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Abstract

hmmummﬂqumnm!mﬁim“ﬁmmtf'ﬁ
cooki and Amodis cristatellns) whith share the same microhabirat (syntopech. The wmeensity of
iksse interspecific matches was a great a their respective conspecific mavches. When the rwa
spes et imteracred with eicher “look alike™ comgeners [A.cook with A. monenns and A, ¢rista-
st.or with A gumdlachi) or with the quite differens appearing A rofrmanm, gEresive
imeasity was only 1/6 that of the coakiccristateling encounters It seems that A. ook and
A_cristgpellis recognize each other @ competiton; it Was improbatle that © _ ic
rion was cused by the rwo speches mindenufying each ather comspecifics. Becamse
“erincarellus eweansally “dominaned A.cooki during saged encoenters, it 13 peedicoed A
criitarellns should ecologically displace A. cookd in their syniopic Tones of contact

Introduction

In complex anoline communities where SYmpatric CONEENErs ire COMMON,
interspecific competition seems o have resulted in niche divergence. The most
well-srudied niche dimensions which reflect congeneric segregation are “stroc-
wural niche™ (divergence in perch height and diameser, a3 proposed by RanD
1964}, "climatic niche” (divergence in preferred body temperature, as pro-
posed by Rumar 1961), and food resource (divergence in distribution of in-
gested prey size or taxa, as proposed by ScHoener 1967, 1968). Low u'li'h'!.l.p
slang one or more of these niche variables suggests chat resource parnnoming
has evolved 1o reduce interspecific compesition, However, there are very few
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dara from any verrebrate group which document the acrual competitive behav
jor berween naturally occurring species preceding niche divergence (Mons
1974). As a consequence, most examples of niche shifts in areas of congenen
sympatry are interpreted as having been induced by competinve exploitan
rather than by competitive interference (CovweLe and FUENTES 1975).

Scpoener (1977) states that lictle 15 known about interference comped
tion in reptiles at the levels of either individuals or populations and Far less i
known at the interspecific level. Examples ar chis last level are scarce (e
Femcuson 1971; Jenssen 1973 MowTanucct 1974; Rano 1961, 1967), It |
generally accepted thar intraspecific interactions are more inoense than t
berween species. However, the relanive intensicy of intraspecific versus in
specific patterns of aggression has not been established (Momse 1980: 25

The present study quantutatively documents the intensity of conspectfi
and congeneric aggression in two competing species of Puerto Rican Amoli
lizards (A. cooki and A. cristacellus) and some of their alloparric and
patric but not svatopic {alloopic) congeners. In this paper we address th
following three hypotheses regarding interspecific aggression.

1. Aggressive interactions are more intense between conspecifics than
between individuals of different species. Theoretically, the overlap in any
niche dimension is greatest among members of the same species, Thus, it i
expected that the most acute compenitive interference (i.e., agonisuc encou
ters) will be between conspecifics. In this regard, recent food habits dara ha
related degree of aggression berween different species 1o the degree of diew
overlap (Brawch 1975; Esemsore 1977; Low 1971; 3tvson 1970, 1973)

2. Interactions are more intense during encounters between syntopic and
ecologically similar congeners than berween those which do not share the same
microhabitat. It is expected that the more nearly alike the ecological require=
ments of two species, the greater will be the interspecific interaction (MLe
1967). STamps’ (1977) model on conspeaific aggression may be applicable o ?
interspecific aggression. She found that the more overlap conspecifics have i 3
certain resources (e.g., food, mates), the more agomsuc behavior i3 exhibited—
This suggests that congeners will exhibic more interspecific aggression 'l!'lﬂl-?_'
a greater overlap in shared resources emwso. For syntopc species of recent
contact and similar requirements, the intensity of interaction should be partic- :
ulariy high. This may occur because insufficient time has passed for the species
1o diverge along critical niche dimensions (Oniams and Wiirsow 1964).

