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S ~ . N O P S I S .  Based on  my conceptual framework of anoline display behavior, I am suggesting 
the following evolutionary trends. Latct-al presentation dur ing  display was probably 
promoted by monocular vision. .4long with lateral preserlration, postures evolved to 
increase lateral outline. These postures which magnified body size were probably of 
selective advantage within aggressive social context5 since larger animals tend to dominate 
smaller ones through blutf. Body movement evolved along with lateral orientation and 
size-enhancing postures. ?'he*e movements would be most effective if they complemented 
lateral orientation. Effectors available for  such movements we]-e primarilv pre-adapted for 
vertical motion. T h e  patterns of movement generated were probably simple oscillatory 
bobbing movernents by the head which were weakly stereotyped, interspecifically similar, 
appearing in many contexts, an'd having a wcakly defined information content. Events 
having selective advantage for  species recognition promoted stereotypy of bobbing 
behavior itlto species-unique displays; each species had its unique signature display which 
served in a manifold communicator): capacity. l 'he signature display appeared in asser- 
tion, courtship, and  challenge contexts. Its information content varied depending upon 
context and  recipient of the display (e.g., male o r  female). Besides rhe stereotyped aspects 
of the display, certain features remained variable with potential information significance. 
C o w  unr-inbility (see text) promotes individual recognition and  may be the origin of new 
unique display patterns as sibling species emerge. Doplay niod$enr (see text) a re  variable 
display features shared by members of a population (many being shared interspecifically) 
that provide a graded appearance to display performance; modifiers can indicate level of 
arousal and facilitate interspecific communication. For some species display repertoire size 
seems to have evolved from a single display (signature display) to repertoires 01 multiple 
displays; these subsequent displays are generally restricted to aggressive interactions. 

I N  I ROI)L.( I I(>\ late causal agents of behavior. However, 

The  ethologist has a difficult task. T h e  
phenomena from which he draws his data 
are ephemeral. Yet the essence of the 
observed behavior is the sum total, past 
and present, of an organism. The  fleeting 
movements of effectors arise from the in- 
terpretation of immediate environmental 
and physiological events by a nervous sys- 
tem molded by the species' evolutionary 
history and the individual's ontological 
peculiarities. Virtually all biological 
phenomena could have an influence upon 
any one behavior under investigation. It is 
a humbling experience to attempt to iso- 

L, 

because an animal's actions are the final 
expression of its biology, we must strive for 
an appreciation of behavior as a prime 
phenotypic character. This phenotypic 
character has historic roots and a current 
expression, and will be an influential de- 
terminant of future evolution. 

Anoline displays can be studied as a 
narrow class of behavior within the expan- 
sive picture outlined above. These con- 
spicuous visual signals are performed by a 
widely distributed versatile g r o u p  of 
lizards and offer an excellent opportunity 
to approach the complex problems of 
causality, function, and evolution of be- 
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cal and subtropical Americas, and on a few 
islands in the Pacific. These lizards dem- 
onstrate a remarkable breadth of ecolog- 
ical radiation (Ballinger et a l . ,  1970; 
Campbell, 1973; Collins, 1971; Fitch, 
1972; Fleming and Hooker, 1975; Heat- 
wole et al., 1969; Hicks, 1973; Jenssen and 
Swenson, 1974; Rand, 1964, 1 9 6 7 ~ ;  Rand 
and Humphrey, 1968; Rand and Williams, 
1969; Ruibal, 1961; Ruibal and Philobo- 
sian, 1970; Schoener, 1968; Schoener and 
Gorman, 1968; Schoener and Schoener, 
1971a, 6; Sexton and Heatwole, 1968; 
Webster, 1969; Vanzolini, 1970; Vanzolini 
and Williams, 1970; Williams, 1972; Wil- 
liams et al., 1970) and diversity of social 
structure Uenssen 1 9 7 0 ~ ;  Rand 19676; 
Rand et al., 1975; Stamps, 1973). Their 
social displays are species-typical (Car- 
penter, 1965; Echelle et al., 1971a, 6; 
Garcea and  Gorman,  1968; Gorman,  
1968; Jenssen, 1970a, 1977a; Kastle, 1963; 
Stamps, 1973) and largely stereotyped 
(Crews, 1975a; Hover and Jenssen, 1976; 
Jenssen, 1971; Jenssen and Hover, 1976; 
Jenssen and Rothblum, 1977; Stamps and 
Barlow, 1973), including those of hatch- 
lings (Cooper, 1971; Jenssen, 1970a). From 
this evidence and the display characteris- 
tics which hybrids share with their parental 
species (Gorman, 1969; Jenssen, 19776), it 
appears that display behavior has a strong 
genetic component. T h e  anoles, particu- 
larly the males, perform displays fre- 
quently throughout the day (Andrews, 
197 1 ; Fleming and Hooker, 1975; Hicks, 
1973; Jenssen, 1970a; Rand, 19676; Ruibal 
and Philibosian, 1974). These signals play 
a significant role in territorial behavior of 
anoles, and also appear to function in 
mate selection and  female receptivity 
(Crews, 19756, c; Jenssen, 19706). T h e  
number of signals within a species' reper- 
toire, the complexity of these displays, and 
the patterning of the various displays show 
considerable interspecific differences 
(Jenssen, 1977a). 

T h e  data  cited above indicate that 
anoline display behavior is a prominent 
phenotypic feature that is largely innate 
and is exposed to a plethora of selection 
pressures by its frequent use and many 
functions. Therefore, the study of anoline 

displays should help: (1) to establish the 
genetic basis of behaviol-; (2) to evaluate 
behavioral evidence for phylogenetic rela- 
tionships; (3) to correlate specific behavior. 
(e.g., stereotyped behavioral markers such 
as a display) with neural structure and 
function; (4) to identify communic.ative 
behavior and  determine its function: and 
(5) to evaluate effects of environmerltal 
and social factors (e.g., conspecific social 
structure, syntopic congeners, habitat 
characteristics, predator behavior, signal 
function of displa?) o n  the evolution of 
behavior. 

