
Chapter 3 

Patterns o f  f r u i t  production. 

Introduction. 

Trop ica l  fo res ts  are seasonal habitats exh ib i t i ng  complex rhy thms o f  p lant  

p roduc t ion  (see Sabatier,  1985). Phenology o f  f lower ing ,  f r u i t i n g  and l e a f  

product ion i n  t rop i ca l  f o res t s  has been studied us ing th ree  general techniques: 

d i r e c t  observat ion o f  the respec t ive  p lant  p a r t s  in situ, assigning a score t o  

represent  the s t reng th  o f  p roduc t ion  (e.g., Lieberman, 1982; Medway, 1972; 

Raemaekers si' al, 1980; Wheelwr ight ,  1985); mon i to r i ng  of  the number o f  p lan ts  

producing f r u i t  i n  any one month (e.g., Gautier-Hion et al, 1985a;  Le igh ton  & 

Leighton, 1983); o r  by co l l ec t i ng  fa l l en  p lan t  pa r t s  i n  t raps  and count ing and/or  

weighing sor ted  samples on a regu lar  basis (e.g., Foster,  1982a; Hladik, 1978; 

Smythe, 1970; Terborgh, 1983).  Chapman si' al. ( i n  press[a])  r ev iewed  methods 

used in  d i f f e ren t  s tud ies  t o  assess f r u i t  abundance in  t rop ica l  fo res ts .  A l l  s tud ies  

have revealed seasonal f l uc tua t i ons  i n  g row th  and product ion.  

Frugivores are the  dominant group of ver tebra tes  i n  t rop i ca l  f o r e s t s  

(Emmons si' al., 1983; F leming  et al., 1987; Gaut ier-Hion et al., 1980, 1985b; 

Terborgh, 1983, 1986; W i l l i s ,  1980). I n  Gabon, 53% o f  mamma ls  are p r i m a r y  

consumers, and f ru i t  and seeds are the s tap le  d i e t  o f  85% o f  these species 

(Gautier-Hion si' al., 1985b). Close t o  makokou, nor theas t  Gabon, seven o u t  o f  

eleven ruminants  (Dubost, 1984), e igh t  out of  n ine s q u i r r e l s  (Emmons, 1980) and 

13 diurnal  p r i m a t e s  (Hladik, 1973, Gautier-Hion, 1978; T u t i n  & Fernandez, 1985) 

r e l y  p r i nc ipa l l y  on f r u i t  foods. There fore  i t  i s  p a r t i c u l a r l y  i n te res t i ng  t o  study 

pa t te rns  o f  f r u i t  product ion.  F r u i t  a v a i l a b i l i t y  has been shown t o  vary g rea t ly  

over  the course of  the year i n  a l l  m a j o r  b locks o f  r a i n  fo res t :  Southeast Asia, 

(e.g., Le igh ton  & Leighton, 1983; Medway, 1972; Raemaekers e t  al, 1980); South 

and Cent ra l  Amer ica,  (e.g., Foster ,  1982a;  Terborgh, 1983); and A f r i c a ,  (e.g., 

Gautier-Hion e t  al, 1985a; Lieberman, 1982; Alexandre, 1980). In  addi t ion,  long-  

t e r m  s tud ies  have demonstrated s ign i f i can t  d i f ferences i n  f r u i t  ava i l ab i l i t y  

between years i n  the  same s i t e  (Foster, 1982b; Leighton & Leighton, 1983, T u t i n  

si al., 1991a) .  Fos ter  Il 982b) demonstrated tha t  f a i l u r e  o f  f r u i t  crops, perhaps 

as a resu l t  o f  unusual weather  condit ions, can r e s u l t  i n  condi t ions o f  famine  fo r  
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f rug ivores  on Barro Colorado Island, Panama. 

Community s tud ies  have shown tha t  f rug ivorous  species respond t o  per iods 

of  f r u i t  s c a r c i t y  by sw i t ches  i n  the d i e t  and/or  changes i n  ranging pa t te rns  

(Leighton & Leighton, 1983, Terborgh, 1983). During these per iods  o f  scarc i ty ,  

p lan t  species wh i ch  do produce f r u i t  become disproport ionate ly  impor tan t  i n  the  

d i e t  o f  f rugivores.  Species w h i c h  provide a dependable resource dur ing these 

t i m e s  have been te rmed "keystone mu tua l i s t s"  (Gi lber t ,  1980). Keystone f r u i t  

producers p lay  a v i t a l  r o l e  i n  the  feeding ecology o f  r a i n  f o r e s t  f rugivores,  bu t  

species f u l f i l l i n g  t h i s  r o l e  vary between areas and f o r  d i f f e ren t  animal species 

(Gautier-Hion & Michaloud, 1989; Leighton & Leighton, 1983, Terborgh, 1986; 

T u t i n  et al., 1991a). T h i s  has ser ious imp l i ca t i ons  f o r  the management of  t r op i ca l  

f o res t s  (Leighton & Leighton, 1983). Most t r o p i c a l  r a i n  f o r e s t s  are l i k e l y  t o  have 

been commerc ia l l y  logged w i t h i n  the  nex t  25 years (Johns & Skorupa, 1987). I f  

logging r e s u l t s  i n  d isproport ionate damage t o  keystone plants, the e f f e c t s  on 

w i l d l i f e  may be severe, even where leve ls  of  damage are l o w  (Leighton & 

Leighton, 1983). I n  coastal Congo, f o res t  exp lo i t a t i on  i s  a t  l o w  i n tens i t y ,  but 

concentrates on Staudtia gabonensis (Dowse t t- Lemaire,  1991), a keystone 

species i n  n o r t h w e s t  Gabon (Gautier-Hion & Michaloud, 1989). 

