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ABSTRACT 

The integument is the body organ interfacing between the 

internal and external environments of a lizard. This study explores 

aspects of its structure, texture, and coloration, relating them to 

survival strategies of horned lizards. The dermal chromatophore 

structure of Phrynosoma modestum is described. Color change depends on 

two cell types, melanophores and iridophores. This cellular arrange

ment may be typical of lizards utilizing color change for thermoregu

lation. Color pigment cells (xanthophores and erythrophores) function 

in pattern formation and background color matching. Experiments on the 

regulation of color change revealed that 1) a-MSH is the prime skin 

darkening agent, 2) a- and S-adrenergic receptors also playa role in 

color change, and 3) temperature is a factor in in vitro and in vivo 

darkening and lightening responses. Apparently the primary role of 

color change is thermoregulation. Intraepidermal mechanoreceptors on 

dorsal body, limb, and head scales were studied, their ultrastructure 

is described, and their role in defense and survival is explored. The 

use of the integument for "rain-harvesting" of drinking water by!:. 

cornutum is described, including stereotyped behavior, stereoscopic SEM 

examination of interscalar channels, experiments on capillary water 

flow, and an evaluation of micro-ornamentation. Comparisons are made 

with the putative use of the integument for the collection of rain, 

fog, or dew for dri nki ng by Moloch and Phrynocepha.1 us. A stereotypi c 

behavior that utilizes positioning of occipital horns and dorsal scale 

----------------------. ----.. ~~ ... --~----
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armament is described and hypothesized to be an ophidian antipredator 

defense. Attacks by Onychomys torridus on ~. cornutum and ~. modestum 

were studied to further evaluate the role of occipital horns, dorsal 

scalation, and dermal collagen as antipredator defenses. Attack 

behaviors of the grasshopper mice and defense behaviors of the lizards 

are detailed. The use of color pattern, integumental structures, and 

mimetic behavior by ~. modestum in avoidance of predator detection, 

through "stone-mimicry," is hypothesized and supported. Aspects of . 
social communication in four species were studied. The importance of 

olfaction for intraspecific communication and lack of visual color 

signals is related to the need for chromatic crypticity in order to 

avoid detection by predators. 

-----------------~~--~----...• --.--------



CHAPTER 1 

INTRODUCTION 
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The integument is the body organ of an animal that defines the 

boundary between external environments, that are the worl~ within which 

the organism lives, and its internal environments. The complexity of 

this external environment brings a huge diversity of selective forces 

to impact the integument. Perhaps more than any other organ of the 

body it has been evolved for numerous functions. For a lizard, such as 

Phrynosoma, the integument functions as a barrier to water loss, and 

shield from physical damage and invasion by micro-organisms; these 

roles are well understood, at least in general outlines. Less well 

understood about the lizard integument are its functions as receptor of 

stimuli from the environment (those not received by the major sense 

organs) and as provider of defenses against predator attacks. In one 

horned lizard at least, a specialized IIrain-harvesting ll function has 

evolved which facilitates its inhabiting arid regions. The coloration 

of the skin functions in such diverse, and potentially conflicting, 

fashions as thermoregulation, predator avoidance crypticity, and social 

communication. This dissertation addresses these roles of the integu

ment in iguanid lizards of the genus Phrynosoma, inhabitants of arid 

western North America. In exploring the roles of the integument, the 

study has focused on two physical attributes of the skin, its texture 

_ ... __ ..... _------_ .. _._._-- - -
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and its coloration. These aspects of its morphology have been related 

to survival, particularly to their role in escaping predation. 



CHAPTER 2 

INTEGUMENTAL CHROMATOPHORES OF A COLOR-CHANGE, 

THERMOREGULATI NG LI ZARD, PHRYNOSOMA MODESTUM 

(IGUANIDAE; REPTILIA) 

21 

Chromatophores of poikilotherm vertebrates have received the 

attention of biologists for many years. Interests in these cells have 

focused on developmental origin, classification of cell types by 

structure, types of organelles (development, chemistry and reflective 

properties), architectural arrangements of cells within the epidermis 

and dermis, hormonal responses (receptors) and neural innervations, and 

role in morphological and physiological color change (Parker, 1938, 

1948; Fingerman, 1963; Waring, 1963; Taylor and Bagnara, 1972; Bagnara 

and Hadley, 1973). 

Amongst reptiles, saurians exhibit the most dramatic physio

logical color change. Three genera of lizards have received consider

able attention from investigators interested in the mechanisms of this 

color change: Chamaeleo, Anolis, and Phrynosoma (Parker, 1938, 1948; 

Fingerman, 1963; Waring, 1963; Taylor and Hadley, 1970; Bagnara and 

Hadley, 1973). Previous studies on horned lizards were done many years 

ago (Redfield, 1916, 1918; Parker, 1938, 1948) and were not accompanied 

by examination of integumental chromatophore architecture. Our current 

knowledge of lizard skin chromatophores is almost entirely based on the 

skin of a single species, Anolis carolinensis (von Geldern, 1921; 

.-------------------~-~-------."-



Forsdahl, 1959; Alexander and Fahrenbach, 1969; Taylor and Hadley, 

1970; Bagnara and Hadley, 1973). 

This paper considers the integumental architecture of the 

chromatophores of Phrynosoma modestum, .their color generating organ

elles, mosaic chromatophores, and the sequence of the embryonic 

developmental appearance of the various pigment cell types. 

Comparisons are made between the architecture of integumental 

chromatophores in this species, which utilizes color change mainly 

for thermoregulation, and the chromatophore architecture of A. 

carolinensis, which uses color change mostly for background-matching 

crypticity. An integumental chromatophore architecture for lizards 

that use color change mainly for thermoregulation is proposed and 

compared to the dermal chromatophore unit of A. carolinensis (Taylor 

and Hadley, 1970) and to that of anurans (Bagnara et al., 1968). 

Methods 

22 

Adult Phrynosoma modestum were collected near Portal, Cochise 

Co., Arizona in 1983 and 1984. Lizards were maintained in captivity 

(Sherbrooke, 1987) until sacrificed for skin samples from various 

locations on the dorsal abdomen. Individuals were of various colors; 

this population is polymorphic (Sherbrooke, 1981). Several skin 

samples were placed in 1.6 X 10-8 M a-MSH (see Chapter 3) for 60 min 

prior to fixation. Eggs laid by gravid females were incubated in 

vermiculite (Zweifel, 1961; Sherbrooke, 1987). At various times during 

development, the integumental surface of single embryos was examined 

under a dissecting microscope for evidence of developing pigment cells. 

--------------------- ---_ •... __ ._ ..•... __ . 
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The outer surfaces of skin from the dorsal abdomen of living 

lizards, excised pieces of skin in physiological saline, and skin whole 

mounts (in Karo~ syrup) were examined and photographed under various 

magnifications of a dissecting microscope. In a few cases, the 

epidermis was removed, using a solution of 2M NaBr, in order to more 

clearly expose the surface of the underlying pigment cells of the upper 

dermis. 

Fixation and electron microscopic examination followed the 

procedures of Frost and Robinson (1984). Skin samples were fixed in 

2.5% glutaraldehyde in 0.2 M cacodylate buffer (pH 7.3) for 12 hrs at 

4_6 0 C. Samples were postfixed in 2% osmium tetroxide for 1.5-2.0 hrs, 

rinsed and stored in 0.2 M cacodylate buffer. These skin samples were 

then dehydrated in a graded ethanol series. Skin was embedded in Epon 

and sections were cut with a diamond knife on a Sorvall MT-1 ultra

microtome. Sections were collected on Formvar-coated and carbon

stabilized grids, stained with uranyl acetate-lead citrate, and viewed 

in a Philips 300 transmission electron microscope. 

Results 

Ontogenetic Appearance of Chromatophore Types 

Eggs from three clutches laid by female P. modestum were 

periodically opened and the embryos were examined for evidence of 

chromatophores. The types of pigment cells present were recorded. In 

all cases, melanophores developed first, by the 26th, 27th, and 31st 

day of incubation of each clutch. Again in all clutches, iridophores 

were the second chromatophore type to develop, by the 26th, 34th, and 
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44th day of incubation (in the first clutch, melanophores and irido

phores were first noted on the same day, 26th, but the former were well 

established and the latter were just beginning to appear). Iridophores 

developed in groups, forming white "islands" on the skin. In the first 

two clutches, xanthophores developed last, by the 40th and 47th days of 

incubation. In the third clutch, xanthophores had not appeared by the 

time the last egg was opened on the 50th day of incubation. 

Mosaic (Polychromatic) Cells 

A few mosaic or polychromatic cells were located. These cells 

contain multiple types of color generating organelles, each normally 

restricted to a specific type of chromatophore. One such mosaic cell 

contained organelles characteristic of all the dermal chromatophores, 

melanophores, iridophores, and xanthophores. In this cell pterinosomes 

were most numerous, followed by reflecting platelets, and least 

abundant, melanosomes (Fig. 2.1). Mosaic cells appeared to be more 

frequent in a_MSH treated skin samples. 

Melanophores 

The cell bodies of dermal melanophores lie deep within the 

dermis (Fig. 2.2 A,S and Fig. 2.3 A,S). These cell bodies may be sur

rounded both above and below by iridophores, which can be identified 

under polarized light (Fig. 2.2 A,S; Fig. 2.3 A,S). Elongate processes 

extend through the overlying iridophore layer to positions below the 

epidermis (Fig. 2.2 A,S; Fig. 2.4) where they may extend laterally 

along the upper level of the dermis (Fig. 2.2A; Fig. 2.5). During skin 

darkening, melanin containing melanosomes move into the processes, thus 

-_.-.•. _--...... ----------_.- .. -



Figure 2.1. Mosaic dermal chromatophore of Phrynosoma modestum. Above the nucleus (N), 
the cell contains three types of color producing organelles, pterinosomes 
(PT), reflecting platelets (RP), and a few melanosomes (M) as well as 
mitochondria (MI). Dorsal abdominal skin treated with 1.6 X 10-8 M a-MSH for 
60 min prior to fixation. X 10,800. 
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Figure 2.2A. Dermal melanophore of Phrynosoma modestum in which 
melanosomes occupy the-Cel1 processes, which extend 
from the deep perinuclear portion of the cell to the 
surface of the dermis, during skin darkening. 

Figure 2.2B. Bright dermal iridophore (reflecting platelet) zone of 
cells is apparent under polarized light: same view as 
A. The iridophore layer extends from below the melano
phores to the surface of the dermis. 

----------------------_._-_ •. _. __ ..•. _. 
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Figure 2.3A. Dermal melanophore of Phrynosoma modestum in which 
melanosomes are withdrawn from the cell process and are 
concentrated in the deep perinuclear portion of the 
cell, during skin lightening. 

Figure 2.3B. Bright dermal iridophore (reflecting platelet) zone of 
cells is apparent under polarized light: same view as 
A. The iridophore layer extends from below the melano
phores to the surface of the dermis. 

,---,~,~-,-, -------
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Figure 2.4. Melanophore (M) process extended through iridophores 
(I) and collagen bundles (C) to upper edge of dermis: 
epidermis (E). X 6,600. 

._--_ .. _--_ ... - ." 
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Figure 2.5. Melanophore (M) process along upper edge of dermis, 
above iridophores (I) and collagen bundles (C), and 
below epidermis (E). X 11,200. 
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bringing black pigment granules to rest in position above iridophores 

(Fig. 2.2 A,B). During this state, there is a reduction of melanosome 

numbers in the perinuclear portion of the melanophore. When the 

integument is lighter in color, melanosomes have been withdrawn from 

the melanophore processes and are concentrated in the perinuclear area 

(Fig. 2.3 A,B). 

Iridophores 

Clearly, these are the dominant chromatophores of the dorsal 

(as well as ventral) skin, occurring in abundance from just below the 

basement membrane to the underlying connective tissue layer (Fig. 2.2 

A,B; Fig. 2.3 A,B; Fig. 2.4). Although the guanine contents of the 

reflecting platelets have been removed during tissue preparation, size, 

form, and orientation of the platelets are retained by the materials 

surrounding their former positions (Figs. 2.4 and 2.5). Generally, 

platelet£ appear rectangular, oblong or ovoid in shape. Some end-to

end platelets can be found in lines, which may in turn occur in several 

layers. Although this presents a slight degree of structural ordering 

between organelles, there is no overall organized structure of plate

lets within t~ese iridophores. Likewise, iridophores lack a regular 

arrangement to one another, appearing to be scattered in several 

indistinct layers throughout the dermis. 

Xanthophores 

Xanthophores (and erythrophores) lie in the upper levels of the 

dermis, both superior to the upper iridophores and somewhat inter

spersed with them (Figs. 2.6 and 2.7). Thus, they are found just below 



Figure 2.6. Erythrophore (E) at upper edge of iridophore (I) layer: 
collagen bundles (C), epidermis (E). X 9,000. 
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Figure 2.7. Erythrophore (ER) with characteristic organelles, 
pterino-somes (PT) and carotenoid vesicles (CV): 
iridophore (I), epidermis (E). X 9,000. 
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the epidermal/dermal boundary. Internally, the cells contain both 

pterinosomes and carotenoid vesicles, the characteristic organelles of 

these pigment cells. Pterinosomes of the pink individual illustrated 

in Figs. 2.6 and 2.7 are unusually dense; this phenomenon is being 

investigated for correlation with color morphs and for possible 

biochemical differences in the pigments present in the organelles. 

Examination of the skin surface under a dissecting microscope 

clearly showed that xanthophore (or erythrophore) distribution varied 

greatly over the back. These cells are widely spaced in most areas, 

but attain much higher densities in localized regions of pattern 

formation. Often these bright-colored pigment cells can be seen to 

have various processes that extend out over the surface of the irido

phore layer from the cell body. 

Collagen Fibers 

Bundles of collagen fibers are very abundant in the dermis; 

this correlates well with the thick elastic qualities of the skin. 

Bundles occur immediately below the basement membrane and are also 

interspersed with the dermal chromatophores (Figs. 2.5, 2.6, and 2.7). 

When sectioned longitudinally, their banding is apparent, while in 

cross section, they appear as groupings of solid, round structures 

lacking cellular membranes (Figs. 2.4, 2.5, 2.6, and 2.7). 

Discussion 

It is well established that chromatophores are derived from 

neural crest cells that migrate into the integument during development 

(DuShane, 1935; Bagnara and Hadley, 1973; LeDouarin, 1982, 1984; 

~ .. --..... -... -----.--.--..... 
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Bagnara, 1987}. The hypothesis of a common origin of all pigment cell 

types, from a "chromoblast," and in situ differentiation of the various 

cell types has received much support (Bagnara et al., 1979a,b; Bagnara, 

1981, 1983). The terminology of vertebrate chromatophore types and 

their color generating organelles has been standardized (Bagrrara and 

Hadley, 1973): I} epidermal melanophores (cytes) with melanosomes, 2} 

dermal melanophores with melanosomes, 3} iridophores with reflecting 

platelets, and 4} xanthophores (yellow) or erythrophores (red) with 

pterinosomes and carotenoid vesicles. 

It has been suggested that the ontogenetic appearance of 

chromatophore types in poikilotherm vertebrates occurs in a definite 

sequence. Apparently in amphibians, differentiation of dermal melano

phores occurs first, followed by xanthophores, and then iridophores 

(Bagnara and Hadley, 1973). Collins (1961) found distinct changes at 

metamorphosis, including distinct larval and adult melanophore types. 

This study of three clutches of ~. modestum eggs has shown the follow

ing sequence of chromatophore appearance: melanophores first, irido

phores second, and xanthophores last. 

The occurrence of mosaic cells in vertebrates, including 

reptiles (Bagnara and Ferris, 1971; Taylor and Bagnara, 1972), has 

provided supporting evidence for the theory of the common origin of 

pigment cells (Bagnara and Taylor, 1970; Bagnara, 1972; Ferris and 

Bagnara, 1972; Bagnara et al., 1978, 1979,1980; Frost and Malacinski, 

1980; Bagnara, 1981, 1983). The application of a-MSH to some skins 

previous to fixation may have increased the incidence of mosaic cells. 

Taylor (1969) reported melanization of amphibian iridophores in 



response to intermedin. The significance of mosaic chromatophores in 

the dermis of Phrynosoma is unclear. 
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The integumental architecture of color changing poikilotherm 

vertebrates is characterized by two complexes of chromatophores, one 

epidermal and one dermal. The vertebrate epidermal melanin unit 

consists of melanin synthesizing melanophores and adjacent, associated 

Malpighian cells, which are receiving or receptor cells for melanin 

elaborated in the epidermal melanophores (Hadley and Quevedo, 1966). 

Rapid color changes are affected by the dermal chromatophore unit 

(Bagnara et al., 1968). During skin darkening this involves intra

cellular transport (Forsdahl, 1959; Schliwa and Euteneuer, 1983) of 

melanosomes from the melanophore cell body deep in the dermis into 

melanophore processes that extend upwards towards the surface of the 

dermis. Here the melanosomes come to lie between an upper layer of 

xanthophores and an underlying layer of iridophores (anurans) or 

overlapping both layers (Anolis) (Taylor and Hadley, 1970; Bagnara and 

Hadley, 1973). Other chromatophores, iridophores a~d xanthophores may 

also show changes in organelle distribution (Bagnara, 1969; Bagnara and 

Hadley, 1969, 1973; Bagnara et al., 1969). Chromatophore cell membrane 

receptors respond to melanotropic peptides (Hadley, 1984; papers in 

Hadley, in press; see Chapter 3), catecholamines of the sympathetic 

nervous system (Nilsson, 1983; Hadley, 1984; see Chapter 3), and other 

hormones (Bagnara and Hadley, 1973). 

Studies on chromatophores in reptilian species that undergo 

physiological color change have focused on A. carolinensis, a species 

that utilizes chromic adaptation for cryptic background matching (von 

------------------------.--.-~---------.-- --
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Geldern, 1921; Kleinholz, 1936, 1938a, 1938b; Alexander and Fahrenbach, 

1969; Taylor and Hadley, 1970). Little attention has been given to 

species that utilize color change mainly as a means of thermoregulation 

(see Chapter 3). 

In ~. modestum, epidermal melanophores (cytes), with typical 

elliptical melanosome inclusions, occur within the a- and S-keratin 

layers of the outer epidermis (see Chapter 4), where they playa 

supplementary role in pattern formation, but no role in physiological 

color change. A few dermal melanophores have intraepidermal processes 

that extend into mechanoreceptors (see Chapter 4), but the three main 

types of chromatophores of Phrynosoma integument are dermal, melano

phores, iridophores and xanthophores (or erythrophores). 

The architecture of dermal chromatophores of Phrynosoma has not 

been studied previously. Bagnara et ale (1968) based their concept and 

description of the dermal chromatophore unit on studies of amphibians. 

Von Geldern (1921) described the chromatophore structure and arrange

ment of cells in the lizard A. carolinensis, as have later investi

gators (Alexander and Fahrenbach, 1969; Taylor and Hadley, 1970). 

Taylor and Hadley (1970) described a schematic interpretation of the 

dermal chromatophore unit of A. carolinensis, showing a wider taxonomic 

applicability of the concept of a multicellular chromatophore unit, of 

three cell type layers, to color changing poikilotherms (Bagnara and 

Hadl ey, 1973). 

Striking color differences are obvious between A. carolinensis 

and P. modestum. A. carolinensis is uniformly green, changing to 

uniform brown, during background color matching. P. modestum dorsal 

----------------------_._--_ .... _-_. -----
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skin shows various dark patterns on a pale background (see Chapter 8). 

The pattern may contain a variety of yellowish, reddish, pinkish or 

other colors (Sherbrooke, 1981; see Chapter 8). P. modestum has been 

called the bleached horned lizard (Sherbrooke, 1981) because of its 

ability to turn nearly white over most of its dorsum. 

Surface examination of living skin or whole mounts shows the 

overwhelming predominance of white light reflected from the scales. 

Clearly scattered over this background are black processes of melano

phores, and yellow xanthophores or red erythrophores, which may have 

lateral extending processes. These colored chromatophores vary greatly 

in density from one scale to another; many scales only have a few 

isolated color cells. Melanophore processes are more numerous on the 

surface of the white iridophore layer in regions of darker pattern, and 

colored chromatophores increase in number in colored pattern areas; the 

two cell types are often found intermingled in pattern forming areas. 

Color change in ~. modestum appears to be largely associated 

with thermoregulation, not background color matching (see Chapter 3) 

and appears to involve darkening and lightening of the skin due to 

translocation of melanosomes within dermal melanophores. During 

darkening, melanosomes vacate melanophore processes lying on the 

surface of the dermis and move into deeper lying portions of the cell; 

this is reversed during skin lightening. Possible movement of organ

elles within other chromatophores, known in some other vertebrates 

(Bagnara, 1969; Bagnara et al., 1969; Bagnara and Hadley, 1969, 1973), 

but not in A. carolinensis (Taylor and Hadley, 1970), was not studied. 

____________________ .'111 •• :.,'~. ,-~'" ---'-'-'-""- -----_ .. __ ._--- " 
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The white color of P. modestum scales over much of the lizard's 

integument is attributable to the thick layers of dermal iridophores 

which extend upward nearly to the basement membrane of the epidermis. 

The organization of reflecting platelets in ~. modestum contrasts 

sharply with that found in A. carolinensis iridophores, where the 

crystal arrangement and spacing are critical for the production of 

blue-green color by thin-film interference {Rohrlich and Porter, 1972}. 

In A. carolinensis, the platelets are highly organized in rows and 

layers, whereas in ~. modestum, they approach a random arrangement. 

This near random arrangement of platelets may be responsible for the 

near total reflectance of white light {Rohrlich and Porter, 1972; 

Menter et al., 1979}. Thus the iridophore layer of cells presumably 

serves an important function in a lizard utilizing color change for 

thermoregulation. When uncovered of overlying melanosomes, it reduces 

heat gain significantly by reflecting visible spectrum radiation. 

Thus the functional dermal chromatophore unit in ~. modestum is 

clearly distinct from that found in A. carolinensis, although the basic 

structural relationship of cell types is the same. In order to achieve 

green camouflage coloration, A. carolinensis utilizes the combined 

light of two cell types, yellow reflected light from xanthophores and 

blue-green refracted light from iridophores. Color change darkening to 

brown involves movement of melanosomes to positions lying between the 

xanthophores and the iridophores. In~. modestum, there are basically 

only two chromatophores involved in color change. The iridophores 

reflect out all wavelengths of visible light and play no part in mixing 

---------------------~.--~-.---,<.-.. --.-----



wavelengths with light reflected off the layer of overlying xantho

phores to form a cryptic color. 
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In ~. modestum, the xanthophores and erythrophores do play an 

important role in crypticity, a second consideration in dorsal colora

tion. Their distribution over the animal's back creates patterns 

useful for camouflage (Cott, 1957, see Chapter 8) and for blending into 

the colors of the surrounding terrain (Norris and Lowe, 1964; Norris, 

1967) • 

The melanophores function in relation to the iridophores as the 

regulators of skin darkening and lightening. In effect, these two cell 

types function as a dermal chromatophore unit to change the radiation 

balance of the skin, thus contributing to the animal's thermoregula

tion. Iridophores containing reflecting platelets, whose arrangement 

produces reflectance of visible light, in combination with melanophores 

that will extend from deep within the iridophore layer onto its surface 

may be characteristic of saurians utilizing color change for thermo

regulation. Such physiological considerations for color changes may be 

compromised by background-matching considerations leading to an 

adaptive compromise in the coloration of a lizard (Norris and Lowe, 

1964; Norris, 1967). 

This compromise can be visualized in the various components of 

the chromatophore architecture. The considerations for the role of 

integumental pigment cells in influencing thermoregulation are 

addressed through two cell types, the iridophore/melanophore interact

ing cell complex. The needs of an animal for crypticity are addressed 

by the distribution and density (color and pattern formation) of 

---------------------~---~.---.• ~.-.----------- .... 
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various static chromatophores (xanthophores, erythrophores and melano

phores) located above the iridophore layer. Thus, the structure of the 

chromatophore complex graphically illustrates the adaptive compromises 

associated with coloration. 

Striking similarities and differences can be seen by comparing 

the dermal chromatophore architecture of anurans (Bagnara et al., 

1968), Anolis carolinensis (Taylor and Hadley, 1970) and ~. modestum. 

Taylor and Hadley (1970) have discussed the difference between the 

dermal chromatophore unit of anurans and A. carolinensis. P. modestum 

is similar to A. carolinensis in its overall arrangement of the three 

chromatophore cell types, surface xanthophores over iridophores, which 

are underlain by melanophores having processes that extend to the 

iridophore upper surface and through which melanosomes may be trans

located. Apparently in both species, iridophores and xanthophores do 

not change organelle distribution during color change. P. modestum 

differs from A. carolinensis in that; 1) the chromatophore layers are 

not as distinctly separated, xanthophores extending into the irido

phores which are not as regularly arranged, 2) the arrangement of 

reflecting platelets within iridophores is near random, thus negating 

the refractive properties of these cells in A. carolinensis and 

promoting wide spectrum reflectance, 3) the surrounding of the melano

phore cell body above and below by the iridophore layer, and 4) the 

xanthophore (or erythrophore) layer is very sparse or absent over 

portions of the skin, leaving a two chromatophore unit as the basic 

structural unit effecting color change. It seems likely that this two 

layer chromatophore unit is the basic structure for effecting color 

-------------------------.~ .. -.--.. -•.. ----
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Change in a variety of lizards that utilize this ability mainly for 

thermoregulation. The bright-colored pigment cells playa distinctly 

separate role, that of pattern formation and background color matching. 

-------..-""-------------~-~~.~ .. ~-. -------------- -



CHAPTER 3 

COLOR CHANGE IN PHRYNOSOMA: HORMONAL REGULATION, 

EFFECTS OF TEMPERATURE, AND ROLE IN THERMOREGULATION 

42 

Lizards of the genus Phrynosoma were subjects of some of the 

earliest studies on color change mechanisms in reptiles. The prime 

focus of these studies was the elucidation of the physiological 

controls of color change, both hormonal and nervous, for background 

matching crypticity. Redfield (1916, 1918) noted that at high temper

atures (25 0 
- 40 0 C) lizards were light in color, whereas at low 

temperatures (16 0 
- 17 0 C) melanophores "expanded" to darken the skin. 

Using white sand and dark cinders as contrasting backgrounds for 

lizards, he found a noticeable difference in lizards one day after 

being moved from one background to the other, and a maximal "concen

tration" of melanophore pigment within five days in lizards moved from 

a black to a white background. In studying the mechanisms controlling 

these responses, Redfield established that skin lightening could be 

caused by bot~ nervous system stimulation and by an adrenal gland 

hormone, adrenal in. 

Parker (1938), working with ~. coronatum, formerly recognized, 

as P. blainvillii, verified Redfield's findings concerning the role of 

the nervous system and the adrenal glands in effecting skin lightening. 

In 'addition, he demonstrated the importance of a pituitary gland 

hormone, pituitrin, in skin darkening. Parker concluded, "Phrynosoma 

---------------------~----.'-.-~--.".' _. -----"---- .' 
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may blanch to a greater or lesser degree as a result of the action (1) 

of concentrating nerve fibers, (2) of a concentrating neurohumour, 

probably adrenal in, (3) of high temperatures, and (4) of darkness. Of 

these four the last two are relatively insignificant. Phrynosoma may 

darken as a result of the action (1) of a pituitary neurohumour, (2) of 

low temperatures, and (3) of bright light. Of these the only really 

effective one is the first." Parker also found, like Redfield, that 

over several days most t. coronatum color adapt to light or dark 

backgrounds. 

In contrast to Parker and Redfield1s observations, Pierce 

(1941) reported, in P. douglass; and t. modestum, rapid background 

color adaptation, from dark to pale in 2-3 hours, and the reverG~ in 

1.5-2 hours. None of these studies employed quantitative measurements 

of color change. Pierce also confirmed, in these species, the skin 

lightening response to adrenalin discovered by Redfield. 

Data from these few early studies on Phrynosoma have been used 

in subsequent discussions of color change mechanisms in reptiles 

(Sands, 1935; Parker, 1948; Waring, 1963; Bagnara and Hadley, 1973), a 

subject almost exclusively limited to data on three genera, Anolis, 

Chameleo, and Phrynosoma. To date, no further work has been published 

on the mechanisms of color change in Phrynosoma. Hadley and Goldman1s 

1969 remark is still essentially true, "Anolis carolinensis [is] the 

only reptile on which there has been continuing research [in the 

field]." 

