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In fact an enureration of the metheds we are using may te a good intro-

luction to the sccpe aof our project.
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turnover, persistence, reolacezent,

Eneccimens have teen collected for karyotyving
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This, of course, provides the long tern

and longevity.
this way disoloys either
the same or different snecies.
species.)

and
difference or similarity, and

B. Laboratory and experimental studies:
l. studies of displar pctierns with captured animals
2. cnoice experiments (See telow.)
3. mnaze experirents (See below.)
C. Corputer analysis, including simulation testing of corpetition
equations for geodness of fit to empirical data. 2
- )l
D. UModelling. Yerbval meodels or more elarorate mathematical studies
e teing used. E :
Tne results of these diverse rathods are teing reported in ser es of
szzers, published, in press, and in preperation that deel with individual
s and icéeas in o Zoshion thet provides no synthesizing theme. 1 have
sund it useful to aiferpt crponization of our anperently axorphous mass of
izforzation in two weys:



nce these faunas can te

(1) in terrs of faunas of varving sizes si
thought of as the unjits in which specices interactions occur.

(2) in terrs of jeneral tenics or retheds where our activities cannot

be satisfoctorily summarized in terrs of faunas or areas.,

I. Founnl studies and ccmparisons.

One anole faunns:

01d onn 2nole islands. e have recontly looked at one anole faunas on
Guadeloupe and on Lominica, two of the larpgest is.ands of the lesser Antilles,
and those in which Lazell (1962, 1964%) has fourd very striking geographic
variation. It was easy to confirm the sharpness of the chanpges seen in
travelling around these islends; Lazell's subsvecific names conform closely

to real biolorical phenomena. Some ponulations morrhologically very remarkable
e.g. zntosus on Guadeloupe have very small ranges (a few miles). Fcological
differences dre clear for some of the sutspecies in Guadeloune (zirafus on

the arid west coast, alliaceus in rontane forest. The ecological correlates

for others are quite unclear. The dewlan coler and display patterns or each

of the populations on the main double island of Cuadeloupe and on Marie Gallante
arnd alco on Dominica have teen studied (Rand). Dewlep color and display
patterns do nob cerrespond %o intra-islond variaticn in morvaclogy or tody

color in cither Guedelouse or Dorinica. Electroshoretic tecaniques have teen
used to examine the gernetic Gifferentiation of five subsnecies on Guadeloupe:
rirafus , rarmoratus , setosus, inornatus and sneciosus. Tae observed differences
are slight; only alourmen may dirffer ecncush to permit clear separation of the
sutsrecics (Webster). 1In spite, hovever, of Vabster's result it is hard to
avoid a prediction that the very strikinrs external differences which are

shown bty geoprariically replacing repuletions on Guadeloure do zct to limit

gene flow znd have evolved with that function. Just such sherp differences

in tedy color and pottern are the kinds of external signals that are frequently
involved in species recogniticn and zet to limit or prevent zere flow.
(Theoreticel studies of the concept of "gene flow" are in preparation by
Roughgarden.)

Thermoregulation was investisated on Cuadelouse (WVetster and Huey) and
on Dominica (Rand) btocause of Ruibal and Pailotosian's (1070%%) description
of curythermy in A, cenlatus of Dominica. It wes fully confirmed that on
both tiese islands even zdlacent individuals might te oneratinz under guite
different thermal recimas, and that at quite different toedy temperatures
these solitary annles performed all ordinary diurnal activities without
obvious differences in e¢fficicner. Rand, howaver, observed on Cominica a
social espect to thermoregulation. Adult mzlas of A. occulahbus chcose perches
thermally different froz tacse utilized br subadult enoles. Tnese latter are

probagbly sub-optimun, bubl social dominance
the test perches.

et

e’ w
events the subadults from using
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~

* Bull. MCZ 127: U€6-L4T5; Bull. ¥CZ 131: 359-Lol.

**Coneia 1970: GL5-653.



Other Lezser Antillean Tslapds are old one anole islands also and, as
Guedeloire and Beminien, these 'solitary” anoles have evolved their
==aracters in situ but these other "solitary" anoles do not show clear intra-
Island geopropate variation. In other rosrsects, however, stwiy by Rend has
snown all [esser Antilles'solitary cnoles to have very similar features.
Zct only, ns. elreadr shown ty Scheener (1076*), do ther tend to a certaln size
range (ca CO-TO mm snout-vont length in rales) but they all show:

1. strong sexunl size dimorrhism ‘

2. All have uniform yellow dewlans,

3. Dewleps are roderately large in all.

4. Displays may differ tetween island banks but show no intra-island
iiiferentiaticn. .

\

5. Body color differs sharply on the different island. banks, as well
s sometirmes within islands.

6, There is strong sex dichromatism.

.

%0 anole faunas: -old two anole islands:

Again the Iasser Antilles provide the only examnles. UWork under the
=rrent grant has teen on dewlaps and displays and on climatic niche (Rand).
izain patterns enmerge:

1. As previously pointed out by Schcener (1970%) the two species of
=2 anole islands usually differ strikingly in size by & factor of ahout two.
ere is sexuzl dimorphism as well.

. Dewlaps are yellow in toth species on all the two anole islands.-

2
3. PDewlans may be relatively srall in the larger of a species pair.
L, Displays may differ tetween islands but show no intra-island

ry

- i &

shadier areas, the larger the more e:xgposed sunnier situations. In the
stitnern Lesser Antilles the reverse is true.

6. In nmorthern Lesser Antilles the smaller of the species pair prefers
53

zr anole feounsas: : .

Taere arz no old four anole faunss extant. Tre four-anole fauna of the
Bshama Jenk is the o o , and is younp --

cirins tThe Pleigto ia. The cautionaiy

t s therefere t lers T the ecology and

er of each of the Tour species was ecquired in the complex faunas of

scurce islands.

-
L

® 2==sr, Nat. 1loh: 155-17h.



In any event the four anoles of
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Schozner will also te able to deseribe the relationshin tetween several
characteristics c¢f the predatio 5 or ecxamdle, there is a relation
zetveen pursuit distance and ime: the greater the distance
~“ravelled, the lonc“ the mininum handling end swallewing tivre. Tae chape
and position of this relation vhen caleculated will nrovide data for wild
sredators arainst wnich predictions (e.g., Schocner 1669%) avout optimal
Seraring streotezies cen te checked. This sort of data has previously teen
virtually resitricted to artificiazl lacoratory Jlbu tions.

diffarence



Hlome ranre nlots for se:rri over a 10-weck vmeriod show considerable

sverlap., Unfortunately, sore af the chaurns occurred faster than thery could
e traced in a statisticnlly sifnificant war. In the otiier studr area wvhere

no sucn temporary fcod source appeared, torritories of garrei wers [are rore
table.

In addition to the informnation on acing patterns, Scheencr hes made
many observations on socinl tehavior ?EE 50, For exammle, he recorded the
result of all aggressive internctions, so that he would te able to docurent
any relations which may exist tetween badry size, site atiachrment or other
factors and sccial dcminance. Although not yet collated, the deta will
Probably conclusively show that larger individuals win more often in
aggressive encounters for cll species.

-

.

» Growth rates and éovelecomant to raturitry. Even over a 10-week peried,
choener was anle to Sather clear-cut data on the relative rates of growth
f the sexes fcr the mest ctundant species. These data showed that males
crew more rapidly than females of the same size; males in all fcur ssecies
ecn en absolutely pgreater size, vut even in the least dimorphic svecies
\'Lstlcnus) a nmarxed differen n growth rate wvas evident. Fe also found
that sub-adult males sometimas (perhaps often) tendsd to eat faster and for
more extended npericds of time than did females of the sarve size. Such data,
combined with the previously ascertained Tact that subtadult rmale stcrachs
contain rore iters thaan do these of similariy sized females, provide an
interesting contrast in the energetics of growth to maturity for the sexes.

Uy 0
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The serme four anoles have had attention even teyond that received from
Schoener. T. 2. Vebster has nade collecticrs on Couth Bimlnl partly :uﬂnorted
2y the grant for electrorhcretic study in lanGerts labcratorr in ‘e?""

A paper by VWetster and Selander on gene i
these four species has teen submitied ¢
summary :

Bstimates of genetic differcnce for the four species were acout 0.7 on
2 scale of 1 to 1.0 fcr ary co—axvi:cn 0 the four. (Cther evidence -
csteology, .or“"olﬁ"r, extarna ters - is at varignce with this:

sz2prei would Te very differen t, and gnrustieers and carolinensis
very close by these other mazsures Tarce peoulations of careiinersisc frem
“ne continental United Stat Te wvirtuaily icentical, but Ziznini
carolinensis éirfered from Difference of 16% wos found Ttetween
Zimini and Jomazican serrei Jelander conclude that swuch studies
of electronncretic dfff:}ahces ar mcst usceful retween close relatives. TFor
nore distantly related cuecies the approximation of genetic diffexrence to

GT e
cenetic distance is no longer useful.

Tests of genetic variability (genetic h terczygosity) were rade for the
four Bimini species also. Taey were -ound to differ significantly ia the
amount of variazility dotectad at 23 loci. Taese hencerozygositics, could not

o] gal nshin
-

o
te explained ©r eory taxorcmie, zco:ec;raﬂ‘ic r ccolczi
:hc species. Fovever, th ™.
iifferentiotion shown or

islands they nave colonized.
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scven anole fauna: Jamaica has teen studied ty Cchoener, by Trivers,
nd 15 bCan studied by Werscer and ty tend and Williams.

