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Abstract. The diet of Urosaurus nigricaudus was analyzed for the period of March-November 1987 in a 
xerophytic scrub habitat of the Cape Region in Baja California Sur, México. A great variety of invertebrates 
were eaten by U. nigricaudw, but ants, beetles, butterfly larvae, and wasps were the most important prey 
types based on number of items consumed, volume, and frequency of occurrence in stomachs. Ants were 
the most common item, and in autumn leptidopteran larvae became a large part of the diet. The changing 
importance of prey types with the seasons suggests opportiinistic food habits. 
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Urosaurus nigricuudus is a small arboreal 
lizard of the family Phrynosomatidae (Flores- 
Villela 1993; Frost and Etheridge 1989; Grismer 
1994a; Wiens 1993). It is endemic to the Baja 
California peninsula and ranges from Cabo San 
Lucas to southern San Diego County (Grismer 
1994a, b). Previously, Urosaurus rnicrosc~ltatus 
was recognized from north of the lsthmus of La 
Paz, whereas U. nigricaudus was considered 
endemic to the Cape Region (Mittleman 1942). 
However, Grismer (1994a,b) synonymized U. 
rnicroscutatus with U. nigricaudus and included it 
in his Southern Miocene Vicariant Complex, an 
assignment indicative of a species that evolved in 
conjuction with the formation of the Baja 
California peninsula. 

Urosaurus nigricaudus is a relatively abundant 
lizard in Baja California Sur and in the study area 
where it is mainly arboreal, making use of mesquite 
trees (Galina 1994). Little is known about its 
behavior or diet. Most of the recent research has 
focused on systematics (Grismer 1994a,b; Murphy 
1983; Wiens 1993) or has included the species 
within broader studies of lizard ecology of the 
region (Alvarez et al. 1988, Asplund 1967, Case 

1983, Galina et al. 1991, Ortega et al. 1989). 
General information about the diet of U. nigri- 
caudus was reported by Asplund (1967) and Case 
(1983). Asplund (1967) found that termites made 
up the majority of its diet, whereas Case (1983) 
found that ants were the most common food source. 
The purpose of this study is to provide a detailed 
diet analysis for Urosaurus nigricaudus during the 
period of March-November to determine numeric 
and volumetric prey item frequencies across sea- 
sonal changes. 

MATERIALS AND METHODS 

The study site is at El Comitan, approximately 
17 km north of La Paz, in the northern part of the 
Cape Region, Baja California Sur, México. The 
predominant vegetation is xerophytic scrub com- 
posed of Pachycereus pringlei (cardon), 
Stenocereus gumosos, Opuntia cholla, Prosopis 
articulata, Bursera rnicrophylla, Jatropha cinerea, 
and Fouqueria diguetti . In the area, there are many 
piles of dry branches of mesquite and cardon on the 
ground as a result of human perturbation. 

The mean annual temperature is 23.8"C and 
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rainfall is 62 mm (INEGI 1981). Rainfall occurs in 
a bimodal pattern with the most precipitation in 
summer and again, to a lesser extent, in winter 
(Hastings and Humphrey 1969; Salinas et al. 1990). 
During the study, it rained a number of times in 
July (55.5 mm) and again in mid-August (9.5 mm) 
and late September (48.6 mm) (data obtained from 
Estación meteorológica de La Paz). Rains bring 
about lush vegetation and consequently an abun- 
dance of insects. 

We collected adult Urosaurus nigricaudus (n = 
105) from spring to autumn 1987 by stunning them 
with a rubberband or capturing them by hand. 
Specimens were preserved in 10% formalin, stored 
in 70% ethanol, and divided into spring (March, 
April, May; n = 30), summer (June, July, August; n 
= 43), and autumn (September, October, 
November; n = 32) groups. We removed stomachs 
to separate, count, and measure prey items (n = 
2356), identifying each to leve1 of the order, except 
for the family Formicidae which we separated from 
the Hymenoptera because of their abundance. From 
these data, we calculated numerical and volumetric 
frequencies and the frequency of occurrence. 

Numerical and estimated volumetric frequen- 
cies were determined from pooled stomach samples 
and were broken down by prey category. The 
numerical frequency represents the proportion of 
identifiable parts or whole prey item. Volumetric 
frequency represents the proportion of volume 
space each prey category occupied. Volumes were 
estimated by measuring the length and width of 
prey items with an optical micrometer and calculat- 
ed assuming a cylindrical shape of the prey 
(Barbault et al. 1985 ). Frequency of occurrence 
was calculated as the proportion of stomachs with 
each category of prey items. This was tabulated for 
each season and the entire sample. A stomach con- 
taining any identifiable part of a whole prey item 
was counted as containing the corresponding prey 
category. 

