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RÉSUMÉ 

Le partage des ressources est  un mécanisme qui peut réduire l ' intensité de la compéti
tion interspécifique dans un cortège d ' espèces syntopiques ,  morphologiquement et éco-étho
logiquement semblables . La documentation du partage des ressources , entre quatre espèces 
d ' Anoures sympatrique s ,  a été recherchée par l ' examen du régime al imentaire (par dissec
tion stomacale) de spécimens obtenus auprès de fourn isseurs de v iande de brousse dans le 
sud-est  du Nigéria .  Pour l ' ensemble des quatres espèces ,  nous avons trouvé au total 
32  différents types de proies .  Ptychadena oxyrhynchus en a consommé 2 8 ,  contre 1 7  pour P. 
aequiplicata , 1 5  pour Bufo maculatus et 1 0  seulement pour Hoplobatrachus occipitalis . Pour 
les courbes cumulatives de diversité des trois premières espèces un plateau a été atteint ,  
montrant que l a  composit ion des régimes pouvait être considérée comme correctement éta
bl ie . Les proies communes , consommées par les quatre espèces d ' Anoures ,  étaient des For
micoidea, des Coléoptères adulte s ,  des Aranéide s ,  des Isopodes,  des Oligochètes et des Pul
monés .  Les proies communes , consommées par trois des quatre amphibiens , étaient des 
Dermaptères ,  des Hémiptère s ,  des Odonates adultes et des Orthoptères .  Les largeurs de tête 
variaient s ignificativement entre les espèces d ' Anoures ; toutefoi s ,  les deux espèces de Pty
chadena ne montraient pas de différence significative entre el les sur ce point .  Pour trois 
espèce s ,  la  l argeur de tête était s ignificativement corrélée au volume de proies dans l ' esto
mac . Le partage des ressources (en termes de types de proies) a été trouvé particulièrement 
net entre deux espèces de Ptychadena étroitement apparentées .  La divergence entre Ptycha
dena oxyrhynchus et P. aequiplicata apparut te l le  que des analyses multivariées ont placé 
chacune d ' el l e s ,  du point de vue a l imentaire , plus près de Hoplobatrachus occipitalis ou de 
Bufo maculatus que de son congénère . Une divergence si forte semblerait jouer un rôle 
majeur dans le  maintien de la  structure de ce peuplement mixte d ' Anoures .  
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SUMMARY 

Resource partitioning is  a mechanism that can reduce the intensity of inter-specifie com
petition between morphologically and eco-ethologically s imilar, syntopic species . Evidence 
for resource partitioning , between four syntopic anuran species , was investigated by examin
ing the diet ( through stomach dissection) of frogs bought from bush meat traders in  south
eastern Nigeri a .  Considering the four species together, a total of 32  different prey types were 
found . Ptychadena oxyrhynchus consumed 28 of them,  wh i le P. aequiplicata consumed 1 7 ,  
Bufo maculatus 1 5  and Hoplobatrachus occipitalis only 1 0 .  For the first three spec ies ,  the 
cumulative-diversity curves indicated that a plateau phase was reached,  i .e .  that the prey com
position could be considered reliably assessed . Common prey i tems , which were consumed by 
ali four anuran species , were : Formicoidea ,  Coleoptera adul t s ,  Araneidae , Jsopoda ,  Oligocha
eta , and Pulmonata . Common prey items , which were consumed by three of the four amphibi
ans ,  were : Dermaptera , Hemiptera , Odonata adults , and Orthoptera . Head width varied signif
icantly between species , but there was no statistical difference between the two Ptychadena 
species . Head width was significantly correlated w ith prey volume in the stomach in each of 
three species . Resource partitioning (in terms of prey types) was found to be particularly 
strong between two closely related species of Ptychadena . The divergence bewteen Pty
chadena oxyrhynchus and P. aequiplicata was such that multivariate analyses placed each one 
of them closer in feeding ecology to either Hoplobatrachus occipitalis or Bufo maculatus ,  
than to their congener. Such strong divergence i s  hypothesized to play a major role in  main
taining the structure of this mixed anuran community. 