Gchoener's field studies on Jamaica were comnleted hefore the current
crants. Jiis analysis of data, however, was only coimpleted recently arnd

owns much Lo a statistical rothed descrited by Tienterp. Schoerer's nmost
interesting result is the discovery thet the four commonest lowland anoles
are arranged in the vegetation so that there is 2 direct relaticnship tetween
cerch diarmeter and togr B v ccies bubt an invcrse relationship
tetween species. Tai 5 rmaximum interspecific separation
of similerly sized & tation.

Schoerner's statistical analysis also permitisd him to detect the
zaximun differences in perch neight and perch diareters (taken separately)
Tetween the various lizard claosses. Tnis vermits a tetter definition of
ecological trres of anoles based on perch neights and diameter ("ecomorphs”
see below) than hes ever hefore teen possible.

Schoener’s clirmatic correlatiens show female sized individunls of S
*arce of the Jarmaican specics to bhe rors freauently in sunnier (proheni and '
=snlinus ) or shadier percaes (sarrei) than meles of the sam» species.  This
Zlearly requires comparison witn Hand's otservations on Dominica, where Rand
=xplaired parallel resulis bty social interaccions which exiled smaller anoles
<0 sub-optimum situations.

Trivers' work docurents some sirnificant aspects of ponulation biology
Tor two of the Jamzicnn species -- A. mormeni and A. valencienni. A. garmani

3 & strongiy sexually dirmorpinie species in wiich Trivers has teen aole o
zhow that the larger tnie males the nore Treguently Go they conulate and wit':
e larger fenales, have larger territories with rore females in residence.
ne females of rarmani show sindlar but lesser incresse in mating success with

size. A. valcncxcn;x in contrast shows little sex dimorpnism and only slight

erritoriality, the femezle zpparently nore.

Trivers emphasizes sexual selecblon in the garmnni case a2nd has gone on

=2 & theoretical discussion of the perameters and consequences of sexual selection.

Williams hos intereste 1f in the history of the Jamaican fauna,
szdeavoring to sce wWiether found in this relatively small fauno
renresent any stage roqularl:

ing in the evolution of larger faunas
[z3

sz as tnese of Hispaaniols ‘‘nere are severan :“tﬁ“PStlFE as;ects
2 the Jamalean fauna: tae O [ress o e Present
= the other Grc"urr &ﬂtill waleh Hav are no
-
~

3 ne sirdilzar r svacies

=y sinilar bub ‘LMH “iffcleu imatie niche into

linavicaily differventizoed cphiically T ui; these

== cleorly surspecific. A. valencienni (snout-ven! 00 &) is vexr

iifferent from the other Jexmaican ies im X rategy

2 searcher and not & sit-ard-wait predotor ond similax
caranece, 298 the
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Williars hos, however, tcen unable +o define with any confidence the
~caucnce o!f speciation in the intra-izlend radiatien of anoles in Jarmaica.

~2nloricnl hrypotheses are pessible but f se¢ cannot te tested by ory phylogeny
>f Jamaiecan anoles bhased on non-ecclonlcal evidence: no such phylogenms exists.
“o2lster is therofore cendeavoring to find electrcrhoretic evidence on the
similarity or difference of the Jamaican species. The results have thus far
Zemonstrated the closeness of relationship of the Jamalcan species but not
uch else. Investigations are still preceeding.

Rand and Williws are interested in the features involved in species
recornition, In Jamaica it is evident that there are rmultiple cues to
species identity -- s5'ze, body color and dewlep —- a step therefore teyond

wis

the simpler islands of the Lesser Antilles in which body color and size

vere the cues and dewlaps identical. y

W

ten anole fauna: The mainland of Puerto Rico toasis ten species. Our
understanding ot these is well along.

Ilere arain Schoerer and Schoerer have provided the rost coreful analysis
of anole nich ea in terrs of the two parareters of structural habitat and
climatic habita His most interestins result is the discovery that the two
crown species - uuratulus nd evermanni are far rnore often syntopic than the
srunk-ground snecies - r- Jg

cal the strixing size difference
Zatween stratulus and everrnanni ed zs necessitated tv this strong
tendency to syntony. Ceneoszner and uClCEqu use here the same careful

statistical analysis provided for Jamaica.

Gorman has only Just begun his studies on Puerto Rico and neightoring
islets. Tne reprocductive data so far collecied fer this erea are interestingly
iifferent frcm those previously collected in Jamzica and ilisparniola.
species are teing studied in detail: A, cristatellus, A. stratulus,

.

[a By
op

and
Lo wrupi, A. evermanni and A. [ dl&c1$ from rontane elevasions only wiherens
In Jemalce ond nispeniola ferales ocnowed nirh sensitivity to rainfall
1007 reproductive in wet sericds, ron-reproductive in dry perieds),
“uerto Rico of the three irontane species, the female which hed teen

ravroductively active in Cctotar showed markad decline in renrcductive

zctivity in Novermber and Decerteor despite hirh rainfall and very minor fall
in tcnpc rature. Lowvland cristatellus on the other hand showed no marked
v

iecline in reproductive cectiviiy ia cither uplend or lowland loc~l‘tips.

. stratulus Tferadles in boin unlarnd and lowland lecelities on mainiand Puerto
T T . -4
ico virtuzlly censed producing er

r3ain Decesker, et a Mirgia Islontis sammle
27 the sane “@cc in late Docenter qqc'nu vi rtLilJ CGH ;nrafe Ct"Vluf-
\. pulechellus is ! b
_0n reproductive ac
dtitude l,C fect 3
still wirtualls 2007 reosrcéuctive in mid-Toesrter and carly Jenuary. Tah=se
zuzzles and similar puzzl n 1

¢
les in male renroductive behavior in Puerto Rico will
coubtless te unraveled with further st

female caught in copulo
in Cctoter and Tloventer, not




Gorman is collaborating with Michael Coule in electrephoretic studies
=0 AL ceristatellus populations f{rom five Puerto Pican localitiez, Are:pada,
‘irgin GGF"IT_:d{—nL Tt. Thoras, five small islends near ft. Thomas and
St. Jchn., About 20 loci will bte examined 'in Soule's latoratory and the
attenpt will te to (Ptcr ine penetic variation es a function of island size

i hebitat diversity. It is hoped to extend this study to the other cormon
‘o

<erto Rico henx species.

'ij p

z2tween the several Tuorto 2liean l7v with Vincent Sarich of the
University of Cnlifornic at Terieley. Apnin he is collecting nmaoterial for
study of DUA content per nucleated cell, this analysis in cenjunction with

Falph liinegerdner of the University of California at Santa Cruz.

Sirultaneously German hopes to obtain data on "immunolopienl distance”
5 ik

recies, protab
L]

GCorman has obtained incidental informaticn on the extent to which
en

veather and tire of day influence the I“tq cy of observations and capture
in the Puertc Rican anoles Ee is following this lead with especial erphasis
on A. ntratuluz.

’

Williers hes found it possible to use the enole fauna of Puerto Rico
0 test a model of faunal buildup. The rodel accepts es a first prerise the

iznortance of cize adaptaticn in the initial stages of faunal accumulaticn.
‘n empirical basis for cuch a premise is found in the striking size
ifference Tound in speeiss nairs ia the twe-enole islands of the Jesser
Antilles. DPurelr 25 a sizplification cheracter displacerment in size is
<reated in the rocdel (1) ez nits i

3 t

if it were the only initinl rodificaticn by which
species secondarily ccr.'.ir'r into contact coadant., and (2) e

two tires) lx which the larpar of ihe species of a two anole island in the
esser Antillies differs from the smaller is taken to be the necessary retio
v whicn conxisting anclz siccies will éiffer if other factors than size are
ot to ve cwnlled into play.

Wnen this simnlest hrpothesis of faunal build-up is carried forward
~nto rurther stasnes of coanlexity, it is found still to work for the next
stege - i.c. three ceexisting species may cdilfer Tty the size ratios 1-2-4.

iry stape beyond this (i.e. 1-2-h-8, four species with ratios, five species
vitn the ratios i-2-k-A-16) would take the largest or the smallest species
0 a size which would reoguire structurzl, zhysiological or cecological

n

. Such chanres would v‘olate the model

nange ouner th slze occur.
esse an unper and lower l;“iu to

sadifications other thon cize alon
in 1its pure forn, reguiring es it does that no ¢
nirieally theore mpronrs o b in ang

r
:.cle sige,; cnd cheractsr 1nﬁluccr~": ty size zlore weculd not carry beyond
the taree spacies stege R D
3 >

A look back at the Tecser fntilles (used alwsys as the recdel for a .
~odel) chows that, though less weil-docurented than the size change, all
50 anole islondi have Lhe t¥0 rerters of a gpecie ferins not only in

L imasic mie 1 e nelght. ik ns true that

size differcnce is the =03t obvious feature cf the Lesser Antillean species
~eiry the other two esnmectis are subitler. ilewever, it will clearly te more
realistic to allew cianges ia the climztic and the perch neipht axes as well
= in a size axds.

.

