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Summary. Food niche relationships among four sympatric The specic.~ 
Sceloporus species were studied in the sierra ~ a d r e - 0 c c i -  
dental. N.E. Mexico. Although some very high food-niche 
overlap values were observed, this does not prove that inter- 
specific competition is currently important in organizing 
this lizard assemblage. Moreover, explaining habitat segre- 
gation among the coexisting species as an ecological result- 
of interspecific competitive pressure is unlikely: the overall' 
ecology and behaviour of these species is too much depen- 
dent on their microhabitat or  substrate specialization to 
allow such an exclusive interpretation. Thus, this commun- 
ity is probably not mainly organized by species interactions 
but rather through the specific ecological needs of each 
species. 

How are natural communities organized. if they are? 1s 
competition for food the dominant factor in organizing 
guilds of sympatric species? 1s the assembly of species com- 
munities determined predominantly by chance? 

Such questions are central in modern field ecology and 
are nowadays strongly disputed (see Strong et al.. 1984). 
The purpose of the present work was to provide the basis 
for understandir,g the community features of a guild of 
four Sceloporus species in a mountain forest ecosystem in 
Mexico. The determining role of microhabitat selection in 
organizing, at  least partly, this lizard assemblage has pre- 
viously been emphasized (Ortega et al. 1982). Here we ex- 
amine the trophic aspects of such organization through a 
comparative analysis of species diets. 

Material and methods 

Thc study arpa 

Fieldwork was conducted at  La Michiliá, a Biosphere Re- 
serve (MAB) on the eastern slope of the Sierra Madre Occi- 
dental in southeastern Durango State. Mexico, at  an alti- 
tude of 2,25&2,950 m. Vegetation is typically on oak-pine 
forest but highly diversified (Martinez and Saldivar 1978). 
Average annual precipitation is 525-609 mm, strongly con- 
centrated in the summer (June to September). 

Among the seven lizard species occuring in the study area 
we concentrated upon the four dominant ones, representing 
more than 95% of-the lizards observed (Ortega et al. 1982): 
Sceloporus grammicus. a small tree trunk-dweller; Scelopor- 
us jarrovi and Sceloporus poinsetti which are both large 
rock-dwellers; and Sccloporus scalaris. a small ground- 
dweller. 

Methods 

Lizards captured in the field in September 1979 and August 
1980 were preserved in. 10% formalin. Stomach contents 
were removed and examined with a binocular microscope. 
A total of  124 stomachs yielded 11 70 individual food items. 
Lengths and widths 01. prey items were obtained with an 
optical micrometer and their volumes were calculated as- 
suming that prey items were cylindrically shaped. 

Food niche breadth was calculated using the diversity 
measure: B = ( Z  P f ) ' ,  where Pi is the relative volume of 
the i t h  prey category in the sample. Prey items were classi- 
fied both by taxon and by volume categories. Plotting cu- 
mulative trophic diversity against cumulative stomach con- 
tents showed that. to obtain a stabilization of B and there- 
fore a probably representative estimate of diet diversity. 
a minimum of 15 stomachs is required. Food niche overlaps 
between species were measured using Pianka's index 
(Pianka 1973): 

where Pij  is the relative volume of taxon i in the diet of 
speciesj and P,, is its relative volume in the diet of species 
k .  As emphasized by Ricklefs and Lau (1980) there are 
no simple statistical methods for calculating the confidence 
limits of such estimates but this lack did not impede the 
discussion of our results. 

Specimens used in this study are in the herpetological 
collection of the lnstitute of Ecology in Mexico City. 