3. The intensity of the interspecific interactions is not a funcrion of .
similarity in appearance berween species pairs. Instances of sharp interspecific |
interactions have led to 2 controversy. Interspecific territoriality has beem
interpreted as misdirected intraspecific ternitoniality (e.g. BEcxEn 1977;

1969, 1974: MukrRAY 1971} or as positive recognition of non-conspecific <o
petitors (e.g. CatcuroLe 1978: Low 1971; Myasing and Tumesser 1974
TinesHER 19761, Oe crndv sxamines these alrernanves.
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Materials and Methods
Subjects

wie wied dule males of five Puerto Rican species {Table 1), bac focuied primarly om
| vooki and A crtarellus. The laner cwo specian exhibit conipicusus inerpecific wrmon-
Jitv. They are moderately large (5370 mm. SVL} and of similsr size, conditions which
seuoenEr (1975) found likely o enhance rhe intensicy of competition. They are also of
jmilir appesrance. only recently bemg recognized 25 separate species (Gosman et al. 1968).
Jmolis coaki iy rericred to 3 small xenc habimr in southwestern Pueren Rico, where st places
jt & symeapic wigh the more widespread A, croateilus, In cheir areas afl sympanry, A, coonk
e |t oecupy & slightly more open microhabirar (WitLiasa 19710, but both species share
beo Iy averlapping climatic and stractural niche dimensoes [Huey amd WessTen 1906
Lisren 1976; Jrmssen, Jesessex and Mancerioet, unpubl, data). Furthermare, physcal fighting
/i ¢, biting) frequently occuss berween these comgeners & ohaerved i the field during in-
ruder-release experiment [ Jenssen, [ENsSEN 2nd MaRcELLoNT, unpubl. daeal.

Table 1: Morphological comparisons of Amolir cooki (CO, Amalis eristarellus (CR],
Anelis monensis (MO, Amolis gundlad (GLU), aad Anolis roermann (EV)
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The other three anoline species of our swdy
cristareliur comparison. Anslis momensis, the onky Anolis species found on Moma Diland off
the western shore of Puerto Rigo, o the close re
ippearance to A, ook, Anoli
o A, cricratellus by virmee of a
1976 Pamn 1964 Scrorwes and Scworsen 1971; Wiiiaws 1972
is samiilar im size with the other four speeies, is qu

s% Vyries berween mdividuals.

of having the mortled brown body pasterna of
to A, cooki and allsopic o

manmg |5 allopamc
nick= in areas of sympacry

¥ srams 197D,

Although mars
S0 seabilized ar 7 A, cond (C

ind bady =eight recarded,

Males were bowsed singly in 12X 0.6 X 0.7
specifie sdule females per cage. These holding cage

animak were colleceed, che

ite different in sppearance. [t o
the ether anoles of this sdy. Amolis ever-
A, ¢riatateilus, having o divergpest stracroral
with A crinatellus {Ranp 1964; Sceoswer and Schoewe 1971;

were selected 1o complement the cooki-

lagive of A.cooki and s very mimilsr in
gundlachi iv 4 sibling specien of A. cristatellus, bur a allotopic
cooler climatie niche (HEnTz et 1l 197%; Huer and Wessree
j. Amolis Focrmanm, whidy
green mstead

popalation of males in our lab st V.P.L and
) from Caba Rojo; § A cristaeellus (CR) from Cabo Rawa,
wne A, moneasis (MO) from Mona ldand, 4 A gundlachi (GU) from El Yumgee. and 4 A
rvermanmi (EV) from El Yungue. Each lizard was woe clipped and its snour-vent lengeh (SVL)

m enclowures, shong with rwo o four con-
contained stusips, branches, snd arnificial
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foliage. The ligards were watered and fed crideen and Temebrao larvae daily. The lab was kepe
w approximazely 147, with cages having ther Suorescent lights se= on a L2L-12D cycle,
cenvtered ax 13.00 h,

Experiments

7 plusses of encoumcers were uaged berween pain af male compecifics and congeners.
The cizsses of pasrsngs and their replications (IN] weee: CO-C0 (12), CR-CR (13}, CO-=CR (8],
CO-MO (2], CO-EV (8}, CR-GU (2}, and CR-EV [3]. A sotal of 43 inreractioms invalving
11 males were anabvred. The males wers vesved within oo manths of their capeure, snd all
were i gond healch

The above interactions oceurred m o3 36X 13X Im enclosure, having a central re—
movable partition. Simulsted habirsr was arranged most densely at the emds of che enclovurs;
siered brandses were positioned slong the lengrh of the bade wall, ending on the substrata 4
the partinon. With the perution present, 2 male was placed in each end of the encloss
After at lesse 26 b, the partition was removed. Incroducing the mbjects to eadh ocher in thi
manner efiminaned handling sffects and produced  “resident-resident” relationship o enha;
verrivorial behawior.