Niche breadths for prey numbers and volumes 
were calculated using the reciprocal of Simpson's 
(1949) measure (see Pianka, 1986), 

D (or B) = I / X Pi2 , ,,- l 

where i is the resource category, p is the proportion 
of resource category i, and n is the total number of 
categories. Values can range from O-n with low 

values indicating a diet dominated by a single or 
few prey types. 

To estimate which prey category is the most 
frequently consumed, we used the Importance 
Value Index for each prey category (Acosta 1982). 
This index was estimated by grouping the three 
estimators 

V 1 = V ' . . + N ' . . + F ' i j  
B B 

V', =V,IXVi N' i j=Ni j IXNij  F ' j j=F j j ICF i j  

where VI is the Importance Value, V'li is the vol- 
ume proportion of i prey category in the j predator, 
N'ti is the number proportion of i prey category in 
the j predator, and F'ii is the frequency of occur- 
rence of the i prey category (occurence proportion). 
The V.I. Index ranges from 0-3. 

Pianka's Index (Pianka 1973) was used to esti- 
mate the food niche overlap between seasons such 
that 

q j k  = Pij pik 

4 pii2 pik2 
where pik and pik are proportions of the ith resource 
used by the species in the jth and kth season. 

To evaluate seasonal differences observed, 
data were subjected to an analysis of variance in 
SAS (SAS Institute 1988) and M-STAT, and when 
F was significant ( P  < 0.05) Duncan's multiple 
range test was used to compare means. 

RESULTS 

We identified 20 categories of prey items in 
the diet of Urosauru.~ nigricaudus (Table 1). The 
principle prey categories are Formicidae (ants), 
other Hymenoptera (wasps), Lepidoptera (butter- 
fly larvae), and Coleoptera (beetles). Of the total 
number of stomachs examined, 88% contained 
ants, 60% beetles, 36% other Hymenoptera, and 
31% butterfly larvae (Fig. 1) The remaining prey 
categories were found in a lower proportion of 
stomachs (< 20%). 

Of the principal food items, Formicidae were 
consumed numerically more frequently than any 
other prey item for al1 seasons (Table l ) ,  and were 
the category with the greatest frequency of occur- 
rence. In summer only, it was volumetrically the 
most important prey. This reflects the small size of 
this food item compared to the others. 
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From March-November, the total volumet- 
ric frequency of the four principal food items 
constituted over 70% of their diet (Table 1). Of 
the total volume of prey types 23% were butter- 
fly larvae, 19% beetles, 18% ants, and 11% 
other Hymenoptera. The principle food item in 
spring, volumetrically, was beetles (39%), 
whereas in summer ants (27%) and other 
Hymenoptera (22%) were consumed most fre- 
quently. In autumn, the prey shifted to butterfly 
larvae (23%). 

The diet of Urosaurus nigricaudus varied 
both numerically and volumetrically (F18,259 = 
4.7, P 5 0.001; F18,2012 = 32.39 P 5 0.001, 

respectively), but was significantly different 
among seasons only in volume (F2,2012 = 15.21, 
P 5 0.001, F2,,2,12 = 13.08 P I 0.001). 
Urosaurus nigricaudus ate a larger number of 
prey in summer than in autumn, but it consumed 
more volume of prey in autumn because prey 
items were larger. This is reflected in the diver- 
sity values for prey numbers and volumes (Table 
l) ,  which varied from 3.7-6 and from 1.5-4, 
respectively. 

The Importance Value Index (VI) reflected 
the importance of any prey category based on 
the number and volume of each prey item con- 
sumed (Table 2). Among the different prey cate- 

Table 1. Prey types, percentage of frequency (number of items), and volume in the diet of Urosaurus nigri- 
caudus. Total volume is given in mm3. 

