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Abstract.—The Blunt-nosed Leopard lizard (Gambelia sila) is an endangered lizard of the San Joaquin Desert of California.  
During a radio telemetry study of the effect of oil development on home range parameters of these lizards, we recaptured 
an adult female because a mass on its chin had increased greatly in size and she appeared significantly thinner than when 
first captured.  The female had lost > 10 g when we recaptured her.  In the laboratory, we removed a 0.9 g mass.  We closed 
the skin and sealed it with cyanoacrylic glue.  The lizard showed no distress during the operation, ate crickets the day after 
surgery, but died on the third day.  Neoplasms of various kinds are known for many species of lizards, but in our experience, 
this is the first occurrence of a subcutaneous neoplasm on a Blunt-nosed Leopard Lizard.

Key Words.—California; lizards; neoplasms; San Joaquin Desert

Neoplasms are any new and abnormal growth of tis-
sue in the body (Jacobson 1981).  Almost all neoplasms 
of reptiles are known from zoo animals (Jacobson 1981; 
Sykes and Trupkiewicz 2006) and, in lizards, have been 
recorded in various species in nine families (Machotka 
1984).  Neoplasms can be relatively benign masses or 
cancerous tumors in any part of the body (Jacobson 
1981; Machotka 1984; Barten 2006).  A number of be-
nign and cancerous neoplasms occur in the integument 
of lizards (Jacobson 1981; Machotka 1984; Barten 2006; 
Sykes and Trupkiewicz 2006).  Even if not cancerous, 
a large mass could interfere with the functioning of an 
individual, and could lead to its death.

During the course of a radio-telemetry study of the 
effect of oil field development on Blunt-nosed Leopard 
Lizards (Gambelia sila), a state and federally listed en-
dangered species (Germano and Williams 1992; U.S. 
Fish and Wildlife Service 1998), we noticed a mass un-
der the chin of an adult female that appeared to be in-
terfering with feeding.  The mass under the chin was a 
small bump when we first collared her 28 April 2015.  
This female had a snout-vent length of 114 mm and she 
weighed 39.5 g.  During the course of the next month, the 
subcutaneous mass increased greatly in size (Fig. 1) and 
the female became noticeably thinner.

	 By 25 May 2015, we decided that she likely 
would die if the mass remained under her chin.  We cap-
tured her and returned her to our laboratory to remove 
the mass.  One of us (DJG) had seen a similar mass un-
der the skin on the right shoulder of a captive Common 
Chuckwalla (Sauromalus ater) in the 1980s.  Surgery on 
this chuckwalla removed a fatty mass and the chuckwalla 
lived on after the operation.  The female leopard lizard 

had lost 10.2 g of mass when we recaptured her.  We care-
fully sliced open the skin under the chin and removed an 
intact mass of tissue (Fig. 2).  The mass weighed 0.9 g 
(with slight loss of fluid) and was approximately 10 × 12 
mm in size (Fig. 3).  We did not conduct a histological 
examination of the excised tissue.

The female exhibited no signs of stress during the 
operation.  We pressed the skin together after removing 
the mass and sealed it with cyanoacrylic glue (Fig. 2).  
We placed the female in a 18.9 L bucket and placed in 
crickets for her to eat.  Although she ate several crickets, 
we found her dead in the bucket on the third day after 
surgery.  Although the operation was not successful ulti-
mately, we think she did not have long to live in the wild 
because of her significant weight loss.  This is the first 
recorded instance of a subcutaneous neoplasm in a Blunt-
nosed Leopard Lizard, and based on the thousands of 
leopard lizards we have caught over 26 y, does not seem 
to be a significant source of mortality for the species.   
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Figure 1. Female Blunt-nosed Leopard Lizard (Gambelia sila) with a subcutaneous neo-
plasm.  She was being radio-tracked on the Lokern Natural Area in Kern County, California 
as part of a study of oil-field development effects.  (Photographed by David J. Germano).