INTRODUCTION 

Studies on the community structure of tropical frog assemblages have traditio
nally attracted much attention from scientists , and indeed there are plenty of data 
available for both Neotropical and Asio-tropical species at either the adult or larval 
stage (e .g . ,  see Heyer , 1 973 , 1 974 , 1 976 ;  Heyer & Bellin , 1 97 3 ;  Toft ,  1 976 ;  Jones ,
1 982 ;  Neckel-Oliveira et al . ,  2000 , etc) . On the other hand , mechanisms underlying 
the maintenance of community structure of Afrotropical anuran assemblages have 
received far Jess attention . The only detailed studies concern wet-savannah commu
nities from the Ivory Coast (Barbault , 1 97 2 ,  1 974a,  b, 1 976)  which , due to the qua
lity of the data collected over many years , have formed the bench-mark for amphi
bian research in tropical areas . Other Afrotropical amphibian community studies 
have been conducted in Kenya (Bowker & Bowker , 1 979) , and general surveys are
available for sorne West African savanna anurans (Rodel , 1 999) and for amphi bians 
from the Mount Nimba area of Guinea,  Ivory Coast and Liberia (see Lamotte , 1 99 8 ,  
and references therein) . Data o n  anuran community ecology in the lowland rainfo
rest areas of West Africa are especially l imited , and general ly only take the form of 
preliminary l ists of species . Southern Nigeria has been particularly neglected and ,  
apart from a few taxonomie studies (e .g . ,  Schiotz , 1 963)  and sorne s imple species 
lists (Romer , 1 95 3 ;  Reid et al. , 1 990) , nothing i s  known on the ecology and struc
ture of the amphibian communities there ; whereas data are available for the reptiles 
of the region (e .g . ,  Luiselli et al., 1 99 8 ,  1 999 ;  Akani et a l . ,  1 999) . 

In thi s  paper , we present a detailed study on the di et composition of four sym
patric frog species at a marsh area of south-eastern Nigeria ,  situated inside the con
tinuous Guinea-Congo rainforest zone . Our aims are to reveal any patterns of 
resource partitioning , which could play a major role in maintaining the structure of 
thi s  community , particularly because of the presence of two syntopic , close) y rela
ted , morphologically and behaviourally s imilar species of Ptychadena that are 
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potentially in strong competition with each other . lndeed , in a study system like our 
own,  one might expect resource partitioning because it is a mechanism that reduces
the intensity of inter- specifie competition and it should occur whenever severa! 
morphologically and eco-ethologically similar species are syntopic , except , 
perhaps ,  when resources are abundant (e .g . ,  see Barbault ,  1 98 1 ;  Pianka, 1 986 ,  and 
references therein) .  

MATERIAL AND METHODS 

THE SPECIES 

Four species of anurans were found at the study area: three were Ranidae , i .e .  
Ptychadena oxyrhynchus (Smith , 1 849) , Ptychadena aequiplicata (Werner, 1 898) , 
Hoplobatrachus ( =  Dicroglossus) occipitalis (Günther , 1 85 8 ) ,  and one was Bufo
nidae , i .e .  Bufo maculatus (Hallowel l ,  1 954) . Ptychadena oxyrhynchus is  wides
pread in tropical Africa and is common in south-eastern Nigeria and Cameroon . 
This species occupies a diverse range of habitats , including forests (Sanderson , 
1 93 6 ;  Guibé & Lamotte , 1 99 8 ) ,  farmbush (Amiet , 1 986) , savannas (Schiotz , 1 963 ,
1 964;  Amiet , 1 986) and forest clearings (Schiotz , 1 964; Lawson , 1 993) . Although 
it is  a highly aquatic frog , its tremendous jumping ability has enabled it to extend 
its range beyond the forest sites to the grassy borders of the forest and even to the 
wide wet sa vannas (Lamotte , 1 998) . Ptychadena aequiplicata , on the other hand , is 
more commonly associated with forested areas (Lamotte , 1 998) ;  it has been recor
ded in the Nigeria-Cameroon region , most notably in closed canopy forests 
(Schiotz , 1 964 ; Perret , 1 966 ;  Lawson , 1 993)  but also in cultivated areas (Sander
son , 1 936) . Hoplobatrachus occipitalis is a large , highly aquatic ranid frog ,  with a 
wide distribution across  west Africa ,  occurring in wet savannas (Lamotte , 1 998 ; 
Rode! , 1 999) , forests , cultivated areas and around human settlements (Sanderson , 
1 93 6) ;  it has also been reported in the very dense forests of south-eastern Nigeria 
(e .g . ,  in Elem-Sangama,  eastern Niger Delta , and in Okwangwo , Cross River Natio
nal Park ; Akani & Luisel l i , unpub1ished data) . The single bufonid species ,  Bufo 
maculatus, is  strictly terrestrial , and is found in forests (Perret , 1 966) , farmbush , 
derived savannas (Amiet , 1 986)  and around villages and roads (Lawson , 1 993) ; it 
is certainly the most common anuran in the south-eastern Nigeria region (Akani et 
a l . ,  unpublished data) . 

