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Evolution of Anoline Lizard Display Behavior
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Virginia 24061

syNopsts. Based on my conceptual framework ofanoline display behavior, I am suggesting
the following evolutionary trends. Lateral presentation during display was probably
promoted by monocular vision. Along with lateral presentation, postures evolved to
increase lateral outline. These postures which magnified body size were probably of
selective advantage within aggressive social contexts since larger animals tend to dominate
smaller ones through bluff. Body movement evolved along with lateral orientation and
size-enhancing postures. These movements would be most effective if they complemented
lateral orientation. Effectors available for such movements were primarily pre-adapted for
vertical motion. The patterns of movement generated were probably simple oscillatory
bobbing movements by the head which were weakly ste_reotyped, interspecifically similar,
appearing in many contexts, and having a wcakly defined information content. Events
having selective advantage for species recognition promoted stereotypy of bobbing
behavior into species-unique displays; each species had its unique signature display which
served in a manifold communicatory capacity. The signature display appeared in asser-
tion, counship, and challenge contexts. Its information content varied depending upon
context and recipient of the display (e.g., male or female). Besides the stereotyped aspects
of the display, certain features remained variable with potential information significance.
Core uarinbiliry (see text) promotes individual recognition and may be the origin of new
unique display patterns as sibling species emerge. Disþlay mod,ifers (see text) are 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 of multiple
displays; these subsequent displays are generally restricted to aggressive interactions.
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INTRODUCTION

The ethologist has a difficult task. The
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-

I am indebted to Risa Jenssen, Linda Rothblum,
and David West for their critical reading of the
manuscript. Financial support of my research and the
writing of this paper was generously provided by the
National Science Foundation (Grant No. DEB 74-
20r43).

late causal agents of behavior. However,
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 bê 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 group of
lizards and offer an excellent opportunity
to approach the complex problems of
causality, function, and evolution of be-
havior.

There are a number of factors which
favor the study of anoline display be-
havior. Anolk, the largest genus of iguanid
lizards, has members distributed among
the Caribbean Islands, through the tropi-
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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 al., 1970;
Campbell, 1973; Collins, l97l; Fitch,
1972; Fleming and Hooker, 1975; Hear
wole et al., L969; Hicks, 1973; Jenssen and
Swenson, 1974; Rand, 1964,1967¿; Rand
and Humphrey, 1968; Rand and Williams,
1969; Ruibal, 1961; Ruibal and Philobo-
sian, 1970; Schoener, 1968; Schoener and
Gorman, 1968; Schoener and Schoener,
l97la, å; Sexton and Heatwole, 1968;
Webster, 1969; Vanzolini, 1970; Vanzolini
and Williams, 1970; Williams, 1972; Wil-
liams ¿l al., 1970) and diversity of social
structure $enssen 1970ø; Rand 1967b;
Rand ¿l al., 1975; Stamps, 1973). Their
social displays are species-typical (Car-
penter, 1965; Echelle et ø1., l97la, b;
Garcea and Gorman, 1968; Gorman,
1968; Jenssen, 1970a, 1977ø; Kästle, I963;
Stamps, 1973) and largely stereotyped
(Crews, 1975a; Hover and Jenssen, 1976;
Jenssen, l97l; Jenssen and Hover, 1976;
Jenssen and Rothbluln, 1977; Stamps and
Barlow, 1973), including those of hatch-
lings (Cooper, I 97 I ; Jenssen, 1970ø). From
this evidence and the display characteris-
tics which hybrids share with their parental
species (Gorman, 1969; Jenssen, 1977b), it
appears that display behavior has a strong
genetic component. The anoles, particu-
larly the males, perform displays fre-
quently throughout the day (Andrews,
l97l; Fleming and Hooker, 1975; Hicks,
1973; Jenssen, 1970a; Rand, 1967b; 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, 1975b, c; Jenssen, 1970å). The
number of signals within a species' reper-
toire, the complexity of these displays, and
the patterning of the various displays show
considerable interspecific differences
(fenssen, 1977a).

