  up t o  

1875-2948 kg km-2 in  Kibale, Uganda (Struhsaker, 1975). In Lopé only Colobus 

satanus occurs, and densi t ies o f  t h i s  species do not approach those at tained by 

o ther  colobines i n  some A f r i can  fo res ts  ( B o u r l i è r e  1985; Oates et al., 1990; 

Struhsaker,  1975) .  
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Butynski  ( 1  990) studied t w o  populations o f  Cercopithecus mitis i n  Kibale 

and concluded tha t  marked d i f ferences i n  population densi t ies i n  t w o  areas 10-15 

k m  apart  were  probably due t o  an unknown h i s t o r i ca l  event (such as disease), as 

one population seemed t o  be food l i m i t e d  w h i l s t  the second was wel l  below carrying 

capacity. Carrying capaci ty i t s e l f  i s  d i f f i c u l t  t o  assess because t rop ica l  r a i n  

f o res t  p lan ts  show marked seasonal changes i n  product ion (e.g., Foster, 1982a; 

Frankie et u!., 1974; Gaut ier-Hion et al., 1985a; Raemaekers et al., 1980; 

Terborgh, 1983 - see also Chapter 3)  and product ion pa t te rns  vary between years 

(e.g., T u t i n  et u!., 199 l a ;  f o r  a n  ex t reme example see Fos te r  1982b). Detai led, 

long- term communi ty  studies w i l l  have t o  be undertaken i f  explanations fo r  

observed d i f fe rences  are t o  be found. 

Elephant dens i t ies  i n  A f r i can  fo res ts  average about 0 .2- 0.4 km-2, although 

i n  some places numbers are higher (Barnes et al., unpublished manuscr ip t ;  Fay, 

1991; Merz, 1986a, 1986b; Roth et al., 1984; Short, 1983). Even a t  these 

comparat ively low dens i t ies  elephants represent a m a j o r  po r t ion  o f  the mammal ian 

biomass (Pr ins and Reitsma, 1989).  The densi ty recorded i n  S i t e  1 i s  h igher  than 

tha t  a t ta ined  i n  many savanna areas (see Douglas-Hamilton, 19721, where 

mammal ian biomass i s  general ly h igher  than f o r  r a i n  f o res t  (see below).  

Other t e r r e s t r i a l  species i n  Lope were less  abundant. Densi t ies o f  duikers 

were  low: In  nor theast  Gabon Hyemoschus aquaticus occurred a t  dens i t ies  of 7.7- 

28.0 km-2 (Dubost, 1978) and Cephalophus callipygus, C. dorsalis and C. 

monticola occurred a t  dens i t i es  o f  25, 19 and 62- 78  km-2 respec t i ve ly  (Dubost, 

19791, w e l l  above the numbers present i n  Lope. Wi l k ie  and Finn ( 1  99 11 recorded 

s i m i l a r l y  high dens i t ies  i n  I tu r i ,  Zaire, where C. mont icola and red  du ikers  

occurred a t  dens i t i es  o f  61 and 81 km-2in  mature forest ,  although Kos te r  and Hart  

( 1  988), also work ing  i n  I tu r i ,  repor ted dens i t ies  o f  1 O- 16 and 5-10 f o r  smal l  and 

large duikers respect ive ly  i n  f o r e s t  where hunt ing pressure was low. Other 

workers  i n  A f r i can  ra i n  fo res ts  have found dens i t ies  even l o w e r  than those a t  

Lopé Col l ins ,  ( c i ted  i n  Delaney and Happold, 1979) gave a f i gu re  o f  5 kg km-2 f o r  

Ghana; and Pr ins  and Rei tsma ( 1989) recorded 17 kg km-2 It i s  possible that  l o w  

densi t ies a t  Lopé were due t o  compet i t ion w i t h  elephants, wh ich  eat large 

quant i t ies  o f  f a l l en  fruit (Chapter 5 )  t ha t  m igh t  o therwise be consumed by duikers 

(cf., Feer, 1989). Elephant dens i t ies  were  l o w  i n  Dubost's s tudy s i t e  (Gautier-  