STUDY AREA 

The field study was carried out during the wet season of the year 200 1 , at a 
swampy area situated halfway between the towns of Uyo and Ikot-Ekpene (Akwa
lbom State) , in south-eastern Nigeria .  The study area was a permanent marsh , at the 
border between a secondary forest patch and extensive farmland . 
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METHODS 

Ail frogs examined in this study were bought from local fishermen when offe
red for sale in bush-meat markets . They were thus already dead at the time of exa
mination and our study did not require any useless kill ing or inj uring of any indivi
dual s .  Based on (i) interviews with local sellers , and ( i i )  persona! monitoring of the 
fishing and hunting activities of local people , we concluded that ali the frog speci
mens used for this study came from a s ingle microhabitat where they were fully 
sympatric ,  i .e .  the marsh and its vegetated borderline . Each frog was identified to 
species leve! , sexed , and dissected . After dissection , the specimens were placed in 
alcohol and stored as part of a collection at the B iodiversity Preservation Group 
(Calabar , Nigeria) . Head ( inter-tympanum) width (mm) of each specimen was 
measured as a straight line between the middle points of each tympanic membrane . 
Snout-vent-length was significantly correlated with width in ali species ( in ali 
cases , at !east r > 0 .97 , P < 0 .0000 1 ) .  Th us  we used only head width as operative
measure to correlate prey size with predator size . Frog stomachs were individually 
fixed in alcohol and given a reference number to link them to the specimens , from 
which they came . Stomachs were then taken to the laboratory , dissected , and the 
prey items were spread out into Petri dishes and examined using a dis secting 
microscope . Food items were identified to the lowest taxon possible and their 
lengths and widths were measured when feasible , using an optical micrometer.  
Later , individual food volumes were estimated with the formula for a prolate sphe
roid (Vi tt & Morato de Carva1ho , 1 992 ;  Gadsen et a l . ,  200 1 ) .

Statistical analysis was done using SPSS (version for Windows) ;  ail tests were 
two tailed and alpha was set at 5 % .  Non-parametric tests were used for non-nor
mally distributed data and both univariate and multivariate analyses were employed 
to look for differences in trophic ecology between species and between sexes 
(within species) (cf. Digby & Kempton , 1 98 7 ) .  For assessing whether taxonomie
diet compos ition of each species was rel iably assessed ( i .e .  to avoid that inter- spe
cifie comparisons may be spurious and biased by the effect of the sample s ize) , spe
cies- specific cumulative-divers ity curves were elaborated (see Magurran , 1 988 ) . 

RESULTS 

INTER-SPECIFIC COMPARISONS 

In total , we examined the stomach contents of 1 77 specimens , but 25 of these 
had empty stomachs ( 1 7  P .  oxyrhynchus , 5 P. aequiplicata and 3 B. maculatus . The 
frequency of specimens with empty stomachs was significantly greater for P. oxy
rhynchus than for P. aequiplicata or B .  maculatus Cx2 test with df = 2 ,  P < 0 .02) ;
thi s  comparison was not done with H. occipitalis , because of the small sample for 
thi s  species . There were 1 52 specimens that contained at !east one identified prey 
item, which comprised 67 (36 males , 3 1  females) P. oxyrhynchus , 50 (29 males , 
2 1  females) P .  aequiplicata , 32 ( 1 8  male s ,  1 4  females) B .  maculatus and 3 
(2 males ,  1 female) H. occipitalis . It i s  likely that the numbers of specimens exami
ned reflect the relative abondance of the four species in the field . Indeed , local peo
ple sell H. occipitalis for a much higher priee than the other three species , due to 
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their larger size and their relative scarcity (which makes them an attractive deli
cacy) . 