The data cited above indicate that
anoline display behavior is a prominent Source behauior
phenotypic feature that is largely innate
and is exposed to a plethora of selection According to classical ethology, it is im-
pressures by its _frequent use and many probable that species-unique display be-
functions. Therefore, the study of anoline havior evolved dt ,ooo; mòre plausible is

displays should help: (l) to establish the
genetic basis of behavior; (2) to evaluate
behavioral evidence for phylogeneric rela-
tionships; (3) to correlate specific behavior
(e.9., stereotyped behavioral markers such
as a display) with neural structure and
function; (4) to identify communicarive
behavior and determine its function; and
(5) to evaluate effects of environmental
and social factors (e.g., conspecific social
structure, syntopic congeners, habitat
characteristics, predator behavior, signal
function of display) on the evolution of
behavior.

DISCUSSION

In the following account I am providing
a conceptual framework of anoline display
behavior. Based on the perspective gained
from this framework, I am suggesting
some evolutionary events. Neither my pres-
ent concepts of Anolis displays nor specu-
lations about their evolution'are inteided
to be definitive. These ideas are offered as
an impetus for formulating new and pro-
ductive questions. From these questions a
broader data base should result to improve
our understanding of behavioral evolu-
tron.

To begin the discussion, it is imporranr
to define the term, display. I am restricting
"display" to body movements which (l) al
least raise and lower the anole's head
and/or dewlap, (2) are stereoryped, and (3)
are shared for the most parr by the popula-
tion; implied in the definition is the
hypothesis that the movemenr patterns
have a strong genetic component and
function as communication signals. Other
terminology basic to anoline display
studies (e.9., signature display, display pat-
tern, display type) are defined elsewhere
(Jenssen, 1977a).

204



Evol-ullctx clr AxollNri DrspL¡ys 205
2l

Another behavior source .for lizard dis_
plays might have been a common response
or rne somatrc nervous system in ,,thwart_
ing .stimulus-siruarions" (Morris, lg56a).
F.or. instance, displacement behavior can be
elrclted when there is a simple physical
obsrrucrion to aroused activity iUá..ir.
19S0rl A personally obse'rved é*ample of
drsplacement behavior within this thwart_
ing context is the tail twitching of Anolis
nebulosus when prey are nor yetin the best
position for seizing. perhaps a similar
somatic nervous response might produce
small, quick vertical nods of thé heåd whena lizard .is aroused, but temporarily
thwarted.

As anorher variarion of Morris's (19564)
"thwarting stimuh¡s-situations," tl...n_
berg (1977) offers responses occurring
during conflict situations a, beine ,arT
material for signal behavior. He hãs ob_

::.u..d an exchange in blue spiny lizards
(Sceloþorus cyanogenys) that suggésrs rhar
the head nod may have evolveã from an
oscillating pa!r-el! of flear and aggression.
Gree.nberg (1977) reporrs that"ïhen a
clomrnant male raises its head, revealing its
blue throat, a subordinate perchinn'b._
neath will lower its head in abparenisub_
mission. Thus, head elevation is charac_
teristic of an aroused, dominant animal.
while head lowering is seen *hen a
threatened animal is -trying to be incon_
spicuous, or as a gesture of-subordination.
Morris (1956b) uses a similar logic to show
how concurrent ambivalent be"haviors of
attacking and fleeing explain the origins of
a numoer ot srereoryped courtship riruals.

! along which a lizard can move
illy to an observer.

escribed in display pat_
The rhythmic, hésiiant

¡S-utturosw is closest to a
novement vectors are bi_
Ithe X axis. Lizards can
f ,movements which are
,(forward for aggressive
:kward for retreat); how_
rly in one direction, they
ny .lateral presentatio;,
Dt rncorporated into a

ll patterr¡.. The only re-
nrcn contarn noteworthy
ements are those wherê
m.s rocking motions [e.g.,
Uenssen, 1970a) and

teri (Kästle, tg65) chal_
ese are^usually produced
osron-flexlon with neck
i In summary, the vast
rtyped- display parrerns
rarrly by vertical move_
!is) by the head and/or

lds, the important work
lnter and his studenm
I ^Carpenter, lg6la, b;
Ð65, 1966, t967a: ó,ar_
tz,196l; Clarke, 1965;

the hypothesis that non-communicative
behavior, which in some way waspreadapted for signal value, bãcame
ritualized into stereõtyped behavior har,_ing a communicatory function. Such
"source" behavior could likell, have been
utilitarian and widely exhibiteã by alreadv
9]ltjl?g species. As óne possibiriif, i;;ù;
( 1977) suggests rhythmiè behavioî derived
trom locomorion as being the origin for
liza.rd pushup displaysi The eiferent
pathways would already be available along
with the neural organization for rhythmicï
patterned motor output f'or leg exiension
and flexion.

