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INTRODUCTION

Among the appreoaches to the problem of the origin and mode of
formation of complex tropical biotas, the study of differentiation at
the species and species-group level, given suitable materials and methods,
can afford very rewarding results.

Many South American animals, and among them species of Anolis,
appear to show in their patterns of differentiation the paramount im-
portance of the history of forest and open formations in the northern
two-thirds of the continent. Omne paper (Williams & Vanzolini, 1966)
has already been published delineating such a pattern. A more de-
tailed analysis, with proportionally more far reaching conclusions, is
permitted by the widely distributed Amnolis chrysolepis species group.

The species group previously analyzed was that of Anolis punctetus
and its closest relative A. tronsversalis, These are members of the
endemic South American alpha section of Etheridge (1960) (fig. 1)
-— cld residents whose distribution is in no way an immigrant pattern.
The group under study in this paper is, on the contrary, a member of
Etheridge’s beta section, which is believed to be autochthonous in Me-
xico-Central America and only a relatively recent, probably post Plio-
cene, invader of South America. It will be seen that very recent events
in the evolution of the South American morphoclimatic regions have
played a very important part in the determination of the present pattern
of differentiation, and that some of the processes are surprised, as it
were, in mid-course,

In fact, the recency of the phenomena that have resulted in the
present patterns of distribution and differentiation is such that no diffe-
rence due to the length of presence in the continent is found between
autochthonous and immigrant groups. The general pattern we find is
one of alternate differentiation of isolates in refuges and pronouneed
recombination following coalescence of the refuges. It must be em-
phasized that these alternations have been very rapid, of the order of
magnitude of thousands of years and not of geological periods, as
formerly believed. '

There are several reasons for choosing the chrysolepis species group
for analysis. First, it has an extremely broad latitudinal distribution
in South America, from 12 degrees North to 22 South. The Iongltudlnal
digtribution is also very extensive north of the Equator, encompassing
all of cis-Andean South America. South of Amazonia the area of the
group is narrower, but, for this same reason, extremely interesting.
Furthermore, previous knowledge of the group indicated the presence
of areas of marked differentiation. Finally, it was known that, through

“the cooperation of a number of scientific institutions in Europe and the
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Amerieag, it would be possible to assemble enough materizals tfor ag de-
tajled an analysis as is presently possible in South Ameucan 76008y,
Another. incentive for the undertaking of this study is the recent
avaﬂablhty of some data on the Quaternary climates and pianf distri-

. butions in.the continent. Thege data are still few, scattered, hard {o

obtam and to-interpret, but have allea.ldy enough s1g111f1cance to perrmt

YT, 19T 7

. go(;:ﬁhlé of analysis one order of magmtude beyond what was pleviously
Thus a study of the chrysolepis species group ma

display a pieture of the differentiation of a mgilcoesr.;ful fmlzrflgi}{alﬁc?gig
3 large tropical continental area, and to furnish indicatiens:regarding
e mechamsms operative in such evolutmna.ry phenomena. - At the
time, it will illuminate one corner of the general evolution of the
us. Anolis, perhaps’the lar gest and.-possibly the most; complicated: of
ehrate genera, - Thus the main. mterests of the. airthors, g, well as
-§pecial resourcés” and tglents, i : =
her, & p‘nenomenon most desa é.ble o

the spec1es are, the number 6§
nd: there- is therefore ‘o tremend 5
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. — . : Noreps as conceived by such anthors as Schmidt is a composite of dis-
Boettger. The first, confined to Colombia, Panami and western Vene : tantl.g b ted convergent species (Ethoridge, 19605 Williama, 1963).

zuela, overlaps a chrysolepis ETOND memhegug;lghigutg 1]3\3!1;:13 %etﬁ}.?f?é A meridionalis is, Rowever, tike the other species that have been

The second, otcurring from northern Para . tral Brasilian referred to Norops, a beta ancle in the informal grouping of Etheridge
to Central Brasi] is wm}?]ysi{mgat:;ic;:;thgr?fp,bo%‘&tfhe-cg]rlels:lllt elow A (1960); if meridionalis iio ever retul;neﬂh _t% t_he1 g;nus f\fgﬁ'ops, it will
represserﬂ;ai‘.wEscoIfTl 132; tcogytheg o species the better to eliminate them i presumably be according to 2 concept which includes zll the numerous
gynonyray and €0

from further digcussion. B beta .E.ﬂ()jers in this one taxon.
ugsl
ABLE A

Comparison betwean 4. meridiomalie and adjacent 4. chrysolepis (TapirapEs)

—,
\f character i meridionalis’ ¢hrysolepia
5 Y
N/
N
\\V’[ £irst phalanx of diglit Korops type not Forops type
‘IV; dewlap. _black with red edge black
}!{ yentrals, males 42 - 54 T 431 - 53
.__)(—— females 44 ~ 53 40 ~ 50
. ‘,....1" fourth toe lamellae, males 13 ~ 16 16 ~ 19
: ."", fenales 12 - 15 15 - 13
. §o— loreals, males -6 5 -8
3 Y’/ i
\v, ) ferales 4 -6 5 -8
\U’ scales across snout, males 6 - 10 8 - 11
_ scales hetween semicirles o -2 0 -2
i — scdles betwaen interparietal
and semicircles 1-2 2 -4
snout-vent length 54 mm 65 mm
L o i Anoltis condition habitat ' open gountry forest on trees
" diti of digital dilations and the more usual .
. wig. 2. The Norops condition (After Willlams, 1963). : o on grass and ground
. Among beta anoles A. meridionalis has been demonstrated by Ethe-
gPECIES EXCLUDED FROM THE GHRYFOLEFIE GROUP : ridge (1965) to be distinetive and primitive in the high number of its
inseriptional ribs (“parasternalia”). This primitive feature strongly
" - : suggests that meridionalis Tepresents a very early wave of invasion of
Anolis meridionalis Boetiger : 3 s
_ . . bgat:cp,,anoiea into South America. (See further comment below in the
Amolis meridionalis Boetiger, 1885 215. MPfl'aéuﬂﬁgo- Brasit history of the chrysolepia comylex in South America).
y o ; 1805; 522. Mato LTOS : . . . idi is i i i
Aolis holotropis Boslenger, O3 CECL adn, Mato Grosso, Bresil. | e e oy s vontused it Hellmich mas. In £oth
Norops sladonice Bo0 =¥ 1937: 308, Provincia del Sara, Boliia. based b 80} b - Hellmich 0
Anolis steinbachi Griffin, H . sed his concept of meridioralis on a southern specimen (“Laguna S.

Norops mermorats Amaral, 1932 63. Jagnara, Rio Grande, Minas Ge-

Paulo, Ostufer des Ric Parana,-16 km von Pto Tibirica” = Lagoa S.
rais, Brasil. . Paule, Brasil, g.v. in the gazetteer} of a Central Brasiliar zace of
Noreps mertdionalis; Schmidt, 1939: 9. 09 ; A. chrysolepis that we describe as new in this paper. Only Hellmich’'s
o Anolis chrysolepis meridionalis; Hellmich, 1960: 22. ] gsecond specimen referred to meridionalis (from “Apa Bergland, San
i . bas nsually been Lauis-Centurion™, Paraguay) is actually that species. The two forms
This species, deseriptively a Norops as that genus 5 et have . confused by Helimich differ in squamation and ecology: table A records
defined, is only superficizlly similar to the other speclgsé Tn fact the differences: : :
usnally been referred to the genus (e.g. by Sehmidt, 19 ). In ‘

ot i
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All type specimens of Synonyms were geen by ane of us (EEW) 5 " . .

and founc}irpto \fe unmistakabire sp}t’acimens of meria}:iomh’s. In the case ?:rzfr;;iz?;ﬁb(&g;‘f: ’e]ig;i;tiuiieit-s ﬁreat"‘? spemghza.mon than oceurs

of Anolis steinbochi Griffin, Barbour (1984) commented that: “It 1do not, of eourse preciude origin 'fr;i asif)i:lar‘ﬁgihsﬁt%cin t?&mdhagastler

{ i i i : iy ' p : with chrysole-

would be impossible to find a more typical A. punctatus than the type pis, but they Ho raake immediacy of relationship less credible. Yol

of A. steinbachi for the figures of this gpecimen may be absolutely N €
matched by any of our series from Buenavista in the Province of Santa | lTaheo;?ngiEs lc'i;iiﬂdmdﬂyaste; and of the chrysolepis species group
Cruz, Belivia...” This is a singularly unfortunate remark. Actual ! OVE'; pTh'Y tual all areas of eastern Colombiz and western Vene-
examination of the type of steinbachi shows a minimum of resemblance zueid. ig virtual allopztry permitted Barbomr (1932) to describe a

fo any A. punctatus and specific identity with A, meridionalis. Even i c?gry{olepts gr_oup_mem_ber as Anol:w incompertus incompertus from the

attention to the description would have revealed that Griffin deseribed | yiginity. of Yﬂlavmem_:m and tropidegaster as A. incompertus wnicefori

the number of lamellae under the fourth toe in steinbachi as half or ; from Boyaca. The diagnostic differences are listed in table B.

Jess the number “haracteristic of A. punctatus. W.'I]‘The types of all synonyms of tropidogaster have been seen by
: i . Williams. .

Anolis tropidogaster Hallowell
TABLE B

Anolis tropidogaster Hallowell, 1856: 224. “Colombia™.

Anolis stigmosus Bocourt, 1869: 48, Rio Magdalena, Colombia.

Anolis gaigei Ruthven, 1916: 6. San Lorenzo, Qanta Marta Mis, Co-
lombia, alt, 2700 ft.

Anolis incompertus nicefort Barbour, 1932+ 100. Humbho, Department
of Boyacé, Colombia.

Anolis nicefori; Dunn, 1944: T4.

tomparison of A. tropidegacier with adjscent A. chrysolepis (Villavicencio}

Character tropidogaster chrysolepts

nasal scale and rostral in contact separated by 1 - 2 scales

ventrals, males © 60 - B2 a4

females 56 - 74 40 - j‘;

Sinee the type of tropidogaster Hallowell is (fide Barbour, 1934) , fourth toe lamcllae, males 14 - 19 16 - 18

now only a skeleton, the aseription of this name to the species currently ! females 14 - 18 14 - 19

so denominated is an act of faith. There appears, however, to be no loreals, males : 5 - 8" 5 -8

good resson to disturb settled usage. ’ females 6 -8 s -8

This species, like meridionalis, has been confused with the chryso- scales across snout, males 10 - 15 9 - 12

of external characters, it might well represent a stock ancestral to chry- soales between semicircles 2-4 91 - :4
golepis: it has smaller ventrals, less eniarged middorsals and a more scales hetween interparietal

primitive nasal-rostral relationship (fig. 3y, However, the evidence of and seficireles 2 -4 1-1

snnut-.vent length, males 52 mm B .60 T

fenales 60 mm 63 mm

GEOGRAPHL :
GEOC PROBL% LXARIATION. A PHILOSOPHY OF STUDY AND THE SUBSPE-
The Anolis chrysolepis com i epti ; Jle subject
3 plex is an exceptionally favorable subject
f‘f;otzt'le study of geographic variation. We know of no other specieg of
.rica zsi.po South Amel:lcan iguenid and, perhaps, no other South Ame-
nwlzard that provides equally favorable opportunities.
e are persuaded also that the methed we have here ado i
Y : pted is
Eézfpll'e_fe;red, indeed necessary, ‘method for the extraction of maximally
thodu' information on geographic variation wherever found. . This. me-
('Vanm’l‘O? conrse, an el:_aboration of methods long used by one of us
| . - _ 'Iioilsm: 195;1, ;953) in the analysis of South American lizards
Fig. 8, Leff: dAnolis tropidogaster, Prenasal scale in contact with rostral, Right: P our fundamental idea to i i i
Anolis chrysolepis, prenasal scale separated frown rostral by one or more scales. | tion of each character selnarate?y, fif‘Eﬁid(::‘;nzgzr%s;gsr;&}ég?ilacllll;fgglent{::g
; : 1 ec

i
H
i
!
i
|
1
;
!
1
i
i
;
i
%

lepis species group, perhaps Wwith glightly more reason. In terms ! females 11 - 14
i
]
k)
k]
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1
i
i
i
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i
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i
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i
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major samples and then analyzing variation along transects between
these major samples. Af a further stage regnlarities are looked for
among patterns obtained for the individual characters. This approach
is a cOnsequence of a general model of geographic differentiation ‘we
have adopted. This model, which derives from the considerafion of
some previous fayorable and. well-analyzed cases (Amphisbeena Fuli-
ginosa, Vanzolini, 1951} recognhizes areas of character stability and
areas of transition. Thus if a number of characters, statistically inde-
pendent within samples, show agreement as to the areas of stability, we
fake it to mean that well-integrated genomes pave evolved within these
areas. It will, it is true, be repeatedly shown pelow that the ranges
of the several characters that we regard as defining areas of stability

ag interesting not just for themselves, but for hej i i
{ion to our wnowledge of the scurces and mode: O;riggﬁjég::iggnigﬁ:
tion. However, We regard that level of differentiation clogest to & e-
cies difference, and indicative, perhaps, of past or future pntenfga.l
species formation, as of highest intrinsic interest and alone worth na-
ming in the formal system. We are aware that our expressed preferen-
ces diverge from current standards and practices, and we admit an ele-
ment also of arbitrary choice, hased on our 0w estimate of convenience
and utility, in the exact number of forms that wé recognize. We have
had, in fact, to make a break within a continuum and set a;1 arbitrar
level below which we will not formally name, Our effort here is tz

oAt AR e S S

are not coterminous {c¢f. Wilson & Brown, 1953). Rut we do not believe regerve something of the utilit v . v
. that the expectation of coterminous ranges is & plausible one, and : ghilo:mphy that the number recolgrnngedsu:;ff,;‘fimiebﬂnﬁﬂi the explicit
certainly we do not regard the lack of coterminous ranges as any argu- ] For us the issue of <ubspecies recogmition is an u ia " ort
? ment -against the reality of the areas that we deseribe. It is on the We have expressed our views and defended our positionn rrﬁ)o tant on.
contrary to be expec_ted, more _often. than not, that the coad].usted c.hap this Jimited sontribution o a dispute more voluminous' Iy av{l}]g m_ade
r?cter complexes built up in }so]atwn w_oulcl guffer some disorganiza- ting, we pass on to more interesting topics, insisting onl :}T‘l: umina-
tion when they meet the slmﬂa'rly coa_d]u.sted character complexes of ‘ phic variation, properly studied, is & wort'h toui 3 y that geogra-
other aress. whenever guch disorganization occurs, the meveral cha- tization d y topic of scientific Inves-
racters or character gtates may be expected to have independent ifates *
gnder the competing influences of Jocal selection and gene flow. Thus .
what: we look for as 2 result of our analysis is a superposition of po- SPECIMENS STUDIED
lygons of roughly similar but not identical shape and surface; the area ; Of chrysolepis proper we have i '
of maximum overlap of these figures we call a “core area”, after the differentiation 718‘:1 sgecﬁrlens (391vma1i::1nl:11 3?(;3 fzﬁglis?ff %Eog;'??}f1MI
geomorpho]ogica.l concept. The 1ocation and peculiaritie_s of the core ] lities. Many other specimens were exemined but not i li gld 1 loca-
areas and the features of the transition belts are our clues to the history k analysis because the localities were ton imprecise or 11 n ufe in the
-;ff the dliﬁ?reilﬁiati%]}ll of 11;,6‘}'“3 group. '{ﬁeg ﬁfe}r %d muc? ﬁgr_t};fr basis impossible to identify. , in a few cases,
or analysis than the alternative metho ooking for differences ; : esi . .
Letween so-called “popu]ations” _ differences which will always he of Aia?;ge?;oﬁzgﬁgs;i?rf ffeféﬁiiie:? ;;efnzle?a;;sd a{lsd fl . feima!ei
; emales 0

found if enough stalistical analysis is done. The latter course usually A i L
leads to the recognition of a number of subspecies that contribute litfle Anolis tropidogaster from 9 localities;
to the understanding of the evolutionary patterns.

Civen the impottance we attach to core areas and trangition belts,
we believe that they ghould be exhaustively analysed and abundantly
documented. This has led in the present paper to a very large number
of tzbles, graphs and maps — but we think all of them are essential fo

E - ga. . and 13 males and 14 f
of Anolis meridienalis from 11 localities, emales

This brings up the number- of speci iti
pecimens to 843 and of
308 (there are two cases of syntopy). ocalities o
The specimens used are listed below.

the delineation of the general patterns of differentiation. Abbreviations
That as one result of our study of geographic variation in Anolis AM . )
Jhrygolepis we have chosen to employ the subspecific category is no - AI\TISql51 ircl:dr;f,?; ﬁuﬁ:tmmsf ‘;;’;‘;“" H;St;;)f{ de Yok
esgential part of the basic study. We regard subspecific names as a BM British Museum (Natural ﬁfst?,m ftadelphia
convenient summary of the broader aspects of our conclusions. We hope ’ gﬁ Carnegie Museumn, Pittsburgh ;
by these names fo call attention to the largest and hest demarcaied : FMNH Federico Medem private collection
centers of differentiation, at which plesiospecies, those evolutionary is f‘“lf‘ Museum of Natural History, Chicago
units that almost schieved species grade, came into existence. ] JRT JnStgut;.aIn‘f.tf”ne.' Bogotd

We have not neglected to point out the muitiple levels of differen- Lacu Las Angele:l c.:ﬂi‘fftemﬁigifﬁw“
tiation below those that we choose to recognize nomenclatorially. We ’ E‘g Rijksmuseum van Natuwlijke Historie, Leiden
are guite conscious that these might be multiplied indefinitely by further MGZ Museum of Comparative Zoology, Cambyidge, Mass.
collection and investigafion. We regard these levels of differentiation ‘MIP Museu Paraense “Emilio Gocldi”, Belér, Pard

Muszeu de Historiz Natural “Javier Prade”, Lima

e T ST T L[| AR (RO, | WO
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MNRJ Museu Macional, Ric de Janeiro

MFP Muséum National o&'Histoire Naturelle, TParis

MVZ Museum of Vertebrate Zoology, University of California at Berkeley

MZUSP Museu de Zoologia da Universidade de 3io Paulo (formerly Deparia-
mento de Zoologia da Seerelaria da Agricnltura)

NMB Naturhistorisches Museum Basel

S Senckenberg Museum und Naturforschung Institut, Frankfurt a. Main

UIMNH University of Illinois Museum of Natural History

UKMNH  University of Kansas Museum of Natural History

TUMMZ University of Michigan Museum of Zoolegy

USNM United States National Museum, Washington

ZMB Zoologisches Museum Berlin

zaM . Zoologische Staatsamunlung Miinchen

Anolis chrysolepis
(Maps A to F)

Brasil )

Rorgima: AMo Rio Catrimani, MNRJ 1626, 3321.

‘Amagowas: Serra da Neblina, MCZ 86763; Boca do Rio Tucano, MCZ BE762;
Tapuruenara, MG 1750; Estirac do Equador MG 901; Benjamin Constant, MNRJ
3393-29, MZUSP 0146, Parana do Jacars, MNRJ 162%; Reserva Ducke, MCZ
99682, SMF 60985-87, MZTUSP 8360, 8356, 10908, 11920; Maués, AMNH 98403-04;
Manjuru, AMNH 08598; Rio Jurua, MCZ 65580, MZUSP 400, 405, 700, 3014;
Itapiranga, MZUSF 16908-16; 5. Scbastido do Uatuma, MZUSP 17439.

Pard: Aldeia dos Indies Tirids, MG 1702, 1704, MEUSP 13134, 13141, FMNH
84580; Uachimbo, MZUSP 3714-16, 3725, 8989-80; Belém, FMNH 83580.

Amapd:  Serra do Navio, FMNH 83581-83, MG 1700-01, MCZE 7914650, 85009;
Porto Platen, MCZ 85010; Alto Rio Maraca, MG 817-25, 828-30, 1687-88.

Margnhdo: 40 km § Loreto, AMNH 05483,

Acre:  Alto Purus, MZUSP 2618-14.

Rondonin: Mutnm-Parand, MZUSP 3718-19.

Mato Grosso: Barra do Tapirapés, MG 1705-08, MCZ 98284-80, AMNH B7913,
93155-66, MZUSP 9744, 10075-B6, 10819, 12327-28, 12097481, 12983-85. '

Gloids: Porangatu, MG 1699; Aryuand, MZUSP 4860; Cana Brave, MZUSP
4378-79,

Minas Gerais: Uberlandia, MZUSP 4635.

Sie Paulo: Lagoa 5. Poulo, Z8M 251/1983; Itapura, MZUSP 551; Aragatuba,
WZUSP, 4366; Ribeirdo Azul, M 949; Buene de Andrede, MZUSP 4384; Ibarra,
MEUSP 4487; Vista Alegre do Alto, MZUSP 43B3.

Colombia
Cundinomarca: E base Cordillera do Bogotd, ANSP 24288; Pogotd, TMMZ
. 120%48, MCZ 18304-05. .

Meta: Villavicencin, UMMZ 7Y8ZEB (2 exs.); FMNE 30790; MCZ 19231-38,
22300-10 (paratypes of incompertus), 92312-1B (paratypes of incompertus),
42517 (paratype of incompertus), 82319 (paratype of incompertus), T1416-1¢,
74319, T7465-69, 100005, 100407-05, 10096769, M s/n’ {6 exs.); Acacins MGZ
74318; Hacienda La Guardia, & km NE Villavicencio, UMMZ 126625; Rastrepo,
MOZ 42192; Puerto Lopez, AMNH 98405, 98407, MGCZ 7474; Apiay, UEMNH
110582-83; Finca Guadualito, Rio Giiejar, area of Serrania La Macarena, FM s/n
{2 exs.); Finca El Diamante, region of Resalefio, FM s/n.