Paired interactions, termed “mavches”, were 50 min long, and consisted of » warkable
number of subiece-derermined “rounds™ (Le. imvervaly when ssbjecs were avertly muer-
acting), interspersed by penods of inacrivity. The dwrarion of eah round and the occornence
of varioms behaviors performed by eadh subject per round were recorded from a blind, wng
s stopwatch, tieer, and rape recotder,

Quantification of the aggresive meemiry was sccomplished by firet making an ethogram
of aggrewive behavsor for all species (Caiz 197%; yommarized in Table ¥ With the ex-
caption of the species-unique bead bob displays, all specses shared the iame repertoire of
agonistic-related behaviors, Observations on our specsss (Owriz 1979) and om other anoler
(Hoven and Jewises 1976 [ewssew 1978, 1979) indicate that che agomstic behaviors are
in & progressive manner. Some behaviors predicrably appear early in encousters, while athe
are performed progressively lawer during prolonged encounters- Based cn their spprozmmate
order of appearance, the various belaviors were scared with a weighved scale (Table I).

To score 3 match, the point valses for all behawicry performed by each robject during a
match were summed; this moral formed a swbiect’s “sggression index™ (ATX) for 2 masch. The

Table 2: Weighuing scale of displays, their modifiers,
and actians used wo cabcubare the sggremion index (ATX) for a mands
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speatet the ALK, the mofe aggroieve behawiar a subjecy coneribured during 3 march. A Sean
1% wan caboulared for each clasi of compecific and congemeric marches. [a addinon, the
;meunt of time spent in owert interaction wai sammed for each march and was cermed, “toral
Juration”™ [TDN. The greater the T value, the more ume 2 par imceractrd during the H0-min
nacch. Mean TD values were also caleulared For eadh claw of maeches. Seatiancal comparmons
were iade among the class scores for both ALY snd TD data sen using the NONPAFLMELTIC
sfann-Shitney 1T vess [MEGEL 1944),

[hus to the imited tize of the laborasery population. most males were nied more than
e, but ot more than three rimes, Thees convennons were employed 1o decrease che chance
4 --ior experience affecting the oatcome af the subsequent aggresive dispures, The Firss was
s it at least five days bevween crvab if 2 male was 18 he re-used. The wcomd was m matdh
amiv simmlae sized subjects; in all mavches the size ratio af concenders [SVL emaller subjec'5VL
larger subject) was 0.94 £ 5E 0.006 mm, The |ase convemtion was 10 rus interspecific mateher
hefore pairing subeess with eanspecifics.

Ethogram

The agonistic behaviors were divided into four general categories. The
fiest was the species-unique head bob displays which were wied by the observed
\pecies in a similar manner during AEresive ENCOURTETS. The second was 2
g==np of postures thar at times accompanied the head bob displays (“stane
4.:c1ay modifiers”, sensu Jenssen 1977, 1978), but which could be performed
ndependently of the head bob displays. The third was a group of movements
shar at times accompanied the head bob displays (“dynamic display modi-
fiers™ sensu Jenessen 1977, 1978), bur which also could appear independently
of the head bob displays. The fourth contains aggressive behaviors not directly
1ssociazed with the head bob displays which we termed “actions” (e.g., chasing,
hiring). With two exceptions (stretch posture by A. cooki and absence of tail
arching by A. evermanmi), each of the observed static modifiers, dvnamic modi-
fiers. and acrions was shared by the five species, suggesting their value for
- -s-specific communication.