'Jiggling"

The only iguanid lizard behavior which
mrght.closely resemble a primitive display
behavlor ts the class of shallow, rapid l-reaá

Poqþilg ìabeled as 'jiggting" 1ruails, r 9ã8;
l^"1Þ3l, I 967), "shu-dlder"-bo¡" tri, Hã,
.1967), 

"shuddering" (Ferguson, Ig70): or"courtsh.ip nodding" (Greênberg and No_
ble.. 1944;. Carpenter, 1962a)."This be_havlor rs described as being interspecific_
ally simìlar, although no giaphic Jnutyrl
nas yer t¡een made trom high speed movie
sequ€nces..I suspect that rherè are some
specles-typlcal tearures in rapid head bob_
bing a.s ev.idenced by intersþecific differ_
ences in display-action-pattein graphs for
I' h enac o s au rus he ter odermu.s Q en ssen, I 97 S),
Anolis nen¿.us 

.(Stamps and 
"Barlow , lgTg)',

and,- Anolis lineatopus neckeri (Jenssen,
1977b\.

. As. the description implies, jigglinq is a
srmpte parrern and superficiaily áópeãrs to
be somewhat similar in differeni 'rp.li.,
Jiggling is only weakly stereotyped'in Uta
stansburiana (Ferguson, lg70) å;d Sceloþo_
r-us- undulatzls (Rothblum and .fenssèn,1977). There is no distinct begiríning or
:l|ig lg Ih. sequence of shriío*, .ãpid
nead bobblng; one can view it at any mo_
ment and identifv jjSSling. Jiggting is
closeìy associated íiir," Ioco."moiiõñ, Jn-_
monly occuring just before and durins
locomorion. liggling, .then, is p.i".ipufì!
ettect.ed_ bv neck muscles and is ìndepãnd_
ent of leg action. This is in conrråst to
species-unique display parrerns which are
always performed while the animal is
pla-nted and suggests a fundamental
{lchotonry berween jiggling and the other
orsptay behavror of a species' repertoire.

From a contexrual viewpoint, iapicl head
b<lbbing also firs rhe conieption 'of , U._navlor transitory between a pri mitive.
generalized signãl and one rhar is ;;io";
and. rs emancipated from irc source be_
havror. Rubv (19,?\ feu¡¿ from field ob_
servarions of Sceloþorus jarroui that jigglinq
rs pertormed rn a variety of contéxtð: bi
solitary animals, by either sex during in_
trasexual encounters, by females to riales
and vice versa ourside of the breedins
season, and by males ro females within thË
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Lvnn. 1965) has demonstrated that each and the likelihood for.the-displayer.to
;J;;¿r-t*ãi.ã n"r irs own unique dis- enact its intended behavior. Thus, the sig-

åi"r-"1,iå"-purr..n (DAP). From this work nal's information content was flexible and

ã; ;;;hr'*thesizL thai ancestral reper- was defined by the conteKt, the recipient,

;;i;.;;"ãñ;ã ; single species-unique dis- and the variable aspects accompanying the

olu, O., species, tÈ'e signature display. stereotyped display pattern (i.e., core vari-

înåtË single display repertoires, in turn, ability and display modifiers' see below)'

may have leen derived 
-from 

simple head

UoUbing (ø.g., similar to jiggling) by pre- Core aariability ond disþlay modif.ers

iguanid ancestors.^"ï 
n"-¡.r of different factors could Past studies have overlooked the sig-

h;;. ;;.;uraged the rrend toward nifrcance of variability.in.lizard disp,llys

species-tt¿pical dTsplay stereotypy. Females Before the functional signitrcance and the

*ho ,rr.â'male behavior as a criterion for possible evolution of dtsplay varlabllltycan

mate selection would have increased be examined, a conceptual trameworK rs

ã;;;rt iiin.y.""fa detect some consistent manda^tory to identify,, inven^tory, and