Caguetd: Rio Tuila, MCZ 92683; Florencia, MCE '61164-66.

Vaupés: San José del Guaviare, FMNH 175600, °

Vichade: Senta Teresita, AMNH 99G6H9.

M), 19 (1-2),,.1870. . .-

SR £ S

Map A. Key to maps B to F.
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Ecuador

Nape-Fastaze: Soanta Cecilia, UKMNH 105826-37, 109098-23, MCZ 22601-08;
Limén Cocha, UKMNH 98928-38, 107060-52, UIMNIL 64353, 54363, 54532-36,
64272, 64297-304, B4514-15, 64365, G4418-25, G5979-80, MCZ 85097-101, 92609-12;
Gan José, AMNH 28B6B-67, 28884-87; Loreto, USNM 163984; Ric Bobounaza, entre
Sarayaen ¥ Canelos, WMZUSP 11867-68; Sarayaeu, MCZ 37709; Churoayaeu nr.
garayacu, Ric Bobonaza, USNM 162096; Palanda, Rio Bobenaza, USNM 163995;
Rio Misapualli, USNM 163991-93; Miazal, USNM 163998-4001.

Sentiego-Zamore: Rio Tlushin, USNM 163997.

Chimborazo: Riobamba, AMNE 23387, MCZ 29290.

Not placed: Tuvula, AMNH 38676-81; Dureno, UKMNH 105325.
Guyana

Haul Over, Aruau River, UMMZ 83752-53; - Pickersgill, Pomercon River, UMMZ
82852 (2 exs.}, 82853; Geovpeiown, UMMZ 46445, AMNH-8564-66, 17693-94; MCZ
2080; Demerara Falls, BM 1946, 8.8.58 (syniype of mummifer); Dunoon, UMMZ
55095-56008, T0053-55, T0062-64; Aremu River, UMMZ 70051; Haburi, 80 mi Bar-
tica, MCZ B1306-07, 81602; Akyma, Demerara River, AMNH 38565, 3857L; Kamuni
Greek, Demerara River, UMMZ 83630; Kartaho, CM 4241-42, 5387, AMNH 15142,
$1510, 21313, 21322, 32277, 46448-50: near Eertabo, AMNH 9832223, 98326,
$8832-35, $8342, UB3L7, 98364-GH, O83BT, 98360, 98362-69, 9B3T1-7Z, 9B3T5, 08394-0B;
¥amakusa, AMNH 25072-73, 25078a, 25081, 25120-27, 25131, 25135; Upper Maza-
runi River, UMMEZ 85223, 85225; Tukheit Hill, below Kaieteur Falls, UMMZ
£3051-52; Kurupung, Upper Mazaruni Distr, UMMZ 83651; Branch of Kurupung
River, UMMZ 85226; Machreba Falls, Kurupung River, UMMZ 86227 (2 exs.);
Machripa Falls, Kurupung River, UMMZ 83682; Kuyuwini Landing, AMNH 798963,
Marudi, AMNH 61382; Onora, M7 85360, AMNH 61251, 61258; New River, BM

1030, 1.1.69; Shudilar-wau, AMNI 31492-95, 865348-4¢; Kamarang River, UMMZ
85224 {2 exs.}.

rysolepis; area F of Mep A.
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LUBERLANDIA

La Haye, LM 2B12; Tibiti, LM 11638-89; Paramaribo, ZMRB 25882 (2 exs.);
Kroetve, LM 11660; Moengo Tepoe, LM 11630 (2 exs.), 11687, 11665; Coppename
River, BM 1946. 4.2.81; Nassau Mts, LM 11840-54, 11655 (2 exs.), 11686, 11657
(2 exs.), 11658-59, 11661 (2 exs.), 11662; Upper Paloemeu, LM s/n; Brokopondo,
LM s/n; Poeloegeedoe, LM 11683; Raleigh Falls, Upper Coppename, LM s/n; fock

Tafelbery, LM 11664; Upper Gran Rio, LM 4857; Hanie, LM 447; Lucie encamp-
ment, LM 11666, -
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Map F. Localitics of dnoits chr

i
S5, pauno
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4

2 : Sophie, 8 St. Elie gold pit, MCZ 77548; Cayenne, MP 2459, 5243, LM 2828;
: 4 Mana, MP 2436 (syntype of chryselenis}; lower Matavony, LACM 42093-100, 42105-
! Y H

4

=]

107, 42109-110. No further data, MP 2439 (syntype of chrysolepis}.

Peru

— { . Toreip; Barranen, AMMNII 57078, BMouth of Rio Santiago, AMNH 57071,

: E7075, 57371, 56810, BO810-E2, 56834-35; Rio Laya, Iquites, AMNH 56831; Iguites,

5 FMNH 455i2; Yarvinacocha, FMNH 45518, 56038, 56065-67; Pedrera, prov. Uca-

ol ; . yali, FMNH 45513; Lower Rio Cushabatay, AMNH 586804-06, 56826-28; Pampa

: Hermosa, AMMNI 56486-80, G6811-13, 56815-16, §6832-33, BO83H, HE841-d4, 57074,

; . MCZ 57369, 57372; Brasil-Pern Trontier, Rio Tapiche region, AMNIL 58840; Rio

. Tﬂmaya, MO7 57374, AMNI 58824-25, B7084; Roaboya, AMNH 56809, MCZ 57373;
igarapé Champuia, Alte Curanja, Alto Purus, MZUSP 3323-25, MCZ GGEEL.

as ! Amgzonas: Manayaen, Rio Cenipa, AMNH 57072; Rie Cenipa, AMNH 57073

i ) : Hugnuce: Upper Huallapn R. valley, AMNH 57070.
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Trinidad ’ ,
o an Rafacl, FMNH 14983233, Tucker Velley, USNM 118077; Mt. St. Benedict,
' &t, (eorge Go., CM S'WGET"PG‘EF'ti'f‘"S])‘ain;-A-l\’I—N-H»-6565- Mayare,. AMNH 72829;
Moruga, MOZ 314955 Mariva Swamp, MCZ 42983, 60800; Toco, MCZ 10746-47;
Guayaguyam, NHME 7771-12; Churchill-Roosevelt Hwy, AMNH 72827, 72830-33;
Palmist Estate, 3 km ¢ Ban Fernando, MCZ 21303-05, 81501, 85011-18; 3 mi S
Spn Fernando, MCZ 81302; Ta Seiva, MCZ 5998-0000; mo further data, AMNH
6569, NHMB 5g44-46, 200209, USNM 17725, 20414.

Venezuele

Faleon: Cafio Tigre, Agua Linda, NHMEB 9904-05; Riecito, Acosta Distr,
MOZ 49050; Pauji, Acosta Distr., MCZ 48723-24, 49085-37; El Mene d'Acosta,
WHOMB v239, 0251, 0583, 0417-23, 9920-26, 9997-08, 12868, 13850; Palma Seola,
UMMZ 55866, 56974, 55977-78, 55984; Riecito-ATaurima area, NHMB 136%14; Tu-
cacas, UMMZ 55879

Voracuy: Bormerdn, UMMZ 55976, 55989; Aroa, UMMZ 56072,

Carabebo: Bejuma, UMMZ 55968-60; San Esteban, UMMZ 55967, 55982, BEOEE;
Puerto Cabello ZMB 498, LM 674 (b exs.), 3001; between 8an Estcban and Puerto
Cabello, BM 1913, ¢.10.1; Tas Cuiguas, San Esteban, UMMZ 55970-71, GE9BT.

Aragua: Pie del Cerro (La Vietoria), CM 7402, 7416; mlong Ric Ocumare,
TUMMZ 124296; Rancho Grande, AMNH 98309; Ranche Grande-Ocumare road, 3.9
km S of fork to Tyriamo, UMMZ 124300-01; Rancho Grande-Turiamo road, ca.
1700 ft, UMMZ 124207; La Cumbre, UMM?Z 124295; Hda Sta. Theresa, FMNH
128908,

IHgtrito Federal; Caracas, UMMZ 124302, ZMB 523 (type of planiceps), 4251,
MP 2480; La Guaira, YSNM 22522-25, 27818; El Limén, CM 7348, USNM 121180,
Pgerts - La Cruz, OM 7318, 7220, 7335, 7338, USNM 121181; Kl Valle, USNM
128905-07. )

Mirande: Sante Lucia, 11 km ENE of Quebrada Siquire, CM 7443, T460;
Los Cansles, Najguatd, CM 22781.

Aneodfeyui: Puerto La CGruz, MCT 4B782; Valiée du Naricual, MF 85 (6 oxs.).

Suere: San Rafael, nr. Cumaznacoa, CM 7580, 7888, 7851, 7853, 7858-69, TB62,
7864, MCZ 487813 Cumanaccea OM 7938; Cuchivane, AMNE 29325; Cocellar, FMNH
17801; El Yague mr. Turumianire, CM 7970-71, T974; Hacienda Mirasol, nr, Letal,
cM 1T959; Yacua, MOZ 43856-58, 43860; Cariaguito, ANSP 18277 {type of nitens
Bondi}.

Monages: Caripito, AMNH 98310-21.

Yiekire: Ayaencho, MCZ 24073,

Apure: Sarare, MP 03-174 (4 exs.}.

Boligar: Arabupu, M. Rovaima, AMNH 26329, 38684-86; Glycon Swamp, BIE.
Roraima, AMNH BE8683; Auyan-Tepui Plateau, 220¢ m, AMNIH §1013.

Amazonga: 6 mi, N Esmeralda, AMNH 26656; 19 mi. N Esmeralda, AMNH
86657; Vegas Falls, 20 mi N Esmeralda, 4600 fi, AMNH 36648; Rio Pescada, Mi.

Duida region, AMNH 36639; Summit Brook, Mi. Duida Region, 6300 ft, AMNH -

36646; nr. Salto do Hué, Brasil-Vepezuela border, TUSNM B3674; Puerfo Ayacucho,
MCZ 58328. -

Without loeality data orv wilth erroneous data: RM 1046. 8.B.55 (type of
seypheus); BM 1948.8.8.51 (" Grenada”, type of twrmalis). ' '

Anolis bombiceps
(Map I}
Brasil
ey st Tgarapé Belém, MZUSP 13026-27.

Colombia

Amazonas: Leticia, JRT 103; Puerto Narifio, LS 2.

i
i
§
i
1

o s et bl A
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Eeuador ’
apo-Pesteza: Rio Bufeo, M7 96802, Ric Shie

-

aon, MOZ 96803; Puerto

MO BTRAST Conambe, MATST 13120 T

Peru

Lovreio: FEstirén, Rio Awpiyacn, MZUSP 13135-39 io ¥

! PP » 13185-39; Ti tava, AMNE
; ! : ? ya, 56215,
5583. j 57074; 1 day .CB oo trip from mouth of Rie Nanay, AMNH 58845; Ban

) Anclis meridionalis
Rolivia

Beni: Reyes, UMMZ 57704; Rio Mamoré, ca 23 km W San Javier, AMNH

08418-16; Rio Mamoré, ea 10 1 w o 3
v 12°26,’S, A sz it San Pedro, AMNH 98417-25; Rio Mamoré,

Sgnta Cruz: Buena Vista, UMMZ G0581, 60
. uen > , 606 < i Ri
UMMZ 63807; Provincia del Sara, CM 985 (paraty();'p?e gi :?:ilrzl;ugggiﬁ, Fio Suruta,
Brasil .
Mato Grosso: Chapad
o T apada, BM 1946.8.8B.44 (syniype of Norops sladeniae),
Golda: Goidnin, MG 1683.
Distrito Federel: Brasilia, USNM 148771,
Shdo Poule: 8. José dos Cawmpoes, AMNIL 88319.

. Anolis tropidegaster

Panama

. Saboga, MCZ 12372-74, 12377, 12379, 12381, 1238B4-85, 12387, 12391-93.

(lolombia
Santandei:

Chocd:
Boyded:

El Centro, MOZ T4361-62.
Andagoys, MCZ 32801-02 (types of albi).
Otanche, Muzo distr, MCZ 74365-67; - Humbo, Muza distr., MCZ

3982828 {types of incompertus wmicefori), TE363-64.

Cundinamarea:

Sasaj E ; ] .
@ o asaima, MCZ 34324; La Mcesa, MCZ 46423-24, UMMZ 90624

Veneruela

Taekira: La Fria, UMMEZ 55973, 55975, 55981, 55083, §5988; San Felix.

UMMZ 55980, 55086,
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METHODS
THE BASIC APPROACH

We have analyzed the gecgraphic differentiation of the chrysole-
pis group by first considering separately the differentiation of 11 nu-
merical characters and two gqualitative characters over the whole ferri-
tory of the group, and afterward comparing the regulting patierns.
The sexes were studied geparately, since preliminary analysis of first
category major samples {see below) showed widespread ocidrrence of
cexual dimorphism. In ench case of its occurrence the latter was con-
cidered as an additional character, and its distribution anaiyzed. In
the few cages where sexual differences were not statistically significant

in the major samples, the geographical analysis was nevertheless done

_separately for cach sex, ag experience showed that ogtherwise soIne
differences in general pattern would he lost.

¢

The investigation of each character was begun by the joint consi
derr:).‘tmn of 1:} “major_ gamples” and carried fogrwarg by tillotalllén;.?;:ils
gﬂtwts;nfscgi’ —_ s?mes Iof ;ocalities movre or less linearly arranged

ajor samples. In this manner i i di i
tion rg;ttern of each character was obtglinidt.wo dimensional differentie-
. The organization of the major samples and fransec ic

_mltlally only on the basis of the materisls available andti)f“:cise dgeec;fnei
try of a map of the area of study. 'The results of a first analysis were
then used to :'adapt the methods to permit better clarification of the
patterns perceived. For example, the evidence (in fact known before-
hand but nat taken info consideration in the first study) of the exis-
tence of a _well' differentiated form, previously believed fo be a well
g__et'_off species, in the area from Suriniam to eastern Para, led to a pre-
liminary a}'rangement of the Guianan and Guiano—Brasifian trangects
and to their subsequent modification in crder to show to better advanl
Eﬁi the phenomena of transition between these populations and adjacent
This sort of feedback and even bias in the analysis is :
-fwoxdabie but h'ighlzv' desirable in studies of geo’grapfﬁcai di?;;'gﬁgét?:n
in South America. If we had a perfect network of iocalities, each one
_represented by good samples — with statistically sufficient; nnmbers
gfsttiilleifapd fﬁmales, and with all age classes equally represented — a
bi, comput:‘li]zpe de.nes would emerge from the analysis, which might even

II} fact, the available collections are, as is usual wi
colleciions, _not made for a specific pul-pc;se, an irreg&lar lt\hndm;:f:}?
repl:esenta.tlon_of_ the group range, and the study must begin by {:hi
settl.ng_of _prehm.mary hypotheses, to be tested. In our case the hypo-
thesis is, in all instances, that differences between the major samples
correspond to geographic patterns and not fo mosaics, and this hypo-

- thesis must be tested by adaptations of the analysis to the materials

available, to the numbers of specimens and thel it

: . ¥ 5 @ eir position on th

in otg?;g woids, by the consideration of transects. ¢ e

r the 11 initial quantitative characters are anal
| Afte : 11 init: i 2 yzed below
thel}:- JO]T.l.t distribution described in “interim summaries”, and ,a?tr:i
w: ave d]S(.‘.l'ISSEd‘ the unquantifiabie character of size of middorsal scales
;umti})xared with size of arm scales, we have added o the discussion a
ﬁr er, and very important character, dewlap color. We delay cita-
afl‘aeﬁl .::hls ({har‘act‘fl‘ until thie point because the fest of the meaning
ap colo d uei
g elsg. r in two crucial cases depends upon knowledge of every-
It will be clear that our pr i i

. 1 - pr esentation of the evidence does not reflect
glﬁhev}?lutm‘n of our analysis. Tt is instead the presentation of a case
numg owever, due insistence on primary evidence {hence the very hig‘r;
con t_etr of _tables, gra.phs ;md maps) and only thereafter on what
hmz i’utes interpretation, 1rppression and guess. Qur results might
i cen asserted as conclusions from the very beginning, but we have
.preferred to develop cur case more elaborately for didactic and esthetie

Teasons.

T L T M 1y T R e RN
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MATOR SAMPLES

We call major samples those that have a “reasonable” number of
males and females and that fulfill some requisites of geographical and
morphological homogeneity. “Reasonable number™ was defined opera-
tionally: we have used samples with as few as 5 gpecimens, in cases in
which we helieve that information on the locality was important enough
to offset the disadvantages of the lesser precision of the comparisons,

The geographical criteria embrace 3 orders of stringency: (i) one
single, well-defined locality; (ii) an ecologically homogeneous group of
close-set localites; (iii) a group of mot so close, but still ecologically

_homogeneocus localities. The three groups of course overlap.

The first type of sample is ideal for the purposes of this study,
ag it permits the egtablishment of criteria of variability, the study of
dependence between gize (treated as representing age) and morphologi-
ca] characters, and an evaluation of sexual dimorphism. Whatever its
variahbility, a sample of this type is bagic for our work.

However, the concept of a single locality in the interior of South
America is not simple and unambiguous. Large samples are usually
collected during some more or less long stay in a place, which is well
defined by the notes of the collector. On the other band, many speci-
mens are brought in by natives, and this transforms the single point
locality into an area, Toughly circular in drier repions and elongate
(along rivers} in the rain forest. In the latter case experience shows
that the actual eoliecting area may extend about 50 km each way along
the sfream.

This ig certainly not a gerious drawback, in terms of the seale of
the present work, or even of the population dynamics ¢f common ani-
maje, However, this to a marked extent bridges the gap between the
first and second categories of major samples. The locality “Barra do
Tapirapés™ may well encompass an arvea of the same order of magni-
tude as that comprised by the samples Villavicencio, which includes
Villavicencio proper, and at least San Martin, Restrepo and Acaciss,
or Pampa Hermosa, which includes the lower Rio Cushabatay.

Given the differences often observed between adjacent first category
samples (e.g. Limén Cocha and Santa Cecilin), major samples of the
second category should cnly be assembled after careful statistical testing
of homogeneity of all characters under analysis. Once they are found
in agreement with the good single locality samples, they may be used
for the same purposes.

Major samples of the third catepory have bheen assembled fov
tactical reasons, not primarily for the study of variabiiify, sexual diffe-
rences or associations of characters. They aim at repregenting critical
geographical areas. Thus, samples from Anzoategui, Sucre and Monagas

(Caripito} in Venezuela are individually considered in the analysis of
the North Venezuelan transect, but taken together as “NE Venezuela™
they serve a8 a starting point for the consideration of the Guianan areas.
When the component subsamples agree very closely with regard to a
eertain character, their ensemble obviously affords a better inductive

. Category Code

TRl TETLRY, IO B

pasis for geographical comparisons, but the other data which do neot
chow this close apreement should be faken with caution.

In the _study of body proportions it has sometimes happened that a
given sample has too few juveniles or large adults, or too few speci-
mens of one séx; or, in the case of tail length, that not enough unbroken
4ails are available. In such cases samples have been combined, after
testing for homogeneity. ’

‘The major samples adopted in this work are:

Name and Localities . Males Females
First ESS Essequibo: Kartabo and surroun-
ding area 18 19
DUN  Dunocn 7 10
NAS Nassau Mountains i1 14
SCE  Santa Cecilia 17 19
LCO  Limdn Cocha 31 32
TAP Barra do Tapirapés: plus Porto '
‘ Velho 26 24
Second TRI Trinidad: several localities 26 | 23
VIL  Villavicencio: plue Acacias, Restre-
po, San Martin ’ - 22 17
PHE Pampa Hermosa: plug Lower Rio
Cushabatay 17 9
Third FAL Falen: Agua Linda, Araurima,
Arvoa, Boquerén, El Mene
d’:Acosta, Palma Sola, Pauji,
Riecito, Tucacas ~ 21 13
NEV Northeastern Venezuela: Puerto
d_e la Cruz (Anzoitegui}, Na-
ricual, “Sucre” (see North
Venezuelan transeet, below),
Caripito 1T 18
WBG Western Guyana: Kamarang, ’
Kurupung, Machripa Falls,
Upper Mazaruni 11 13
APA  Amapa: Alto Rio Marac, Serra
do Navio, Porto Tlaton 12 18

THE TRANSECTS (MAE O)

less {X_s stated above, we call “irznsects” series of localities more or
39 linearly arranged between, and including, major samples. Loca-

r
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lities situated close fogether were in sgme cases combined, after testing
for homogeneity in all characters. In several instances alternative
combinations could have been made, and some were {ried, but are not
reported here, as they would not add to the results of the analysis or

to the clarity of the prcscntation.
Localities which do not £it exactly any-of the transects adopted are
called “laterals”, and considered fogether with the nearest transect.
0f course mMAany localities are part of (or lateral to) more than
one transect or included in one transect and lateral to another.

In the analysis the transects are usually cited in the original order,
which was initially designed to bring out first the features of the better
differentiaied areas, especially the eastern Guianas, and only later the
less differentiated areas. However, 01 0ccasiorn, an¢ depending upon

_the intrinsic logic of the case, the order has been altered, or transects
combined or altogether omitted.

Two localities (Brokopondo, Surinam, one female, and Tukeit Hills, :
Guyana, two fermnales) were inadvertently omitied in the analysis; since i
it was later seen that they would not have added any relevant informa- |
tian, the oversight was not corrected.