In the following account I an1 providing 
a conceptual framework of';lnoline display 
behavior. Based on the perspective gained 
from this framework, I am suggesting 
someevolutionary events. Neither my pres- 
ent concepts of Anolis displays nor  specu- 
lations about their evolution are intended 
to be definitive. These ideas are offered as 
an impetus for fi,rmulating new and pro- 
ductive questions. From these questions a 
broader data base should result to improve 
our  understanding of behavioral evolu- 
t ion. 

T o  begin the discussion, i t  is important 
to define the term, display. I am restricting 
"display" to body movements which (1) at 
least raise and lower the anole's head 
and/or dewlap, (2) are stereotyped, and (3)  
are shared for the most part by the popula- 
tion; i m ~ l i e d  in the definition is the 
hypothesis that the movement patterns 
have a strong genetic component and 
function as communication signals. Other 
terminology basic to anollne display 
studies (e.g., signature display, display pat- 
tern, display type) are defined elsewhere 
Uenssen, 19770). 

Source behauiot 

According to classical ethology, it is im- 
probable that species-unique display be- 
havior evolved de nouo; more plausible is 
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breeding season. Ruby suggests that jig- 
gling, \vhich is usually accompanied by 
other display types, at least represents a 
displayer's increased level of excitement. 
These observations are consistent with the 
analysis of ,jiggling in Scelofmrus ~~tlditlatus 
(Rothblurn and Jenssen, 1977). 

It \vould appear that jiggling may not 
have an intrinsic message content, but may 
merely indicate a state of arousal. When 
combined with other displays, jiggling 
could amplify the displayer's intent as sig- 
nalled by the accompanying species- 
unique displays. In some species, however, 
jiggling has only been reported in male to 
female displaying during courtship ( ~ . g . ,  
Anolis. nebulosus, Jenssen, 19700). In these 
species jiggling may have acquired a more 
specific message content, or at least is re- 
stricted to a single context. 

In summary, rapid head bobbing (jig- 
gling) comes close to a behavior pattern 
from which species-unique displays may 
have evolved. This evaluation is sum- 
marized by the following characteristics: 
( 1 )  pat tern appears  interspecifically 
generalized; (2) pattern is simple; (3) pat- 
tern appears weakly stereotyped; (4) pat- 
tern has broad contextual usage for some 
species; and  (5) pat tern is probably 
generalized in message content. 

Orientation and  posture^ 

Anoles, as well as iguanid lizards in 
general, present laterally while signalling 
to other lizards (Carpenter, 19676). Since 
the lizards' prime modality for commurii- 
cation is vision, the characteristics of their 
visual receptors probably have influenced 
the evolution of both body orientation and 
body postures used during display. 

With the exception ofAnolis, which has a 
secondary fovea for binocular vision 
(Polyak, 1957; Underwood, 195 1 .  1970), 
iguanid lizards (and presumably their an- 
cestors) possess a single fovea in the retina 
which is located for acute perception of 
objects lateral to the head ( i . e . ,  monocular 
vision) (Walls, 1942). Thus, while scrutiniz- 
ing a conspecific, the longitudinal axis of 
the head would be at about a right angle to 
the viewed object to yield maximum visual 

acuity. If the body is aligned with the head, 
this would logically lead to the evolution of- 
lateral body presentation during signal ex- 
change. 

Lateral orientation also PI-ovides the best 
intermediate position from which an ani- 
mal can approach or  retreat; this orienta- 
tion is quite reasonable if display niove- 
rnent evolved from ambivalent behavior 
within an agonistic context. 

An evolutionary trend concomitant with 
lateral display presentation would be the 
exaggeration of lateral structures to en- 
hance visual signals. Any anatomical struc- 
tures and effectors which could iricrease 
the lateral area of the displayer would be 
advantageous to signal behavior. This 
would explain the ubiquitous occurrence 
of certain display postures in iguanid 
lizards (e.g.. lateral flattening of body sides, 
elevated body position with arched back, 
lowering of the hyoid apparatus, extension 
of the retrobasal process of the hyoid ap- 
paratus, erection of a nuchal crest as in 
Anolis), and indicate that these postures 
made an early evolutionary appearance. 

Because of strong ec-ological pressure, 
the conservative mechanisms for increas- 
ing lateral body area during display have 
been compromised in some species. For 
example, species of Uma dwell in loose 
sand where i t  is advantageous to be 
dorsal-ventrally flattened for "sand swim- 
ming." These species have only limited 
ability to compress their bodies laterally 
during display; to enhance lateral area 
they tilt their bodies with the dorsum to- 
ward the opponent as well as the dewlap 
extended (Carpenter, 1963). 

Distinct markings and highly visible col- 
ors would logically be selected for signal 
enhancement. T o  avoid negation of cryp- 
tic coloration, these signal markings and 
colors would be ~iiost beneficial if they 
appeared on structures normally out of 
sight, but which became visible during 
lateral area enlargement. Anoline lizards 
have exploited this approach more than 
any others of their family; they are charac- 
terized by having large extensible dewlaps 
(throat fans) which are vividly colored, but 
when the dewlap is folded the colors are 
hidden. Sceloporine species have colorful 



belly and throat patches which become 
exposed by using a raised body posture, 
lateral body compression, and hyoid ex- 
tensiorl. 

In summary, postures and distensible 
bod?. structures which enlarge a iizard's 
laterally-viewed body outline ai-e pi-obably 
a very early evolutionary development. 
This hypothesis is based on the following 
observations. 1,ateral enlargement would 
enhance lateral presentation during dis- 
play, especially if the behavior originally 
functioned in aggressive contexts (see 
Carpenter,  19676: 100-101); it is well 
documented that the larger lizard usually 
wins an encounter even without physical 
contact. Lateral presentation during per- 
formance of stereotyped displays is uni- 
versal in iguanid lizards, and many of the 
same mechanisms for lateral enlargement 
(e .g . ,  lateral body compression, lowered 
throat, dewlap extension) also appear to be 
held in common by iguanids. 

When displaying in the presence of 
another animal, the perforrrier is station- 
ary and orients latei-ally to the object of 
its attention. Given that this orientation is a 
primitive feature, the most effective dis- 
play movements for maximurn perception 
by an observer would be those at right 
angles to the line of sight (Fig. 1). There- 
fore, body movement along the X axis 
(anterior-posterior) o r  the Y axis (dorsal- 
ventral) would be more effctive, hence 
energetically more efficient, than rnove- 
ment along the Z axis (lateral) since lateral 
movement \vould not enhance signal qual- 
ity. Body movements along the Z axis 
during display are primarily restricted to 
lateral undulations of the tail. 