It i s  therefore impor tan t  t h a t  keystone p lan t  species be i den t i f i ed  i n  as 

many f o r e s t  areas as possible. I n  addit ion, more  data on the rhy thms  o f  product ion 

i n  t rop ica l  f o res t s  are necessary i f  the  underlying mechanisms con t ro l l i ng  these 

pa t te rns  are t o  be iso la ted .  T h i s  s tudy was  undertaken t o  i nves t i ga te  seasonal 

pa t te rns  o f  f r u i t  ava i l ab i l i t y  f o r  f rugivorous mammals, and t o  i d e n t i f y  species that  

m i g h t  f u l f i l  the keystone ro le .  Pa t te rns  of f ru i t  product ion we re  monitored, f r o m  

June 1990 t o  May 1991, b y  count ing f a l l e n  f r u i t  on the f i v e  t ransects.  

Methods.  

Between June 1990 t o  May 1991 the numbers o f  f a l l e n  r i p e  and unr ipe 

f r u i t s  o f  a l l  species seen on a 1m s t r i p  along t ransec ts  we re  counted ( f o r  f r u i t s  

>1cm d iameter )  o r  es t ima ted  ( f o r  f r u i t s  <1cm d iameter )  ( c f .  Gautier-Hion et al., 

1985a). Counts we re  undertaken between the midd le  and end o f  each month  

(depending on s i te ) .  Only f r esh  f r u i t s  were  counted (i.e., f r u i t s  t h a t  were  no t  

ro t ten  o r  d r ied  up) and f r u i t s  we re  n o t  removed because they wou ld  no longer have 

been fresh, even i f  seen in  subsequent months. F r u i t s  wh i ch  had been p a r t i a l l y  
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eaten, but  were  fresh, we re  also recorded (see below). F r u i t - f a l l  measures of  

phenology we re  used because: a) o the r  wo rke rs  a t  Lopé have been co l l ec t i ng  

phenology data us ing a method invo lv ing  counts o f  f r u i t s  on p lan ts  since 1984 (see 

Wi l l iamson,  1988); b) data could be co l lec ted  dur ing dung and nes t  censuses (see 

Chapter 6); c) elephants we re  one o f  the focuses o f  the logging study, and they 

consume la rge  amounts o f  f a l l e n  f r u i t  (see Chapter 5). 

Non-parametr ic s t a t i s t i c s  (Siegel & Castel lan, 1988) were  used t o  t e s t  f o r  

seasonal and i n t e r - s i t e  d i f fe rences  i n  f r u i t  product ion, and f o r  cor re la t ions  

between f r u i t  product ion and c l i m a t i c  variables. 

Results. 

A t o t a l  o f  195 species o f  f r u i t  we re  found on t ransects,  of wh i ch  150 

species we re  recorded r i p e  and 121 unr ipe (76 species were  only recorded 

unripe). I t  was  possib le t o  i d e n t i f y  156 (80%) t o  genus and 91% t o  f a m i l y .  A t  

l eas t  44 taxonomic f a m i l i e s  we re  represented. The m a j o r i t y  (73%) o f  f r u i t s  came 

f r o m  t rees,  w h i l s t  the remainder  w e r e  f r o m  l ianes  (17%), herbs (3%), shrubs 

(1%), epiphytes (1%), c l i m b i n g  pa lms (<1%) o r  of  unknown o r i g i n  (5%).  

Each species was  assigned t a  one o f  s i x  f r u i t  categor ies on the  basis of  

morphological  and d ispersal  cha rac te r i s t i cs  (see Table 3.3 be low - c f .  Gautier-Hion 

et al, 1985a):  

1) Succulent - f r u i t s  w i t h  seed(s) embedded i n  a more o r  l ess  succulent 

f lesh .  T h i s  i s  a r e l a t i v e l y  general category f o r  f r u i t s  whose seeds are l i k e l y  t o  be 

dispersed by animals.  These f r u i t s  are general ly  drupes o r  berr ies,  but  va ry  i n  

f r u i t  and seed size, colour, and chemical compos i t ion  o f  the  f l e s h  (c f .  Rogers et al. 

1990), i n  r e l a t i o n  t o  the  animal  d ispersers they are adapted t o  ( c f .  Gautier-Hion 

et al. 1985). Come are smal l ,  b r i g h t l y  coloured and have a h igh sugar content  

when r i p e  (e.g., Antidesma laciniatum Diaspyros spp., Ganophyllum giganteum) 
These a t t r a c t  b i r d  and p r i m a t e  d ispersers  (c f .  Gautier-Hion et al, 1985). Others 

are larger, and general ly  dul l ,  w i t h  f ib rous  f l e s h  (e.g., Klainedoxa gabonensis 

Parinari excelsa Duboscia macrocarpa) and probably r e l y  upon rodents,  ungulates 

and elephants f o r  d ispersal  ( c f .  Gautier-Hion et al, 1985; see a lso Chapter 5). 

2 )  A r i l l a t e  - frui ts whose seeds are surrounded (at  l eas t  in  pa r t )  by a 

b r i g h t l y  coloured a r i l ,  general ly  w i t h  t w o  o r  more  f leshy  valves w h i c h  open when 
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ripe to reveal arillate seeds (e.g, Staudtia spp., Pycnanthus angloensis, Blighia 

welwitschii), or in which carpels ripen into follicles which split down one side, 

again revealing the seeds (e.g., Cnestis corniculata other unidentified 

Connaraceae) These fruits attract bird and primate dispersers (cf. Gautier-Hion 

et al., 1985a; Pannell & Koziol, 1987) 

3) Dehiscent - fruits which use abrupt dehiscence mechanisms to propel 

seeds away from the parent tree. The majority o f  these are Leguminosae and have 

lignified pericarps forming pods which recurve when ripe (dry) (e.g., 

Pentaclethra s p p., Paraberlinia bifoliolata, Augouardia letestui) . 