Considering the four species together, we fou nd a total of 32  different prey 
type categories . P .  oxyrhynchus consumed 28 out of the 32 prey types , while P. 
aequiplicata consumed 1 7 ,  B.  maculatus 15 and H. occipitalis consumed only 
1 0  different types of prey . For the first three species ,  the cumulative-diversity cur
ves indicated that a plateau phase was reached , i .e .  that the prey composition was 
reliably assessed (Fig . 1 ) .  For H. occipitalis the same analysis  was not done due to 
the too small sample examined . The frequency of consumption of the various prey 
types differed significantly from an equal sample in the four species (x2 test with
df = 3 ,  P < 0 .005 ) ,  with P. oxyrhynchus cl earl y being the most generalist of the four 
predators . A breakdown of the data into prey type categories eaten by each predator 
species is presented in Table 1 .  It shows the number of specimens of each species
of predator that was recorded having eaten each prey item . It also shows the total 
number of specimens (combining the four predator species)  in which each prey item 
was recorded . In this table , for each prey category , the data are independent , but one 
individual predator may contribute data to more than once because it ate more than 
one category of prey . The l ist  of prey categories which were not eaten by each of 
the four anuran species are presented in Table Il . Common prey items , which were 
consumed by ail four predator species ,  were : Formicoidea, Coleoptera adults , Ara
neidae , Isopoda , Oligochaeta , and Pulmonata . Common prey items , which were 
consumed by three of the four predator types ,  were : Dermaptera , Hemiptera , Odo
nata adults , and Orthoptera . If we con si der the ni ne most frequent prey types (across 
species) and apply Fisher exact tests to the proportion of stomachs containing a 
given prey type (Table III) , and we then put these nine categories into a PCA , we 
can use the scores as a di et summary . The first row axes summarise 3 3 .6 % of the 
overall variance ;  looking at the factor pattern , high scores on PCA 1 describe sto
machs tending not to contain Diptera or Formicoidea, whereas high scores on 
factor 2 mean Formicoidea and Araneidae . The resulting plot (Fig . 2) shows quite 
a nice distinction between the two species of Ptychadena and Bufo maculatus on 
factor 1 ,  and between both of these and the other one on factor 2 (the latter is not 
statistically significant) . 

The data in Table II clearly show the much wider choice of prey items consu
med by P. oxyrhynchus compared to P .  aequiplicata , even though the sample sizes 
of the two predators were s imilar (see above) . Moreover , it i s  also clear that the 
extra prey categories consumed by P. oxyrhynchus and not by P. aequiplicata are 
not an artefact of the sample examined , i .e .  not the result of one aberrant P. oxy
rhynchus individual that consumed a lot of different prey specie s .  This is shown by 
the data in parentheses in column two of the table , which indicates how many P .  
oxyrhynchus individuals were recorded a s  having eaten each prey type not consu
med by P. aequiplicata . 

B ased on the similarity in taxonomie dietary composition ( i .e . ,  proportions of 
prey types found in a given stomach) ,  a multivariate cluster analyses (Un-weighted 
Pair-Group Analys i s  based on Arithmetic Means) tree-diagram, with percent disa
greement as l inkage distances ,  demonstrated that the two species of Ptychadena are 
very different from one another des pite their similarity in size , morphology , and 
systematic position (Fig . 3) . Nonetheless , one of the two specie s ,  P. aequiplicata , 
was similar to H. occipitalis , which may be related to the fact that they are both 
highly aquatic species . The two species of Ptychadena were also classified as very 
different from each other in a PCA factorial plan (standardized V ARIMAX rotated 
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Figure 1 .  � Plot showing numbers of frog spec imens  from which stomachs were examined against  
cumulative number of prey categories ident ificd from their stomachs . Note thal a p lateau phase was 
o b t a i n e d  fo r a l i  the three spe c i e s . Graph i e  A =  Ptychadena oxyrhynchu s ;  G r ap h i e  B = P.

aequiplicata; Graphie  C = Bufo macttlatus .  
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TABLE I 