Figure 2. Female Blunt-nosed Leopard Lizard (Gambelia sila) showing incision where the 
neoplastic mass (lower left) was extracted.  (Photographed by David J. Germano).
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Figure 3. The subdermal mass that was removed from a female Blunt-nosed Leopard Lizard 
(Gambelia sila) that was being radio-tracked on the Lokern Natural Area in Kern County, 
California.  (Photographed by David J. Germano).
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Abstract.—The Pacific Coast population of Western Snowy Plovers (Charadrius alexandrinus nivosus) is federally listed as 
Threatened and is as a California Species of Special Concern.  To manage, increase in number, and expand the distribution 
of these imperiled birds in the San Francisco Bay requires detailed knowledge about their nest site selection requirements.  
We measured the percentage of crushed oyster shells, shell dimensions, number of shells, and total shell surface area for 19 
nests of Western Snowy Plover that occurred at the Least Tern Colony at Hayward, California, from 2008 to 2015.  Using 
pairwise t-tests, we compared these measurements to those obtained from 19 randomly chosen non-nest sites.  Results indi-
cate that Western Snowy Plovers at this location select nest sites with a greater percentage of crushed oyster shell substrate, 
more oyster shells, and a greater surface area of shells than paired random sites.

Key Words.—birds; conservation; experiment; habitat enhancement; nesting

The Western Snowy Plover (Charadrius alexandrinus 
nivosus; Fig. 1) generally nests on bare ground or sparse-
ly vegetated beaches and salt pans adjacent to tidal waters 
(Robinson-Nilsen et al. 2011).  The Pacific Coast popula-
tion of the Western Snowy Plover was federally listed 
as a threatened species in 1993 (U.S. Fish and Wildlife 
Service 2012) and is currently listed as a California Spe-
cies of Special Concern (California Department of Fish 
and Wildlife 2015).  Western Snowy Plover numbers 
have decreased due to habitat loss, increased predation, 
and human disturbance (U.S. Fish and Wildlife Service 
2007).  To support shorebird conservation goals, Helmers 
(1992) recommended the implementation of vegetation 
and predator management programs.  For example, by 
removing sandbar vegetation at restored sites for Piping 
Plovers (Charadrius melodus) and Interior Least Terns 
(Sterna antillarum athalassos), nesting success improved 
due to the lack of vegetation, which also minimized the 
effects of predators (Thompson et al. 1997; Kruse et al. 
2001).  Other researchers have focused on the removal 
of non-native plants such as the invasive iceplant (Car-
pobrotus spp.) as an essential tool to encourage Western 
Snowy Plover nesting (Kelly Melissa, unpubl. report).  
Previous studies have suggested that Western Snowy 
Plovers may select nest sites based on the amount of oys-
ter shell substrate (Zarnetske et al. 2010), which provides 
camouflage for eggs and chicks and potentially protects 
them from blowing wind and sand (Pearson et al. 2009).  
At the Hayward Regional Shoreline, on the eastern shore 
of San Francisco Bay in California, where oyster shell 
substrate has been added, observers reported the nega-
tive effects that Killdeer (Charadrius vociferus) have on 
Western Snowy Plovers when nesting in close proximity 
(Riensche et al. 2010).  

Since 2001, the East Bay Regional Park District has 
managed nesting habitat for the California Least Tern 
(Sterna antillarum browni) at the Hayward Regional 
Shoreline by augmenting the amount of oyster shells at 
the site annually (Riensche 2007).  As has happened else-
where in coastal California (Powell and Collier 2000), 
these management efforts have resulted in the attraction 
of breeding Western Snowy Plovers to the site (Riensche 
et al. 2010).  We used data from 19 nest sites of Western 
Snowy Plovers that occurred at the Hayward California 
Least Tern Colony from 2008–2015 to investigate the 
effectiveness of adding crushed oyster shell addition as 
habitat enhancement for plovers. 

Western Wildlife 2:38–43 • 2015
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Figure 1. Western Snowy Plover (Charadrius alexandrinus 
nivosus) on the eastern shore of the San Francisco Bay, Califor-
nia. (Photographed by Daniel I. Riensche).
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Methods

Study site.—The study site was at Island Five 
(37.629739°N, 122.146039°W) within a brackish water 
marsh of the Hayward Regional Shoreline, located on 
the eastern shore of the San Francisco Bay, California.  
Island Five is 0.24 ha (0.6 ac) in size and is one of 15 
islands created within a man-made marsh system.  We 
found nests of Western Snowy Plovers (Fig. 2) by system-
atically walking through the colony during the breeding 
season while performing Type One In-colony Surveys of 
California Least Tern nests (Marschalek 2005).  In this 
method, biologists permitted to work on California Least 
Terns and their assistants enter the colony to mark nests 
and record the number of eggs and chicks.  This type of 
intensive monitoring is conducted twice a week, yielding 
data on clutch size, hatching success, and any evidence 
of predation.  We included all 19 nests we found from 
2008 to 2015 in the data analysis (Fig. 3).  In a 1-m2 area 
surrounding each nest site, we recorded the substrate 
composition (percentage crushed oyster shell vs. per-
centage sand), number of oyster shells (with a surface 
area greater than 8 cm2), and total surface area of oyster 
shells measured.  We also took the same measurements 
at 19 randomly chosen non-nest sites that were within 
a 5-m radius of the active nests.  To determine whether 
nest sites differed from paired random sites across these 
parameters, we used pairwise t-tests (α = 0.05). 