- ——

ratio (approzimately



There apnear to be no v ounds for assipning priority to either of these
nlternative axes and it is probable thn. they mar often bte considered
essentially sirultancous Use of these other axes permits comnletion of an
ecolorical history of tnc 10 anole fauna of Puerto Rico.

no other case ~ it ia
hrrloreny of Puerto Rican

In the case of Puerto Rico - and
0355ible to match this ecolorical his
-.olcs based on classie noroholoprical an ¢ characters. Tae
ch is quite surprisingly scod znd hence dc:s provide an exarnle of an
acological aralysis of the history of faunes (scauences in faunel builduup)
wiich 1s more than the mere irsertion of ecological stages into dendroprars or

faunal histories constructcd on wholly non-ecological grounds.
/
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The Larger Islands (Cuba, Misovaniola) -- o

Ceneral remarvs:

Williars nes attermted to carry the concepts of faunal history which
he emnlored with some success for Puerto Rico to the two largest Creater
~ntillean 1qlanu:. A5 mentioned above, however, there are no sound phrylofenies
tased on non-ecological characters. CTome corplexities, also, on these islands
seem to result solely from island size. Taeve are, for example, r=oirapnically
replacing forrs -- vicariants =-- in each of these islanés. A. arrantoolus,
A. lueius end A. barischi are one such series in Cuba. A. hem n]°c11q and
A. "337?7bcr~1??o?"325'375air of such snecies in Cuba. A, equestris is
rrido to breask into a series of geographiczlly replacing,

.:U-J.d by Scawersz end Ga
v

imally overlapping s The so-called races of A. ricordii on Hispaniola
:q; te a 31n11h series. The piant anoles of rneither “ue to Rico nor Jamnica

break up in this way (but Puerto Rico dces nave A. rcosavelti es a vicariant
of A. cuvieri on Culetra). A substantial fraction of the species count on

tota hlonanﬂola and Cuba are vicariants.

A sccond complication, most irportant for Hisnaniola, is the division
t2tween monitane and lowlnnd faunas. A rmontane species does occur in Jaraica
(A. recoaditus)}, one does also in Cuba (A. clivieolus), but wiile scrething of

2 éivision tetween rontans and lowland species is said to be true in Puerto
°1co, except tlor A. oﬂcu1:ur vhich seems genuinely rontzne, the aepa ation
is more ncarly a matter of weit ond dry regicens. Hispaniola, however, hes

7reral montane faunas.

»hole series of mountene endzmics, and not one but sen

However, all the large islarnds display a stendard series of ecolopical
types, of “ecoror:hs” definakle by hasbitat and structur vhich
<he "maln sequence” 5= inferring by this -that these eco;onical tyros are the
~ost rendily evolved and mest sitable ‘adaptive confirurations pcssible to a
radiating anole feauna. '

These larpe izland "ecomornhs" are swecialists peculiar to and
“haracteristic of cemzlex anole faunes. Ther ave very éifferent fron a ancles
of the one-onole or two-anole islands. Tae latier ere, ccmparativaly smeofking
cereralists; they too arce cdefinahle by habitat and structure, but, tecauvse he
telieves they mey repraseat the adestive tyne from which the "standard" eco-
rorphs of the large islands evolwed, Willieoms ] " tral” Lccr;rj S



Without naming them Pand doscrited the Puarto Rican renresentatives
-7 +he stoandard ecerorsus in 10CGh.* Rard and Villis-s in 1900%* pava thenm
-=Zorual narces apd defined then crudnly :n terms of their riadal perches.

xv data, including those nrovided lor Scheener and Gechoener,*** permit more
sroacise definitiorns in terrs of nerch f uency doternined bty actual census.
5 trun-crown species have more tnan (V, of their perches atove seven
cet in the trCP crowns or telow seven fcet on truns more than 2 1/% inches

:n diameter. Trunk-ground species nave rore than €07 of their perches helow
:2ven feet on trunks of merz than 2 1/W inches diamnter (or on the pround)
sr on hushes of lesa than 2

1/h inches d;’“:tnr. Grassbush anoles have rore
z2an 007 of their perches less than 2 /L inches ir diareter. The newer

finitions are not oﬂl be than the cld in teing quantitative but in
:i.itulanant in additicn to a nodal perch, eccrorphs frequently have a
z2cond perch which may te rearly (or QUluE) as frequent as that we formarly
zalled modal.

ct ¢r
gi

Zor the evolution of s ohor;na and
norenon. Cons

he admission of

The hypothetical Puer
t eerad to *"n*; bhat this would
ar a vne {faunas of the other
limitations on this idea: (1) in
zoth Cuba and Hispaniola {in Cuba unquestiona ispaniola according to
ne hypothesis stated in [and and VWilliers 5 1G¢L the znole fauna is
=ot 2 unit radicticn a2s it is telieved to te in Puerto Rico and 25 six of
=ne seven species of Jamcica are assurmed to t2. In Cuba the trunk-ground
scorornns and some derivative ecomorths are tetas vhile the remainder of the
-uban anoles are alphas of the carolinensis sub section. In Hispaniola
sarlin~toni and insolitus, the ronticola group, the green anoles and
'zrﬂoiigj}.arc all one rzciation of the ccrolinensis sub section, but
ricordii, the crtotas species froup ol the grictatellwns series,

:;ec1e: groun of the aeulatus series ana tae gserilineatws species groun of

e carelirensis sub seciion are all sepsrate invesions into KEispaniola.

2 a simple and resule
reater Antilles forces

/]

Inat th‘o, particularly the liisperniolan picture, implies is that the
main sequence is not neressarrlv 2 ohyletic series stemming from one radiation
sut is a comnunity that can be Titted ther from various sources. It on
3 -

z
<hinks then of the main sequence as only the most freaquant and rmost stable

scological fit of syntopic species, the species, especially prosinent in the
w0 largest “islands, that lie outsidc the "main scrh-hce' are no longer
znomalous. fThey are alternative ecororphs that in the permissive larger
space of large islands has persisted alongside the main sequence. The luecius,
series in Cuba (rocx walls and corplex trees) and the montiecola group in

risp iola (roeck walls, rock slides and bushes) are rerely less probable
scomorphs than the standard series,

* Ecology I5: Ti5-T52.
** Breviora To. 327: 1-19.

*#¥Qreviora llo. 3€é8: 1-52; 2revicra No. 375: 1-39.

tae distichus. -



1

es as Al vnTﬂncinan, widespread in Jamaica, has no
nntin; it in Cuba or lispaniola,
o} cies cn those islands that
i

iceally repr an it in Cuba or iiisponiola (drrlinstoni?, ""r—iﬂujﬂtu.?), (v) the
wrie that 1t rcpreuents noay be one that nos evolved more than once, but which

rarely persists.

As w2 shnll sec telow the rmontane fauncs of Hisvaniola are peculiar
a

znd do not fit the main seaquence a5 do the lowland faunns. They freauently
lack ene ccolorical ; or in another caze have too ranr. Moz they

not possibly reprasent or molnl fer us the hinds of leeal faunas from which
the widesnread clesely co-adapted lowlend faunas have =2risen. ‘%Whether faunas
arise by roadiation or accumulation, the end result derives from the secondary

contact of local fzunas in which the individual species with their special
adaptations took shane. Very frequently when lccel faunes mat and merged
secondarily, there must often have teen extinction. The montane lecal faunas
=ar have their peculiar and unvalanced agrect tecause they have long remained
disjunct, i.e. island-like.

, ‘ .
Tne larger islands: lowland faunas: Cuba, Hispaniola

It has becore clear that a possiblv serious difficulty in the inter-

;r etation of faunal diversitry and its history on the larger islands is the
psence in all the Greater fAntilles of native lowland wet forest. All the
areas on any of the big islands waich could have nad sucn a forest acpear to

nave been clearcd at least once. Tae dry rorests, in controst, especially
the extrerme areas, mey nave naturel forest, bub even nere sutsistence farming
; 5 g ; i o

or charcoal-making have destrored more than is at first sica iou:. rowever,
it is in the dry forest that local enderics have teen found: Anolis whitemani,
. &~ —
i~

14 e D ) - o 1
#nolis longitivialis. beth crictes relatives, the naw rele
~e
3

£mr =

i
hrevirosuiris_(cee celow.). In the meister cultivated ar sore interesting |
studies nay Sul¢l te made of geofrannic variation, but only with the reservation
that these areas have teen immensely disturbed.