However, movements along the X and Y 
axes are  not equally probable. Most of an 
animal's effectors are preadapted for mo- 
tion along the Y axis rather than the X axis 
(r.g., neck, muscles, caudal muscles, and to 
a significant extent the dewlap and limbs). 
Though the legs can produce anterior- 
posterior movement of' the body, oscillat- 
ing movements strictly along the X axis 

FIG. 1.  Spatial planes along which a lizard can rnove 
while displaying laterally to an observer. 

have not been described in display pat- 
terns of i~uan ids .  T h e  rhvthmic. hesitant 

U 

walk o f  Polych7.u.r gutturos~us is closest to a 
behavior where movement vectors are bi- 
directional along the X axis. Lizards can 
~ e r f o r m  intention movements which are 
along the X axis (forward for aggressive 
approach and backward for retreat); how- 
e;&, these are  only in one direction, the); 
d o  not accompany lateral presentation. 
and  they are  not incorporated into a 
stei-eotyped display pattern. T h e  only re- 
ported displays which contain noteworthy 
fore and aft movements are those where 
the animal performs rocking motions [r.g., 
Anolis nebu1o.ru.s (Jenssen, 1970a) a n d  
Phent~cosaurz~s richteri (Kastle, 1965) chal- 
lenge displays]; these are usually produced 
by forelimb estension-flexion with neck 
and back arched. In summary, the vast 
majority of stereotyped display patterns 
are  effected primarily by vertical move- 
ments (along Y axis) by the head antllor 
body (Fig. 1). 

Signatu rr di~plaj  

In  extant iguanids. the important work 
of' Charles Carpenter and his students 
(Bussjaeger, 197 1 ;  Carpenter, 196 ln, 6 ;  
1962a, b; 1963, 1965, 1966, 1 9 6 7 ~ ;  Car- 
penter and Grubitz, 1961; Clarke, 1965: 



Lynn, 1965) has demonstrateti that each 
species studied has its own unique dis- 
play-action-pattern (DAP). From this work 
one may hypothesize that ancestral reper- 
toires contained a single species-unique dis- 
play per species, the signature display. 
These single display repertoires, in turn, 
may have been derived from simple head 
bobbing (r.g., similar to jiggling) by pre- 
iguanid ancestors. 

A number of different Fdctors could 
have encouraged t h e  t r end  toward 
species-typical display stereotypy. Females 
who used male behavior as a criterion for 
mate selection would have increased 
fitness if they could detect some consistent 
species-unique trait in the male display of 
their s~ec ies .  and thereby avoid -inVest- 
ment in non-viable or uncompetitive hy- 
brids. Ritualization of display behavior 
during agonistic interactions would be 
selected if an animal's intention, degree of 
motivation, and potential strength (e.g., 
body size) relative to the viewer's strength 
were conveyed by some set of signals; this 
information could be used to predict who 
would win a physical encounter without 
the need to aciuallv fight. Both contestants , " 
would benefit by avoiding excessive energy 
expenditures and chance of injury (see 
Smith and Price, 1973). For short-lived 
species genetic control over these signals 
and their meanings would also be favored. - 

Each species' signature display iln- 
doubtedly fulfilled a number of communi- 
cation functions such as advertising a 
lizard's presence even when the displayer 
could not see another conspecific (asser- 
tion context), serving as ritualized aggres- 
sion during territorial disputes (challenge 
context), and indicating sexual interest o r  
lack of interest during male-female in- 
teractions (courtship context). Therefore, 
the signature display had different mean- 
ings depending on recipient of the signal 
and the context (see Smith, 1969 for these 
conce~ts ) .  

1 '  

T h e  stereotyped aspects of the signature 
display pattern were useful for species 
recognition, but any residual variation in 
the could a recipient with 
more information about the displayer's 
identity, the displayer's level of arousal, 

and the likelihood fi)r the displayer to 
enact its intended behaviol-. 'I'hus, the sig- 
nal's information content was flexiblc a ~ ~ d  
was defined by the context, the recipient, 
and the variable aspects accompanying the 
stereotyped display pattern (z.P. ,  core vari- 
ability and display modifiers. see belo~v). 

Past studies have overlooked the sig- 
nificance of variability in lizard displays. 
Before the functional significance arid the 
possible evolution of display variabilit! can 
be examined, a conceptual franlework is 
mandatory to identify, inventorj., and 
quantify the variable display features. 1 
suggest the following categories for clas- 
sifying display variability. 

1 )  Core variability -For a given display 
type, no two performances by a lizarti will 
be identical; however, basic to each display 
is a sequence of temporally patterned 
body movements which is predictable from 
one display to the next. This predictable 
sequence of behavior is what establishes a 
display type's pattern and ahclays appears 
in each performance of that kind of dis- 
play; it is the core (i.e., maximum reliability 
of occurrence) of  that display pattern. Yet 
variability (e.g., temporal) is present even 
within this core display; this I am labeling 
as core variability. 

2) Display rnodifiprs-In contrast to core 
variability, modifiers are postures (static 
modifiers) or movements (dynamic mod- 
ifiers) which are not aluiays associated with a 
particular display they car1 be 
added to the core display pattern as an 
option employed by the entire population 
Uenssen, 1977a; Jenssen and  Hover. 
1976). 

After discerning where the source of 
variability resides within a display pattern 
(i.e., core and/or modifier variability). one 
can determine for each source the relative 
amount of variability arising from com- 
parisons of displays performed by each 
lizard (within lizard component) and from 
comparisons of displays by different 
lizards (between lizard component). When a 
measured display parameter  shows a 
noticeable amount of variability, it may 



have signal value if a major portion of the 
variance comes from only one of these two 
components. 

If most of the variability is explained by 
the between lizard component, then intra- 
individual stereotypy exists; this condition 
favors individual recognition cues. On the 
other hand, if a large majority of variabil- 
ity resides in the within lizard component, 
then intrapopulation variability exists, with 
all lizards being able to vary the display 
parameter to a similar extent; this condi- 
tion could be used to indicate relative 
arousal intensity of the displayers. Display 
behavior, then, can be partitioned into two 
sources of variability (core and modifier), 
with the observed variabilitv attributable to 
within and between lizard components 
(Fig. 2). 