4) Fleshy pods - species with indehiscent pods in which seeds are 

surrounded b y f 1 e s h y pulp ( e. g . , Parkia bicolor, Tetrapleura tetraptera, Swartzia 

fistuloides) which often attracts elephants (Chapter 5). 

5) Wind-dispersed - species either with pods which open down one side to 

release samaras, small seeds enveloped in papery wings (e.g., Fillaeopsis 

discorphora, Piptadeniastrum africanum), dry drupes surrounded by a wing (e.g., 

Debordesia glaucescens or with a persistent calyx which acts as a membraneous 

wing (e.g., Lophira alata Marquesia excelsa) for air-borne dispersal. 

6) Others - Species which do not f i t  into any of the above categories and 

which show no apparent adaptation for dispersal, including dry drupes (e.g., 

Marathes glabra) and achenes, (some may be aimed at rodents which hoard seeds 

in underground stores, many of which are forgotten e.g., Maranthes glabra) 

Table 3.1 shows the number of species of each fruit class recorded on each 

of the five transects. There were differences in the number of species recorded 

fruiting in the five sites (see below). Table 3.2 shows that only about 15% of 

species were recorded on at least four of the five transects, with almost 50% 

present in only one site. Figure 3.1 shows the distributionof the 195 fruit species 

found on transects in each fruit category. Succulent fruit were the dominant 

class, accounting for 60.5% of all species encountered. About three-quarters of all 

species had fruits characteristic of those dispersed by animals (i.e., succulent, 

arillate or fleshy pods). 
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f r o m  the  analys is)  we re  t es ted  us ing a Friedman t w o- w a y  analys is  o f  var iance 

cor rec ted  f o r  t i e s .  There was  a s i gn i f i can t  d i f f e rence  be tween s i t e s  (P < 0.05). 

Mu l t ip le  comparisons showed s ign i f i can t  d i f ferences between s i t e  one and s i t e  

th ree  (P < 0.002) and s i t e  one and s i t e  f i v e  (P < 0.05). The number o f  species o f  

t r ees  > 10 c m  d iameter  a t  b reas t  he ight  i n  a 2.5 Ha sample along each t ransec t  

(see Chapter 2) w a s  t es ted  against  number o f  species o f  r i pe  f ru i t  and t o t a l  

number o f  f r u i t  species recorded on each t ransect ,  t o  see i f  t he  number o f  species 

de tec ted  on phenology t r ansec t s  was  cor re la ted  w i th  p l an t  d i ve r s i t y  (as measured 

by  t r e e  d ive rs i t y ) .  There w a s  a pos i t i ve  co r re l a t i on  i n  b o t h  cases be tween t r ee  

species d i v e r s i t y  and t he  number o f  f ru i t  species detected (Spearman rank- order  

co r re la t ion  coe f f i c i en t ,  r s  0.9, P < 0.05 - one ta i l ed ) .  

There was  a marked seasonal pa t t e rn  t o  f r u i t  product ion. F igures 3.2 & 3.3 

show the  number o f  species o f  r i p e  and unr ipe f ru i t  respec t i ve ly  f o r  each f ru i t  

c l ass  found on t ransec ts  each month  (data f o r  a l l  t ransec ts  lumped). The number 

o f  species producing r i p e  f r u i t  w a s  g rea tes t  i n  January, whi ls t  t he  peak f o r  unr ipe 

f ru i t  was  one month ear l i e r .  There we re  f e w e s t  species f r u i t i n g  dur ing  May- 

September, throughout  t he  m a j o r  d ry  season. Data f o r  t he  abundance o f  the 

d i f f e r e n t  f r u i t  c lasses each mon th  w e r e  compared t o  see i f  the re  were  

s t a t i s t i c a l l y  s ign i f i can t  seasonal di f ferences. A s  i s  t o  be expected from the  

f igures, there w a s  a s i gn i f i can t  d i f fe rence  i n  t he  number o f  species o f  r i p e  and 

unr ipe f r u i t  detected be tween months (Fr iedman two- way  ana lys is  o f  var iance 

cor rec ted  f o r  t ies ,  P < 0.001 i n  each case). Mu l t i p l e  compar isons f o r  r i p e  f ru i t  

showed t h a t  t he  number o f  species present  i n  January d i f f e red  s i gn i f i can t l y  f r o m  

e igh t  o f  t he  o the r  months (i.e., January had s i gn i f i can t l y  more  f ru i t  than t he  e igh t  

months  w i th  l o w e s t  numbers o f  f r u i t i n g  species, as i l l u s t r a t e d  i n  f i gu re  3.2), 

February f r o m  f o u r  months,  March f r o m  three, November and December f r o m  t w o  

and September f r o m  one (P < 0.05, t w o  ta i led) .  A s i m i l a r  pa t t e rn  was  observed 

f o r  un r i pe  fruits, w i th  November, December, January and March being 

s i g n i f i c a n t l y  d i f f e r e n t  (higher) than four,  f ive,  f i v e  and th ree  months respec t i ve ly .  