In the moister lowland forests Ano

1lis distichus has teen of interest,
since the meening of the complex pattern of sutsvecies deserited by fchwvarte
and differing primorily in dewlod color has teen and remzins a nroblem. Rand
and williams see in dewlapn color an i-portent element in snecies recosnition
cn complex 1;-3—‘“. Schwertz's dewlan races are in this repord eswnecially
interestin Lo they in Tact show clinal change froxm one nopulation to anotner
or could t lere in sore cases ty sharp caanges, or evan overlap, which might
imply sibling species? . ’ T,
. .
0 0 - W o Ecuﬁhrwrdcn, webster and llusy ran a trarsect hetween
:::;*;J;:i“ {de:lab with red gontral spet a2nd yellow ":rgkn) and
é¢ewlan unifornm pale rellow) aleng the mein road
iaro, acrcss tne suppnsed suispecies torder.
repular intervels mede it éleer that the change
ale setse, There vwere Yoih gseome irferilarviiy in
¢ degierited o3 2 elinal chanpe in Xhe Triauency
from’sironrly bicolor dewrlaps o uuik,r“ nale
ted clinal change in éewlap color in (3




races of cxtrere Southvestern Haiti, where 2rain dewlans tear very strikincly
1i Cfarent _olors/natterns - vinosus, dark red with a white border, aurifer
unieelor oranrn - very wale yellowish: in this cose, however, scroe
2levotionnl c“anbbs involved.) ilo correlation with terrain or ecoloyy
“as ovident,

The transect from Santo Deomingo to Santisnfo revealed also some very
striking color variahtion in A. chlerocronus, blue patches irreqsmlar in size and
shepe on head and teody, largest juﬂt nortn of Santo Derinro and 41r1ﬂ1.h1nr in
freauency and armount toth in the city and rnorthward. Argain the "arlaiion is
clinal and not obviously associated .ltﬁ ary vegetational or physiocraphic
feature of the tranz:ct. Thic whole area of the transect hes,of course, teen
so much modified bty man that its coriginel aspect can no longer be puessed at.

Webster hes teen especially concerned with the anoles . of the arid
lowlands of Hispaniola. 1Ie has utilized toth field studies and electrophoresis
very profitnably to elucidate the relationships of populations of the distichus-
Srevircstris corplex of albllngs. :

, .

There if littlc rorpnological differentiztion of the populations in either
of the two tyoes within this corplex. A. brevirestris is the rore arid-adapted
of the two a:‘ differs from distichus in the modul condition of one variable
scale character and in the presence of shouldar pattern always absent in
distichus. There are also in both types siriki fferences in tedy color
nd ccpecinliy dewlap color. In A. distichus z2ll population transitions thus
ar carcfully exaninecd have shown pradual change in dewlap color, i.e. apparent

ue inter-gradation tetween ncoulations clearly telow the species level. In
whaat has been called brevirosiris ize s

ituanion is céifferent. In collztoration
vith J. V. Burns 15 ponuiatiors of the Ergyizggpfgg type nave beern exanined
eisctrophorctically. Thae resulting p2netic anclysis indicates complete isolation
of populaticns in those arces where therse are discontinuities in dewlap color
l.e. f:gy}:p;__Lg_}n the arces thus Tar studied is taree species, not one.
Species A in the northern part of liaiti has a dewlap in which all of the skin

s bripnt oranpe; a cens

zale yellow margin To

rea ol scales along the edge gives the dewlap a
scuth of this species B occuries an area of coest

u(‘b

¥
cq ¥ p 'r!

. T n
coproximately 30 miles lon uﬁd 2-3 wiles wide. A5 especially dermonstrated
in a trensect taxen in the summer of 1970, at the northern end of the range the
individuals of thais s;eci:s nave dewlass t"": are entirely white or waich have
only & small baszal orance At the otaer extreme of the distribution of
this species, tha dewlans redeninantly llfnt orange. Betwern the Uwo
locelities there is a gmra llrc 1n ckwlaﬁ co‘ iy but rrect constancy in
lectromiio g a lain of ligit

rd ci

T™is contros
_ifTerence in

s
& reanonse e the
" $0 supsese that
ices now
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Tc larper Islands - pantape faueas: It is certainly 2 rmajor featura of
.“f“ﬂﬁt in the island of lmnanioln thnt there oeccur on that izlisnd strongly
______ rentinted montoue founas, interesting in tnemselves and for their zornes

of verlap with lowland faunas.

Part of our enerpies under the grant have boen directed to reneated
=x~loration of the montane faunas to establish their content and their
=m~racter. The f{ollowing arc some of the results:

Examples arn discovery of {hrrroelirarars,
_= the Cordillera Contras of Lina Deminican Brpublic, (It is an archinic anoline
=znus previously known cnly south of the Cul de Cac trourh, on the "south izlarnd”
=< Hispaniola) and of A. alinigser in the Cordillera Septentrional and in the
vicinity of Gan Jose de Ccoa.

A. rnow distribubicnal reeordn:
o

\
B. new species: Cne example is a dew species allied to A. ronticola
znd syntopie with it, dirffering in size and color. Another instance is B
zrovided by confirmatior both from ecological observations and electrorhoretic
s:udy that the red-dewvlan "morph™ o
=t San Jose d¢ Qcoa and replacing i
=arth of the town is in reality a di

A
on the slopes of the Cordillera Centiral
stinct species.)

These alpha level discoveries are pgonuinzly irportaent tecause in their
zosence we have an incorrect idea of the fnurnal diversity in the rontane
erions and of the units that are interactine, Thourhh schme species still
~zear rare (and hence to some workers unirportant constituents of the
sormunity) it seers rere probable that rar‘tr is merely an index of our
icnorcnce of the ccolory of these "rare" sneeies and of irappropricis or
inadequote mothods of otservation and collection Czses in point are A.

-

"y

-t

nirer and A. Singularis (the last wes so nared tecause of its nrparent
._,*SFT_ 2oth have witnin the lost 4wo years teen found to te very adbundant
=t anpropriate elevations, vut orly tecause very systematic and careful
:>servation end/or massive collectiorns ty native helpers revealed their true

R Ja 3
and A. sirularis hawve toth
R
w

een obger%ca in open sizuatxo:: at lover eleovaiiors, there co-occurring with
A. chlorocranus aond d. ceelastinus recpectively, dbutl at higher elevalicns and
vith preater ahundance alorne. (i. Sirruloris avnpears rerarkable in that when
sccurrinsg alene the males are much larser taan tae forales and arout the size
=7 A, coele s tinus; Unere it co~occurs wiih A. ccelastinus sex Gitorphisn is
much diminisacd and the males are mucasreller tnan A. ool ﬂ~f1£g:,)

D. cress—-cornariseons® tetween montane faunas. fcome of the interesst
attachiing to rmontarne frunas is the fact that they showv Jar more loczl dirfferernce
<han do the lowland faunas. This is not surprising sines they are in mawm .
respects island faunas, with ample cproriunity, therefore, for local speciali-
zation. NMore surprising is the lack of ngrallelisn in terzs of ecoror;ns. ror
sxcznle, two montane azess haove had specinl atiention: La Pelma, (Williazs et al.),
~23 Platons (lcermend). ZIach has been disturted Ty man, but nene to an extent
<n2t explains the differencaes tobulaled telow:

N

crrotos occurring with typical A. crbotes



forest ooen formnticons
species: ecororgan: species: ccororph:
ricerdii giant aliniper trunk-crown
=30litus tuig distichus trunk
—risteonnei trunk crbotes bush
=theridpel bush _
. ]
. X
. |
=3 Platons: | '
forest .
LA LN
soecies: eccnorph: species ecomorph:
—=cordii giant . koonrani grass
zistichus trunk serilineatius grass
=endersoni bush crbotes rocks
o=lestinus trunk-crown
=onticola rocks
l ~
It is truc that these areas azre not strictly cormparahle in terrss of
mgetation, but this is, conspicucusly, for from 2 sulficient explarnation. In
2 lowlands vepetation meyr cnange rreatly hitnout zltering more then the
m2lative frecuency of tihe comrzon svecies and the relative frecvencr within
22ch species af the specirun of zer c*—“rnfnrencns usual in each. At Les Platons
<t is5, for example, exirazordinary taat .there should e two conspicuous grass
znoles, while et La Pal=a nore have Gteen seen in many visits.
It i3 in fact this lest peculiarity of Ies Flatons that nhrs stirved
cornond's snecial interest. lils study shows that one press anola heonmani,
Ioftiser o : n han btae sp e tation : [ i
3 ; -
ta
ad




n nre vory conscious t
~=—r~nted on Ly Rand and il
=~ Palma is located arnd the =no
“izennear with further collecti
hraeraslinorons in the north ds
arcienic iso a warning that this

n

hat it is nrocsible that some of the discrepancy
iana (lfff') Letween the "north izlend” in vhich
uth island” in which Tes Platons is placed will
ng. Tae discoverr, rmentioned ahove, of
lond, when it had seerzd 2 trus south isla
mar. e true. Echwartz also nas renorted that
cie

e hon discoverad a new tuip anole like A. insolitus of La Palma on the Cierra
22 Daoruco in the "cuuh island. Terhanc hi: other lﬁr[ neW onole in the

cordillera Contial o e o representavive of A. derlinctoni. Discoveries
e these WE]l obv1ab0 bt will net diminish the differences between local
=zntane faunas.

.

e 1rrer Islands -- cvarlan founas: Sore special effort has teen directed

2 the study of the o"orlap of 5iblinzs or of ecolosical counterparts, vhether
er not closely rela . Cchcener has teen narticularly interested in this.
Tu2 following ere the rmore interestinrg or tettier studied cases

e

On the road to Cabral nortii of the city ol Barahona, Cominican
Ti:0 ovnrlap ones are tound adjacent to one another: (1) in cpen
tween A. brevircsiris and A. ravitersunm. In the

seen a5 an excracrdirarilv sharp division within one
d alrmost in nalves oad with azctual species overlap on
t sumrer of 1971 the overlas wes observed to te
al‘v widcr but both rears there was th2 ohvicus ecological diffe
two species in perch or clirmatic preference. (2) Cuite nearby,
rogter shode and there were rL“ nalmettes A.
inus agpeared to cceour “aruOT+J in the -alrettes

overlao zone estimated as between cne anéd two kilowecters in breadth.