With the present data base, I see several 
interest ing t rends  which may have 
evolutionary implications. First, instances 
of large core variability primarily show 
intra-individual stereotypy and not intra- 
population variability (Fig. 2).  As an 
example, all male Anolis nebuloszo of a 
Nayarit, Mexico population performed 
identically patterned signature displays 
Uenssen, 1970b). However, within the core 
portion of' their signature displays there 
was significant temporal variation in dis- 
play duration. This variability was slight 
for displays of an) one lizard (2% within 
lizard), with each lizard having its own 
particular display duration. Comparisons 

FIG. 2 .  A model for partitioning the source and 
kind of display variability. 

T I Y E  OF TOTAL DISPLAY 1S.C) 

FIG. 3. Mean durations of the signature displays 
from 43 male Anolis nebulosus. Vertical line through 
black bars indicates mean value and ends of  black bar 
give 95% confidence limits of mean. 

of display durations between lizards, how- 
ever, was great (98% between lizards), with 
the mean time for the fastest lizard being 
1.7 s and the slowest 8.1 s (Fig. 3). This 

~ " ,  

type of intra-individual stereotypy could 
serve as an individual recognition cue. 

Another and more poignant example of - 
intra-individual stereotypy for core ;aria- 
bility is the Type B display of Sceloporus 
undulatus hyacinthinus (Rothblum and Jen- 
sen, 1977). This display was extremely 
stereotyped for each male, but for some 
males there were significant differences 
between their B displays (Fig. 4). These 
differences were so pronounced that the B 
display could not be represented by a 
single display pattern. 

I propose as a generalization that any 
significant amount of variability in the core 
display promotes stereotyped, individually 
unique aspects to a lizard's display that can 
function as individual recognition cues. 
This in turn can provide the raw material 
for character dis~lacement and svm~atr ic  

i 1 

speciation where female mate selection 
operates on display features. In short, core 
variability may be the origin of new, 
unique d i ~ ~ l a ~ ' ~ a t t e r n s  for newly evolving 
sibling species. 

A second trend concerns display mod- 



postures for enhancing later-a1 body area), 
seem to be universallv used in the family 
Igualiidae. 

The  evolutioxlary implication is that 
modifiers tend to be c~~nservative. some 

I being quite primitive (see Orierllatiorl nnd 
11 

1'1 
postures above). They are shared interspec- 
ifically, and, therefore, could function in 
interspecific communication. Within a 
species, all lizards share a common reper- 
toire of modifiers. Everv lizard can Der- 

-L - 1 -- - 
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FIG. 4. From 79  Type B displays from 1 1  male 
Sceloporus undulutus hyacinthinus are constructed some 
of the individual-unique patterns for males 7-1 1 ,  and 
the pooled pattern (P) for six other males whose 
patterns were somewhat similar. The  Y-axis gives 
head amplitude movement and the X-axis gives 
elapsed time. Blocks under graph provide mean unit 
durations (vertical line), standard error of the mean 
(ends of white blocks), and 99% confidence limits of  
the mean (ends of outer black blocks). 

ifiers. In contrast to core variability, mod- 
ifiers seem to exhibit primarily intra- 
population variability (Fig. 2). Examples of 
static modzfiers are lateral body compres- 
sion, lowered throat, dewlap extended, 
mouth open, tongue out, raised nuchal 
crest, widely opened eyes and dilated 
pupils, elevated four-legged posture, and 
other  optional postures; examples of 
dynamic modifiers are introductory body 
movements (with or  without dewlap exten- 
sion) immediately preceding the core dis- 
play, variable repetition of the display pat- 
tern's concluding body movements, the 
variable amount of inter-display leg exten- 
sion-flexion, tail movements, and other 
optional movements associated with a par- 
ticular display pattern. Most modifiers are 
shared by many species, and some mod- 
ifiers, particularly the static modifiers (e.g., 

fbrm a similar range of modifier varia- 
tions. For example, many species can per- 
form their signature displays using only 
their neck muscles; however, during more 
intense social interaction, the display 
movements can be executed with varying 
degrees of extension and flexion by the 
fore limbs, o r  by all four legs. The  variabil- 
ity in such a dynamic modifier produces a 
graded elaboration of the display. Use of 
particular modifiers can be correlated with 
the appearance of other modifiers and 
with certain contexts (Hover and Jenssen, 
1976; Jenssen and Hover, 1976; Stamps 
and Barlow, 1973). Modifiers give the core 
display a greater signal flexibility (i.e., a 
graded signal), and at the very least seem 
to indicate increasing arousal which should 
be recognizable between species. 

Display repertoire size 

Before discussing the evolution of dis- 
play repertoire size, one must first estab- 
lish criteria for determining different dis- 
plays. My criteria are restrictive and pro- 
duce conservative counts. The  display be- 
haviors which I am counting as separate 
display types for anoline lizards are those 
species-unique head  and/or  dewlap 
movements which are stereotyped and de- 
scriptively distinct from each other. I do 
not count a pattern more than once even 
though it may have a constellation of pos- 
sible modifier combinations associated 
with it or  appear in a host of contexts (e.g., 
assertion, courtship, challenge). 

Behaviors excluded from repertoire size 
a r e  those which a r e  not obviously 
stereotyped and those interspecifically 
shared. For example, common to all anoles 
I have seen is the use of dewlap movement 



divorced from stereotyped bod) move- LIY'FRONS - 
rnent. For- the most part such "dewlap- 
ping" is non-stereotyped and can appear: 
(1) after eating, (2) during shedding, (3) 
when the animal enters a part of its do- 
main with which it was pr-eviously out of 
visual contact, arid (4) as a reaction to the 
beginning or tailing-off of a social en- 
counter. Undoubtedly there are a few 
anoles whose dewlapping may be 
stereotyped and an important display of 
the formal reper-toire. With the exception 
of these species, I am not considering 
dewlapping in the discussion of repertoire 
size. Also excluded is '>jiggling," a 
generalized behavior with weak stereotypy 
perfhrmed by many iguanid lizards. 