The ecological consequences of color change in desert lizards 

began to receive attention in 1939, with the work of Atsatt. She 

--------------------------~ .. ~-~ -------
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concluded that color change served a thermoregulatory function. The 

excitement generated by Cowles and Bogert's (1944) classic study on the 

role of behavior in thermoregulation (selection of thermal micro

environments) by reptiles overshadowed Atsatt's findings to such a 

degree that later workers have largely ignored mention of color change 

in thermoregulatory studies: for example Heath (1965) on Phrynosoma. 

Norris and Lowe (1964) and Norris (1967) were the first to try to 

evaluate the significance of color change on survival in terms of 

predator avoidance crypticity and ectothermic thermoregulation. 

This paper reports on studies in which modern pharmacological 

techniques were utilized to evaluate the relative roles of hormonal and 

sympathetic nervous system controls of color change in three species of 

Phrynosoma. Quantitative measures of response were employed. The role 

of temperature in influencing these physiological events is considered. 

Color change for background adaptation is considered as part of the 

adaptive compromise between predator avoidance crypticity and thermo

regulation. The importance of color change to small heliotherms for 

rapid heating is noted, and comparisons in color change response are 

made between species of Phrynosoma. 

Materials and Methods 

Adult lizards of both sexes were captured during the spring and 

summer of 1984 in Pima Co., Arizona (t. solare), or Cochise Co., 

Arizona, or Hidalgo Co., New Mexico, (t. modestum and t. cornutum) and 

were maintained in captivity (Sherbrooke, 1987) for several weeks 

before study. 

---------------------------------------------------,~~~-----------------
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~ vivo experiments of skin color changes were monitored by a 

photovolt reflectometer (Photovolt, Photoelectric Reflection Meter; 

Photovolt Corporation, New York, N.Y.) and recorded as percent dif

ferences from the initial base (zero) value. The reflectance of the 

mid-dorsal surface of each lizard was measured initially by the 

reflectometer, which had previously been standardized against a white 

aluminum oxide plate through a green filter. A glass plate was placed 

over the aperture of the reflectometer before the lizard's back was 

appressed against it. Three successive reflectance values were 

obtained and averaged for each value. In background adaptation 

experiments individual lizards were used twice (spaced by several 

days), but in all other experiments each animal was only used once. 

~ vitro experiments of color changes were also monitored by a 

photovolt reflectometer. Skin was removed from sacrificed lizards, 

mounted on a metal ring, and held in place by an outer overlapping 

plastic ring (Shizume et al., 1954; Goldman and Hadley, 1969). Color 

change in lizard skin results when perinuclearly aggregated melanosomes 

(the resting state in Ringer) are dispersed into overlaying dendritic 

processes of the cell (Taylor and Hadley, 1970; see chapter 2) by 

dispersion agonists. This causes skin darkening. Subsequent removal 

of the dispersing agonist (rinse in Figs.) results in a slow reaggre

gation of melanosomes, thus lightening the skin color and increasing 

reflectance values (reduced skin darkening). Hormones of determined 

concentrations bath the ring supported skins in glass beakers. 

The following hormones were utilized: a-melanocyte stimulating 

hormone (a-MSH) a melanophore agonist; norepinephrine (NE) {L-arterenol 
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bitartrate), an a-adrenoceptor agonist; isoproteronol, a a-adrenoceptor 

agonist; oxprenolol (hydrochloride), a s-adrenoceptor blocker; and 

melatonin, a melanosome aggregant. All were purchased from Sigma 

Chemical Co., St. Louis. Dibenamine HC1, an a-adrenoceptor blocker, 

was produced by K+K Laboratories, Plainville, N.Y. [Nle4, D-Phe 7J-a

MSH was prepared and purified in the laboratory of Victor J. Hruby. 

During in vitro temperature effect experiments, 50 ml beakers 

each containing a skin spread on rings in hormonal solution were set, 

partially submersed, on cement slabs in water baths, which were 

maintained at approximately 6°, 22°, and 41° C. During in vivo 

temperature experiments animals were placed in glass jars, 950 ml for 

P. modestum or 1900 ml for ~. cornutum, which were covered and partial

ly submerged in one of three water baths, as in in vitro temperature 

experiments. 

For background adaptation experiments lizards were adapted for 

24 hours to white or black backgrounds by being held in clear plastic 

cages (45 X 24 X 19 cm), exteriorly painted white or black, under 

continuous overhead fluorescent illumination (Lifeline Sylvania F 30 

T12. CW. RS) 50 cm above the cage floors. Following initial adaptation 

at 24 hrs, their color value was determined hourly for six hours. 

Cages were held in a wooden box where temperature remained between 25° 

- 30° C in all experiments. 

------------------------.~.-. 
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Results 

Reflectance Response to a-MSH and Melatonin 

Comparative dose-response curves for a-MSH were determined for 

three species, ~. solare, ~. cornutum, and ~. modestum. The peak 

response occurred after 60 min in ~. cornutum and ~. modestum, and 

after 50 min in P. solare. In Pe sol are the dose-response curve 

reached its highest skin darkening value (15%) at 4 X 10-9 M a-MSH 

(Fig. 3.1). In~. cornutum this point (19%) was achieved with 1.6.X 

10-8 M a-MSH, and in P. modestum the maximum darkening response (19%) 

occurred with 6.5 X 10-8 M a-MSH. The range of concentrations of a-MSH 

over which the dose-response curve exhibits effective change was least 

in P. sol are, 10-9 - 4 X 10-9 M, next broadest in ~. cornutum, 10-9 -

1.6 X 10-8 M, and broadest in P. modestum, 10-9 - 6.5 X 10-8 M (Fig. 

3.1). 

The maximum effective dose of a-MSH for ~. cornutum, 1.6 X 10-8 

M, was utilized to demonstrate the reversibility of the skin darkening 

response to this agonist (Fig. 3.2). A prolonged rinse period of 200 

min was required before further skin lightening terminated. 

The response of a-MSH darkened Phrynosoma skin to melatonin was 

tested in P. solare. Skins were darkened (13%) with 1.6 X 10-8 M a-MSH 

before application of 10-5 M melatonin (Fig. 3.3). Subsequent values 

over a 30 min period failed to demonstrate a skin lightening response. 

Melatonin (10-5 M) also failed to effect skin lightening in P. modestum 

(data not presented). 
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Role of a- and s-Adrenergic Receptors 

The possible role of s-adrenergic receptors in causing darken

ing of Phrynosoma skin was evaluated by applying a 10~5 M isoproteronol 

to skins of ~. cornutum (Fig. 3.4). The skin darkened to near its 

maximal response (5%) within 20 min. It achieved this much more 

rapidly than a-MSH darkened skins, but the maximum darkening of 6% was 

considerably lower than was achieved with 1.6 X 10-8 M a-MSH, which 

resulted in a 19% darkening response. A skin lightening response to 

NE, an a-adrenergic agonist, was demonstrated in P. sol are skins that 

previously had been darkened with 1.6 X 10-8 M a-MSH (Fig. 3.3). 

In order to further evaluate the role of catecholamines of the 

sympathetic nervous system in regulating color change in Phrynosoma 

two species were studied with the use of specific a- and S-adrenoceptor 

blockers, Dibenamine (10-5 M) and oxprenolol (10-5 M) respectively 

(Fig~ 3.5 and 3.6). Isoproteronol (10-5 M), a specific s-adrenoceptor 

agonist, was applied to three groups of skins, each previously incu

bated (preincubated) for 60 min in one of the two blockers or in 

Ringer. A fourth group of control skins (not graphed) remained 

essentially unchanged throughout the experiment. 

In ~. sol are (Fig. 3.5) the Dibenamine (a-blocker) treated 

skins darkened in response to isoproteronol, 7% darkening response 

within 50 min. Ringer treated skins also darkened in response to the 

s-agonist isoproteronol, 5% darkening response within 50 min. The 

oxp.renolol (S-blocker) skins failed to darken in response to iso

proteronol. 

._-_ ... _ •... _------
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Norepinephrine {10-5 M}, an a-adrenergic receptor agonist, was 

applied after 80 min to the three groups of ~. sol are skins {Fig. 3.5}. 

The Ringer treated skins lightened noticeably as did the oxprenolol 

treated group, but the Dibenamine treated group failed to respond. At 

130 min skins were rinsed for one hr, during which the Dibenamine and 

Ringer skins failed to lighten. 

At 190 min oxprenolol {10-5 M} was applied to the Dibenamine 

and Ringer incubated skins. Both groups of skins lightened rapidly. 

The oxprenolol incubated skins were treated with 4 X 10-9 M a-MSH at 

the same time. These skins slowly darkened. 

The experimental procedure utilizing a- and s-adrenergic 

blockers was repeated on a second species, ~. cornutum {Fig. 3.6}. 

Again, both the Dibenamine and Ringer, 60-min incubated, skins darkened 

in response to 10-5 M isoproteronol, both 6% within 60 min. This 

contrasts with the results from P. sol are where the Dibenamine treated 

skins darkened more than the Ringer skins. When 10-5 M NE was applied 

at 80 min no clear response occurred in any of the three treatment 

groups. Again, this contrasts to the situation in ~. sol are where the 

Ringer and the oxprenolol treated groups lightened. The rinsing of 

hormones, again at 130 min, showed little effect on color change of the 

skins. 

In response to the application of 10-5 M oxprenolol both Ringer 

and Dibenamine incubated skins of P. cornutum lightened {Fig. 3.6}. 

Simultaneous application of 1.6 X 10-8 M a-MSH to oxprenolol treated 

skins resulted in significant skin darkening. Both series of responses 

parallel those noted in P. sol are. 
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Temperature Effects 

An in vitro experiment was conducted on P. cornutum skins to 

evaluate the direct effect of temperature on the skin darkening 

response due to a-MSH (Fig. 3.7). Three groups of sk1ns (N = 6) were 

maintained respectively at 6°, 22°, and 41° C for 1 hr before applica

tion of 1.6 X 10-8 M a-MSH. A forth group of control skins was 

maintained at 22° C throughout the experiment. 

In response to a-MSH, within 30 min the 41° C skins showed a 

net 12% darkening response, the 22° C skins a 6% darkening response and 

the 6° C skins a 1% response. By 90 min the respective darkening 

responses were 19%, 14%, and 5%. The control skins remained unchanged. 

An in vivo temperature experiment was then conducted on two 

species, ~. cornutum and ~. modestum. In this experiment animals were 

placed for 1 hr periods in jars held in water baths at temperatures of 

6° C, 22° C, and 41° C (Fig. 3.8). The percent darkening response at 

each temperature was determined in comparison to the reflectivity of 

the lightest skins, at 41° C. In both species the percent darkening 

response was greatest at 22° C, 37% in P. modestum and 20% in P. 

cornutum. At 6° C the darkening response was 28% in ~. modestum and 

15% in P. cornutum. Both species were lightest at 41° C and darkest at 

22° C, showing intermediate reflectance values at the lowest tempera

ture, 6° C. ~. modestum clearly exhibited the broadest range of 

percent darkening response, 37% vs 20%, of the two species under these 

conditions. This may not be the full range of color change possible 

for either species. 
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An extremely potent analog of a-MSH, [Nle4, D-Phe7]-a-MSH, was 

utilized in two experiments (Fig. 3.9 and 3.10) to force groups of in 

vivo ~. modestum to remain maximally darkened throughout an experiment 

involving temperature changes. Prolongation of the a-MSH skin darken

ing response with the analogue lasted more than 24 hrs. The control 

lizards were injected (0.1 ml/animal) with 2.5 X 10-6 M [Nle4, D-Phe7]

a-MSH 1 hr prior to the first reading of percent darkening response, 

which was 2 hrs after being placed at an initial temperature. 

In the first experiment (Fig. 3.9) animals were first placed at 

41° C an hour prior to the initial reading. A 2% darkening response 

occurred by the following hour and was maintained for the time (3 hrs) 

the lizards remained at that temperature. The control [Nle4, D-Phe7]

a-MSH group of lizards initially darkened, 30% darkening response, in 

response to the hormone analogue. After the third hourly reading of 

reflectance values all lizards were switched to a 27° C temperature 

bath. Within the next hour the experimental group darkened 19%, to 21% 

darkening response. The control [Nle4, D-Phe7]-a-MSH group remained 

essentially the same. Both groups were followed for the following 

eight hours without appreciable change in their responses. 

In the second experiment (Fig. 3.10) animals were first placed 

at 27° C, and the control group ([Nle4, D-Phe7]-a-MSH) was injected an 

hour later, one hour before the first reading of percent darkening 

response. The control group darkened to 26% darkening response by the 

first reading and remained approximately at this level throughout the 

12 hrs of the experiment. The experimental group remained essentially 

unchanged until after the third hourly reflectance reading. An hour 

---------------------~---.--~ .. -.------
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later, the temperature of both groups was raised to 41 0 C. Experimen

tal lizards lightened considerably, 41% response. In contrast, the 

control [Nle4, D-Phe7]-a-MSH lizards only exhibited minor skin lighten

ing (4%). Subsequent to a 3-hr period at 41 0 C, the lizards were 

returned to a 27 0 C water bath and their response was evaluated three 

hours later. The experimental animals dramatically darkened (51%) to 

5% darkening response, whereas the control group remained unchanged. 

Three hours later, at the same temperature, the two groups lacked 

appreciable change in their response. 

Background Adaptation 

Both Phrynosoma cornutum and ~. modestum were adapted for 24 

hrs to black and to white backgrounds before evaluation of color 

change. In the first experiment ~. cornutum on black background 

darkened 17%, those on white background darkened 18% (Fig. 3.11). In a 

subsequent experiment, the same species darkened 3% and 4% respectively 

(Fig. 3.12). In neither case was there a significant difference in 

response between the different background color treatments. Reflec

tance readings were continued hourly over the subsequent six hour 

period. The lizards employed in the two treatments showed no further 

color differentiation associated with background adaptation (Figs. 3.11 

and 3.12), in fact, black background animals may have been lighter than 

white background animals. Black and white background adapted ~. 

modestum darkened less, 9% and 8% respectively, than ~. cornutum (Fig. 

3.11). During the subsequent six hours of readings the white back 



.. Phrynosoma cornutum - black background 

A Phry'nosoma cornutum - white background --. -g • Phrynosoma modestum - black background 
30 S 0 Phry'nosoma modestum - white background .s -

Q) 0 ! 

~ 
(/) 20 

f c 
0 • I 

0 

f 
Co 
(/) 
Q) • 0::: 

c- 10 ~ c 

t .-c t Q) 

A I ~ 
'-
0 6- ~ 

& ~ ~ c 0 6--c 
Q) 
0 
'-
Q) 
a. -10 

24 26 28 30 

Time (hours) 

Figure 3.11. Percent darkening response (in vivo) to black and to 
white backgrounds by PhrynosrnnalmOOestum (N = 14) and 
Phrynosoma cornutum (N = 14) for six hrs following an 
initial 24 hr background adaptation period to the same 
background. Vertical bars indicate standard error of the 
mean. 



64 

- 30 
~ 
$ 
c:: • Phrynosomo cornu tum - black background -- 20 0 Phry'nosomo cornutum - white background (JJ 
en 
c 
0 
C. en 
(JJ 10 a:: 
Cl 
c .-c 
(JJ 

6 ~ 0 ! 6 "-
0 c 

2 ! ! -c 
Q) 
0 -10 "-
Q) 

a. 

24 26 28 30 

Time (hours) 

Figure 3.12. Percent darkening response (in vivo) to black and to 
white backgrounds by Phrynosmna-cornutum (N = 7) for six 
hrs following an initial 24 hr background adaptation 
period to white backgrounds. Vertical bars indicate 
standard error of the mean. 

---.----------------------~-~~-,---------. --.-_. -



ground animals were slightly lighter than those on black background 

(Fig. 3.12). 

Discussion 
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In their review of reptilian color change mechanisms Bagnara 

and Hadley (1973) concluded that both nerves and hormonal agents appear 

to influence color change in Phrynosoma. In contrast, in Anolis 

carolinensis, only hormones are involved. In Chameleo the sympathetic 

nervous system clearly regulates color changes, and a-MSH appears to 

have a role in color change as well. 

In this study, a-MSH was demonstrated to be a potent skin 

darkening hormone in three species of Phrynosoma; percent darkening 

response in the species are: ~. sol are 15%, ~. cornutum 19%, and P. 

modestum 19% (Fig.3.1). The range of concentrations over which 

Phrynosoma melanophores were responsive to a-MSH was greatest in P. 

modestum (10-9 - 6.5 X 10-8 M), less in ~. cornutum (10-9 - 1.6 X 10-8 

M), and least in ~. sol are (10-9 - 4 X 10-9 M). These data suggest 

that, amongst the three species, initial skin darkening responses 

attributable to a-MSH occur at different plasma concentrations of the 

hormone. From the most sensitive (a-MSH) melanophore system to the 

least sensitive the species rank, P. modestum > P. cornutum > P. 

solare. It would be interesting to know if the species also differ in 

circulating plasma levels of a-MSH. The reversibility of the a-MSH 

initiated response by withdrawal of the hormone (rinse) is lengthy, 

approximately 200 min, in the one species studied, P. cornutum. 



66 

Parker (1938) noted that blinded Phrynosoma darken under strong 

illumination and pale in the dark, possible evidence for a role of the 

pineal hormone, melatonin, in color change. Melatonin was applied to 

a-MSH darkened skins of P. sol are (Fig. 3.3) and P. modestum. In 

neither case did the skins lighten. This finding of no apparent role 

of melatonin in color change of Phrynosoma is similar to data on Anolis 

(Banara and Hadley, 1973). 

The sympathetic nervous system can effect color change through 

a- and s-adrenergic receptors of melanophores, the former causing 

perinuclear aggregation of melanosomes and the latter resulting in 

dispersion of melanosomes into overlying processes of the cell (see 

Chapter 2). The presence of s-adrenoceptors on melanophores of P. 

cornutum was established utilizing isoproteronol (Fig. 3.4). In 

addition this experiment demonstrated that a-MSH is a much more potent 

skin darkening agent than isoproteronol. This suggests that this 

melanotropin is more important than the sympathetic nervous system in 

effecting skin darkening in Phrynosoma. The lightening of -MSH 

darkened P. sol are skins with NE (Fig. 3.3) established the presence of 

-adrenoceptors on melanophores of this species. 

Isoproteronol and a S-adrenoceptor blocker, oxprenolol, were 

utilized to further evaluate the role of S receptors in Phrynosoma skin 

darkening. Similarly, NE and an a-adrenoceptor blocker, Dibenamine, 

were utilized to study the influence of a-receptors on skin lightening. 

Utilizing these pharmacological agents it was possible to demonstrate 

that ~. sol are has both a- and S-adrenoreceptors (Fig. 3.5). In 

response to the S-agonist isoproteronol, Ringer skins and Dibenamine 

---------------------~.----.. -.-..•..•.. -.------.-----..... -
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incubated skins both darkened, whereas S-blocker (oxprenolol) treated 

skins failed to respond. The greater response of Dibenamine treated 

skins over that of Ringer treated skins may be attributable to greater 

affinity of isoproteronol to s-receptors in the presence of the a

blocker occupying a-adrenoceptors. Application of NE resulted in a 

skin lightening response in the Ringer skins and the oxprenolol treated 

skins, but no response in the Dibenamine treated skins; these results 

establish the presence of a-adrenoceptors as potential agents of color 

change in P. sol are. 

Following a rinse of hormones, neither the Ringer nor the 

Dibenamine skins lightened until oxprenolol was applied. Perhaps in 

both cases isoproteronol remained bound to the S-receptor until 

displaced by oxprenolol, after which the skins lightened. At the same 

time other skins were rinsed the oxprenolol/isoproteronol treated skins 

were found to respond to a-MSH by darkening. Perhaps with this group 

of skins isoproteronol was again bound to S-adrenoceptors, but the two 

skin darkening agents have been shown to work through separate recep

tors (Goldman and Hadley, 1969). 

A similar pharmacological experiment was preformed on the skin 

of P. cornutum (Fig. 3.6). In response to isoproteronol, skins in 

Ringer or Dibenamine darkened whereas those in oxprenolol failed to 

darken. This established the presence of S-adrenoceptors on melano

phores. Ringer and Dibenamine treated skins failed to lighten in 

response to NE, suggesting the lack of a-adrenoceptors in this species. 

Also, in response to isoproteronol, Dibenamine incubated skins darkened 

only as much as Ringer skins. This contrasts with the results from P. 
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sol are, and further argues for the lack of a-receptors in P. cornutum. 

Differences in the presence or absence of a-adrenoceptors between 

populations of Rana pipiens have been identified (Hadley and Goldman, 

1970), nevertheless Parker (1916, 1918) did use P. cornutum to demon

strate a skin lightening response to adrenal in, an a-adrenoceptor 

agonist. The problem of the presence or absence of a-receptors in this 

species needs closer study. 

None of the three groups responded to a rinsing of the hormones 

until oxprenolol was applied to the Ringer and Dibenamine treated 

groups, and a-MSH was applied to the oxprenolol treated skins. The 

responses here were similar to those noted in P. sol are, lightening of 

Ringer and Dibenamine treated skins, perhaps due to displacement of 

isoproteronol, and darkening of oxprenolol treated skins in response to 

the melanotropin. 

The following conclusions may be drawn regarding these experi

ments on hormonal and sympathetic (adrenoreceptor) regulation of color 

change in Phrynosoma. All species tested, t. modestum, t. cornutum and 

t. solare, darken in response to the pituitary melanotropin a-MSH. 

Neither of two species, t. sol are and t. modestum, lightened in 

response to melatonin. Sympathetic nervous system receptors were found 

to effect color change in the two species studied pharmacologically, ~. 

sol are and P. cornutum. Both species exhibited darkening in response 

to s-adrenergic receptor agonists, but the response was considerably 

less than that attributable to a-MSH. One species ~. sol are responded 

to a-adrenergic receptor agonists, whereas in the other, ~. cornutum, 

there was no response, suggesting that this species, or population, may 
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lack this mechanism of skin lightening. Why this might be the case is 

not clear and needs further study. In separate experiments (data not 

reported) on ~. modestum, a-MSH darkened skins responded by lighting to 

NE. 

Clearly a-MSH is the dominant skin darkening agent in Phryno

~, and its action may be augmented by 8-adrenergic receptors of the 

sympathetic nervous system. Skin lightening can be achieved by 

withdrawal of a-MSH or, in some species at least, by a-adrenergic 

receptors of the sympathetic nervous system. 

Three experimental approaches were utilized to investigate the 

influence of temperature on color change mechanisms in Phrynosoma. 

First, in vitro skin responses to a-MSH were studied at three widely 

separate temperatures (Fig. 3.7). These results, from ~. cornutum, 

demonstrated that the rate of skin darkening is highest at higher 

temperatures (22° and 41° C) and lowest at low temperatures (6° C). 

This is probably due to differences in the physiological responses of 

melanophores at these temperatures. But, the skin darkening responses 

at each temperature are not consistent with in vivo responses to the 

same temperatures noted in subsequent experiments. 

In the second approach, in vivo skin darkening responses of ~. 

cornutum and P. modestum to the same three temperatures were studied 

(Fig. 3.8). Both species show the same pattern, 41° C animals were 

lightest, 22° C animals were darkest, and 6° C animals were inter

mediate in reflectance values. At first glance these data conflict 

with Atsatt's (1939) findings that desert lizards are darkest at lower 

temperatures and lightest at higher temperatures. But Atsatt did not 
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employ the wide range of temperatures utilized in this experiment. Her 

Phrynosoma were exposed to temperatures between 17 0 
- 41 0 C; therefore, 

her results are consistent with those found in this study. 

Atstatt (1939) and others (Redfield, 1918; Parker, 1938) found 

that Phrynosoma darken at lower temperatures and lighten at higher 

temperatures. Undoubtedly if they had used lower temperatures they 

would have found skin lightening, as in this study. These data are 

explainable by considering two factors of the a-MSH skin darkening 

system of Phrynosoma. First, release of a-MSH from the pars intermedia 

may be inhibited at low temperatures (6 0 C), reducing a-MSH levels in 

circulating blood. Second, as demonstrated above, even if the hormone 

is present at the skin in sufficient concentration to effect color 

change at higher temperatures, the melanophores are much less respon

sive at 60 C. Of course in the field these lizards are not usually 

active at 60 C. It may well be of significance that they darken at 

temperatures encompassing 22 0 C, when lizards are actively thermo

regulating to achieve higher body temperatures. 

Another aspect of this in vivo temperature experiment was the 

intraspecific differences in darkening responses (220 and 41 0 C) of t. 
modestum, showing a range of 37%, and t. cornutum, with a range of 20%. 

In contrast, in vitro skins in both species showed a maximal darkening 

response of 19% in -MSH dose-response curves. These data are not 

fully comparable as in the in vivo study percent darkening response was 

based on comparison to the lightest colored skins, whereas in the in 

vitro study percent darkening response was based on the "resting" state 

of the cells. Nevertheless, the response of both in vitro and j1!, vivo 
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experiments are very close, 19 and 20%, for ~. cornutum, whereas those 

for ~. modestum are 19 and 37%. The significance of these intra

specific differences is not readily apparent, but it might be related 

to the wider range of a-MSH concentrations to which P. modestum is 

responsive, or to sympathetic nervous system factors. As noted above 

~. modestum is responsive to NE, but apparently ~. cornutum lacks 

a-adrenoceptors. 

A third approach to the study of temperature effects on color 

change involved in vivo use of [Nle4, D-Phe7]-a-MSH with ~. modestum 

(Fig. 3.9 and 3.10). As anticipated, this superagonist, of prolonged 

action, of a-MSH receptors (Sawyer et al., 1980; Hadley et al., 1984) 

darkened lizards throughout experiments of 12 hr duration; darkening 

lasted well beyond 24 hrs. These lizards served as controls for a-MSH 

response to temperature changes as experimental lizards were moved 

between 27 0 and 41 0 C temperature baths. 

Experimental lizards that were light at 41 0 C darkened when the 

temperature was changed to 27 0 C; [Nle4, D-Phe7]-a-MSH lizards did not 

change. Experimental lizards at 27 0 C lightened when moved to 41 0 C 

and redarkened when returned to 27 0 C, exhibiting a 51% darkening 

response. [Nle4, D-Phe7]-a-MSH lizards did not change color throughout 

the same temperature changes. In both experiments the [Nle4, D-Phe 7]

a-MSH lizards failed to respond. Since the a-MSH receptors of these 

lizards were apparently bound by the analogue, and thus unresponsive to 

changes in circulating levels of a-MSH, one interpretation of the color 

changes in the experimental group is that they are the result of 

changes in a-MSH levels in the blood. Another explanation might be 
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that [Nle4, D-Phe7]-a-MSH inhibits the action of a-adrenergic receptors 

on melanophores, thus keeping the melanosomes dispersed in spite of 

sympathetic stimulation, which could have been responsible for the 

lightening of the experimental animals at 41° C. 

The in vitro temperature studies established that Phrynosoma 

cornutum skin is more sensitive to a-MSH at higher than at lower 

tempe ratu res. The in vivo studies showed that --- animals are 1 i ghtest at 

41° C, darkest at 22° C and intermediate at 6° C. The [Nle4, D-Phe7]-

a-MSH studies, combined with the studies of a- and s-adrenoceptors, 

suggests that ~. modestum may darken using a-MSH and may lighten either 

by reducing a-MSH blood levels or through a-adrenergic receptors, or 

through both. 

Experiments involving 24 - 30 hr background adaptation of ~. 

cornutum and P. modestum to black and white envirdnments gave unex-

pected results. Although animals darkened on black background, so did 

those on white background. In neither species was there clear evidence 

of adaptation of skin color to surroundings within the period studied. 

This contrasts with earlier reports of background adaptation in 

P. coronatum (Redfield, 1918) and ~. cornutum (Parker, 1938), where 

some lizards adapted, but over several days on contrasting substratum. 

Pierce (1941) reported that ~. douglassi and ~. modestum background 

adapt within a few hours, but it is not clear that she was really 

dealing with chromic adjustment to background albedo. The lack of 

response of lizards in this study to different backgrounds may have 

been due to a shorter time period than was employed by Redfield and 

Parker. If Phrynosoma do background adapt in nature it would be 

--------------------~--~--.... ~-~.". ----_ .. - ... _ .... 
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experiencing the daily darkening and lightening associated with the 

temperature changes that are part of their daily activity cycle. 
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Atsatt's (1939) classic study focused attention on the role of 

color change in desert lizards away from background matching and toward 

thermal considerations. She found that ~. platyrhinos, at 29° - 30° C, 

lighten in darkness and darken under illumination. But at high 

temperatures lizards lighten irrespective of illumination and at low 

temperatures they darken irrespective of lack of illumination. She 

found that both t. platyrhinos and ~. coronatum darken at lower 

temperatures and lighten at higher temperatures, 17° - 41° C. She 

concluded that color change in desert iguanids in response to tempera

ture seems to have a thermoregulatory function. 