The t o t a l  number o f  r i p e  and unr ipe f r u i t s  counted on each t ransec t  each 

month  was  tes ted  f o r  d i f fe rences  i n  overa l l  p roduc t i v i t y  be tween s i t e s  (Friedman 

two- way  ana lys is  o f  va r iance  co r rec ted  f o r  t ies ,  NS f o r  r i p e  f r u i t ,  P < 0.01 f o r  

unr ipe f r u i t ) .  Therefore, abundance o f  r i p e  f r u i t  d id  no t  d i f f e r  s i gn i f i can t l y  

be tween s i tes,  bu t  f o r  unr ipe f r u i t  the re  was a d i f fe rence  - s i t e  f o u r  d i f f e red  

s i gn i f i can t l y  from s i t e s  one and th ree  ( P < 0.05). I f  s i t e  f ou r  was  excluded from 
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the  analys is  f o r  unripe f r u i t  there was no s ign i f i can t  d i f fe rence between the 

remain ing  f o u r  s i tes,  so data from s i t e  f ou r  was not used when t e s t i n g  f o r  i n t e r -  

month ly  va r i a t i on  i n  unr ipe fruit  product ion (below). 

Figures 3 . 4 &  3.5 show the  average numbers o f  r i p e  and unr ipe  f r u i t s  

respec t i ve l y  of  each f r u i t  c lass  counted each month  (data fo r  a l l  t ransec ts  pooled). 

These show t h a t  the seasonal pa t te rn  of  fruit product ion i s  s i m i l a r  t o  t h a t  f o r  the  

number of  species f ru i t i ng ,  but  the  peaks i n  product ion we re  more marked. Again 

there  were  s ign i f i can t  d i f f e rences  i n  ava i l ab i l i t y  o f  a l l  r i p e  (P < 0.001) and unr ipe 

f r u i t  (P  < 0.05, on ly  f o u r  s i t e s  tes ted)  between months, w i t h  January and 

February respec t ive ly  showing the  grea tes t  number o f  s t a t i s t i c a l  d i f fe rences  from 

o the r  months .  

Data f o r  a l l  species encountered on t ransec ts  are summar ised i n  Table 3.3. 

Species encountered r i p e  i n  June ( the f i r s t  month  f o r  wh i ch  there  were  data) are 

l i s t e d  f i r s t ,  then July,  and so on. Figure 3 .6  shows t h a t  75% of species produced 

f r u i t  dur ing th ree  months o r  less, and Table 3 . 4  l i s t s  those species whose f r u i t i n g  

per iod  extended over  a t  l eas t  4 months. O f  7 7  species recorded r i p e  i n  a t  l e a s t  

t w o  study areas, 7 1  (92%) f r u i t e d  i n  the  same, o r  successive months  i n  the  

d i f f e ren t  s i  tes. 

Of 3 7  species found producing r i p e  f r u i t  i n  the  m a j o r  dry season (June, 

Ju ly ,  August - see Table 3.3) 21 were  only recorded i n  one month  on one of  t h e  

t ransects.  Table 3.5 l i s t s  the  16 species present i n  a t  l eas t  t w o  sites, o r  dur ing a t  

l eas t  t w o  o f  the  th ree  dry season months. Cissus dinklagei i s  a y e l l o w  drupe 

about 2cm long when r ipe ,  w i t h  a sugary mesocarp. Other species had f a t t y  a r i l s  

o r  drupes w i t h  h igh  crude l i p i d  content (Elaeis guineensis) (c f . ,  Rogers et al. , 

1990) o r  w e r e  la rge  f r u i t s ,  general ly  w i t h  large, wel l  p ro tec ted  seeds. A l l  these 

species except Coelocaryon preussi and Cissus dinklagei were  recorded producing 

r i p e  f r u i t  dur ing a t  l eas t  f ou r  months of  the study.  
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Discussion. 

F r u i t - f a l l  measures o f  phenology employed i n  t h i s  s tudy have been used 

e lsewhere i n  Gabon (Feer, 1989; Gautier-Hion et al., 1985a) and may be 

considered as a mod i f i ca t i on  o f  the f ru i t  t r ap  method used commonly i n  South 

Amer i ca  (e.g., Foster ,  1982a; Smythe, 1970; Terborgh, 1983). T h i s  method has 

the l i m i t a t i o n  t h a t  i t  r e l i e s  on f r u i t  f a l l i n g  f r om the canopy. F r u i t  f a l l  may be 

natural ,  o r  a r e s u l t  o f  arboreal an imals feeding ac t i v i t i es ,  and f ru i t  consumed i n  

t he  canopy w i l l  obv ious ly  no t  be recorded (Chapman et al., i n  press[a ] ;  Terborgh,  

1983). T h i s  w i l l  have l e d  t o  an under- representat ion o f  f ru i t s  t h a t  a re  consumed 

b y  ver tebrates.  Counting f r esh  fruit  remains  w i l l  have compensated somewhat  f o r  

this, as many ver tebra te  f rug ivores  i n  Gabon drop p a r t  o f  t he  f r u i t s  they feed upon 

(Gautier-Hion et al., 1985a; personal observation). Fo r  some spec ies  i t  i s  

d i f f i c u l t  t o  assess fruit numbers on t he  t r e e  since they  are concealed amongst 
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fo l iage (e.g., f r u i t  counts on Ganophyllum giganteum a t  SEGC underest imated f r u i t  

c rop  by a f a c t o r  o f  10, compared t o  counts of  f r u i t  remains  on the  f l o o r  - B. 