As mentioned above, every iguanid 
lizard appears to have its own species- 
unique signature display. T h e  signature 
display pattern of a species can be very 
simple, such as the brief sine wave-like 
bobs of Anolis lineutopus neckeri (Jenssen, 
19776) (Fig. 5 ) .  Most species' signature dis- 
plays, however, are more involved. One 
means by which display complexity may 
have illcreased is through the incor-pora- 
tion of dynamic modifiers into the core 
display. One likely possibility could involve 
the fixation of optional head bobbing 
which may follow the core display. 

For example, the signature displays of 
Anolis li~nzjrons, Anolis tou~nsendi, and Anolis 
.rericeus can be compared to illustr-ate a 
possible progression of increasing display 
complexity based o t ~  a greater- incorpora- 
tion of dynamic modifiers into the termi- 

SECONDS 
FIG. 5. Signature display o f  Anolw llneatopus neckt'ri. 
T h e  Y-axis gives head amplitude movement and the 
X-axis gives elapsed time. Grey area shows bobbing 
not always present with the signature display. 

FIG. 6. Signature d i s p l a ) ~  o f  Anolis limifrons. A. 
toumsrndi, and A. srriceus comparing repetitions of 
terminal display nluvements as indicated by overhead 
brackets. Under the brackets, the grey areas repre- 
sent dynamic modifiers and the black areas represent 
part of the core displa). Splits in the graph indicate 
where the lizard may terminate ~ t s  display. Upper 
block of each figure shows head amplitude through 
t ime a n d  lower blotk shows dewlap extension 
through time. 

nal portion of the core display. T h e  display 
of A.  li~nzfrons is depicted as the initial 
phase of evolving greater complexity. T h e  
display core of seven bobs can he fi)llowed 
by a varying number  of single bobs 
(Tenssen and Hover, 1976) (Fig. 6). In  A .  
townsrndi the terminal portion of the signa- 
ture display is also variable (Jenssen and 
Rothblum, 1977); but in this species, there 
is a varying number of acts (Fig. 6). Each 
act is a complex stereotyped behavior in- 
volving the coordination of head and dew- 
 la^ movernent. Once an act is begun i t  is " 
performed to completion. In A.  .sericens, 
which has a long stereotyped signature 
display (approximately 30 s), there is a 
repetition of' complex behavior in the last 
two thirds of' the pattern (Fig. 6); this 
repeated pattern is part of the core dis- 
play. One car) hypothesize that there once 
had been optional repetitions of acts, as 
seen in A. tou~nsendi, which have become 
fused into one long signature display pat- 
tern. 

Not all species have a single display 
pattern in their repertoires. I am finding 
that Anolis tends to have multiple display 
repertoires. In  species having a two- 



display repertoire, there is the species- 
unique signature display (which I will call 
the Type A display), and a second display 
pattern (a Type B display). For those 
species having more than one display pat- 
tern. the B Dattern is similar to the A dis- 
play. If one assumes that a repertoire of 
genetically determined signals usually 
evolves from small to large, it is reasonable 
to expect the evolution of subsequent sig- 
nals to share many aspects of the previous 
signal or signals (Barlow, 1977). This ap- 
pears to be the case for the Type B displays 
(Fig. 7). 

T o  detect multiple display repertoires, 
one needs to be alert for small, but statisti- 
cally significant distinctions in movement 
patterns. This is especially true if the B 
display closely resembles the A paitern. T o  
determine whether two subtly different 
patterns truly merit separate classification, 
controlled social situations should be pro- 
vided to observe if the two dis~lavs are 

L i 

used within different circumstances. Cor- 
relations between contexts and differential 
use of display patterns would infer a func- 

m - ........ ~. 
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FIG. 7. Comparisons of the Type A and B displays 
in the repertoires of Anolw bmtfrons, A. lownsendi, A. 
grahamz, and A .  gamanl .  

tional distinction between the two d is~lav  
1 / 

patterns as well as a descriptive difference. 
In lizards having two displays in their 

repertoires, the Type A (signature) display 
is performed in all social contexts (e.g., 
assertion, courtship, challenge). In con- 
trast to the A display the Type B display is 
generally restricted to agonistic encounters 
( i . e . ,  challenge context). This second dis- 
play type seems to have evolved as an 
elaboration of ritualized territorial interac- 
tions. A more extensive bluff system has 
been suggested as a favorable mechanism 
for species which interact throughout a 
long breeding season Uenssen, 19770); this 
would possibly decrease the occurrence of 
physical combat for winning and maintain- 
lng territories. With a computer model, 
Smith and Price (1973) show it is disadvan- 
tageous to use potentially dangerous of- 
fensive weapons in intraspecific contests; a 
stable strategy does, however, require that 
contestants should r e s ~ o n d  to an "esca- 
lated" attack by escalating in return. For 
anoles with a large agonistic display reper- 
toire. this escalation is facilitated with less 
chance for injurious contact. 

Some species have proliferated the 
number of agonistic-related display pat- 
terns to include C, D and even E displays 
in their repertoires (Hover and Jenssen, 
1976; Jenssen and Rothblum, 1977). For 
example, Anolis limifrons (Hover and 
Jenssen, 1976) has five display types (A-E) 
in its repertoire (Fig. 8). All five are used in 
male-male encounters. As the encounter 
ensues and the animals move closer to- 
ward each other, they progressively per- 
form more  elaborate display types 
(A-+B+C+D). In the exchange of displays 
the responder performs a similar display 
o r  the next more elaborate type. When the 
males are within biting distance of each 
other, they give the E display, which is of 
short duration and has no dewlap exten- 
sion. This least elaborate display minimizes 
the chance of injury to the displayer as the 
display is of short duration and the dewlap 
is not extended and vulnerable. 