Cole (1943) considered overheating due to absorption of solar 

radiation in lizards, including P. douglassi and ~. platyrhinos. He 

suggested that previous studies on color change had placed too much 

emphasis on concealing coloration, to the exclusion of thermal consid

erat ions. 

Cowles and Bogert's (1944) study of the thermal requirements of 

desert reptiles, including three species of Phrynosoma, opened an area 

of intense interest in the finesse with which these animals utilize 

solar radiation to thermoregulate within narrow limits. Their view of 

the importance of this factor in desert lizard ecology is summarized in 

their statement, liThe acquisition and maintenance of necessary body 

temperatures are the sine ~ non of existence of terrestrial 

vertebrate ectotherms. All other activities requisite for survival of 

.... ~.- ..... ------- .. --.--.... 
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reptilial species seem ultimately to depend upon the maintenance of 

necessary body temperature II ... 
Subsequent studies on thermoregulation in Phrynosoma defined 

various aspects of the thermal limits of species and described 

behavioral responses utilized by lizards to achieve the body tempera

tures necessary for daily activities (Heath, 1962, 1964, 1965, 1966; 

Brattstrom, 1965; Ballinger and Schrank, 1970; Prieto and Whitford, 

1971). Heath (1965), who studied six species of Phrynosoma, concluded 

that their use of the thermally diverse environment is precise and 

complicated, involving five methods of behavioral thermoregulation: 

shade-seeking, re-entry into the sun, burrowing, variations in body 

shape, and orientation movements. 

Cowles and Bogert (1944) considered that the importance of 

color change in desert lizards is 'that it enables lizards to extend 

normal activities into time periods, dawn and dusk or spring and fall, 

when behavioral methods of thermoregulation are marginal. Later Bogert 

(1959) found that in rapidly heating ~. sol are of three body sizes, the 

smallest lizards, having the greatest surface/volume ratio, heated at 

the same rate, apparently because the smallest lizard lightened its 

color more dramatically, thus reducing heat absorption. 

Norris and Lowe (1964) brought attention to the importance of 

background color-matching, across the visible spectrum, for reptiles 

and amphibians. In~. m'calli they found separate reddish and whitish 

colored populations living on appropriately colored soils. Atsatt 

(1939) had earlier found that orange, reddish and purplish populations 

of P. platyrhinos do not change to another color for background 
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matching. Thus, although background color matching, in terms of chroma 

and hue may be closely matched and permanent, it is in value, or 

brightness, that color change occurs in response to melanophore 

changes. 

Pearson's early (1954) and later (Pearson and Bradford, 1976; 

Pearson, 1977) work established the importance of skin darkening in the 

thermoregulation of high altitude lizards, Liolaemus multiformis, in 

southern Peru. It called attention to the potentially conflicting 

selective pressures, thermoregulatory and cryptic concealment, operat

ing on mechanisms of color change in lizards. Norris (1967) discussed 

this adaptive compromise for desert lizards, noting, uIn the cold 

lizard, energy absorption is predominant; in the active lizard, 

background color-matching assumes dominance". Norris suggested that 

for a small heliothermic lizard it may be an advantage to be as 

absorptive of solar radiation as possible, and that above a certain 

body size and configuration, ca. 40 g and surface-mass ratio of 3.5, 

this relationship no longer holds. 

It has long been appreciated that Phrynosoma are highly cryptic 

(see Chapter 8 and cited references). This background matching to 

avoid detection by predators is largely the result of pattern (see 

Chapters 2 and 8) and permanent colors involving chroma and hue 

(Norris, 1967 comments on their ontogenetic development). Darkening 

and lightening of skin in Phrynosoma probably has little to do with 

concealment and may be exclusively an adaptation for thermoregulation. 

The data from this study show that Phrynosoma utilize mainly 

a-MSH for darkening. The responses of species are somewhat different • 

. _------------------------_ •. _ ... _----------
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Of particular interest is ~. modestum, the smallest species with an 

adult body weight under 10 g. (see Chapter 7, Fig. 7.2). Adult p. 

cornutum and ~. solare are approximately 35-50 g (see Chapter 7, Fig. 

7.1). ~. modestum skin was the most sensitive to a-MSH darkening in in 

vitro studies. Also, in in vivo studies it exhibited the broadest 

range of reflectance changes in response to temperature changes. 

Apparently this is an adaptation for greater use of color change in 

thermoregulation, because of its body size/volume ratio. The tempera

ture data for all the species support the idea that skin darkening is 

important for thermoregulation, occurring at a mid-range (22 0 C), when 

lizards are attempting to warm further, and not at inappropriate low 

temperatures (6 0 C) for behavioral thermoregulation, nor at inappropri

ately high (41 0 C) temperatures, when lizards need to dissipate heat. 

The adaptive compromise noted by Norris and Lowe (1964) and 

Norris (1967) between concealing coloration and color change for 

thermoregulation may not be as difficult to resolve for some desert 

lizards as at first seems apparent. No one has considered that the 

albedo of the background changes throughout the day in a fashion that 

somewhat parallels the color change requirements of a lizard for 

thermoregulatory adaptation (see Chapter 8). At dawn and dusk, when 

lizards darken to improve absorption of solar radiation, the albedo of 

the'ir background is reduced and shadows are prominent, whereas at mid

day the lizards are warm and light colored and the environment is 

bright and shadows are less prominent features of the background. 

-------------------~---.----... --.... --.------



CHAPTER 4 

A DORSAL INTRAEPIDERMAL SENSORY RECEPTOR IN 

HORNED LIZARDS (PHRYNOSOMA; IGUANIDAE; REPTILIA) 
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Sensory organs of diverse structure have been described as 

occurring in squamate skin under a variety of designations: scale 

organ, scale pit, touch corpuscle, tactile or sensory spot, sensory 

pore, sensory plaque, hair-like organ (Jackson, 1971, 1977; Miller and 

Kasahara, 1976; Peterson, 1984; Stoval, 1985). Some sensory organs, 

such as those of the tuatara (Maderson, 1968), Xantusia vigilis and 

Iguana iguana (Maderson, 1972) appear simple in structure at the skin 

surface, whereas others are adorned with presumed sensory hairs, 

Pygopodidae (Underwood, 1957), Agama colonorum (Elias and Bortner, 

1957), Anolis carolinensis (Maderson and Licht, 1967), Calotes versi

color (Miller and Kasahara, 1967), Coleonyx variegatus (Stewart and 

Daniel, 1975), Agama stellio and Pachydactylus bibroni (von During and 

Miller, 1979), and Hemidactylus brooki (Peterson and Bezy, 1985). 

Maderson (1972) speculated on the relationship of hair-like mechano

receptors, such as seen in Gekko gecko, to the origin of mammalian 

hair. Histological and ultrastructural studies have revealed diverse 

intraepidermal and dermal structures of these organs as well (Miller 

and Kasahara, 1967; von During, 1973a; von During and Miller, 1979). 

These apparent specializations, both superficial (structural) and 

intraintegumental (cellular) of skin receptor organs suggests that they 
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are of multifaceted functional importance, but only a few studies have 

focused on the physiology of their functional roles (Siminoff and 

Kruger, 1968; Proske, 1969a, b, c; Iggo, 1980), leaving many unknowns. 

In spite of several surveys of scale microstructure that have 

included iguanid lizards (Burstein et al., 1974; Stewart and Daniel, 

1975; Cole and Van Devender, 1976; Peterson, 1984) there are few 

reports of integumental sensory receptors amongst members of the 

family. The plugged "pores" noted on scales of Sceloporus by Cole and 

Van Devender (1976) are worthy of more detailed study for evaluation of 

their function. Peterson's (1984) scanning electron microscope (SEM) 

survey of microstructure in iguanids illustrated a scale organ on an 

Iguana iguana scale. Similarly, von During and Miller (1979) pictured 

a scale organ of the same species, and presented a schematic diagram of 

its structure. Landmann (1975) noted tactile sense organs on the heads 

of lizards, including two iguanids (Crotaphytus collaris and Anolis 

cristatellus). Stovall (1985) reported cepahlic pits in the iguanid 

Uta stansburiana, which are circular islands surrounded by a trough or 

moat-like depression. Histologically, these structures have modified 

epidermal coverings and dermal papillae (Landmann, 1975; von During and 

Miller, 1979; Stovall, 1985). This study on iguanids of the genus 

Phrynosoma reports on the distribution of sensory receptors on the 

body, their surface features and ultrastructure, and attempts to 

interpret their functional significance in terms of the animal's 

survival. This is the first report of the ultrastructure of intra

epidermal mechanoreceptors of an iguanid lizard, and the first report 

--------------------------... ~-.. ,.-~ ,-----, --_ ... 



to recognize their frequent occurrence and wide distribution in the 

integument. 

Methods 
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Scales of seven species of the genus Phrynosoma (~. modestum, 

P. solare, ~. cornutum, ~. mlcalli, ~. platyrhinos, ~. douglassi, and 

P. coronatum) were surveyed for occurrence of sensory receptors. Five 

alcoholic (55% isopropanol) specimens of each species of both sexes 

(except only one specimen of ~. coronatum) were examined under a 

dissection microscope at 25X and 64X magnification. A survey of scales 

was made in each of the following regions of each lizard: dorsal and 

ventral scales of the tail, foreleg, hindleg, abdomen and head; 

parietal horns forward to supralabial scales; supra- and infralabial 

scales; chin scales (post-mental); upper and lower scales of outer 

eyelid edge; preocular scales; and lateral abdominal fringe scales. 

Light microscope, transmission electron microscope (TEM), and 

SEM examinations of the structure of sensory units were limited to 

those on dorsal abdominal scales of one species, ~. modestum. For 

light microscope study, skin was fixed in 10% buffered formalin and 

stained with hematoxyline and eosin. Skin for TEM was fixed in 4% 

buffered glutaraldehyde, dehydrated in graded ethanol, and embedded in 

Spurrls epoxy. Thick one-micron sections were stained with toluidine 

blue. Thin sections were cut with a diamond knife and stained with 

uranyl acetate-lead citrate. Grids were examined in a JEOL 10DeX 

electronmicroscope. For SEM study, skin was taken from alcoholic 

specimens, refixed in osmium tetraoxide and thiocarbohydrizide, 

--------------------------------------------------
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critical point C02 dried and sputter coated with gold-palladium, and 

examined at 20 KV. Stereoscopic photographic pairs were made at 0° and 

10° tilt, after trial photographs at 3.5°, 7.5° and 10° tilt of the 

specimen revealed that the 10° angle in combination with 0°, viewed 

with a stereoviewer, provided the best match to specimen topography (as 

viewed through a dissecting microscope) • 

. Results 

Anatomical Distribution of Sensory Receptors 

All specimens of the species of Phrynosoma examined had 

numerous sensory scale receptors; no differences between the sexes were 

noted in receptor distribution nor abundance. Receptors are limited, 

with few exceptions, to dorsal scales. None were found on ventral 

scales of the tail, abdomen, nor front- or hindlegs. But sensory 

receptors occur on the anterior most scales of the gular region, 

immediately posterior to the mental scales; their occurrence here is 

most sparse in ~. douglassi and ~. coronatum. Also, receptors occur on 

infralabial scales along the lower jaw. In most species of Phrynosoma, 

the ventral-dorsal abdominal transition is laterally delineated by one 

or two rows of enlarged fringe scales (Sherbrooke, 1981). Occurrence 

or absence of sensory receptors on these scales seems to vary between 

species, being present in ~. cornutum, ~. douglassi, and ~. platy

rhinos. In P. cornutum, which has two parallel rows of fringe scales 

along each side, receptors were found on the upper row scales, but not 

on the lower row scales. 

------------------------------------------------ --------....... . 
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Phrynosoma species differ in the degree of spinyness of their 

dorsal scales and in the size and configuration of parietal horns. 

These differences may be adaptive (see Chapters 6, 7 and 8). In P. 

modestum dorsal abdominal spines are very reduced in size, whereas in 

P. coronatum, t. cornutum, and t. sol are dorsal spines are prominent. 

In all species, sensory receptors tend to be found on spines and 

adjacent scales, often keeled. Although other scales not immediately 

adjacent to a back spine may possess a sensory receptor, receptors are 

less frequent, many scales lacking them, in intervening regions between 

complexes of receptor organs around spines. Receptors on the tail, 

forelegs, and hindlegs are on individual keeled scales and are not 

associated in groups. These dorsal body receptors are located near the 

posterior of each scale, either at the keel apex, or, in strongly 

keeled scales, below its posterior projecting tip. Although almost all 

of these scales possessed but a single receptor, two or three occur on 

many scales of two species, t. platyrhinos and t. m'calli. 

On the head, sensory receptors occur on more scales and in 

greater numbers per scale towards the front of the head. Anterior to 

the front edge of the orbits, most scales have multiple sensory 

receptors. On scales found in the interorbital region, including the 

nasal area, the receptor shape may deviate slightly from the circular 

shape of dorsal back receptors. The same is true of receptors on 

supra- and infralabial scales. This form is even more altered in 

receptors on scales along the eyelid edge, which are elliptically 

elongate. In some cases, two somewhat elliptical receptors occur 

adjacent to each other on a scale, giving the impression that more 



elongate receptors may have developed from the fusion of two receptor 

zones. These receptors conform to the elongate shape of the eyelid 

edge scales. Single receptors are also abundant on small, granular 

preocular scales of the anterior orbit. 

Surface Features 
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Sensory receptors are pigmented, showing the various colors of 

the background pigment cells, including black spots. Under the 

relatively low magnification of a dissecting microscope, the receptors 

of living animals are domed. Frequently, they protrude beyond the 

surface contour of the scale. Each receptor appears to sit in a 

circular pit, which forms a continuous ring or "moat" around the 

receptor. This is clearly seen in stereoscopic pairs of SEM photo

graphs {Fig. 4.1; Fig. 5.2 C,D}. The diameter of each sensory receptor 

of a dorsal back scale is approximately 100 ~m. 

Histology and Ultrastructure 

Light microscope examination of P. modestum·skin reveals the 

epidermal and dermal components of each sensory organ {Fig. 4.2}. The 

outer surface of the receptor is covered by keratinized layers of dead 

cells. The epidermal cells in the receptor are columnar, contrasting 

with and intergrading into the adjacent cuboidal keratinocytes of the 

scale proper. Both types of epidermal cells rest on a continuous 

basement membrane. The dermis below this membrane is occupied by 

numerous iridophores, except immediately below the receptor where a 

dermal papillae occurs. 

-------------------------.~~.~.----



Figure 4.1. Stereoscopic pair of scanning electron microscope (SEM) 
photographs of a sensory receptor of a dorsal abdominal 
scale of Phr*nosoma modestum. Left photograph (A) at 
10° tilt. T ese photographS allow examination of the 
three-dimensional features; domed receptor (central 
indentation is an artifact of tissue preparation) and 
encircling groove around the receptor. White line equal 
to 50 ~ • 

. ., I,. 'IQ! 
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Figure 4.2. Light microscope view of dorsal abdominal scale sensory receptor of 
Phrynosoma modestum. The overlaying keratin layer is split into an outer 
B- and inner a-layer. Epidermal cells in the region of the receptor are 
columnar in form and are underlain by a dermal papillae. X 850. 
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Ultrastructural details are shown in a transverse section of a 

sensory receptor from a dorsal scale of P. modestum (Figo 4.3). In 

this composite photograph, the upper surface of the receptor is covered 

by two layers (splitting) of epidermal keratin, the outer 8-keratin and 

the inner a-keratin layers. Uppermost on the domed receptor the 

keratin layers are only slightly thinner than in other areas of the 

scale, but in the bottom of the circular groove around the receptor the 

8-keratin layer is very thin. This layer is greatly thickened sur

rounding the circular groove, thus forming a rigid collar around the 

sensory organ. Melanosome granules of epidermal melanocytes are 

prominent in portions of the 8-keratin layer. 

Adjacent to the receptor, and below the a-keratin layer, 

cuboidal keratinocytes rest on the basement membrane. These cells 

grade into the epidermal columnar cells of the receptor unit, which are 

characterized by numerous desmosomal connections. Melanophore pro

cesses occur within the upper edge of this cell mass. Just below the 

a-keratin layer covering the receptor, and appearing perched on top of 

columnar epidermal cells, are several thickened disc-shaped structures. 

These objects have numerous desmosomal connections to the underlying 

columnar cells, a dense upper and lower subsurface layer, mitochondria, 

and abundant granules (Fig. 4.4). 

The dermis adjacent to the receptor contains xanthophores, 

iridophores, and collagen bundles (Fig. 4.3). Dermal cells below the 

receptor form a dermal papillae of flattened cells which may serve for 

neural connections. 

----------------------~---... -."~-~------



Figure 4.3. Ultrastructure of a sensory receptor from a back scale of Phrynosoma 
modestum: transverse section. The following structures are noted; B-keratin 
layer (BO), a-keratin layer (AD), epidermal melanophores, dome of receptor, 
groove surrounding receptor (G), discoid nerve terminal (NT), columnar cell 
(ee), desmosomes (D), dermal melanophore processes (M), dermal papilla (DP), 
keratinocytes (K), basement membrane (BM), xanthophore (XA), iridophore (IR), 
collagen bundles (CO). 
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Figure 4.4. Discoid nerve terminal of sensory receptor from a back scale of Phrynosoma 
modestum. Features include; position adjacent to a-keratin layer of the 
epidermis (E), disc-shaped form, desmosomal (D) connections to underlying 
columnar cells, mitochrondia (MI), cytoplasmic granules (G) (presumed 
glycogen) and dense material along upper and lower borders. 
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A nearly horizontal section (Fig. 4.5) through a receptor dome 

is surrounded by S- and a-keratin layers. The epidermal columnar 

cells, seen in cross section, are interconnected by desmosomes and 

traversed by nerves and melanophore processes. At one edge the section 

passes through several of the disc-shaped structures, containing 

mitochondria and granules, that are seen in cross section to lie just 

below the a-keratin layer. They have desmosomal connections to more 

centrally positioned, adjacent columnar cells. 

Discussion 

Iggo (1980) has classified cutaneous receptors into three 

functional types, mechanoreceptors, thermoreceptors and nociceptors. 

Large encapsulated nerve receptors are all mechanoreceptors and have 

myelinated axons, whereas thermoreceptors and nociceptors have smaller, 

less distinctive, receptor terminations and small myelinated or non

myelinated axons. Von During and Miller (1979) report that reptilian 

intraepithelial nerves are unique amongst vertebrates, ending in large, 

terminal expansion rather than tapered tips. In contrast to thermo

receptors, mechanoreceptors possess specific morphological structures 

which are apparently necessary for transferring mechanical stimuli to 

the receptor (von During and Miller, 1979). Based on these structural 

specializations of receptor endings, von During and Miller (1979) have 

designated four types of reptilian mechanoreceptors: 1) intraepidermal 

mechanoreceptors, 2) connective tissue mechanoreceptors that lack 

Schwann cell specialization, 3) mechanoreceptors covered by lamellated 

Schwann cells, and 4) Merkel cell neurite complexes. 



Figure 4.5. Ultrastructure of a sensory receptor from a back scale of Phrynosoma 
modestum: horizontal section. The following structures are noted; 8-keratin 
layer {BO}, a-keratin layer (AD), cross sections of columnar cells (CC), 
desmosomes (D), dermal melanophore processes (M), nerves (N), discoid nerve 
terminals (NT). 
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Focusing on reptilian intraepithelial mechanoreceptors, von 

During and Miller (1979) suggest that these structures in all species 

can be characterized by shared components of fine structure and the 

ubiquitous occurrence of discoid receptors (terminals) in the receptor 

(organ) portion of the scale epithelium. The discoid nerve terminals 

generally lie parallel to the mechanoreceptor surface, are filled with 

glycogen granules (identified histoch2mically; Landmann and Villiger, 

1975) and lamellated dense bodies or vacuoles, and are associated with 

the epithelial tonofibrillar system (desmosomes) (von During, 1973b; 

Hiller, 1977). Each discoid receptor is invaginated within an epi

thelial cell and is surrounded by condensed bundles of tonofibrils, 

which are arranged in a basket-like structure (von During and Miller, 

1979). Mechanical deformation of the tonofibrillar "basket" may 

activate the discoid terminal (receptor) membrane. 

Maclean's (1980) recent description of the distribution, form, 

and ultrastructure of intraepidermal sensory receptors in the agamid 

lizard Amphibolurus barbatus provides some striking resemblances with, 

as well as some contrasts to, the receptors of Phrynosoma. A. barbatus 

receptors are of similar diameter, 60-100 ~m, as those of Phrynosoma. 

In A. barbatus receptors are in the form of craters, with a flat, 

depressed floor surrounded by a distinctly elevated rim. Phrynosoma 

receptors are circular domes surrounded by a ring trough. The gross 

surface features of Phrynsoma receptors closely resemble the morphology 

of scale organs of Iguana iguana (von During and Miller, 1979; Peter

son, 1984); they are of similar size. Phrynosoma receptors also 

---------------------~---.. ~.--"."'---------.-.--- . 



resemble the smaller (approximately 35 urn) receptors (scale pits) of 

Uta stansburiana (Stovall, 1985). 
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In A. barbatus the sensory pore is surrounded by a thickened, 

rigid ring of s-keratin lying below the crater rim (Maclean, 1980). 

Similarly in P. modestum, the circular groove surrounding each protrud

ing receptor is encircled by a rigid thickening of S-keratin. In A. 

barbatus the s-keratin layer is thinnest over the receptor surface 

(lifloorll), whereas in t. modestum the greatest thinning of this rigid 

keratin layer occurs at the base of the groove surrounding each 

receptor dome. Since s-keratin is rigid, this suggests that surface 

deformation of the receptor in A. barbatus may involve depression of 

the receptor floor, whereas in P. modestum the entire domed receptor 

may be depressed or its position altered. On the backs of both 

lizards, receptors are mostly associated with spines or keeled scales. 

In Phrynosoma receptors frequently occur in groupings around spines; 

Maclean (1980) did not note this arrangement in A. barbatus. A 

photograph of Lepidophyma smithii scale organs (Peterson and Bezy, 

1985; Fig. 3A) shows presumed mechanoreceptors arranged in groups on 

scales surrounding tubercular scales, similar to the groupings in 

Phrynosoma. Maclean (1980) found that in A. barbatus dorsal scales 

carry two receptors, one on each side of the spine. In Phrynosoma, 

most species have only single receptors on dorsal body scales, although 

two or three receptors occur on spines of P. platyrhinos and P. 

m I call i • 

Presumed mechanoreceptors have been reported in highest 

densities in the cephalic region of several squamates (Jackson, 1971, 
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1977; Landmann, 1975; Maclean, 1980; Stovall, 1985). In A. barbatus 

sensory receptors are most numerous on the dorsal surface of the head 

(Maclean, 1980), but in Phrynosoma receptor numbers, both per scale and 

percentage of receptor-carrying scales, are greatest on anteriorly 

directed surfaces of the head. Supra- and infralabial scales of 

Phrynosoma and A. barbatus possess many receptors, as do many lizards 

(Landmann, 1975). Each eyelid edge scale of Phrynosoma carries a 

sensory receptor; no mention was made of receptors on comparable scales 

of A. barbatus. In Lacerta viridis Pa~ (1984) found receptors on both 

lip and eyelid scales. 

The epidermal cells of the sensory organs of A. barbatus and ~. 

modestum show numerous similarities. Keratinocytes grade into columnar 

cells in the zone of a receptor, where the latter have many desmosomal 

connections. Maclean (1980) found a cuboidal layer of cells in A. 

barbatus receptors above the columnar cells, but the upper cells in P. 

modestum receptors appear to be additional columnar cells. Perhaps 

this is a result of the elevated, rather than depressed, receptor 

surface. In A. barbatus nerve axons pass between columnar cells in 

association with dermal melanophore processes. This appears to be the 

case in P. modestum as well. Nerve axons and melanophore processes are 

seen extending through the columnar cell zone nearly to the receptor 

surface. 

In sensory receptors of A. barbatus, the superficial nerve 

terminals, which are located below the ~-keratin layer, are embedded in 

the cuboidal cells. These terminals are supported by tonofilaments. 

In P. modestum discoidal nerve terminals lie below the ~-keratin layer, 

---------------------------------------------------------
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apparently within columnar cells, to which they are connected by 

desmosomes. In the intraepithelial receptors of both species these 

superficial nerve terminals contain granules (presumed to be glycogen) 

and mitochondri a. In E.. modestum these structures closely resembl e 

discoid terminals of intraepidermal mechanoreceptors (von During and 

Miller, 1979). They are also probably functionally identical to the 

somewhat rounder nerve terminals of A. barbatus, which are similarly 

flattened on the a-keratin side. These discoid nerve terminals, their 

inclusions, and intimate association with the epithelial tonofibrillar 

system identify the receptors of both species as intraepidermal 

mechanoreceptors. 
.. v 
Pac (1984) found similar discoid-dilated terminals 

of intraepidermal nerve fibers in Lacerta viridis. In A. barbatus, 

Maclean (1980) also found an additional group of deeper nerve terminals 

embedded at the base of, or beneath the columnar cells of the scale 

organ. In A. barbatus these differ from the superficial nerve termi-

nals in containing larger numbers of mitochondria and fewer vacuoles. 

Comparable deep terminals were not located in P. modestum, but may be 

revealed by further study. 

A dermal papillae of unordered fibrocytes in loose connective 

tissue lies below the epidermal portion of each receptor in A. barbatus 

(Maclean, 1980). Below these cells lies a nerve plexus of myelinated 

and unmyelinated axons. Dermal papillae of receptors in other lizards 

contain organized columns of cells (Landmann, 1975; von During and 

Miller, 1979). In P. modestum the dermal papillae consist of somewhat 

flattened elongate cells. A nerve plexus may exist within or below 

these cells, but one was not identified in this study. 
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Maclean (1980) concluded that the crater-like scale organs of 

A. barbatus are intraepidermal mechanoreceptors. She notes the close 

association of these mechanoreceptors with the spines of scales, and 

she suggests that deflection of a spine or scale edge deforms the S

keratin overlying the receptor and this may initiate a nervous impulse. 

The thickened ring of S-keratin surrounding a mechanoreceptor may 

amplify this effect and give directional information (Maclean, 1980). 

The mechanism may be similar in ~. modestum, which also has a ring of 

S-keratin surrounding the receptor. Mechanical deflections of the 

domed receptor surface, or of the keel of the scale, may initiate nerve 

impulses via the superficial discoid nerve terminals. 

Von During and Miller (1979) hypothesize that the discoid 

terminals of intraepidermal mechanoreceptors function in relation to 

the surrounding tonofibrillar system or basket to register any vertical 

or tangential dislocations of the receptor surface. Thus, mechanical 

deformation of the tonofibrillar basket activates the nerve terminal 

membrane. The numbers of terminals per mechanoreceptor varies between 

species; in ~. modestum this number may be similar to the 30-40 

reported for Iguana iguana (von During and Miller, 1979). 

The association of scale organs in Phrynosoma with keeled 

scales, and their location on the body tend to support the contention 

that the role of these receptors is as mechanoreceptors. Although only 

abdominal mechanoreceptors of one species of Phrynosoma were micro

scopically examined, the similar scale organs on other scales and 

species are assumed to be mechanoreceptors as well. The absence of 

these receptors on the ventral surface, except along the front edge of 



the chin, and their high numbers on the front of the head suggest a 

role in detecting objects during forward motion. Interestingly, 

lateral fringe scales along the sides of the abdomen do not have high 

concentrations of mechanoreceptors. This lends credence to the 

suggestion (see Chapter 8) that fringe scales are not elongated for 

reception of tactile stimuli, but rather serve to break up shadows 

along the sides of the animal as part of its cryptic background 

matching. 
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While feeding, Phrynosoma are often located amongst numerous 

ants (their most common prey) which may crawl on or attack them 

(Rissing, 1981; Sherbrooke, 1987). Although Phrynosoma are apparently 

resistant to harvester ant (Pogonomyrmex) venom (Schmidt et ale 

unpublished MS), inflicted by stingers, they appear to suffer pain when 

bitten by the mandibles of these ants. If an ant climbs on a Phryno

soma the lizard typically closes its eyes and awaits an opportunity to 

kick the ant off or, as the ant mounts onto the lizardls head, eat it 

with a flick of its tongue (personal observations; ~. cornutum). Under 

such circumstances the lizards may utilize its intraepidermal mechano

receptors to feel the ants movements over its body scales. 