Results

We found that Western Snowy Plover nest sites dif-
fered from paired random sites for composition of the 
substrate, number of oyster shells, and total shell surface 
area.  Nest sites exhibited significantly more oyster shell 
and less sand than paired random sites (t = 0.0087, df = 
18, P < 0.001), showing 73% crushed oyster shell and 

27% sand on nest sites and 42% oyster shell and 58% 
sand on the random sites.  Nest sites showed a signifi-
cantly higher number of shells surrounding the nest with-
in 1-m2 than did random sites (t = 0.00026, df = 18, P < 
0.001).  On average, occupied nests had 11 more oyster 
shells than random sites (Fig. 4), with oyster shells aver-
aging 42.7 cm2 in size regardless of site.  Nest sites aver-
aged 28.1 oyster shells and paired random non-nest sites 
averaged 16.8.  Total shell surface area was also higher 
by approximately 562.5 cm2 when compared to the ran-
dom sites (t = 0.00096, df = 18, P < 0.001).  

Discussion

Essential habitat requirements for breeding water 
birds include nest sites that provide cover in arrange-
ments that minimize predation while also supplying ad-
equate nutritional resources (Kadlec and Smith 1992).  
Shorebird species such as the American Avocet (Recur-
virostra americana) and Black-necked Stilt (Himantopus 
mexicanus), which nest among Western Snowy Plovers 
at the Hayward Regional Shoreline site, require open 
flats or the sparsely vegetated edges of shallow marshes 
to breed (Cogswell 1977; Paulson 1993).  It has also been 
suggested that Western Snowy Plovers may choose to 
nest among California Least Terns due to the increased 
predator protection provided by the tern colony to the 
plover chicks through the use of alarm calls and other 
group defense behaviors (Powell 2001).  Understanding 
the ecological mechanisms that control population dy-
namics is crucial to successfully managing listed species 
(Schuetz 2011). 

Western Snowy Plovers, a federally listed threatened 
species and a California Species of Special Concern, se-
lect nest sites with unobstructed views of their surround-
ings to provide more time to leave the nest as soon as a 
predator is spotted (Colwell 2010).  Thus, upon leaving 

Figure 2. Western Snowy Plover (Charadrius alexandrinus nivosus) nest with three eggs on crushed oyster shell at Hayward Re-
gional Shoreline on the eastern shore of the San Francisco Bay, California. (Photographed by Daniel I. Riensche).
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the nest, they depend on their cryptic eggs to blend into 
the surrounding environment and to hopefully go unde-
tected by predators.  Western Snowy Plovers select for 
heterogeneous substrates that include rocks the size of 
their eggs to help better camouflage their nests (Colwell 
2010).  

The area around the San Francisco Bay contains the 
largest breeding Pacific Coast population of Western 
Snowy Plovers (Small 1994).  The Western Snowy Plo-
ver Recovery Plan calls for the creation, management 
and enhancement of breeding habitat and the mainte-
nance of an average of 500 breeding adults in the San 
Francisco Bay, California for a 10-y period (U.S. Fish 
and Wildlife Service 2007, 2012).  The mechanisms by 
which these threatened shorebirds select nesting sites in 
this local area have received little attention in the litera-
ture.  We focused on the importance of nesting habitat; 
specifically, how oyster shell enhancement effects West-
ern Snowy Plover nest site selection.  