Nortk Venezuelan transect. This is 2 fairly linear series of 24
Jocalities hetween Faleén and Trinidad:

Code Localities Males Females |
FAL  FALGON ‘ 21 13
Bej Bejuma 1 1
Car Caraboba (San Esteban, Las Quiguas, {
Puerto Cabello) 8 6 :
Red Rancho Grande area — % !
Pdc Pie del Cerra 2 — }
Dif . Distrito Federal (Caracas, El Valle, E! i
Limén, La Guaira, Los Canales, i
Puerto de la Cruz, Santa Lucla) 13 i
Anz Anroategui (Puerte de la Cruz, Naricoal) 5 2 4 _ )
Suc - Suere (Cosollar, Cuchivano, F Yaque, 3 Map G. Awslis chiysoicpts; (ransects.
Latal, San Rafael} . o d 12 }
gap (;aripito o 4 ; Code Localities Males Females
ac acua 3 1 i :
TRI TRINIDAD 26 23 ! EDE;\’ I;TIE VENEZUELA . 17 18
i . | ! _aul Over . ! — 9
_ . 1 Pic Pickersgill _ 3
First Guignen transeci- Thig aims at analyzing variation along l Geo Georgetown: plus Kamuni Cresk 92 [§
the coast. It is also a fairly linear series of 12 localities, plus 4 major DUN DUNOON 7 10
samples, the first of which iz a composite (NE Venezuela). o ‘ Lhy La Have - 1
1
¥
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T
Tib Tibiti 1 1 Gode Localities Males Temales

; Par Paramaribo 1 1 FAL FALCON 21 13

- Mtp Moengo Tapoe 2 1 Cvb Colombia-Venezuela border: Sarare, Aya-

T NAS NASSAU 11 14 cucho, Santa Librada [ 1
Man Mana 1 — Bog Bogota L -
Sel St. Elie 1 — VIL VILLAVICENCIO 22 17
Cay Cayenne 2 1 Beo South Colomhia: Florencia, Ric Tufia 3 1
Mat Lower Matarony 3 8 . SCE SANTA CECILIA 17 19
APA AMAPA 9 16 . LCO TIMON COCHA 31 39,
Rel Relém 1 — Sum ‘Bumaco: San José, Loreto 4 3

) Mis Rio Misahualli 2 1
Socond Guianar tramsecf, This transeci includes 8 localities and -fﬁ: ﬁggz;laza. Palanda, Sarayacu, Canelos ; é
5 major sarm_;]es and is parallgl to the first, but _situated more 1o th'e Mar Marafion: Manayacu, Rio Cenipa, Mouth
interior. It includes Dunecn, in order to show differences beiween it S of Rio Santiage, Barranca 8 5
and the neighboring Essequibo sample. L PHE PAMPA HWERMOSA 17 9
There are 3 lateral localities: Auyan-Tepui and Roraima, which : Roa Reoaboya _ 2
chould be compared with the westernmest localities, and Lucie, to be <7 Var Yarinacocha 3 2
considered between Guyanan and Surinamese localities. i S Tam Rio Tamaya 3 1
' 3 S Par Purus: Igarapé Champuia, Alfe Purus 3 3
Code Localities Males Females " Laterals
NEV: NE VENEZUELA 17 18 k Pip Puerto Lopez 2 1
WRG WESTERN GUYANA i1 13 3 .. Big San José del Guaviare 1 _—
Ari Arimu River — 1 ; ' Rbb Riobamba 1 1
BESS ESSEQUIBO 18 19 . - -RI Rio Liushin — 1
DU DUNOON 7 10 3 .. Rta Rio Tapiche 1 —
Aky Akyma 1 1 : Unu Alte Huallaga —_— 1
Kro Kroetoe: plus Raleigh Falls . 2 — T ’
Tih Tafel Berg: plus Upper Gran Rio — 2 Colombo-Guianan frensect. This transeet of 7 localities and 2
NAS NASEAU . 11 14 _‘major sampies links Villavicencio with the Guianas and aims at analyz-
Poe Poeloegoedoe: plus Hanie 2 - ing the localities in southern Vemezuela and southern Guyana, The
Laterals : ) latter were initially individually considered, bui are here presented as
Auy Auyén Tepui 1 — a single sample, “Southern Guyana™. There are two lateral samples:
Ror Rorfuma 2 4 (1) the localities on the Brasil-Venezuelan border, to be considered with
Lue Lucie 1 - Duida; (2} Alto Catrimani, between Duida and Scuthern Guyaha.
Western transect. 'This is a long arc (26 1gcalities, 5 major sam- U Code Localities Males Females
les) parallel to the Andes (with one upland locality in Colombia, Bogo- ' _
}c)é, )an% one in Eguador, Riobzmba). In the somthern end it bends - Egl‘ ;:ILIt‘AVICErNCIO 22 17
eastward, to reach the Ucayali valley and cross to the upper Purus. - ¥ 'Dup; D“?I{ ° 11\‘;5&‘]”3 i B alds 4?: i-
In Ecuador the course of this transect is not very orderly. There are . eBG S“K}:"‘  Ihida, Hsmeraida Landi ‘
also several lateral localities: (1)} Puerto Topez and (2) San José del . o outsem _IGlflrdﬂa- Ku?’uwlm anding,
Guaviare, which should be considered between Villavicencio and South : L L hudikar-way, Onora, New River -8 6
Colombia; (3) Riobamba and (4) Rio Llushin, with Bobonaza; ¢5) Rio ucie - % E

Tapiche and (6} Alto Huallaga, with the southernmost localities. B NASSAU 1
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Laterals
Brv Brasil-Venezuela border: Salto do Hua, )
Serra da Nebliina, Rio Tucano — 3
Cat Alte Catrimani 1 1

Guiano-Brasiticn transects. These two transects aim at analyzing
the differentiation hetween the Guianas and the Central Brasilian areas,
represented by Tapirapés. The first transect (4 localities) goes from
Essequibe through Southern Guyana to Tapirapés. The second transect
(7 localities), from Surinam o Tapirapés, joins the first on the right

. margin of the Amazonas (Maués). Dunoon has been added te the first
transect in cases where this sample’ ditfers markedly from Essequibo.
Manaus is a lateral locality to the second transect.

Code Localities Males Females

First transect

E3S ESSEQUIBO ) 18 19
SBG Southern Guyana: Kuyuwini Landing,
" Shudikar-wau, Onora, New River 6 6

ita Itapiranga: plus . Sebastido do Uatumi 6 4
Mau Manaus 5 3
Mes Maués: plus Manjuru — 3
Cax Cachimho 5 1
TAP TAPIRAPES 26 24

Second transect
NAS MNASSAU 11 14
Poe Poeloegoedoe: plus Hanie 2 —_—
Pal Upper Paloemen — 1
Tir Tiriés 1 3
Mes . Maués: plus Manjuru — .3
Cax Cachimbo 5 1
TAP TAPIRAPES 26 - 24

Laterals )
Man Manaus 5 2
Ita Itapirangs 6 4

Venezuelo-Brasilinn fransect. This is a long transect, with 20 loca-
lities and 2 major samples, intended o complete the north-sonth analysis
and to prolong it beyond Tapirapés to the southern limifs of the group.
There is only one lateral locality, Aruana.

Code Tocalities Wales Females

FAL FALCON 21 13
Pay Puerto Avacucho —_— 1

-

-~

S P ol 19~ (=210 e e i s e
Dui Dutda: ML Duida, Esmeralda 4 1
Brv Brasil-Venezuela border: Salto do Hua.

Serra da Neblina, Rio Tucano — )
Tpu Tapurucuara — 1
Mau Wanaus 5 3
1ta Itapiranga: plus 8. Sebastifio do Uatumi 5 4
Mes Maués: plus Manjuru — 3
Cax Cachimbo 5 1
TAP TAPIRAPES 26 24
Pgt. Porangatu 1 ——
Chr Cana Brava 4 3

~ . TUbe Uberlandia 1 m

Spa 9. Paulo: Ibarra, Vista Alegre do Alto,
Bueno de Andrade, Ribeirfo Aszul,
Aracatuba, Itapura, Lagoa S. Fanlo 4 3
Lateral
- Aru Aruanid ‘ 1 .

Nﬂ,jJO»..B’.“(IS‘Z'l‘iGﬂ transect. This sequence of 9 localities and 3 major
samples is intended to show relationships in the area between the Ecuado-

" pian and eastern Guianan samples, especially in the upper and middle

Amazonas. The transect includes both Santa Cecilia and Limén Cocha,
beeawse at times these two samples diverge in &pite of being geo-
graphicaily very close. .

~ Code L.ocalifies Males Females
. BCE SANTA CECILIA 17 19
- LCO LIMGN COCHA 31 32
Iai Iguitos: plus Rio Itaya 1 L
Jav Javari: Benjamin Constant, Estirfio do
: Equador 5 4.
Pja Parani do Jacaré 1 -
Mau Manaus 5 3
Ita Ttapivanga: plus 8. Sebastifio do Uatuma 5 4
Mes Maués: plus Manjurn — 3
APA AMAPA 12 18
" Bel Belém 1 —

Usayaio-Bragilian trensect. This transect, from Pampa Hermosa
to Central Brasil and Maranhic, aima at analyzing velationships in
southern Amazonia. There are 5 localities and 2 major samplas,

-+ Code Localities ) _ Males Females
~ PHE PAMPA HERMOSA 17 9
= Rta Rio Tapiche ‘ 1 e
oodur Rioc Jarua - 3 2
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Mup Mutum-Parané o —
Cax Cachimbo 5 1
TAP TAPIRAPES 26 924
Lor Toreto {Maranhia) — 1

THE CHARACTERS STUDIED

The choice of characters to analyze was oriented by previous expe-
rience with Anolis and by the peculiarities of the group under study.
QObviously we tried to consider a large number of characters, in ordet
{o obtain as detailed as possible a picture of geographic differentiation.

After preliminary trials we decided to use 6 scale counts, 4 measu-
rements, one gualitative scale character and one color character. Addi-
tionally, sexual dimerphism for each character was also considered.

The scale counts used were:

1. Number of loreal rows at the level of the second canthal.

9. Number of scales along a line joining the two second eanthals.
in cases of doubt the smallest count was adopted.

g, Minimum number of scales between two supraorbital semi-
circies. )

4. Minimum number of scales between the interparietal scale and
the supraorbital sernicireles, regardiess of side or position.

5. Number of lamellae under phalanges il and iii of the fourth.toe.

6. Number of ventrals between the level of the anterior insertion
of the arm and the anterior end of the inguinal sulcus. The latter
corresponds to the ridge of the adductor muscles and so to the middle
of the thigh. This may seem a hazardous count in iguanids, but actually
in well preserved specimens a consistency within 1-2 scales can easily be
reached, after a certain experience is acquired. - Specimens of which
consistent eounts could not he obtained were discarded with regard to
this character. ’ :

Of all scale counts numercus cheeks weve made.

The measurements used, all to. the nearest millimeter, were:

7. Body length (restro-anal) measured along the ventral side with
a steel ruler. :

&. Tail length, measured with the same ruler, The intact tip of
the tail in this_group of Awmolis is very characteristic, so that thig is
‘u relizbie measurement.

9. THead length, from the rostral {o the anterior edge of the ear
opening, meagyred with dividers. '

10. Length of tibia, from the middle of the knee joint to the
middle of the tibio-farsal joint, measured with aividers,

11. Subtracting head length from body length we obtained trunk
length, against which head length was plolted.

-
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A qualitative scale character studied was the relationship in size
petween the middorsal scales and those of the dorsal aspect of the
upper arm. This character has only two states: either the arm scales
are much larger then the dorsals or zbout equal in size to them. It is
guite an unambiguous character.

One obvious character, qualifative or serniquantitative, we consi-
dered but in the end did mot use in the primary analysis: size and
number of rows of enlarged middorsal scales. We found ourselves
umable to make this character unambigurous and repeatable. It is,
however, useful as a supplementary qualifative character in the identi-

- fication of cerfain races or species once these have been recognized on

other grounds, .
A final qualitative character was the color. of the dewlap, which

: “. was dealt with only after all the other characters had been analysed, as
. explained above ander “The basic approach™.

* - A CHARACTER DISCARDED: BODY PATTERNS

We have left body eolor wholly outside our discussion of geographic

¢ yaristion in the chrysolepis complex. ‘We have donme so because (1)
~hody pattern is extremely variable within populations; (2) by far the
- greater part of our material was not seen by us in- life, and we have

o means of estimating the vagaries of preservation; (8) though there
are a few constant elements, the elaboration upon these are so diverse
as mot to be readily separable into categories. We have therefore se-
lected for illustration a few of the the striking patterns, without claiming

° that these are characteristic of the subspecies or local population that

they tepresent, insisting only that they are part of the spectrum of

L patiern variation possible to the species.

‘STATISTICAL METHODS

All numerical comparisons contained in this work were initially

~made by E}imple inspection of tables and graphs. Statistical analysis
was used in doubtful cases and in those in which there was interest in

more accurate comparisons of variability or of magnitude of effecis,
beyond the simple decision on presence or absence of differences,

The statistical methods employed are ali simple and routine, and
can he found in Mather (1947) and Siegel (1956}, with exception of

- the amalysis of variance, which was performed according to Kramer

7(1956). Of course, the methods were those found more appropriate
to the nature of each variate or pair of variates.
From the chapter on characters studied it will be seen that we had:
1. Quantitative discontinucus variates {scale counts): loreals,
scales across snout, scales between supraorbital semicircles, scales

Letween supraorbital semicircles and the interparietal, ventrals, fourth

toe lamellae. :
2. Quantitative centinuous variates {measurements} : body ]e?l"é{th',

'lihea_.d length, tail length, length of tibia.
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3. {Qualitative characters: size of arm scales, dewlap color, sex
dimorphism.

Data of the first group were treated in either of two ways. If the
distribution was symmetrical and had a range cof b or more unreduced
classes, standard parametrical tests were used (t, F, analysis of varian-
ce). In the absence of any one of these two requirements, comparisons
were made either by means of a chi-square test or of a test based on
the binomial distribution.

In several cases (fourth foe lamellze, ventral scales) some sami-
ples were treated by parametric data and others not, following the eri-
teria explained above. We feel this is legitimate because there is no
reason to believe that any given character has the same frequency dis-
tyibution in all the localities. In fact, such differences in shape of
digtribution may furnish valuzble clues to the study of differentiation.

Body length could not be statistically treated. The theory of extre-
mes (Gumbel, 1958%; “Gilva-Leme, 1954), which would be the adequate
s00), has no methods for unspecified distributionas,

Rody proportions were treated by means of regression analysis. In
practically all cases straight lines gave such excellent fits that ne further
analysis was necessary. In cases where inspection showed the inade-
quacy of linear regression, or when (as in a very few instances) the
correlation coefficient was low, the usual anamorphoses Were tried (se-
cond degree, arith-log, log-log}. Regression lines were systematically
compared by analysis of variance. In addition, visual comparison was
always made, using the value of the dependent variate corresponding to
fully adult body size.

The purely qualitative characters received no statistical treatment.

In a preliminary stage of the analysis, we plotted all meristic cha-
racters against body length. The presence of significant correlations
would mean that the character undergoes ontogenetie change. A breader
range of the character at smaller body lengths would mean that its
ctates have diffevent survival values, i.e., that juveniles showing extre-
me vaiues of the character do not reach adulthood. In either case we
would be prevented from using as 2 unit samples composed of juveniles
and aduits. Neither case was found to oeccur.

We checked for correlations between characters. This was done
for two purposes, [First, as a pretiminary step, we wanted to eliminate
from the analysis any character strongly correlated with any other in
all samples. Then we wanted to study the geographical distribution of
the correlations: this is the subject of a section to be presented below.
The correlations between pairs of meristic characters and hetween pairs
of measurements were. made by routine regression methods. Correla-
+jons between body proportions and meristic characters were studied by
toking the deviation of each measurement from the regression line
against the natural value of the meristic character. When 3 or more
characters were associated two by two, mujtiple regression analysis was
performed to eliminate spurious (indirect) correlations.

In the analysis of transects frequent reference is made to “breaks”
in the sequence. Some of these are indjcated by significant differences

|
i
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petween two adjacent adegquate gamples. In many cases, however, a
gmall number of specimens or even a single specimen is responsible :for
the sta_tement. This has been done when the lone specimen, geographi-
cally situated between two adequaie gamples, agrees quite clesely with
one and is obviously outside the range of the other (e.g.,, in Table 3,

. the Tibiti specimen).

In locking for clinal variation we used only graphic methods, Either

= {he range of the sample or the range plus the mean and ¢ times its

gtandard deviation were plotted against latitude or longitude of the

~ '.sample.l:l'[' its distance from = given origin, and a decision reached, by
7 ingpection, on the presence or absence of regression. The features of the
. regression were not found relevant in the present context. TLateral

gamples were included in the sequence, according to their latitude or

" longitude.

" MAPS

In all cases we attempi to summarize the pattern of differentiation

"' digcerned by means of maps. Bmphasis has been placed on the exis-

tence of areas of stability and transition in the values of characters,

. _pot on the _v'a]ues themselves. Simple hatching indicates areas of cha-
- racter stability, and overlap of hatehings areas of transition; arrows

in_dicate the definite presence of clines and point in the direction of
higher values of the variate. Stippling identifies areas of complex

- variation.

“THE PRESENTATION OF TABLEE, GRAPHS AND MAPS

The large number of tables, graphs and maps pracludes their inclu-

- gion in the text. We have preferred to present individually, as an

sppendix, those that jllustrate the analyses of individual charactera.

. They are numbered and bound in a separate fasciele, so that they can

“'be laid open to the side of the text, for easier reference. Tabular

: materials and illustrations used iu the discusaions are included in the
text and lettered consecutively.

DATA
FOURTH TOE LAMELLAE
Males

Table 1 brings together all the major samples. Tt is easy to see

that the samples between Faleén and Dunoon are homogeneous, with

Eange 1_4-19 apd ‘mean between 16 and 17, while much lower values are
ound -in Surinam and Amapé, and much higher in the west.
North Venesuelan ironsect (Table 2). Along thiz transect there

«:18-50me irregular variation but the two pockets of low values {Caraboho
,_?Fld‘Sucre) are well within the general range.

B Guignan tr_aa”tsectg (Tables 8 and 4). The samples to the east of
inoon agree in having low values (range 12-16, means around 14)
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Itapiranga may he said to agree both with Guyana and Tapirapés. The
other middle Amazonian localities (Manaus, Mauss-Manjuru, and Ca-
chimbe) have values too low Yotk for Guyana znd Tapirapés, and may
be considered intermediate between the low counts of the northeast and
the areas to the south and west.

The second transect shows that, as in the males, Tiriés and Upper
Paioemeu are definitely ingide the low count area; it aleo makes quite
gvident the complex fransitional character of the middle Amazonian
jocalities. ’ )

Venezuelo-Brasilian transect (Table 20). High values are geen in
she Venczuela-Brasil horder more compatible with the western samples,
intermediate values in Ttapiranga and low ones in Manaus, Maués.
Manjuru and Cachimbo. This demonstrates conclusively that the in-
fluence of the low count area reaches the middle Amazonas, and that
there is no clinal or other regularity in the transition between the
northern (Venezuelan) and southern {Central Brasilian). areas. South
from Tapirapés the localities are homogeneous.

Napo-Brasilian {ransect (Table 21). The western Amazonian 3o-
calities (Favari and Tquitos) agree with the centro-Amazonian ones in
being intermediate between low and high count areas,

Usayale-Brasilion transect (Teble 22). Pampa Hermosa agrees
well with Tapirapés, as do Rio J urué, between them, and Loreto, ai the
eastern extreme of the range, Cachimbo is off, under the influence cf
the jow counts.

Summazy (Map 2). We may define:

1. One ares of low counts {12.15, means around 13.5) including
Qyrinam, French Guiana, Amapa, Northern Para and southern Guyana.

2. A broad area of sntermediate counts (15-18, means between
1.5 and 17.0) from 8. Paulo to Tapirapés on the north and Pampa
Wermosa on the northwest. ’

3. A clinal area from western Venezuela (15-17, mean 15.5) 1o
1he Marafion (ranges 16-20, means above 17.5). .

4. A highiy variable area in YVenezuela and Guyana with ranges
14 to 18 and means from 15.5 to 16.7.

§. Intergradation is obvious between the low count area and the
sonthern one. The situation in the Upper Amazonas ig not clear, but
broadly intermediate values seem to be the rule.

Sax differences

Three samples (Table 23) show statistically significant sexnal
differences. These are Limdn Cocha, Pampa Hermosa and Tapirapés.
However in all other gamples the male mean is higher, even if only
slightly so. We cannot find any regularities in the geographical distri-
bution of the significant differences. :

’

e o o (e Ty k' v e s

Combined pattern

A con?parision of maps 1 and 2 shows very striking both similari-
{ies and differences between the male and female patterns of differen-
tiation. .

" There are four cases of similar differentiation in the two sexes:
(1) the best differentiated area, with the lowest counts in both sexes
extending from the Guyana-Surinam border east to Belém and soutﬁ

‘to the north of Paréd; {2} the clinal belt from northwestern Venezuela

fo Peru, where the highest values ocenr; (3) the Venezuelo-Guyanan
area, with third-ranking values, and {4) the Brasilian area, second-
ranking, from Tapirapés to S. Paulo,

. It appears that the sexes have some degree of independent varia-
tion. This is indicated by the case of Pampa Hermossa, whose males
are at the upper end of a ciine, but whose females are considerably
telow the neighboring samples. We have also the case of Essequibo
and Dunoon, in which the male difference does not reach significance
lovel {chi square 7.228 for 4 degrées of freedom), while the females

differ at the .01 level (chi square 11.412 for 3 degrees of freedom).