Below are short descriptions of the modifiers and actions. Wichin each of
these categories, the behaviors are ardered from those most likely to be per-
formed early in an encounter to those given dunng intense conventonal dis-
plaving or escalared fighung.

Sratic Display Modifiers

Evected crest. The erectible crest is a dorsal fold of skin projecting up
from the meds and usually along the length of the body. For A. cooki, A. mo-
inesis, A, cristatellus, and A. gandlachi the crest is quite pronounced: for
. ‘wermanni it is minuscule. The crest erection is a prolonged response, appar-
ently being under antonomic contrel.

Extended throat. This modifier is produced by the extension of the
hyoid apparatus. Like the erected crest, it gives the lizard an enlarged ap-
searance when viewed laterally.

Sagittal expansion. This modifier is effected by lateral compression of
the rib cage. 'When viewed laterally, sagittal expansion also increases the ap-
parent size of the lizard.
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_ Orbed eves. This modifier consists of widely opened evelids and it rmes
dilated pupils. ' '

Cipened mouth. In chis posture the mouth is held paruially opened, but
never widely gaped. It may represent an intention behavior to bire. !

Protruded tongwe. The pointed end of the tongue is pushed forward
beyond the anterior margin of the lips in this modifier. |
_ Stvetch posewre. When viewed laterally, the lizard has its head and body i
a.hg;m_:d 5o that the vertebral column is approximately straighe. Superficially
the lizard appears to he sererching since it achieves mamimum SVL in this
posture. This posture was seen only in A. cooki.

Dynamic Display Maodifiers

Detwlap puise. This is an exvension and retraction of the dewlap. When
associated with head bobbing, dewlap pulses are performed at the beginm
andfor end of a head bob display. They vary in numbers of reperitions and
usually occur when a subject firse derects its adversary.

Head roil. This is simply a raising and lowering of the head. usually
performed just before the stereoryped head bob display. Amplitude of che
head roll can vary, with exaggerated movements giving the impression of
bowing.

Rocking. This modifier begins from a four-legged stance. The foreli
are flexed and extended, producing an alternaning anterior-posterior ©
ponent to the body motion as well as a vertical component. This rocking
ment was asually observed just before the head bob display. It was abse
in all Five species, but was most conspicuously performed by A. cooks.

Tail Movements. Tail movements were of rwo : an upward archi
of the tail with the tp held high and laterally mu?eﬂtiaﬂ ﬂF; The ]::::E
graded from twitches o full swinging ares. The rail wags were the most fre-
quently performed, wsually occurring independently of the head bob displays.
The arched tail movement was an exception to the other modifiers m thar i
was only executed by those species of the cristatellus species group (WiLLIAMS
1976), A. cristarellus, A. gundlachi, A. cooki, and A. monens. 1

Actions

Approach, This is simply the approach of one or both lizards rowards
each other, but with no arrempt to bice. o

Artack: This is a rapid approach to within at least 2 body length of an
oppenent, with intent o bite or actually delivering a bate 1

Jaw sparring. This occurs when the two males orient head-to-head, with 1
mouths partially open. They alternate in a series of rirualized attempes 04
bite the jaw or rostrum of the opponent. One male swings it head woward the
side ::f its opponent’s head, while the other male parries the move by first
evading the thrusc and then countering with 1 cheek-to-cheek push, If this |
contact i3 subseantial, one of the males may lose its grip on the perch.
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Jawr locking. This occurs when both males lodk jaws: one male bites the
ather's jaw, while the second male grips the first male's rostrum. When aw
lodking occurs, it almose always follows jaw sparring. Jaw locking establishes
dominance in those encounters which continue to escalated fighnng.

Supplant. In this action one lizard moves to an occupied site and dis-
olaces the second lizard, but does not follow the supplanted individual. This is
1 crtenion of established dominance.

Chase. This occurs when one lizard consistently follows another through-
it the enclosure, driving the second lizard off of everv perch it rakes. This
i - pronoanced cricerion of sstablished dominance.