Results 

P r q  taxa  

The contribution of al1 prey taxa to the diet of each specie\ 
is given in Tables 1 and 2. Although al1 species can consuiiit. Ojlprrnr reques/.s / o :  R .  Barbault 



Tahle 1. Dietary compqsition by prey taxa (frequency by numbers) for the four species studied in September 1979 and August 1980 

S. grammicus S. scalaris S. ,jurroui S. poinserri 

1 979 1980 1979 1980 1979 1980 1979 1980 

Number of stomachs 25 17 3 1 7 4 14 12 14 

Number of items 197 49 314 25 3 1 64 433 57 

Coleoptera (ad.) 
Coleoptera (1 .) 
Orthoptera 
Lepidoptera (ad.) 
Lepidoptera (1 .) 
Ants 
H ymenoptera 
Hemiptera 
Neuroptera 
Demapte ra  
Diptera 
Thysanoptera 
lsoptera 
Araneida 
Acari 
Pseudoscorpionida 
Chilopoda 
Diplopoda 
Plants 

Diet diversity 4.74 3.20 4.25 4.50 6.71 3.33 2.76 3.66 

Tahle 2. Dietary composition by prey taxa (frequency by volume) for the four Sceloporus species in September 1979 and August 
1980 

S. grammicu.c S. sculuri.~ S. ,jarroi,i S.  poinserri 

1979 1980 1979 1980 1979 1980 1979 1980 

Coleoptera (ad.) 
Coleoptera (1 .) 
Orthoptcra 
Lepidoptera (ad.) 
Lepidoptera (1 .) 
Ants 
H ymenoptera 
Hemiptera , 

Neuroptera 
Dermapterii 
Diptera 
Thysanoptera 
lsoptera 
Spiders 
Ticks 
Pseudoscorpionida 
Chilopoda 
Diplopoda 
Plants 

Z mm3 
Diet diversity 

every invertebrate item available none seems to forage regu- of lizards. These taxa were probably, with Hyrnenoptera. 
larly on ants and terrnites. Coleoptera. Orthoptera (mainly the rnost abundant in the study area, as shown for 1981 
in August 1980). and Lepidoptera (in Septernber 1979) by Ortegaand Hernandez(1983). Moreover theimportance 
rnade up the bulk of prey iterns found in the stornachs of plant consurnption by Sceloporus poinserri rnust be ern- 
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Fig. 1. Frequency distribution by volume of major prey taxa uti 
l i zed 

phasized: the proportion by volume reached 0.40 in Sep- 
tember 1979 while 8 of the 12 stomachs analysed contained 
plant parts - mainly flowers of Composaceae. 

Overall patterns of prey utilization (Fig. 1) are fairly 
different among al1 paired species except for S.  .sr.alaris/ 
S.  jarroz~i in September 1979 and for S.  jarrovi/S. poinserri 
in August 1980. More striking in Fig. 1 are the differences 
between 1979 and 1980 diet patterns, with Orthoptera pre- 
dominant and plants common in 1979, while Lepidoptera 
predominate in 1980. These trends suggest opportunistic 
feeding behaviour in al1 the species. 

Overall patterns of prey utilization by volume categories 
are shown in Fig. 2. Although diet spectra did not differ 
with respect to the range of prey volumes consumed by 
each species. the differences in frequency were statistically 
significant (Kolmogorov-Smirnov two-tailed test. p ~ 0 . 0 5 )  
for al1 pairs of species except S .  ~rarnrnicu.s/S. .scaIuri.s. S .  
,jurrori/S. poinsefri and S.  grumrnicu.s/S. .jarrot.i in 1980 (Ta- 
ble 3). 

Ás prey size is usually related to predator size we 
searched for such relationships in this lizard assemblage. 
To  avoid biases introduced by taxonomic size-related differ- 
ences among prey we analyzed these relationships for two 
well-defined groups of prey. both commonly consumed by 

September 79 August 8D 

t * 

- 
S. jarrovi 

f : 0.3 r 

m m 

I I I  
0 m n n m m A  

n h '  
o m n _ m n m A  

n h n _  

prey wlume categories (mm3) 

Fig. 2. Prey size (volume of items in mm3) utilization spectra (ants 
and termites excluded) for the four species 

Table 3. Statistical sipnificance levels of prey size utilization for 
paired comparisons oT Sceloporus species (Kolmogorov-Smiri~ov 
two-tailed test for large samples) 

Sccloporus grummicus NS NS ** NS **  * *  
Sceloporus sculariv + +  + + +  *+ 
Sceloporus jurror>i NS NS 

