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CHAPTER 1

INTRODUCTION

A long-standing question of ecology is simply why particular species occur where
they do. Patterns of distribution are influenced by such large-scale factors as topography,
latitude, and historical speciation and extinction events (Brown and Maurer 1989). On an
intermediate spatial and temporal scale, precipitation is one of the most influential factors
affecting the distribution and abundance of organisms (Begon et al. 1996). Plentiful
rainfall can lead to rapid increases in abundance of annual plants and a slower but more
sustained increase in perennial vegetation (Novellie and Bezuidenhout 1994).
Additionally, plant abundance, seedling recruitment, and mortality were more strongly
influenced by rainfall than by pressures of grazing in a savanna grassland (O'Connor
1994). Plant community composition is strongly related to rainfall (O'Connor and Roux
1995). Directly and indirectly, rainfall influences reproduction, survival, population size,
foraging patterns, home range, growth rate, and competition across taxa such as insects
(Rissing 1988, Colvin and Holt 1996, Rasa 1997, Shure et al. 1998), birds (Grant and
Grant 1992, Marzluff et al. 1997, Gaines et al. 2000, McKilligan 2001), mammals
(Bowers et al. 1990, Corp et al. 1998, Dickman et al. 1999b, Waterman and Fenton
2000), and reptiles (Anderson 1994, Smith and Ballinger 1994, Bull 1995, Rose 1995,
Smith 1995, Peterson 1996, Abell 1999, Dickman et al. 1999a, Duda et al. 1999).

Desert environments create strong selective pressure, and the recent drying of the
southwestern deserts has driven speciation amongst diverse taxa. Most desert organisms
did not evolve in situ but evolved from species in adjacent semiarid habitats that became

increasingly drought tolerant and may have acquired novel traits to limit water loss rates



(Johnson 2001). The ability to survive within a given environment differs between
species and is shaped by physiological, morphological, and behavioral constraints (Grant
and Grant 1996). Differential fitness within a particular habitat can drive niche
separation (Grant et al. 2000) and eventual speciation (Schliewen et al. 2001). But even
for species adapted to desert conditions, periodic droughts heighten selective pressures
and may drive evolutionary change (Grant and Grant 1993).

One approach to understanding which traits would allow one species to be more
successful than another in a particular set of ecological circumstances draws upon
comparisons between species using life history traits related to fitness. In such
comparisons it is preferable to control for phylogeny and to use closely related species, so
that the organisms of interest have been subject to similar evolutionary constraints
(Harvey 1996). Many interspecies comparisons have been made between species
assemblages of lizards within the same environment, but phylogenetic constraints have
not typically been accounted for (Pianka 1971, Pianka 1973, Pianka 1974), but see (Vitt
et al. 1999). Alternatively, closely related species have been compared, but without
considering environmental differences across space and time (Pianka and Parker 1975).

We controlled for both phylogeny and environment by studying two closely-
related horned lizards (genus Phrynosoma) in an area of sympatry. At the edge of a
species range are biogeographic barriers that represent ecological limiting factors (Brown
and Maurer 1989), and we centered our study at the respective edge of two species’
ranges where they overlapped marginally. Fortuitously, the first two seasons of study
were marked by drought conditions while the third year had abundant resources due to

heavy winter rains, allowing us to compare ecological responses of the two species under
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different climatic conditions. Specifically we examined diet (Chapter 2), growth (Chapter

3), and survival rate (Chapter 4), making comparisons across years and between species.
We included a fifth chapter to examine issues relating to the conservation and

management of one of the species we studied.

STUDY ORGANISMS

Horned lizards, colloquially referred to as “horny toads,” are an icon of the
western U.S. deserts and have captured the attention of humans for centuries (Sherbrooke
2003). The first taxonomic analysis of the genus recognized 14 species (Reeve 1952).
Currently there are 17 recognized species of horned lizards, all within the monophyletic
genus Phrynosoma (Reeder and Montanucci 2001, Leaché and McGuire 2006) though
this number will likely increase as variable species groups are evaluated more closely
(Montanucci 2004). Horned lizards are found as far south as P. asio in Central America
and as far north as P. hernandesi and P. douglasii reaching barely into Canada, but none
extend further east than eastern Oklahoma (Figure 1-1). All share a suite of traits that
facilitate dietary specialization on ants including small, peg-like teeth (Hotton 1955) , an
enlarged stomach (Pianka and Parker 1975), and physiological adaptations such as a
blood plasma factor that detoxifies Pogonomyrmex ant venom (Schmidt et al. 1989).
They are slow runners due to their large bodies and short legs (Bonine and Garland 1999)
and are cryptic in coloration, closely matching the local soil type (Bryant 1911).