Results and Discussion

Hypothens 1: Conspecific males interact more intensely than congeneric
males. This hypothésis was supported (Fig. 1). The mean for pooled AIX
values from conspesific matches (CO-CO and CR-CR) was 1.5 umes greater
than the mean AIX for pooled congeneric matches (CO-CR, CO-EV,
MO, CR-EV, and CR-GU): these mean values were 358 £5E#1.5 and
114 =SE28.7, respectively, and they were significantly different (p < 0.05).

The exception to this hypothesis was the strong aggressive behavior
occurring between A. cooki and A. cristasellus. The mean AIX for the CO-CR
marches was 277 £5E 60,4 (Fig. 1). When the CO-CR daa were tested against
the pooled conspecific matches {(CO-CO and CR-CR), there was no significant
difference {p = 0.44).

d = 1 F 4
T
[

i, 4 Mean aggresison sndex (ALX) for pamed
encoungery of CO-00 (conipecific coskd], CR-
CR [conspecific cristateilm), CO-CR (cooki v
cremareilnsy, TO-EV [cooki vi. eedrmanml, CO-
WD (cooks ve memeanr), CR-EV (crorarellus w
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@
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rLermgrng ), and CR-GU {rru:-luihr i, lli- E E [ 5] : T |
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Hypothesis 2: Syntopic and scologically similar congeners interact more
inzensely than alloparfi or allotopic congeners. This relationship was strongly
supported. The syntopic compertitors A, cooki and A. cristarellus interacted
5,5 times more aggressively than when these species were matched against the
other non-syntopic congenenic specied (Fig. 1) There was a highiy significane
difference (p <<0.01) when comparing the AIX dara for CO-CR matches
(277 £SE60.4) with the pooled data from CO-EV, CO-MO, CR-EV, and
CR-GU marches (50 £ 5E 6.4},

The second hypothesis continued to hold for solely sympatric species
well. Anolis cristatellus is syntopic with A. cooki in southwestern Puerto Ri
and is allotopic with A. evermanm and A. gendladhi at higher elevations (e.g.
in the Sierra de Lugquille). The mean AIX score for CO-CR matches (277 &
SE60.4) was significantly greater (p << 0.01) than the AIX mean for poo
CR-EV and CR-GU marches (60 £5E 10.5).

Being syntopic, however, does not necessarily dicrare thar congeners wil
exhibit intense competitive interference. For example, Taisor (1979) observ
ed almost no agomistic exchange berween the similarly sized Anolis bumili
and Awnodis [imifrons in areas where they were syntopic. The lack of evid
for interference competition in the bwmilis-limifrons smudy would suggest tha
the two species have diverged along some eritical resource dimension to permmc
co-existence. Conversely, it may be hypothenized thar the cooki-cristarel,
contact is a recent phenomenon in which no mechanism for stable co-exis

of species appearance. The data did not indicare thar inrerspecific aggression

{min)

MEAN TD SCORE
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]
L
=

SE52323

T L e A Fig.2: Mean coral dhirsson (TD) of all rounds of-
o000 s musch from clases of paiced encounters. See
oU o auaoD Fig. 1 legend for ke 1o symbals
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s caused or influenced by mistaken idennry. Anodis cooks and A. frﬂmu_{{lx:,
-he two species which interacred with almost the same intensicy as conspec Fics,
vere each matched against 2 “look-alike” congener (CO-MO and CR-GU) and
against the dissinctly different appearing A. evermanm (CO-EV and CR-EV).
The mean AIX for pooled “lock-alike” maudhes was 31 +5E 43 the cor-
responding mean for the pooled CO-EV and CR-EV matches was 38 t5ET.5
{Fig. 1) .

i TL:n: was very lictle aggressive behavior exhibieed berween A. cooki and
o losest relative, the alloparric A. monenss from Mona Island; likewise,
A cristatellus interacted wvery licle with (s iltﬂtﬂ?ﬂt sibling congener,
A, gundlacki, In fact these two pairs of similar appearing congeners showed
|ess agonistic responses than when A. cooki and A.cn statellus were each paired
with the green colored A. evermanni. [t is concluded that the high level of
aggression evoked during the cooki-cristatellus encounters is not merely intra-
specific aggression being elicited because each species s mis-identifying the
ather as a conspecific. Instead, the synropic A. cooks and A._rﬂf:d:eﬂu:_ are
most likely recognizing each other as an immediate interspecific competitor.