Summary of the diet composition of the four predator species at the study area . 
Numbers represent the number of predator specimens that  ate each prey type, and 

not the total number of prey items in the stomachs 

Prey Type Number of Predators Containing Each Prey Item 

Ptychadena Ptychadena Bufo Hoplobatrachus Total oxyrhynchus aequiplicata maculatus occipitalis 
INVERTEBRATES 
Oligochaeta 4 2 8 2 1 6  
Pulmonata 2 1 6 1 1 0  
Scorpiones 1 0 1 0 2 
Opilionida 3 0 3 0 6 
Lithobiidae 0 0 1 0 1 
Miriapoda 1 1 0 0 2 
Chilopoda 2 0 1 0 3 
Araneidae 4 3 4 1 1 2 
Salticidae 2 0 0 0 2 
Formicoidea 1 0  4 I l 1 26 
Apoidea 2 3 0 0 5 
Vespoidea 2 2 0 0 4 
Coleoptera (larvae) 1 2 0 0 3 
Coleoptera (adults) 9 29 9 1 48 
Collembola 1 0 0 0 1 
Dermaptera 5 4 1 0 1 0  
Diptera 1 8  4 0 0 22 
Hemiptera 5 4 1 0 1 0  
Ephemeroptera 2 0 0 0 2 
Gastropoda 1 0 0 0 1 
Gerridae 1 2 0 0 3 
Homoptera 1 0 0 0 1 
lsoptera 7 4 3 1 1 5  
Lepidoptera (adults) 3 0 0 0 3 
Lepidoptera (larvae) 1 0 1 0 2 
Odonata (adults) 8 1 0 1 1 0  
Orthoptera 4 3 1 0 8 

VERTEBRATES 
Anuran tadpoles 0 0 0 2 2 
P. oxyrhynchus 0 0 0 1 1 
Anuran eggs 0 0 0 1 1 

model) based on the similarities between species in terms of prey taxa which were 
not eaten , despite being available in the field (Fig . 4) . In this analysis , P.  aequipli
cata was classified as similar to B. maculatus, whereas the other two species were 
arranged in completely separate positions . This  is relatively surprising because B.  
maculatus i s  a ground-dwelling terrestrial species , whereas P .  aequiplicata i s  
highly aquatic (Lamotte , 1 998) . The scores of preys on factors are presented in 
Table IV . 

Computing a discriminant analysis on dietary features of the three anurans , we 
obtained two statistically significant functions (Function 1 :  eigenvalue : 0 .4 1 2 ; 
canonical correlation : 0 .5 8 6 ;  Wilk ' s  À.: 0 .9 1 9 ; x2 = 39 . 1 43 , P < 0 .0002;  Function 2 :
e igenvalue : 0 . 1 7 8 ;  canon ica l  c orre lat io n :  0 . 3 9 9 ;  Wilk s '  À. :  0 . 802 ; x2 = 1 5 . 8 2 ,
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TABLE Il 

Summary of the data on the prey categories which were NOT consumed by each 
predator type .  Numbers in parentheses in the second column indicate how many P. 
oxyrhynchus individuals were recorded as having eaten each prey type not consu
med by P. aequiplicata . Based on these numbers, it can be seen that  the extra prey 
categories consumed by P. oxyrhynchus and not by P. aequiplicata are not an arte
fact of the sample examined, i .e .  not the result  of one aberrant  P. oxyrhynchus 

individual that simply consumed a lot of different prey species 

Ptychadena Ptychadena aequiplicata did not H oplobatrachus consume • • •  (# of P. oxyrhynchus Bufo maculatus did oxyrhynchus did not individuals that ate the prey not consume ••. 
occipitalis did not 

consume . . •  item) consume • • •  

Apoidea Apoidea 

Chilopoda (2) Chilopoda 

Coleoptera l arvae Coleoptera larvae 

Collembola ( 1 )  Collembola Collembola 

Dermaptera 

Diptera Diptera 

Hemiptera Hemiptera 

Ephemeroptera (2) Ephemeroptera Ephemeroptera 

Gastropoda ( 1 )  Gastropoda Gastropoda 

Gerridae Gerridae 

Homoptera ( 1 )  Homoptera Homoptera 

Isoptera ( 1 )  J soptera 

Lepidoptera adu lts (3)  Lepidoptera adults Lepidoptera adults 

Lepidoptera larvae ( 1 )  Lepidoptera larvae 

Lithobi idae Lithobiidae (0) Lithobi idae 

Miriapoda Miriapoda 

Odonata adults 

Opilionida (3) Opil ionida 

Orthoptera 

Salticidae (2) Saltic idae Saltic idae 

Scorpiones ( 1 )  Scorpiones 

Vespoidea Vespoidea 

Anuran tadpoles Anuran tadpoles (0) Anuran tadpoles 

P. oxyrhynchus P. oxyrhynchus (O) P. oxyrhynchus 

Anuran eggs Anuran eggs (0) Anuran eggs 
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TABLE III 

Statistical details of Fisher exact test applied on the proportion of stomachs of the 
four anuran species conta ining a given prey type . This analysis is made across 

species, and a ft er ignoring the very rare food items . 