,ol.i"t-,rniqûe trait in the male display of quantify the variable display. features.' I
tireir speciés, and thereby avoid .invest- su-ggest.the. following-.categorles tor clas-

menr i; non-viable or unôompetitive hy- sifying display variability.
brids. Ritualization of display behavior l) Core uøriabilitl-For a- grven drsplay

ã"ii"n agonistic interactións' would be type, no two performances by a lizard will

rJ..l."a if'"n 
"tri*ut's 

intention, degree of be identical; however, basic to each display

-oiinutiorr, and potential strengtË 1ø.g., is a sequence of.temporally P3I.Itt.d
body size) relative ro the viewer's strength body movements whrchrt gilt._r:^ojI:?-
;;;å ¿;;;"yed by some set of signalt; ä-tit one'display to.the next' This predictable

iniormatiorí .o.rld b. used to pËdict who seqrrence of behavior is what establishes a

l""là *in u physical ..r.orri.r without display typ.- s pattern and afu_ays ¿ppears

ir,. "..J,o u.*"íly fight. Both contestants in èach. þèrformance of that kind of dis-

;;"ld Ç;;nr by uíoiåing excessive energy Rl^ay; it iithe core (i.e., maximum reliability

expenditures ind charrËe of injury (séê of ó...rot..tce)of that display pattern' Yet

é"ii;h and Price, l9?3). For sñori-lived variability (ø'g., tg_mporal) is present even

species genetic control over these signals within this core display; this I am lab€llng

u'"a tn.ii meanings would also be favored. as core variability.
Each species'"signature display un- z) p11Þtat mod,if.¿7s-In contrast to core

d""Uteafy'f"lfilled åumber of iommu"i- variab_iliiy, 
- 
modifiers are Postures (static

carion functions ,,r.h u, advertising a modifieré¡ ot *on.rnents (dynamiç Tgd-
lizard's presence even when the displayer ifrers) which arenot always assoclated wltn a

could not see another conspecific (utt..- particular display pattern; they can be

iior,.orr,.*t), serving as rituälized aggres- ã¿¿ea to the core display .pattern as.an

sion during territorial disputes .(challenge oPtion employed by the enttrl 
_P,oP,u,lfl]on

contexr), añd indicating séxual interest.or (Jenssen, 1977a; Jenssen and tlover'
lack of interest durine male-female in- 1976)'
,ãru.ri""t (courtship coonte*t¡. Therefore, Afier discerning.where ,tl., to"1= "t
the signature displáy had different mean- variability res-ides within a drsplay. Pattern
ings d"epe.rding on iecipient o! tle signal (i,.e., core and/or modifier variability), one

and the context (r.. S-itt , 1969 for tñese àan'determine for each source the relative

concepts). mount of variability i:t;*lËiofl, t^:t-
--ihËút.otyped 

aspects of the signature parisons.9{ {ispta¡s performed !L:"tn
display p"tt.íå werè useful for. species lizard (within lizard,coml""T-:) iîSj:"-
."ågáitío", but any residual variatitcn in c.omparisons o.f displty=t l]-.,o\t^T.lt"'
the s"ignal could provide a recipient with lizards (between lizard component)' wnen a

more information "¡o"t tn. äisplayer's measured display P3raqettt sh.9ws a

identity, the displayer's level of árousal, noticeable amount ot varlablllty' lt may
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have signal value if a major portion of the
variance comes from onl! one of these two
cornponents.

I f most of the variability is explained by
the between lizard component, ihen intra_
indàuidu.al..stereotyþy exiôts; tfri, .""aitio"
tavors lndlvldual recognition cues. On the
other hand, if a large-majority of variabiì_
Ity resrdes rn the within lizard component,
then intra-p.oþulatinn aariability .*irir, *iit,all lrzards being able to vary the displav
parameter to a similar extent; this cohdí_rion could be used to indicate ,"luti*
arousal intensity of the displayers. Dirpl";
oenavlor, then, can be partitioned into-twó
sources of variability (èore and modifier).
wrtfr the observed variability attributable tãwithin and between lizaíd .o-pon.ri,
(Fig.2).