24 In a reo v;nc on urc road {rom I

PRy 3 >
-T‘.,anc S

~ Vera to Jurabacoe at ca 15C0 fect tne
co--nccurred at the tottom of the revine Aith
G tite slecnes of the ravine &, sorilireatuys and

—._—‘L——-— S A

2 al son and as the won A. distichne was wory comnon.

_n the well-s rccd Lottonm zlong on intermittent sltreem N, distigqus ornd A,
;;r‘:tq:ppj_wcrc about 2nnallys comron, M. gehcted rwen scarcer, Careful census
vor several dwf: hnrn shoved a siynificernt difference btelwecen d. diztichyus, and
L. christoshael, ne latter con the average nerched lower than A. fisiichus,
tloser to water and in deeper shade.

These (and other less dremnticroverlans) need to he investipated i
vinter as well o5 in summer .and & hore so to do. Derond tais larger t
studies may te desirable to esteblish the stability of such overlan zon

L]

‘eturred faursc, The rosulis of humon disturtence are at tirs

s2nosen hes studied a smnll arvroe cleared of underbtrush and with
S=all traes at nd'n of Loap Yountal
— \

¢ Breviora o, 32T 1-19,



her's individual “iatance. 1In Hingston in the cleared arca
ry forest on either side) osziinus and iitﬂ“‘f“r" rain cccurr?d, out
interne ,;o"u wore verr differztfi._7zélin1ﬂ acnin 'ouﬁd often perci rnear
t on the sare tree. Whenaver lircakopus
ineas ) perched ahove "“nﬂt i

d so only if a2nd when

i
snift wward of cnalinus vaenever

..]

In more comnlex rn
ers when an adult : 2 ]
'3 Jenssen interorets the cose, the incr
ssible 'this proximity at similar perch

¢ralinus perched trelow two
lcap gxgy 4 3
ease in possible avoidance routes macda

The case is instructive in making very clear that perch hebitat for
=mzl=2 species 15 very ruch influenced by bvoth ofther congeners and by the
===_.r2 of the vepetation. '

==land studies: MNost of tHc focus of our work is still on the Vest Indies,

=22 tne greatéf breadtn d depth of xrnowledre nmekes study there nore

xxolitable. « However, :incc one of th~ associcte investigators (Rand) is

22z2d in Pananma, those specins of Pansxmanian dfrolis wnich come readily to

=< have Teen hL'lizcd. Amolis avratus in parsicular nes turned out to te an
rirental animel, very nardr in captivity and an active and

snecies ﬁ, auratus therefere has been wsed in experirental work

ann and Xiesia v LS T}

A ZTronz, as a forest rather than grassland
ble to cTugy in the ilel‘. Andrews and Eand are
11 mall plot on Barro
wudy survival and
in A. linilrons
Sexton; this is

st
z=_=z1l, hos Teen more suscep
Do o3 2 kark and recahliure s A
zlzorado Island. A long-term project, the insent is to
itrent. (Parallel studies en resroductive activity
"eve"al clizetic regimes have ¢ruu b2en underwvay oy

[y =)

Williars nos in hand a revision of South American Arolis but is impressed
T :he rnecessity of eeiw: meore spacies in life. ile hopes to do so in the
224 or Ccuador during tne third year of the grant.

”o“wn Andrews has coroared res
“oxznloa. ghe cncse cac

zIomach contents and additilicnally worke :
*ternine home ranpes, individual movern roves of growt the

-~ 22y stucr period. Arthropods were :i:ulta:oo:zly collegted from the local
s fror the low understory
c

==tter bty pit traps and Srom treoe trunks and I

=zatation by sweeping. Perallel study of Al oculatus was accormplisihed gurine
t =onth in Dominiea. 191 A. oculatus were collecied, and 129 individuals wvere
—=<%2d for future study. E}thropods wera talien by the same techanigues as in

>=ta Rieca.



Preliminary internrctation of the data is as follows: Arthrored size
2iffers in similar hatitats, differs in Dominica as comparcd with Costa Rieag
—2re are few large arthropods on the island. FEven thisz, however, dces not

"1l account fer arount of small prev items taken Yy the insular anoles. It

ozars that the relatively higher density of A. oculabus and the resultant
2iriy intra-snecific competition tend to shift its diet to smaller, wore

:'_:iqnt prey. Cn the co:tinent, therefore, the relatiocnship tetween orey
z2z2 and lizard size involves the ability of lizards to subdue and swallow
5, while on the islands lizard size relates to feeding

ater size ensures social derinance and the
intruders.

Other Studies:

-. Karrotvne evolution. Vebster has now succeeded in karyotyping rost of
-=e .;oleu of lispaniola. That he has not quite finished the Jjob is due

1) to failure to re-discover one species - darlinrtoni and (2) to the fact
*=~% new valid species continue to te discovered (th very recently by

wartz).

The vast mejority of Anolis snecies nave a diploid number of 36, which
.z considered rncesiral for thae fenus , the family Iguanidee, and
-robably lizerds es a vhiole. For anoles the intarest is in those species
»1th derivative Keryolypes. Gormen determined that EHispaniolan cdistichus,
“¥e nany of the species of Tuerto Rico and the nortacrn lesser Antilles,
=z5 a reduced caromosome numcer, and an XXY chromescorme mechanism as opposed
%2 an ¥X. Anolis brevirostris, the clesest relative to distichus, also has
wiat karyotype. ]

Of greater interest, four iHispaniolan species are now known to have
carvotypes in wihich the macrochromosomal cordlerent is partially or entirely

Zissioned, procucing dinloid nurrers in . A. insolitus, an
th b or the 6 macro-

e :
=teologically primitive species, has a 25 cf Wl wi
=iromoscre pairs fissioked. A: monticolz of Maiti's Tiburon Fenirnsula nes a
Zizloid nuster of W€, LT, or 4d. Of 4¢ individuals exemined, 4 have a
iirloid nunbter of 4G, 1 aas W7, and the recainder are L8: all with numters
less than U8 are from loczlities ot the western end of the known distrihutien.
nurber o‘ hrO"czores “n"c uﬁﬁeryo-n inverszion, resulting in convarsion of
triecs or metacentrics. Tano extent
variablc toth Petween and within localities, but seers less
western loecalities. %Yhile this situation awaiis Surther
narations and more collecting, it would seem that the
ve Uocore stabilized for the fully fissicned harmvotype
stantial, sacondayy medi ficetion of chiromosere rorFhology,

ifica
opulations are os yet not fully fissioned and aave

+hieh form 2 small r
zcrphologics ’lr and ge
zrndeseribed species.

i3 23 of k0o, while tae

The “o“.lcol L pec‘




<un specimens taken ot the type loeality, botn have 13 rather than the
ool 12 pairs of nicrochrcrc"o"ﬁ": ore is honmozypous for one fission,
~=iorozyrouws for a second, and horozyrous for b moetacentric macrochrormosones;

S
=1 fo
- = zecond is homogzrious for iwo fxss r:q, heterozrgous for a third, and
ss—ozrrous for 3 rmetacentrics. This suggests that within this one pcpulation
Z:oloid nupters range from 40 to bb,

In the context of the knovn information on karyotypes and vhylogerny

-

=¥ the West Indizn arnoles, it is possible to interpret the karyotynes of

im=olitusn, monticoln, kree-mani, and the undsscerited sn=cies as uneruivocal
=xs-nles of fission. Ofner sindies have Jirsly established the occurrence
S t: atte frequency and importanrce re:ain undetermined, and
% es malke a contridution. In particular, Tcdd (1970%).

fission ooy rzsult in pec1at10n and adaptive
most likely that & la, zoonnmani, and the
a case in Elet, this would ke a very interesting

Tae polyrorphism in chromeoseme number in rmonticola

and the extent of inversicning nmigiht unon further
iorzation on hnc events in full i sioning of a T
t cies differ in ze and proportions and apparently
structural niche and/or microclimate preference; they do in fact seen to
Tzrm a small edaptive radiation. Turther studies of ecolory and distribution

== also needed.

r

In mary studies of cormarative cvtogenetics only cne or two nreparations
:re used to descrite the karyotype for a species. Eince those individuals
=isitt not ke typically of the monulation or the s;ccies tnis anprcech needs
2 be evaluated in terms of studies of intra- ana inter-ponulation variation
:n the karyotypes of one or a few szecies. lModesi samnle sizes are now on
zand for several liisraniolan species: ther indicate t intra- and inter-
Tcculation veriation are not particularly uncomrmon. A. etheridrei males show
*ither 12 or 13 nicrobivalents in meiesis. Similarly, A. hravircstrs
2 he veriable for the nurmber of nicrochrormesomes: toth cases ma i:voxve

cfl-"

- LZornumary caromosor2s, as has teen surcasted for A. cristatellus (Gorman et al.;
1788%*), In A. whitcmeri, Poitien specirers have a normal co.“lﬁrﬁﬁt of
- e

ochrorcsores, while in two specizmens from the Dorinican Republic orne of the
pairs is grea lj enlarged. o A. crtotes nas been fcund with a nunmter

s=mor than 36, but a small prono tion of individuals have the mornhology of

To B nis cashts sore doudt on the

rovide a reonreseantzative karvotype
£ hat they do not

1
2 chirormosone substantielly rmodified. %while ¢
validity of* assuming one or two indivicuals n
or a species, the variations observed ers su

-~

cerpremise the larger conclusions drawm:from caromosom

(J
“
cr
£
-
D
0N er

While chromosore nurdber and morgholozy are the characters rce3zt freauently
=eod to define a karrotype, in onoles 2n covicus additicnal treit Is chinom
frequency . Preverations fronm male reiotie tissue are the easiest to mare,
=nd within such preparations diakinesis figures are usually tae most corzon.