LOREALS
Males

Table 24 shows that there are two groups of sam les :
from Santa Cecilia to Pampa Hermosa, %withphigher va%ues ((é%]dghgs)e
(2) Villavicencio, intermediate, and (3) the remainder of the ru.nge,
_essential]y homogeneous, with lower counts (mode 6}. The differen:
ceg are mainly due to the shifting upwards of the upper extremes and

+ “modes,

Weste:vn tramsect (Table 25). Variation along the Western tran-
sect is broadly clinal, but the regressicn is very imperfect.
. Gxtren the homogeneity of the general territory (confirmed hy
inspection of the transect); we must congider the West-East transects,

- to verify the relationships of the clinal area.

‘Col‘mnbauc-?uianan transeet (Table 26}. The area of low counts
beging immediately to the east of ¥Villavicencio,
Napo-Brasilion transect (Table 27). The data are not very clear,

" hut thera seems to be a gradual transition, the influence of high counts

reach?ng Itapiranga.

. Ucuymla-Bimsiiim tremsect (Table 28). Again there is a sugges-
_hon that the influence of the high counts reaches mid- continental lon-

7 gitudes (Cachimbo).

_ Sm_nmm:y (Map 2). We have only two units: the clinal western
1'33 with high counts (5-9, mode T}, extending along the Amazonas,
: t]the remainder of the range, with low counts (5-B, mode 6). Appa-

ntly there ig an area of intergradation in Central Amazonia,

B
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Temales

Table 29 shows much local variafion. However, statistical ana-
1ysis. shows that the samples for Faledn to Amapa are essentially
homogeneous, not even the difference between the two samples with
extreme values (Feledn and Western Guyana) being significant. Ta-
pirapés belongs with this assemblage.

Western iransect {Table 30;. On the other hand, Limén Cocha
clearly differs from both Faleén and Tapirapés. The variation from
FaleSn to Limén Cocha is clinal but the populations to the south have
jower values, approaching again Villavicencio levels. We must then
examine the West-East transects. .

Colombo-Guianan fransect (Table 81). Puerto Lopez, Duida, the
Brasi-Venezuela border and Catrimani, taken together, indicate the
presence of an ared of complex transition. Southern Guyana is clearly
on the low count side. . -

Napo-Brasilian transect (Table 32). The transition here is evi-
dent, the influence of the high counts reaching Manaus and Ttapiranga
but not Maués.

Ucoyalo-Brasilian transect (Teble 33). Except for the fact thai
Loreto agrees well with Tapirapés, this transect adds no information.

Veneauelo-Brasilian transect ( Table $4). This transect confirms
that in Western Amazonia the influence of the high count area is mark-
ed. In the southernmost end of the range there seems to be a reversal
of the trend, with high values in 3. Paule.

Symmary (Map 4). The general pattern is then:

1. One western clinal area of high values (range 5.9, mode T},
increaging southwards, with climax in northern Eenador, but still with
high values to the south.

2 TLow values in the remainder of the range (5-8, mode 6).

3. An intergradation belt extending from the longitude of the
upper o that of the middle Amazonas.

Sex differences

No sample afforded. significant sex differences (Table 35), Howe-
ver, it was nevertheless thournt better to analyZe the sexes separately,
since the singie sex samples were adequate, and confirmation of general
results from separate analyses very desirable. It turned out that a
very interesting difference hetween the individual sex patterns would
have been lost if we had mixed the sexes from the peginning: the fact
that the western cline has its climax in Pampa Hermecsa in the males
and in Limén Cocha in the females.

i RG] ] 2] L S et e

Combined pattern

The fwo sexes have fundamentally the same patiern, with two
. gifferences. One is that, as mentioned above, the western female cline
* gtops T degrees of latitude north of the termination of the male cline.
: The other is that the infiuence of the high counts extends further east
in the female than in the males.

‘SCALES ACROSS THE SNOUT

Males

Inspeetion of Table 36 does not suggest much, execept that there is
peal variation, and we move on to the transects. ’
North Venezuelan transect (Table 37). Falcén is lower than the
amples to fhe east, as far as Trinidad, which agree very well among
hemselves. There is, however, no sharp break, the gap being bridged
by the gamples from Bejuma te Pie del Cerro, -
R Guignan fransects (Tobles 38 and 39). There are differences
between the emstern and western halves of the area. Along the first
G ransect there is a iarge difference petween Dunoon and Paramaribo.

:7-Along the second transect the break is between Duncon and Kroetoe.

‘- However, Dunoon shows some tendency to higher counts. The lateral

+-Jsealities fit the pattern.

e Wescern transect (Table 40}, Initially there is a very clear break
o hetween Falcén and Villavicencio, with the samples from the Colombia-
B ~Venezuela borde_r bridging the gap. Faleén is thus seen as a pocket

. of low values, with higher counts en both sides. From Villavicencio to

Santa Cecilia -there is no major variation, but Limén Cocha and the
inthernmost samples have very high values. The distributions are very
agular, especially that of Limén Cocha, which is practically bimodal.
& laterals agree with the general scheme.

Colombo-Guignan transeet (Table 41). Puerto Lopez and Duida
are lower than Villavieencio, and must be considered as fitting better

e Venezuelan distribution. Southern Guyana is intermediate between
w and high counts, and is midway between Villavicencio (or Dunoon}
d_ Nassau. Catrimani fits better with the low count distributions.

. Guiano-Brasilien transect (Tables 42 and £3).  The first transect
_nholws good agrecment among all samples except Southern Guyana,
'}Jvl_uch has higher counts, as already seen. :
i __'Th.e second transect shows that the Amazonian samples (including
.""T!Hos in northernmost Pard) are on the jow count side, the high count
.-area being strictly north of the Tumue-Humae raiige.

- Veneauelo-Brasilian transect (Table 44). There is very good

greement along the entire transect.
. Napo-Brasilian transect (Table 45). This transect indicates that
agfern and western areas of high counts are separated in the middle
a low count area, typical of which is Itapiranga, as seen above. The
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western Amazonian samples (Tquitos, Javari, and Parana do Jacard)
agree very well with Limén Cocha, not with Santa Cecilia, which has
more moderate values.

Ucayalo-Bragilion iransect (Table 46}). 1t is noticeable that Rio
Tapiche agrees clogely with Pampa Hermosa, but fhe Brasilian locali-
ties, Rio Jurué and Mutum-Parand, are intermediate between the high
values to the west and the low ones at Cachimbo and Tapirapés.

Summary (Mop 5). The situation may be thus described :

1. One northeastern area with high counts (range 10-14, means
around 10.5) including Qurinam, French Guiana and Amapé.

o, One gecond area, with comparable means but lower range
(9-12) from Villavicencio to Santa GCecilia.

3. Immediately to the south of this one, and entering the Amazon
valley to the Solimdes, an area of very high counts (9-17, mean between
12 and 13).

4. The remainder of the range is an area of low counts (range
7-12, means between 9 and 10).

Females

Table 47 shows that more than half (7) of the female samples are
go asymmetrical that it is worthless to cite a confidence interval for
the mean.- This also influences the variability of the average, as single
extreme ohservaiions may markedly distort {he arithmetic mean.

It is easy to see, however, that there are two areas of high counts,
Nagsau-Amapi on one side, the Western transect on the other.

North Venezuelar transect (Table 48). In spite of the variability,
it ig cleer that the samples in this area are fundamentally homogeneous,

Guianan transects (Tables 49 and 59). A break befween high and
low counts occurs to the north hetween 1a Haye ana Tibiti, inland
between Algyme and Tafel Berg. :

Western transcet (Table 51). There are two breaks: one between
the Colombia-Venezuela border and Villavicencio and the ofher, much
sharper, between the Marafion and Pampa Hermosa. The localities to
the south of Pampa Hermosa have relatively lower values, intermediate
to those on the north, so that locality really constitutes a pocket of very
high counts. The laterals agree with the general scheme. .

Colombo-Guianan tramsect (Teble 52). The eastern area (Nassau)
has higher values than the western {Villavicencio}. Of the intervening
localities, Puerto Lopez, Duida, and the Brasil-Venezuela border are in-
termediate between Villavicencio and the low count Venezuela-Guya-
nan area, as represented by SQouthern Guyana; Catrimani is on the
Guyanan side.

Guiano-Brasilion transects (Tables 52 and 54). The Gentral Bra-
silian samiple (Tapirapés) has lower values than the Guyanan ones, but
. the intervening samples do not bridge the gap. On the contrary, they

’
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ghow high values transitienal to those of Surinam; it is clear thal the
influence of the area of high counts gets to the right bank of the Ama-
zonas, as shown by Maués ; the samnples on the left bank have much lower
vyalues.

Venezuelo-Brasilion transects (Table 55). This one confirms the
first Guiano-Brasilian transect: Tapirapés is lower than the Vene-
zuelan and Guyanan samples, whose influence gets to the Amazonas

-(Maués} as does that of the high connts area to the northeast. South
" of Tapirapés there seems to be an inerease in number of scales, but too

few localities are represented.

Nupo-Bresilion transect (Table 56). The Javari agrees with the
western values, as does the Maués region, and all agree with Amapa,
Only Manaus and. Itapiranga disagree, as already seen.

Ueayalo-Brasilian transect ( Table 57). A very sharp break is evi-
dent between the Jurud, which agrees with Pampa Hermosa, and Ca-
chimbo, which agrees with Tapirapés, as does Loreto.

Summary (Mep 6). In general we have:
1. Ome area of low counts in Venezuela (north of Mt Duida) and

B (uyana (ranges 7-12, means around 10).

2. One arez of low counts from Cachimbo and Loreto south to
9. Paulo {ranges 8-12, means around 89).

8. One vast, diversified area of high counts in the remainder of
the range, with three main subdivisions: (1) Villavicencio to the Ma-
rafion (ranges 9-14, means between 11 and 12); (2) Surinam, French
Guiana and Amapd (range 10-15, means between 11 and 18). Except
for a'southern tongue of the Guyano-Venezuelan low count area, Ama-
zonia has high counts. {3) A pocket of very high values (range 12-19,
mean about 15} centering in Pampa Hermosa, and making ifs influen-
ce felt from the Huallagas to the Jurui.

‘Sex differences

In 6 samples (Table 58) there are significant differences between

" the sexes: Faleén, Essequibo, Nassau, Villavicencio, Santa Cecilia, and
- Pampa Hermosa. In 5 cases the female counts are higher. No geo-

graphical regularities are seen.

Combined patlern

. The _following similarities between the male and female patterns of
_differentiztion are rather striking: (1) there are two areas of high

F “counts, cne eastern and one waestern, and two areas of low counts, one
Vnorthern and one southern; (2} the western area of high counts is
further suhdivided, higher counts to the south.

The main ‘differences arer (1) in the males the low count areas
coslesce in the middle Amazonas, while in the females the same area

‘shows high counts; (2) the break between the northern and southern
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portions of the western high count, area is north of Limén Cocha in the
males and south of the Marafion in the females — that is, each sex in
Limén Cocha belengs to a different group.

SCALES BETWEEN SUPRAOREITAL SEMICIRCLES
Males

Trom Table 59 it is evident that there are 3 groups of samples:
(1) from Villavicencio to Amapé, range 1-3, mode 2; {(2) Tapirapés,
0-3, mode 1; (3) southern samples of the Western transect, with high
values and a suggestion of a cline. Inside the first ares there is a low
pocket in Western (Guyana. .

Western transect {Table 60, Graph 2). It is quite obvious that there
is clinal variation from Southern Colombia to Rio Tamaya — then a
sudden break between the Ucayall and the Purus.

Cuiano-Brasilian transects (Tables 61, 62). The first transect
shows that the transition between Essequibo and Tapirapés is clearly
gradual across the middle Amazonas ([tapiranga, Manaus and Cachim-
bo). The second trapsect adds that Tirifs is on the Guianan side.

Venezuelo-Brasilion iransect ( Table §3). This also shows a gra-
dual transition from the northern gamples to Tapirapés. However,
there is marked heterogeneity to the south: the samples in Minas Gerals
{Uberlindia} and 8. Pzulo have higher values than Tapirapés.

Neapo-Brasilian transect (Table ¢4). This transect shows & break
between the Javari and the middle Amazonas.

Tcayalo-Brasilian transect (Table 65). Along this line the transi-
tion is more gradual, as shown by Rio Jurua, Mutum-Parani and Ca-
chimhbo,

Swmmary (Map ?7i. The general pattern is:

1. One low count arca (range 0-2, mode 1) centering around
Tapirapés — probably followed to the south by an area of higher counts.

2. One area of intermediate counts (range 0-3, mode 2) including
all the northern part of the “territory, from Villavicencio to Amapa.

‘2. A clinal area of high counis, from southwestern Colombia to
Pampa Hermosa and east to the Javari (range 2-4, no clear mode, hut
median 5).

4. All these areas intergrade in the middle Amazonas.

%

Females

Table 66 indicates the following grouping of the samples: (1) Ta-
pirapés, with the lowest values; (2) Pampa Hermosa, with the highest;
(2) Nasszau, plus Amapd, with the second highesi counts; (4) all other
zamples. . .

Guianan transects (Tables 67 and g8). 1Ip the first transect one
notices, between Haul Over and Dunoon, much variability, but always
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within the range 1-3. Between Dunocn and Nagsau values are mter-
mediate. Matarony agrees perfectly with Nassau, while Amapa is
jower, but the difference is not statistically significant.

Along the second transect there is a break between Dumoon and
Tafel Berg, the latter agreeing completely with Massau.
. Western transect (Table 69). A break is quite evident between the
Marafion and Pampa Hermosa. Values to Yarinacocha are still high,
the two remaining samples {Rio Tamaya and Purus) are on the low
“count side.
. Colombo-Guisnan trensect ¢Table 76). All samples involved in this
‘tiansect agree with the lower count samples, not with Massau.
\ Guiano-Brasilian tramsecls (Tables 71 ond 72). The transifion
" petween Guyanan and Surinemese bigh values on one side and Central
"Bragilian low ones on the other is perfecily gradual — even Paloemeu
nd Tirios are intermediate. )
Venezuelo-Brasilian transect (Table 78). The transition from
_higher values in the yorth to lower ones in Tapirapés is jrregular. The
southern samples (Cana Brava and 9. Paulo) show higher values than
. Tapirapés.
. Napo-Brasilien transect (Table 74). The westeln samples are on
the high side; Javari exceeds Limoén Cocha, approaching Pampa Her-
" ’mosa. The eastern samples (from Manaus to Maués) agree with
- ~Amapé.
. Ucayalo-Brasilien fransect (Table 75}. Rio Jurua is a little lower
than Pampa Hermosa. Cachimbo is in close agreement with Tapirapés.

Summary (Map. 8}, The over-all pattern is:

1. One area of very low values (0-2, mede 1) centering in Ta-
irapés, problaby followed to the south by higher cournts.
2. One area of very high values (2-6, mode 4), around Pampa
+Hermosa.

© 3. One area of high values (1-4, mode 2-8) from Surinam to
Amapd.
4. One area of low values {0-3, mode 2) from Guyana west to
western Venezuela and then south to the Maranon.
" B. All areas intergrade in Brasilian Amazonia.

© < Sex difierences

- In no case significant sex differences were found (Table 76).
3 HPWBVE';‘, for the same reasons as with the lereals, it was decided to
gnalyze the sexes separately. -

ombined pattern

" The most important resemblances befween the fwo patterns are:
3} there are three differentiated areas in common, and their ranks
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are the same (the lowest counts arcund Tapirapés, intermediate ones
from Villavicencio to Guyana, the highest ones around Pampa Her-
mosa}; (2) Western Guyana is s low pocket in both cases; (3} the
southernmost Brasilian samples have higher counts than Tapirapés.

The main differences are: (1) the differentiation of a medium-
-high area in the northeast only in the females; (2) the disappearance,
in the females, of the lower part of the western cline which exists in

the males, leaving Pampa Hermosa abruptly separated from the northern
Jocalities. .

SECALES BETWERN INTERPARIETAL AND SUPRAORBITAL SEMICIRCLES

"Males

Table 77 indicates the presence of two sharply set-off groups of
camples: (1) from Villavicencio to Dunoon, plus Tapirapés, with low
values (1-3, mode 2); (2} Limdn Cocha and Santa Cecilia, with very
high values (2-6, mode 4), Nassau and Amapa seem to have higher
values than the samples to the west, but the differences are not statis-
tically significant. Pampa Hermosa seems to occupy an Intermediate
position, that can be better understood through the study of the suitable
{rangects.

Western transect (Table 78). This table shows a quick transition
in Southern Colombia from the general level (Villavicencic) to the higher
one of Santa Cecilia and Limén Cecha. This high level prevails to the
south to the Marafion. Pampa Hermosa and samples south (excepted
the Purus) have lower values, but not quite as low as the general area.

Napo-Brasilion trensect (Table 79). This transect indicates that
the influence of the high counts reaches the Paranid do Jacaré to the
east,

Ucayalo-Brasilion (ransect (Table 50). This sequence shows clear-
Jy that Pampa Hermoss, seen in Table 78 to have signhificantly lower
values than the Eecuadorian area, is really intermediate Detween the
latter and the peneral low count area, the intergradation belt being not
very broad (reaching only the Jurua}.

The transects within the low count area indicate essential homo-
reneity.

Summary (Map 9). We have then:

’ ¢

.. Females

Analysis of Table 81 shows 4 groups of samples: {1} Santa Cecilia,
Limén Cocha and Pampa Hermosa, with high values (5 or more, moie
c3-4) (2) immedirtely below (up to 4, modfz 3) Nassau and Amapa; 3)
with lowest rank all samples from .Fak:'on to Egseqqlbo ?nd Dunoon
(highest value 3, mode 2}; (4) Tapirapés and Villavicencio are inter-
mnediate between groups 2 and 3, not differing significantly from either.
Wesiern transect (Table 82). The hreak between the nort_hern part
to Southern Colombia} and the southern, high count area, is sudden.
he high values extend to the Purus. The lateral samples in the ?ab]e
agree quite well with their neighbors in the transect. One specimen
from Pampa Hermosa has the highest wvalze found for the species,
- scales,
“ Napo-Brasiien and Ucayalo-Brasition transects (Tables 83 and 84).
“fhe influence of high counts reaches the Javari and, less strongly, the
2 Jurud, : .

Summary (Map 10). We have:

. 1. One ares of high counts (2-9, mode 3-4) from northern Bcua-
“dor to Pampa Hermosa.
“ 9 The remainder of the area is characterized by lower counts
{14, mode 2-3); theve is a break between Guyana and Surinam, but
the remaining of the range is broadly intergrading.
. 3. The intergradation belt between the western high count area
““and the others is narrow.

-Bex differences
" Table 85 shows only two significant differences between males and
./ females: Santa Cecilia- and Pampa Hermosa, If we examine ('.?ablf
.B8) the data for these samples plus Limén Cocha, it becomes ev1del}u
. that the difference in Saata Cecilia is of the same magnitude as in
" Timén Cocha, and that the high chi sguare reflects rather the uneven
' Wistribution in the low classes than the over-all position of the sample.
. Pampa Hermeosa, on the contrary, has very low malie 'val_u?s, compared
" .with the other samples, and this is the cause of the significance of the
difference.

Combined patfern

: 1. One area of high counts frange 2-6, mode 4) from northern
Ecuador to the Marafion, ’ ) .

2. Low counts (range 1-4, mdde 2-3) in the remainder of the
territory.

3. Intergradation occurs from the longifude of the Ucayali to

that of the Juru4, from thé latitude of the Upper Amazonas to that of
the Upper Purus. . :

Tn Golh sexes we have a high count area in the West and a yemai-
ning low count area, inside which the indications of Jdifferentiation do
mot reach the level of significance, Since all the sex differences are
.. 'inside the first area, the discussion must be divided into two parts:
-¥1) the comparison of the high count and low count areas and (2) a
.mew analysis of the general area for the sexes combined.
5 High count arveas. In the females, the high count area extends
from northern Eeuador to the Upper Purus; in the males it stops at the
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Waranon, Pampa Hermosa being already an obvious interprade area,
(therwise there are no sex differences, the influence of the area rea-
ching the same longitude in both sexes. It can also be said (Table 86)
that Pampa Hermosa males are aberrantly low, rather than its fema-
les high. ) :

Low eount aree. A consideration of the joint distributions (Ta-
hle 87), and the pertinent chi squares, show that the increase in aample
size brings to the level of significance the differences between Nassau
and Amapa on one side and the Venezuelan and Guyanan samples on
the other. Tapirapés agrees with both, so the situation here remains
confused.

Guignan transects (Tables 88 and 89). These transects enhance
the reality of the Nassau-Amapa differentiation, although weaker than
in previous cases. ‘Thus a brezk occurs between Dumnocon and la Have;
inland the transition happens between Akyma and Tafel Berg.

VENTRAL SCALES
Males -

Tnspection of Table 90 shows two areas of high counts: (1} Nassan
and Amapa and (2) Santa Cecilia and Limén Cocha. The Venezue-
lan samples and Tapirapés are lowest, and Pampa Hermosa and the
Guvanan sampies intermediate.

Nortk Venezuclan transect (Twble §1). Variation along this tran-
sect is somewhat jrregular; at least one pocket of low values (Sucre}
is present.

Guionen transects (Tables 92 and 93). The first transect shows
that Georgetown, Duncon, and Tibiti are intermediate hetween the
Tower counts to the-west and an area of exceedingly high counts, with its
climax in Nassau and extending to Belém.