. With the present data base, I see several
lntere.strng trends which may have
evotutlonary implications. First, iústancesoI large core variability primarily showintra-individual srereorypy' and .roi i.,tru_population variability"(irig. 2). e, àì
example, all male Anotis ãebulosw of- àNayarit,. Mexico population p..for-"J
rdentrcally patterned signatuie displavs
(f enssen, 1970b). However, within the coíeporrion of their signarure airpfay, iÀãrã
was slgnlhcant temporal variation in dis_play duratic¡n. This variability was slightfor d.isplays of any one lizard (2% ;î;F,i;
ttzard), with each lizard having its ownparticular display duration. Coñ-,pa.isons

¡o
õ

=

2t 43
ttXE OF lOT^L otSpLAy (S.c)

FIG. 3. Mean. durations of the signature displavsfrom 43 male Anotü nebulnsus. v.r,l*ilirã ;;5;Jh
black bars indicates mean value 

"r¿."a, àî¡ì".il?i
give gSVo confidence limits of mean

CORE DISPLAY A oil por¡ibt. ELABORATTOT{S

STEREOTYPED
CORE DISPLAY

DISPLAY
HODIFIERS

Dtnoñlc
(nov.m.nt.)

Sfofic
(roatoraa)

Core

of display durations between lizards. how_
ever, was gr.eat (987o between lizards), with
the mean time for the fastest lizard'being
1.7 s and the slowest g.l s (Fig. gl. itri,
type of intra-individual stereoiypí could
serve as an individual recognitiorr'órre.

Another and more poigñant example ofintra-individual srereótypiy fo, .or. iårià_
bility. is the Type B dísplay 

"t iritopiru
undutatus hyadnthiruts (Rothblum and' Ierr_
sen, 1977). This d.isplal w-as extrerirely
stereotyped for each male, but for some
males rhere were significant differencås
between their .B disp"tays (Fig. 4). fÀ;;
differences were so ploúouncãd that the Bdrsplay could not be represented by a
single display patrern.
. r p^ropose as a generalization that any

srgn¡hcanr amounr of variability in the corê
display promores stereotyped, i"dluià"ullv
unrque aspecrs to a lizard's display that caátunctlon as individual recognition cues.
This-in rurn can provide the"raw -"r.riãllor character displacement and sympatric
specratron where female mate ielêction
"pg.?tg: 

on display fearures. In shorr, corevarlabrhty may be the origin of new,

:lllT litp.lay patterns for nðwty evolving
s¡DIlng specles.

A second trend concerns display mod_

ïG: 2- .A model for partitioning the source and
kind of display variability.

a

I

.t

a

a

a
a-a

a

t

- a
aa

-a
I-

õT V$¡Æ¡r¡w Y¡BIi 1146,
L¡NLT VAR¡ß¡LIN SETtEi LIUR6
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S&O tq oF
V¡RIÆ¡LIIY 8EÌ€ET LIAi6
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flrr
postures for enhancing lateral body area),
seem to be universally used in the farnily
Iguanidae.

The evolutionary implication is that
modifiers tend to be conservative, some
being quite primitive (see Orientation and

þostures 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. Every lizard can per-
form 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, or 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.

Dæþlay repertoòre 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 (ø.g.,

assertion, courtship, challenge).
Behaviors excluded from repertoire size

are those which are not obviously
stereotyped and those interspecifically
shared. For example, common to all anoles
I have seen is the use of dewlap movement

ü In .1. o û |

l:r ,rjll¡ - .rJ-- lll

I I lr r
ooÛnIJ

tr 0 ß 0,

rl-lrr
J -ì.. r

û,t

ü
rtr

¡ ,,1

0-. 0

to

er I ll¡+

¡:r

. f:l

rl
0. ! |

r[ 0 |j|- -0

llr
r! rit , r:r íl - Íl

t-i r:1.Il 4

r r -----l ll r ¡
.rJ lr rJ g

rlr .ß ¡:r, l!