While this study had a relatively small sample size, 
with mostly unmarked birds (with the exception of two 

Figure 3. Map of Island Five at Hayward Regional Shore-
line on the eastern shore of the San Francisco Bay, California, 
showing 19 nests of Western Snowy Plovers (Charadrius alex-
andrinus nivosus) found from 2008 to 2015.

males), within an active California Least Tern colony, 
these results could have important nesting habitat man-
agement applications for the Pacific Coast population 
of Western Snowy Plovers.  Western Snowy Plovers 
are facultatively polyandrous and polygynous (Warriner 
et al. 1986).  In this mating system, females typically 
choose, mate, deposit eggs, and then desert the males 
with their broods within a few days after hatching (Page 
et al. 1995).  While the males rear their broods, females 
are free to find new mates.  So, for example in the years 
of multiple nesting attempts (2008 to 2012, and 2014) 
at the Hayward site, we had as many as three separate 
nests all establishing, maintaining, and hatching within 
the same time period.  Therefore we feel it is reasonable 
to assume that these are all separate breeding birds (with 
the exception of a female or two who may have had two 
male partners) and not the individual preference of one 
re-nesting bird.  Females are cryptic and no more than 
three were seen at any one time, while as many as four 
separate males were observed.  During the course of this 
study, only two of these males were banded, but no fe-
males were banded.  The banded males were not seen 
again in subsequent nesting seasons.  The estimated life 
span of these birds is only 2.7 y (Patton 1994).  While 
males are more likely than females to retain the same 
territory in consecutive years (Warriner et al. 1986), it 
doubtful that the same birds would survive long enough 
to nest at this site for eight years.

With continued research, our findings may be used to 
better manage Western Snowy Plover habitat by attract-
ing breeding pairs, thereby supporting the Recovery Plan 
goals for this threatened species.  Our results indicate 
that the addition of crushed and whole oyster shells could 
improve nesting habitat for Western Snowy Plovers in 
the San Francisco Bay.  This may be a valuable man-
agement tool in creating better nesting habitat.  Future 
research could focus on the optimum amount of oyster 
shell by looking at plover nesting success in relationship 
to amount of oyster shell at the nest site (Fig. 5).

Figure 4. Number of oyster shells at each nest site (blue bars) 
of the Western Snowy Plover (Charadrius alexandrinus nivo-
sus) and randomly chosen comparison sites (red bars).
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forniense), Western Pond Turtle (Emys marmorata), Salt Marsh Harvest Mouse (Reithrodontomys raviven-
tris) , San Francisco Dusky-footed Woodrat (Neotoma fuscipes annectens), Central California grassland liz-
ards and small mammals, riparian and oak woodland breeding bird community structure, nesting shorebird 
populations, upland gamebirds, and waterfowl management. (Photographed by Sarah K. Riensche).

Sarah C. Gidre is a senior at California State Polytechnic in San Luis Obispo and will graduate receiving 
her Bachelor of Science in June of 2016.  She worked as a wildlife intern for East Bay Regional Park District 
during the summer of 2014 and 2015 gaining experience working with Western Snowy Plovers, California 
Least Terns, Forster’s Terns (Sterna forsteri), Western Pond Turtles (Emys marmorata), California Red-
legged Frogs (Rana draytonii), and Salt Marsh Harvest Mice (Reithrodontomys raviventris). (Photographed 
by David L. Riensche).



 43   

Western Snowy Plover nest site selection • Riensche et al.

Nicole A. Beadle earned her Bachelor of Science from University of California, Davis in 2015.  She 
worked as a summer wildlife intern for East Bay Regional Park District in 2014 where she collected data and 
worked with Western Snowy Plovers, California Least Terns, Western Pond Turtles (Emys marmorata), and 
Salt Marsh Harvest Mice (Reithrodontomys raviventris). (Photographed by David L. Riensche). 
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niger), Forster’s Terns (Sterna forsteri), Western (Aechmophorus occidentalis) and Clark’s (Aechmophorus 
clarkia) Grebes, and Bald Eagles (Haliaeetus leucocephalus).  Sarah has participated in survey and moni-
toring efforts for California Red-legged Frog (Rana draytonii), California Tiger Salamander (Ambystoma 
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tracking of nesting Western Pond Turtles (Emys marmorata).  Her written contributions have appeared in 
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pursuing a degree and career in outdoor journalism and science writing. (Photographed by David L. Rien-
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Predation Events on the Endangered Blunt-nosed Leopard 
Lizard (Gambelia sila) Including Another by the Long-nosed 

Snake (Rhinocheilus lecontei)
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Abstract.—In our initial report of predation of a Blunt-nosed Leopard lizard (Gambelia sila) by a Long-nosed Snake (Rhi-
nocheilus lecontei), we speculated that the snake was not an important source of predation on this endangered lizard.  Here 
we report a second instance of predation by the Long-nosed Snake and reassess its impact on Blunt-nosed Leopard Lizards.  
We also report other suspected predation events on Blunt-nosed Leopard Lizards by other predators that we found during 
radio-telemetry studies on the Lokern Natural Area, Semitropic Natural Area, and at Pixley National Wildlife Refuge in the 
San Joaquin Desert of California in 2015.