Our study focused on the Flat-tailed Horned Lizard, P. mcallii, and the Sonoran

Horned Lizard, P. goodei. The phylogeny of P. mcallii and its relationship to P. goodei
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has proven remarkably difficult to resolve. The species was first described as Anota
mcalli by Edward Hallowell (1852) after Col. George A. M’Call who collected the type
specimen (Funk 1981). Although it was placed into its own genus (based largely on lack
of external ear openings), it was later decided that similarities of osteology and
musculature of Anota mcallii to other horned lizards warranted placement into the genus
Phrynosoma (Norris and Lowe 1951). The first cladistic analysis of the entire genus,
based on osteology and external morphology, placed P. mcallii into a polytomy with P.
modestum, P. solare, and P. platyrhinos (Montanucci 1987). When these morphological
traits were combined with mitochondrial rDNA character traits P. mcallii and P.
platyrhinos were placed as sister species (Reeder and Montanucci 2001). Hodges and
Zamudio expanded on Reeder and Montanucci’s work by adding 1797 additional mtDNA
characters and confirmed strong support for the P. mcallii and P. platyrhinos clade but
noted it was incongruous with their morphological topology (Hodges and Zamudio
2004).

In using mtDNA characters to consider whether or not hybridization occurred
between P. platyrhinos and P. mcallii it was determined that 1) hybridization had
occurred, 2) what was thought to be a southern subspecies of P. platyrhinos should
instead be considered a new species, P. goodei (Mulcahy et al. 2006). Apparently past
hybridization events led to introgression of P. mcallii mtDNA into the P. platyrhinos and
P. goodei mitochondrial genomes, which explained the spurious placement of P. mcallii
as sister to P. platyrhinos (Leaché and McGuire 2006). By accounting for the mtDNA
introgression and including nuclear DNA characters, this sister-species relationship was

dissolved and P. mcallii was placed in a well-supported clade of species with prominent



cranial horns that also includes P. solare and P. coronatum, while P. platyrhinos and P.
goodei were placed sister to P. modestum on another node (Leaché and McGuire 2006).

The most parsimonious phylogeny is illustrated in Figure 1-2.
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The Sonoran Horned Lizard (Phrynosoma goodei Stejneger 1893) as described by

Mulcahy et al. (2006) is easily distinguished from the Flat-tailed Horned Lizard (P.
mcallii) by lack of a mid-dorsal stripe (Figure 1-3) and smaller horns (Figure 1-2).
Additional descriptive traits of P. goodei include paired dorsal spots, variable dorsal
coloration, sparse flecking on the venter, one to two rows of fringe scales, a tympanum
covered by scales, three enlarged temporal horns, and occipital horns oriented dorsally
(Mulcahy et al. 2006). As it was previously considered a subspecies of P. platyrhinos
(Pianka 1991) and is still considered a sister species (Leaché and McGuire 2006), we
presumed it would be more similar in its natural history to P. platyrhinos than to P.
mcallii. The range of P. goodei is restricted to southwestern Arizona, southeast of the
confluence of the Gila and Colorado rivers, from Avra Valley west of Tucson to Yuma,
and into the coastal desert of Sonora, Mexico (Mulcahy, et al. 2006, Figure 1-4).

The Flat-tailed Horned Lizard also has a limited distribution (Figure 1-1, Figure
1-4) being found only in the Lower Colorado River Valley subdivision of the Sonoran
Desertscrub community in the extreme southwestern corner of Arizona, the southeastern
corner of California, and adjoining portions of Sonora and Baja California, Mexico
(Turner and Medica 1982, Mulcahy et al. 2006). In Arizona the species only occurs in
southwestern Yuma County south of the Gila river and west of the Butler and Gila

mountains (Rorabaugh et al. 1987). Much of the historic range of P. mcallii has been

converted to agriculture or other human use (Chapter 5) leading to conservation concerns

(Johnson and Spicer 1985, Rorabaugh et al. 1987, Hodges 1997).



Figure 1-3.Comparison of Phrynosoma mcallii (left) and P. goodei (right)
adults and hatchlings.

STUDY AREA

We selected a study site 25 km southeast of Yuma, AZ (Figure 1-5) where the
focal species are sympatric in a narrow band (approximately 3 km wide) along the
periphery of their respective ranges. East of this area of sympatry, where P. mcallii is
absent, small trees such as palo verde (Cercidium floridum) and ironwood (Olneya

tesota) dominate the gravel flats and gently sloping alluvial terrain. To the west, where
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Figure 1-4.Distribution of Phrynosoma mcallii (green) and P. goodei (purple),
with a marker indicating our study area where both species overlapped
marginally. Map has been made available online at http://bit.ly/akJVbq
using Google maps.