PREY TYPE 

OLIGOCHAETA 
PULMONATA 
ARANEIDAE 
ISO PO DA 
FORMICOIDEA 
COLEOPTERA 
DI PTE RA 
ODONATA 
DERMAPTERA 

4 

3 
0 

2 

x2 
1 1 .6 
1 1 .6 

1 .7 
0 .2 

1 1 .8 
25 .4 
1 5 .3 
7 .6 
0 .77 

0 

KW TEST 

p 

0 .003 
0 .003 
0 .43 
0 .90 
0 .003 
0 .00 1  
0 .00 1 
0 .022 
0 .68 

1 
1 
1 
1 
1 
1 • 

0 1 • 

FISHER 

p 

0 .00 1 
0 .00 1 
0 .47 
1 .00 
0 .00 1 
0 .00 1 
0 .00 1 
0 .03 
0 .77 

• • 

• 

0 0 0 · �  : � :
0 • 1 

o - - - - - - - - - - - - - - - - --�-·�--i�• o _ _ _ _ _ _ _  _ 

0 1 .o - 1 i\ . 
1 0 • 1 • 1 

- 2

- 3  r----,-----,-----,----,-----,----+----�----�---. 

- 6 - 5 - 4 - 3 - 2 - 1 D 
SPEC 1 ES • e • BUF"P1AC 0 0 0 PTVCA • • • PTVCB 

2 3 

Figure 2 .  - Factorial plan of a Principal Component Analysis (PCA) on the similarities across anuran 
species , based on the proportion of specimens containing a given prey type , including in the analysis 
only the nine most abundant prey type s ,  selected after Fisher exact test across species . Abbreviations :  

PtycA = P. oxyrhynchus; PtycB = P. aequiplicata . 
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Ptychadena A f-------------------------, 

Ptychadena B n 
f-----------, 

Hoplob. occipita l is W 
Bulo macu latus f-----------_j 

0.45 0.5 0.55 0.6 
L inkage Distance 

0 .65 0 . 7  0 .75 0 . 8  

Figure 3.  - UPGMA tree-diagram , wi th percent  d i s agreement as  l i n kage d i s tanc e s ,  of  the s i m i l arity 
between sympatric frog spec ies in  terms of taxonomic dietary compos it ion . Note that the two spec ies  of 
Ptychadena were very different from each other despite s i m i lar i t ies i n  s i ze ,  morphology, and systematic 

posit ion . Abbreviation s :  Ptychadena A = P. oxyrhynchus; Ptychadena B = P. aequip/icata . 

0.85 ptychadena B 
• 

0 .75 

0 .65 Bufo maculatus 
• 

N 

0 0.55 tl "' "-
0.45 

0.35 Hoplob occ1p1lalls 
• Ptychadena A 

• 

0.25 
-1  -0.6 -0.2 0.2 0 .6 

Factor 1 

Figure 4. - Factorial plan of Principal Component Analys is  (standardized VARIMAX rotated mode!) 
on the s i lmi larit ies between sympatric frog spec ies  i n  terms of prey taxa which were not eate n ,  despite 
being avai lable in the field .  Note that , also in th is  case , the two species of Ptychadena were c las s i fi e d  as 
very d i fferent  fro m  each other despi te  s i m i l ar i t i e s  i n  s i z e , morphology ,  and s y s temat ic  posit ion . 

Abbrev iations :  Ptychadena A =  P. oxyrhynchus; Ptychadena B = P. aequiplicata . 

P < 0 .03 ) .  On the other hand , stepwise discriminant function analys is  indicated that 
the dietary compositions for males and females were not significantly different in 
any species (P.  oxyrhynchus : eigenvalue :  0 .08 8 ;  canonical correlation :  0 . 1 28 ;  
Wilks ' À.:  0 .097 ; x2 = 2 .006 , df = 1 ,  P = 0 .236 ;  P .  aequiplicata : eigen value : 0 .096;
canonical correlation : 0 . 1 33 ;  Wilks ' À.:  0 . 102 ;  x2 = 2 .326 , df = 1 ,  P = 0 .07 ; B .
maculatus :  eigenvalue: 0 .092 ; canonical correlation : 0 . 1 29 ;  Wilks ' À. :  0 .092 ;