Voysey & K .  McDonald, unpubl ished data). Sampling i n  t h i s  s tudy was  o f  l o w  

i n t e n s i t y  ( i n  t e r m s  o f  area censusedl and was  only conducted once month ly ,  so was  

un l i ke l y  t o  provide good quan t i t a t i ve  data f o r  ra re  species. Fresh f r u i t s  t h a t  are 

f e d  upon by t e r r e s t r i a l  an ima ls  may have been removed before  they we re  counted 

(wh i ch  i s  no t  a problem w i t h  conventional f r u i t  t r aps  - Foster, 1982a) so the  

method may have underest imated a v a i l a b i l i t y  o f  favoured species, espec ia l l y  i f  

they were  ra re .  Chapman et al. ( i n  press[a]) found f r u i t - f a l l  t r aps  gave d i f f e r e n t  

r e s u l t s  t o  methods wh ich  recorded f r u i t  in situ However, they  based t h i s  

conclus ion on t raps  w i t h  a combined sur face  area of  24m2, w h i l s t  5000m2 w e r e  

mon i to red  on t ransec ts  i n  t h i s  study. 

Since counts were  undertaken only once-monthly, and only f r u i t  t ha t  was  

not  r o t t e n  o r  dry was  counted, some species w i t h  shor t  h igh ly  synchronised 

f r u i t i n g  pa t te rns  were  no t  recorded r ipe, even though they we re  r e l a t i v e l y  

common and unr ipe fruits were  seen (e.g., the en t i r e  f r u i t  crop o f  Ganophyllum 

giganteum, a common la rge  t ree  i n  t w o  s i tes ,  r ipened and disappeared between the 

December and January samples). The length  o f  time f r u i t s  remained f resh  (i.e., i n  

a s ta te  i n  wh i ch  they wou ld  be counted i f  seen on the  t ransect  - 'residence time') 

was  not  moni tored,  bu t  any f r u i t  considered un l i ke l y  t o  change i n  appearance (e.g., 

dry achenes) were  removed, so i t  i s  un l i ke ly  t ha t  a f r u i t  wou ld  have been counted 

i n  successive months. Wi thout  residence data i t  i s  no t  possible t o  es t imate  the  

t o t a l  p r o d u c t i v i t y  as have o ther  wo rke rs  (Foster, 1982a; Smythe, 1970;  

Terborgh, 1983) ,  and i t  i s  poss ib le  t ha t  residence t i m e  var ied be tween months, as 

i s  the  case f o r  dung deposi ts  (see Chapter 6). However, the  t o t a l  number o f  f r u i t s  

i n  each c lass  counted pe r  month  can be considered as a rough index o f  p roduct iv i ty ,  

al though i t  wou ld  have been b e t t e r  t o  have measured the we igh t  o f  f a l l e n  f r u i t ,  as 

this would dampen the e f f e c t  o f  some species producing large numbers o f  sma l l  

f r u  i t s ( e. g , , Centroplacus glaucinas, Macaranga s p p . ). 

The la rge  number o f  species found on t ransects,  and the low over lap o f  

species found f r u i t i n g  on the f i v e  t ransects (Table 3.2) r e f l e c t s  the  h igh p lan t  

species d i v e r s i t y  of  t r o p i c a l  r a i n  f o r e s t  a t  Lope. J u s t  o v e r  60% of  species of  

f r u i t  were  succulent  and a lmost  13% were  a r i l l a t e .  These f r u i t  types general ly  

r e l y  upon mammals and b i rds  f o r  d ispersal  (Gautier-Hion et al., 1985a; Pannell  & 

Koziol,  1987) ,  suggest ing tha t  animals disperse about three- quarters o f  a l l  p lan t  
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species i n  t h e  f o r e s t  a t  Lope ( f l e shy  pods a lso  r e l y  upon an ima l  d ispersers ) .  Other 

spec ies w e r e  d ispersed by  exp los ive  dehiscence ( 1  1%)  o r  by t he  w i n d  (9%). T h i s  

agrees c l ose l y  w i th  o t h e r  da ta  co l l e c t ed  a t  Lope, whe re  W i l l i amson  (1988) found 

t h a t  74% o f  f ru i t s  w e r e  adapted f o r  d ispersa l  by an imals ,  19% w e r e  w i n d  

d ispersed  and 8% w e r e  dehiscent .  O ther  s tud ies  show t h a t  s t r ong  r e l i ance  upon 

an ima l  d i spe rse r s  i s  c h a r a c t e r i s t i c  o f  t r o p i c a l  r a i n  f o r e s t s :  A lexandre ( 1  980) 

found t h a t  76% o f  p l a n t s  i n  t h e  T a i  f o res t ,  I vo r y  Coast,  r e l i e d  upon an ima l  

d i spe rse r s  w h i l s t  18 and 6% r e s p e c t i v e l y  r e l i e d  On w i n d  and auto- dispersa l ;  

Fos te r  ( 1982a )  found t h a t  72% o f  f r u i t s  on Bar ro  Colorado Is land  w e r e  an ima l  

dispersed, whi ls t  25% r e l i e d  upon t h e  wind, 2% w e r e  deh iscen t  and f a r  1 %  t h e  

d ispersa l  mechan ism cou ld  n o t  be determined;  i n  Guyana Saba t ie r  ( 1  985) found 

83.4% r e l i e d  upon an ima l s  w i t h  6.8, 4.9 and 4.9% dependent on wind, auto-  

d ispersa l  and 'o ther '  means respec t i ve ly ;  Raemaekers et' al ( 1  980) found t h a t  a t  

l e a s t  73% o f  spec ies i n  Kuala Lompat,  Pen insu la r  Malaysia, w e r e  d ispersed  by 

animals;  and Frank ie  et al (1974) found over  90% o f  f ru i t  i n  Cos ta  R ica  w e r e  

f leshy,  and hence probably  an ima l  d ispersed.  