Association of mechanoreceptors with labial scales and eyelid 

scales may be useful to a horned lizard during self-burial, accom

plished by lateral vibrational movements of the body (photographs in 

Sherbrooke, 1981) which propel the animal forward like a wedge into the 

soil. Once underground, dorsal mechanoreceptors could playa role in 

determining the animal IS depth below the surface, by registering 

pressure from the overlaying soils. Labial scale mechanoreceptors may 

---------------------~~--~.--.. -.. ~-------



also playa role in feeding; this is a frequent location for sense 

organs in reptiles (Landmann, 1975). 
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Dorsally located mechanoreceptors might also allow detection of 

low velocity compressional waves in the soil that are generated by 

surface disturbances. Vibration-sensitive mechanoreceptors have been 

studied in a snake (Proske, 1969a, b, c) and alligator (Siminoff and 

Kruger, 1968). Brownell (1977) and Brownell and Farley (1979) demon

strated that desert scorpions, which have two types of mechanoreceptors 

on their legs, locate prey by detecting compressional and surface waves 

(vibrations) in sand. Brownell (pers. comm.) has discovered that 

buried t. sol are exhibit bradypnea in response to wave generating 

surface disturbances. Phrynosoma burrow during the heat of mid-day and 

at night. They appear to suffer predation by a nocturnal predator, the 

grasshopper mouse Onychomys torridus (Munger, 1986; see Chapter 7). 

Mechanoreceptors could aid a buried lizard by alerting it to the 

approach of a foraging predator, allowing a physiological response, 

cessation of breathing, that might prevent detection. 

Deeply buried, dormant toads of the genus Scaphiopus respond to 

vibrational stimuli generated by raindrops striking the surface during 

heavy rainfall by emerging for breeding (Dimmitt and Ruibal, 1980). 

Buried Phrynosoma might similarly utilize mechanoreceptors to detect 

vibrations generated by raindrops hitting the soil surface during 

rainstorms. At least one species of horned lizard, Phrynosoma 

cornutum, emerges from underground during rainstorms to "rain harvest" 

drinking water (see Chapter 5). 



CHAPTER 5 

BEHAVIORIAL USE OF BODY SURFACE TO CONCENTRATE RAINFALL 

FOR DRINKING IN THE HORNED LIZARD, PHRYNOSOMA CORNUTUM 
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In 1923, Davey called attention to the hygroscopic nature of 

the skin of the Australian, desert inhabiting, lizard Moloch horridus. 

He noted that if a lizard were placed on a water covered substratum, 

the skin absorbed water almost as readily as blotting paper; water 

ascended the skin surface to finally saturate the top of its head. 

Ditmars (1933) reported a similar phenomena for an African agamid 

lizard, Uromastyx spinipes; hygroscopic skin also has been suggested 

for Cordylus giganteus (Mertens, 1960) and Uromastix hardwicki; 

(Seshadri, 1957). Ditmars believed that lizards imbibed liquid through 

the skin and he speculated that day/night temperature fluctuations 

facilitate condensation of moisture, like dew, on the skin. Lasiewski 

and Bartholomew (1969) experimentally demonstrated that nocturnal 

desert lizards can condense water on body surfaces if their body 

temperature is sufficiently below the dew point of surrounding warm 

moist air. 

The idea that some lizards imbibe water through the skin was 

accepted for many years by herpetologists (Barret, 1950; Mertens, 1960; 

Cloudsley-Thompson and Chadwick, 1964) although unlike many anurans, 

most terrestrial reptiles are not now generally thought to absorb any 

significant amounts of water through the skin; see Schmidt-Nielsen 

--------_ .... 
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(1964), Mayhew (1968), Cloudsley-Thompson (1971), Templeton (1972), 

Heatwole (1976), and Minnich (1976 and 1982) for summaries of the 

literature on water relations of desert lizards. Nevertheless, 

reptilian skin is bidirectionally permeable to water, and water 

permeability increases when the skin is hydrated (Lillywhite and 

Maderson,1982). The permeability of Moloch skin to water has not been 

studied. 

In 1962, Bentley and Blumer claimed that water taken up onto 

the surface of the hygroscopic skin of Moloch is transported by fine 

capillary channels to the mouth for ingestion, not absorbed through the 

skin as suggested by Davey (1923). Maderson (1965) thought that the 

"channels" might be sculpturings in the 8-keratin 'tayer of the epider

mis. Water thus reaching the mouth contacts labial scales. These are 

well supplied with mucus glands thought to aid ingestion (Bentley and 

Blumer,1962). In Moloch, 'the presence of water on head integumental 

surfaces stimulates them to open and close their jaws repeatedly. When 

the lizards' jaws were taped closed weight gain was terminated, but 

following removal of the tape jaw movements and weight gain were 

reinitiated. When lizards were set in dyed water, a front of colored 

water was seen to advance across their skin. Later, the dye was 

identified in the stomach, although "normal" drinking had not been 

observed. 

Mayhew and Wright (1971), aware of the numerous similarities in 

ecology, behavior, and morphology between Moloch and the North American 

iguanid genus Phrynosoma (Pianka and Pianka, 1970; Pianka and Parker, 

1975), tested Phrynosoma m'calli for similar water transport and 

------------------------~~-.. ~------
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drinking mechanisms. Each trial lasted five min. In contrast to 

Bentley and Blumer's (1962) observations in Moloch, they were unable to 

observe any visible water front advancing across the skin, indications 

of water ingestion, or significant weight gain. Therefore, they 

concluded that p. m'calli does not use its integument for collecting 

drinking water. 

More recently, Gans et al. (1982) reexamined Moloch skin with 

the aid of scanning electron microscope (SEM) photographs and reinter

preted the mechanism of capillary water flow. In contrast to Bentley 

and Blumer (1962), who reported "channels" on the surface of scales, 

they attributed capillary water transport to forces generated by 

grooves between scales. They considered two integumental structures to 

be important for the water transport phenomena. First, scale surfaces 

are covered by a continuous pentagonal to hexagonal grid of raised 

walls (micro-ornamentation), approximately four microns high, that 

putatively promote adhesion of water, thus causing skin wetting. 

Second, once the scalar surface becomes wet, excess water spreads over 

the skin surface through an interscalar system of capillary channels. 

This network of constant-diameter, narrow (approximately 10 ~), and 

interconnecting interscalar spaces carries water over the integument. 

Some water flows to the labial scales which form a narrow slit into 

which capillary action continues to pull the water. 

Gans et al. (1982) pointed out that Moloch is unlikely to 

encounter puddles in its arid habitat in which it can stand to collect 

water passively for integumental transport to the mouth. Rather, they 

hypothesized that the enlarged, dorsal scale spines function with the 

---------------------------------------------------.----.- --------------
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interscalar capillary water transport system to condense water, as dew, 

from supersaturated night air and deliver it to the lizard's mouth. 

They envision that the numerous spines on Moloch act as "condensation 

foci." Their hypothesis as to how the integumental water transport 

system functions in nature requires, as they note, the nocturnal 

emergence of these lizards for what are perhaps only occasional 

climatic events. 

Recently Schwenk and Greene (1987) described a similar integu-

mental water transport system in another agamid, Phrynocephalus 

helioscopus from arid western Asia and Asia Minor. They found, as Gans 

et al. (1982) concluded with Moloch, that capillary transport of water 

across the skin occurs through interscalar channels. In~. helioscopus 

some scales overlap one another; this may reduce the capillary force 

generated in the interscalar channels relative to Moloch. In addition, 

~. helioscopus assume a stereotyped posture when sprayed with water. 

This putative drinking posture involves lowering the head, raising the 

splayed hindquarters, and repeated slight protrusions of the tongue. , 

Such behavioral observations are notably lacking in Moloch. Schwenk 

and Greene (1987) suggested two possible explanations for this 

behavior: 1) the lizards employ the behavior during rainstorms to 

intercept raindrops which then flow down the lizard's body to the 

lowered head where the water is imbibed, or 2) the lizards use the 

posture to enhance condensation of water onto their bodies by orienting 

their head toward the flow of moisture-laden air. 

The present study on Phrynosoma cornutum ~as initiated in 1976 

when two lizards were observed to assume an unusual posture during a 
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rainstorm. The behavior, here termed "rain-harvesting," is charac

terized by lowering the head, raising the abdomen above the substratum, 

laterally spreading the body, and apparent drinking. These observa

tions have been supplemented by additional behavioral observations, 

experimentation, and SEM examination of the integument. These data are 

used to evaluate the apparent rain-harvesting system of P. cornutum and 

to assess convergence in morphology and behavior of Moloch, Phryno

cephalus and Phrynosoma. Previous reports on Moloch and Phrynocephalus 

are interpreted in light of observations on rain-harvesting in ~. 

cornutum. 

Materials and Methods 

Phrynosoma cornutum were collected between 1976 and 1987 during 

the spring and summer from Cochise County, Arizona and Hidalgo County, 

New Mexico. Lizards were maintained for several days to several months 

in captivity on a variety of foods, including ants, crickets, and meal

worms. They were held in wood cages (27 X 88 X 122 cm) covered by mesh 

wire (2.5 X 5.0 em holes or 2.54 em "chicken wire") outdoors in Tucson, 

Arizona. If held indoors, the uncovered cages (or glass terraria, 

females in 1984) were provided with infrared heat lamps and ultraviolet 

fluorescent lights (see Sherbrooke, 1987). Coarse sand, 2.5 cm deep, 

covered cage floors. Horned lizards held during the summer of 1987 

were maintained in a 2.1 X 5.5 m dirt-bottom, outdoor cage enclosed by 

19.5 cm high corrugated steel, garden fencing at the Southwestern 

Research Station of The American Museum of Natural History in Portal, 

Arizona. Rainfall was measured with a Taylor~ plastic garden rain 



Figure 5.1. Adult female Phr~nosoma cornutum utilizing a stereotyped 
"rain-harvesting behavior to collect rain for drinking: 
25 June 1984. Note the anterior-posterior arched back, 
laterally spread abdomen, depressed head and tail, 
extended legs and slightly opened jaws. 

~, .. -~~.-.. ~ .. ----------'-'- , .. 



102 

.. ~---- ,._ ..... -- . 



gauge (Tucson) or a U.S. Weather Bureau rain gauge (Southwestern 

Research Station). 
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Integumental water flow experiements were conducted similar to 

those of Bentley and Blumer (1962) and Mayhew and Wright (1971) in 

order to determine trans-integumental movement of water to the jaws and 

ingestion. Water with dissolved Evans blue dye was used as a visual 

marker during the experiments. 

For SEM examination of the integument, formalin fixed skin was 

removed from the dorsal body surface of alcoholic (55% isopropanol) 

specimens. Five individuals each of three species were used: ~. 

cornutum, ~. modestum, and ~. mlcalli. Skin pieces were refixed in 

osmium tetroxide and thiocarbohydrizide before being critical point C02 

dried and sputter coated with gold-palladium. Skin specimens were 

examined with an International Scientific Instruments OS-130 scanning 

electron microscope at 20 KV. Stereoscopic photographic pairs were 

made at 0° and 10° tilt. Trial photographs at 3.5°, 7.5°, and 10° tilt 

revealed that 10° in combination with 0°, viewed with a stereoviewer, 

provided the best match to the specimen topography (as viewed through a 

dissecting microscope). 

Results 

Under conditions of natural rainfall, numerous P. cornutum 

exhibited a stereotyped behavioral stance, termed rain-harvesting 

behavior (Figure 5.1). The behavior is characterized by anterior

posterior arching of the back (the midpoint is highest), extending of 

the legs downwards and out from the sides, spreading of the flattened 

0_0. ___ ' ____________ • ___ ,0 __ 0_ 0' 
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abdomen laterally, and depression of the head and tail. The eyes are 

often closed. While maintaining this posture, the lizard slightly 

opens and closes its jaws, ingesting water from the labial and adjacent 

integumental surfaces. 

Behavioral Observations During Rainfall 

The first observations of rain-harvesting were made on two 

adult female P. cornutum. On 4 September 1976, these horned lizards 

were observed from a house window during a heavy, afternoon (5:30 PM) 

thundershower. During the hard, driving rain, both horned lizards 

stood high on all four legs with their backs arched (anterior to 

posterior), spread (laterally), and flattened (dorso-ventrally). As 

water ran forwards and backwards off their backs, the lizards appeared 

to be licking drops of water from their jaws. The lower jaw was seen 

to open and close rhythmically. An attempt was made to photograph this 

behavior, but the intrusion apparently caused the lizards to discon

tinue the activity. These lizards were observed again during a lighter 

rainstorm the following afternoon but they did not repeat the rain

harvesting behavior. 

The second observations of rain-harvesting behavior were made 

on 30 June, 1980. As a thunderstorm approached, three adult P. 

cornutum and one juvenile were released (3:30 PM) into two outdoor 

cages: the juvenile and one male in one cage, and the female and second 

male in the other. Rainfall was never heavy enough to saturate the 

dorsal surface of the animals and no rain-harvesting behavior was seen. 

Subsequently, the lizards were maintained outdoors in the cages. On 11 
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July, a rainstorm began at 5:30 PM. The animals were observed from a 

house window at 2-3 meters distance. Within 5 min of the start of a 

blowing, moderate rain, accompanied by a noticeable drop in tem

perature, all three adults had assumed a rain-harvesting posture. 

Thirty-five jaw movements were counted during one 45 second period. 

Occasionally, two animals, one female and one male, assumed a more 

typical stance, and with venters resting on the substratum rubbed their 

pelvic-cloacal region back and forth laterally on the wet sand (water 

did not pool on the surface). Rainfall subsided by 5:50 PM with less 

than 1 mm of precipitation having fallen, but the female horned lizard 

continued jaw movements, although she no longer held the body in an 

arched position. Subsequently, intermittent light rain fell during 

which the female sometimes exhibited jaw movements and again rubbed her 

pelvic-cloacal region from side to side on the sand. By 6:30 PM, the 

rain had stopped; approximately 2 mm had fallen. 

On 25 June 1984, with the imminent approach of the first 

monsoonal rain of the summer, six captive adult female P. cornutum were 

released into two outdoors cages located on the roof of the Biological 

Sciences West Building at the University of Arizona, Tucson. The 

lizards began jaw movements as soon as rain began falling. After water 

had wetted lizard and soil surfaces, three animals assumed the rain

harvesting stance. The rain continued for nearly an hour, approxi

mately 2:00 - 3:00 PM. All three lizards tolerated the close approach 

of the observer, who was taking photographs (Figure 5.1), and main

tained this behavior throughout the rainfall. 

------------------------.~.~-.-"'-.-.-----.---.-. -
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During the summer of 1987, a group (20-29) of adult P. cornutum 

was kept outdoors at the Southwestern Research Station near Portal, 

Arizona. On the morning of 16 July, a gentle rain began at 3:45 AM. 

Shortly thereafter, the cage was inspected with the aid of a flashlight 

to see if these lizards react to nighttime rainfall. 

Thirteen lizards were active on the surface, twelve of which 

were rain-harvesting. Jaw movements of five animals were counted for 

30 sec (X = 17 ± S.E. 1.1). When first seen, many of the lizards had 

moist soil covering their backs. Apparently, they had been burrowed 

beneath the surface and emerged in response to the rainfall. The 

lizards were obviously disturbed by the light; the one active animal 

not rain-harvesting may have been doing so before being located. By 

4:20 AM, 2.2 mm of rain had fallen. Several lizards abandoned the 

behavior, apparently in response to the presence of the observer. 

Behavioral Responses to Sprayed Water 

Rain-harvesting behavior in ~. cornutum was not easily induced 

in captivity with artificial "rain." Between 1976 and 1980, four 

attempts were made in outdoor enclosures near Portal, Arizona, without 

eliciting the response. Nevertheless, during the summer of 1984, 

captive lizards water-harvested in response to water sprayed onto them 

from a water bottle designed for misting plants. This was after nearly 

a month of their having been fed ants nearly daily in indoor cages by 

the observer. Five of the 13 male lizards exhibited rain-harvesting 

behavior on 12 July, and more than half of 16 males rain-harvested on 

-- --~.-------------------------------



15 July; this was repeated on 26 July and other occasions. Captive 

females, under similar conditions, also rain-harvested. 

Experimental Observations of Water 
Movement Over Body Surfaces 

107 

An experiment was designed similar to that conducted on Moloch 

by Bentley and Blumer (1962) to demonstrate integumentary water 

movement. Ten~. cornutum (5 males, 5 females; 8 adult, 2 juvenile) 

had been collected subsequent to a heavy rain four days before the 

experiment. Each lizard was placed in a 3.8 1 metal can filled with 

water to a depth of 5 mm. Observations were made from 3:10 PM to 4:10 

PM outdoors in the shade (air temperature 25-26°C) at Portal, Arizona. 

All animals were watched continuously. They seemed intensely 

aware of the presence of the observer. Remaining nearly motionless 

throughout the experiment, they did not attempt to drink the substratum 

water. After thirty minutes, nine of the ten animals had wet backs, 

apparently the result of capillary movement of water upwards between 

scales on the body surface. When observations were terminated, after 

one hr, the waterfront had advanced so that the animals were wet on the 

sides of their heads near the jaw articulation (one lizard had only one 

side wet). Only two animals moved during the hr; one opened and closed 

its jaws and protruded its tongue a few times between 8 and 12 minutes 

into the experiment and the other protruded its tongue after 42 

minutes. 

On 29 August 1984, dyed water was used to observe flow of water 

across the integuments of four adult t. cornutum and three adult P. 

modestum. Ten ~l drops were released from pipettes onto various 
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sections of the skin and water flow was observed under a dissecting 

microscope. In two very recently shed « 24 hr) t. cornutum, water 

drops remained intact, not wetting the skin, whereas in two unshed 

lizards the drops wetted the skin and flowed into intersc~lar spaces. 

Water beaded on one t. modestum, but rapidly wetted the skins of the 

other two. Once in the interscalar channels, water flowed rapidly 

outward (in radiating fashion) through the channels, as described by 

Gans et al. (1982) in Moloch. As in Moloch, dyed water did not cover 

the entire surface of scales located adjacent to channels nor did it 

wet the apex of spines. Usually it wetted only the edge of the scale 

surface nearest the channel. 

Jaw Movements and Ingestion of Water 

Water was dropped from an eye dropper onto heads of five adult 

P. cornutum, restrained by hand atop a rock outdoors. In response, 

they opened their jaws very slightly and then closed the lower jaw by 

bringing it up and forward rapidly; they did not protrude the tongue 

from the mouth. 

On 12 July 1980, three adult t. cornutum, previously observed 

to respond to rainfall with rain-harvesting behavior, were tested to 

see if the jaw motions observed earlier actually led to ingestion of 

integumental water. Recovery of externally available dyed water in the 

digestive tracts of insects and lizards has been used as evidence of 

ingestion (Bentley and Blumer, 1962; Louw and Hamilton, 1972; Seeley, 

1979). A dark blue aqueous solution of dye was slowly dropped onto the 

head and back of each animal from a hypodermic syringe. The horned 

~-------------------~----.-.. -.----
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lizards were restrained by the experimenter, who secured a hind limb. 

During the experiments, none of the animals exhibited body positioning 

that might control water movement across the skin surface. This might 

have been due to the presence and restraint of the experimenter. 

Droplets of dyed water often beaded on the surface at first, 

but once the skin was wetted, ensuing droplets were absorbed immediate

ly by the skin surface and the dyed water was seen to spread rapidly 

between the scales. A total of 10 ml of dyed water was applied to the 

head and back of each animal during the experiment; application times 

were as follows: first animal 22 min, second 13 min, and third 5 min. 

Each animal was then rinsed of the dye. 

Later (within one hour of the initial application), lizards 

were sacrificed (Nembutal~ injection) and their digestive tracts were 

examined. In the first and second animals, dye was found in the mouth 

and stomach, in the third animal, dye was found in the esophagus, but 

not in the stomach. 

SEM Photographs of Skin 

The stereopairs of SEM photographs of the dorsal scalar surface 

of P. cornutum (Fig. 5.2, A-F) illustrate the micro-ornamentation on 

scale surfaces and interscalar channels. The pattern of micro-ornamen

tation appears to be honeycombed in structure (Fig. 5.2, A and B) and 

clearly extends down along the sides of the scales into the interscalar 

spaces (Fig. 5.2, C-F). In the specimens of ~. cornutum examined, 

micro-ornamentation was absent from the upper, most exposed surface of 

each scale (Fig. 5.2, A-D), but on some specimens of P. modestum and P. 



Figure 5.2. Stereoscopic pairs of SEM photographs of dorsal back 
skin of an adult female Phrynosoma cornutum. A and B, 
granular scales between dorsal spines showing inter
scalar channels through which capillary forces move 
water across integumental surfaces and honeycombed 
micro-ornamentation around edges of scales and extending 
down along the walls of the interscalar channels. C and 
D, dorsal spine and surrounding scales, showing features 
similar to A and B and sensory receptors (see Chapter 4) 
on spine and two adjacent scales. E and F, granular 
dorsal scales showing interscalar channels and honey
combed micro-ornamentation. Band D, white line equals 
50 ~m; F, line equals 100 ~m. 
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mlcalli, the honeycomb micro-ornamentation covered the entire scale 

surface. 

Discussion 

111 

The impact of water scarcity on the lives of animals inhabiting 

arid regions has been a subject of considerable interest to biologists. 

In addition to numerous physiological adaptations for conserving water, 

some desert animals modify their substratum or utilize their integumen

tal surfaces to collect dew, fog, or rainfall. Male sandgrouse, 

Pterocles, of the Kalahari Desert, transport water from pools to 

flightless young, by means of specialized abdominal feathers (Cade and 

Maclean, 1967; Maclean, 1968). 

Medica et al. (1980) described the construction of water 

catchment basins or the enlargement of natural depressions, by the 

desert tortoise Gopherus agassizzii. From these structures the animals 

drink accumulated rainfall following even low intensity showers. In 

the Namib Desert, tenebrionid beetles, Lepidochora, construct fog 

catchment trenches perpendicular to the flow of fog laden winds across 

sand dunes (Seeley and Hamilton, 1976). The beetles then return to the 

ridges of the trenches and extract trapped water. 

Another Namib Desert tenebrionid beetle, Onymacris unguicu

laris, uses its integument to collect fog. During nocturnal fogs, it 

alters its normal diurnal activity pattern to emerge and climb the 

slip-face of a dune to the crest. Here the beetle assumes a charac

teristic head down stance, facing into the fog-laden wind. This "fog 

basking" behavior results in the accumulation of water droplets on the 
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dorsal body surfaces of the beetle. Gravity causes enlarging water 

droplets to trickle down the animal to its mouth, where water is 

ingested (Louw and Hamilton, 1972; Hamilton and Seely, 1976; Seely, 

1979). 
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Apparently, these coastal fogs also collect on the body surface 

of a Namib Desert lizard Chamaeleo namaquensis (Burrage, 1973). Its 

body surface has "fine-grained squamation which serves as fine, very 

distinct capillary channels leading to the mouth. 1I These channels are 

reported to be especially distinct on the throat and fore-part of the 

body. When dyed water was placed on the sides of the body of one 

individual, the water could be seen to move by capillarity upwards to 

the vertebral region and laterally towards the head and tail. The 

chamaeleon turned its head to drink the water accumulated on its flanks 

and vertebral knobs. Burrage (1973) concluded his remarks on C. nama

quensis by noting that lithe animal is designed as a Iwater collection ' 

surface itself.1I The Namib sand-diving lizard, Aporosaura anchietae, 

has also been reported to obtain drinking water from fog (Louw, 1972; 

Louw and Holm, 1972). 

Louw (1972) reports that the side-winding viper Bitis perin

gueyi, also an animal living in the coastal fog desert of Namibia, 

imbibes water collecting on its body surface. He misted two dehydrated 

snakes with water droplets, thus eliciting an apparently stereotyped 

behavioral response. Each snake flattened its body against the 

substratum, coiled, and moved its head back and forth over the dorsal 

surface of its body while licking off accumulating water droplets. 

Another snake has been shown to use its integumental surface quite 
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differently to concentrate water for drinking. Nerodia fasciata 

compressicauda lives in estuarine mangrove trees of Florida. During 

rainstorms, it angles its body head downward. Water intercepted by its 

body is subsequently carried by gravity to the head where it is 

ingested (Miller, 1985). 

After subjecting Phrynosoma mlcalli to experiments similar to 

those used by Bentley and Blumer (1962) with Moloch horridus, Mayhew 

and Wright (1971) concluded that P. mlcalli does not possess the 

ability to utilize its skin for acquisition of drinking water. Schwenk 

and Greene (1987) suggested that these negative results may have been 

due to the skin never having become wet, not to an inherent inability 

of the skin to carry water by capillary action. 

Reportedly, neither ~. mlcalli (Mayhew, 1965), nor ~. modestum 

(Weese, 1917) drink in captivity. Milne and Milne (1950) cite numerou~ 

authors who have commented on the lack of interest in water shown by 

horned lizards in general, although one popular report (Dodge, 1938) 

noted that ~. douglass i hernandes i "wi 11 dri nk greedily when thi rsty. II 

Milne and Milne (1950) stated that their horned lizards, ~. douglassi 

hernandesi and P. cornutum, failed to drink water voluntarily until 

warm water seeped between the animals l closed jaws during submersion to 

mouth level. 

Meyer (1966) reports the most detailed observations on drinking 

in horned lizards to date. He studied two species, ~. modestum and P. 

cornutum, under laboratory conditions. Only~. modestum drank from a 

dish, on rare occasions, but both species were observed to drink 

hanging water droplets, and one, P. cornutum, drank water running down 

--_ .• _._--_ .. -.-------
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a pane of glass. In order to simulate natural rain, he used a high

velocity fan and a spraying device to sprinkle distilled water into the 

cage. He noted that in response to the "rain," !:. cornutum normally 

remained exposed, in contrast to other experimental species. They 

"often compressed thei r bodi es 1 aterally and raised them above the son 

surface," walking about drinking water droplets. These lizards also 

climbed into the lower leaves of aloe plants to drink, and on one 

occasion, a small P. cornutum was seen to "bathe" in a leaf concavity. 

Sherbrooke (1981) mentioned preliminary observation of rain-harvesting 

behavior in P. cornutum. 

Observations made during thls study establish that during rain 

storms, P. cornutum sometimes assumes a stereotyped rain-harvesting 

stance. In this position, the ventral surface is elevated above the 

substratum, thus minimizing possible uptake of water onto body surfaces 

from a wet substratum. It appears that when rainfall is sufficiently 

heavy and the integumental surfaces are wetted, the flow of rainwater 

intercepted by the animal's back is largely downwards, a result of 

gravitational flow. The assumed stance of the lizard insures that much 

of the gravitational water flow, which is in excess of that in the 

capillary interscalar network, runs toward the head, a major portion 

flowing to the jaw region. 

Interestingly, and logically (for gravitational flow), stereo

typed behavior involving elevation of the body and depression of the 

head appears to be taxonomically widespread in animals utilizing their 

body surfaces to collect fog, the tenebrionid beetle Onymacris 

(Hamilton and Seely, 1976), or rainfall, the snake Nerodia (Miller, 
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1985} and several land tortoises (Auffenberg, 1963). Some tortoises 

utilize a "gutter," in the posteriorly elevated carapace, and the 

forelegs to direct rain falling on the shell to the mouth. A similar 

conclusion may explain the water collection stance of Phrynocepha1us 

he1ioscopus (Schwenk and Greene, 1987), whose drinking behavior during 

rainstorms remains to be documented. 

As water flows to the integumental surfaces around the jaws in 

P. cornutum, the jaws are rhythmically opened and closed slightly. 

Experiments with dyed water demonstrate that these jaw movements are 

associated with ingestion of water from the integumental surface. The 

rate of water accumulation at the jaws can be expected to vary with 

intensity of precipitation. In particularly hard rains, such as on 4 

September 1976, the high rate of water arrival at the anima1's jaws 

appeared to lead to the protrusion of the tongue from the mouth to aid 

in more rapid ingestion. This observation needs verification. Tongue 

protrusion was not seen during water-harvesting when rainfall was not 

as heavy, nor during drinking of sprayed water in captivity. 

The amount of rainfall dropped on a site by each storm varies 

greatly. During light precipitation, the rain-harvesting technique of 

~. cornutum might allow drinking of free water that otherwise would be 

absorbed by dry porous soil. Horned lizards often live on loose soil 

surfaces which allow rapid penetration of rainfall. Thus, in many 

habitats, unless the intensity of rainfall is high enough to cause 

sheet flow of water on the surface, water from rainfall may be unavail

able to horned lizards except by use of their integument in the 
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interception of raindrops for water-harvesting before the water strikes 

the adsorbent substratum. 

Meyer (1966) suggested that lizards utilize refracted or 

reflected light coming from the menisci of water droplets for recogni

tion. Since the rain-harvesting behavior of ~. cornutum described here 

does not involve the visual identification of individual droplets of 

water before ingestion, other cues must elicit drinking. Perhaps the 

repeated impact of rain droplets on the lizard's back (see Chapter 4) 

induces it to assume an arched stance and the stimulus of water seeping 

between the jaws, or into the nasal openings, prompts drinking. Olfac

tory cues may also stimulate drinking behavior. 