* Journ. Tacoret. Biol. 25: Lhs5-LE0.

#¥ Ereviera Vo. 293: 1l-13.



.

= =~raral, anole species have either a low freauency, with two chiasmata

-~-~d terminnlly for cach racrobivalent, or a high frenuency, vith several
prlati ﬁly unlocalized chinnrata ner macrohivalent. ‘he lOJ {requency condition
_= ciaracteristic of all the osteoloricolly primitive snecies examinnd; of many

~=zi~3 with the ancestral karyotype of 2if of 36 exnnined, only osteolopically
"nced anpusticnps has high chiasma frequency. Apparently all the West

S £ A a+pha anoles with KXY sex chromozome rachanism have a hirgh chiasma
==zuoncy : the two species within the h;wzculnf\ sutsection with en XY sex

-2 are crrotes (2U 36) and eversanni 21 LGT Ttoth with a low chiasma

- ala 1

-~ -

There is no evidence of terminalization in ancles, so that ff-rﬂnces

- chiasra frequency moy indicate real differcnces in the arount of fcnetic

=zcc=iination. It is therefore of interest to consider the species JLth a
= fre cuency and exanine them for speciel evolutionary or ecolozgical

L)

==racteristics. In doing so it is ossumed that females have a chiasn

= =k bag eleyg szm:lar to that of males of the species, or at least that the

=z.n%t of genctic recombination in soecies of the high caiasma category is
N s

e
;| he avcrage'nlgher than that in the lov chiasma category.

It hzs been suprested that a high ‘chiasma frequency may be of advantage

=z = colonist atternting to adaot to a new environment. Sit anole snecies
= colonized from one of the Greater Antilles to other islands. Cnly two

> been exceptionnlly success{ul, but both sa~rei and carolineonsis have a
-=s Irecuency. On the other hand, distichus, c1L,_uh*ll_,, and anTusticarns
-~ nave high frequency. A. cristatellus cccurs on severzl of the scuthern
===zx=a5, although its source area, Puerto Rico, is rucn more diztant than
ispani la, the home of the ecolegically comparabhle crrotes. A. anrusticens
72 o high frecuency. Criecsma frequency i5 only ore cnaracteristic affect® g

cnization success, and at test the anoles have provided only a weak case
== i%ts importance. :

)

On Pucrto Rico all but 2 of the 10 spec
zz¥2 the hich frcque“cr. Gn “lanﬂ‘ol o

-_- = S
e hravirostris and thedr

ies are ¥nown or presurcd to

av least 25 species only distichus
hich frequency: they renresent
vani fauna. “hile it may bve

: o 5t zbundant liispanieolan anole, there is

== znown Giflevence totween the ilispaniolan and Puerto Rican faunas that can

e 2itributed to chiasma frequency.

Another anoroach to tae study of the
= Just now being investignted. A. ¢root gnd A. distichus -are the mest
21y distributéd anoles on Hisnaniola; as reiterated artove, they differ in
EidnTa rcquq:qx, yct their chro:OJUW, aumters are verv similar; if anything,
=tichus' T peirs of macrochromosoras five it an additional becost in r

significance of chiasma froguency
o . <

- ---ion index. Camples of Toth species have teen or will ke ottained from
i Tforent parts of uite island, with both ceosrapanical distance and ecological
I-Tference bveinpg ecphasized. Electrophoresis will e used to estimate the

=2 tie sinilzrity of the pc;uiations of ecch species. If higher calasna
‘=zuoncy gives scome acvantage in loecal adastation, it is to te cipected that

c
_==ichus will show greater lccal differentiation.



>. The problen of niche wic'a with varying numters of conreneric compeotitois
= Leinr explored 'y Jenathon Pouihparde=. I'e is abttempting an emnirical test
an internretation of niche widih alrcadr in press in the ﬂjp:lﬂﬂ" :jﬁwrﬁli:t.
:r Arolis his meosure of niche width is the variance in prer size ubtilized uy
=2 pepulation. Underlyins this he sces two corponents: (1) an interrhenobypic
Ty;yror“nxan) co:ponont which is the conbiribution to niche ;“0"‘d"d bty the
zTesence in a population of a polyrmornhism of phenotyres specialized in specifie
«=r5 for resource utilizatica (in Anolis for ‘. king specific sizes of prey).
an intranhenolrpic cormponent vnich is t contributicn made by the 7££51i
s-2ctrum of resources taren 7y each rhenoivpe (in the Anole range of nrey size
tz¥cn W each phenotype). Total niche width i3 then the sum of the inter-
~menotype component, moesured as the phernotype variance in the population
*.g. in Arolis variance in Jjaw length) plus the intraphenotypic cormonent
""urcd s the variance in resources taken by each rthenotype (in Anolis the
:riance of prey cize taken by each rhenotype).

0 '

0

The field sarples which are to test this idea are (1) A. crbotes from
‘zrabacoa vhere it occurs with three other cormon species (2) A. crbotes from
Zzn Jose de Qcoa viere it occurs with An 25 vet unnamed close relative
:iffering in dewlap color and with Tour additional species. (3) A. shrevei
+ crbotes relative occurring alene at Ligh elevations. '

Ja; size measurements (interohernotypic variance) have teen taken on
22ch sarmle end have teen analyzed. Prey size (intra nenotynic variance) is
=3t yet enalyzed. The results on interchenotypic variance are as follows:
i. crrotes at Jarabecoa (low diversity) =ad at San Jose de Ocoa (high
iversity) nave the same variance, butb A. crrtotes at San Jose de Ocoa is a

Sl x

-zrper animal. Thus the niche position of A. crholes has teen displaced
-vard by the tresence of a sraller relative (the red dewlap qcecxcs)
rzriance hos not teen affectad, just averare Jaw size. A. shrevei at Valle
S1i2vV0 shows anotaer picture: variance itseli is low. -

I. Eabitat choice: A. Ross Xiester, particlly with grant supnort, has teen
znzaged in theoretical snd exgerimental anzlysis of resource utilization by
“izards, narticularly with regardé to corspeciiices as cues. Fifteen months

2 sredoctoral Intern at the Smithsonian

s2re spent in the Parnezma Canal Zone as 2
“Topical Pesearcn Institute. He rernorts nis hct1v1t;e4 as follows:

Within the broad field of btehavioral ecology I have teen concen<rating
:n the idea that conspecifics may te used as cues vhich provide information

zsout the distrioution, of prcoable distir ouLAOﬁ, in space and tire of a

resource which a lizard must utilize., In this sense a cue is a statistic on

2 resource, providing some zind of averasce information atout the variability

27 the resource. I have done work on the use of consrvecifics as cues in four
zraz5 of hWehavioral ecoloryy: A. hebitat selection, B. daily movereat patterns,
-+ social systerns, and D. 1interspecific relaticus.

A. lHabitat Selecticn. In selecting a habitat a lizard moves through
“ie heterogencus environment and attesnis %o setile in a fovorarle arca.
e lizard can malie a =ore efficient caoice if it aes inforﬁation atout the
termorel variaticn of the factors that éatermine that a ziven area will make
x favoravle naobital. The values cf the factors abt the zoint in timz when the



=zhitat is ncfu"’lf selectcd mny not recessarily reflect how these Jzctors
-~s bo expacted to vary as tire fons on By its essw2d coatinued nresence,
= conspecific provides the informaticn that the values of the factors have
aried within tolerable limits throush sore I ct

past nericd. Thus we expe
wiat, other things bteing equal, conspecifies mey te important clues i

=2bitat selection.