The second Guianan- transect demonstrates more clearly still the
transitional character of the Guyanan samples; a plot of these data
against jongitude, however, does not show clinal variation.

Western transect (Table 94). From Faleon to South Colombia all
samples agree in having low values. There is a sudden jump to Senta
Cecilia and Limén Cocha, with values comparable to those of Amapi
and Surinam. These high values last to the Marafion; Pampa Hermosa
is back af lower numbers, and the decline continues along the transect.

Colombo-Guianan transect (Table 95, Greph §). The table shows
a fast gradation from Villavicencio to Nassau. Plotting the data
against longitude, it is seen that transifion is gradual to Southern Gu-
vana; from here there is 2 sudden jump te Nassan, Introducing Ama-
pa in the graph, a smooth W-E trend is obtained. This confirms that
Nassau is a pocket of exceedingly high values.

Guiano-Brasilian transeets (Tables 96 and 97). The first transect
adds to the previous information the fact that Cachimbo agrees com-
pletely with Tapirapés, and is not intermediate with the high count
area to the north; Itapiranga and Manaus, on the contrary, are inter-
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: mediate. The second transect shows that Poeloegoedoe and Tirids are
ntermediate between Nagsan and Tapirapés.

Venezuelo-Brasilian transect (Table 98). Falcén does not differ
om Tapirapés; neither does Cachimbo, as seen above. Duida, Manaus
d Ttapiranga show the influence of the high count areas. From Ta-
rapés south thére may be a trend towards lower numbers, but the
ta are nol sufficient.

Napo-Brasilion irensect (Table 99). There is reasonable agree-
ent hetween the two high count areas, although western counts tend
be higher. The western Amazonian jocalities have high values, as
es Belém, while Manaus and Itapiranga appear agein as interme-
ste with the low count areas. )
Ueayalo-Brasilian transect (Table 160 ). Pampa Hermosa has higher
es than Tapirapés, and the samples from Rio Jurui and Mutum-
sorand bridge the gap. Rio Tapiche ohviously belongz with Pampa
ermosa.

Summary (Map 11). The general patfern is:

1. One area of very high eounts {range 50-66, means above 58
#id reaching 60) including Surinam, French Guiana and Amapa.
9. Another area of high counts (range 49-62, means in the middie
{fties) from Santz Cecilia to the Marafion.

3. One area of low counts (range 39-54, means below 50) forming
parrow beit from Villaviceneio to Trinidad.

4. Another area of low counts (rvange 42.563, means helow 50)
vom Cachimbo south 1o 8. Paulo.
5. All the remainder of the range shows intergradation between
hese four areas of extreme values.

Table 101 shows areas of high counts in Nassau, Amapa and Santa
‘ecilia, and of low counts in Venezuels, Villavieencio and Tapirapés,
he remainder being intermediate. .

 North Venezuelan transect {Table 102). Faleén differs significan-
from Trinidad. The western samples (to the Distrite Federal) agree
W;th Faleén, the remzinder with Trinidad. The break seems to be
abrupt. .

5 Guioman transects (Tabies 103 and 104). There is high variability
‘northern Guyana, but an unmistakable and sharp break between
Pédramaribo and Moengo Tapoe. Nassau has extremely high values,
??ﬁi Amaps, Cayenne, Matarony and Belém closely follow it. Farther
land there is some degree of transition, intermediate values being
und as far east as Tafel Berg.

" Western transect (Table 105). There is a region of high counts
om Santa Cecilia to the Marafion. The Scuth Colombia specimen is
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intermediate hetween this scuthern area and that which exiends from
faleén to Villavicencio, which is homogeneous. Pampa Hermosza ay
samples south have slightly lower counts than Eeuador.
Colombo-Guignan frensect (Table 106). The counts of the only
Duida female and of the border specimens may give the impression of
clinal transition between Villavicencio and Nassau. However, the spe.
cimen from Catrimani has 43 ventrals, and indicates that there is a
wreak between populations at its longitude and that of Southern Guyana,
Guigno-Brasilian transects (Tables 107 and 108). Itapiranga and
Manaus tend toward lower counts. The second transect shows, further.
more, that Paloemeu ds in close agreement with Nassau, but that the
transition zone reaches from Tiriés in the noerth to Maués in the south,
Venesuelo-Brasilian transect (Table 109). There is good agreement
between Faleén and Tapirapés. However, the influence of the high
count areas is seen in all intermediate localities, except 2gain Manaus.
South of Tapirapés there is no variation. ) .
Nupo-Brasilivn transect (Table 110). Iguitos and the Javari are
im complete agreement with the high count Ecuadorian samples. They
agree quite well with Amapd, tut the intervening localities (Manaus,
Itapiranga, and Maués) have values too low to be called intermediate.
Ueayalo-Brasitian transect (Teble 111}). There is overlap, but a
decided difference, between Pampa Hermosa and Tapirapés. The for-
mer conid be considered intermediate between the latter and Limdn
Cocha, but the Jurua specimens have valuey too high for that.

Summary (Mep 12). The general picture is:

1. One area of very high counts (range 50-62, means arcund 55)
}}?clzdjng (in part} Surinam, Frénch Guiana, Amapi and northeastern
Pari.

2. Another area of high counts (47 to 60, means hetwesn 50 and
55) from soythwestern Colombia to the Marafion; this area may be con-
cidered as extending south {o Pampa Hermosa and east to the Jurui,
with more moderate values. . .

3. One area of very low counts (40.52, means below 45} in Brasil,
from Tapirapés and Loreto south.

4. Another area of very low counts (40-48, means around 43)
from Caracas in the east to Villavicenrcio in the squthwest.

5. An area of intermediate counts (38-52, means around 45} in-
cluding eastern Venezuela and Trinidad.

6. The remainder of the range presents intermediate values (ran-

- ;i ges 43-56, means betwean 45 and 50}.

Sex differences (Table 112)

In all samples the males have more ventrals than the females. In
7 samples the difference is significant. In the 4 in which it is not, i
ie possible to say in the ease of Santa Cecilia that high female values

z ’

reaponsible for the non-significance: the male mean is practically
;:ﬁfical to that of Limén Cocha, but the female is 1.3 scales higher.

1smbined picture

" The male and female patterns are much alike, Tn both cases there
; one ‘eastern and ene western areas of high counts, and one
Fthwestern and one southern areas of ]ow.coupts. the cgnter of the
ge showing intermediate values. The main difference is the break
i of the Distrito Federal in Venezuela, found only in the females.

{5, LENGTH

The basic data on the regression of tail length on body length in
o-major samples are shown in Table 113, In Table 114 valuee of
esgtimated tail length at 65 mm body length are ranked. The dis-
ufion of the ranks in Map 13, and the observation of the differences,
cate a definite geographical pattern.

The highest wvalue is found in Villavicencio (162.3 mm). Nexi,
ks 2 to 7, come the Venezuelan and Guyanan samples and Tapirapés,
tween 151.9 and 158.5 mm. A third group, ranks 8 fo 10, includes
#he southern samples of the Western transect, Santa Cecilia to Pampa
mé.i'mosa {140.8 to 146,3). Finally, Nassau and Amapd rank 11 and
“with the shoriest tails (132.7 and 130.5 mm}.

North Venezuelan transect (Greph 4). The praph shows that the
nes of this transect are obviously parallel. They are also very close;
swever, the fit of each individually is so good (the smallest correlation
i#ficient is .95) that their regression constants must be compared.
leén differs significantly from both NE Venezuela and Trinidad,
hich agree between themselves. Ny
* Plotting the smaller samples on this graph shows (as was to be
ceted) it is impossible to assign them to one line or the other.
Guignan transect (Graph 5)., Both Guianan transects are presen-
id together, as there are not many specimens with whole tails. Esse-
Uibo is omitted because it coincides exactly with Western Guyana,
shich has a wider range. Duncon, which has a very short range, also
i overlaps perfectly the other samples.

T fihere is need to check statistically the significance of the diffe-
< rences hetween Western Guyana and NE Venezuela. The regression
*: “voefficients do mot differ significantly; as to the distance between the
~lines, the result is close to but does mot reach the level of significance.
If we combine the samples Western Guyana and Essequibo and repeat

.ihe test against NE Venezuela, we see that the difference is definitely
ot significant.

Assignment of the small sampiles is unambiguous : Georgetown, Ro-
aima, Akyma and Auyin-Tepui are on the Guyanan side; the Surinam
nd French Guiana samples agree with Nassao. .
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Western transeet (Graphs 6 io 9). Villavicencio (Graph T} is
obvicusly a pocket of long {ails, the regression line being significan-
fly above both Faleén and the samples to the south. The latter three
do not differ significantly; they ave in fact extremely elose. Plotiing
the intermediate northern localities (Graph 8) one sees that the sampies
of the Clolombia-Venezuela border are on the Falcén side or intermediate.
Bogota fits exactly Villavicencio, as does the lateral locality, Puerto
Lopez.

Going south (Graph 8) we see that the South Colombia sample ig
intermedizte between Villavicencio ard Limén Cocha. The Ecuadorian
localities all fit well Limén Cocha (except for a very long-bodied and
lonp-tailed specimen from the Marafion}.-

The southern samples (Graph 3) fit very well with the loea} major

samples, The slightly longer tails of Rio Tamaya arve within the varia-
tion of the excellent Limén Cocha regression {r .986).
) Colombo-Cagignan fransect (Graph 10). TUp to Duida tails are as
long as in Villaviceneio, those of Southern Guyana somewhat larger
than Nasgsau. Including Western Guyana in the graph, it becomes
apparent that both Southern Guyana and Catrimani are intermediate
between, on one side, Villavicencio and Venezuelo-Guyanan values, and,
on the -other the short Nassau tails, TLucie belongs with Nassau.

Guiano-Brasilian transects (Greph 11 ). The difference between
Tapirapés and Nassan is significant, in spite of the extreme variability
of Tapirapés. Western Guyana and Tapirapés converge, so differen-
ces could only be found in young specimens. Manaus and Ttapiranga
agree closely with Western Guyana, their smaller specimens differing
decidedly from Tapirapés. Cachimbo agrees with Tapirapés, and Tiriés
and Poeloegoedoe clearly with Nuassau. Qouthern Guyana, which has
been shown to be intermediate, is omitted, to avold cluttering up the
ptaph.

Venesuelo-Brasilian transect (Graph 12). Falcén and Tapirapés
converge at the larger sizes. Duida tends to be higher than Falcén,
ghowing influence of Villavicéneio. Manaug and Itapiranga agree clo-
sely with Faleén. The other Brasilian localities all agree very well with
Tapirapés.

Negpo-Brasilion tronsect (Graph 18). Amapa and Limon Cocha do
not differ significantly, and of the intervening samples Iquitos, Javari
and Parani do Jacaré fit well with both, but Manaus and Ifapiranga
disagree, and are Guyano-Venezuelan in character.

Ueayalo-Brasilion transect (Graph 1}). There is a very clear
break between Mutum-Para.ud, on the Pampa Hermosa side, and Ca-
chimbo, which agrees with Tapirapés.

Suimmary (Map 14). We may define:

1. An area of long tails, around Villavicencio, its influence ex-
tending to the Veneguelan and Reuadorian borders to the north and
south, and east to Duida.

’

2. The next area in tail length extending from Faledn to Guyana
tp Manaus, with a pocket of higher values in Trinidad.

s 3, An area of Jower values for the young, but converging towards
" the values of area 2 in the adults, extending from Cachimbo to S. Paulo.
N 4. One area of low values extending from Surinam to Amapa,

5. Anarea of equivalent low values in Ecuador and western Ama-

From a consideration of Tables 116 and 116 and of Map 15, a
geographic pattern emerges. Beginning with the lowest ranks, we see
that Nassau and Amapi (ranks 11 and 12) belong together, separated
fom the sample of rank 10 by almost 15 mm, Next we have ranks 7,
and 10 in the southern half of the Western transeck, the total range
Being 8.0 mm. Pampe Hermosa agrees with the Guyanas. Rank ¢
lelongs to Faledn. ¥illavicencio has rank 2 and a homogeneous group
Tanks & to 6, range 3.1 mm) occupies NE Venezuela and Guyana.
‘The difference between Faleén and Western Guyana is 2.9 mm, Tapi-
rapés has the longest tail, 145.9 mm at 65 mm body lenght. Thus
again it is reasonable to analyze the transects.
- North Venezuelan transect (Graph 15). The three local samples
}{?t‘ are combined to form NE Venezuela agree perfectly among them-
sélves, so we think it valid, as well as very convenient, to keep them
combined to gtudy variation within this {ransect. NE Venezuela
grees perfectly with Trinidad (and is thus omitted from the graph),
ind both differ from Falesn. Plotting the remaining apecimens it is
y-to see that only one sample can be unambiguously ascribed, that
Yo the Disirito Federal. In spite of its short range, it iz possible to
aléulate for it a good regression line (r?= .85}, which is seen to he
ignificantly above Trinidad. Tail lengths thug have a maximum at
he Distrito Federal and diminish to the east and west.
o Guinnan transects (Graphs 16 ond 17}, Essequibo, Western Guyana
vid Dunoon overlap so closely that it iz sufficient to plot one of the
o5 (Western Guyana). Tt is easy to see that this line is never far
ym and converges towards NE Venezuela, so that in practice there is
difference. Nassau, however, is significantly lower; Matarony coin-
les with Nassau.
" Along the first trangect there is = break between Guyana and
assau: it cccurs-between La Haye and Paramaribo.
Along the second fransect the breask is between Akyma and Tafel
rg. Roraima belongs clearly with Guyana.
W_’estev:n transect (Graphs 18 qnd 19). “We have here 3 units: (1)
llavicﬁncm_; (2) Pampa Hermosa plus Santa Cecilia (perfect over-
3 (8) Limén Cocha. The differences are statistically significant,
- The specimen from the Colombia-Veneguela hborder falls on the
llavxce_nclo line. That from South Colombia, on the contrary, falls
he Limén Cocha line. Not all Ecuadorian specimens can be assigned
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to either Pampa Hermosa or Limén Cocha. However, Rio Llushin tends
more toward Pampa Hermosa, while Richamba falls adjacent to (but
below} the upper end of the Limén Cocha line. Thig indicafes some
variability inside the area. The Marafion specimens agree very well
with Pampa Hermosa. o :

The southern samples also agree with Pampa Hermosa (Graph 20},
with the exception of Alto Purus, with rather short fails — too short
even for Limén Cocha. .

Colombo-Guianan transect {Grapk 26)}. Puerto Lopez, Duida, the
Brasil-Venezuela border, and one specimen from Southern Guyana agree
perfectly with Villavicencio. The other Southern Guyanan specimens
helong with Nassau. . -

Guigno-Brasilisn fransects (Graph 21). This graph shows guite
clearly that Southern Guyana is really a transitional region. Itapiran-
ga agrees clogely with Tapirapés. Manaus begins by agreeing with
Nassau and ends up on the prolongation of Tapirapés. Paloemeu and
Tirigs agree with Nassau. Maués is intermediate and Cachimbo be-
longs with Tapirapés.

Venezuelo-Brasilian transect (Graph 22). The high count influen-
ce reaches Maués, which is intermediate; the northern samples fit
Faleén perfectly, Manaus excepled. The samples from Cachimbe and
south agree perfectly with Tapirapés.

Napo-Brasilien iransect (Grapk 22). The only important thing
demonstrated ig that the Amazonian specimens fit the Napo regressions
well.

Ucayalo-Brasilian transect (Graph 24). This shows only that Rio
Jurua fits Pampe Hermosa, and Loreto is compatible with Tapirapés,

Summary (Map 16). In general we have:
1. One area of long tails from Cachimbo tc 8. Paulo.

2. Another, smalil, area of long tails from Villavicencio, to the

Jongitude of the Catrimani. .

“a. One area of intermediate values in Venezuela, Trinidad and
Guyana, with highest measurements in the Federal District of Vene-
zuela.

Fcuador and Peru.
5 The shortest tails are in Surinam, French Guyana and Amapa.
6. Centra} Amazonia is an area of complex intergradation.

Sex differences

Tn all cases the males have longer tails than the females (Table
117). In one case the difference is not significant: Pampa Hermosa,
which shows the smallest difference but has also the smallest samples
(6 and 7 specimens).

If we take (last column of Table 117), as a rough measure of di-
morphism, the female tail length as percentage of the male and ploé

4. One area of short tails and high intersample variability in
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the data in & map (Map 17}, a striking paitern emerges: the samples
with .89 or less are on the northern half of the range, from Villavi-
. cencio to Amapd, those with .91 or more on the southern part, from
papirapés to Santa Cecilia.

., Combined- pattern

- The general patterns of males and females are extremely alike;
both-include the same & basic areas, with minor differences only in the
extent to which their influences are felt in central Amazonia. If we

- compute (Table 118) Spearman’s coefficient of rank correlation between
“-yapks of males and females, we obiain a value of .88. Imspection of

Table 118 shows that the largest shift in position is that of Tapirapés,
whose females are 4 places above the males; this is the most striking
difference between male and female patterns,

ENGTH OF TIBIA

Males

Table 119 presents the data on the regression of length of tikia on
hody length in the major samples. A very high proportion of the lines
{10 vut of 18} have regression coefficients between .29 and .35. Dunoon,
Villavicencio and Tapirapés are the exceptions.

. Punoon ig a pmali sample, with a short range of body lengths; it
will be commented on again later.

_ Villavicencio, which has the Iloweslt correlation coefficient, is
.gppd—siz‘_ed sample, but its range ig aiso narrow, and there is no way
* improving it by addition of neighboring localities. However, a plot’
f:it (Graph 25) in comparisor with a sample of good spread (Falcom},
iows that the upper end of the distribution of the tibial length is seve-
¢ély censored, . In fact, a parabola would give a better fit, but there is
0 reagon to further quantify this discrepancy.

Tepirapés {Graph 26), although showing very good correlation
_bot.iy lenigth explaing 89 percent of the variance of the tibia) is more
ariable than the remaining samples, but otherwise quite normal: there
8 a good spread and an exceilent fit. Its difference from the others is
eally intringic.

Afte'r commenting on these 3 unusual sampleg, we must turn to
5 -Iﬁhe rankl_ng of the samples {Table i20 and Map 18). The geographical
i jpattern is ¢lear: (1) in the northeastern part of the range are the
amples with ranks 1 to 5 and 6; (2) Limoén Cucha and Santa Cecilia
ive renks 4 and 6, and agree closely with high ranking samples of the
Teceding group; (3) the Venezuelan samples and Trinidad are a little
)W; {4) Tapirapés and Pampa Hermesa have adjacent ranks (9 and
and gieflmte]y lower values; (5) finally, Villavicencio remaing
Solated with its lowest rank of 12. We move on to the transects.

North Veneruelan fransect. Completely homogengous.
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(Fuignan transects (Graphs 27 and 28}, There are small differen-
ces within the area, Amapi in particular differing from W Guyana and
Nassau. However, the other samples bridge the gap, and there is no
geographical pattern to the differences. The only sample that does not
fit tightly is Dunoon. When compared with W Guyana (Graph 27) it
is elear that this is a pocket of slightly higher values.

The smaller samples in Guyana, fit perfectly with the larger samples
from the area (Graph 28). So do the others of the transects, with
the exception of Georgetown, which is ambiguous, and of Roraima, whose
only specimen hag a very short tibia.

Thus we have a clean break between the Venezuelan and the Guya-
nan areas, with essential homogeneity from Western Guyana to Belém,

__ Western transect ¢Grophs 29 to 31}. The gap between Faletn and
Willavicencio is bridged by the localities on the Colombia-Venezuela bor-
der. Bogoth aprees perfectly with Villavicencio. .Towards the south
(Graph 80), South Colomhia is intermediate between Villavicencio
and Limén Cocha (or Santa Cecilia, which is extremely close)}. The
Ecuadorian samples all fit very well with jocal major samples. Con-
tinuing towerds the south (Graph 31) the sample from Marafion (8
gpecimens, with excellent spread, permitting the computation of a good
regression) is intermediate between Santa Cecilia and Pampa Hermosa.
The remzining localities are all ambiguous or intermediate,

Colombo-Guionan transect (Graph 32). Puerto Lopez fits perfectly
Villavicencio. Duidz is intermediate. Southern Guyana, Catrimani, and
Lucie are decidedly on the Guianan side.

Cuiano-Brasifian transects (Graph 83). Tt is easy to see that the
influence of Tapirapés goes north only to Cachimbo. All the other
samples have much longer tibias.

Veneczuelo-Brasilien transeet (Graph 84). The Duida specimens
seem to be intermediate between Falcén and Tapirapés. But Manaus
and other localities in northern Amagonia being on the Guianan side, it
is clear that the low Duida values are due to the influence of Villavi-
cencic (see above)}, not of Tapirapés.

The southern localities either agree with Tapirapés or are below it
Cana Brava may have signifieantly shorter tibiae; in spite of the 4
specimens falling within the range of Tapirapés, all 4 are below the
line.

Nupo-Brosilian fransect {Groph 35). This transect is important
because it is decisive in judging whether the Napo samples may be
considered geographically continucus with those of the Guianas. We
have in the graph two exireme Guianan samples (Dunoon excepted},
Nassau and Amapé. It is ebvious that the two areas are in continuity.

Ucayalo-Brasilion transeet {Graph 36). Except for Cachimbo, all
samples show long tibiae agreeing with Ecuador and the Guianas.

’
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Sumanary (Map 19). In general we can define 5 areas:

1. Very short tibiae around Villavicencio.
2.  Ancther area of short tibiae in Brasil, from Cachimbe south.
3. -Another area of low values around Pampa Hermosa.