The rain-harvesting stance of ~. cornutum is similar to a 

behavioral defense posture known in this and other species of the genus 

(Milne and Milne, 1950; Lowe and Woodin, 1954; see Chapter 7). The 

defense posture, "dorsal-shield" (see Chapter 7), involves the 

spreading and flattening of the back which is oriented toward presumed 

enemies. The fog-basking stance of the tenebrionid beetle Onymacris 

unguicularis is thought by Seely (1979) to be a modified use of a 

taxonomically widespread, defensive behavior. 

The importance of rain-harvesting in the overall water balance 

of P. cornutum, which live in arid and semiarid habitats, is not known. 

Whitford and Bryant (1979) calculated that water intake by ~. cornutum 

from food items, ants of the genus Pogonomyrmex, exceeded their 

estimates of water loss, but they also noted that water requirements 

based on laboratory and/or laboratory and field measurements may be 

greatly underestimated. In addition to accounting for rates of 
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pulmonary and cutaneous evaporative water loss, other factors have 

potential roles in determining the water requirements of a desert 

lizard: 1) levels of dietary ingested electrolytes, which are high in 

at least one ant-eating lizard (Bradshaw and Shoemaker, 1967), 2) 

electrolyte retention during periods of scarce free water (Bradshaw and 

Shoemaker, 1967; Bradshaw, 1970) and 3) extrarenal mechanisms of 

electrolyte excretion (Schmidt-Nielsen et a1., 1963; Norris and Dawson, 

1964; Templeton, 1964 and 1972). Salt glands appear to be universal in 

iguanids (Minnich, 1982), and although unreported in horned lizards, 

these lizards are frequently seen to have crystalline encrustations of 

presumed salt secretion around the external nares (~. cornutum, P. 

modestum, ~. ml ca11i, and ~. solare; pers. obser.). 

There are few reports of drinking by lizards during rainfall, 

but Bradshaw and Shoemaker (1967) report that Amphibo1urus ornatus 

emerged during a summer storm and ran rapidly about catching drops of 

water as they fell, and they drank from puddles forming on a rock 

outcrop. Where rocky substrates occur, horned lizards may drink from 

wet surfaces or puddles. Captive~. p1atyrhinos drank from a rock 

surface during a thunderstorm on 4 September 1976, raising their bodies 

slightly from the substratum, assuming a stance somewhat similar to 

water-harvesting, in an apparent effort to make better labial contact 

with the film of water on a rock surface (see photograph in Sherbrooke, 

1981). 

If free water plays a significant role in the water balance of 

P. cornutum, sporadic precipitation may be an important source, 

especially during dry periods. Much of this species l geographical 
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range is characterized by sporadic summer rainstorms. Probably~. 

cornutum utilizes a variety of methods for obtaining free water, 

including drinking from plants or rocks (Meyers, 1966), and rain

harvesting. The significance of rubbing the pelvic-cloacal region on 

the substrate, noted in two ~. cornutum during one rainfall, is not 

clear, but may involve water uptake. 

Effective rain-harvesting by t. cornutum apparently involves 

appropriate integumental morphology as well as the behavioral compo

nents discussed above. SEM photographs demonstrated the existence of 

interscalar channels or grooves of similar diameter (approximately 10 

~) ~as those of Moloch (Gans et al., 1982), although the walls of 

channels in P. cornutum do not appear to be as free of micro-ornamen

tation as reported in Moloch (but see discussion of shed cycle below). 

Observations made while utilizing drops of dyed water confirmed that 

these interscalar channels carry water across integumental surfaces by 

means of capillary action. The capillary force generated is sufficient 

to pull water from the lower venter of a lizard to its head. Neverthe

less, this is probably not its functional role in drinking. Rather, 

capillary dispersion may serve first to insure widespread wetting of 

the dorsal integumental surface during rain-harvesting, and subsequent

ly as a delivery system for rain water collected on the lizard1s back. 

This may be particularly important during light showers when rain does 

not accumulate on the lizard1s back in enough volume to result in 

gravitational flow of excess water, i.e. water outside the interscalar 

delivery system. 
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SEM photographs show that portions of ~. cornutum scales are 

covered with a honeycomb of raised micro-ornamentation, probably the 

remnant structures of an epidermal layer of cells, the OberhaUtchen, 

which is involved in periodic sloughing of the outer skin (Stewart and 

Daniel, 1973). This pattern of micro-ornamentation is common in 

iguanid lizards (Peterson, 1984) and its occurrence may influence the 

wettability of scales (Gans and Baic, 1977; Lillywhite and Maderson, 

1982; Peterson, 1984). 

Cole and Van Devender (1976) studied micro-ornamentation in the 

iguanid genus Sceloporus. They noted that following molting newly 

exposed scale surfaces are highly ornamented and that the ornamentation 

disappears or deteriorates drastically in time, but reappears after the 

subsequent molt. Such cyclic changes in micro-ornamentation could 

result in changes in the wettability of skin within a species. 

Variation in micro-ornamentation may occur in P. cornutum and it may 

have been responsible for differences in wettability to dyed water 

drops applied to recently shed and unshed lizards. Also, it may have 

influenced the degree to which water was seen to cover surface portions 

of individual scales. As can be seen in Fig. 5.2, honeycomb micro

ornamentation does not cover the entire surface of scales. Why 

recently shed P. cornutum were more resistent to wetting than unshed 

animals is not clear, but the explanation could involve chemical or 

other features of the shed cycle not related to the physical structure 

of ·micro-ornamentation. 

There may be no significance of wear cycle changes in micro

ornamentation on the success of rain-harvesting by P. cornutum. During 
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rainstorms, as opposed to experimental procedures where drops are 

carefully administered to the skin, drops probably strike the surface 

of an exposed horned lizard with sufficient velocity to ensure wetting 

of the skin ~o matter what the state of the sloughing cycle. Possibly 

under such conditions, wetting is mainly the result of other integumen

tal features such as spines and edges between scales. 

Schwenk and Greene (1987) suggested that Mayhew and Wright's 

(1971) failure to demonstrate uptake and transport of water by t. 
m'calli was due to their failure to wet the skin of the animals, as was 

done with Phrynocephalus helioscopus. Mayhew and Wright's (1971) 

failure to observe capillary water flow may also have been due to the 

brief period of observation, 5 min, compared to the nearly one hour 

required for water to reach the head of P. cornutum through interscalar 

capillary channels. SEM examination of P. m'calli scales showed the 

presence of honeycomb micro-ornamentation. Scales of P. modestum also 

exhibit honeycomb micro-ornamentation. Application of blue dye drops 

to t. modestum skin yielded inconclusive results in terms of wetting, 

some animals being hygroscopic and others shedding the drops. The 

occurrence of rain-harvesting in other species of horned lizard is 

problematic, but a few lizards, when sprayed in the laboratory, were 

observed to assume a stance equivalent to rain-harvesting: two t. 
modestum (pers. obs.) and one t. platyrhinos (5. D. Yokota, pers. 

comm.) • 

The difficulty of obtaining observations of horned lizards 

exhibiting rain-harvesting behavior may be due to their acute awareness 

of observers as potential predators. Observations of rain-harvesting 

---_. ---- .. -



121 

behavior obtained in this study were obtained under two sets of 

conditions, 1) the observer was hidden from the view of the lizards, or 

2) the 'observer had been a frequent part of the lizard's daily routine, 

especially feeding, and they had ample time to become aclimated. 

To date, three arid-adapted lizards from two families on three 

continents have been reported to have hygroscopic skin that is employed 

in drinking; Moloch horridus (Agamidae) in Australia (Davey, 1923; 

Bentley and Blumer, 1962; Gans et al, 1982); Phrynocephalus helioscopus 

(Agamid~e) in Asia (Schwenk and Greene, 1987); and Phrynosoma cornutum 

(Iguanid~e) in North America (Sherbrooke, 1981; this study). Chamaeleo 

namaquensis (Chamaelionidae) in Africa is probably a fourth species 

(Burrage, 1973). Convergent ecological adaptations between Moloch and 

Phrynosoma have been discussed by Pianka and Pianka (1970) and Pianka 

and Parker (1975). They found convergent and nonconvergent charac

teristics of the genera, especially when they compared Moloch to a 

constellation of anatomical, behavioral, physiological, and ecological 

adaptations of Phrynosoma considered to be part of an evolutionary 

strategy for exploitation of ants. These features set horned lizards 

apart from other iguanids as a unique genus. Aspects of external 

morphology, body form, cryptic coloration, spiny armament, locomotory 

behavior, and diet seem to be the clearest convergent characters. 

Evidently, M. horridus, t. cornutum, and t. helioscopus have 

convergently evolved drinking mechanisms that utilize the skin as a 

water collection surface. In all three genera, water is carried by 

capillary action through a network of interscalar channels to the ' 

labial region of the jaws where it is ingested. The diameter of the 
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channels in Moloch and P. cornutum are roughly equivalent, (10 ~), but 

evidently the channel walls may be smoother, reduced micro-ornament

ation (Gans et al., 1982), than in P. cornutum. Gans et al. (1982) 

thought that the regular wall surface of interscalar channels con

tributed to the speed of capillary water movement. Schwenk and Greene 

(1987) found regional scale differences in t. helioscopus that affect 

the form of the channels. Interscalar channels in areas of the side 

having granular scales conducted water more rapidly than did channels 

in areas of the back having imbricated scales. Capillary flow inhibi

tion between scales having overlapping scales is discussed by Gans et 

ale (1982) for Amphibolurus nuchalis. 

Gans et al. (1982) attributed the capillary water flow across 

the skin of Moloch to the forces generated in the interscalar channels 

or grooves. This study on t. cornutum demonstrates that water trans

port across skin in this species is also due to capillary flow through 

interscalar channels, and Schwenk and Greene (1987) have shown the same 

to be true of t. helioscopus. Thus, all three animals utilize similar 

structures to accomplish this apparently unusual integumental function. 

However, as noted by Schwenk and Greene (1987), granular scales occur 

in many lizards, associated with regions of skin movement and flexi

bility. It seems premature to assume an adaptive structural/ func

tional convergence of interscalar spaces, to facilitate capillary water 

flow for drinking, in these lizards. 

Gans et al. (1982) identified a second aspect of integumental 

morphology which they felt also has a prominent role in hygroscopic 

skin. They attributed the easy wetting of Moloch skin to the presence 
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of hexagonal webbing or micro-ornamentation on the scale surfaces. 

Schwenk and Greene (1987) questioned this conclusion based on the 

occurrence of honeycomb scale surface morphology in Moloch horridus, 

Phrynocepahlus helioscopus (presumed), and Amphibolurus nuchalis (in 

which wetting and capillary water flow did not occur). The wide 

occurrence of honeycombed micro-ornamentation in iguanid and agamid 

lizards (Peterson, 1984), where integumental water collection for 

drinking is not known, suggests that although this surface feature may 

contribute to skin wetting, it is not likely a convergently derived 

character evolved in association with integumental water transport. 

The functional significance of scalar micro-ornamentation 

remains speculative (Cole and Van Devender, 1976; Peterson, 1984); 

other micro-ornamentation configurations (Peterson, 1984) may also 

influence scale surface wetting, as may sloughing or wear cycles (Cole 

and Van Devender, 1976). The functional relationship between micro

ornamentation and the capillary transport of water in interscalar 

channels discussed by Gans et al. (1982) for Moloch seems equally 

applicable to the situation in P. helioscopus and t. cornutum. But, in 

neither case does it appear that these two components of the integumen

tal water transport system are independently and convergently derived 

adaptations. Rather it appears that their co-occurrence may be a 

fortuitous characteristic of the integument that in combination with 

other aspects of the animal's ecology, morphology and behavior has 

resulted in the convergence of similar water acquisition methods 

amongst these three lizards. 
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Clearly, behavior is a significant component of drinking water 

obtained from integumental surfaces. In Moloch, ): •. cornutum, and ):. 

helioscopus jaw movements are associated with drinking, and in the 

latter species, these jaw movements are accompanied by tongue protru

sions. Stereotyped behavioral stances occur in ):. helioscopus and ):. 

cornutum, but have not been reported in Moloch. These behaviors share 

certain components. In both species, the body is held above the 

substratum with the legs widely spaced, and the head is depressed (but 

not touching the substratum). The postures of P. cornutum and P. 

helioscopus differ in that the apex of the arched body in ):. cornutum 

occurs midway between the pectoral and pelvic girdles, whereas in P. 

helioscopus it occurs over the pelvic girdle. 

In each stance, a large part of the maximally exposed back, the 

presumed water collecting surface, slopes downward toward the head. 

Immersion in puddles for integumental collection of water seems likely, 

even for Moloch where no behavioral correlate of an elevated water

harvesting stance has been reported (Gans et al., 1982). One morpho

logical feature shared by all three lizards is their relatively broad 

body form, which may provide a large water collection surface. 

Lacking in previous reports on the use of skin in obtaining 

water for drinking have been observations documenting how the mechanism 

functions in nature. Two sources of water for drinking from the 

integumental delivery system have been proposed for Moloch and ):. 

helioscopus, dew and rainwater. Bently and Blumer (1962) speculated 

that Moloch collected water from dew or sporadic showers. Schwenk and 

Greene (1987) speculated that P. helioscopus collects rain water or 
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dew. Gans et ale (1982) dismissed rain as a source of water for Moloch 

and argued for the collection of dew. The fact that rains are infre

quent in deserts is no reason to dismiss them as an important source of 

free water, especially if an organism has the potential to acquire 

significant amounts of moisture from infrequent showers. Dew collec

tion requires nocturnal emergence. This might not be,a significant 

problem for Phrynosoma (Schwenk and Greene, 1987; see Chapter 7; 

discussion above), nor for Moloch that reportedly spends nights on the 

surface or in burrows (Pianka and Pianka, 1970). 

Gans et ale (1982) thought that the dorsal spines of Moloch 

might function as condensation foci from which water is dispersed over 

the scales via the scale surface micro-ornamentation to the interscalar 

channels. The smoothly surfaced spines were hypothesized to facilitate 

the capture of molecules of vapor by remaining unsaturated, thus 

maintaining a maximal moisture gradient with the surrounding air. 

Dorsal spines on t. cornutum also lack apical micro-ornamentation, but 

exhibit it basally. 

A third possible source of water for deposition on the integu

ment is from fog, as noted for several Namib Desert organisms, includ

ing one lizard (see discussion of Chaemaeleo namaguensis above). 

Burrage's (1973) report suggests that the behavioral responses of C. 

namaquensis during fog events and its integumental surface structure 

should be examined in more detail. 

Integumental water collecting from the three potential sources 

of water noted above might be termed fog-harvesting, dew-harvesting, 

and rain-harvesting. All involve the active participation of the 
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animal, either moving to an appropriate microenvironment or assuming a 

specialized posture, in order to facilitate the uptake and transport of 

water by the skin. 

This report on rain-harvesting presents the first evidence of 

how a lizard, ~. cornutum, obtains water in nature for the functioning 

of an integumental water collection system involving capillary delivery 

to the mouth for ingestion. Given this insight, it seems likely that 

the behavior and structures noted by Schwenk and Greene (1987) for ~. 

helioscopus function in rain-harvesting as well. As in ~. cornutum, 

the body stance it assumes presents a large surface for the intercep

tion of rain and its angle of incline insures that gravitational 

delivery of water overflowing the capillary channel system is directed 

toward the area of the mouth for drinking. 

I suggest that Moloch also utilizes its hygroscopic skin for 

collecting water during infrequent desert rainstorms and that its rain

harvesting includes an as yet unobserved behavioral stance typified by 

elevation of the body and depression of the head. If this proves to be 

the case, these three lizards may then be seen to have convergently 

adapted behavioral components of their respective rain-harvesting 

mechanisms, as well as sharing similar integumental morphologies that 

facilitate trans-integumental water movement. 

It remains to be seen if any of these three species of lizards 

utilize this mechanism for fog- or dew-harvesting. The system of water 

movement across integumental surfaces possessed by all three species 

could function for the collection of water from anyone or more of 



these sources, utilizing similar or distinct behavioral postures in 

conjunction with each of the various sources. 
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CHAPTER 6 

DEFENSIVE HEAD POSTURE IN HORNED LIZARDS 

(PHRYNOSOMA: SAURIA: IGUANIDAE) 
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The occipital head spines of horned lizards, an outstanding 

characteristic of the genus, serve in defense against a wide variety of 

predators (Dumas, 1964; Pianka and Parker, 1975; Sherbrooke, 1981; see 

Chapter 8). Also, they are used as weapons in intraspecific aggressive 

encounters (Whitford and Whitford, 1973) and as points of attachment by 

males during copulation (Montanucci and Baur, 1982 and refs. cited 

therein). Milne and Milne (1950) mentioned that horned lizards bend 

their head down as a defensive behavior, resulting in potentially fatal 

consequences for predators, such as snakes, attempting to swallow them 

whole. The occipital spines in this position are likely to penetrate 

the digestive tract walls. 

Antipredator defensive postures may be highly stereotyped, as 

demonstrated by the "Unken reflexes" of certain amphibians (Brodie, 

1977; Bajger, 1980). In numerous salamanders, these reflexes are 

initiated by tactile stimuli on the head or forebody (Brodie, 1977). 

This study examines the behavioral responses of seven species of horned 

lizards to tactile stimulation of the anterior head, under threatening 

circumstances, and the defensive implications of this behavior. 



129 

Methods 

One hundred seventy horned lizards were collected, for several 

studies, in Arizona, California, New Mexico, and Texas between 1977 and 

1980. They were tested for head-posture response either in the field 

soon after capture or later after a brief period in captivity. Each 

animal was tested only once, after being placed on a flat, smooth 

surface. Releasing the body, the experimenter gently placed his 

opposable thumb and first finger against opposite sides of the lizard's 

head, over the eyes. Animals that responded strongly raised their 

horns forward and lowered the lower jaw, so that the plane of the horns 

was brought into a position between a 45 0 and 90 0 angle to the sub

stratum (Fig. 6.1). This head posture was held with considerable 

muscular rigidity, strongly resisting physical displacement to the 

resting horn position. Simultaneously, the animal arched and laterally 

spread the back while raising up slightly on its legs. Animals 

responding less strongly did not raise the plane of the horns to as 

high an angle and mayor may not have arched and spread the back. 

Responses were recorded as strong, weak, or none for the two cate

gories, horns-raised and back-arched. Note was also made of the 

continued closure of eyelids after release of the fingers; they 

remained closed at least briefly in all but three of the 170 trials. 

Likewise, the animals tended to maintain the horns-raised and back

arched positions for a short period of time after release of the head. 



Figure 6.1. Adult Phrynosoma sol are exhibiting defensive head 
posture in response to head immobilization. 

------------------------~ .. --'"---------
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Results 

Table 6.1 illustrates the high percentage of responses in 

horned lizards to tactile stimulation of the head; combining strong and 

weak responses, 94% exhibited the horns-raised response. Comparing 

species, only one species stands out as not reacting as strongly with a 

horns-raised response to the head-touching stimulus. In t. douglassi, 

the short-horned horned lizard, 67% failed to respond. Horn length is 

reduced in this species and, presumably, its horns are relatively 

ineffectual in defense. The other species that had a somewhat low 

percentage of horns-raised responses was t. platyrhinos, with 25% non

responders. Two of three non-responding animals were juveniles, and 

this, combined with scattered observations on juveniles of other 

species, suggests that, while the response may be weak or absent in 

young horned lizards, it is not necessarily weak in this species. 

Strong or weak back-arched responses occurred in 64% of all animals 

tested, with one species, P. cornutum, responding to 91% of the 

trials. Interestingly this is one of the most spinose species. 

Discussion 

The~e'data demonstrate that horned lizards have a well

developed, stereotyped response (horns-raised) to tactile stimulation 

on the head which brings their spiny armament into a positon that 

maximizes its effectiveness in thwarting either swallowing or chewing 

by a predator. In addition, the back-arched response maximally 

displays their size and, in some species, presents a potential predator 

with a rough, scaly surface for ingestion. Given the diversity of prey 



Table 6.1. Behavioral responses to head touching of seven species of ~hrynosoma 

(N = number of individuals tested; SVL = snout-vent length) 

horns-raised response back-arched response 

SVL 
(mm) strong weak none strong weak none 

Species N= range # % # % # % # % # % # % 

cornutum 33 33-103 32 97 1 3 0 0 22 67 8 24 3 9 

coronatum 1 100 1 100 0 0 0 0 0 0 0 0 1 100 

dougl assi 6 31-83 1 17 1 17 4 67 1 17 2 33 3 50 

m'calli 7 65-77 7 100 0 0 0 0 1 14 0 0 6 86 

modestum * 96 21-65 86 90 7 7 3 3 23 30 26 34 28 36 

platyrhinos 12 31-81 6 50 3 25 3 25 5 42 1 8 6 50 

sol are 15 72-114 15 100 0 0 0 0 1 7 7 47 7 47 

Totals 170 (151 *) 148 87 12 7 10 6 53 35 44 29 54 36 

* SVL data missing for 10 animals; data on back-arched response only available for 77 of 
96 P. modestum. 

...... 
w 
N 
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subjugation skills of potential horned lizard predators, these behav

iors would appear to have selective value. 

Observations on two P. cornutum (collected on 13 July 1976 and 

12 June 1983) illustrate that the horns-raised response is not the only 

potential defensive head posture available to this species. Both 

lizards had been in cloth collecting bags for several hours before 

removal, which was when the behavior was noted. In one case a few dried 

spots of blood around the eyes indicated that a blood-squirting 

"defense" response had been evoked in the bag. The lizard's back was 

spread and arched as in the posture discussed above, but the head was 

tilted backwards rather than forwards, with the lower jaw angling 

upwards at approximately 45°. The entire head was held high above the 

sternum. The head/neck region was held rigidly in this position during 

rough handling and was maintained for a considerable time before 

muscles were relaxed. The apparent function of this posture is to 

prevent head-first swallowing by a predator. 



CHAPTER 7 

BEHAVIORAL (PREDATOR-PREY) INTERACTIONS BETWEEN CAPTIVE SOUTHERN 

GRASSHOPPER MICE (ONYCHOMYS TORRIDUS) AND TWO SPECIES OF 

HORNED LIZARDS, PHRYNOSOMA CORNUTUM AND PHRYNOSOMA MODESTUM 
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Horned lizards have a diverse repertoire of anti-predator 

defense mechanisms that can be conceptualized as operating at three 

sequential levels, 1) avoidance of recognition or detection, 2) fleeing 

escape, and 3) resistance. These defenses facilitate survival in a 

world of multifaceted predator capabilities (Sherbrooke, 1981; see 

Chapter 8). Defenses designed to avoid detection include cryptic 

background matching, object mimicry, and locomotor "freezing." 

Resistance defenses include, a) an ability to squirt blood from ocular 

sinus tissues (Milne and Milne, 1950), b) a series of cephalic horns 

which may be utilized defensively (see Chapter 6), and c) a variety of 

behaviors including hissing, body inflation, jumping, rocking and open

mouthed attack (Dodge, 1938; Smith, 1946; Milne and Milne, 1950; Lowe 

and Woodin, 1954; Tanner and Krogh, 1973). 

Grasshopper mice, genus Onychomys, are carnivorous predators on 

a wide variety of arthropods (Bailey and Sperry, 1929; Horner et al., 

1965; Flake, 1973), and are known to attack and kill small vertebrates, 

including lizards (Bailey and Sperry, 1929; Egoscue~ 1960; Horner et 

al., 1965; Flake, 1973; Hansen, 1975). Munger (1986) studied the rate 

of death due to predation for two species of horned lizard, Phrynosoma 
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cornutum and Phrynosoma modestum, at the same site from which animals 

were collected for this study. He reported that, "On several 

occasions, predation on P. modestum by Onychomys was suspected: all 

that remained of the lizard was the skin of the back with the legs 

attached." 

This study was designed to determine the behavioral and 

morphological means of predator resistance employed by horned lizards 

against grasshopper mice and to evaluate the potential of predation by 

Onychomys on Phrynosoma. The study documents the attack behavior of 

Onychomys torridus on two species of Phrynosoma which posses unusual 

surface morphological adaptations, cranial horns, and~ in P. cornutum, 

scattered, large, erect and spiny dorsal scales. It also documents the 

resistance behaviors of the lizard species and the effectiveness of 

behaviors and morphological structures in resisting predation attempts. 

Methods 

Both species of horned lizards were collected by hand 4 mi NE 

Portal (Section 21, T17S, R32E), San Simon Valley~ Cochise Co., elev. 

4300 ft, Arizona, between 8 June and 8 July 1983. Southern grasshopper 

mice, Onychomys torridus, were live-trapped (Sherman~ aluminum traps) 

at the same locality. Following the experiments, mouse skulls were 

deposited in the Mammalogy Collection of the University of Arizona, 

Tucson (UAZ #25,325-25,331). Identification was based on skull 

characters (Hinesley, 1979; Hoffmeister, 1986). 

Previous to, and between trials, lizards were maintained in 

captivity as described elsewhere (Sherbrooke, 1987). Some were used 
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within a few days of capture. Captive mice were maintained in isolated 

cages for one to ten days before trials. They were fed live crickets 

and/or canned dog food. Some were provided water. Most frequently, 

experimental mice had been fed on the day of the experiment, but in 

some trials the mouse had not been fed for up to 24 hr (in one case, 48 

hr) before the encounter. All experimental animals appeared to be 

healthy and vigorous during the trials. 

Each trial was conducted in a glass aquarium (30 X 27 X 51 cm) 

covered with perforated Masonite m board. The bottom of each aquarium 

was covered with 2 cm of soil taken from the locality where the animals 

were collected. Soil was changed between each rodent trial. Sides of 

the aquaria were externally covered with white paper except at one end, 

where an eight by 23 cm vertical opening allowed viewing. 

Laboratory trials (N=8) were conducted in a darkened room at 

the University of Arizona, Tucson; minimal lighting for observation 

came from ceiling fluorescent lamps. Field trials (N=9) were conducted 

in a vehicle (van), used as a shelter from wind and"rain. The 

vehicle's dome light provided illumination for viewing; infrequently, 

this was briefly supplemented with light from a small flashlight, the 

use of which did not appear to interfere with animal activities. 

Trial encounters (N=17) were carried out between 7:40 PM and 

12:03 AM (MST), both in laboratory and field. With one exception, 

ambient temperature~ taken before and after each trial, did not vary 

more than ± 1 degree C (Tables 7.1 and 7.2). Observations of each 

trial encounter were made for a minimum of 30 min~ longer periods were 

employed when warranted by predator-prey interactions (Tables 7.1 and 
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7.2). Timed notations of significant aggressive and defensive behav-

iors were recorded throughout the encounters. 

Seven Onychomys were used in 17 trials (Tables 7.1 and 7.2); 

individual mouse numbers in Table 7.1 are the same as in Table 7.2. 

Seven Phrynosoma cornutum were used in ten trials and five P. modestum 

were used in seven trials. An individual mouse may have been used in 

trials with both species of lizards, or adult and juvenile t. cornutum 

(Table 7.1). No mouse was engaged in more than one trial on a given 

day. Four laboratory trials were followed by nine field trials which 

were followed by four additional laboratory trials (Tables 7.1 and 
, 

7.2). Weights of animals were determined on an Ohaus Dial-O-Gram (310 

g) (mice) or Mettlerm balance (lizards) (Tables 7.1 and 7.2). Snout

vent length (SVL) and sex of each lizard were recorded (Tables 7.1 and 

7.2). Each lizard was introduced into the cage shortly before the 

mouse was released. In a few cases, lizards were initially buried and 

remained undetected by the mouse until unearthed by the experimeter. 

In these cases, trial times started when both animals were on the 

surface. The outcome of each predator-prey interaction was determined 

for the lizard as either fatal or survived (Tables 7.1-7.4). 