2 X =  1 .998 , df =  l , P = 0 .08) .
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Mean head widths (mm) were : P.  oxyrhynchus = 10 .9 , P .  aequiplicata = 1 1 .0 ,  
B .  maculatus = 26 .8 , H. occipitalis = 2 7  .5 . Head width varied significantly between 
species (ANOV A :  F3 8 

= 4 7 3  .3 , P < 0 .00 1 ) , but there was n o  statistical difference 
, 1 4  

between the two Ptychadena species (ANOVA: F = 0 . 1 8 ,  P > 0 .05) . Head
1 , 1 1 5  

width was  significantly correlated with prey volume in the stomach in each of  three 
species ( in ali the three species ,  Spearman ' s  r > 0 .456 ,  P < 0 .0 1 ) ;  H. occipitalis was
excluded from thi s  analysis  due to the small sample size . 

TABLE IV 

Scores of prey types on factors of a Principal Compone nt Analysis ( standardized 
VAR/MAX rotated mode!) on the similarities between sympatric frog species in 

terms of prey eaten 

Prey type Factor 1 Factor 2 

Formicoidea 2 . 1 76 1 7  0 .68897 
Apoidea 0 .3 1 5 1 1 - 1 .24 100 
Araneidae 0 .8 1 962 0 . 1 5572 
Chilopoda 0 . 1 1 909 - 1 .05764 
Coleoptera (larv.) 0 .02534 - 1 .073 1 8  
Coleoptera (ad .) 3 .36298 0 .99975 
Collembola -0 . 1 9685 -0 .98382 
Dermaptera 0 .48708 -0.850 1 6  
Diptera 1 .53533 - 1 .09698 
Orthoptera 0 .24 106 -0.7363 1 
Ephemeroptera -0 .28063 -0 .783 1 2  
Gastropoda -0 .4 1 557 -0.7 1 396 
Gerridae -0.3246 1 -0 .64 1 40 
Miriapoda -0.43570 -0 .59672 
Homoptera -0 .54680 -0 .55204 
Isoptera 0 .3 1 366 0 .62970 
Scorpiones -0 .54078 -0 .34080 
Lepidoptera (ad .) -0 .49564 -0 .42050 
Lepidoptera (larv.) -0.62826 -0.23285 
Lithobiidae -0.76320 -0 . 1 6369 
Odon a ta -0 . 1 1 1 74 0 .6347 1 
Oligochaeta 0 .28700 2 .54506 
Opilionida -0 .43384 0 . 1 5924 
Pulmonata -0 .22907 1 .50755 
Vespoidea -0.80209 0 .04506 
Anuran tadpoles - 1 .09 1 77 1 .92282 
Ptychadena - 1 . 1 7 109 1 .07080 
Anuran eggs - 1 .2 1 483 1 . 1 2477 

INTRA-SPECIFIC (INTER-SEXUAL) COMPARISONS 

H. occipitalis was excluded from ali intra-specific ( i . e .  inter-sexual) analyses 
due to the small sample size . For the other three species , taxonomie diet composi
tion was similar between the sexes (P > 0 .2 1 1 in ali cases , x2 test with df = 1) and
there were no significant inter-sexual differences in terms of prey categories which 
were not consumed by each sex (P > 0 . 1 86 in ali cases ,  x2 test with df = 1 ) .
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DISCUSSION 

The study of community organization and the interaction between species has 
been a prominent issue of modern ecology for sorne ti me . Many studies have , howe
ver , been plagued by an "epistemological misdirection" towards equilibrium hypo
theses (sensu Barbault , 1 99 1 ) ,  where snapshots in space and time of given assem
blages have been considered as reliable indicators of that community ' s  
organization . That i s  to  say , the role of physical factors and of spatial and temporal 
variability in the dynamics of natural communities has been underestimated (e .g . ,  
see Wiens , 1 977 ;  Schoener , 1 986 ;  B arbault , 1 99 1 ) .  The present study i s  certainly 
affected by the same shortcomings , and these theoretical l imitations should be 
taken into account when interpreting our results . One other l imitation of thi s  study 
is  the Jack of data concerning the availabi lity of the various prey types in the field ,  
and so we cannot say anything about whether our study species consume insects 
(and other invertebrates) in the proportions in which they occur in the environment . 
Nonetheles s ,  our study has certainly revealed sorne remarkable patterns in the rela
tionships between the trophic niches of the frogs  of our study area .  