Key Words.—birds; California; lizards; predators; Red-tailed Hawk; San Joaquin Desert; snakes 

Snakes are known predators of Blunt-nosed Leopard 
lizards (Gambelia sila) and recently we reported on an 
act of predation by a Long-nosed Snake (Rhinocheilus 
lecontei) at the Lokern Natural Area in Kern County, 
California (Germano and Saslaw 2015).  Because of the 
small size of Long-nosed Snakes compared to leopard 
lizard adults and the relative scarcity of the snake in the 
San Joaquin Desert, we speculated that this snake likely 
was not an important source of predation on the endan-
gered leopard lizard (Germano and Saslaw 2015).  How-
ever, we reassess this view based on a second predation 
event.  We also report other confirmed acts of predation 
on radio-collared Blunt-nosed Leopard Lizards by other 
species that we found in 2015 while we were conducting 
home range studies on the lizards.

In the Semitropic Natural Area of the San Joaquin 
Desert, we found the signal from a radio transmitter of 
a male Blunt-nosed Leopard Lizard 14 July 2015 com-
ing from a kangaroo rat (Dipodomys sp.) burrow system 
(35°21’04”N, 119°32”58”W), the location of which had 
not changed in about 7 d.  Because we were close to the 
end of the active season of adult Blunt-nosed Leopard 
Lizards in mid-July, we wanted to remove radio collars 
from all lizards.  We suspected that the male had gone 
down for the year, as can happen in July for adults of 
this species (Germano and Williams 2005; Germano 
2009).  The male was an adult that was 101 mm snout-
vent length (SVL) and 30.0 g when we collared him 29 
May 2015.  As with our previous report, we found a live 
Long-nosed Snake in a tunnel of the burrow system of 
the kangaroo rat (Fig. 1).  We released the snake about 
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Figure 1. Top) Long-nosed Snake (Rhinocheilus lecontei) dug 
out of a kangaroo rat (Dipodomys sp.) burrow and (Bottom) the 
Holohil BD2 radio transmitter found moist in the same tunnel 
as the snake.  The transmitter was originally attached to a male 
Blunt-nosed Leopard Lizard (Gambelia sila) that was being 
radio-tracked on the Semitropic Natural Area in Kern County, 
California.  (Top: Photographed by Erin N. Tennant; Bottom; 
Photographed by David J. Germano).
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50 m from the burrow system after we photographed it.  
At the point where we found the snake in the tunnel, we 
found a still moist shed skin and the radio transmitter of 
the lizard.  The transmitter was caked in moist dirt and 
appeared to have passed through the digestive system 
of an animal (Fig. 1).  We suspect that this Long-nosed 
Snake was the predator of the radio-collared Blunt-nosed 
Leopard Lizard.

This second find of likely predation of a Blunt-nosed 
Leopard Lizard by a Long-nosed Snake in the same year 
at two sites indicates to us that this snake may be a more 
significant predator of Blunt-nosed Leopard Lizards than 
we previously considered.  This second snake was small-
er than the first (although we did not measure it) and the 
head seemed to us much too small to be able to consume 
the large head of an adult leopard lizard, especially one 
carrying a radio transmitter around its neck.  Although 
natural predation is not something we think requires con-
servation action for this endangered lizard, we do think it 
would be useful to conduct studies of snake assemblages 
in the range of Blunt-nosed Leopard Lizards to determine 
what suite of species are potential predators of the lizard 
and in what abundance.