P. goodei is absent, Creosote (Larrea tridentata), White Bur Sage (Ambrosia dumosa),
and Galletta Grass (Pleuraphis rigida) create hummocks on the otherwise flat terrain of
fine windblown sand (Rorabaugh et al. 1987). The area of transition is a mix of gravel
and sandy substrates with Creosote and White Bur Sage dominant. Our study area
included this area of transition and continued west into P. mcallii habitat for several
kilometers. While a habitat of fine, aeolian sand is considered typical for P. mcallii
(Klauber 1932, Norris 1949, Funk 1981), in portions of its range P. mcallii is also found
on gravel flats, hardpan, and badlands-style mudhills, but P. goodei is not found in

sympatry at most of these locations (Beauchamp et al. 1998).
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DROUGHT AND RAINFALL

Thirty years of rainfall data from the National Climatic Data Center indicate that
average annual rainfall at the Yuma Citrus Station (32.61°N 114.65°W, about 35 km NW
of study site) is only 7.6 cm. Summer monsoons are rare in this area, with the vast
majority of annual rainfall falling between September and March (Figure 1-6). The Sep-
Mar rainfall prior to our arrival in April 1996 was only 0.4 cm. We observed few live
annual plants and limited seed production from perennial plants such as Creosote and
White Bur Sage. Dead stalks of annuals were, however, abundant. These plants had likely
grown in spring 1995 in response to the 10.2 cm of rainfall between September 1994 and
March 1995 (Figure 1-6). From Sept 1996 to Mar 1997 there was only 1.5 cm of rainfall,
which was insufficient to induce germination of annuals in spring 1997. In summer 1997
drought conditions were severe, with no annuals, many Creosote and White Bur Sage
plants losing their leaves or dying, and dramatically reduced foraging activity among
rodents and insects, including seed-harvester ants (pers. obs.). In mid-September 1997
Hurricane Nora brought 4.1 cm of rainfall, which was followed by additional fall and
winter storms for a total of 17.6 cm rainfall by March (Figure 1-6). When we returned in
April 1998 we observed a dense growth of a wide variety of annual plants, abundant
flowering of perennial shrubs, and very high insect and rodent density.

The Palmer Drought Severity Index (PDSI) is a regional-specific measure of
dryness that uses an algorithm to estimate evapotranspiration rates from precipitation and
temperature data over several months time and compares a site only to itself. Hence,

while Yuma, AZ is one of the hottest, driest regions of North America, compared to its
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Figure 1-6.Eight years (June 1991-June 1999) of 6-month running totals of
rainfall (in cm) in Yuma, AZ. Field seasons are indicated by small
rectangles on the horizontal axis, from mid-April to mid-September in
1996, 1997, and 1998. Note lack of winter rainfall in 1995-1996 and 1996-
1997.

normal (albeit minimal) rainfall this region has only been considered in extended drought
(PDSI < -2.0 for at least seven months) a total of nine times since data collection began in
1928. Intervals between extended droughts have ranged from three years to a maximum
of 38 years (1957-1995). The average duration of the extended droughts has been 13.7
months, with the longest duration drought (23 months) spanning our first two seasons of

field work (Figure 1-7) (the second-longest occurrence was 18 months from Jan 1956-
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June 1957). In measures of severity, a PDSI value below -3.75 is considered extreme

drought, and this has been recorded for only 14 months, all since 1995.

Given the close phylogenetic relationship of these species, and their temporal,
spatial, and dietary overlap, the null hypothesis of “no difference” is actually valid for
each of the comparisons we made. On the other hand, being closely related does not
automatically imply niche similarity (Knouft et al. 2006). We hoped that any observed
differences would yield insights into factors influencing the respective distributions of

each species.

Palmer Drought Severity Index {PDSI) in Southwestern Arizona

Figure 1-7.The Palmer Drought Severity Index, a measure of relative drought
or wetness, for southwestern Arizona. A value below -2 is considered
drought, and below -3.75 is considered extreme drought. The drought
between October 1995 and August 1997 is the longest recorded drought
since data collection began in 1928. Periods of data collection are
indicated along the horizontal axis.

Based on the observation that P. mcallii is found exclusively in low elevation, low
precipitation areas, we predicted that P. mcallii would be more tolerant of drought

conditions and/or better able to respond to rainfall than P. goodei. We tested the above
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predictions by comparing diet (Chapter 2), growth patterns (Chapter 3), and reproduction

and survival (Chapter 4) of each species under variable climatic conditions. Since we
suspected that P. mcallii was better adapted to this environment than P. goodei, we
predicted it would be more successful at procuring food and maintaining its body mass
during drought conditions than its congener. We predicted that P. mcallii would exhibit
faster growth and higher rates of reproduction in response to rainfall. We further
predicted P. mcallii would show higher within-year and between-year survival rate, or
would compensate for low survival rate with a higher reproductive output.

In addition to the underlying ecological questions, we are interested in the
conservation and management of P. mcallii and have included a chapter summarizing the
history of monitoring this species, the difficulties associated with monitoring a cryptic
animal that occurs at relatively low densities, some of our contributions to Flat-tailed
Horned Lizard management, and recommendations for future monitoring and

conservation efforts (Chapter 5).
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