o gEcoNDs 5

FIG. 4. From 79 Type B displays from I I male
Sceloþorus undulaus hyacinthinus are constructed some
of the individual-unique patterns for males 7- I l, 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,99Vo 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 modi.fiers are lateral body compres-
sion, lowered throat, dewlap extended,
mouth open, tongue out, raised nuchal
crest, widely opened eyes and dilated
pupils, elevated fourJegged Posture, and
other optional postures; exarnples of
dynamic modfiers 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.9.,
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divorced from s
menr For,n. _ï.i,.iål,.t"3fo¿oå,?Ji_
p_tlg'^ is non-srereotypäa 

""a .ã., ;;;;".,(t) afte.r eating, (2)'åuring sr,äãiíå'tslwhen the anirñal'€nrers 
""páïiäi'ì,3, a._main with which rr was previously out ofvisu.al conracr, and (4) 

"r';;.;;;;; iJir,.beginning__or tailing_off 
"i-;";;i :"counter. Undoubtedly there u..-u- i.*anotes whose a.*tuppì"g -'åul 'u"

stereoryped and an importan-t dispíay ofthe formal reperroire. With th. ã.ã.iii""of these rp..i"r. l. u- 
"ài";"^ià5;il,gdewlapping in rh; dis;;;rio;'ri;;Ë;;ï.

g'"'*..* :i oii:Ti,'*,,1'*f# ffi , ;performed by many ig"u"iáì;à;;ï-"'tn
-¿ìs mentroned above,. every iguanid

]:r_i.O appears ro nave rrs own species_unrque sisnature display.. rn. ,ig[ãiri.
_q:{y paltern of a ¡p.ec!e, .ur, Ë" u..ysrmple, such as the biief ,i"" ,uu._jiL.bobs of Anolis linea
I s7 7 b)(Fie. 5). xn"r!?!T^,?:,ckeri Q ensse.n,

piu y,,' À;'? ;á; ;';.i'å:ii ji*jìi:ä:' 3l';
n:T:_!y which dispruy .o-pr.*-i;i #,nave rncreased is through the ¡"."ípo.i_ 

,tion of dynamic modifiËrs il,;"rh.äå 
I

.*:o,XI: 9¡.Iikety possibility àirrj'i"""î. (rrrc nxatlon ot ontional -head bobbing I*T:l may folrow.tÄ..o.. airpril."""""', (ror example, the siø.,rr,,"Ä ¡í"^l_,,^ ^.¿,ol¡,t¡äîiiåi"i'aiîr,' jlT,illäu,o:Tlï;"i,[i
serace:ts_ can be compa_red to 

-illuriiát. -ä 
I

ry:riqt" progression'"r i"...urin;ätr;ìr; ircgmplexity based on a^ greater incorpora_ atron of dynamic modifiårs *; ,h. ;ffii v

LllilFROilS

rirrt{sEr¡ol

,,,-ëwEffiffi

o

FIG. 6., Signature displays of Anolis limifrons, A.lotutuendi, and A. sericàs

l._lii'1rqr;ngr-"i,ï-î",iä,TiäT.r'ff :l'.'.î:åtDrackets. Under the brackets, the grey uí.", l.oËsent dynamic modifiers and the ¡lr.î 
"i.r, ..ï.àí.i,part of the.core dispray. Sptìts l;;;iöiìiäìlliïwhere the lizard may termlnate rts display. Upoerblock of each fi gure é¡"*r. ¡,.rJ 

"rrpirìiå J *iJí*i
:j-. 1nq lower block shows dewlap ;.;;;3;through time.

nal portion of the core display. The display
?l! hytJit:s is deprcted as the initial
yjl"ì. ot evolvrng grearer complexity. Theorsplay core of seven bobs can'be foílo*à¿Dy a varytng number of single bobs(Jenssen and Hover, t926) (Fi;.%;. i;;tounsendi the terminal po.tíoà o? ,t â riÅ"r_ture display is also uu.iubl. 0;;;;;;?äRothblum,'1977); but in this säeciËs. ir,îr)

rs a.varying number of acrs fËig. oj. n"îÈact rs a complex srereoryped Uãt uíio, i"_volving the c-oordinatio"'år t .ãã;;.*lap _movement. Once an act is begun it isperformed ro complerion.--lr, 2." *i¡ii^',
illîh h."r a long stereotyped ,ienurr.;orspql (approximatety 30 ì), tr,å" i, ãreperrrron ot complex behavior in the lasi
lll ,li1d' of thè parrern feis. o);- rhisrepearect partern is part of thã coie dis_play. One can hypothesize that ,h;;. ,;;;
111 Þ..n optioiät repetitions ;iä,';,
seen ¡n A. townsendi, which have becomefused into one long ,ig""i"r..ã;;p;ï;;l:
tern-S ECONDS

l{G _9. Signature display of Anotis lineatoþus necheri.
T1:,,Y-il" gives head'aipli,,ã;';;;ä-;íi 