Hion et al., 1985a) and i n  I t u r i  (J. & T.  Hart, personal communication), and du iker  

biomass i n  these areas would  be equivalent t o  tha t  of elephants i n  some o f  the Lope 
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s i tes .  However, dens i t ies  quoted f o r  I t u r i  by Kos te r  and H a r t  11988) and Wi l k ie  

and Finn (1991) d i f fe r  by  a f a c t o r  o f  5-10 and no explanat ion f o r  th is  d i f fe rence 

was  o f fe red  by the  l a t t e r  authors despi te re ference t o  the  f o r m e r  work .  

Experience i n  Lopé suggests t h a t  t he  f i gu re  o f  21 days residence f o r  du iker  pe l le ts  

i n  the  dry  season used by Wi lk ie  and Finn may be an under-estimate, wh ich  would  

r e s u l t  i n  over- est imat ion o f  du iker  numbers. 

There are f e w  comparable data  f o r  t o t a l  b iomass o f  r a i n  fo res t  mammal  

communit ies.  P r ins  and Rei tsma (1989) es t ima ted  the  biomass o f  mammals 

weighing above about 5009, i n  a l ow land  r a i n  fo res t  i n  south-western Gabon, t o  be 

1050 k g  km-2, o f  wh ich  elephants and p r ima tes  made up 52 and 24% respect ive ly .  

However, t h e i r  study was  shor t- te rm and methods r e l i e d  t o  a great  ex tent  o n  

i n t u i t i o n  and extrapolat ions f r o m  other  areas, and these data should be t rea ted  as 

p re l im ina ry .  Thomas (1991) e s t i m a t e d  p r ima te  biomass in  I t u r i  a t  709.6 k g  km-2, 

w h i c h  indicates t h a t  biomass f o r  th is  s i t e  would be higher (see above). 

Terborgh ( 1983) es t ima ted  t o t a l  f rug i vo re  b iomass f o r  Cocha Cashu, Peru, 

a t  1600 k g  km-2, inc lud ing 1400 k g  km-2 f o r  mammals. P r ima tes  accounted f o r  

650 k g  km-2 (46% o f  t he  t o t a l  f o r  mammals)  and t h e  remainder  comprised: 

Marsupials (60 k g  km-2); ba ts  (75); procynoids ( 1  10); rodents (230)  and 

peccar ies (230). Comparable da ta  f o r  mammal ian f rug ivores  are avai lable f o r  t w o  

o the r  s i t e s  i n  South America:  Guatapo, Venezuela (Eisenberg et al., 1979) and 

Barro  Colorado Island, Panama (Eisenberg and Thorington, 1973). A t  Guatapo 

p r ima tes  accounted f o r  167 k g  km-2 26% o f  t he  t o t a l  o f  635 kg km-2, and the  

remainder  was  : Marsupials I62 kg km-2); procyon ids  (18); rodents (354) and 

peccar ies (34). A t  Bar ro  Colorado p r i m a t e s  made up 421 k g  km-2, 29% o f  t he  

t o t a l  of 1444 k g  km-2 and the  remainder  was:  Marsupials ( 110 kg km-2) ; 

procyonids (120); rodents (640); and peccar ies  (153). Pr ins  and Re i t sma ( 1989) 

calculated biomass est imates f r o m  densi t ies published by Balakrishnan (1984) f o r  

t r op i ca l  evergreen r a i n  f o r e s t  i n  south India, and Wi lson and Johns (1982) f o r  

mammals i n  Borneo. I n  the  Balakrishnan study area biomass came t o  1200 k g  km- 

2, o f  wh ich  77% was elephants and only 1 % pr imates,  whi ls t  i n  Borneo biomass 

came t o  2000 kg km-2 (50% pigs, 10% p r i m a t e s  and the  remainder  m o s t l y  deer). 