4. An area of intermediate values in northern Venezuela and
Trinidad.
5. The remainder of the range is characterized by long tibiae.

Females
Table 121 brings together the data on the regression and Taple 122

" the sample ranks at 65 mm bedy length. They gshow that there iz a

jarge group of samples (W Guyana to Amapi, and Santa Cecilia plus
Limén Cocha) with extremely close values of the regression coefficient
{.30 to .33) and showing about the same values at 65 mm body length
20.3 to 21.1 mm}. Next come the Venezuelan samples, with b= .28
or .29, and 19.4 {0 19.8 mm of tibia; with this group belongs Pampa

' Hermosa, with a higher b (.31) but presenting a 19.4 mm tibia at

body length 85 mm. Finally we have Tapirapés and, last, Villavicencio,
with much shorter tibiae.
The ranks, plotted in Map 20, make exceilent geographical sense,

~ Areag of homogeneity oceur in nerthern Venesuela, in the Guianas and

in Ecuador. Isolated samples with low values are in Villavicencio, Ta-
pirapés and Pampa Hermosa.

North Venezuelan transect. This transect is perfectly homoge-
neous.

Guianan transect (Graph 37). In this area there are minor, but
at times significant differences between sampies, but none geographi-

- cally arranged and all bridged by other samples within the area, For

instance, W Guyana is a liftle higher than Nagsau, but Amap4a fills the
gap perfectly. From Haul Over east all samples agree with the Guianan
ensemhble. However, Roraima constitutes 2 decided pocket of low va-
lues, below even NE Venezuela,

Western transect (Graph 38 to 40). Graph 3% takes us from Fal-
eén to Santa Cecilia. The Colombia-Venezuela border is on the Fale6n
gide; Southern Colombia agrees with Santa Cecilia. Thus the low area
of Villavicencio is very restricted both to the south and north.

In Graph 39 we go from Limén Cocha (which is perfectly superim-
posable on Santa Cecilia) to Pampa Hermosa, whieh differs aignificantly
from both. The Ecuadorian samples are distributed symmetrically
about Limén Cocha. Marafion, however, is decidedly higher, with values
exactly comparable with Western Guyana. This area is an exact replica
of the (uianan one, with small differences beiween closely packed sam-
ples: the same repressions are found in both areas.

Graph 40 completes the Western transect; all southern samples

.agree reasonably well with Pampa Hermosa,
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Colombo-Guignan lranseet (Graph 47). Puerfo Lopez closely
agrees with Villavicencio, Duida has Venezuelan values, and the re-
maining samples fall on the Guyanan side.

Guiano-Brasilian transcet (Graph 42). We find strangely high
values in Maués; these are the longest tibiae seen in this study. Ma-
naus, starting at somewhat low values, converges rapidly toward Guia-
nan tibiae.

) Venezyelo-Brasilion transect (Graph 48). We find agreement
with Tapirapés only in the south; even Cachimbo cannot be called inter.
mediate. The W Guyana line has been added in this graph to verify
the position of the Amazonian samples. Venezuelan influence can be
gaid to occur as far south as Tapurucuara — f{rom then on values get
too high.

- Napo-Brasiliun transect (Graph 44). This transect is essentially
homogeneots, with a high pocket, already mentioned, at Maués.

Ucavalo-Bragilian transect {Graph 45). The high values of Rio
Jurué indicate that Pampa Hermosa is not {ransitional between the
Ecuadorian long tibiae and the central Brasilian short ones; rather Ta-
pirapés and Pampa Hermosa are two isolated areas of lower values,

Summary (Mep 21). The broad picture is:

One aresz of very low values around Villavicencio.

Ancther area of low values from Tapirapés south.

One area of intermediate values in northern Venezuela.
Another arep, of comparable values, around Pampa Hermosa.

. The remainder of the range is occupied by populations with
long tibiae.

[y B

Bex differences

Only three samples present significant sex differences, all in the
northeaestern area: Dunoon, Amapi and Nassau.

Dunoon males have a regression coefficient significantly larger
than that of the females — and of other males. They are the discre-
pant sex.

] -I{l Amapid and Nassau the lines are parallel, but the males have
significantly longer tibiae.

Combined patfern

Maps 19 and 21 show perfect parallelism of male and female broad
patterns. The only aberrant sample which has both sexes represente
{Roraima) is seen to be reaily different. :

A comparative study of the male and female ranks (length of tibia
at 656 mm body length, Table 123), shows that Spearman’s coefficient
of rank correlation iz high (.92). Furthermore, it is quite cbvious
that the shifts in rank, which are numerous, happen always inside one

geographical unit: ne Guiano-Ecuaderian sample changes place with a
Venezuelan one, and the three short-tibized samples keep the same rank
in both sexes.

Tt ig also possible to assign two of the shifts (Nassau and Amapa)
to sex differences, the female having shorter tibiae and the male rank
Leing higher.

HEAD LENGTE

Tiales

Tahle 124 brings together the data on the regression of head length
on trunk lengih in the major samples. If iz immedjately apparent that
two samples have relatively Jow correlations: Essequibo and Villavicen-

cio. These samples have also low values of the regression coefficient.

tn Table 125 we give the ranks of the samples at trunk length

48 mm. Plotting the lines together we can discern 7 groups of sampies:

(1) samples of rank 1 to 4 (Santa Cecilia, Limén Cocha, W Guyana
and Dunoon) are practically superimposable; (2) the samples of rank
5 and 7 (Tapirapés, Faleon and Nassau) are also homogeneous; (3)
Trinidad {rank 9) and NE Venezuela (ravk 10) are again superimpo-
sable; (4) Pampa Hermosa is intermediate between groups (2) and (3};
(5) Essequibo starts with high values and converges towarda group
{3); {6) Amap# starts also with long heads and converges towards
group (2); finally (7} Villavicencio, with the flatiest distribuiion of
all, diverges from all other samples.

Plotting these groups on Map 22 we find much less regularify tﬁan
in the characters previously analyzed. Thus the study of the transects
will focus not only on transitions, but also on irregularities.

North. Venczuelen transect (Grapk 46} We do not consider the
NE Venezuelan sample in this case, Computing regression lines for
the Carabobo, Distrito Federal and Caripito samples we see that Cara-
hobo overlaps exactly Faleon; Distrite Federal converges towards Fal-
¢én, and Caripito fowards Trinidad, Pie del Cerro and Anzoitegui
cannot be assipned; Bejuma goes with Faleén, as does Yacua; Sucre
agrees with Trinidad, Thus we see that thig is an area of great local
variability. '

Guionan transects (Graphs 47 and 48). The first transect shows
¢clearly that Amapd is intermediate hetween Dunoon and Nassau, which
has no geographical logic. As to the small samples, none tends towards
NE Venezuelan values. They are all Guianan in character, but very
irregularly so. Some blanket two extreme digtributions {Moengo Ta-
poe, Georgetown). Others are non-assignable (Tibiti, Paramaribo,
Mana), St. Elie and Cayenne can be assigned to Duncon, and Belém
40 Amapi. Matarony has very short headed young.

In the second transect we notice a very high value in Auvan-Tepui.
Akymsa clearly belongs with W Guyana; Roraima and Poeloegoedoe
blanket the extreme distributions; Kroetoe ean be assigned to Nassau.

Again a very spotty area.
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Western transect (Gruphs 49 to 51). In gpite of the marked
difference in regression between Falcén and Villavicencio, it is difficult
to assign individual specimens, as the range of Villavicencio is very
short. The specimens from the Colombia-Venezuela border vary from
Villavicencio to Santa Cecilia velues. Bogotd is compatible hoth with
Faleén and Villavicencio, The South Colombian specimens agree with
Santa Cecilia.

In the transect from Limén. Cocha to Pampa Hermosa (Graph 50},
we pee that Marafion is intermediate, and so are the other small sam-
vles, with the exception of Miazal, with an exceptionally long head

The southern samples {(Graph 51) agree closely with Pampa Her-
mosa. :

The southern part of this transect is much mofe regular than the
northern one.

Colombo-Guignan transcct (Graph 52). Puerto Lopez agrees with .

Villavicenci¢. Duida and Southern Guyana have rather high values, in
agreement with the first ranking samples. The Catrimani specimen
has a short head, Lucie falls exactly o¢n the Nassau line.
Guiano-Brosilian transeots (Graphs 53 and 54). Southern Guyana
has already been commented upon. Manaus is also clearly on the side
of the long head samples. Cachimbo and Itapiranga agree with Ta-
pirapés. .
The second {ransect (Graph 54), between two superimposable sam-
ples, shows only that the Paloemeu specimen is much above Nassan.
Venezuelo-Brasilian tramsect (Graph 55). It is impossible to draw
geparately the Faleén and Tapirapés lines. The only new information
contained in this graph is that the southern samples agree quite well with
Tapirapés. The samples between Faleén and Tapirapés are on the
long head side, with the exception of Itapiranga, which falls exactly on
Tapirapés. )
Nopo-Brasilian {ransect (Graph 56). The specimens tend to agree
with Banta Cecilia and Limén Cocha, except Itapiranga and Belém,
which agree with the second ranking group of gamples.
Ucayalo-Brasilian transect {(Graph 57). No sample is unamhiguous-
ly assignable, but they seem to agree better with Pampa Hermosa.

Summary (Map 28). We may discern a broad pattern only in part
of the range. Starting from Falcén:

1. In northern Venezuela, from the Distrito Federal west, an area
of moderate heads.

2, This area intergrades to the southwest with an area of short
heads around Viliavicencio.

3. This ares intergrades to the south with an area of maximum
head length in Ecuador, extending into Amazonia.

4. This area intergrades to the south with an area of moderate
heads in Pampa Hermosa, extending east into Brasil.

5. From Cachimbo south there is ancther avea of moderate heads.

P
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The rest of the range is rather complex:

6. in NE Venezuela and Trinidad, very short heads, with pockets

igher values. X o
of hlgh rIn the Guianas and Amapd there is a very spotty distribution
of ver.y long and short heads, without geogrz}phmal regul‘arlty.

4. Central Amazopia is occupied by mixed populations.

Females _ '
Table 126 shows the data on the regressions, which are quite regu-

ar and uniform. Table 127 presents the sampley arranged according

ing the individual re-
head length at 48 mm trunk length. Comparlqg_ i
1éores:?ons itgappears that the 13 samples can be divided into 3 groups

-(all being practically superimposable, within the groap) @ (1) -Dunoon,

ili 4 6 imé ha, and W Guyana;
Santa Cecilia, Amapi, Falcon, Limon Cocha, a ’ 1
I(\Iza)ss;‘g,pirggés, Essequibo and Pampa Hermosa; (3) Villavicencio, NE
eia and Trinidad. . .
Veneg‘lllotting these groups in Map 24, a more regular g'eog1':auph1]cal1 dis-
tribution is indicated than was the case with the males, the on_wl,r argi
anomalies being the low values of Esseguibo and the high values o
Falc{:’l(‘)rth Venez{;ehm transeet (Graph 58). Diatrito_ Feduire’ml -?ﬁi
Yacua (in contradiction to geography). agree perfectly with lf‘a ch.ll,
remainder (Carabobo, Bejuma, Rancho Grandel)] are pbot ?.ss1gi-éa s;ﬂue
ibo is a low-
Guianan transects (Graphs 59 and 60). Essedu e
i the first transect, two locali
enclave in an area of large heads. Along T msect e
i amaribo, and Moengo Tapve) cannot be assigued. ;
f::?ﬁl I:Z«IPai;\ have véry short heads and Georgetown agrees yvlth Essequﬂ:n:éi
Haul Over, Pickersgill, La Haye and Cayenne fit well with Dunoon an
Bau. . .
Mo About the second transect (Graph 60) nothing can be said exeept
Tafel Berg has guite long heads. _ i !
that Wis‘zern tfcmsect (Graphs 61 to 63). In thetlf-l]rst par:;;tof1 ot};?iga?o
i i i — ar
Graph 61), Villavicencio stands alone ¢ ne i
iﬁf ngrilipagree)s with Faledn, and the nearest one to the south with
Sant;‘r?):i fimén Cochz to Pampa Hermosa {Graph 61%1)' _;lﬁigﬁﬁm 12?3
ity: the northern samples (Sumaco, isal , k
Eﬁ;}ﬁinref:(]iaﬁighamba) tend towards Pampa Hermosa, while Marafien
is intermediate, ) ‘
* mT;e southernmost samples (Graph G63) agree well with Pampa
Hermosa. ] ) i
Heuré‘olombo-Gu-ianan transect (Graph 64). The 1pfl‘tlenc§a of Villavi
cencio reaches the Brasil-Venezuela border and Catmma::;l. Guyana
Guiono-Brasilian transects (Graphs 65 and 667, Scéu };a.rnbo ggree
‘agrees clearly with Dunoon, Itapiranga, ‘Manaus and_ a?i im]
with the short-headed samples. Maués cannot be assigned.




' short head, showing influence of Villavicencio.

. males.
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Along the second transect (Graph 66) one sees that Paloemen and

! Tiriés go with Nassau.

Venezuelo-Brasiliun iransect (Graph 67). Puerlo Ayacucho has a
Otherwise the only
thing that can be said is that the southern localities agree well with
Tapirapés.

Napo-Brasilian transect (Graph 68). It is quite clear that the
large-head area extends to Maués, but not to Manaus and Itapiranga,

Ucayalo-Brasilian frensect (Graph 69). Rio Jurud. seems {o belong

with Limén Cocha and not with Pampa Hermosa ({or Tapirapés).

Summory (Map 25). The general picture is:

1. One avea of jarge heads, from Faleén to Amaps, with encla-

4 ves of shorter heads in Guyana and Surinam.

2, A large enclave of shorter heads in NE Venezuela and Tri-
nidad.

3. Another area of large heads from Ecuador to the middle
Amazonag.

4. An area of shorfer heads in the southern part of the range, in

" Brasgil and Peru (Pampa Hermosa to Tapirapés to S. Paulo}.

5. One area of short heads in Villavicencio:
6. In northern Amazonia there are intermediate values.

‘Sex differences

In all samples the females have relatively longer heads than the
In 5 samples the difference is not significant: Trinidad, NE
Venezuela, Dunoon, W Guyana, and Santa Ceciliz. In 8 cases the diffe-
rence is due to the regression coefficient: Amapid, Nassau and Villa-
vicencio. In these cases the females start with smaller heads, but their
line crosses the male line, being steeper. In 5 cases the difference is
due fo the regression constant: Falcén, Essequibo, Tapirapés, Pampa
Hermoga and Limdén Coche. In these cases the lines are parallel, hut

:_: ihe females are above the males.

If we take into account only the presence or absence of significant
difterences (Map 26), a geographical pattern can be perceived: an area
of homogeneity in western Venezuela and Guyana, and an area of
longer-headed females in the remainder of the range, with Limdén Cocha
a5 an enclave.

It we take into account the mode of difference (Map 26), we have
a complex pattern, differing from that for either sex.
in view of the great differences in grouping of the sampies for

each sex it is not practicable to compare ranks or even positions within
groups.

seales; .all others have 100% large scales.

* T.a Haye and Tibiti.

YolL-19-(1-2}, 1970 e e 4 e e o

C'ombined pattern

There are many differences between the male a.nfl fe_maie patte}‘ns
(Table 128}. Spearman’s coefficient of vank correlation is .75 against
a8 in'the case of tail length and .92 in the case of. the _tlbla_. T?}e only
fnajor resembiances are the short head areas in Villavicencio -and
Tapirapés. - ) .

It may also be noted that Essequibo in every case differs from the
neighboring samples,

BOD'Y LENGTH

Table 129 shows the largest body length for males and females in
esch sample. Plotting these values for the males (Map 27}, a very
clear geographic pattern becomes evident: long bodies (70 to 78 mlp)
in the region from Santa Cecilia to Pampa Hermosa, and smaller bodies
(fess than 70 mm) in the remainder of the range.

If we divide the ferritory in areas enclosin.g' sections of the tran-
gects; and plot the maximum body length Withm_ each (Map 28), the
pattern of the major samples is thoroughly confirmed, and added to:
the area of long bodies extends to Ttapiranga along the Amazonas.

" Repeating the same operations for the females (Maps 29 and 30}
an exactly similar pattern results. '

‘We may then draw Map 31, embodying alt ﬂiese_@at?., and showing:
{1) an area of high body lengths from Santa Ce(:lha. in tl:ne north to
Pampa Hermosa in the south and Manaus (along the river) in the east;
(2) shorter bodies elsewhere.

Sex differences !/

"o 5 cases the female maximum body length is 2 fo 10 mm more
than male; in one case it is 2mm fegs: in the remaining 7 cases the
sexes differ by zero or L mm. There seems to b_e.a tendency towards
larger females, but it neither is statistically significant nor showg any
geographic regularity,

RELATIVE SIZE OF ARM SCALES

Tn what follows we call “large” those upper arm s'cales which are

. much larger than the middorsals, and “small” those which have appro-

ximately the same size as the dorsgls. We have found no sexual di-

morphism or onfogenetic variation in this <:harac’ser.h 100 1

t jor aszau and Amapéd have % sma

Among e It o Inte?est thus centers on

{he 2 Guianan transects, on the second (yuiano-Brasilian transect, and_
on the situation in Southern Guyana.

Along the first Guiaman transect there is a sharp hrga}k between

Small scales are found in ail localities east of

Tibiti, all the way to Belém.
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Along the second Guianan transect th is
ceeurs between Aliyma and Kroetos, ¢ brealc s also sharp and

Along the second Guiano-Brasili ¥ Tiriés i 3

limit op e wpssond G silian transect, Tiriés is the southern
In Southern Guyana, we have 12 specim

small scales and 2 have large scales. g ens- OF these 10 Lave
Thus the general picture (Map 32) is:

1. One area of small seales from Surinam to Belém.
2. One avea of large scales elsewhere.

CHARACTER CORRELATIONS

We have checked for corllelation between pai ithi
_ r pairs of characters withi
g:ledmajgr samples. This has been necessary both for reasons of r};tari
Ot' atl:l also as an element of the general picture of geographic diffe-
;en 1ak10n._ From the methodological peint of view it is indispensable
to m:d e sure that charalcters clogely correlated in all samples are not
hreat separately, bu_t instead as a single character. On the other
and, tl;e presence of imperfect correlations — those found in a sizable
propO}-ii)zon of the samples but breaking down in certain localities, for
one or both gsexes — need to be studied from the geographical view;;oint
- V&t’e had 11 samples, 2 sexes and 9 characters, totalling 198 cases
o test. Of t_hese, T2 were found to exceed the 5% level of significa '
ce; they arve listed in Table 130. ' "
The largest number of cases in whi i ’
ich a pair of ch
‘}floung mgmf:cgéxtlydcorre]ated was 16, out of :f possib](é ?Zléa‘:tfrrﬁu?sii
as been considered unnecessar i .
B paoneide y to treat any pair of characters as a
If we assemhle the data of Table 120 b iti
" 1 of T v characters, localitiea
se)ées' f(Ta.blr.as 131 and 132), it is immediately seen that the sex ratic i!;i
El?aralc g:alr 51%1;11;511@{1;;}; f]rom 1/2, for the ensemble, or for any locality or
! r. - Table 132 also shows that there ia no geographical -
rity tTohthe dlstrljlfautlon of the number of significant c‘o%‘relljati(;msregum
e pair of characters most frequently correlated is le y
o ngth of
t1h13_. X head length, 16 out of 22 times. Next comes scales bgtween
sl;ir?;gz%lesh X aciles acrogs snout, significantly correlated 7 times. Three
" characters are correlated in 4 i L5 i
sam;g;les g LE i & in 4 sampleg, 3 in 3 samples, § in 2
t is very difficuit, perhaps im i i
LI : possible, to judge what constit 2
iliir:i?iré:lﬁtlnumber] t;fdlns%avnces in which -a given pair of chaﬁalctgi;s i;
s ¥ correlated. i i
i g e have, however, tried the following rougch
The pairs of characters were divi i
. b ) ivided in {two groups:
;i}}:u?uts}y. m‘eamngfully’_’ correlated, and apparently “ngns;?se“ E:Tesse
Ite' 2 tel' being those with no evident physical reason for corl’elatioﬂ:
is possible, of course, and indeed probable, that some pairs; at least,

are linked thro i -5 : «
known. ugh penetic or physiological mechanisms not at present

s

M ’

el 10 (1EBY LT e s BT

The “meaningful” pairs are:

1. Related to extremities: Leftween fail, head, and tibia (3: tail
x head, tail x tibia, head x tibia).

2. Related to climbing: between tail, tibia, and fourth toe la-
mellae (3.

3. TRelated to general scale size: hetweern loreals, scales across
snout, scales befween the semicircles and the interparietal, and ven-

. trals (6).

4. TRelated to the scalation of the head: between loreals, acales
across snout, seales between semicircles, and gcales between semicircles
and interparietal (6). )

These represent (since some pairs occur in more than one group)
14 out of 36 possible pairs. The other 22 pairs would then be nonsense
pairs. . The 14 meaningful correlations correspond to 308 pairs X sam-
ples x sexes; of these 47 are significant. The nonsense pairs corres-
pond to 484 cases, of which 25 are significant. Chi square {Table 132)
je highly significant, ie., there is a strong material basis (certainly
underestimated by the rough method used) for association between
certain pairs of characlers.

"Geographic differentiation

We now abandon in our analysis those character pairs correlated
only once or twice, as they obviously could not reveal any pattern.
“Those correlated 3 and 4 times {(Table 130) show no geographical
- regularities.