The number  o f  species o f  f ru i t  found i n  t he  f i v e  s tudy  s i t e s  was, as m i g h t  be 

expected, p ropor t iona l  t o  t h e  p l a n t  d i v e r s i t y  as measured  by t h e  d i v e r s i t y  o f  

t r e e s  > 10 cm dbh, b u t  t he re  w a s  no s t a t i s t i c a l  d i f fe rence  i n  t he  t o t a l  number  o f  

r i p e  f ru i t s  found on the f i v e  t r ansec t s .  T o t a l  numbers o f  un r ipe  f r u i t  unexpected ly  

showed a s t a t i s t i c a l  d i f f e rence  be tween  s i tes ,  due t o  cons is ten t l y  h i gh  counts along 

t r ansec t  fou r .  Data f o r  un r ipe  f ru i t  might be expected t o  show some anomal ies 

when  f r u i t - f a l l  mon i t o r i ng  i s  chosen as t he  method for  data  c o l l e c t i o n ,  s ince these 

f ru i ts  m u s t  have e i t h e r  abor ted  (and abscissed) o r  have been phys i ca l l y  displaced, 

w h i l s t  many r i p e  f r u i t s  w i l l  f a l l  na tu ra l l y  once r i pe .  

F r u i t  p roduc t ion  p a t t e r n s  w e r e  obv ious ly  r e l a t e d  t o  c l i m a t e  a t  Lopé, b u t  no 

s i m p l e  co r re l a t i ons  w e r e  de tec ted  be tween f r u i t  a v a i l a b i l i t y  and any of t h e  

env i ronmenta l  va r iab les  measured in this s tudy .  The p o s i t i v e  co r re l a t i ons  o f  f ru i t  

p roduc t ion  and d i v e r s i t y  w i th  i n s o l a t i o n  da ta  f r o m  t h ree  wea the r  s t a t i ons  i n  Gabon 

suggest t h a t  t h i s  may  w e l l  be an impo r t an t  f ac to r .  Da ta  f r o m  no r t heas te rn  Gabon 

have s h o w n  s i m i l a r  l o w  f ru i t  p r o d u c t i v i t y  i n  t he  long  d ry  season (Feer ,  1989; 

Gaut ier- Hion et al., 1985b; Hlad ik ,  1978; Sourd  & Gau t ie r -H ion ,  1986) and  

suggest  peaks i n  f r u i t  p roduc t i on  i n  September,  November  and January-March. 

E lsewhere  i n  A f r i ca ,  L ieberman (1982)  recorded peak f r u i t i n g  o f  f l e shy  f ru i ts  in 

the w e t  season in  d r y  t r o p i c a l  f o r e s t  i n  Ghana, b u t  no ted  t h a t  d r y  f r u i t e d  spec ies 
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r ipened i n  the dry  season, and i n  I v o r y  Coact, Alexandre (1980) recorded peak 

f r u i t i n g  i n  the November-March dry season. In  t h i s  s i t e  there  was  a pos i t i ve  

co r re la t i on  be tween f r u i t  product ion and r a i n f a l l  th ree  months previously.  On 

T i w a i  Island, S ie r ra  Leone, peak f r u i t i n g  i s  i n  the  dry  season, but  m o s t  f r u i t s  are 

dehiscent (G. Dasi lva, personal communicat ion).  

E lsewhere there seems t o  be a general t rend f o r  l o w  f r u i t i n g  i n  periods o f  

l o w  ra in fa l l ,  w i t h  one o r  more  peaks o f  product ion in w e t t e r  months (e.g., Foster ,  

1982a; Terborgh, 1983)  o r  i n  m ino r  dry seasons (e.g., Frankie et al., 1974), 

although indiv idual  species o r  f r u i t  c lasses as a whole o f t en  vary f r o m  the  general 

communi ty  trend: w i n d  dispersed species o f ten  f r u i t  in seasons w i t h  h igh  winds 

(e.g., Foster, 1982a;  Terborgh  1983 ) ;  and dehiscent  species somet imes  r i pen  i n  

m a j o r  d ry  seasons when humid i t y  l e v e l s  f a l l  (e.g., Lieberman, 1982; G. Dasilva, 

personal communicat ion).  Lang t e r m  studies o f  phenology, envi ronmental  

variables, and means o f  seed d ispersal  are required i f  w e  are t o  understand t h e  

pa t te rns  and v a r i a b i l i t y  o f  f r u i t i n g  w i t h i n  t rop ica l  r a i n  forests.  

Succulent f r u i t s  we re  the  most abundant c lass  a t  Lopé, and so had grea tes t  

in f luence on the pa t te rn  o f  overal l  f ru i t  ava i lab i l i t y .  Figure 3.2 ind ica ted  that  

d i v e r s i t y  of r i p e  f r u i t  increased i n  August, immed ia te l y  a f t e r  the  long dry season, 

bu t  1989- 1990 w a s  a 'good' f r u i t  year (Tu t in  et al., 1991a) ,  and consequently 

there  w a s  a r e l a t i v e l y  h igh f i gu re  f o r  June 1990. Figure 3.4 showed tha t  there 

was a l a g  o f  th ree  months u n t i l  November be fore  the  numbers of succulent  f r u i t s  

on t ransec ts  increased, showing t h a t  measures o f  the number o f  species w i t h  r i pe  

f r u i t  may not a lways  be a t r u e  re f l ec t i on  of food ava i l ab i l i t y .  T h i s  may be due t o  

d i f fe rences  i n  reproduct ive s t ra teg ies  o f  species f r u i t i n g  a t  d i f f e ren t  t imes  of the  

year. Species f r u i t i n g  i n  the  w e t  season we re  genera l l y  h igh ly  synchronised, 

perhaps e i t h e r  t o  swamp seed predators  ( c f .  Janzen, 1969), o r  encourage la rge  