Results 

Recorded observations of trial encounters were utilized for the 

descriptions of various aggressive and defensive behaviors of the 

predatory mouse and the lizard, its potential prey. Many Onychomys 

behaviors are readily interpreted as aggressive, while those of 

Phrynosoma appear to be clearly defensive. The significant activities 
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Tab 1 e 7.1. Paired encounters between individual Onychomys 
torridus and Phrynosoma cornutum* 

O. torri dus P. cornutum 

Tri al Date Temp Time Anim. Wt. Anim. Wt. SVL Sex 
# 1983 °C±1 (mi n) Outc # (g) # (g) (mm) 

1 24 Jun 24 60 S 1 26.4 1 93 M 

2 25 Jun 24 210 F 2 29.6 1 93 M 

3 7 Jul 28 30 S 3 30.3 2 47.0 96 M 

4 7 Jul 27 a 30 S 4 25.1 3 34.3 95 M 

5 11 Jul 27 30 S 6 24.7 4 34.6 86 M 

6 11 Jul 26 30 S 7 26.3 5 28.7 78 M 

7 13 Jul 24 30 S 4 25.1 4 34.6 86 M 

8 13 Jul 24 30 F 6 24.7 6 8.1 49 J 

9 13 Jul 24 30 F 7 26.3 7 6.8 40 J 

10 14 Jul 24 30 S 5 35.2b 2 47.0 96 M 

* For interaction outcome (Outc), S = survived, F = fatal. 
For lizard, SVL = snout-vent length; M = male, F = female, 
J = juvenile. 

a 0.4° greater than 2° range 

b Gravid female; birthed before trial 

-----------------------"~---
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Table 7.2. Paired encounters between individual 
torridus and Phr~nosoma modestum* 

Onychom,ls 

O. torridus P. modestum 

Tri al Date Temp Time Anim. Wt. Anim. Wt. SVL Sex 
# 1983 °Ct1 (mi n) Outc # (g) # (g) (nun) 

1 22 Jun 25 140 F 1 26.4 1 60 F 

2 23 Jun 24 200 F 2 29.6 2 9.9 60 F 

3 8 Jul 31 30 S 3 30.3 3 6.8 51 M 

4 8 Jul 30 30 S 4 25.1 4 6.1 47 M 

5 9 Jul 26 45 F 3 30.3 3 6.8 51 M 

6 9 Jul 25 30 S 4 25.1 4 6.1 47 M 

7 11 Jul 28 30 F 5 35.2 5 5.9 49 M 

* For interaction outcome (Outc), S = survived, F = fatal. 
For lizard, SVL = snout-vent length; M = male, F = female, 
J = juvenile. 

___________________ ~~ __ ·._ •• "4 _____ _ 
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observed in each trial encounter are described in the trial summaries 

that follow; number of minutes indicate time into trial. These are in 

turn followed by descriptions of typical behavior patterns and an 

analysis of occurrence of the behaviors in each trial. 

Trial Summaries for Onychomys 
torridus/Phrynosoma cornutum 

Trial 1. The mouse bit the lizard's leg at 13 and 45 min. 

Following each bite, the lizard either ran or turned to face the mouse. 

In both cases, the mouse retreated. Throughout the trial, the mouse 

continued sporadic investigations of the lizard, and also attempted to 

escape the cage by digging in the sand and jumping at the cage top (60 

min trial). 

Trial 2. The mouse focused on attacking throughout the long 

trial period (210 min). Initial attacks on back skin were redirected 

to the head after 2 min. The first attack on eye orbits was unsuccess

ful. The mouse redirected its attack to the mouth opening (shaken 

loose by lateral movements of lizard's head), and then focused on 

nostril openings which began bleeding. The mouse groomed off blood (6 

min), then tried getting under the lizard's head. As the mouse was 

chewing on the lizard's nasal wound, the lizard bit the mouse which 

retreated, then returned to chew again on the lizard's back. After 11 

min into the trial, the back wound was bleeding. The mouse appeared to 

encounter distasteful tissues; it wiped its face in sand twice. The 

mouse threw the lizard on its back (13 min). Within the first hour the 

mouse continued attempts to throw the lizard on its back. When it was 

successful, the lizard righted itself. To overturn the lizard, the 
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mouse inverted itself and used its paws to kick one side of the lizard 

up and over. At 33 min, the mouse attempted to open a second back 

wound, but failed to puncture the skin and returned to the established 

wound. The mouse fed some on the back wound, but two or three exposed 

ribs appeared to block its access to the internal organs. Successful 

overturns were followed by unsuccessful attempts to penetrate the 

ventral body wall and to gain entry through the vent area (72 min). 

Repeatedly, the lizard attempted running escapes but was limited by 

cage size. At 83 min, the rodent opened a second dorsal wound. At 93 

min, it flipped the lizard and opened a pectoral wound. At 113 min, 

the lizard's body cavity was opened at the pectoral wound. The mouse 

pulled out the liver and fed on it (127 min). The mouse moved away 

from the carcass for grooming (149 min). The stomach, including 

nematodes, was eaten. Then the mouse left the carcass to defecate at 

the far end of the cage; this was repeated 5 min later. The trial was 

terminated at 3 1/2 hrs. The lizard's head was still intact except for 

wounds around the nostrils. Following the trial, the mouse was placed 

in a jar with crickets, which it immediately killed and ate. 

Trial 3. After initial investigation, the lizard was ignored 

by the mouse. While trying to escape the cage, the mouse walked on the 

lizard, initiating a dorsal shield display by the lizard that was 

continuously held for 13 min. 

Trial 4. The mouse investigated and bit the right front-leg of 

the lizard after 3 min. The lizard inflated and displayed its dorsal 

shield, followed by a horn threat (thrust) direct~d at the mouse, which 
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retreated. Similar approach-retreat sequences were repeated numerous 

times. 

Trial 5. In reaction to investigations by the mouse, the 

lizard inflated and hissed about ten times in the first min. Then the 

lizard hissed with its mouth open, and charged when the mouse 

approached its head. This was followed by an open-mouthed charge the 

full length of the cage at the mouse. The mouse then ignored the 

lizard and tried jumping to escape the cage. The lizard remained 

alert, attacking (hissing, charging) whenever the mouse approached; it 

retained its mouth open for 26 min, continuously. After the trial, the 

experimenter touched the excited lizard's back 5-7 times; each time the 

lizard responded with hissing, standing tall and open mouth displays. 

Trial 6. The lizard ran, then hissed, with mouth open and 

dorsal shield displays in response to the initial investigations by the 

mouse. Within the first 5 min, the mouse bit the back of the lizard 

once; the lizard turned, hissing, with open mouth. The mouse tried 

digging and jumping to escape the cage. Subsequent investigations by 

the mouse of the lizard, between attempts at cage escape, were repelled 

by the lizard with hissing, open mouth and dorsal shield displays. No· 

subsequent bites were initiated by the mouse. 

Trial 7. The lizard hissed, opened its mouth and spread a 

dorsal shield display when first approached by the mouse; this was 

repeated numerous times. Then the lizard charged the mouse sideways in 

a dorsal shield position; this was repeated every 10 sec as the mouse 

approached several times. On a subsequent approach by the mouse, the 

lizard charged the mouse with its mouth open. After 5 min, the lizard 
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simply hissed (every 10-15 sec) whenever the mouse approached. At 8 

and 10 min, the lizard opened its mouth and while hissing, charged the 

full length of the cage at the mouse, which side-stepped the charge 

each time. During the subsequent period of the trial, the lizard 

exhibited numerous hissing and dorsal shield displays towards the 

mouse. The lizard's body was often facing 90 degrees to that of the 

mouse, with its head angled 45 degrees towards the mouse, bringing its 

parietal horns into visual prominence. 

Trial 8. The mouse attacked the lizard's head immediately, 

then bit its back. The lizard hissed and opened its mouth, but the 

mouse returned to biting the lizard's head around the right eye socket. 

The lizard faced the mouse with its horns (threat); this was ignored by 

the mouse. The lizard inflated, but was then overturned by the mouse, 

which proceeded to right the lizard again. After 10 min, the only 

damage on the lizard was to the area around the eye socket, and 

considerable blood loss. The lizard inflated and remained so for 8 min 

while the mouse chewed into the lizard's brain and ate the top of its 

head. Then the mouse began eating tissues of the neck before the trial 

was termi nated. 

Trial 9. The mouse attacked immediately, at both sides of the 

lizard's throat and the right eye socket. It opened a wound within 2 

min around the right eye, then the mouse began feeding on the lower jaw 

(lizard inverted). Within 11 min, most of the head was consumed and 

the mouse turned the lizard over into its normal position and fed on 

its neck, pulling out the intestines and eating them. 
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Trial 10. The mouse attacked immediately, but was met with 

lizard hisses, open mouth and horn threat. The mouse chewed on orbital 

area tissues and tried unsuccessfully to chew into the back skin. This 

was a very active trial. The lizard used many defensive tactics even 

after having lost its right eye (8 min). The mouse repeatedly tried to 

overturn the lizard without success. The lizard raised itself high on 

its legs to prevent flipping by the mouse. The lizard twisted side to 

side, using its horns, in a wrestling match with the mouse. The mouse 

chewed at the lizard's back skin repeatedly, without success at 

reaching eatable parts. 

Trial Summaries for Onychomys 
torridus/Phrynosoma modestum 

Trial 1. Once the lizard was discovered by the mouse, the 

lizard's head, around the eye sockets, was attacked immediately. While 

the mouse chewed into the bony skull, the lizard opened its mouth and 

emitted several "screams," clearly not hisses. It also inflated and 

deflated and kicked forward with its hind legs at the mouse. Within 5 

min, the lizard was dead and the mouse was feeding on its brain 

tissues. Numerous feeding bouts ensued between which the mouse groomed 

its paws and anterior portions of its head. After eating the head, the 

mouse returned to the carcass to extract the digestive tract and 

internal organs through the neck, consuming all except the stomach. 

After pausing in feeding again, the mouse returned to remove two 

oviducal eggs, leave, then returned to remove a third; one was bitten 

into but all were discarded (one was later eaten). While the mouse 

continued feeding on the lizard's back muscle, the dorsal skin was 

-------------------~-----.-... ~ .. ~ .. 
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avoided. After a 10 min pause, the mouse returned to eat the posterior 

carcass, avoiding the rectum. No feeding was observed during the final 

30 min. The final uneaten remains of the carcass included: intact tail 

and hind legs, two untouched oviducal eggs, stomach, rectum and most of 

the abdominal skin. 

Trial 2. The lizard remained buried for 40 min and was not 

discovered by the mouse until it surfaced, when it was attacked. 

Initially, the mouse attacked the lizard's throat, throwing it onto its 

back, but the lizard righted itself. The lizard opened its mouth once 

while facing the mouse, but did not hiss. The mouse was unable to 

break through the throat skin, but then attacked the head around the 

orbits. Within five or six min, the lizard was dead, as the mouse 

chewed off the top of the head and continued feeding on its neck 

tissues. The carcass continued to show breathing movements and the 

hindlegs were ineffectively locked in a forward position towards the 

feeding mouse. About 25 min after the initial attack, the mouse 

stopped feeding for several 10-sec periods. Then the digestive tract 

was pulled through the neck wound and eaten, including contained 

nematodes. The mouse then spent 10 min eating the forelegs, before 

feeding was interrupted for 30 sec to leave the carcass and groom its 

forepaws and face. Then feeding continued, on forelimbs, digestive 

tract, abdominal muscle, and yolked follicle mass, for the next 30 min. 

Another grooming period, 20 sec, was followed by 8 min of feeding and 

then a two-minute interruption, during which the mouse defecated twice. 

The following 1.5 hours showed much reduced feeding behavior, with 10 

min or longer pauses for sleeping. At termination, the remains 
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included the skin of the hind two-thirds of the body, two large ova of 

one ovary, limb skin, digits of the hind limbs and the distal portion 

of a forelimb. 

Trial 3. When the lizard was first discovered by the mouse, 

the lizard inflated its body, turned toward the mouse, and lunged 

(charged) with its mouth open while hissing. This performance was 

repeated five or six times before the lizard deflated. The mouse then 

avoided the lizard and engaged in sandbathing. During the final ten 

min of the trial, the only encounters seemed accidental, resulting in 

the lizard inflating, opening its mouth and hissing; in response, the 

mouse retreated. 

Trial 4. The initially buried lizard was undiscovered by the 

mouse for 5 min, then the investigator unearthed the lizard. The mouse 

investigated the lizard repeatedly throughout the trial without ever 

attacking. It also tried escaping the cage repeatedly, jumping up 

walls and digging in the sand. The mouse made numerous cautious 

approaches toward the lizard, holding its body low and extending its 

neck and head toward the lizard. Any movement, including mild hissing, 

caused the mouse to retreat immediately. 

Trial 5. The first mouse-lizard encounter resulted in mouth

open and hissing by the lizard. During the following 14 min, the 

lizard repeated mouth-open and hissing whenever the mouse approached to 

investigate; the lizard repeated this about 30 times. After 15 min, 

the lizard's behavior became more aggressive as it inflated its body, 

opened its mouth wide and hissed while charging the stationary grooming 

mouse three or four times. This was followed by several bouts of 
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lizard hissing. At 34 min into the trial, the mouse attacked the 

lizard, grabbing onto the head and chewing. The lizard tried to 

resist, repeatedly thrusting hind and fore limbs forward (kick). But 

this was not an effective resistance. The mouse continued feeding on 

the lizard's head, ignoring its struggling, until most of the head was 

consumed. At that point (45 min), the trial was terminated. 

Trial 6. The lizard hissed when it first saw the mouse, and 

again when it was approached by the mouse which then retreated. Lizard 

hissing continued through several encounters in which the lizard arched 

up on forelegs and displayed a dorsal shield at the mouse while opening 

its mouth and threatening. The lizard culminated the series of 

encounters with a charge (attack), hissing with its mouth open and 

front legs extended so as to hold its body high. The mouse began 

"calling" (Hafner and Hafner, 1979), and jumping walls to escape the 

cage; the "ca 11 i ng" was answered by other mi ce outsi de the cage. At 17 

and 23 min into the trial, the lizard repeated the hissing and charge 

as the mouse approached. Mostly the mouse continued attempts at 

escaping the cage. 

Trial 7. The mouse investigated (sniffed) the lizard, which 

responded by hissing twice, then hissing with its mouth open. Within 

the first two min, the mouse bit the lizard's head. It also tried to 

bite the lizard's body, but returned to the head. The lizard strug

gled, but the mouse continued feeding on its head. At 8 min into the 

trial, the lizard arched its back and the mouse bit both rear legs, 

then returned to gnawing on the head. At 9 min, ~he mouse left the 

carcass, returned, then left again to groom its paws and face. At 15 
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min, a hole was eaten into the side of the abdomen and the mouse began 

feeding on internal organs; feeding continued until the trial was 

terminated. 

Description of Behaviors 

In order to analyse the occurrence of specific behavior 

patterns in a variety of predator-prey encounters, several typical 

behavior patterns have been identified. The aggressive behaviors of 

Onychomys and the defensive behaviors of Phrynosoma are identified and 

described below. 

Aggressive Behaviors of 
Onychomys torridus 

Investigation. Mouse approaches lizard (ca. 3 em) with head 

extended forward, sniffing, often with body dorso-ventrally flattened 

and low to substratum, and eyes partially closed; apparently prepared 

to flee (retreat). 

Immediate attack. As soon as mouse is aware of presence of 

lizard, it attacks, attempting to bite and subdue prey, without 

apparent caution or evaluation of potential offenses/ defenses of its 

prey. 

Head-bite. Mouse attempts to effect (lethal) wound to head, 

and if successful, may proceed to feed on tissues of head. Almost all 

attacks focus on orbit around an eye, or less frequently, the mouth or 

nostrils. 
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Back-bite. Climbing on lizard, mouse attempts to open a wound 

through the dorsal skin of the midback, usually well behind the 

parietal horns. 

Leg-bite. Appears to be part of investigation of prey, rather 

than an attempt to open a lethal wound. Bites either fore or hind leg. 

Throat-bite. Mouse attempts to break skin in throat area below 

head, or slightly posteriorly in region of pectoral girdle. 

Vent-bite. Mouse attempts to chew into flesh of vent area. 

Usually occurs after lizard overturned and lying on back, although 

mouse may assume inverted position to chew on lizard's vent. 

Overturns. Mouse approaches side of lizard and pushes or kicks 

to flip the lizard onto its back, after which it attempts to chew 

through ventral skin. (Lizard may effectively resist by raising body 

on four legs, or extending two legs on opposite side [similar to dorsal 

shield]). 

Defensive Behaviors of 
Phrynosoma 

Run-escape. Lizard, usually in response to approach of mouse, 

rapidly runs to far end of cage. 

Inflate. Apparently in response to presence or advance of 

mouse, lizard inflates its lungs, thus increasing the apparent size of 

its body. In~. cornutum, this causes the enlarged dorsal scales to be 

held stiffly erect. Frequently, the lizard holds its inflated body 

high off the substratum on all four legs. 

Hiss. Obviously directed at approaching mouse, air taken into 

the lungs is expired in such a fashion as to produce an audible sound. 
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Lizard's body usually raised off ground by extension of all four legs. 

Often repeated and associated with other anti-predator behaviors. 

Mouth-open. An anti-predator display, in which the jaws are 

held widely gaped open, performed while facing mouse and, usually, 

either hissing, charging or both. 

Charge. An anti-predator behavior in which the lizard runs 

rapidly at the mouse, which easily sidesteps the lizard, often running 

the full length of the cage; frequently repeated. Charges may incor

porate inflation, hissing, and open mouth. 

Bite. Lizard opens jaws and bites mouse, which retreats. 

Dorsal-shield. In response to threatening presence of mouse, 

lizard orients with one side towards mouse, lifting most distant side 

up and lowering closest side while flattening body form to give largest 

surface area to back (ribs pulled forward). Distant side lifting 

achieved by fore- and hind-leg extension on that side. 

Horn-threat. Lizard aims horns toward mouse in threatening 

way, and may give thrust of horns in direction of mouse by moving 

anterior body and/or heado 

Kick. In response to head bite (and chewing) by mouse, lizard 

thrusts hindlegs and sometimes forelegs forward at mouse. Only 

observed in P. modestum. 

Occurrence of Behaviors in Trials 

Typical behaviors recorded during trial encounters each 

occurred in specific contexts and none occurred in all trials. Tables 

7.3 and 7.4 summarize behaviors observed in P. cornutum and P. modestum 
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Table 7.3. Aggressive and defensive behaviors used during staged 
encounters between Onychomys torridus and Phrynosoma 
cornutum, and outcome of predator-prey interaction 
(survived or fatal to lizard). 

Tri al s 

Behaviors 1 2 3 4 5 6 7 8 9 10 % 

O. torridus 

investig. + + + + + + 60 
immed. attack + + + + 40 
head-bite + + + + 40 
back-bite + + + + 40 
1 eg-bi te + + 20 
throat-bite + + 20 
vent-bite + 10 
over-turn + + + + 40 

P. cornutum 

run-escape + + + + + + 60 
inflate + + + + 40 
hiss + + + + + + + 70 
mouth-open + + + + + + 60 
charge + + 20 
bite + 10 
dorsal-shield + + + + + + 60 
horn-threat + + + 30 
kick 0 

outcome S F S S S S S F F S 70 

For outcome, S = survi val, F= fatal. 
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Table 7.4. Aggressive and defensive behaviors used during staged 
encounters between Onychomys torridus and Phrynosoma 
modestum, and outcome of predator-prey interaction 
{survived or fatal to lizard). 

Trials 

Behaviors 1 2 3 4 5 6 7 % 

O. torridus 

investig. + + + + + 71 
i nnned. attack + + 29 
head-bite + + + + 57 
back-bite + 14 
leg-bite + 14 
throat-bite + 14 
vent-bite 0 
over-turn + 14 

P. modestum 

run-escape 0 
inflate + + + + 57 
hiss + + + + + + 86 
mouth-open + + + + + 71 
charge + + + 43 
bite 0 
dorsal-shield + + 29 
horn-threat 0 
kick + + + 43 

outcome F F S S F S F 43 

For outcome, S = su rvi val, F = fatal. 
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trials respectively. In each table, the aggressive behaviors of 

Onychomys torridus are listed above the defensive Phrynosoma behaviors 

observed in each trial. 

Of the initial Onychomys responses to ~. cornutum (Table 7.3), 

60% involved investigation and 40% were immediate attacks. None of the 

former resulted in lizard deaths, while 7~% (3 of 4) of the encounters 

involving immediate attacks by mice led to fatal consequences. The 

four attacks were followed by head-bite, back-bite, throat-bite, vent

bite, and overturn behaviors. Two instances of leg-bite and one of 

back-bite were the only biting behaviors seen in mice that initially 

investigated rather than immediately attacked the lizard. Head-biting 

(40%) and back-biting (40%) were the most widely used biting behaviors, 

the former exclusively, and the latter almost exclusively used by 

attacking mice. Only non-attacking mice used leg-bite (20%), and only 

mice exhibiting immediate attack used throat-bite (20%), or vent-bite 

(10%). All attacking mice used overturn (40%) and head-bite (40%) 

behavior, whereas none of the initially investigating mice exhibited 

these behaviors.' 

Sixty percent of the ~. cornutum that were initially investi

gated or immediately attacked used run-escape during some point of the 

trials. Lizards utilized a variety of behaviors which increased their 

apparent size, inflate (40%) and dorsal-shield (60%), or which were 

apparent attempts to intimidate a potential or attacking enemy, hiss 

(70%), mouth-open (60%), charge (20%), bite (10%), horn-threat (30%). 

No kick behavior was seen in this species. Apparently the most 

aggressive behavior by horned lizards was the charge display (with 
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mouth open) which was only directed at non-attacking mice that had not 

previously bitten the lizard. 

Fifty-seven ,percent of the encounters between Onychomys 

torridus and Phrynosoma modestum were fatal (Table 7.4). Of these, two 

(50%) involved immediate-attack and two did not involve attack until 

after investigation. In all four fatal trials head-bite occurred, and 

it was absent in all trials in which P. modestum survived the trial. 

Back-bite, leg-bite, throat-bite and overturn were each seen in only 

one trial; all were associated with fatal trials. Vent-bite was not 

observed. The only mouse behavior pattern seen in the three non-fatal 

trials was investigation, which also occurred in the two trials that 

were fatal to lizards. 

None of the P. modestum utilized run-escape or bite as a 

defensive behavior, nor did any of this relatively short-horned species 

exhibit horn-threat behavior. Of apparent size-enhancing behaviors, 

57% used inflate and 29% demonstrated dorsal-shield. Hiss was used in 

all encounters but one (86%), and mouth-open (71%) and charge (43%) 

were common defensive displays. Of the three trials in which lizards 

employed char~e, two were with mice that only investigated. But in the 

third trial (#5), in which charge occurred, the lizard was subsequently 

killed; the mouse did not attack until late in the trial. Kick 

behavior, not seen in t. cornutum, was only employed in fatal attacks 

and was an apparent response to head-bite behavior by mice. In one 

tri~l (#2), kicking seemed to be a reflex behavior of a dead lizard. 

Tables 7.3 and 7.4 show the consequences of the trials for the 

lizard, either survival or fatality. The survival of Phrynosoma 

----,._ .. -_._ ... 
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cornutum was higher (70%) than the survival of adult P. modestum (43%). 

If juvenile ~. cornutum (~. modestum sized; Tables 7.1 and 7.2) are not 

considered, adult survival of P. cornutum was 88%. If the juvenile ~. 

cornutum are combined with the smaller species, ~. modestum, and large 

vs. small Phrynosoma are compared, survival of large lizards was 88% 

whereas survival of small lizards was 33%. These small samples did not 

show a significant difference between survival of large and small 

animals (X 2=2.23 with 1 df P.05=3.8; Yates correction for continuity 

with small samples, x2c=3.14). 

As a result of an individual Onychomys being utilized in more 

than one trial (Tables 7.1 and 7.2) comparisons can be made between an 

individual mouse's success with the two different prey species or with 

different individuals of one species. Mouse #1 did not attack P. 

cornutum, but killed a P. modestum. Mouse #2 killed individuals of 

both species. Mouse #3 did not kill a ~. cornutum, but killed one of 

two ~. modestum in subsequent trials. Mouse #4 did not attack two 

adult P. cornutum nor two adult P. modestum. Mouse #5 failed to attack 

a ~. cornutum, but later attacked and killed a P. modestum. Four P. 

modestum trials were fatal (Table 7.2); of these trials, only one 

(trial 2) involved an Onychomys that had killed a P. cornutum (Table 

7 .1, t ri a 1 2). 

Mice #6 and #7 which initially had not killed adult ~. 

cornutum, later both killed juveniles of that species. In trials 

involving ~. modestum, mouse #4 did not kill the same lizard (#4) in 

two trials whereas another mouse, #3, failed to kill a lizard (#3) 

during their first encounter, but subsequently killed the same lizard. 

--------------------_._,."'-_ .... ,-.. ,---- ,--_._-- -
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One t. cornutum (#1) that survived trial 1 was subsequently 

killed in trial 2, although other lizards (#2 and 4) survived two 

trials each. One P. modestum (#3) survived one trial and was killed on 

the subsequent trial, whereas another lizard (#4) survived two trials. 

In some trlals, Onychomys exhibited cage-escape behavior (60% 

and 43%, for t. cornutum and t. modestum respectively). They also 

exhibited natural grooming (20% and 57%) and defecation (10% and 14%) 

behavior. 

Discussion 

The attack behavior of the predatory grasshopper mouse 

Onychomys on its arthropod prey has received considerable study (Cyr, 

1972; Langley, 1983). Attack and feeding are independently controlled, 

with feeding not always following an attack (Baxter, 1979; Langley, 

1981). Attack occurs primarily in response to prey movement, whereas 

feeding occurs primarily in response to gustatory and olfactory cues 

(Langley, 1981, 1983; Langley and Knapp, 1982). Prey location at a 

distance seems to depend on auditory cues, whereas at close proximity, 

they respond to olfactory cues (Langley, 1983). Mice are able to 

utilize olfactory cues to locate some buried prey (Taylor, 1977; 

Langley, 1982, 1984). Experience improves the attack proficiency of 

grasshopper mice in three ways: decrease in reluctance to attack, 

improved killing technique, and recognition of a cricket as prey sooner 

during an encounter (Langley, 1986). 

Attack behavior of Onychomys on small undefended arthropods 

focused on biting the head region. But attacks were altered, to 
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initial biting of the hind leg, femoral-tibial joint, in a large 

grasshopper that employs its strong spine-tipped jumping legs defen

sively (Whitman et al., 1986). This altering of attack pattern in 

response to prey defenses is similar to the way Onychomys initially 

immobilize scorpion tails prior to further attack {Homer et al., 1965; 

Langley, 1981b} or their neutralizing the quinone emitting rear-end of 

tenebrionid beetles by thrusting the beetle's posterior abdomen into 

the soil substratum {Eisner and Meinwald, 1966; Langley, 1981b}. 

Inter- and intraspecific attacks on other mice are charac

terized by the aggressor individual, Onychomys, seizing the victim from 

the rear and biting through the parietal region of the skull, killing 

the victim within 10 sec {Egoscue, 1960; Clark, 1962; Ruffer, 1968}. 

If the victim is too large, vigorous, or aggressive in response to the 

attack and the grasshopper mouse fails to effect a kill, it will soon 

stop attacking {Clark, 1962}. Horner et ale (1965) previously reported 

lizards, including Phrynosoma, in the diet of Onychomys, but no infor

mation has been published on their predatory attack behavior on 

reptiles. 

Carpenter and Ferguson {1977} have surveyed stereotyped 

reptilian behavior patterns. The vast majority of described behavior 

patterns are related primarily to intraspecific aggression, courtship 

and mating. Several studies have been done on Phrynosoma intraspecific 

behavior (Lynn, 1963; Tollestrup, 1981; Montanucci and Baur, 1982; 

Whitford and Whitford, 1973; see Chapter 9). 

Some lizards, as ectotherms, exhibit different behaviors in 

responses to similar stimuli at different temperatures. In encounters 
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with predators, while at high body temperatures, they may flee, while 

at lower body temperatures, their response switches to holding their 

ground and attacking aggressively (Hertz et al., 1982; Crowley and 

Pietruszka, 1983). Temperatures at which these trials took place 

(Tables 7.1 and 7.2) were below preferred body temperature (38.5 C) of 

Phrynosoma cornutum (Prieto and Whitford, 1971) and the behaviors 

observed might therefore be expected to exemplify the lower temperature 

responses. 

Until recently, only anecdotal mention has been made of 

defensive behaviors in Phrynosoma (Smith, 1946; Milne and Milne, 1950; 

Lowe and Woodin, 1954; Tanner and Krogh, 1973; Pianka and Parker, 

1975). In Chapter 8 I describe the morphological and behavioral 

components of "stone mimicry" as a defensive strategy in P. modestum 

and in Chapter 6 report a study on the defensive use of a head posture 

(horn positioning) behavior in Phrynosoma. In one field observation 

(Tanner and Krough, 1973), a Phrynosoma platyrhinos charged a leopard 

lizard, Crotaphytus wislizeni, "running at it sideways with its body 

tilted so that the side closest to the leopard lizard touched the 

ground. As the horned lizard charged, it would also hiss." This study 

is the first in which horned lizard defensive behaviors have been 

studied in trials with potential predators, and it is the first to 

document attack behaviors of Onychomys on a non-mammalian vertebrate. 