Frass anole

A scric* o]

T e | n
ks have providsd sunncrt for this idea. I one displaces an
=5 is species to .an unfamiliszr orea which contains grassland
—2arty, and places it at the tose of a narz nole waich rises atove the dernse
zgetation it will often clinmb slowly to the tep »f the pole, turn around, and
tmen elimb down and head off. 51'-".1'.]:11' benaviors indicated that it
-2uld te possible to-separaie h election b"ﬂ“VLO; fron escape or
flight rcnavlor. Freshly caugh e

:als wer2 placed in the center of a long
her end wnich containnd the various

e
sz7e vhich had glass enclcsure
t that was uyﬁ*ﬁﬂched L¢r"t was recorded.

xcerimontal stimuli, and
ver 170 animals were run ac
=zch animal was used only once. ;
=2 rot results siznificant at the 5; lavel

stinuli we were able
1r with samnles of 195

corsistent
zmimals. %We found that tost anoles ol btoth sexes and all sizes wouwld approach
_f::hcr a.ole, regardless of its sex or size. rataer than a bare perch. Pecause
==is tehavior was indercnédent of the animal's sex, we ruled out an intermretation
nat locti such a5 nad tecn sucrested by other JOTieTs .
oacned larze anirmals which could easily doefeat then
from which they would flee irredictely if
unter, we ruled out agrressive rehavior as the
serirents using a bush anole (A. troridorrster)
+ se

aps that of auratus ond whose mortholosr is
1

5ize end sex. 'oncvur wnen

the two soazcies, zurnifus. would usually approach its
's approacied a small ratch of grassland rnther
s} glven the choice tetween a patch of grass
2 a all ner th a conspeciiic the animals would sozetimes o cone ”af
:~d sometimes the other. Tnis balance neceds to te further clarified, but
tzers thabt cornspecifics can be important, hut certainly not the onlr, cues
=2d in hebitat selection.

and P?“ﬂriréntal

daily rmovement
ire structura

needs which have a

B. Daily ltloverent Patierns. Trom toth the the
zcints of view the next stepn in thi
z2%tlerns. a2ily nmovemz

-

oy ne ani : seuree

- ne ar ree

- - : == 3 hysd G o s 3 ] T AP, FOIK - - .y Yo ~

goalla dld Fibuticn within the broadser habitat vwaich wis originally selocted.

o . iy - v L :, 3 = -~ £ e ede e

22 next logieal etten,;cn of the chclice exneriranis 15 w0 asx waat the longer

- 2 . . = T Ve . - -y . ! i,

=rm tehavior 1s is in a tore elclorate chaoice sisueticn. That is,
" o

J.J
.JO

itial approaci movera

Tnese consideratd serirental systen called the maze cage.
T-ree separate case ; i ! ere arranged so that two of the rcoorns
-3 one of thea ca:;es cons of each of the ftwo other coreg.
& arraongewent is all recoss with wiadows is identical.

auratus weuld approach a trenidoroster



~inle lizard is  laced in cach cage. Taus orne of the lizards has two
-=irhtors hereas the other two have one neiphtor esch. All of the roors
==v> a uniform anmcunt of hahitabt in them and cach doorwsy tetween the rooms

=

*=3 a photocell trinping dovice attached to an event reccrder to rornitor
-=voment bebween rcooms. Freliminary runs- indicate that the animals move

-=%0 the rocrs with windows 1in proporticn to the frequencr that the con-
:tecific anpears in the roem opposite the window, althourh all of the aninals
~rularly visit all of the reooms in their own cape. Further, it appears that
¢ lizard with two niegnhtors mar undertake more actual moverent tnun the

-=dividuals which have onlr oite neightor. Tais expariment wos originally
M o) s 1w T T e s b > v .- H S
Ponama for ~. auratus. I¥ hos now teen roconscructed in
Bl el
slight ns Jor A. cor 11:91:L3. Further exnerirents

difrfer in quality otetween the roors.

C. Soeial Systers. ‘uch of an animgl'" daily moverent pattern is
tlcsely connecued with encountering consvecifics and enraging in social
==havicr and sexual behavior of a much broader kind than merely acquiring
.-’-"-1tion about the distritution of resources as it is indicated bty ¢
ec1;;cq. ienetheless, it should ke nossible to analvze an impertant
2rt of the ecology of social systems from that point of view and to tie this
imalvsis in with the work reviewed ahove. Much theoretical analysis nas teen
irvzloped to understand the effects of a proup of animals using each other ss
=35 to variable rezources on the structure and function cf their scocial

=Tl
12 planned to have

' N
'

s7sterm. This theory hes tecn develoned both 2long cualitative and quantitative

“izes. I am now in the process of writing up the quhl‘hhulve theory, and
tiscussing its avplication to the social sysiters seen in lizards of the

'm=fly Iruanidze. Tae natheaaticel model vaich grew oul of the theory was
faveloped by M. W. Slatkin hnd rvself. The medel leads to a partial
iiflerential ecguation in both space and tirme vhich ésscrites the roverent
:7 lizards over a varianle resource wiere the lizards are using each other
= cues. Tne equilibrium tehavior and lirear perturhation analysis of this
uction has teen completed. TFuture worx will involve analog sirulat
systen,

n o

D. Interspecifiec Relations. I have begun to extend to analysis of the
=e of conspecifics as cuss to the uwse of other spocies as cues. I 2@ now
@rinning work on the analysis of interspecific tﬁrrluu.la_ity, mixnd flocks,
==d ecleptoparcsitism. The use of the rotion of the conspeecifics versus
ziorospec cs as cues nas clready provided a powerful exnlanation of the
striking natterns of bird abundance along altitudinal gradients reported by

‘. walrn_giﬁ_gigpl:y.gjo_x:Lgp Pand has teen concerned with the siznificance
=T botn dewiap and disnlcy in inter-and intra-snecies CO"”VulCu.l(n. Fe has
soried on most of the Lesser ;1tl¢L°" e 3t1ﬂ ol

T ezch species. Zoth mzles and fex

5 a
ploys were “ecorucd vut
amn cnd onpeosite sex.

s
ioaz mnd their displers,

2 minute p
In Penama o colory of ceoptive individuals
=iavainea. losvw ef tue grninals ave )
=sicned as to allow any two cares to
izard in eaci cege sudéeanly Tinds an




are filmed from a blind.
£ Tield and in coptivitry to A.

»ing used to establish small populations
r:ﬁrcq displars and social inte tions

nly Tesser Antillenn spocies
Panama. (e.g. A. kruri,
maintained also for

2isplays

race
Iac

but
A. birorentus, A.
cemparison.

o
S

Pesults and idens to date are a3
w1LH rerark a‘lﬁ lecal difforentis
is ation in
j,or]v un arl 't‘on in

:ThofFram con ructod for Arolis
individual species have a

various displeys and in usage.

b
the

of

bas

It serrs

Speacinl attention hor
ocnlatns

scrie fronm

follows:
ation

dewvlan color or disnlay
‘ T“l‘.r‘ u.'a
the biracula
iec repertoire and

ween riven btoth in
of Doniniea. Two largn cares are
urdar seni-free corditions. llore
are recorded. So studied arc notb

the Greaker Ankilles and Crom

auratus ). Polrchrus

-~
2

1. In one anole i:
in hodr color (such
Ltern.
displavs
"erﬂ ts
the
from preliminary

pa
2.
that the
"form” of the
looks at

ncv of LS a

yer
15

o

AT 01
15 Froun
dl‘:er in

possitle

and Corythophanes

A basie

sther species that the basic repertoire can be generalized for all or mest
L the genus. 3. Two ﬂalnland species show some interestings differcnces:
he rraga enole A. auratus displays very often but seers to have an intergrading
set of displayrs test cescribted as a continuun. Tie tree crown species A.
;inorcﬁxhtv on the contrary, displars very little and the repertoire seers
sn211l and stercotyped. ’
With Williars the functicn and evolution of dezwlass are teginring to

22 sketciied out.
Zoviee for increas
sncounters, inter- and intra-snecifie.

;ne

Initially its pattern and color had
Fznd and VWilliars see the situation in ©™
2 tais: Vhether on one anole islands wi

>2dy color, or two enole islands, dewlars
;:tlons end species - light yellow or cora

zormmonest color azong anoles on multi-spe

dewlan was originally,
sing the gpoarent size of the animal in all agpgres

Rand ané Williars believe, a

3ive

tration

no ‘urc?lon in species recos 1ition.
e ser Antilles a3 2mple derors

th Lluul“ or with great variation in
have a stendard color for all popu-~
nre yellow. This is even the

cies islands.

In fact it is only when an island hes species which are very simllar in
zoth adult rale size, shape and color patitera that species differ in dewleg
zolor.

On one anole islands body color scerms of prirmary irvoriance in species/
-cpulation recornition, (Guadeloupe, Dominica). In 4iwo anole islands size
z=d body color serve ude purcose. .

On the rultispecies is‘ar6"= however, ecororshs nave evolvzd. If there
wro series of species telonging to one ecomorph —- climatic or geosraphaic
Ticarients -- theoy will bte of very similar size ond sheoase since this i3 a ‘
zart of the ecologicel adantation taat éefines each ccomerza. 1In Such cases
the dewlaps mey te ve*y strikingly differentv in color.

The dewvlap functions as a flaz the ccler of =hi
zzximum visibility and distinetiveress’. Dewlap dis
=ttention to the displaring animal, 2. to indicste
likelikhood of attack, copulation.,.). These two




interspecifically and intraspecifically. Onlr when two species which are
rerv closely similer cceur tofether is dewlan coleor used to signal species
iZentity and nence inate and associate xecopnition.

Thus in Fucrto Rico the thrce rrass anoles have remarkably different
iawlap colors: kruri vellowish, pulchollus erimson, poncensis white (nnd

-=nll). In Cuta the cxtensive series of the trunz-ground anoles are tho specie
=25t different in dewlan colors: homolechis white, allorus rellow with three

~2d stripes, ahli red eontral spot sur tor yellow lhltn, rubrikarbus b-5
“in red 1iNP” or yellow ground plus white margin, ete. In Hispaniola the two

lcwland gross anoles hawve (semilivestus) white or olsseoni (oranpe) dewleps.