NS = P >  0.05 
* = P<0.05 

** =P<0.001 

al1 species. Coleoptera and Lepidoptera (Fig. 3). Although 
we found statistically significant correlations between mean 
jaw length of lizard species and mean prey volume. a great 
deal of interspecific overlap was evident (see Fig. 4). due 
to the high diversity of utilized prey (categorized by vol- 
ume). Moreover. differences in mean prey size may be high 
even among similarly-sized species. such as S.,jarror.i and 
S.poinsetri feeding on Coleoptera or S .  grurnrni<.us and 
S .  scularis feeding on Lepidoptera in August 1980 (Fig. 4). 

Diversity of prey consumed (by volume classes), that 
is food niche breadth by size. was clearly lower for the 



Table 4. Relationships between lizard jaw lengths (mean valuc and 
CV) and prey size diversity (D,) 

Year N Jaw length SU C:V U, 
ímm) 

aoo. 

110 . 

Sceloporus 1979 
grammicus 1980 

Sceloporus 1979 
scalaris 1980 

Sceloporus jarrot'i 1979 
1980 

Sceloporus 1979 
poinsetti 1980 

o 1979 
1980 

O 

S. jarrovi 

Table 5. Values o f  trophic niche overlap for the four species oí' 
Sce1oporu.s considering volume contrihution oj  prej taxa (O!, by 
taxa), volume contribution of prey size categories (O,, by size)" 
Total niche overlap values are products of the two components 
measures of trophic niche overlap 

Oj ,  by taxon Oj,  by size overall Oj ,  

1979 1980 1979 1980 1979 1980 i. 7 a v 10 ii iz  1'3 
jaw length (mm) 

S. grammic.rrs! 0.689 0.202 0.944 0.194 0.650 0.039 
S. scalrrri.\. 

S. grammicu.c/ 0.763 0.959 0.646 0.905 0.493 0.868 
S. jarrovi 

S .  grammicusl 0.772 0.952 0.736 0.91 9 0.568 0.875 
S. poinsetti 

S. scalaris/ 0.835 0.410 0.792 0.425 0.661 0.174 
S. .jarrof:i 

S. scalaris/ 0.678 0.410 0.897 0.371 0 . 6 0 8  0.152 
S.  poinsetti 

S. jarroi?i/ 0.609 0.986 0.940 0.996 0.572 0.982 
S. poinsetti 

Fig. 3. Relationship bctwccn average prey volume and average jaw 
length among thc four species 

" termites and plants excluded 

small species in 1979 but not in 1980 (Table 4). Thiis, there 
is no significani relationship between food niche breadth 
by size and mean size of the lizard species (measured by 
jaw length). or between food niche breadth and size diver- 
sity in the lizard samples (measured by C.V.). 

Food niche oocrlup 

Overlap values, based on the percentage contribution of 
prey by volume (Table 2), are found in Table 5. Two mea- 
sures were used, classifying prey items either by taxon (O,,, 
by taxon) or by volume catepories (Oj, by size). Overall 
food niche uverlaps were estimated by calculating the prod- 
ucts of these two niche components, bearing in mind the 
pitfalls of calculating such total niche overlap values using 
niche dimensions which are probably not perfectly orthogo- 
nal (May 1975). 

Along each niche dimension, overlap values were gener- 
ally high, although low values were observed among soine 
pairs in 1980: 0.202 by taxon and 0.194 by size for the 
two small species S .  grcimrnicus/S. scu1uri.s (but remember 
the 1980 S.  .sculuris sample was small with only 7 stomachs 
and 25 prey items). Considerinp prey size. we note that 
though highest overlap values were observed arnong simi- 

S. poinsetti 

I 12 

Fig. 4A,  B. Prcy volumc utilization spcclra for thc four spccics 
in Sep~ember 1979 A and August 1980 B. Colcoplcra only 



larly-sized species in September 1979 (0.944 between 
S.  grarnrnicus and S .  sculuris and 0.940 between S.,jarrooi 
and S.  poinsetti). in August 1980 a very low value was found 
for niche overlap between the two small species (0.194 for 
S .  grurnrnicus/S. sculuris), as well as a very high value be- 
tween the large S.  poinsetti and the S.  grarnrnicus (0.919). 