Seales aeross snout x scales between semicircles, significant in 7

ases, shows the following distribution: Trinidad (males), Hssequibo
* (males and females), Dunoon (males and females), Amapd (femsgles)

nd Limén Cocha (males). The only discernible regulavity is the
" agreement between Dunoon and Essequibo for both sexes.

The head x tibia correlation is present at least in one sex in each
sample; thus it is more interesting to consider the distribution of
absence of this correlation. In the males, Faleén, Trinidad and Santa
Cocilia fail to show correlation; the first two are in the same general
area, while Santa Ceeilia disagrees with neighboring Limén Cocha. In
the females, the 3 samples that do not show correlation are widely
seattered: Amapi, Pampa Hermosa and Villavicencio.

The general conclusicn that can be reached is that the correlation
between head and tibia is important in the chrysolepis group, but locally
unstable,

ANALYSIS
INTERIM SUMMARY: CORE AREAS

Maps 1 to 32 summarize our data in terms of major patterns. They
have been made by projecting on to standard outline maps the verbal
sommaries of highs and lows, presences and absences, breaks and points
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of transition that have been made above. Like the verbal statementg,
they are necessary extrapolations from the data of our samples ag in:
terpreted in terms of the various statistical tests we have employed,
Boundaries have heen drawn according to the available samples. It is
thus pessible, in Iauck probable, that addilional materials will alter the
exact contours and the minuter defzils of the patterns we here portray,
We do not expect, however, that any future evidence will substantially
challenge or subvert the picture that we here present. .

The maps, we must emphasize, show major trends only and neglect
very local or minor ones. Iowever, the character analyses and tables
provide all that we know about matters of detail, and these, when rele.
vant, have been considered in the following discussiong. What the maps
a3 an ensemble demonstrate is the reality of large patterns present in
character after character, consistent in their peneral localization but
not in the exact borders of their ranges.

Inspection of the maps in fact reveals four areas of consistent
difference. Though the borders of these differ with every individual
character there are yet residual core areas or nuclei which are, each in
its own way, definable in terms of the characters -studied.

We may therefore usefully spezk of four core areas (Map H):

I. The eastern Guianas, from Surinam to Amapa.

II. Venezuela, Trinidad, and the northern half of Guyana,
1II.  Amazonian Colombia, Ecuador and Pern.

IV. Central and scuth-central Brasil,

In what follows we first analyze these core areas as such, and then

the regions of intergradation between them. /

In the analyses of the core areas we take into accbunt, for each

character and for each sex separately, whether the srea is-

A. Internally homogeneous and well set-off from the adjacent
areas. :

B. Internally homogeneous but continuous with one or meore adja-
cent areas, or with part of one or more.

C. As a special case of B, internally homogeneous and continuous
with others, hut with only one of the other core areas presenting unigque
values for the charaater,

D. Internally heterogenecus.

Core area I. This area (Surinam fo Amapi) is:

A . Internally homogeneous and well setoff in 13 cases out of
22 (the 11 quantitative characters, each sex always counted separa-
tely) ; fourth toe lamellae (males and females); scales across snout
(males and females) ; scales between supraorbital semicircles (females) ;
ecales between interparietal and supraorbital semicircles (males and
females} ; ventrals (males and females) ; tail length (males and fema-

. ’
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- qrm scales (males and femalesj. The latter character {upper arm .
)'5 smaller than dorsaly) is unique to this area. wd £ o
ernally homogeneous, but not differentiate rom other
! af 'in I;tgges :yeuntinngéus with area II and with the northern P_a%'t
'1',ea 1T in seales between semicircles {males} and,l.ength of ubl.a
:«fe?ﬂa]es); continuous with the eastern part of area II in head length
males) .
mate )Internally homogeneous and in conti_nuity with all qther areas
‘¢ne, which is distinguished by one unique ch_uracter, m 4 cases:
15 'and body length (males and females), in which the part of area
“south of Villavicencio stands alone.
'D. Internally heterogeneous in 2 cases: head length and length

“£ibi ales}. .
‘tﬂ;}:ais(:;sily seen that this is a very homogenecous and well differen-

Map H. Anclis chrysolepis; core areas.

Core urea [V. Cove area 1V, which extends from the north end of

' Tlha do Bananal, in Central Brasil, to the nort_he_rn half of the
Shite of . Paulo, is also a very clear core area. Listing patterns of
rentiation as above, we have:

P T P
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A. Tt is homogeneous and well set-off in 11 cases oul of 22: fourth
toe lameline {males and females); scales across snout (females) ; ven-
trals (males and females) ; tail length (males and females) ; length of
tibia (males and females); head length (males and females),

B. It is continuous with other areas in 3 cases: with area II in
Beales across snout (males); with arvea II and the wnorthern part of
area ITY in scales between interparietal and semicircles (males and fe-
males}.

C. In agreement with other core areas (6 cages) it lacks the uni-
que chavacter of area I in arm scales (males and females), as well ag
that of area III in body length and in loreals (males and females).

D. . It is internally heterogeneous in scales hetween semicircles
(males and females),

The Brasilian locality of Loreto (Maranh#o), from which a sinple
female is available, agrees in every case with Tapirapés.

to the Marafion in females. In fourth toe lamellae exac:tly the samsa
dlines arve found. The clines to Pampa Hermosa are practically syrilme-
trical about the Eguator, and we have not been able to correlate them
with any envircnmental gradients. ) ) )
We think it mnre likely thai they are introgresslor[ clines. (Given
g isolated .populations arranged in a _geographical]y hpear sequence,
each one having evolved its own peculiar v.a.lues pf a given characte.r,
secondary contact hetween them may result in a cline between each pair
of localities. If, by chance, to the linear arrangement of the localities
there corresponds a linear arrangement of the values of the character
{e.g., in the present case, Pampa Hermosa with ]argelr va']ues _than the
Napo samples and these with larger values than_VllIaw_cenc'lo) t]}en
the juxtaposition of the two clines will result in a single cline, including
all 3 localities. .
- This would be in keeping with the pgeneral patiern of variatlop
within the area (see below) znd also with two peculiarities of the cii-
“nal variation observed: (i} the presence of shorter clines, in the' fe-
males, for the same characters in which the males show complete clines
(for them the chance linear arrangement of character values would not
Jbave happened} and (2} the freguent irregularities within the long cli-
nes observed (interactions between the areas in secondary contact
- showing Jlocal variations).
- B. In no case is area III internally homogeneous but continuous

with adjacent areas.
. @. Area IIT agrees with areas IT and IV in not having upper arm
scales smalier than dorsals {males and females), a character unigue to
area I. .
- D. In all the remaining cases area IIT shows some degree pf
- “heterogeneity — but is is possible to discover some regularity in'thls.
“In ¥1 cases one of the geographically extreme samples (Villavicencio, to
the north, or Pampa Hermosa, to the south}, disagrees vyith the rest of
.area TII. Tn 7 cases the aberrant sample is Villavicencio. Ir 2 cases,
#ail length (males and females) the area stands alone; in § othe}'s it is
continnous with adjacent areas: with Faleon (part of area II) in ven-
trals (females) ; with the whole of area II in scales between imgerparle-
tal and supraorbital semicircles (females) ; with areas I and IT in scales
between supraorbital semicircles (males); with areas T, IT and I_V in
body tength (males and femszles), a character in which the remainder
of area IXI stands alone.
In 4 cases the sample which disagrees- with the remainder of area
III ig Pampa Hermosa; scales between semicireles, scales across snou.t,
Tourth toe Jameilae, and loreals (females). In the last 2 cases there is
& cline from Villavicencio to the Marafion, but Pampa Hermosa, which
fits a complete cline in the males, falls completely off for females.
In 6 cases both extreme samples disagree with the remainder of
area I1II. Tn length of head and of tibia (males and females). both
Villavicencio and Pampa Hermosa stand out, and are not continuous
ith adjacent areas. In ventrals and in scales between interparietal

Core area II. This area, extending from Faleén, in northwestern
Venezuela, to Guyana, is a little less homogeneous internally than the 2
previousiy discussed areas and a litile less well set-off,

A. In 6 cases it is both homogeneous and distinet; fourth toe
lamellae (males and females) ; scales across snout (females), tail length
{males and females) ; length of tibia (females).

B. It is hamogeneous but continuous with adjacent areas in 6
cases; with area I and the northern part of area IIT in scales between
semicircles (males}; with the northern part of area IIT in scales between
semicireles (females) and in ventrals (males); with area IV in seales
across snout (males) ; and with area IV pius the northern part of area
IT in scales between the interparietal and semicircles (males and fe-
males). -
€. If does not participate (G cases) in the unigueness of area III
as regards lereal and body length (males and females) nor in the uni-
queness of area I in regard to arm scales (males and females). ’

D. It is heterogeneous in head length (males and females) and
in ventrals (females); in length of tibia (males) the area could be
called homogeneous except for a pocket of low values in Dunoon,

Core area ITI, This is an area different in kind from the preced-
ing ones. It is quite evidently the product of the fusion of several
(probably 3) centers of differentiation and also of some introgression
from adjacent areas. Yet it seems to us that the process of fusion has
reached u stage which makes it justifiable to treat the area as a single
unit, although of a different order than the others.

A. In no character is the whole of area IIT both internally homeo-
reneous and distinet {rom the adjacent ones. ILoreal scales {maleg and
fernales) have higher values in this area than elsewhere, but in both
cases these values are distributed along a cline, increasing from the
north towards the south, to Pampa Hermosa in the case of maleg, and

. h\oll‘.](l—Z),lfi‘m e e . gy —
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and supraorbital semicircles (males), Villavicencio is continuous with
area IL and Pampa Hermosa intermediate with area TV,

In only one character (scales across snout, males) do we find a
break in the middie of area IIl: between the neighboring localities of
Santa Cecilia and Limén Cocha.

Thus it is to be seen that, while it is praetically impossible to diag.
nose area III on the basis of any single character, and while the signs
of a recent fusion of nuclei of differentiation and of the influence of
adjoining areas are plainly visible, it has a general personality and can
be treated as a single unit, though, as already said, of a different order
than the other core areas.

INTERIM SUMMARY: INTERGRADATION

It can be readily seen from Map H, as well as from the character
analyses, that the relationships between pairs of core areas vary grea-
tly. This is in some measure due to accidents of sdmpling (e.g. the low
density of samples and specimens in southwestern Amazonia), but prin-
cipally to the actual distances between the boundaries of the core areas.
Thus we cannot follow a uniform pattern of discussion, but must adapt
our argument to each individual case.

In addition, the nature of our data, as well as certain of the results
of our previous analysis, require the preliminary statement of the
following provises: (1) since not all samples contain both males and
females, the study of intergradation must, in some cases, be made sepa-
rately for each sex; (2) since in some small samples there is not one
specimen in which a particular character can be measured or counted,
some localities are at times omitted for some charaeters; (8) there is
no point in tracing the transition between areas when ome of them is
noticeably irregular for the character im question; (4) characiers in
which adjacent areas agree are, of course, omitted.

Finally, it must nof be forgotten that, as stated in the section on
methods ahove, some breaks as here ocatlined are based on a few or even
single specimens. We have been cautious in stressing only very obvious
differences, but it may be expected that better sampling will introduce
minor changes in the picture.

Intergradation belween core urveas I and II. We omit from consi-
deration head length and length of tibia {males) because of jrregula-
rities, and scales between supracrbital semicircles '(males), head length
and length of tibia (females} and loreals {males and femalesz) because
of continuity between areas I and 1L ) .

. The transition can be studied along 3 transects: along the coast
(first Guianan transect), a little farther inland (second Guianan tran-
seet) and across the southern part of Venezuela and Guyana (part of
the Colombo-Guianan transect). Given the narrowness of the transi-
tion zone in the north, and the absence of one of the sexes in some
samples, the analysis is presented separately for males and females.

TRy e

Here more ikan anywhere else the caveat applies about small number
of specimens in the transition area.

Males. Along the coast there is a clean break between Dunoon
and Tibiti {(thus practically at the Guyana-Surinam b_order) i‘n fourth
toe jamellae, scales across snout and scales betweéen Interparietal and
gemicircles. In ventrals the counts increase gradually from northelast
Venezuels eastward, bui the characteristic high values of area 1 first
appear east of Tibiti at Paramaribo. Along the second.Gulanan tran-
sect the three discernible breaks occur between Akymz?. in Guyfana and
“Kroetoe in Surinam. In the case of scales between interparietal apd
semicircles there is not a clean break. Southern Guyal}a apgrees w1t.h
area 1 in scales across snout and scales between interparietal and semi-
circles; it is clearly intermediate in fourth toe lamellae, ventrals, tail
“jength and arm secales.

Females. Scales between. semiciveles, scales between interparietal
and semicircles, and arm scales, break between Dunoon and La Haye,
ind fourth toe lamellae between Duncon and Tibiii, all practically on
" the Guyana-Surinam horder. All other characfers break further east:
" geales across shout between La Haye and Tibiti, tail ler_xgth between La
" Haye and Paramaribo and ventrals between Paramaribo and Moengo
Tapoe. Inland the major break is between Akyma and Tafelberg:
fourth toe lamelae, scales across snoutf, scales between semicircles,
" geales between interparietal and semicircles, tail length and arm scales.
Ventrals apain break more to the east, between Tafelberg and. Nasgsau.
Southern Guyana agrees with area I in scales between in_terparlet_al ar}d
semicireles, with area I in scales across snout, and is intermediate in
. fourth toe lamellae, ventrals, tail length and arm scales.

. Swmmary. The trapsition belt is narrow in the morth, especially
in males, but covers a wider area to the south.

Intergradation between cove arveas 11 end III: the special case of
Villaviceneio. ' The relationships between core areas 11 and IIT can be
tudied in northern and central Colombia and in southern Venezuela
Western and Colombo-Guianan transects}. The region of Villavieen-
¢io has rather complex relationships with the remaindgr of area III and
with adjacent area IX, and deserves special censideration. _ ,

In 4 cases it has a unique position, differing significantly from the
localities immediately to the north and to the south. The extent of its
“influence towards the east, however, varies; only to nearby Puerto Lopez
in length of tibia (males and females), thus forming a small pocket of
very low valaes; to the Duida region in tail length (males); and to the
Brasilizn territory of Roraima in head length (females).

In 2 cases the localities in the Colombia-Venezuela border agree
with Villavicencio: in head length (males) the area extends to Puerto
" Lopez, but in tail length {females) to the Duida region.

.. In al! these instances the Villavicencio values are quite distinctive,
6 and the area behaves as if it were a core area:

TFTTT T
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In G cases Villavicencio clearly belongs to avea III. In loreals apg
fourth toe lamellae (males} we find vne cline aloing the whele pre-Andeap
belt; in the latter cuse Puerto Lopez is also invelved, In 4 cageg
Viilavicencio agrees with Jarge segments of area II1: from the Yene.
zuelan border to Santa Cecilia in scales acress snout (males) ; from
Villavicencio to the Marafion, east to Duida, in scales across sneut
(females) ; clinally from Falcén to the Marafion, restricted to the pre-

Andean belt in loreals {females), or extending to Duida, in fourth tge
lamellae {females).

In 7 cases parts of area IIT including Villavicencio are continuong
with area IT (in some of them also with areas I and IV). TIn scales
‘between semicircles (males), scales between interparietal and semicir.
cles (males and females} and ventrals (males) the break within area IT1
occurs on the Colombia-Equador border; in scales between semicircles
{males) the break occurs south of the Marafion, In the case of body
length (males and females) Villavicencio disagrees with the remaindey
of area IIT and agrees with areas I, IT and IV. Finally, in the case of
ventrals (females), Villavicencio and the adjacent part of area II, Fal.
con, form a well-differentiated pocket.

IL is thus seen that the Villavicencio region has probably been a
core area that has been swamped from the south {principaily) and from
the north, but that still preserves some of its former distinctness.

In spite of swamping and intergradation, the general break between
Villavicencio and area II is quite evident, and we can consider area III

well -set-off to the north, with a broad intergradation bhelt extending
from Villavicencio to Falcén.

Intergradation betwedn core areas II and [V: the special case of
Pampa Hermosa. The transition between these two core areas is to he
studied along the Ucayalo-Brasilian transect, but special attention must
be paid to the Western transeect, since Pampa Hermosa, its southernmost
major sample, also shows evidence of independent variation, similar to
if less pronounced than that of Viliavicencio,

In one case (scales across the snouf, females) the difference between
Pampa Hermosa and the samples to the north is sharp, and no other
locality agrees with it. In two cases, fourth toe lamellae and scalea
between semicircles (females), the smali southern samples agree with
Pampa Hermosa.

In four cases, length of tibia and head length {males and females)
the variation frem Limén Cocha south is gradual, but, as we are dealing
with body propertions, it is not posaibie to Find out whether the small
samples are elinally arranged.

Thus, as in the case of Villavicencio, the presence of sharp breaks
and of intergradation helis are definite indications that Pampa Her-
mosa may représent a swamped core area.

In two cases Pampa Hermosa iz itselt transitional between areas

HI an IV: scales between interparietal and semicircles, and ventrals
(males),

. v

Yol 18 {1-2), 1970 15

ik Ce o armne q
) ing the fransitional localities between Pampa Hermo‘.,a&an
.In S;gdgllélngg the Ueayalo-Brasilian transect, we omit 3 chaiacffar.s,
-lé?ptoé jamellae (females}, loreals (females), and length of iibia
Sy } since the differences between the two extremes are absent o‘r
ales We also omit head length {males}, because the data are
onclusive. ' .
cDnThe 16 eases in which the transition can b.e Stud.IEd cah be d1v1de1q
fo 4 categories. (1) A prealk west of Cachimbo, in 6 cases: loreals
”oles and females), scales across snout {females), ventrals (fem_ales%)
]‘I'iiatail length (males’ and females}. (2) A break at the approximate
. £ ; !
Dglgs??;e?nales} and body length (males and females). (3) A graduoal
csition in 4 cases: scales across smout (males), sc_:a}es between se-
ireles (males), scales between interparietal and sem;c:rcles‘ (female':s)
ventrals (males). (4) In 3 cases the geographically intervening
ples are not morphologically intermediate betweep 'Pampa Hermosa
Viliavicencio: head length (females}, length of tibia (females) anFl
h toe lamellae (males). . .
urt‘1“hia pattern indicates, on one gide, that the interactions betuzeen
areas differ from character to character, and a.]so that_ t%w,ere is a
srked infiuence of the areas to the north on the differentiation along
is_southernmost line. o
The data on transitions befween areas III and IV m-dlcate that the
ol of intergradation is an extremely broad one, extending along some
5 degrees of longitude.

Amazonie. From this vast region we have reiati\'reiy few samples,
nd none of them large enough to constitutle a major sa.mp]e._ 'I_‘he
'fe'rials available thus do not permit a deta.ﬂed. analysis of variation
n.the area. They are, however, sufficient to md]cate that we must not
ect additional materials to demonstrate the presence 9f further core
Teas, since in no case we find extreme values of any single chal:acter
iy ar: unusual combination of characters; on the contra_ry, the picture
s always one of intergradation, although frec_;uentiy quite complex-. )
Tn view of this complexity it is impossible to present a unified
jigture, and we shall discuss the following areas seperately:

.. 1. The single localily, Tiriés. -

""2, The Mount Duida region, with mention, when relevan_t, of the
amples between the Brasil-Venezuela border and the upper Rio Negro
females. only).

3. Theyl)ocalities on or near the main course of_ the Amazon, con‘;
idered in 2 groups: western (Iquitos tc Benjamin Constant) an
astern (Parand do Jaearé to Manjuru). .

L4, (Southern Amazonia, with a western group of localities (frc_)m
the Brasil-Peru border to Mutum-Parani) and one eastern locality
achinmbo).

the Jurua, 3 cases: seales beiween interparietal and semi- -
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: ales), head length (fernales) and length of tibia (females)
ligﬂéignén;nﬂuzance of the northern areas (I and I} reaches the Uca-
¢ lo-Brasilian transect, and the localities beltween Pampa Hermosa anld
3’-IY“:,pirapés are not morphologically intermediate hetween the geogrqphl-
cally extreme samples, ' . ) ‘ '

Cachimbo is rather close geographically to '1apn'a1?es (core 13.re(|.
1V) and agrees with it in 8 instances: fourth toe lan}eAlae (}i;ema eT),

ales across snout (females), ventrals (fernales), tail leapt {males

scd femaled), length of tibia (males) and heaq ]englth (males an_d
f;lmales). Tt also agrees with area IV in & cases In w}uch th.e latter Ii
coptinuous with other areas:-loreals- {females), scales acloss1 Sl‘lOud
{imales) and seales between interparietal and semicireles {(males an

ales). ) )
fem Cazhimbu has intermediate values between area IV and th};z taleas
to the north in 3 cases: fourth toe lamellae {(males), and g.cales ed“;z?en
emicircles (males and females). A less clear pattern_ of mtergraf .1 'ﬁ)'n
« seen in the case of ventrals (females}. lf‘mally, in length of ti tl_a
-(females), Cachimbo disagrees with Tapirapés and belongs to & conti-
nuous area to the north.