P lumpt re  (1991) found biomass i n  the  Parc National des Volcans i n  Rwanda 

t o  vary between 10-5 1 k g  ha-1 depending on habitat type, averaging 3 1 k g  ha-  

1(3100 k g  km-2), wh ich  i s  comparable t o  the  average f o r  t e r r e s t r i a l  mammals i n  

the Marantaceae f o r e s t  o f  S i tes  1 and 5 in Lope. Bushbuck and bu f fa lo  accounted 
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f o r  85% of the t o t a l .  Th is  area was  a mosaic o f  montane and bamboo forest ,  w i t h  

more open meadow and dense herbaceous vegetation. Biomass i n  A f r i can  savanna 

ecosystems tends t o  be s ign i f i can t l y  greater  than t ha t  i n  r a i n  f o res t s  (see Bell, 

1982; Coe et al., 1976; Owen-Smith, 1988), and biomass of l a rge  herbivores may 

exceed 20,000 kg km-2(Laws et al., 1975; Owen-Smith, 1988: f r o m  data i n  

Mwalyosi ,  1977). However, biomass i n  Lope i s  h igher  than  tha t  found i n  many 

savanna areas (cf . ,  Owen-Smith, 1988). High biomass i n  Marantaceae f o r e s t  i n  

Lopé may r e f l e c t  increased p lan t  p roduc t i v i t y  a t  ground level ,  together w i t h  the 

s t r uc tu ra l  complexi ty o f  the fo res t  vegetation. The biomass i n  S i t e  1 i s  the 

highest recorded i n  any t rop ica l  r a i n  fo res t .  

Data f r o m  t h i s  study show tha t  some areas o f  t rop ica l  ra in  f o res t  can 

support a large mammal ian biomass. I f  100- 120 kg were  added t o  biomasses f o r  

the species censused i n  t h i s  study, t o  a l l ow  f o r  those f o r  wh ich  data were not 

col lected, such as carnivores, nocturna l  p r imates  and rodents (cf . ,  Bour l ie re  

1985; Happold, 1977; Pr ins  and Reitsma, 1989) biomass i n  S i t e  1 wou ld  be about 

4900 k g  km-2. Since s i t e s  were  chosen on the basis o f  past logging reg ime and not  

because they possessed r i c h  animal faunas, r esu l t s  are l i k e l y  t o  be t r u l y  

representat ive o f  f o res t  i n  Lope (cf., Butynski, 1990). They demonstrate the 

va r iab i l i t y  tha t  ex is ts  w i t h i n  t rop ica l  r a i n  fo res t  faunas, even w i t h i n  qu i te  

loca l i sed  areas (see also Emmons, 1984) and emphasise Pr ins  and Reitsma’s 

( 1  989) statement tha t  elephants play a key r o l e  i n  the funct ion ing of A f r i can  ra i n  

f o res t s  (see also Kort landt,  1984; Western, 1989; Wing and Buss, 1970). I f  the 

cont r ibut ion o f  elephants i s  subtracted, biomass i n  Lopé would be s i m i l a r  to tha t  i n  

South America (cf., Eisenberg and Thorington, 1973; Eisenberg et al., 1979; 

Terborgh, 1983) suggesting that no species was able t o  f i l l  the niche l e f t  a f t e r  the 

ex t i nc t i on  there o f  the  Pleistocene megafauna (cf. Janzen and Martin, 1982). 

Some o f  the i n t e r - s i t e  va r i ab i l i t y  described here could be explained by 

d i f ferences i n  f o res t  s t ruc tu re  and composit ion, o r  logging h is to ry ,  but  many 

quest ions remain.  Before reasons f o r  d i f ferences between areas can be understood 

there i s  a need f o r  more long- term community leve l  studies, and f u r t h e r  es t ima tes  

o f  animal biomass i n  t rop ica l  r a i n  fo res ts  around the wor ld .  Such s tud ies should be 

considered a p r i o r i t y  consider ing the current  background o f  habi ta t  loss, as the 

surv iva l  o f  many r a i n  f o res t  species may depend upon our being ab le  t o  manipulate 

the carry ing capac i ty  o f  l i m i t e d  protected areas i n  the near fu ture.  
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