^liå"üi;l::ii: q*, etapsed.time.-G.rey area shows bJbin!nor always present with the signature displ¿r.-'-'"'s

Nor a.ll species have a single disolavpatrern in their reperroires. I il fi;.íi;¿that Anolis tends tó t
repe*oires. r",p.:i:; Hj:'f}' 

"otì*åi
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display reperroire,. there is the_ species- tional distinction between the two display

unique signarure dtr;i;yi*hi.nl- tiil *rr patterns as well as a descriptive difference'

the Type I display), 
rufrå; ;.-;"ã ài-.pl"r ^ In lizards having two displays in their

partern (a Type B dirpl"Ð:-.For tliosâ repertoires,tltqTyÞ."1(signature)display
species having more thari oiå aitptuy prr- is'performed in, all social contexts (¿'g''

Ì5;i;îä'ï?,iär""ir^tiÁii"i ,t ti',.2 ãit- assèrtion, courtship, challenge)' In con-

play. If one assume, ;h;;-;.Lp.rtoir. of rrast ro the I displáy the Type B display is

Ë;i;ri;"îü" Jãiãr*i"äJ rtgnJrr usua.lly generally,restricted to asonistic encounters

evotvesfromsmalt.'i;;g.,ì?;;"å""uiå ('¿.r.,.nátttttge context)ì This second dis-

;;;;ü;;i;.-ãuotutior, 3f 
'subseq"ent.sig- 

òl1r 'vq' "9Tl to have evolved as an

nals ro share many "*;; ãf tn.'p'.roioüt ätuÉorâtio.r of ritualized territorial interac-

sisnal or signals (3";io; lgzzl. ïtir.up- tions. A more extensive bluff system has

;Ë;î;ËiË;ì;f;;;; ïypJa airpruy' been suggesred.as a favorable mechanism
,¡. ä\ tr-- - L / for speðiés which interact throug_hout a
t"là'å.,..t 

multiple display repertoires, long.breedi.ngseason (Jenssen' 1977a);this

one needs to be alert for small, but statisti- *oüld possibly decreaãe the occurrence of

cally sisnificant disrinctions in movemenr physicalcomuãtf9_lwinninguttgÏ1::1i"
;1i¿#"r."ïË:"ir-;ö;"i'"lly ,r,r" ir ,r'" a ing. territorie¡ {itn a computer model,

ãisplay closely..r.*[ìãrlí",1 putt..,'. 
'.o 

srfiitrr and Price (1973) show jt is disadvan-

ä.ì".;#;;'h;;ñ;;;"-;;ùìfy áiff.r"r,, laseous to use potentiallv dangerous of-

parterns truly merit ;;;r;,. .iássificatiorr, feäsive weapons-in intrasPecific t:*:t^t:lt u

ão.trou"¿ ,d.iul ,itrrutions should be pro- stable strategy does, however, requrre that

vided to observe if th; two displays'are contestants 
-should respond to an "esca-

used within differe'i-cirfrr*rtun."r. Co.- lated" attSck by escalating in return' For

relarions berween .oir.*r, ""J 
àiffete.rtial u"åt"t with a large agonisiic dispìay.reper-

'r. of display p"*.,,,,îãJá i'r" " 
f"rl'- liîi:iiffi:î1,:'* ::i;:1::o 

*": tes'

Some speties have proliferated the

.,',,^on.#number'oiagonistic-relateddisPlaypat-
A r::::¡......,:Y'.. terns to incluãe C' D and even E displays