Prey Category Spring Summer Autumn Total 
n = 30 n = 43 n = 32 n = 105 

%Num %Vol %Num %Vol %Num %Vol %Num %Vol 

Formicidae 
H y menoptera 
1,epidoptera (larvae) 
Coleoptera 
Coleoptera (immature) 
Araneae 
Hemiptera 
Isoptera 
Homoptera 
Neuroptera (immature) 
Orthoptera 
Lepidoptera 
Diptera 
Pseudoscorpiones 
Scorpiones 
Solifugae 
Acari 
Thysanura 
Trichoptera 
Thy sanoptera 
Unidentified 
Mineral material 
Niche breadth 
Total number of items 
Total volume 
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gories, the Formicidae ranked highest 
(1.36-2.01) for al1 seasons. In spring, beetles 
also ranked high (1.26), whereas in autumn but- 
terfly larvae ranked high (1.10). Niche overlap 
values were high when calculated for the number 
of prey (al1 > 0.89), most likely caused by the 
larger proportion of Formicidae in al1 seasons. 
When calculated by volume, niche overlap val- 
ues are lower (spring-suininer 0.67, 
summer-autumn 0.33, spring-autuinn 0.53), 
indicating that there is low niche overlap 
between seasons, a reflection of the different 
prey items consumed during each season. 

DISCUSSION 

Urosaurus nigricaudus appears to be a oppor- 
tunistic feeder, exploiting a few principal food 
items (4-7 prey types) and, to a lesser extent, at 
least 16 other kinds of invertebrates. It consistently 
eats a large number of ants throughout the year, but 
benefits from a larger intake of beetles in the spring 
and butterfly larvae in the autumn. The availability 
of food items fluctuates seasonally. During the 
suinmer months, U. nigricaudus rnostly eats ants 
and other Hymenoptera. Coleoptera appear to be 
more numerous in the spring after the winter rainy 

Fo Hy LI Co CI Ar He Is Ho Ne 01 Le Di Ps Ot 
PREY NPES 

Fo Hy LI Co CI Ar He Ir Ho Ne Or Le Di Ps Ot 
PREY NPES 

Figure 1. Frequency of occurrence (percentages) of prey types found in the diet of Urosaurus riigricuudus. (A) Spring, 
( B )  Summer, (C) Autumn, (D) Total stomachs. Fo = Formicidae, Hy = Hymenoptera, L1 = Lepidoptera larvae, Co = 
Coleoptera C1= immature Coleoptera , Ar = Araneae, 1s = Isoptera, Ho = Homoptera, Ne = Neuroptera, Or = Orthoptera, 
Le = Lepidoptera, Di = Diptera, Ps = Pseudoscorpiones, Ot = Other 
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Table 2. Importance Values of each prey category by season. Boldface numbers indicate the prey categories 
of greatest importance to the diet during a given season. 

Prey Category Spring Summer Autumn 
-- 

Formicidae 
Coleoptera 
Hymenoptera 
Homoptera 
Coleoptera immature 
Lepidoptera larvae 
Neuroptera 
Araneae 
Pseudoscorpiones 
Isoptera 
Acari 
Hemiptera 
Diptera 
Orthoptera 
Trichoptera 
Thysanoptera 
Scorpiones 
Solifugae 
Lepidoptera 
Thysanura 

season, and Lepidoptera larvae "bloom" in autumn 
after the monsoonal rains of late summer. In 
response, U. nigricaudus modifies its feeding niche 
to consume available food items. Asplund (1967) 
also observed this in the herbivorous lizard 
Dipsosaurus dorsalis, which also preyed upon but- 
terfly larvae in summer. 

Ants appear to play an important role in the 
diet of Urosaurus nigricaudus. Our numerical fre- 
quency and Irnportance Value Index data indicate 
that this prey item constitutes a large proportion of 
the species' food intake. This may be a reflection of 
its specific feeding niche, because in our study area 
U. nigricaudus used mainly mesquite trees and 
piles of dry branches. Case (1983) found that 66% 
of the numerical abundance of stomach contents 
consisted of ants. However, those results may have 
been biased by the large numbers of these very 
small food items eaten and by the season in which 
the data were collected. Volumetric frequency 
results show that ants contribute less of the diet 
than the numencal frequencies indicate. Furthermore, 

seasonal fluctuations can affect the diet. As a result, 
studies based on numerical abundance should be 
further corroborated with volumetric data, and 
samples should be taken throughout the year. 

Other phrynosomatid lizards are also oppor- 
tunistic feeders. Vitt and Ohmart (1975, 1977) 
found that the diet of Urosaurus graciosus and 
Callisaurus draconoides was restricted by the 
microhabitat used. Asplund (1967) found that U. 
nigricaudus from other areas in the Cape Region 
eats a large number of Isoptera (termites), and to a 
lesser degree ants and butterfly larvae, during the 
summer months. This finding suggests that the 
abundance of prey varies within the microhabitat of 
U. nigricaudus. 
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