In those cases in the Greater Antilles in ubich dewlaps are sir
112 species may lte very dirfferent in size (e.p. Cuba allisoni, angur
:zolepis) or in color (znrusticens grey in tody color) or have special
Izatures that are very éiuui“ct;ve (::;:’lﬂc:_; and lovsiana are similar in
s1ze and not very different in dewlep, but lorsiana is uw1ntclj provided with

oy
w
its hody. In the eoauwrsiris series which
(=4
w3

sz2ndonnly arranged spines over 211 of i
schwartz nov telieves to be at least § species, alunough dewlaps are not very
ifferent, body pattern difrers extrzordinarily.
S. FEanitat Shift: Schoener has devoted special attention to the problem
i ardleter” involved Data on freauencr ol occurrence

=7 havitat shifts and the
iz structurel habitat caitsgories (defined as .ntprvalu of merch helg: and
rch diereter), collectad nrior to the present grant for ’nveral widesoread
1
1C 2een

olis in each of twenty lccalities in the western Caribbean hos 1 anﬁﬁfzed.

Tne following five varizbles were specified where appropriate:

Niche shift end corpetition: data analysis

The analysis of the data (collected sricr to the initiation of this prrant)
niche shift in several widespread ﬁ'nl'z_spﬂcies has bteen nearly completed
ciring ‘the first two years of the prant. Tie data are of the follovins form.
“2r cech of 20 localities in the western Caribceau, the freaquencr of cccurrence
-= structural havitat categories (deTined as intervals of perch height and
s2rch diameter) of thess five variables was reasured where appropriate:

V., - Structural habitat of the widespread species vhere it occurs with
4
wOTsS 5

V2_- Structural hadbitat of the widespread species wnere it, occurs alone;
V3 Structural hcbitat of a corpeting species;

V, = Availability of vegetation on islands where the widespread species
z2zurs alone (swrface arca or some other measure);

'l

V5 - Availability of vegetation on islands where the widespreszd species

bi
curs “with coz pet tors.

sing these data, we have attemmted to cnswer three xinds of questions:
L) llow can ore show that hatitat sh;-u occurs? (2) Ymat is the mathematicel
*zrm of havitat shift? end (3) Wnet is the diological distribution (presence
z=d absence) of habitat sn1;»~am0ng stecies and size clesses in Anolis?



1. Detection. At the sirmlent level, the structural habitats of the
iidcsprcahf:%écic: from twn islands ean Yo censidered senarate frequencr
Zistribvutions subjeet to the sort of statisctical tests used for within-
-abitat comnarizons of different srecies (2s in Feoloqr S1: h08). fThese
tasts provide estirmations &
digtributions but litLtle i

he statistical aienificance of differnences 1n
ormation on the pessible causal wmechanisma.

a3 0

2. Mathenmaticnl form.  An atlemnt was made to fneorporate causally
imnortent Pnctorn into a set of prodictive eauntions. All equations of
simnlest type used as the dependont varioble 7, altove, and o5 indenendent
rariahles combinations of V| —f The CquatiOné wore derived from various
cermetition models wi ose ldurlf*ﬁ" specily a certain relationship beotween
ccmpeting species and habitat variahles at equilibrium, e.r;., lincar, concave
iownwerd, etc. Most modals were invented ad hoc for the fnolis data but
:hould have wide cpplication elsevhere. The perarmeters in .the models, e.g.,
tne competition coefficient" are fitted linear or ronlinear regression
:zefficients. 7The variables, V,—VS, are indexed - microhabitat catnpory; thus
“sere ere as many data vectors fVl V? V3 vy, V ) structural hahitat
:2tepories. Tae method is quite diflferent frem t P qual way of calculating
:cmpetition coefficients over micrchabitat uCFO“lEa (Levins, 19C8) but in
t2-e cases secrs to trovide very satisfactory descriptions of the Anclis data.
I=formation thus gathered on the form of cc—vetitlou is uwseful not only to
ralsify compeiition models (or their particular eonlicatien), hut also %o
seribe the wory in which per cepitz increase in a given s;eci s aoundance
i2creases the atundance of the corpeting species. The second kind of
izforrmation, in turn, allows us to decide when ccolegical Shifu loors like it
=5 the result of competition: if the relastionshiip is hichly concave,
=zhetition may be intense yet not deuectacle et lowv akundances of the wide-
izread species.

For linear models, data-fitting wos deone ly ordinary least-squrnres
r=zression. TFor ronlinear models, two auite different z2lgorithrs were used:
lzvidson's ninirization methed as pregramred bty W. J. Raduchel (iarvard) in

ogran for econorists) and

7:2Z (Pepression analysis pr Yarsuardt's algorithm as
srogranred by J. Wilecox et al. (Davis) arnd exten 1vel modified tr D. Schmalz
Zzrvard). Since nonlirear regression is still somevhat of an art, using

T2 algoritiars should forestall marny of the artifactual results a particular
=thcd can gererate. In Tact, the metheds gave rather sinmilar results for
=st of the models, and the ranking of the models in terrs of goodress of
.t was different in only about 129 of the cases examined.
ible combinations of crecies and islands were used in the
A elbcbud sarp 2 of these, for which the sizn
s moet

b}
ition in fact ig

using V, as the dependent varicble and using a single vV,
of equniidrs were tested. Thaese were 1) cermpariscns betinien
toth of which %the widesnread species had cormprtifors (the
0 to used in separate rerrcssicnn) and 2) comparisons Ttetween
Qasprozd species cccurrad alore and wiere it occurred with
grmmedi tor. Egqueiions Jor the isoclines cen te renerated
of models now extended, and they are a good bit more
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sults for these studies indicate that concave rodels in peceral seemn
== Tit the data better than lincar rodels wita the 2 nuniter of 1nrn"ntLr
that purnly oxnloitative models [it tetter than do purcly interferen
=2cls ("Exploitative” and "interference” as types of competition are uded
= <he sense of Park, 1962). '
3. DBiolorical distritution. The following major global results arise
=== the dbove anelysis: : .

a. Dxploitative models it relatively be

2 tter situations involving
secies or clasgses of the size: interference models relatively tester
.zuations invelvinp stec £ different sizes. This migat be expocted if
=—ctition for resourcess greatest among species of the sare size, whareas
2 erence is most dele ious for:at least the srmaller remter of a pair of
> of different size - ’

b. Temales and other small-sized individuals show ecological shift
=== often than do the lerge adult males. Tais is exgected if smaller
_=zividuals are pushed around more Ty lerger individuals. '

L}

¢, ilules h"ve their ecological shift predicted test tv using as the
=—oting class memters of the sare scx from other species: females by using
mr I tion of size and sex to gggroessive

=5 of the onposite sex. Anadn, the rela
t important here,

Zeyond these general results, certain species seem to show less snift
= others. Grehanmi, for examvle, shows the least shift dbut is quite broad
its structural niche on its home island (with many corpeting species).

Z=—=i neles on Abaco (a2 l-species island) also show litt lﬂ shift; in that
=2, it appears that climate limits the kind of veretation within which
can te carmen to edge of low structural diversity: thus He oquor‘"ﬂlty
‘ c2ift and e:mand along one picne dimension is cur
t

"_ction zlong another dirmersion. hows a
==---zble tendencr to qnﬁfg its stru 5 shi Lt is
P w==ranied by major correlated changes in tody color and pattern.

Perivheral Studies:

I have not reported atove researches dri
irectly germare to the researcn topic o
=.=- grant funds or facilities purchased ©y the ¢

unded in other ways or
CGOl¥, but in =minor ways
rant. Cuch regsearches are

fuk:

1

# Joe 5

' _ices of.karyoiypes. are
- e indirect in us (-
-~2izbion) and bec: Sz
Lizted under "puu tel

is now in manuserint. D




%

2) Tchrtrrran a difrnssion or diversion from his electreonhoretic studies of

==sles,has used grant equinrent Lo investirate the gencties of color noly--

=~rrhism in the salamander Plethodon cincreus. This is poreone only to the

~tlent Lhab this is (n) n further "hu: ol inlraspecies Jdiflerenlintion in a-
il

Lobrate mnd (1) nn addibionnl demonsbralion of Lhe alililr of bhn
zlrelrophoratic techninue an valuable for Anolis. \VelsbLar haa uneavernd
ntoresting linkage disequilibriunm in thene studies, bhut no manuscrint has
72% cwerred.  Yhen cne does, there will apain te rention of partial support
v B 010801X. ' -

3] Very georrmane to the protlers studied under B 0168 0] is the rescarch of
~omes Jensson.  lowever. only the last two months of his more than vear long
udy was funded Yy the grant. A great amount of data was collected, mest of
-* still unanalyzed. Pooulations of Anclis omalinus were worked and followed
= three separate study arecs in the ?u.h&?l’l“ area for un to 13 months.
-ring this tirme weather data were taken..

Studied were: ¢rowth rate as influenced by are, sex and tirme of year;
szrritorial size as influenced by the aninel's size, sex, time of yecar and
=zhitat; seasonal coefficients of condition tesed on weight and len zth of
z-imals; btehavioral repertoire and its social context.

Jenssen is currently working up the annuel renroductive cycle for
:. ecoalinus from biweekly samples. The sound prcducing rachanism of A. zrehami
== teing investigated. A nybrid tetween A. iinecatopus nacheri and A. prahani
23 been veriiied as such karyotypically and *¢nc:r3ﬂ'o vically with the aid
T. P. Webster and its filmed benavior and external morphology are also under
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