The confined nature of the predator-prey encounters occurring 

in these experimental trials certainly influenced some of the behavior 

exhibited by the mice and lizards. Animals appeared to be aware of 

their quarters. Nevertheless, they exhibited a wide variety of 
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aggressive and defensive behaviors towards each other which appeared to 

be natural. Apparently, the major significant alteration of natural 

predator-prey behaviors was a result of the lizards not being able to 

escape the presence of the mice, even when the mice had temporarily 

lost interest in investigating. Thus, the trials probably resulted in 

some lizard deaths that would not have occurred under natural condi

tions. In particular, this might have been the case in the single 

trial resulting in the only adult death of Phrynosoma cornutum, a very 

lengthy trial. Defense mechanisms that might be successful in deter

ring an Onychomys in the wild may not be sufficient in a cage (Egoscue, 

1960). 

During the experimental trials, grasshopper mice apparently did 

not use olfaction to locate horned lizards, rather they responded to 

prey movement. The feeding history (prey encounters) of each mouse is 

unknown, so it is impossible to judge how the ontogeny of attack 

behavior may have influenced the attack behaviors observed. Two 

Onychomys (#1 and 2; Table 7.2) that killed P. modestum in trials on 22 

and 23 June were in trials with P. cornutum on 24 and 25 June, one 

fatal and one not (Table 7.1). Two Onychomys (#6 and 7) that failed to 

kill adult P. cornutum subsequently killed two juveniles (Table 7.1). 

Of two mice (#3 and 4) twice placed in trials with t. modestum, neither 

killed a lizard on the first trial and only one killed a lizard on the 

second trial (Table 7.2). Although experience can playa role in the 

probability of attack, within the context of these trials no apparent 

change occurred. These wild-caught mice may well have had different 

experiences that influenced their responses. 

- ------------------------------
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Clearly, size correlates with the likelihood of immediate 

attack in the encounters between Onychomys and Phrynosoma. In adult P. 

cornutum trials (N=8), only two of eight animals were immediately 

attacked, whereas in ~. modestum and juvenile ~. cornutum trials (N=9), 

seven of nine animals were immediately attacked; the small samples did 

not reveal a significant difference (X 2=2.12 with 1 df and P.OS=3.8; 

Yates correction for continuity with small samples, Xc2=2.85). When 

juvenile ~. cornutum are combined with ~. modestu~, the fatality of the 

group of small lizards was 67%, versus 12% (one animal in a lengthy 

trial) for large, adult Phrynosoma, P. cornutum. Large horned lizards 

were apparently much more difficult for Onychomys to kill than has been 

reported for their killing of other vertebrates such as mice (Clark, 

1962; Ruffer, 1968). 

Hunger may play only a minor role in the initiation of 

Onychomys attack behavior on crickets (Baxter, 1979). Langley (1981a) 

noted that conditional taste aversion is highly effective, in 

Onychomys, in the suppression of feeding, but it is much less effective 

in the inhibition of attack behavior. He concluded that the mouse1s 

response to the prey1s movements overrides any inhibitions resulting 

from learned taste aversion, and that eating and killing are controlled 

by separate mechanisms. Cyr (1972) directly tested the significance of 

hunger (48 hr deprivations of food and water) on attack behavior and 

found that deprived mice attacked a less-preferred prey, stink beetles, 

more quickly (reduced latency) than a control group. Hunger was not a 

necessary motivating factor for predation when crickets were the prey 

items. The mice used in these Phrynosoma experiments had a mixed 
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history of feeding previous to the 17 trials. All but one, which had 

not been fed for 48 hr and did not attack or kill the lizard, had been 

fed within 24 hr of the experiment. Probably hunger played an insig

nificant role in motivating attack behavior by mice on the horned 

lizards. 

Attacks on both species of lizards were directed at the head, 

head-bite. Specifically, the mice aimed their head-bite attacks 

towards the orbit of the eye. These attacks were particularly success

ful on t. modestum and juvenile t. cornutum. They were not successful 

on adult t. cornutum where the bony cranium and supraocular spines 

prevented their chewing into the cranium. 

Presch (1969) has discussed the thickened skull roof in 

Phrynosoma and its ornamentation with spines, tubercles and rugosities. 

In the region of the orbit, above the eye, the prefrontal extends 

posteriorly to meet or nearly meet an anterior extension of the 

frontal, forming a supraciliary bar. In P. cornutum, this extended 

portion of the frontal carries a prominent, laterally projecting spine 

which in combination with the bar protects the upper orbit. To the 

rear, and below the orbit, the jugal, postorbital and squamosal are 

massive and spine bearing, extending somewhat laterally. Again, they 

potentially protect the orbit from the chewing attack of Onychomys. 

It is of particular interest that no Onychomys attacks were 

directed at the parietal region of Phrynosoma skulls. The parietal 

area is the target region on the skull used by Onychomys in attacks on 

conspecific and other mice (Egoscue, 1960; Clark, 1962; Ruffer, 1968). 

This posterior edge of the skull is where horned lizards have an 

--------------------------_._--_ .. _------
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impressive array of potentially dangerous, parietal horns (Presch, 

1969). These horns may be used as an anti-predator defense against 

snakes when raised forward (see Chapter 6). The horns were never 

raised in these trials. When the horns are held horizontally, protrud

ing posteriorly, they probably provide an effective defense against 

Onychomys attacks aimed at the parietal region of the skull or the 

neck. In addition, t. cornutum used parietal horns in horn threat 

displays, but the smaller, more posteriorly projecting parietal horns 

of P. modestum were never displayed in a threatening fashion (Tables 

7.3 and 7.4). 

When attacks on the head failed to subdue their prey, mice 

resorted to other means, most commonly back-bite. The greater fre

quency of back-bite in t. cornutum trials (40%) than P. modestum trials 

(14%) may be due to the greater initial success with head-bite in P. 

modestum. In all fatal attacks on Phrynosoma except one, a trial of 

extended duration on an adult ~ cornutum, death could be attributed to 

injury around the orbit of the cranium, not to penetration of the skin. 

Repeatedly, mice found it difficult to bite through the 

lizard's skin. The skin of P. cornutum offers a considerable protec

tion from such attack. Several factors seemed to be responsible for 

hindering the mice in their attempts to open wounds on the back. 

First, the surface of the skin is characterized by scattered large 

spines that may be held nearly erect in P. cornutum when it is inflated 

or displaying a dorsal shield defense. Second, the dermal layer of 

Phrynosoma skin is characterized by dense 'collagen fibers (see Chapters 

2 and 4), which may be very difficult for the mice to effectively cut 
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with their teeth. Even after penetration of the skin is accomplished, 

they may be further thwarted from feeding on internal organs by the rib 

elements (see ~. cornutum, trial #2). 

The skin of the lizards was normally not eaten (~. modestum 

trials #1 and #2), perhaps because of the difficulty in mastication or 

taste. This supports Munger1s (1986) suspicion that deaths due to 

predation that he observed in the field were attributable to Onychomys. 

The dorsal skin and hind limb remains of ~. modestum left by mice in 

trials #1 and #2 are anatomically the same remains as those found after 

natural predation in the field (Munger, 1986). 

Natural encounters between nocturnal foraging Onychomys and 

diurnal active Phrynosoma, which sometimes burrow below the surface to 

sleep at night, may not be as infrequent as might be supposed. In 

spite of mice not locating buried lizards previous to the start of a 

few of these trials, their ability to do so was not adequately tested. 

Onychomys have been shown to locate other buried prey (Taylor, 1977; 

Langley, 1982, 1984). 

In areas where the soil surface is difficult for horned lizards 

to burrow, they may sleep exposed on the surface (pers. obser.). Also, 

Phrynosoma may remain active after dark. Harris (1958) reported 

collecting sleeping or dead ~. platyrhinos on roads at night, and 

Schwenk and Greene (1987) have found P. platyrhinos on the surface of 

the desert at night. In 1987, three P. modestum were seen active on 

the desert floor or running across a highway between 10:30 PM and 3:00 

AM near Portal, Arizona (personal communications, K. Ohnesol~g, 
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nally active or were disturbed while sleeping on the surface. 
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Munger's (1986) predation data support the idea that Phrynosoma 

and Onychomys do naturally encounter each other in predator-prey 

interactions with some frequency. He attributed several deaths of P. 

modestum, but none of ~ cornutum, to Onychomys. Onychomys appear to 

be significant predators on ~. modestum and probably prey on juvenile 

P. cornutum. It seems doubtful that they are effective predators of 

adult P. cornutum. 

Cyr (1972) used various size spheres (13, 19, and 38 mm) made 

of modeling clay (plasticine) to test the influence of prey size on 

attack behavior. He found an inverse correlation between the tendency 

to bite or attack the clay balls, and the size of the spheres. Two 

behavioral displays that enhance apparent size, inflate and dorsal 

shield, were used frequently by both species as defensive behaviors. 

It seems likely that their size-enhancing attributes may serve to 

inhibit attack behavior. 

Several of the defensive behaviors of Phrynosoma in encounters 

with Onychomys seemed aimed at intimidation: hiss, mouth-open, charge, 

bite, horn-threat. Hiss behavior is used by a variety of reptiles as a 

predator deterrent (Gans and Maderson, 1973); the other behaviors 

advertise the lizard's abilities to inflict physical damage on a 

potential predator. In trials in which the mice initiated the encoun

ter with investigation, they may have been intimidated from attacking 

by these behaviors, although not always. In encounters begun by 

investigation, the mice appeared to treat their opponent with caution, 
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similar to encounters with scorpions (Cyr, 1972). Under these circum

stances, aggressive behaviors on the part of Phrynosoma may reduce the 

likelihood that investigation will lead to attack by the mouse. 

In studie~ utilizing spheres of various sizes, Cyr (1972) found 

that a relatively small moving object, especially moving away from a 

grasshopper mouse, was a strong releaser of attack behavior in the 

mouse. In these experiments with Phrynosoma, the largest species used 

run-escape in 60% of the trials, whereas the smaller t. modestum did 

not exhibit this behavior. Cyr (1972) also commented on the stimula

tory effect on attack behavior of struggling by the prey, or, by 

efforts of the experimenter to remove the prey from the grasp of an 

attacking mouse. With the exception of resisting being overturned, 

kick behavior in t. modestum, removal of a jaw-biting mouse by t. 
cornutum in trial #2, and repeated struggling by a P. cornutum in trial 

#10, many of the lizards were remarkably quiescent while being chewed 

on by mice. 

Although a number of defensive behaviors of "horned lizards have 

been mentioned previously (see Chapter 8), most of the encounters were 

with humans. The repeated use of a variety of behaviors by two species 

of horned lizards, particularly inflate, hiss, open-mouth, charge, 

bite, dorsal-shield, and head-threat show that these behaviors are 

associated with anti-predator defense. Kick may be an anti-predator 

defense of attacked P. modestum. The other behaviors seem to be aimed 

at intimidation of a potential predator in order to thwart attack 

behavior. It is difficult to evaluate how successful these were in 

reducing fatalities in this series of trials, but in the context of 

---... -~ ..•. "--.---.---"---"- " 
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natural encounters, it would seem that they would often provide time, 

thus increasing the probability for escape. 

It is interesting that other horned lizard defensive behaviors 

thought to be specifically associated with defense against certain 

types of predators were not elicited by the mice. These are the head

forward response, apparently a defense against swallowing by snakes 

(see Chapter 6), and blood-squirting (known in .~. cornutum, but not in 

~. modestum) as a defense against canid mammals (Cowles and Bakker, 

1977). Horned lizards appear to utilize only appropriate anti-predator 

behaviors when faced with a particular predator possessing a limited 

array of aggressive attack skills and having varied capabilitoies for 

dealing with the defensive abilities of the lizards. 

__________________ ~~ _____ ~_u. __ ' ____ ~ ___ o_ ... -



CHAPTER 8 

STONE-MIMICRY IN THE ROUND-TAILED HORNED LIZARD, 

PHRYNOSOMA MODESTUM (SAURIA: IGUANIDAE) 
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Horned lizard defenses function at three levels: detection 

avoidance, escape, and resistance. Reptilian, mammalian, and avian 

predators of horned lizards, herein summarized, vary in their abilities 

to penetrate horned lizard defenses. One horned lizard, Phrynosoma 

modestum, the smallest species and the one most lacking in means of 

resistance, is hypothesized to exhibit two strategies for avoiding 

detection: 1) background-matching crypticity for distant predators, and 

2) a form of object mimicry, e.g. stone-mimicry, for close predators. 

The morphological, behavioral, and chromatic features of this stone

mimicry complex are detailed in support of the hypothesis. 

Defenses in predator-prey interactions have been conceptualized 

as consisting of various levels or phases (Kettlewell, 1959; Edmunds, 

1974). As enumerated by Vermeij (1982), they are as follows: 1) the 

recognition, or detection phase; 2) the pursuit, or escape phase; and 

3) the subjugation, or resistance phase. The defenses of horned 

lizards (genus Phrynosoma) include all three phases, but seem to stress 

the first, crypsis, and, with certain predators, the last, resistance 

(Sherbrooke, 1981). This chapter summarizes the various predators of 

horned lizards and discusses the anti-predator strategies of horned 

lizards. It focuses on an apparently unique set of characteristics of 



168 

one species, the round-tailed horned lizard Phrynosoma modestum, which 

enables it, the smallest species in the genus, to escape detection 

through stone-mimicry. 

Predators of Horned Lizards 

Horned lizards contend with a number of predators of varying 

hunting abilities, including carnivorous reptiles which swallow their 

prey whole. A number of snakes, Arizona elegans (Wright and Wright, 

1957), Masticophis flagellum (Tyler, 1977; Sherbrooke, 1981), and 

several species of Crotalus (Vorhies, 1948; Milne and Milne, 1950; 

Funk, 1965; McKinney and Ballinger, 1966), have tried to ingest or have 

successfully eaten Phrynosoma. The ingestion of an entire horned 

lizard has sometimes resulted in the death of the predator from injury 

inflicted by the live, or dead, lizard's occipital horns. The size of 

the lizard relative to the predator seems to be important in determin

ing the outcome of such encounters, with juvenile lizards being more 

susceptible to ophidian predation. The lizards Crotaphytus collaris 

and Gambelia wislizeni have also been identified as predators of horned 

lizards, again with an apparent size/age selection of smaller prey 

(Smith, 1946; Dumas, 1964; Tanner and Krogh, 1973; Pianka and Parker, 

1975). These observations suggest that reptilian predation on horned 

lizards is largely on juveniles, young adults, or small species, and 

that, with increasing size (age), the presence of occipital horns 

reduces predation, especially by snakes. 

Among mammals, canids have been identified as predators of 

horned lizards (Snow, 1973; Short, 1979). Indeed, Cowles and Bakker 
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(1977) argue that it is specifically against canid predators that the 

unique blood-squirting defense of horned lizards evolved; the blood is 

apparently distasteful. Interestingly, this defense seems restricted 

to the relatively large species, most of which have well developed 

horns. Carnivorous mammals, which masticate prey, may also have 

unpleasant, non-fatal experiences with the spiny armament of these 

horned lizards and learn to avoid them. Dumas (1964) suggested that 

differences in spinosity of two species of horned lizards may result in 

differential predation by leopard lizards. Small mammalian predators, 

such as grasshopper mice (Onycomys), kill and eat the smallest horned 

lizard, Phrynosoma modestum (Munger, 1986; see Chapter 7). 

Avian predators, probably the most visually acute of horned 

lizard predators, include: red-tailed hawk, Buteo jamaicensis (R. R. 

Montanucci, pers. comm.), ferruginous hawks, ~. regalis, (Snow, 1974); 

Swainson's hawk, B. swainsoni, (Knowlton and Stanford, 1942); golden 

eagles, Aguila chrysaetos, (Mollhagen et al., 1972); prairie falcon, 

Falco mexicanus, (Miller, 1948); American kestrels, F. sparverius, 

(Tanner and Krogh, 1973; Craig and Trost, 1979); roadrunners, Geococcyx 

californianus, (Milne and Milne, 1950); and loggerhead shrikes, Lanius 

ludovicianus, (Bundy et al., 1955; Pianka and Parker, 1975; Reid and 

Fulbright, 1981; Turner and Medica, 1982). In New Mexico, Swainson's 

hawks eviscerate ~. cornutum, ripping out the flesh from the underside 

while leaving the skull and armament intact (Pilz, 1983), demonstrating 

the ability of raptors to circumvent third-level defenses of horned 

lizards. Avian predators have excellent vision (Sillman, 1973) and 
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first-level defenses. 

Horned Lizard Defenses 
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Horned lizards are disjunct morphologically, behaviorally and 

dietarily from other genera of iguanid lizards: they are flattened 

dorso-ventrally, are rather poor runners, and eat large numbers of ants 

(Pianka and Parker, 1975). Predator-escape and defense mechanisms in 

the genus appear to include: I} a cryptic, dorsal color-pattern which 

visually blends with the natural surroundings; 2} a behavioral response 

of remaining in place ("freezing") when threatened (often preceded by a 

short run), thereby maximizing the effectiveness of concealing colora

tion; 3} a series of cephalic horns used to physically deter predators; 

4} an ability to squirt blood, which may be used defensively, from 

blood-sinus tissues located in the anterior portion of the ocular 

orbits; and 5} a variety of active behavioral defenses which include 

hissing, body inflation, jumping, rocking, and open-mouthed attack 

(Smith, 1946; Milne and Milne, 1950; Tanner and Krogh, 1973; see 

Chapters 6 and 7). Various elements of this repertoire of escape/ 

defense behaviors are differentially emphasized by the different 

species of Phrynosoma. The effectiveness of each defense mechanism 

varies with different predators. 

-------------------.. ---~ .. -
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Stone-mimicry in Phrynosoma modestum 

Hypothesis 

One species stands apart from other horned lizards. Phrynosoma 

modestum is of small body-size, has short cephalic horns, and lacks 

conical, spinose dorsal scales and Iidefensive" blood-squirting. Thus 

it is poorly suited for resistance once detected and captured by a 

predator. ~. modestum seems particularly dependent on concealment for 

avoiding predation. An avian predator, the loggerhead shrike, is an 

important predator on ~. modestum (Reid and Fulbright, 1981; Munger, 

1986). I hypothesize that it defends against visually-hunting 

predators not only with background-matching crypticity typical of other 

horned lizards, but also by mimicking objects in its environment, 

especially stones. This stone-mimicry hypothesis explains several 

unique features of its appearance and leads me to suggest that, at 

shorter predator-prey distances, stone-mimicry is important in this 

lizard1s first-line of defense. Here I detail component features of 

this hypothesis for the first time. 

As the smallest species of horned lizard, ~. modestum has a 

body-size similar to small stones. Its dorsal body coloration lacks 

the symmetrical banding or blotching seen on other species and has only 

tiny, scattered, dark markings on the central back; a mid-dorsal 

stripe, seen in several other species, is lacking (Fig. 8.1). Its 

dorsal spines are so small that they do not detract from the even 

texture of the dorsum. Each side of the abdomen has a dark groin 

blotch, or band, extending forward halfway or more to the axilla. In 



Fi gure 8.1. 

Fi gure 8.2. 

Phrynosoma modestum, illustrating the following attri
butes of the stone-mimicry complex: dark groin and 
nuchal blotches, reversed counter-shading, banded tail 
and limbs, IIshadow-pitting li on the back, lack of fringe 
scale row(s) on the abdomen, fringe scales on side of 
ta il base. 

Phrynosoma modestum with hunched back of IImimetic 
attitude,1i behaviorally accentuating its three
dimensional resemblance to a stone. 
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addition, behind the neck on both sides of the dorsum are large, dark 

blotches, which nearly meet mid-dorsally and extend laterally to above 

the forelegs. The borders of all these darkened areas curve around the 

central back area and blend into its uniform color. This pattern of 

darker, peripheral coloration produces a shadow effect, which empha

sizes the body's appearance as a small rounded stone; the pattern is 

just the opposite of classic counter-shading for shadow elimination 

(Cott, 1957). These darkened areas also visually dissociate the 

central body from the head, tail and limbs, leaving the limbs and tail 

as minor background components. Consistent with this interpretation is 

the strong, visually disruptive, banding pattern on the exposed tail 

and weaker banding on the upper surfaces of the legs. In addition, the 

legs are somewhat concealed by the animal when it holds them against 

the body during rock-mimicry behavior. A resemblance of horned lizards 

to stones has previously only been mentioned anecdotally for partly 

buried P. platyrhinos (Lawrence and Wilhoft, 1958) and for ~. modestum 

(Stebbins, 1985). 

The variable distances and perceptive abilities of potential 

predators allows for the evolution by a species of more than one 

strategy for avoiding visual detection, resulting in the possibility of 

background-matching crypsis for distant predators and stone-mimicry for 

closer enemies (Endler, 1981; Rothschild, 1981). As Endler (1978) has 

stated, "Crypsis is better from a distance." Its positive association 

with distance is, in part, due to change in visual image "grain," 

pattern size, with change in distance (Endler, 1978, 1984). 

----------------------------------------------------------------------
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Mimicry, Crypticity, and "Stone-mimicry" 

The terms mimicry and crypticity warrant discussion to clarify 

the use of IIstone-mimi cri' as an important component of fi rst-l evel 

predator defense in P. modestum. The concepts of crypsis and mimicry 

are related and can be confused, as is apparent from the diversity of 

definitions in the literature. Some authors (Rettenmeyer, 1970; 

Vane-Wright, 1976, 1980, 1981a, 1981b) require that an organismic model 

be part of an evolutionary mimetic system, whereas others (Cott, 1957; 

Wickler, 1968; Rothschild, 1971; Edmunds, 1974, 1976; Robinson, 1969, 

1981; Wiens, 1978; Endler, 1981) stress the deceptive element of 

mimicry and include resemblance to specific inedible objects such as 

sticks, leaves, faeces, and stones, which may not confer invisibility 

against background. Object mimicry contrasts with general, background

matching camouflage, or crypsis (eucrypsis of Robinson, 1981), which 

renders organisms "unseen" in their environment by predators. As put 

by Robinson (1981), "Eucryptic [cryptic] animals have adaptations that 

prevent their presence being signaled to predators ['anti-displays' of 

Moynihan, 1975], whereas stick- and leaf-mimics signal false informa

tion about their edibility." This concept of mimicry has been extended 

to stone-mimicry (Wiens, 1978; Endler, 1981) and is accepted here. 

Reported stone mimics include plants, Dinteranthus (Owen, 1980), 

Lithops (Dugdale, 1968), Ariocarpus (Mitich and Bruhn, 1977; Gibson and 

Noble, 1986), Aztekium, Lophophora, Obregonia, Strombocactus (Gibson 

and Noble, 1986), and birds (Deregowski, 1973). In some plants, coarse 

rock textures may be duplicated by tubercle develqpment, broken 

-------------------~-~---.....• ---.. "~ 



surfaces by fissuring, and smooth, grainy rock finishes by various 

punctations (Marloth, 1929). 

Lateral Fringe Scales 
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In contrast to other horned lizards, t. modestum lacks lateral 

fringe scale rows along the sides of the body (Reeve, 1952; Sherbrooke, 

1981). Lateral fringe and lateral body flanges have been interpreted 

as mechanisms for reducing shadow formation (Cott, 1957). Shadows 

accentuate body form, thereby tending to reveal the object crypsis or 

background blending is designed to conceal (Thayer, 1909; Friedman, 

1942; Cott, 1957; Portmann, 1959; Wigglesworth, 1964; Hailman, 1977; 

Owen, 1980). The edges of these enlarged fringe scales in horned 

lizards are usually lighter colored, perhaps blending effectively at a 

distance with the intervening darker shadows below. Thus the presence 

of fringe scales along the abdomen in Phrynosoma is consistent with the 

interpretation that members of the genus are background matchers, 

whereas P. modestum has lost, or never evolved, that feature of crypsis 

in devel opi ng II shadows II associ ated with its stone-mimi cry. Interest

ingly, some fringe scales do occur along the sides of the widened 

portion of the tail base in this species. The tail is strongly banded 

and visually isolated from the fringeless abdomen, which is the only 

part of the animal involved in stone-mimicry; the tail is always 

visually blending into the background and it is cryptically appropriate 

for it to have fringe scales, to avoid shadow formation, along the 

sides of its broad base. 

_____________________ r~_ ..... _~ __ ·._ ... 
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Associated Behaviors 

P. modestum reinforces mimetic morphology with behavior. 

Horned lizards, in addition to IIfreezingll in response to the threat of 

a visually-hunting predator, make minor adjustments in their stance 

which increase the effectiveness of their crypticity or mimetic 

disguise. They flatten their depressed body form against the sub

stratum. However, in stark contrast, ~. modestum will often hunch its 

back while crouching with all legs tucked under the sides (Fig. 8.2). 

Back-hunching accentuates the resemblance of P. modestum to a three

dimensional stone. During back-hunching they may partially close their 

eyelids ("squint"), thereby making the dark eyes less conspicuous while 

they maintain visual observation of a potential predator. This 

behavioral response is aptly termed a IImimetic attitude ll (Robinson, 

1969), since it is not the normal resting attitude but rather is an 

assumed stance that increases the mimetic resemblance of the animal to 

a stone. 

In horned lizards, "freezing" behavior in response to predator 

threat may be followed or preceded by flight. This behavior is 

probably dependent on the distance and nature of the potential 

predator. P. modestum will often run to the base of ~ small shrub and, 

under its canopy, reestablish background crypticity or stone-mimicry. 

These retreats may be particularly effective against avian predators, 

probably a prime source of diurnal predation. Abrupt changes in 

predator-prey distance force predators to refocus (see photographs in 

Sherbrooke, 1981) which may be accompanied by background-crypsis/stone

mimicry switching leading to further visual confusion of the predator. 

-------~ .. --- .. 
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Coloration 

Phrynosoma modestum has a broad geographical range, principally 

within the Chihuahuan Desert region of North America (Morafka, 1977), 

where it inhabits sandy washes, gravelly alluvium, and low, rocky 

foothills (Smith, 1946; Stebbins, 1985). The predominant color of the 

substratum varies from one locality to another within this vast region 

(Bundy and Neess, 1958). Populations of several horned lizard species 

are known to vary geographically in color (Bryant, 1911; Atsatt, 1939; 

Norris and Lowe, 1964); this is particularly striking in t. modestum, 

where pink, brownish-yellow, orange-yellow, yellow-gray, flour-white, 

dark-reddish, and bluish forms have been r~corded {Ruthven, 1907; 

Smith, 1946; Milstead, 1953; Bundy, 1955; Bundy and Neess, 1958; 

Minton, 1959). In corroborating this geographical polychromatism in P. 

modestum, and other horned lizards, Lowe (1947) noted the close 

correspondence between dorsal color and background color, and suggested 

that horned lizards are localized in their day to day movements. 

Site tenacity may be important in color background-matching and 

in stone-mimicry of horned lizards. Although horned lizards apparently 

do not maintain exclusive territories typical of other desert iguanids, 

their normal movements may be confined to a regularly visited home 

range (Lowe, 1954; Tanner and Krogh, 1973; Baharav, 1975; Stamps, 1977; 

Munger, 1984a). Pianka and Parker (1975) reported exceptional homing 

behavior, for an iguanid, in t. platyrhinos. Recently, Munger (1982, 

1984a) demonstrated that ~. modestum do not move randomly over the 

landscape; in effect they have home ranges. These observations on 
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geographical polychromatism and home-range behavior support the idea of 

regional or local background-matching crypticity in ~. modestum. 

An additional factor must be considered in trying to understand 

polychromatism in ~. modestum. Some populations are polymorphic 

(Sherbrooke, 19B1), having tan, reddish, yellowish, and bluish 

lizards. Individual stone-mimicry is not lost in such populations, for 

the stones in the area are also a variety of colors. Some survival 

advantage may result from color polymorphism for individuals in a prey 

species since predators develop specific searching images, which 

include color, that are reinforced by successful encounters (von 

Uexkull, 1957; Tinbergen, 1960; Robinson, 1969; Curio, 1976; Porter and 

Czaplicki, 1977; Rausher, 1978; Pietrewicz and Kamil, 1979). The 

formation of searching images by predators can result in the evolution 

of diverging prey forms, either within a community of sympatric species 

or within a population of a single species (color morphs) (Mather, 

1955; Ford, 1957; Clarke, 1962; Rand, 1967; Allen and Clarke, 1968; 

Clarke, 1969; Croze, 1970; Ricklefs and O'Rourke, 1975; Smith, 1975; 

Harvey and Greenwood, 1978). Croze (1970) experimentally demonstrated 

reduced "predation" on "individuals" of a polymorphic "prey" due to 

apparent reduction in prey availability resulting from color poly

morphism. This type of natural selection has been termed disruptive or 

apostatic selection and the resultant pattern of various morphs in a 

prey species or amongst species of a community is termed aspect 

diversity. Endler (1978, 1984) has discussed the likelihood of the 

evolution of aspect diversity in relation to various levels of preda

tion pressure. 
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P. modestum, also called the bleached horned lizard, is capable 

of considerable color change which is effected by a-melanocyte

stimulating hormone (a-MSH) dispersion of melanin in dermal melano

phores (see Chapters 2 and 3). Darkened areas that resemble shadows 

can be accentuated, and this occurs during the times of day - early 

morning and late afternoon - most appropriate for both thermoregulatory 

and surface-shadow (concealment) considerations. This accentuation of 

shadows during cooler hours minimizes the compromise between lighter 

and darker color strategies for background concealment and for tempera

ture regulation (Norris, 1967). 