When viewing the displays of a large 
repertoire like that ofA. limifrons. there are 
c l ies  to indicate how these '  patterns 
evolved. .Presumably the /4 (signature) dis- 
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FIG. 8. Display repertoire of Anolls limlfrons males 
constructed from an  analysis of 6 6 6  displays by 2 3  
lizards. Black areas denote  portions o f  the display 
always present, and grey areas are ofcariable appear- 
ance.  

play evolved first. From this pattern was 
derived the B display. A diagnostic feature 
of B displays is the initial appearance of 
the dewlap during the bobbing, whereas it 
first appears before bobbing in A displays 

(Fig. 8). T h e  Type C display was probahlv 
derived from the B display. The  C display 
begins like a B display, but then diverges 
by finishing with a long series o f  bobs. T h e  
D display is the most elaborate and di- 
verges more from the A display than the 
preceding B and C patterns. 'I'he 11 display 
is the last bluff performed before the tlis- 
puting lizards are within physical range of 
each other. T h e  D display appears derived 
from three preexisting behaviors: the B 
pattern, a series of four-legged pushups, 
and the A displa) pattern. An indication 
that the D pattern is an an1algarn;ltion of 
separate core patterns is the fact that after 
each of the three intra-display patterns 
there$is a varying number of bob repeti- 
tions (grey areas on D DAP graph of Fig. 
8). This is very reminiscent of the optional 
terminal bob repetitions that serve as a 
dynamic modifier at the end of many dis- 
plays. In the D display these segments with 
bob number variability may represent ves- 
tiges of three separate patterns having 
been welded together to produce the most 
elaborate of the limzfrons displays. Last, the 
E display, which could have evolved before 
the D display, is the A pattern without 
dewlap extension. 

In conclusion, Ano1i.r represents an ad- 
vantageous vertebrate group for studying 
display evolution. Among lizards, the 
genus has a relatively rich social behavior. 
Anoles are easy to study in the field. Be- 
cause of the gro~ip's extensive ecological 
radiation, there are many potential case 
studies to correlate display characteristics 
with effects of diverse biotic and abiotic 
environmental conditions. This genus o f  
versatile lizards offers an excellent oppor- 
tunity to approach the problems of causal- 
i t y ,  function, and evolution of behavior. 

REFERENCES 

Andrews, R. M. 1971. Structural habitat and time 
budget o f  a tropical Anolis lizard. Ecology 52 :262-  
270 .  

Ballinger, R. E. ,  K .  R. Marion, and  0. J .  Sexton. 1970. 
Thermal ecology o f  the lizard, Anol~s  l imi jron~,  with 
comparative notes on three additional Panamanian 
anoles. Ecology 5 1 :246-254.  

Barlow. G .  W. 1977. Modal action patterns. In T .  A .  
Sebeok ( ed . ) ,  How antma1.s cornmunuale. Univ. In- 
diana Press. Bloomington, Ind.  (In press) 



Bussjaeger, L. 197 1. Phylogenetic significance of the 
conlparative ethology of the spinosus group of 
Sceloporz~s (Iguanidae). Ph.D. Diss., Univ. Ok- 
lahoma. 

Campbell, H. W. 1973. Ecological observations on 
Anoli~ lionotus and Anolt.spo~~c.cilopus (Reptilia. Sauria) 
in Panama. Am. Mus. Nov. No. 2516:I-29. 

Carpenter, C. 19610. Patterns of social beha\-ior of 
hlel-rianl's canyon lizard (Sceloporw m. merritrnrr- 
Iguarlitlae). Southwest. Nat. 6:138-148. 

Carpenter, C. 1961b. Patterns of social behaviol- in 
the desert iguana, Dzpsoraurus dorsalis. Copeia 
1961 :Y96-405. 

Carpenter, C. 1962a. Patterns of behavior in two 
Oklahoma lizards. Am. Midl. Nat. 67: 132-151. 

Carpenter. C:. 19626. A comparison of the patterns of 
display of L~ro.iatcrzrs, LJta, and Streptosaurw. Her- 
petologica 18: 145- 152. 

Carpenter, C. 1963. Patterns of behavior in three 
forms of the fringe-toed lizards (Uma-lguanidae). 
Copeia 1963:406-4 12. 

Carpenter, C. 1965. The display of the Cocos Island 
anole. Herpetologica 2 1 :256-260. 

Carpenter, C. 1966. Comparative behavior o l  the 
Galapagos lava lizards (Tmpidut-us). 111 R. Bowman 
(ed.), Thr Galapagos. Proceedings o j  tllr Galapagos 
Intrrnational Stirntijc Prolecl, pp. 269-273. Univ. 
California Press. Berkeley. 

Carpenter, C. 19670. Display patterns of the Mexican 
lguanid lizards of the genus Uma. Herpetologica 
23:285-293. 

Carpenter, C. 19676. Aggression and social structure 
in iguanid lizards. In W. hfilstead (ed.). L1;ard 
rzcolngy: '4 sympo.l2um, pp. 87-105. Univ. Missouri 
Press, (;olumbia. 

Carpenter, C. and C.  Crubitz. 1961. Time-motion 
study of a lizard. Ecologv 42: 199-200. 

Carpenter, C., J .  Badham, and B. Kimble. 1970. 
Behavior patterns of three species of Amphibolurus 
(Agamidae). Copeia 1970:497-505. 

Clarke, R. 1965. An ethological study of the iguanicl 
genera Callrraurus, Cophosaurus, and Holbrookza. 
Ernporia State Res. Stud. 13: 1-66. 

Collins, J .  P. 197 1 .  Ecological observations on a little 
known South American anole: Tropidodact?Iur onca. 
Breviora No. 370: 1-6. 

Coopet, W. E., J r .  1971. Display behavior of hatch- 
ling Arlol~s carol~~ler~s~s. Hex.petologica 27:498-500. 

Crews. D. 1'375~. Inter- and intraindividual variation 
in display patterns in the lizard, AnoliJ caroltnrnsu. 
Herpetologica 3 1:37-47. 

Crews, D. 197.56. Effects of different components of 
male courtship behaviour on  environmentally In- 
duced ovariam recrudescence and mating prefer- 
ences i r r  the lirartl, Anoli~ carollnensir. Aninl. Behav. 
23:349-356. 

Crew?, D. 197.51. Psychobiology of reptilian repro- 
duction. Science 189: 1059-1066. 

Echelle, .4. A.. A. F. Echelle,and H.  S. Fitch. 1 9 7 1 ~ .  A 
new anole f rom Costa Rica. Herpetologica 
27:354-962. 