Discussion 

Feeding ecology qf the species 

Our results on the prey taxa taken by S .  jarroi%i and S.  poin- 
setti. the only species whose diets have also been studied 
elsewhere, are consistent with those previously published 
(Smith and Milstead 1971 ; Ballinger 1978 ; Ballinger and 
Ballinger 1979). The most striking common result is the 
consumption of plant material by S .  poinsetti. It may be 
emphasized that al1 the species are able to eat plants, al- 
though the frequency of plant consumption is low in al1 
species except S.  poinsetti. For a southwestern New Mexico 
population of S.  poinsetti, Ballinger (1978) showed that 
there was an increase in plant consumption during early 
summer. when insect food is likely to be limited. Thus, 
the decrease in plant consumption observed a t  La Michiliá 
between the two samples may reflect lower insect availabili- 
ty in September 1979 than in August 1980. Although we 
have no data on prey availability during these months, the 
high frequency of Lepidoptera (larvae) in the stomachs of 
the 1980 sample tend to confirm this assumption. Moreover 
there was a decrease in trophic diversity (except for S.  sca- 
1ari.s) between 1979 and 1980, which is consistent with opti- 
mal foraging theory prediction that increased food abun- 
dance leads to greater food specialisation (Schoener 1971 ; 
Estabrook and Dunham 1976; Pykeet al. 1977). 

The low relationship between prey size and lizard jaw 
length, which entails high overlap between prey size spectra 
among the species. may be considered as an adaptive re- 
sponse to low food abundance. 

Ecological oganisation qf the guild 

Two salient features of this lizard community have to be 
emphasized before discussing how it is organized: (1) as 
opportunistic insect feeders the four species appeared to 
be able to compete for food; and (2) they have been shown 
(Ortega et al. 1982) to be widely separated along the spatial 
dimension of their niches by microhabitat or substrate spe- 
cialisation. 

1s competition for food, leading to spatial segregation, 
the central factor organizing this community? We do not 
think so because the data d o  not really show it! Although 
very high food niche overlap values were sometimes ob- 
served, this does not indicate that interspecific competition 
is currently playing a role in ecological organization of the 
assemblage of species: overlap measures are not true mea- 
sures of competition, as many authors have pointed out. 
Moreover, explaining the habitat specialisation observed 
in these species as an ecological separation resulting from 
interspecific competitive pressure is not convincing. The 
four species are habitat specialists. For instance, Sce1oporu.v 
grarnrnicu.~ is adapted to climb on the trees, and to escape 
predators either by means of its cryptic pattern (on dark 
trunks) so as not to be spotted while basking, or by flying 
around the trunk. Thus, the overall ecology and behaviour 

of such species is too dependent on their microhabitat spe- 
cialisation to allow an exclusive competitive interpretatiori. 
However, the functioning of this assemblage of species can 
be said to be organised through habitat adaptation so that. 
as a byproduct, interspecific competitive risks are mini- 
mized. Moreover the ecological complementarity of the 
coexisting species, which allows a more efficient use of the 
available space, may be thought as  optimizing resource ex- 
ploitation. Thus, this community would not be organized 
mainly by species interactions but rather through the eco- 
logical needs of each species. This is not to say that competi- 
tion does not occasionally play a role. For instance. in 
southwestern New Mexico, competition was shown to occur 
between S.,jarroili and S.  poinsetti (Ballinger 1978) while 
reduction of intraspecific competitive pressure by diversify- 
ing microhabitat specialisation was observed in Arizona for 
S .  jarrovi (Simon and Middendorf 1976). So, a t  La Michiliá. 
in some parts of the studied area, the spatial segregation 
might be increased by competitive interactions among the 
three climbing species, but particularly between the large 
species S.  jarroai and S.  poinsc.tti. 
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