bodied seed dispersers t o  concentrate the i r  fo rag ing  t i m e  on those species. Some 

o f  these species occasional ly f a i l e d  t o  set f r u i t  despite f lower ing,  perhaps because 

o f  disease (e.g., Celtis tessmannii) o r  f r u i t  was  l o s t  when eaten unr ipe dur ing 

a typ ica l  per iods o f  f r u i t  s c a r c i t y  (e.g., Dialium sp. ?nov - C.  E. G. Tu t i n ,  personal 

communicat ion) .  Species f r u i t i n g  during, and sho r t l y  a f te r ,  the  major dry season 

tended t o  produce fruit over  longer periods, and ind iv idua ls  o f t en  f r u i t e d  

asynchronously (see below,), perhaps because envi ronmental  condi t ions l i m i t e d  the 

number o f  f r u i t  t ha t  could r i pen  a t  any g iven t i m e  (c f .  Gautier-Hion et al., 1985b),  

o r  t o  avoid los ing  the whole crop t o  unusual events. From f i gu re  3.4 i t  i s  c l ea r  
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t h a t  the November-March per iod i s  the mos t  favourable f o r  f rug ivores .  

A r i l l a t e  f r u i t s  seemed to be more  constant  i n  product ion than the  o the r  

classes, and the  la rge  peak i n  product ion i n  January (Figure 3.4)  was  due m o s t l y  t o  

la rge  counts o f  smal l  Centroplacus glaucinas f r u i t s .  A r i l l a t e  species general ly  

produced f r u i t s  dur ing several months, o f t en  inc lud ing  the dry season. it i s  

possible t h a t  t h i s  f r u i t  type i s  adapted to enable r ipening dur ing per iods o f  w a t e r  

s t ress  and low inso la t ion  (c f .  Faut ier-Hion et al., 1985b), s ince  t h e i r  t h i n  a r i l s  

wou ld  requ i re  l i t t l e  water ,  and they have l o w  sugar content  (Rogers et al., 1990). 

By f r u i t i n g  i n  the dry season, they would avoid compe t i t i on  f o r  animal  d ispersers 

f r o m  species w i t h  sugar- r ich f r u i t s  ( c f .  Snow, 1966). Wind dispersed f r u i t s  

began t o  r ipen i n  August, but  peaks i n  d i ve rs i t y  and numbers we re  bo th  i n  

January/February (high t o t a l  counts  we re  caused p r i n c i p a l l y  by la rge  crops o f  

Lophira alata and Desbordesia glaucescens) Dehiscent fruit species we re  equal ly  

represented from August t o  February, al though there  seemed t o  be a peak i n  

numbers i n  November. I t  m igh t  be expected tha t  these species should r i pen  i n  the 

dry  season (Lieberman, 1982; G. Dasi Iva, personal  communicat ion),  bu t  Gabon i s  

unusual i n  t ha t  hum id i t y  does no t  f a l l  dur ing t h i s  per iod (Chapter 2), so des icca t ion  

would no t  be fac i l i ta ted .  

Wi l l i amson (1988) moni to red  a sample of up t o  344 t rees  o f  83 species, 

month ly  a t  SEGC f r o m  August 1984 t o  May 1985, by sco r i ng  p lan t  p a r t s  in situ on 

a 0 - 4  scale. The sample showed peaks i n  succulent f r u i t  product ion i n  October, 

January and May and a peak i n  dry f r u i t  p roduc t ion  i n  November. Th i s  m igh t  

r e f l e c t  a d i f fe rence i n  sampling techniques ( f r u i t  on the  plant, versus f r u i t - f a l l  i n  

t h i s  study), bu t  1984-85 exh ib i ted  uncharacter is t ic  c l i m a t i c  condi t ions wh ich  

a f f e c t e d  phenology pa t te rns  (Wi l l iamson,  1988) and i t  i s  not  a good period f o r  

comparison. T u t i n  et al., (1991a) presented data on the  average number of 

species w i t h  r i p e  f r u i t  amongst a sample o f  6 0 0  indiv iduals o f  60 species (most ly  

succulent  f r u i t s  wh i ch  are consumed by apes) mon i to red  over  a f i ve- yea r  per iod a t  

SEGC f r o m  1986, wh i ch  showed tha t  f r u i t  d i v e r s i t y  increased e i t h e r  s ide of  the 

long dry  season. T h e i r  p a t t e r n  i s  s i m i l a r  t o  t h a t  f o r  succulent f r u i t  i n  Figure 5 ,  

al though number o f  f r u i t i n g  species was  equal ly  h igh f r o m  November-February. 

Species wh i ch  f r u i t e d  i n  the  m a j o r  dry season are po ten t i a l  keystone foods 

f o r  f rug ivores .  Those f o r  wh i ch  r i p e  f r u i t s  were recorded i n  several  s i t e s  dur ing  

more  than one o f  the dry  season months are more l i k e l y  t o  f u l f i l  t h i s  ro le .  Of 16 

species wh i ch  produced r i p e  f r u i t  i n  a t  l eas t  two  of  the  th ree  dry season months, 
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o r  i n  a t  l e a s t  t w o  s i t e s  du r i ng  t h e  d r y  season (Table 3.4), 14 were  extended 

f r u i t e r s .  Cissus dinklagei w a s  an except ion, as i t  w a s  on ly  recorded  in  t w o  

months, and a lso  because i t  w a s  a smal l ,  sugary drupe. However,  l e v e l s  o f  w a t e r  

so lub le  carbohydrates w e r e  l o w e r  than for  many spec ies t h a t  f r u i t  i n  t h e  w e t  

season ( c f .  Rogers et al., 1990). Other  succulent  spec ies we re  l a r g e  and f i b rous  

a n d t h r e  e o f t h e s e, Panda oleosa, Klainedoxa gabonensis, Sacoglottis gabonensis 

w e r e  adapted f o r  d ispersa l  by e lephan ts  (Chapter 5 ) .  Sacoglottis gabonensis 

f r u i t i n g  peaked in  November/December and on ly  a f e w  i nd i v i dua l s  produced f ru i t  i n  

t h e  d r y  season. 