During the course our radio telemetry study at four 
sites in the southern San Joaquin Desert, we found other 
acts of suspected predation.  At the Semitropic Natural 
Area, we found the radio signal of an adult male (111 mm 
SVL, 45.2 g) coming from the body of a Northern Pacific 
Rattlesnake (Crotalus o. oreganus) when we were dig-
ging up the burrow system of a kangaroo rat 17 July 2015 
looking for the lizard.  This male had been tracked for al-
most two months before the signal did not move for sev-
eral days before we dug up the burrow system.  We also 
found three radio-collared Blunt-nosed Leopard Lizards 
that seem to have been eaten by Red-tailed Hawks (Buteo 
jamaicensis).  The transmitters of two adult males (both 
114 mm SVL and 45.5 g) were heard coming from a hawk 
nest on a transmission line of a double pole H-structure 
in the Lokern area 2 and 4 June 2015.  The transmitters 
were recovered from between the base of the poles 3 
July and 8 June 2015, respectively.  At Pixley National 
Wildlife Refuge, the radio signal of an adult female (110 
mm SVL, 33.9 g) was found at the base of a Red-tailed 
Hawk nest in a Cottonwood (Populus fremontii) snag on 
29 June 2015.  Both the Northern Pacific Rattlesnake and 
Red-tailed Hawks are known predators of Blunt-nosed 
Leopard Lizards (Germano and Brown 2003).  We also 
found the remains of an adult male (116 mm SVL, 44.3 
g) spread across the ground at the Semitropic Reserve 18 
June 2015 (Fig. 2), but we do not know what animal tore 
it apart.  We suspect the predator was a bird.  In addition, 
at the Lokern Natural Area, we found four broken collars 
on the ground and two transmitters and collars in tunnels 
of kangaroo rats.  The transmitters from the tunnels ap-
peared to have passed through the digestive system of an 
animal (Fig. 3), but we do not know what species may 
have predated the lizards that wore these transmitters, al-
though snakes are likely.   

Acknowledgments.—We were supported in the radio-
telemetry study by William Dixon of California Resourc-
es Corporation, Michael Westphal of the Bureau of Land 
Management, and funding from a Section 6 grant from 
the U.S. Fish and Wildlife Service to the California De-
partment of Fish and Wildlife.  We thank Taylor Noble, 
Shana Carey, Christina Anderson, John Battistoni, Lori 
Werner, and Abigail Gwinn for assisting with collecting 
radio locations of Blunt-nosed Leopard Lizards.
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Figure 2. The remaining body parts found on the ground of 
a male Blunt-nosed Leopard Lizard (Gambelia sila) that was 
being radio-tracked on the Semitropic Natural Area in Kern 
County, California.  (Photographed by David J. Germano).

Figure 3. Holohil BD2 radio transmitters originally attached 
to Blunt-nosed Leopard Lizards (Gambelia sila) at study sites 
in Kern County, California.  The transmitter on the left was re-
moved from a living lizard and the transmitter on the right was 
found in the tunnel of a kangaroo rat (Dipodomys sp.).  Note the 
dulled surface of the beaded chain collar and the discoloration 
of the transmitter on the right.  This transmitter likely passed 
through the digestive system of an animal, probably a snake. 
(Photographed by David J. Germano).
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Diet Analysis of a Population of Phrynosoma blainvillii 
From the San Joaquin Desert, California
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Abstract.—The Blainville’s Horned Lizard, Phrynosoma blainvillii, is in decline throughout much of its range, and is listed 
in California as a Species of Special Concern.  All species of the genus Phrynosoma have a dietary specialization for ants, but 
the degree to which horned lizards consume ants to the exclusion of other available prey varies among species.  There have 
been few studies published on the general ecology of P. blainvillii, particularly within their range of the San Joaquin Desert, 
California, but previous literature indicates that P. blainvillii is one of only a few members of the genus that also consumes 
other insects in abundance.  I examined 92 fecal pellets (scats) from a population of P. blainvillii in the southern San Joaquin 
Desert near Alpaugh, California, which showed that 62 scats contained both ant and beetle exoskeletons, 28 scats contained 
exclusively ants, 13 scats contained ants, beetles, and other arthropods, and two contained exclusively beetles.  This is one of 
few field studies to document the lesser degree of myrmecophagy of P. blainvillii.

Key Words.—Blainville’s Horned Lizard; Coleoptera; conservation; Formicidae; scat

The Blainville’s Horned Lizard (Phrynosoma blainvil-
lii) is endemic to California and Baja California and has 
declined throughout much of its range (Goldberg 1983; 
Jennings and Hayes 1994; Fisher et al. 2002; Stebbins 
2003).  Phrynosoma blainvillii is listed by the California 
Department of Fish and Wildlife as a Species of Special 
Concern (California Department of Fish and Wildlife.  
2011. Available from http://www.dfg.ca.gov/biogeodata/
cnddb/pdfs/SPAnimals.pdf [Accessed 02 July 2015]).  
Dietary considerations are an important component in 
understanding the relationship of lizards to their habitat 
(Duffield and Bull 1998; Fisher et. al 2002), yet there 
have been few studies published on the diet of P. blain-
villii (Smith 1946; Milne and Milne 1950; Jennings and 
Hayes 1994; Fisher et. al 2002). 