The TD daca (Fig. 2) were postively correlared with the AIX results
/= .rson correlarion coefficient; N =45, r=0.75, p< 0.001). _In general, those
asses of matches which elicited the most aggressive behavior also had the
longest periods of rotal duradon. It i noteworthy that the most prolonged
encounters occurred in the cooki-cristatellus marches (Fig. 2, CCI-:IZB.:I.

The only ohwious exception from the TD-AIX correlarion was _tht
CR-GU marches. Even though very lirtle aggressive behavior was elicired
(Fig. 1), these rwo congeners nevertheless oriented toward each other and
accasionally exchanged low value signals for abour a third of their hour-long
matches.

d:"['I'-! final observarions involve the cooki-cristatellus marches. Since '!h.t!:r
s the only congeneric marches which reached escalated encounters, it is
sgnificant that A. cristatellus eventually dominated all matches. Both species
concributed heavily w the AIX scores during the early rwn::h However,
A. crintatellus evenrually exhibited chasing and supplanting i']u:_h confirmed
its domination over A. cooki. It was also the high walues carried by these
cristatellus-inidaced supplantings and chases which permirted A. cristatellus
to outscore A. cooki; A. cristatellus generated 67 % of the CO-CR AIX mean
(Table 3). The implication of these dara for the field situation is that male
A eriseatellus should displace A. cooki males from areas of murually preferred
r+ rohabitac

Table 3- % of voeal ATX points comeributed to interpecific marches by Amolis cooks
snd Analis eriseatellus, Species abbreviations are as i Table |

| ORARING 10ECHE
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Summary

This smudy quannfies the intensity of agomistic interactions within and
among an assemblage of Puerro Rican Anolis lizards. Aggressive behavi
occurring during controiled |ab-staged encounters was scored to yield a quan
titative aggressive index (AIX) and roral duration (TD) of overt interacrions.
It was found chat roo syntopic species, A. cooki and A. erisrarellus, interacted
as inrensely interspecifically as when they were paired with cheir respectiv
conspecifics. This level of interspecific aggression was 3.5 nmes as intense
when the rwo species were paired with either “look alike™ congeners (A. coo
v, A. monensnis and A, cristarellns ve. A, gundlachi) or with the much differen
appearing A. evermanm. These dara indicare that A. cool and A. cristatell
miles are capable of marked interspecific werritonialicy in the field, and tha
their agonistic response o each other 18 not based on misuaking one another
conspecifics. Furthermore, A. cooki was eventually dominated by similar 5
A. cristatellus in all cookt-cristarellus matches, suggesting that in the Ffiel
A. cristatellns will displace A. coodn from areas of microhabitat overlap.

Zuammenfassong

Diese Untersuchung quantfiziert agonistische Auseinanderserzungen (in
nerartliche und zwischenartliche) mehrerer Anolis-Arten aus Puerto Rico. Di
aggressiven Verhaltensweisen in Kahgexpenmenten wurdeén nach Intensitd
{Aggressive Index = AIX) und Gesamidauer (Total Duration = TD) aunf
geschliisselr. Die syntopischen Arten A. cooki und A. cristatelius beeinf]
nch gegenseitig ebenso wie unter Artgenossen. Thre rwisdhenartiichen Kimpf
waren 5,5mal intensiver als Kimpfe zwischen anderen Amolis-Arten (z.
A. cooki gegen A. monensis und A, cristacellus gegen A, gundladh), sow
zwischen diesen vorgenannren Arten und der anders aussehenden Artr A. ev
manmi. Das zeigr, dafl Minnchen von A. cookd und A cristarellus im Freiem
tatsichlich &in starkes gegenseitiges Revierverhalten haben und sich niche ein
fach verwechseln. Da A, cookt im Laufe der Expeniments gleich grofie 4. e

statellus besiegre, wird diese Art wohl in Biotopen, wo beide vorkom
verdringr
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