Ec helle, A. A . .  A .  F. Echelle, and H. S. Fitch. 19716. A 
compar;ltive analysis of aggressive display in nine 
species of  Costa Rican Anolls. Herpetologica 
27:271-288. 

Evans, L. 1. 1938. (;our-tship and sexual se lec~~on ot 
:lwolir. J .  Conrp. Ps)chol. 26:475-498. 

Ferguson, (;. W. 1970. Mating brlraviour of the 
sicle-blothced lizal-ds of the genus (ltu (Sauria: 
Iguanidae). Aninr. Behav. 18:(j5-72. 

Fitch, H.  S. 1972. Ecolog! ot .$nolic tr-opltlol(~prs In 
Costa Rican cloud forest. Herpetologica 28: 10-21. 

Flernir~g. 1.. H. ant1 K.  S. Hooker. 1975. Anolz.\ rup- 
reur: The response o1.a li7ard to trop~tal  seasonal- 
i t y .  Ecology 56: 1243-1261. 

Garcea, R. and C. C. Gor-nlall. 1968. A diftel-ence in 
male territorial display I~ehaviol in two sihling 
species of Anolis. <;opeia 1968:4 19-420. 

Corman, C .  C.  1968. The relatioliships ot A~lolic of 
the roqurt species group (Sauria: 1guanidae)-111. 
Comparative studv of display behavior. Breviora 
No. 284: 1-3 1 .  

Gal-man, G. C. 196'3. Intrrmediate territorial display 
of a hybrid Atzolir lizard (Sauria: lguanidae). Zeit. 
Tierpsychol. 26:390-393. 

Greenberg, B. and C. K. Noble. 1944. Social behavior 
of the American chameleon (.4rfoli, carolirr~r~\rs 
Voigt). Physiol. Zool. 17:3'32-439. 

Greerlberg, N. 1977. Ethological corlsiderations i r l  the 
experimental study of lizard behavior. Irr N .  
Greenberg and P. MacLeati (eds.), Brharizor and 
nrurology of hzards: An znterduciplz~~aiy ronjrrmcr. 
N.I.M.H.. Rockville, Md. (In press) 

Heatwole, H.. 7-su-Hui Lin, E. Villalon. A .  Muni7. 
and A. hlatra. 1969. Some aspects of the thermal 
ecology of Puerto Rican anoline lizards. J .  Her- 
petol. 3:65-77. 

Hicks, R. 1973. Krw studies on a montane lirard of. 
Jamaica, Ano1i.s rerond~t~r.r. Breviora No. 404: 1-23. 

Hover, E. L. and T .  A. Jenssen. 1976. Descriptive 
analysis and social correlates of agonistic displays of 
.411olzs limifrons (Sauria, Iguanidae). Behaviour 58: 
173-191. 

Jer~ssen. T .  A. 1 9 7 0 ~ .  The  ethoecology 01' Ano1r.r 
nebulo.,u.r (Sauria, lguanidae). J .  Herpetol. 4: 1-38. 

Jenssen, T .  A. 19706. Female response to filmed 
displays of Anolrs nrbulo.\ur (Saul-ia, Iguanidae). 
Anirrr. Behav. 18:640-647. 

Jenssen, T .  A. 1971. Display analysis ol  Anolt.\ 
nr6ulosu.r (Sauria. Iguanidae). Copeia 1971:197- 
209. 

Jenssen, T .  A.  1975. Display repertoire of a male 
Phentrcosaurus heterodrrmu~ (Sauria: lguanidae). 
Herpetologica 31 :48-55. 

Jenssen, T .  A. 1 9 7 7 ~ .  Display diversity of anoline 
lizards and problems of interpretation, I n  h'. 
Greenberg and P. MacLean (eds.), Behazuor and 
neurology of hztrr~l~s: .4n intrrdisciplrnc~r~ torqerrncr. 
N.I.M.H., Rockville, hld. (In press) 

Jenssen, T .  A. 19776. hlorphological, behavioral, and 
electrophoretic etiderrce of hybridiration between 
the lizards, .i'nolu gt-allnmi and Anolw linratopus rirc- 
krl-i, on Jamaica. Copeia 1977. (In press) 

Jerrsserr, 7'. A. and B. Swer~son. 1974. Arr ecological 
correlate of critical Hicker-fusion t'requer~cies fol 
some Anolis lizards. Visior~ Res. 14:YGj-970. 

Jenssen, T .  A. and E. L. Hover. 1976. Display analysis 
of the signature display of .4rrol~s lzmrfronr (Sauria, 
lguanidae). Behaviour 57:227-240. 

Jenssen, T .  A. and L. Rothblurn. 1'377. Display reper- 



toire analysis of Ar~oli.~ toujs~ndi (S;ruria, Iguanidae) 
f tom (:ocos 1sl;rntl. (:opeia 1977: 103-109. 

Kistle, 'A'. 1963. Ziir ethotogir d r s  g~asanolis  ( ~ \ ' o r ~ j / ~ \  
o n r a / ~ ~ . \ )  (Uauclin). Zeitschr. Tierpsychol. 20: 16-33. 

Kiisrlc. LV. 1965. Ziir ethologie des andenanolis 
Pl~c~nac.o.\arrru.\ lit hkr-i. Zeit. Tierpsychol. 22:75 1 - 
7fj9. 

I.ylrn, K.  1965. .\ compar;rrive srud\ o f  cli\pl;t) he- 
1i;rvior in Phr?~lo.\omo (lguanidae). Southwest. Nat. 
l ( l :H-30 .  

Morris, L). M. F. l 9 5 h .  l ' h e  feather. postures ofI)irds 
,ind the [)I-ohlem of the origin of social signals. 
Hrhaviol~r 9:75-1 13. 

5'lorris, I ) .  M .  F. 1956h. I h e  t.unction ;and causation 
c ~ f  courtship ceremonies. In Colloque Intet-nat. sur  
1,'lnstinct. June  1954, pp. 261-286. Fondation 
Singel--Polignac. Paris. 

Polyak. S.  I.. 1957. 7'hc z~ertebrate vzsunl sy.\trm. Univ. 
(:hicago Press. Chicago. 

Rand. A. S. 1964. Ecological distribution in anoline 
lizards of Puerto Rico. Ecology 45:745-752. 