.-.---;' in their repertoires (Ho_v9r and^Jenssen,

e -.i--l''a.¡¡.."',"...'. 1976; Jensöe" ?."d Rothblum' 1977)' For

-:--r- 

e*u*iI., Anoli.s timiþo.ns _ 
(Hover 

, 
and

'îÏ=:*-,{.:.:.. ..:: ....:::'*¡:A¡::lLlifï i"'tÀ?'i'?ï'$?
a-'--.r- 

-\'..--::.'--:.------;'":.:-'-----7 

male-mãle encouniers' As the encounter

"..-'-:,=¡dlì:------l--:-::'-------'----':-: 
ensues and the animals move closer to-

'.-'-:'= !--'.:-------,'-'-.---------.r':'---:---': ward each other' thev orosressively per-

t-Ã *o." elaborâtä d"ispla-y..'types
GRABAT' (A->B--+C--+D). In the exchange.ot dtsplays
a 'r-LJ'rr*-----;, r----:: ç------.' the responder pertbrms a similar-displal

e r¡r* ij::*::'*m'f,P#'å,'¿ff;ylfi::;r'::-t' a-'--:'1'1-----'; 
oiÊtt' thev give tn" C-ãitpruy' which is of

GARÍanr short durátión and has no dewlap exten-
o ¿L-â-AII sion. This least elaborate. display mrnrmr.zes

the chance of injury to the displayer-as the

B a l 
^ ^,- Jitptuv is of shoit duration and the dewlap

'''-----------'" it not ê*tended and vulnerable'

"ff 
- 
Wn." vi_e_wing the displays of a large

Frc. 7. comparisonsof .thervpe AandBdisprav.s :îå:l'iî"Ifft::î:"ix;:o*:{i:'ttf,l:ï:i"it'. ..p.i,.iires ot Anotis limtfrons, A' tounsendi' A' :::i.Ì^r''"::llÏï,""i" r'r-i""rrir..iå
grøhami, andA. gormant. 

s ¿eml'Jrorö' ^' 'u@'6't'Ú" 
/" 

evolved..Presumably the I (signature) drs-
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B,

SECONDS

?34567;;,; _l

(Fig. 8). The Type C,display was probably
derived from thå.8 displ'ay.'Thã ð a"iipruy
begins tike a I display, nú, ,f,.rii,ãig.,
by finishing with a io"! ,.ri., å"r ùJËr. rn.u orsptay ¡s the most elaborate and di_verges more from the ,l display than the
t'_i:glî.s¿ ald c pamerns. tr,é¿ diìplay
rs rne tasr bluft performed before the.dis_
PuIng lrzards are within physical ranse ofeach other. The D displai 

"¡ip.ãÀ ã"r"iì.afrom three pre_existiirg'u.'nãii"*iì'r," ¿partern, a series of four_legged pushups,and the A display patern. An indicatron
rnal tne, pattern is an amalgamation ofseparate core patterns is the fait that afrereacn ot the three intra_display patrerns
there.is a varying number 

"itilf.åìåri_
år:T"(fl.:y ureas on D DAp graph of'Fig.ö/. l nls.rs. very reminiscent of thè optionãlrermlnal bob- repetitions that ,..uä u, ,oynamlc modrfier at the end of many dis_plays. In the D d.isptay tt.r. ,.g*Ë"ìï*ìrn
ooo number variability may reþresent ves_

ltg: -:l,,lr-ee separare pattérns having
oeen welded together to produce the most
eraDorate of the lhnzfroru displays. Last, theE display., which.oúld h"u. ä".'l;.ãî;i;;.
.-re 

_¿/ drsplay, is the A pattern without
dewlap exieniion.

In conclusion, Anolis represents an ad_vantageous vertebrate groirp for studyingdisplay evoturion. Añong h-;å;. ,;.
genus has a relarively rich ,ä.i"¡ ¡.Ëui"r.
Anoles are easy to siudy in tt e ñ;ià. iil_
:::::.,:l the group's eitensive ..otogi.utractlatlon, there are many potential iasestudies ro correlare display ånu.u.rã¡rJ.,with effects of diverse'Uátt ã"ã"ãUi.il
environmental conditions. This g."", äfversatile lizards offers an excellen'r ooooi_
l"nrjy to approach the probleÁs;i;ííä_
rry, tunctron, and evolution of behavior.
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