The prominence of dorsal blotches in P. modestum varies 

extensively both within and between populations; some specimens lack 

them entirely (Smith, 1946; Reeve, 1952). The small, scattered, dark 

markings on the lizard's central back, when present, appear as shadowed 

pitting on a stone surface and their daily darkening/lightening cycle, 

associated with temperature regulation (see Chapter 3), is consistent 

with the diel shadow cycle of pits in stones due to the sun's changing 

angle of incidence. 

Summary 

In summary, the first-level of defense of ~. modestum against 

visualJy-hunting predators consists of both the generalized background

matching strategy of horned lizards and a complex of morphological and 

behavioral characteristics which facilitate stone-mimicry. This 

stone-mimicry complex includes: 1) body-size similar to small surface 

stones, 2) dorsal-body scales of granular texture, 3) central back 

--------------------~ -------,.-.,.-.,-.-.~----.. -'--- .- .. 
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unpatterned except for the frequent presence of small markings resem

bling "shadow-pitting," 4) visual isolation of abdominal body-form from 

head, legs, and tail by dark nuchal and groin color blotches, 5) visual 

dismemberment of tail and legs by cross-banding pattern, 6) accentua

tion of three-dimensional body-form by reversed counter-shading (groin 

and nuchal blotches), 7) assumption of "mimetic attitude" with the back 

hunched, and 8) lack of shadow reducing fringe scales on the abdomen, 

contrasting with their presence along the base of the tail. These 

attributes of ~. modestum strongly suggest that it, in contrast to 

other members of the genus, utilizes stone-mimicry as a protective 

defense against visually-oriented predators. 

If the stone-mimicry hypothesis is correct for ~. modestum, 

then the following predictions should hold true: 1) lizards with dark 

groin and nuchal blotches will predominate at rocky or gravelly 

localities and uniformly-colored lizards will be more abundant at sites 

with fine-textured soils and few or no rocks; 2) at rocky localities, 

where there is a disparity between the color of the 'stones and the 

intervening (background) soil, the color of the lizards will tend to 

match the stones, at least during some phase of color change, 3) in 

rocky areas with an array of different stone colors, lizard populations 

will be polymorphic if levels of predation are resulting in apostatic 

selection, and 4) the "mimetic attitude" response of back-hunching to 

predator threat will differ between populations in rocky and non-rocky 

habitats. 

---------------------.----.• - .. ~.------



CHAPTER 9 

OLFACTORY SOCIAL COMMUNICATION IN 

COLOR CRYPTIC LIZARDS, PHRYNOSOMA 
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Visual signals are important in the social life of iguanid 

lizards, providing cues for the establishment and maintenance of social 

structure and for courtship activities; color plays a major role in sex 

and species recognition (Carpenter and Ferguson, 1977). Brattstrom 

(1974) summarized his views on the role of color, II visual cues, 

including color markings, appear to be the most important stimuli used 

in sex discrimination and social signaling in diurnal lizards •••• 

These colors are associated with postures that maximize exposure of the 

colored area to the receiver, thus bobs, dew-lap extensions, and 

lateral compression of the body to expose belly and throat colors are 

common behaviors or displays.1I 

Until recently little was known about social behavior i~ 

Phrynosoma. Lynn (1963, 1965) reported (1965), II no evidence of 

territoriality, no evidence of any type of social hierarchy, no 

evidence that the display [head-bob/push-up] is used in sex or species 

recognition, and no evidence that the display is used in courtship.1I . 

Phrynosoma are remarkable in their color crypticity (Pianka and Parker, 

1975; see Chapter 8). They lack brightly colored scales on the lateral 

abdomen, gular region, or posterior femoral region. There is no color 

sexual dimorphism. Females lack seasonal color changes associated with 

---.. ~.-..• -.. --.------
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changes of reproductive status, e.g. post-nuptial coloration. Slow and 

of large body size {Vitt and Congdon, 1978}, Phrynosoma are well noted 

for their first line of defense, avoiding detection by predations 

through cryptic color, pattern and behavior {Pianka and Parker, 1975; 

Sherbrooke, 1981; see Chapter 8}. It is fitting that their coloration 

and social behavior reflect their commitment to crypticity {Stamps, 

1977}. 

Lynn {1965} noted species specific differences in "display

action-patterns" of head-bob/push-up displays, which are rapid, of 

small amplitude and short duration. He also mentioned a tail raised 

display or rejection posture by females {Lynn, 1963}, a behavior also 

reported by Brattstrom {1974} and Sherbrooke {1981, 1986}. More recent 

field {Tollestrup, 1981} and laboratory {Montanucci and Baur, 1982} 

studies have demonstrated that, contrary to earlier evaluations {Lynn, 

1963, 1965}, Phrynosoma do have rather complex social behavior and 

displays which are utilized in courtship. The displays involve the use 

of tail raising, display of the vent area, and licking of the vent by 

conspecifics, suggesting the importance of olfactory cues in social 

communication {Tollestrup, 1981; Sherbrooke, 1986}. This study reports 

on the role of this communication in four species of Phrynosoma, ~. 

modestum, ~. solare, ~. platyrhinos and ~. mlcalli, and interprets the 

function of this behavior in the context of the unique combination of 

survival strategies of Phrynosoma {Pianka and Parker, 1975}. 
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Methods 

Lizards were field collected by hand from various localities: 

P. modestum, near Portal, Cochise Co., Arizona; t. solare, southwest of 

Tucson, Pima Co., Arizona; t. platyrhinos, north of Sentinel, Maricopa 

Co., Arizona; t. mlcalli, west of Glamis, Imperial Co., California. 

Lizards were isolated in metal cans after collection and between 

trials; 29 lizards, 12 female and 17 male, were employed. 

Most of the 102 pair-trials were conducted in the morning 

before substratum temperatures became high enough to interfere with 

lizard social behavior; other trials were held in the afternoon after 

substratum cooling returned favorable conditions. Two conspecific 

individuals, "pairs" of Phrynosoma, were placed in a two-meter diam

eter, circular arena surrounded by a 19.5 cm high corrugated metal 

barrier (steel lawn edging, painted brown). This arena was located in 

a natural habitat near localities where the species was collected, 

except for one species. In t. platyrhinos pair-trials were conducted 

at P. sol are and P. mlcalli habitat sites. The observer, concealed 

from the lizards by being in a cardboard box (blind) at the edge of the 

arena, watched the lizards through a small slit and wrote observations. 

Trials lasted for 15 min. For each species, except t. mlcalli 

(only males were available), three types of pair-trials were arranged, 

male-male, male-female, and female-female encounters. Trials were 

conducted April-August, 1977 and 1978, usually within a week of 

capture. Individual lizards were utilized in several trials, but the 

same two (pair) were never used again on the same day. In this 

analysis, record is made of vent-flash or vent-lick behavior by each 
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animal in a trial; the individual may have, and frequently did, exhibit 

either vent-flash or vent-lick behaviors several times. Record was 

also made of the number of trials in which both animals either vent

flashed, or vent-licked (at least once), or did neither. 

Results 

Vent-Flash and Vent-Lick Behaviors 

In Phrynosoma modestum the vent-flash display is usually 

preceded by one or several head-bob/push-up displays and infrequently. 

by a slight raising of the tailor lateral tail wagging (rare). The 

display usually begins following the approach of another conspecific 

from the rear or front, but can also be initiated by an approaching 

individual. The tail is rapidly elevated and curled over the back, 

120 0 from normal, thus exposing the vent. The hindlegs are extended 

and held wide apart, while the anterior body may be lowered and raised 

in push-up like fashion. The vent-flashing animal frequently rotates 

its position, moving the pelvic girdle laterally, so as to keep the 

exposed vent region aimed at the other individual if it moves. 

Occasionally the vent-flashing display is continued after the second 

individual has moved away, but more frequently the tail is dropped into 

its normal position when the pair separate. The vent-flash is fre

quently repeated numerous times on subsequent encounters even after the 

other individual no longer shows any interest (approach, investigation, 

1 i c king) • 

Frequently the animal that eventually vent-licks initially 

participates in reciprocal head-bob/push-up displays prior to approach 

-_ ....• __ ._ ..... _. ----_.-------- . 
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and behavioral bouts. Most frequently it is the vent-lick animal that 

approaches the vent-flash animal after mutual head-bob/push-up 

displays. In response to a vent-flash display, the second animal 

approaches the displaying animal's vent and extends its tongue, making 

contact with scales of the vent region. 

parts (upper tail, head) may be licked. 

On rare occasions other body 

Usually the tongue protrusion 

is only once or twice, but it may be protruded numerous times. 

In ~. sol are, head-bob/push-up displays by both animals almost 

always precede vent-flash displays, during which the vent-flashing 

animal continues vigorous push-up displays. Numerous times, preceding 

or associated with a vent-flash display, an animal would threaten or 

thrust at its conspecific with its occipital horns. P. sol are were 

less prone than ~. modestum to vent-flash display when approached from 

other angles than the rear. The vent-flash display of P. sol are did 

not involve curling of the tail over the back, rather it was held 

nearly in a vertical position. Like~. modestum, vent-flashing 

individuals of this species also rotate the vent toward a second lizard 

when it changes position, but this behavior is less pronounced than in 

P. modestum. 

In P. platyrhinos the tail was raised to a 75-90° angle during 

vent-flash displays. Body rotation to aim the vent at the second 

individual was not as frequent as in P. modestum. In contrast to P. 

modestum, vent-flash displays did not involve vigorous push-up 

activity. In May of 1978 apparently non-receptive females escaped 

continued pursuit by males by burrowing below the substratum. One 

mating was observed (see photographs in Sherbrooke, 1981) in May. 
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Mounting and coitus preceded any vent-flash or vent-lick behaviors. 

During mating the male held the femalels horns in his jaws. Following 

mating, 11 min 30 sec, the pair engaged in several bouts of vent-flash 

displays (female), each accompanied by vigorous male vent-licking, five 

or six tongue extrusions per encounter. Subsequently the female 

attacked the male; he vent-flashed in response, she bit his back and 

neck. After approximately five minutes, the male finally burrowed 

below the surface to escape from her. 

In ~. mlcalli, only males were available for intraspecific 

encounters. Licking of head and body was more frequent than in other 

species, although most licking was aimed at a displayed vent. Numerous 

cases of male-male mounting occurred, including jaw holding of 

occipital horns. Male~. mlcalli were paired with several female P. 

platyrhinos, eight trials; in two trials female ~. platyrhinos gave 

vent-flash displays and male P. mlcalli vent-licked. 

Phrynosoma modestum Pair-trials 

Twenty-nine pair-trials included male-male, male-female, and 

female-female encounters (Table 9.1). In nine male-male trials, nine 

males vent-flashed and seven vent-licked; both males vent-flashed in 

five trials and both vent-licked in two trials. In 16 male-female 

encounters, five males vent-flashed and 13 vent-licked; 16 females 

vent-flashed, but none vent-licked. Both male and female vent-flashed 

in three of these trials; in no case did both vent-lick. In four 

female-female encounters, seven lizards vent-flashed, none vent-licked; 

in three trials both females displayed vent-flash. 

-------------------------~ .. ---.~. 



187 

Table 9.1. Occurrence of vent-flashing (VF) or vent-licking (VL) 
behavior during 15 min. encounters between male/male (M/M), 
male/female (M/F), and female/female (F/F) pairs of 
Phrynosoma modestum. Total number of animals = 8; 3 
females, 5 males. 

# of animals # of t ri al s 
M M F F both both . neither 

N PR VF VL VF VL VF VL VF nor VL 

9 M/M 9 7 5 2 0 

16 M/F 5 13 16 0 3 0 0 

4 F/F 7 0 3 0 0 

29 trials 

Table 9.2. Occurrence of vent-flashing (VF) or vent-licking (VL) 
behavior during 15 min. encounters between male/male (M/M), 
male/female (M/F), and female/female (F/F) pairs of 
Phrynosoma sol are. Total number of animals = 7; 5 
females, 2 mal esc 

# of animals # of tri a 1 s 
M M F F both both neither 

N PR VF VL VF VL VF VL VF nor VL 

2 M/M 1 0 0 0 0 

17 M/F 5 4 11 3 3 0 6 

18 F/F 16 1 6 0 6 

37 tri al s 
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Phr'ynosoma sol are Pai r-tri al s 

Of'37 pair-trials, two involved male-male encounters (Table 

9.2). A single male vent-flashed in one of these trials; neither vent

flashed in the other trial. No males vent-licked. In 17 male-female 

pair-trials, five males vent-flashed and four vent-licked; 11 females 

vent-flashed and three vent-licked. Both sexes vent-flashed in three 

trials; neither animal exhibited either behavior in six trials. In 18 

female-female encounters, 16 females vent-flashed (both lizards in six 

trials) and in one trial a single female vent-licked. In six trials 

neither female exhibited these behaviors. 

Phrynosoma platyrhinos Pair-trials 

Six of 20 encounters involved male-male interactions (Table 

9.3). Five males vent-flashed (two in one trial), and three males 

vent-licked (two in one trial). In two trials neither male exhibited 

the behaviors. In 7 of 11 male-female encounters, neither animal 

displayed either behavior. In the remaining four trials, one male and 

three females vent-flashed, whereas three males and one female vent

licked. In three female-female pair-trials, two females vent-flashed 

(in a single trial) and none vent-licked. Neither behavior was 

observed in the other two trials. 

Phrynosoma m'calli Pair-trials 

With only male lizards, 16 trials of male-male encounters were 

staged (Table 9.4). In 13 of these neither individual vent-flashed nor 

vent-licked. In the remaining three trials, four males vent-flashed 
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Table 9.3. Occurrence of vent-flashing (VF) or vent-licking (VL) 
behavior during 15 min. encounters between male/male (M/M), 
male/female (M/F), and female/female (F/F) pairs of 
Phrynosoma platyrhinos. Total number of animals = 9; 4 
females, 5 males. 

# of animals # of tri al s 
M M F F both both neither 

N PR VF VL VF VL VF VL VF nor VL 

6 M/M 5 3 1 1 2 

11 M/F 1 3 3 1 0 0 7 

3 F/F 2 0 1 0 2 

20 trials 

Table 9.4 Occurrence of vent-flashing (VF) or vent-licking (VL) 
behavior during 15 min. encounters betwee~ male/male (M/M), 
male/female (M/F), and female/female (F/F) pairs of 
Phrynosoma mlcalli. Total number of animals = 5; 0 
females, 5 males. 

# of animals # of trials 
M ~1 F . F both both neither 

N PR VF VL VF VL VF VL VF nor VL 

16 M/M 4 4 1 1 13 

16 trials 

------------------------------



and four vent-licked; in one pair-trial both males vent-flashed and 

both vent-licked. 

Summary of Pair-trials 

190 

A total of 102 15-min, pair-trials were conducted utilizing 

four species of Phrynosoma (Table 9.5). In the 33 male-male pair

trials, these behaviors were recorded in 17 trials (not seen in 16 

trials), 19 males vent-flashed (both lizards in seven trials) and 14 

males vent-licked (both lizards in four trials). In 31 of 44 male

female pair-trial encounters at least one of the behaviors was 

displayed. Eleven males, versus 20 females, vent-flashed; both vent

flashed in six trials. Twenty males, versus four females, vent-licked; 

in no case did both vent-lick. The behaviors were seen in 17 of 25 

female-female trials; 22 females vent-flashed and one vent-licked. In 

ten of these trials both females vent-flashed. 

Discussion 

Lynn (1963, 1965) documented the reduced emphasis on motion in 

visual displays of Phrynosoma, in comparison to other iguanids (Clarke, 

1965; Brattstrom, 1974; Carpenter, 1978). This behavioral trait is 

accompanied by a lack of brightly colored scale patches for display, 

color sexual dimorphism, and post-nuptial color changes, all commonly 

employed by iguanids in social communication (Carpenter and Ferguson, 

1977). Several authors have noted tail raising behavior in a variety 

of social contexts (Lynn, 1963; Sherbrooke, 1981, 1986; Tollestrup, 

1981; Montanucci and Baur, 1982). 

-_._ .. __ ..... __ .. -----
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Table 9.5. Occurrence of vent-flashing (VF) or vent-licking (VL) 
behavior during 15 min. encounters between male/male (M/M), 
male/female (M/F), and female/female (F/F) pairs of 
Phrynosoma {modestum, solare, platyrhinos, and m1calli. 
Total number of animals = 29; 12 females, 17 males. 

# of animals # of trials 
M M F F both both neither 

N PR VF VL VF VL VF VL VF nor VL 

33 M/M 19 14 7 4 16 

44 M/F 11 20 30 4 6 0 13 

25 F/F 22 1 10 0 8 

102 tri aT'S 
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"Tail-curled-up" displays were reported by Tollestrup (1981) in 

males of ~. platyrhinos, between two males on three occasions. In each 

case one, or once both, male presented its vent which was "sniffed or 

tongue-flicked" by the other individual. In four male-female 

encounters males sniffed and tongue-flicked, but neither sex displayed 

tai l-curl ed-up. Femal es exhi bi ted "tail-arched-down" and "tail

between-legs" displays. In contrast, in ~. cornutum she found that 

females used tail-curled-up in male-female interactions (N=20), in 

which males did not use the display. In male-male interactions (N=7), 

"males presented their vents with their tails curled up over the back 

to other males in each case, the male with the curled tail moved out of 

the area. In~. douglassi, Montanucci and Baur (1982) reported 

"uplifted tail-vent" behaviors were displayed by both males and 

females. They suggested that the display may serve as a non-receptive 

cue in both sexes and/or a signal of subordinate status in males. 

Tollestrup (1981) noted the importance of olfaction in many activities 

of the two Phrynosoma species she studied. She noted that olfaction 

may be a prime factor in the sniffing and tongue-flicking of vents in 

response to tail-curl ed-up displays. 

The present study on four species of Phrynosoma documents the 

frequent occurrence of vent-flash and vent-lick behaviors in Phryno

~; the behaviors resemble those described in these or other species, 

P. cornutum and ~. platyrhinos (Tollestrup, 1981) and P. douglassi 

(Montanucci and Baur, 1982). They occur in P. cornutum as well (per

sonal observation). One or both, vent-flash or vent-lick, occurred at 

least once in 65 of 102 conspecific pair trials (Table 9.5). Both 

---------------------.-~ .. ~~-~.~-----
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males and females in the four species tested exhibited vent-flash and 

vent-lick behavior, in both heterosexual and homosexual encounters. 

The behaviors were employed immediately following initial subdued, 

head-bob and push-up displays; lizards were isolated previous to and 

between encounters. In general form, the vent-flash behavior is simi

lar to the female rejection behaviors of several ig~anids (Carpenter 

and Ferguson, 1977). Vent-licking behavior appears to be a mechanisms 

for obtaining olfactory cues from the vent-area; tongue protrusion for 

retrieval of chemical cues occurs widely in lizards (Bissinger and 

Simon, 1979). Perhaps specific glands are associated with the cloacal 

region, as in male Sceloporus graciosus (Burkholder and Tanner, 1974). 

In combination, vent-flash and vent-lick behaviors appear to 

function as a primary modality for social communication in Phrynosoma. 

The nature of olfactory information being communicated by the vent

flashing animal is not known; it could involve factors concerning sex 

and/or species recognition, reproductive receptivity (positive or 

negative), individual identity, and/or social status. Clearly visual 

signals are also communicated during these displays; in fact, the vent

areas in two species ~. modestum and P. platyrhinos are characterized 

by black dot markings, whereas those of P. solare and P. m'calli are 

unmarked (Sherbrooke, 1981). Nevertheless, it seems clear, since 

tongue contact is made with the vent-area, that the vent-flash/vent

lick coordinated behavioral sequence is designed to insure the transfer 

of '01 factory information between two, usually conspecific, lizards. 

This emphasis, in Phrynosoma, on olfactor,Y communication might 

be viewed as an additional characteristic of "a unique constellation of 

----_.-...... _ .. . 
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anatomical, behavioral, physiological and ecological adaptations that 

facilitate efficient exploitation of ants as a food source and set the 

horned lizards apart from most other species of lizards" (Pianka and 

Parker, 1975). Phrynosoma, feeding extensively on colonies of ants 

(Pianka and Parker, 1975; Rissing, 1981; Munger, 1984b), have high risk 

of predation from visually dependent hunters during long periods of 

exposure in the open. Therefore their coloration is cryptic. Pianka 

and Parker (1975) suggested that high reproductive potential coupled 

with relatively high survival of adults indicates that hatchling and 

juvenile Phrynosoma suffer heavy mortality. Munger (1986) documented 

predation rates of ~. modestum and ~. cornutum. 

The constraints predator pressure has placed on the expression 

of visual forms of social communication in Phrynosoma may have led to a 

reduction in ostentatious, color-laden visual displays (Lynn, 1963, 

1965) and greater reliance on olfaction (Sherbrooke, 1986). Develop

ment of vent-flash and vent-lick ritual behaviors may be an efficient 

method of rapidly communicating important social cues, with minimal 

exposure to predators. Another instance of a predation induced 

reduction in visual social communication occurs in Ano1is bahoru

coensis. Males have subdued displays and rudimentary dewlaps, the 

typical colorful display organ of the genus (Fitch and Henderson, 

1987). This interpretation of the role of coloration in Phrynosoma 

social communication suggests that the importance of crypticity for 

survival has forced adjustments in intraspecific communication, 

deemphasizing bright color displays and emphasizing olfaction. 
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CONCLUSIONS 
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Phrynosoma modestum, an inhabitant of the Chihuahuan Desert, 

was found to have a dermal chromatophore architecture significantly 

different from the only lizard, Anolis carolinensis, whose dermal 

chromatophore unit has been described. In t. modestum, only two cell 

types (rather than three) effect color change, iridophores and mel ano

phores (with mobile melanosomes). Iridophore reflecting platelets lack 

an organized layered arrangement, reflecting white light rather than 

refracted colors. The two cell types are the major effectors of 

thermoregulatory color change. Colored pigment cells, uninvolved in 

color change for the most part, are both widely scattered at low 

densities and aggregated in pattern formation, thus contributing to 

background color matching and camouflage. The melanophore/iridophore 

arrangement may be typical of lizards that utilize color change mainly 

for thermoregulation. 

a-MSH was shown to be the most important hormonal effector of 

skin darkening in three species of Phrynosoma; their respective 

sensitivities are P. solare < P. cornutum < P. modestum. Lizard skins 

were al so shown to respond to a - and S -adrenergi c agoni sts, but not to 

respond to melatonin. In vitro skins darkened in response to a-MSH 

more rapidly at higher temperature, 41° C faster than 22° C, which in 

turn was faster than 6° C, but two species (t. cornutum and P. 

------------------------.~-~' .... '--
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modestum) placed at the same three temperatures showed maximum darken

ing at 22 0 C; lightest color was at 41 0 C. Phrynosoma are apparently 

light colored at low temperatures either because a-MSH is not being 

released and/or because the melanophores are less responsive. They 

darken at mid-range temperatures, which are the temperatures at which 

lizards become active. During this time they utilize their darkened 

state to more efficiently absorb radiant energy. At higher tempera

tures they again lighten, through reduced release of a-MSH and/or 

stimulation of a-adrenoceptors. The prime function of color change is 

as an aid in thermoregulation, and this is most important to small 

species, because of their high surface to mass ratio. In agreement 

with this view of the role of color change in Phrynosoma, the smallest 

species, ~. modestum, was shown to have the widest range of responses 

to a-MSH and the widest change in reflectance values at different 

temperatures. 

Horned lizards of seven species were shown to have intraepi

dermal sensory receptors on dorsal body and limb scales and on head 

scales. The dome shaped scale organs are delimited by a circular 

groove and usually occur individually on keeled scales of the back 

where several may occur in association as a group of scales surrounding 

a spine scale. Ultrastructural examination of these receptors in ~. 

modestum shows them to have characteristics of reptilian intraepidermal 

mechanoreceptors. Potential uses of these receptors in the biology of 

Phrynosoma include detection of vibrations caused by surface predators 

or rain drops while buried, localization of ants walking over their 

-------------------------_._-_._ .. 
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burrowing into the soil. 
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During rainstorms Texas horned lizards were observed to exhibit 

a stereotyped behavior here termed "rain-harvesting." The behavior 

involves 1) raising the abdomen above the substratum in an anterior

posterior arch, 2) splaying and extending the legs, 3) flattening and 

laterally spreading the body, 4) lowering the head and tail, 5) opening 

and closing jaw movements, and 6) drinking water collected on the 

dorsal surface. Ingestion of integumenta1ly derived water was verified 

by recovery of dyed water from the alimentary canal. SEM stereopairs 

of photographs illustrate the intersca1ar channels through which water 

is carried by capillary action over body surfaces to the jaws. During 

light rainfall, water flow to the jaws is due to flow within inter

scalar channels, but during heavy rainfall gravitational sheet flow may 

increase the amount of water arriving at the jaws. 

Comparisons are made with Moloch horridus and Ehrynocephalus 

helioscopus, both reported also to transport integumentally captured 

water to the jaws through intersca1ar channels. It is not yet clear 

that any morphological convergence has occurred between the three 

genera for integumental water-harvesting. If Phrynocephalus is found 

to utilize known drinking behavior during rainstorms, its behavior 

woul d be convergent with II ra in-harvest i ng" behavi or of Phrynosoma. It 

would be worthwhile looking for a similar rain-harvesting behavior in 

Moloch. 

The occipital horns, as an extension of the integument, have 

been hypothesized to function as antipredator defense, as well as in 

----------------------------_._-------
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social interactions. A highly stereotyped response is elicited by 

immobilization of the head. This response involves raising of the 

occipital horns to a near-vertical position, and elevation and arching 

of the back. It is concluded that this behavior thwarts predation, 

particularly by snakes. 

Horned lizard defenses function at three levels: detection 

avoidance, escape, and resistance. Reptilian, mammalian, and avian 

predators of horned lizards, herein summarized, vary in their abilities 

to penetrate horned lizard defenses. One horned lizard, ~. modestum, 

the smallest species and the one most lacking in means of resistance, 

is hypothesized to exhibit two strategies for avoiding detection: 1) 

background-matching crypticity for distant predators, and 2) a form of 

object mimicry, e.g. stone-mimicry, for close predators. The morpho

logical, behavioral, and chromatic features of this stone-mimicry 

complex are detailed. This form of predator avoidance through cryp

ticity operates mainly through the color of pigment cells and their 

arrangement in patterns. Color change, darkening and lightening, 

apparently has little influence as background matching. 

The feeding specialization of Phrynosoma on ants in open desert 

areas is hypothesized to be part of a suite of adaptive characteristics 

that involves a distinct behavioral departure from typical iguanid 

social behavior. The shift in social signaling consists of a de

emphasis on ostentatious visual communication, behavioral and morpho

logical, and greater reliance on visually subtle behaviors associated 

with olfactory communication. The deemphasis of v.isual signals appears 

----_._ ..... __ ..... 
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to be linked to reliance on color crypticity as an adaptation to avoid 

detection by visually acute predators. 

This study has focused on various aspects of the integumental 

biology of Phrynosoma. A major consideration has been the role of . 

coloration. There are three potentially important areas for color to 

playa role in the lives of Phrynosoma: 1) thermoregulation, 2) 

crypticity, and 3) social communication. Selective forces acting in 

these three areas may be in conflict, forcing adaptive compromise. 

Dark animals heat rapidly but may be visually exposed on light back

grounds. Bright colors are excellent for visually communicating social 

signals, but reveal the signaler's location to predators as well as 

signal recipients. Crypticity, including background matching colora

tion and pattern, appears to be the most important evolutionary 

consideration in Phrynosoma coloration. Color change for thermoregu

lation is important in small species, but the adaptive compromise with 

crypticity during thermoregulatory darkening may not be great as 

shadows characterize the landscape at dawn and dusk when lizards 

darken. The use of· coloration for social communication appears to have 

been selected. against, in favor of olfactory communication. Apparently 

this is part of an adaptive compromise with the need for crypticity. 
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