Rand, A. S. 1 9 6 7 ~ .  T h e  ecological distributioll of the 
  nol line lizards al-ounci Kingston. Jamaica. Rreviora 
No. 272: 1-18. 

Rand, A .  S. 19676. Ecology ant1 social organiz;rtion in 
the iguanid lizar-tl Ano1i.c 1it1eatoph.c. Proc. U .  S. Nat. 
Mus. 122: 1-79. 

Rand, A. S. and  S.  S.  Humphrey.  1968. Interspecific 
competition in the tropical rain forest: Ecological 
distribution among lizards at Belern, Para. Proc. U .  
S. Nat. Mus. 125:l-17.  

Rand,  '4. S. and E. E. Williams. 1969. T h e  anoles of 
La Palma: Aspects of their ecological relatiorlships. 
Breviola No. 327: 1-19. 

Rand, A. S., G. C. Gorrnan, and W. M. Rand. 1975. 
Natural histor)., behavior and ecology of Anolis 
aga.\.sizi. Smithsonian Contrib. Zool. 176:27-38. 

Rothblurn, L. and  T .  A. Jenssen. 1977. Display 
repertoire analysis of Sceloporzo undulatzu hyacin- 
thinu.5 (Sauria, Iguanidae) from Southwestern Vir- 
ginia. Anim. Behavior. ( In  press) 

Ruby, D. E'. 1977. T h e  function of' shudder displays 
in the li7ard, Ste1oporu.i jarrovi. Copeia 1977. (In 
press) 

Ruibal, R. 1961. Thermal relations of five species of  
tropical l i~ards .  Evolution 15:98- 1 11. 

Ruibal. R. 1965. Evolution and  behavior in West 
Indian anoles. In W. Milstead (ed.). Lizard ecology: A 
cympotillm. pp. 116-140. Univ. Missouri Press, Col- 
umbia. 

Ruibal, R. a n d  R. Philibosian. 1970. Eusythermy and 
niche expansion in lizards. Copeia 1970:645-653. 

Ruibal, R. and R. Philibosian. 1974. Aggression in the 
lizard ,4rrol1:\ arutus. Copeia 1974:349-357. 

Schoener, T .  W. 1968. T h e  .$nolis lizards of Bimini: 
Resource partitioning in a complex fauna. Ecology 

49:704-726. 
Sc11oelre1-, T. i 2 ' .  and (;. (:. ( ; O I - I I I ~ I I .  1968. Sori~c 

nichr dittelences in rhrce Icsscr r411rillcat1 lir;(rci> ot 
 tic genus.inoIi\. E(olog) 49:X I<)-830. 

Srhocnrr ,  7'. M'. arrd A. Sc hoencr. I9Tlo. Stri~c.tir~-:rl 
hahitats oS West Intlian Anolic li7.1l-(Is. I. L.o\\l;intl 
Jarnaic;~.  B~.eviora Ko. 36H: I-.5:%. 

Schoener.. T. W.  and A. Sc h i ~ e n ~ r - .  197Ih. ? i l ~ ~ l l ( l l l r - ; l ~  

hal~itats of West Illtlian Arroll\ lir.:~rtls. 1 1 .  P u c r ~ o  
Rican r ~ p l ; ~ r ~ d s .  Rreviom KO. 375: 1-39, 

Sexton, 0. J .  a n d  H. F. Heatwole. 1968. An expcri- 
mental investigation of habitat selection ;rncl water- 
loss in some anoline lizards. Ecology 49:762-767. 

Smith. J. M. and G. R. Price. 1979. T h e  logic of  
animal conflict. Nature 246: 15- 18. 

Smith, W. J .  1969. Messages of vertebrate comrnuni- 
cation. Science 165: 145- 150. 

Stamps, J. A. 1973. Displays and social organization 
in female Anol1.7 aeneus. Copeia 1973:264-278. 

Stamps. J .  A. a n d  G. W. Barlow. 1973. Variation and  
stereotypy in the displays of Anolis urrrzru.i (Sakiria, 
Iguanidae). Behaviour 47:67-94. 

Tinkle, D. W. 1967. T h e  life and demography of [ h e  
side-blotched lizard, Uta ~ t c ~ ~ r b ~ r z a n a .  hlisc. Publ. 
hlus. Zool. Univ. Michigan 132: 1-182. 

Underwood,  G. 195 1 .  Reptilian retinas. Nature 
167: 183- 185. 

Underwood, C .  1970. T h e  eye. In  C .  Cans (ed.), 
Bzology u/ the Rcp.plzlia, Vol. 2, pp.  1-97. Academic 
PI-ess, New York. 

Vanzolini, P. E. 1970. Zoologza \z.\irrnclticcl g~ogr(~fi(~ P (I 

origem das ~species. Universidade d e  Sao Paulo In- 
stiluto d e  Grografia, Sao Paulo. 

Vanzolini, P. E. and E. E. Willian~s. 1970. South 
American anoles: T h e  geogr;iphic difrerentiation 
and  evolution of the Anoll~ c/~~.iole{)i\ species group 
(Sauria. Iguanidae). Arq. Zool. S. Paulo 19: 1-124. 

Walls, G. L. 1942. The vertebrate eye and ~ t r  adaptive 
radiatza. Cranbrook Inst. Sci., Bloomfield Hills. 
Michigan. 

Webster, T .  P. 1969. Ecological observtions on Anoli~ 
occultus Williams and Rivero (Sauria. Iguanidae). 
Breviora No. 3 12: 1-5. 

Williams, E. E. 1969. T h e  ecology of colonization as 
seen in the zoogeography of anoline lizards on  
small islands. Quarterly Rev. Biology 44:345-389. 

Williams, E. E. 1972. T h e  origin of faunas. Evolution 
of lizard congeners in a complex island fauna: a 
trial analysis. In '1'. Dobzhansky, M. Hecht, and  W. 
C. Steere (eds.), Ez~olutzona~ biology, Vo1.6, pp. 
47-89. ..Zppleton-Century-Crofts, New York. 

Williams, E. E., 0. A. Reig, P. Kiblisky, and C:. 
Rivero-Blanco. 1970. Anolii jarare Boulenger, a 
"solitary" anole of the Andes of' Venez~lela. Bre- 
viora No. 353: 1-15. 