Horned lizards are among the few species that con-
sume primarily ants and the occurrence of horned lizards 
is closely tied to the presence of ants (Whitford and Bry-
ant 1979; Rissing 1981; Donaldson et al. 1994; McIntyre 
2003).  Within the genus Phrynosoma, however, not all 
species exhibit an equivalent degree of myrmecophagy.  
For example, P. solare has a diet of approximately 80–
90% ants, while P. asio has among the lowest degree of 
myrmecophagy at approximately 20–30% (Pianka and 
Parker 1975; Montanucci 1989; Sherbrooke 2003).  The 
percentage of ants that comprises the diet of P. blainvil-
lii ranges from 45% (Montanucci 1989) to 90% (Pianka 
and Parker 1975).  Other prey items consumed by horned 
lizards include beetles, flies, grasshoppers, spiders, and 
other arthropods (Milne and Milne 1950; Pianka and 
Parker 1975; Montanucci 1989; Sherbrooke 2003).  Here 
I report on the general composition of the diet of a popu-
lation of P. blainvillii in the San Joaquin Desert of Cali-
fornia.
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While conducting a radio-telemetry study of P. blain-
villii in the San Joaquin Desert, I opportunistically col-
lected horned lizard scats.  Horned lizard scat is easily 
differentiated from scats of other sympatric lizard species 
by their large, fat, cigar-shaped pellet (Fair and Henke 
1997; Suarez et al. 2000; Sherbrooke 2003).  Scats from 
California Whiptail (Aspidoscelis tigris munda) are more 
slender and less uniform in shape, and Western Side-
blotched Lizard (Uta stansburiana elegans) scats are 
much smaller and also less uniform in shape than horned 
lizard scats (Newbold and MacMahon 2009).  Blunt-
nosed leopard lizards (Gambelia sila), which occurred 
at one of the sites at which I worked, have scat similar 
to California Whiptails.  Through direct observation of a 
radio-tagged P. blainvillii defecating, I was able to con-
firm the identifying characteristics of horned lizard scats.

I collected 92 scats beginning 20 April and continued 
through 15 November 2009.  I dried them overnight in a 
79.4° C oven to remove water content and prevent fungal 
growth.  Using a dissecting microscope and tweezers, I 
removed sand, detritus, and the uric acid plug from each 
scat leaving behind only arthropod exoskeletons.  While 
looking under the microscope I sorted the prey items into 
either ants (Formicidae), beetles (Coleoptera), or un-
known arthropods.  I found that nearly all (98%) horned 
lizard scats contained ants, 67% contained beetles, and 
14% contained unknown arthropods.  I also found that 
more scats (67%) contained a combination of ants and 
beetles rather than exclusively ants (30%).  A small per-
centage (2%) of scats contained only beetles.

 These findings are consistent with literature that 
states P. blainvillii has one of the most varied diets of 
all horned lizards (Milne and Milne 1950; Pianka and 
Parker 1975; Sherbrooke 2003).  Although ants are their 
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primary prey items, beetles may be consumed to a large 
extent and occasionally dominate their diet, while other 
arthropods also may be consumed, but to a smaller ex-
tent.  Considering their dietary composition, P. blainvillii 
in the San Joaquin Desert do not seem to be as highly 
myrmecophageous as other horned lizards such as P. so-
lare.  Horned lizards are known to consume soft-bodied 
arthropods when available (Milne and Milne 1950; Pi-
anka and Parker 1975).  Because of the non-invasive na-
ture of this dietary study, I could only identify prey items 
whose identifiable features survived the digestive tract 
of lizards, thus introducing a bias toward hard-bodied 
arthropods.  Dietary specialization makes horned lizards 
particularly vulnerable to environmental changes affect-
ing prey abundance (Suarez and Case 2002; Sherbrooke 
2003).  Management practices directed toward conserva-
tion of P. blainvillii should include maintaining the bio-
diversity of invertebrates on which this species depends.   

Acknowledgments.—Thanks to Dana Gasper and Te-
resa O’Keefe who aided in the collection of scat.  This 
study was funded by the Bureau of Land Management’s 
(BLM) Atwell Island Project.
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