Le igh ton  & Leighton (1 983) i d e n t i f i e d  t r e e  spec ies o f  t h e  Meliaceae and 

Myr is t icaceae,  w h i c h  exh ib i t ed  t empo ra l l y  s taggered f r u i t i n g ,  as keys tone  

resources  f o r  t e r r i t o r i a l  h o r n b i l l s  i n  per iods  o f  ove ra l l  f ru i t  s c a r c i t y  i n  a Bornean 

l o w l a n d  t r o p i c a l  r a i n  f o res t .  T rees  o f  t h e  Annonaceae w e r e  i m p o r t a n t  f o r  

p r ima tes  a t  t h i s  t ime,  and common c l imb ing  and s t rang l ing  Ficus species 

(Moraceae), showed  f r u i t i n g  asynchrony and f r equen t  c r o p  product ion,  and 

p rov ided  a r e l a t i v e l y  cont inuous supply  o f  f ru i t s  f o r  f r ug i vo res  throughout  the 

year.  Terborgh  (1986) w o r k i n g  i n  Cocha Cashu, Peru, c o n f i r m e d  t h e  v i t a l  r o l e  

p layed  by f i g s  i n  per iods  of s ca r c i t y  and found t h a t  nec ta r  f r o m  t h ree  spec ies was  

i m p o r t a n t  f o r  mos t  a rborea l  mamma ls  and b i r d s  and t h a t  p a l m  n u t s  w e r e  a l so  

i m p o r t a n t  f o r  some spec ies.  I n  no r t heas t  Gabon, Gaut ier- Hion & Michaloud (1989) 

found t h a t  f i g s  w e r e  uncommon and w e r e  n o t  i m p o r t a n t  keystone resources,  b u t  

t h a t  t w o  spec ies o f  a r i l l a t e  Myr i s t i caceae  (Coelocaryon preussi and Pycanthus 

angolensis ) a n d on e s u c c u 1 en t Ann o n a c e a e ( Polyalthia suaveolens ) w e  r e  keystone 

resources  f o r  t h e  f r ug i vo re  commun i ty  i n  t h e  long  d r y  season. 

Pycnanthus angolensis Coelocaryon preussi an d Polyalthia suaveolens all 

occur  i n  Lope, b u t  t hey  f r u i t  f r o m  August  onwards, w i t h  peak p roduc t ion  in 

September-November,  n o t  du r ing  t h e  h e i g h t  o f  t h e  d r y  season when f r u i t  

a v a i l a b i l i t y  i s  a t  a m i n i m u m  (C.E.G. Tutin, personal  communicat ion;  th is  s tudy) .  

They do n o t  t he re fo re  r ep resen t  keys tone  resources  throughout  Gabon. T h i s  . 

emphasises the f a c t  t h a t  one cannot make genera l i sa t ions  about phenology pa t t e rns  

i n  t r op i ca l  r a i n  f o r e s t  areas, even i f  t hey  a re  c lose  geographica l ly .  Those spec ies 

l i s t e d  i n  Tab le  3.5 are t h e  bes t  candidates f o r  the r o l e  o f  keystone f r u i t e r s  i n  Lope, 

and as i n  o t he r  areas, many produce a r i l l a t e  f r u i t s  ( c f . ,  Gaut ier- Hion & Michaloud, 

1989; Leighton & Leighton, 1983). T u t i n  et al. (1991a) found t h a t  t w o  o f  these  

w e r e  indeed keystone spec ies f o r  chimpanzees (Duboscia macrocarpa and Elaenis 
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guineensis) and that gorillas consumed one (Duboscia macrocarpa) in the major 

dry season, i n  addi t ion t o  vegetat ive pa r t s  o f  aquatic Marantaceae and bark of t h e  

tree, Milicia excelsa, wh ich  they ignored a t  o ther  t imes  of the year. 

there are large inter-annual d i f ferences in  f r u i t i n g  pat te rns  a t  Lope ( C .  E. G. Tut in, 

personal communication), and i t  w i l l  be necessary to undertake long- term studies 

o f  f r u i t i n g  and f rugivores t o  i den t i f y  keystone species w i t h  confidence. Further 

studies are t o  be recommended, especia l ly  i n  areas where t rop ica l  f o res ts  are t o  

be managed f o r  t imber  exploitat ion, as t h i s  may disrupt  the precarious balance 

between f r u i t  ava i lab i l i t y  and f rugivores during periods of l o w  f r u i t  production, 

especia l ly  i f  keystone resources are l i k e l y  t o  be adversely af fected.  Foster  

( 1  982b) working on Barro Colorado Island, recorded a per iod of famine when many 

f rugivorous animals died, and suggested tha t  such c r i ses  were re la t i ve l y  frequent 

i n  t h i s  area. I f  the same i s  t rue  o f  o ther  ra in  fo res t  areas, any inter ference with 

keystone resources may have disproport ionate ly large negat ive e f f e c t s  on 

ver tebrate f rug ivores  (Leighton & Leighton, 1983), and it i s  impor tan t  t ha t  these 

species are i den t i f i ed  i n  more r a i n  fo res t  areas. 

However, 
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