The main patterns emerging from our  study are that the various species clearly 
partition the available food sources , but there is no obvious resource partitioning 
between the sexes (within species) . S o ,  while intra-specific competition has proba
bly no notable influence , inter-specifie  competition appears to play a major role in 
maintaining the structure of this  community (this  is assuming that food resource 
partitioning occurs as a direct consequence of competition , i .e .  as a result of the 
pressure to reduce inter-specifie overlap) . Nonetheless  it is obvious that these gene
ral statements may be partially inaccurate w ithout prey-availability data , and thus 
more research is needed on thi s  i ssue . It is particularly noteworthy that the two Pty
chadena species ,  which are theoretically the greatest competitors due to similarities 
in morphology , size , and ecolo gy (Lamotte , 1 998) , show the most obvious res ource 
partitioning . P. oxyrhynchus i s  much more of a generalist  feeder than P. aequipli
cata (Table 1) and is  seen to consume many prey items which were rarely or never
eaten by P. aequiplicata (Table Il) . It is indeed remarkable that , considering many 
variables in our multivariate analyses , each of the two Ptychadena species was 
more similar to one of the unrelated species (Bufo and Hoplobatrachus, which dif
fer in morphological and eco-ethological traits) than to their congener . We consider 
thi s  to be further indirect evidence of a strong divergence between the two Ptycha
dena , thus giving support to the hypothes i s  that inter- specifie resource partitioning 
pla ys  a major role in maintaining the structure of thi s  anuran community . Cons ide
ring that one species (P. oxyrhynchus) is known to occupy a wider variety of habi
tats (from forests to farmbush , including also savannas and forest clearings) than 
the other (P . aequiplicata) (forest areas , mostly with closed canopy) , it may be sug
gested that the wider variety of habitats in which P.  oxyrhynchus may be found 
could ,  in turn , provide a wider variety of prey than for P. aequiplicata , with a more 
restricted habitat selection . Th us rather than a pattern of food resource partitioning , 
the coexistence of these two species might be regulated instead by a pattern of dif
ferent habitat selection . Although this latter hypothes is  i s  interesting , we are led to 
think it is wrong . lndeed , at the study area these species inhabit exactly the same 
micro-habitat , are obviously semi-aquatic ,  are active at the same hours of day , and 
thus  certainly cannot have a different habitat selection pattern (Politano , 1 998) . 

As to why there appears to be no major inter- sexual differences in diet compo
sition in any of the four studied species , we can give no firm answers . One might 
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expect to find such differences in species where there is a great disparity in nutrient 
requirements between the sexes (e .g .  cheap sperm and nutritious eggs) or, as a 
result of any differences in body size or microhabitat selection between the sexes 
(e .g . see B arbault , 1 98 1 ) .  Presumably , therefore , none of these factors play an 
important role in our anuran community , although the females of our study species 
are often larger than the males (e .g .  in Bufo maculatus) . 

B arbault 's  studies ( 1 974a , b ,  1 976 ,  1 99 1 )  demonstrated that factors other than 
competition are important in organizing Afrotropical communities of frogs , e .g .  
predation pressure , which i s  certainly high i n  our study area given the relative abun
dance of anuran-eating snakes (Luiselli et al., 1 998) . These additional factors were 
not , however , investigated in the present paper . Our data are clearly only a "snaps
hot" of the frogs ' diets in space and time , and there is probably much individual 
variation that we have not accounted for .  We are therefore not certain that the signi
ficant inter-specifie differences observed here represent resource partitioning as a 
mechanism of coexistence and community structure . lndeed , even random differen
ces among individuals and species may produce thi s  type of diet differentiation . We 
therefore require additional data on behavioural interactions , and surveys from 
other field sites , to help confirm or refute our hypothesi s .  Our study did demons
trate , however , that prey volume i s  positively correlated with predator head size , 
and this can be taken as further indirect evidence that body size differences might 
reduce competition intensity among sympatric species (Pianka , 1 986) . 

Finally , we suggest that future studies on Afrotropical amphi bian communities 
should account for variation among prey categories in their relative volume contri
bution to the diet , this is because ali competition models are based on energy har
vest data and not on numerical di et data . Moreover, even in the presence of good 
volumetrie data , the development of sorne sort of null mode! would be of great ana
lytical benefit  (Winemil ler & Pianka , 1 990) .
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