Térids. This loeality is in complete agreement with area I in 19
out of 22 possible cases. It may well be considered as part of that cope
area, with the exception of 2 characters in which area I is both homg.
geneous and well set-off: in scales across snout (males) Tiriés belongs
with areas II and IV, which are continuous with one another; in vey.
trals (females) it clearly intergrades with area IV. With regard i
head length (males) nothing can be said, as area I is irregular in thig

- respect,

Duide. We shall not mention the cases in which the northern Ama.

zonian samples (females only) agree with Duida, noling only the single
case of disagreement.
. Duida belongs ciearly with ccre area III or one of its parts in tai]
and head length (males and females). It falls in with the northern part
of area III in the following cases in which that part is continuous with
other areas: scales between supraorbital semicireles (males), scales
between interparietal and semicircles (males and females), and scales
acrcss snout (females). It beiengs to area II {alone or in continuity
with areas I and IV) in scales across snout (males), loreals (males)
and length of tibia (females). It has an intermediate position between ) . ,
area IIT and the areas to the north and east in fourth toe lamellae (ma- Summary. It is cbvicus that Amazonia is a highly heterogeneous
les and females), loreals (females), length of tibia (males) and ven- ‘egion. The influence of single core areas or of core area combina~
trals (males and females). In the case of loreals (females) the northern : 3

i i 2 ¢ fr t points diametrically
i i i i i ns ig felt, in many cases, far from and even a : :
Amazonian smples (ifer from Duida by sgreeing with core ares 11 -'opposite ‘che’core area, Eve'n in western Amazonia, where the influence

i i revalence of
rea 11T is strongly felt, there are instanees of the preva
?rilf.ﬁerseol; some characters evidently associated with areas II al:ld even 1,
several hundred kilometers away. This area of heterggenexty 1sttthei
geographical center of and represents more thap "1:0 % of the tota
rritory of chryselepis, which gives a measure of its importance to any

analysis of the history of the group.

Main course of the Amazon. The western part of this area belongs
with core area III in 11 cases: fourth toe lamellae (females), loreals
(males), scales across snout (females), scales between semicireles {ma-
les and females), ventrals (males), tail length (males), head length
(males and femasales}, body length (immales and femalzs). In the cage
of head length the eastern samples still agree with area II, but in all
other cases there is intergradation in the Manaus-Manjuru region. This
intergradation is with area I, separating areas II and IV, which have
very similar values, in the case of fourth toe lameliae (females), and
in all other cases is of a complex nature. In body size naturally inter-
pradation cannot be detected, ’

In 5 cases intergrading values are found from Iguitos to Manjuru:
loreals (females), scales across snont (males), scales between interpa-
rietal -and semicircles (males and females), ventrals (females), and tail
lengih (females).

In the case of fourth toe lamellae {males) the western area beiongs
to core area II and the eastern one is intermediate between core areas
IT and IV. Finally, in length of tibia the whole region belongs to a
continuous arc composed of core area I and parts of core areas 1I and III

DEWLAP COLOR

General statement

] er of prime importance we have thus far not d]scusse_d:
dewlg;lecf)}ll;r.acgn oth!:zr anole'sp we know tha‘t the dewlap 13.? major
glement in display within and between species, angl color d:;’f erences
between the dewiaps of sympatric species are certainly comspicuous in.
k i jes anole comunities, ]

Tdn mﬁ:t;?‘i;fmbers of the chrysolepis species group ths} dnglap is lsnaai_!t.
‘It is always somewhat more developed in males than in {em.:a}%s! an 1d
is boldly colored, at least in mzles, bl!.le, black, or red,  or blue 2:}'1
" ted, With two important exceptions, dlsc_uss.ed at lengtl:\ below, Va;.la—
_tion in dewlap color is geographic and coincides well with the nuclear
‘are i on other grounds above. . :

: a%g:eaf;::dwe have had limited living matenall or even notes on spe-
imens .in lite, we describe below first the condition of _pre_served sp(‘e-_
Vtimens. A mnote on the interpretation of preserved material is therefore

Southern Amozonia, The relationships of the southwestern area
have been discussed with regard to the intergradation between core
areas III and IV, and it has been noted that in the case of fourth tee

e e e
i
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necessary @ because such colors as reds and yellows are almost always
leached sut of preserved specimens, the contrasts that remain are between
light and dark areas. Further, since preservation usually expands
melanophores, preserved specimens will frequently show greyish skin
or greyish scales in those areas which should be lightest. Confidence
may nevertheless be had in the reality of the contrast between areas
with denseiy concentrated melanophores and areas mostly devoid of
them. PBelow, the terms “black”, “blue”, and “dark™ apply to mela-
nophore concentrations, the terms “light”, “lighter” or “white” to areag
with few melanophores. Rarely if ever thera are areas with no mela-
nophoeres. -

We describe first the quite characteristic dewlaps found in the four
core areas. Notes on color in life are added wherever possible.

Core arvea I (Surinam to Amaopd). Males, skin intense hlue or
biack, scales light or sometimes, at dewlap edge, dark or black. Fema-
“les, skin light, scales dark, especially at edge, or light like the skin,
Philip Silverstone (in ltt.) has made available deseriptions of the
dewlap of specimens in life from French Caiana, Summarized these
are: males “blue with buff scales” and females “yellow with yellow
and brown scales”, !

Core area Il Veﬁzézuem, Trinidad end northern Guyanae). Males
and femezles, skin and scales light or scales darker. Many descriptions
are available of dewlap color in life in this area; uniformly red.

Core area I, central and southérn pert (Amazonion FEeuador and
Pery). Males and females, edge skin light, scales tight or dark, lateral
skin blue or black, scales lighter, Descriptions of color in life make it

clear that this is a tricolor dewlap: edge skin red, lateral skin biue,
lateral scales white. :

Core area IV (Ceniral Brasil to S. Paulo}. Males, skin dark,
Scales usnally lighter; females, edge lighter, because of massing of
lighter scales, lateral skin and seales davk. The frontispiece plate pro-
vides the color in life for 4 male.

In all of these areas the concordance between dewlap color and other
characters is, within our. expeciations, quite good. Tn two areas where
other characters are transitional we find dewlapsg also to be so. In
- Bouthern Guyana we find. within the same sample dewlaps typical of
core areas I and II. And in the Brasilian state of Acre and adjacent
Peru we find side by side dewlaps characteristic of core areas IIT and
IV. In Amazonia we find, besides the special cases mentioned above
and below, predominantly red dewlaps (more frequently with an infu-
sion of hiack) to the north of the river, and black dewlaps to the south.
There is much variation in the area. )

There are, however, two areas in which dewiap eclor is anlomalo 15
3 ! :
ite another way: in each of these two areas two dewlap color types

in qu ¥ -

ex i i [ tr siti reen
. ist, withont any indicaiion that the case is ene of transition betw
co s o

Teas. ‘ -
S ‘:fe need to examine these with particular care ?ecﬁzﬁse su_d;eﬁtlesf
‘ ~dinarily i lis imply the existenc
" dewlaps would crdinarily in Awro
Ee';?i?lcgfsp:ges.p Ag will appear helov_v we found one of the cases to
i;lnply speciés status; in the other this is net true.

fhe Villavicencio light dewlaps: a <ase of polymorphism

icinity of Villavicencic in Colombia dewlaps are

; Inhzli];lfg:;liig?érv—c— bh):e black with white sca.les and a regi -edge E
glﬂ}er Lclear area IiI or they are reddish, orangeish, even W.*vh11:15h_vsr11j
i: 1~u|rI§itl-,-ll-]1-]0ut a tinge of blue at the base. d%n}cﬂi nﬁﬁzt‘?g l}?ioﬁéﬁﬁ: 3

i i ¥ istl
sh.owmg th;i:iiliiicgﬂl;irie‘:;?;gs gf animals with tricpl_nr dew‘laps
asl?rln :l}-::lfemainder of nuclear area I1I, The relevant 1.008.111.’.1!.:_'5 ar?..

1) Villavicencio. 2} Apiay. 3) .ancs. “Guadu_ahto t(I’{;m(bGew:&]es:I;
. of Serrania La Macarena). 4) chau El leaman e” (o liti:es
'(ajfa?a Sumia and Rio Negro, region of Rosalefio). From these loca
‘we have 7 males and 13 females. o . .
" Map B shows the localities in ?he general Vlllavlgvenclft:) e[xl]iiea }g
which the two tvpes of dewlap mentioned above have been h1.1 lters
parallel to the manner in which the analysis of 1nd1v1d'ua1 c arafc ers
?n previens samples of chryselepis was conductec}, and 1111 ;;e‘g ion the
fact that the localities (Rio Tufia an.d ”Florencla) 1as=em aeree he
haracter analyses as “South Colombia (10 not af “{fﬁs- g
Viilavicencio, we have arranged cur comparls'ons .?s :) e y
" 1. Viilavicencio “light” versus Villavicencio tricol_oy.] d(glga%hg
amplé of previous discussion); in the former v&_ve1 ]3_ave inc gince the
pecimer. from Rosalefio, & }ocalit}; 29 kégnflﬁl:rgf :Eégffec;g, since the
iajor i ecimens from , po,
iggutlssivrgﬂlzscl:xrll:?;;?alslz’rum gome older collections for 12.'\.']13‘11ch thitg?::;
eaning of the name “Vﬂlavicenciq“ on the lgbel cannot be asce:
ut s quite likely to imply localities some dlStalEl(‘,E a}vay. ) -
i 2. Rio Giiejar (light) versus Soutt} Colombia (Ri{): Ttél_if:,,lr; 10(;2:
féﬁda): ey (i'e Gu%ﬁ?iﬁic(ezrcli?lz?‘ber[;}é;-aragelyucg;'lpared,
1 H 103 -~ rOm i v P
1111?:1 ;:iesgifvlitgﬁgtgai?ﬁrd of comparison is to be found in the adjacent s/
ocalities to the south. )
3 Apiay (light) versus Puerto Lopez (tricojor}). These {wo
- loclities are very close, ) cons made .
. No significant differences were fou_nd in th._e r;on;pil}‘:s?;he nade
[ables 134 to 189, Graphs 70 to 75). Thls_woulcl lz'ldlca a t?]' eneiai
dewlap js probably a morph of chrysolepis, r_estru:ted)to 'd'iaiion -
¥illavicencig area. This idea is strengthened by the conside
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those charvacters which, as we have noted above, show exceptional va-
lues in the Villavicencio region, especially the body proportions.

Tail length in the Villavicencio basic sample ranks first in males
and second in females (Tables 114 and 118), the geographically closest
samplés having much shorter fails. Graphs 70 and 71 show the perfect
agreement of the light dewlapped specimens with the regression line of
the Villavicencio major sample.

Length of tibia in the major Villavicencio sample ranks last for
males and females (Tables 120 and 122); again the light dewlapped
specimens agree clogely with the regression line. In this character the
South Colombia specimens disagree with Villavicencio and tend to the
larger tibial lengths found to the south, while the Rio Giiejar females
agree with Villavicencio.

In the case of relative head length (Tables 125 and 127, Graphs 72
and 73), the light dewlapped specimens also agree with the major Villa-
vicencio sample,

Thus we feel justified in interpreting the presence of light dewlaps
in the Villavicencio area as implying dimorphism within the species
chrysolepis; the two contrasting dewlap types appear not to be assoeia-
ted either with sex or with any of the meristic and metric characters
studied, and there is thus no grpund for inferring the existence of a
second specles sympatric with chrysolepis.

The Upper Amazonian black dewlaps: a distinct species, A. bombiceps
Cope. '

The second area in which two types of dewlaps occur is a narrow
zone from Ecuador to westernmost Brasil (Map I) in which aill-black
dewlaps are sympatric with tricolor ones. Here again we have ireated
the all-black-dewlap animals as a new sample and have tested them
against adjacent and sympatric tricolor-dewlap populations.

The upper Amazonian localities from which we have specimens
with entirely black dewlaps (which we shall call Anolis bombiceps Cope;
see further below) are shown in Map I, as well as those with normal
(for the area) chrysolepis red edged dewlaps.

‘We have no single locality with reasonable numbers of bombiceps,

50 we have assembled all available specimens in one sample. This has

been compared, in tables and graphs, with (1) the geographically nearest
large samples of chrysolepis (Santa Ceecilia and Limén Cocha), (2) the
smail samples of chryselepis in the area of cccurrence of bembiceps and
(3) a “combined chrysolepis” sample, constituted by assembling the
small chrysolepis samples. This latter was built up in order to have a
sample with approximately the same degree of heterogeneity as the
bombiceps sample, and has been used for the necessary statistical
comparisons, -

Tables 140 to 146 present the comparisons of scales counts. In the
males, significant differences ‘were found in 4 characters out of 6: lo-
reals, scales across snout, scales between semicircles and interparietal,
and ventrals. In the females only 3 characters were found to differ

i i ‘pari icircles, fourth toe
jgnificantly: scales between interparietal and semicire: :
?;iz]]ae, and ventrals. Thus, the ageregate dlffere:nce involves & cha-
racters: 2 common to males and females, 2 pecuha_r to males anc%‘ 1
peculiar to females. Once more one sees a degree of independent varia-
ion between the sexes.
ton Rzlative tail length {Graphs 76 and 77) and head ]engt_:h (Graphs 80‘
and 81) are significantly less for male and female bm.nbzceps. than for
gympatric chrysolepis. There are no differences at all in relative length
of tibia (Graphs 78 and T9).
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¥ap I. Localities of Awnolis chrysolepis and of sympatric Anolis Dombiceps.

s we find 6 characters separating males and 5 separating fa-
rbaiegt:; the two species in the area of overlap. Omne uf. the ?ih?;a?ters
that separate males has enly statistical value, as there‘1s nof i e;ex:;:
in range. All other characters show lack of ox_'elllap of belx rteh e
values, and can be used for diagnosig; although it is possible tha
increasing sample size might alsc Increase the deg_ree. (2f 0:};3;
lap, congideration of the large chrysolepis samples indicates

7" this effect should mot be too important. Of course each charac-

ter permits only imperfect diagnosis, and_ it is important to lCh?{fk
the degree of precision attainable by the _su_nuitane0u§ uge .of al Cﬂd};
Tacters. This we have checked by the individual cun_mderatxon pf fjta'c.
character, which is the least efficient n}ethod (for_mstance, diacy 11111‘1(:-l
nant analysis or other methods of mu]ti;}le comparisons would iffihe
better precision) and so keeps us on the side of safety and closer to

- physical meaning of the characters.
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Only 5 specimens out of 20 (15 “} ecannct be unambigucusly iden-
fied by this rough method. OFf these 3 specimens, 2 are very voung
mes, and consequently their hody proportions are not useful; further.
nore, ventral scales could not be counted in any of
Chus we find that the séparation between bombiceps
he basis of meristic and metric character
'ery pronounced,

One qualitative character permits consistent unambiguous separa-
ion of the two species, the relationship betweéen upper arm and dorsal
cales. In bombiceps the arm scales are smaller than the dorsals, in
‘hrysolepis of this area distinctly larper.

The character that first called attention
eps is its uniformly black dewlap,
lewlap of echrysolepis in the region.
1ens a thin lighter line ajong the edge of the dewlap which, while not
i eaching the echrysolepis condition, may in life approach it.

These facts seem to us to justify the following conclusion: in
vestern Amagonia (from the Napo and the Marafion to westernmost
irasil) occurs one species of the chrysolepis group, aympatriec with and
ery close to chrysolepis itself but readily distinguishable from it on
he basis of a radical difference in dewlap color and in one qualitative
cale character (relative size of arm scales), as well as by statistical
ifferences in several scale counts and hody proporticns. The presence
1 some specimens of dewlaps tending in the direction of the tricolor
ewlaps that Iocally characterize ehrysolepis leads us to consider the

. ypothesis that there may be introgression between the two species, a
oint to which we will return below.

the 3 specimeng,
and ehrysolepis, on
s is quite real, although not;

to the presence of bombi-
contrasting -with the red-edgag
However, we find in some speci-

SYSTEMATICS

EVELS OF DIFFERENTIATION

The analysis above has revealed, quite in accordance with expecta-
on, several levels of differentiation. We have discerned three princi-
al types: (1) mosaic differentiation in which characters vary rather
indomly with reference to each other over larger or smaller areas,
2} a differentiation that shows clo

se character concordances over
ither extensive core arems, and (3) differentiation of populations that

-+ re able to maintain their character complexes intaect in spite of
© i rmpalry.

We believe all three types of differentiation to represent adapta-
ons ta local selection pressures, but, while the mosaic type of diffe-
:ntiation may often occur when populations are in essentially conti-
~ | 10us contact, the macro-differentiation of the second and third sorts
.| aplies for us prolonged breaks in genetic contact. The core areas
ithin species that we have discovered we believe to have been refugia
; .iring periods of species contraction. It is during such periods of
mtraction thaf we coneceive the concordance of characters characte-
stic of these core areas to have been built up. The bio-historical

» /
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i 7 ing the popula-
sisioned here we ecall attention to by naming ¢ -
‘ Ehenoglfeg}?eeélo\;: areas as subspecies if genetic contact has b_eentﬁgfnstaas
tll?nl-sn d during species reexpansion but we, of course, 1"53cognlzed om &
bh:ci(:as if they maintain their gemetic integrity l.e. are reproduc
sp 3 : h :
i ed after secondary contact. ) . o
;_sola?[i is true that taxonomically it is s:omewl'éi.}t1 1n§on; :glﬁer{}aﬁ;;t 1f;1;§
ixed populations should be large (the Ama , for
S Iuef) n;}:te thIs’z tp\vo aspects of rather chaotic variation aru;lt }?’f be(;}sls;e
E'xﬁn.lprat,her regular character concordances, Occurring wi b ﬁr; (e
c;e:{ie'q are equally important. We do ngtt}\flsh‘. to f%n;%]‘sa:;iﬁlts » first
: Tt i e signific
ense of the second, It is one o . t : the
ﬁzﬁiesxiere carried out that the hypothesis of merely mosaic diffe
jati ust be decisively rejected. )
rentl'ﬁ:gnr;zlity of the core areas has in fact long be{al‘;_rﬁ;oiglgﬁiblg
i ave been applied to the populatio >
the species names that have : 1 iy
¥ laborate study requires u
‘pme of these aveas. Our more elabor: R o hocty do
i he rather impressionistic and c inly 3
el I?telsltttl:xgngmv of previous workers. To translate the gref;t_t bud};
.. mi:'lrgir reguifs into 'correct nomenclature we need only (1) forma E:eé 01131
gj covery that the populations of the core areas are c‘gnnecies ang
‘niermediate populations by reducing species names.}to subspec
1(2) deseribe one new subspecies from Central .Bram‘. I« of eore arca
* por the rest, the discovery in syrflpatry with animals f core arca
111 of black-dewlap animals (A. bombiceps) th:?t are f31st1n§ veral
ther characters carries ug clearly to th(la species level T}e sizg;vmr
; tl{e characters of the animals in life, whet}_mer of color,
13001',010 not known, some of the differenti_atmg characters 1§§5pe£
gal‘la;: ing‘sfrémales) not so sharp as migpt_be wished, yet thfl rt;,]a(.); ie:y
species separation is unmistakable. This 1s a _]oca}, ap;;a;ﬁn ghry.qoiepis
successful, perhaps even dwindling, early derivative © e
cotuplex.

s NOMENCLATURE

Thirteen names have been proposed for amoles relfolgnizg;tﬂghlfi
*. members of the chrysolepis species group. We list these below
'*. nological order, with their tvpe localities.
Draconura nitens Wagler, 1830. “America’.
Anolis rofulgens Duméril & Bibron, 1837, “Surinam”.
. Anolis chrysolepis Duméril & Bibron, 183T. “Guyane et Surinam™.

:j Anolis planiceps Troschel, 1848, Caracas, Venezuela.

Anolis seyphens Cope, 1364. Type locality not given.
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Anolis nummifer O'Shaughnessy, 1875, Demerara Falls, British Guia
. Anolis turmalis ('Shaughnessy, 1875. “Island of Grenada”.
Anolis lentiginosus O’Shanghnessy, 1875, “Surinam™.
Anolis bombiceps Cope, 1876. Nauta, Pern,
Anolis longicrus Roux, 1907. “Surinam ™.
- Anolis nitens bondi Fowler, 1918, “Cariquito”, Venezuela.

Anolis incompertus incompertus Barbour, 1932, San Martin near Vi
vicencio, Meta, Colombia,

Anolis ecwi Roze, 1958. Cumbre de Torone Tepui, Chimantd Te]
Bolivar, Venezuela. :

In agsigning names to 2 wide ranging, geographically differentigd
ed, relatively well known species complex, certain principles m3
usefully be applied: (1) Names of uncertain application should be
regarded. (2) Names of uncertain geographical provenance should
be employed, unless they are very accurately determinable, (3) Na
never used since their proposal should not be used, unless no other nal
is available for the taxon in question. -

In accordance with these principles we reject two of the earlie
names attributed to the chrysolepis complex. ' :

- Nitens Wagler, 1830, is probably, but hardly with certainty, appl
cable to some member of the chrysolepis group. On the basis of
deseription it -could be assigned, if at ail, only on the basis of
characters: “Virescens supra, nitore cupreo-aures, subfus albo-vire
argenieo-splendens; caude totq aurec-viridi, maeeule supra pssa
duabus oreuatis obseuris; Femoribus digitisque obsolefe fasciotis:

However, nothing supplements . this inadequate description. T
type is Jost, the tvpe locality (“America™} insufficiently defined,
the usage of the name extremely confused, having been used primal
for one of the color morphs possible to chiysolepis group animals
Surinam (Boulenger, 1885) or British Guiang (Beebe, 1944) or Ve
zuela (Shreve, 1947). Such a name could be employed only arhitraril
and we therefore set it aside.

Refulgens “Schlegel” in Duméril and Bibron, 1837, iype from-
rinam, falls on ather grounds. It has at best only page priority ovel
the familiar name chrysolepis, but it has never heen nsed except UL
gynonymy or in type lists since its proposal. It is at once a RO
oblitum and a name that can be discarded on the first reviser princi

In the same publication Duméril and Bibron describe Anolis ok
solepis on material from French Guiana and Surinam. One of-

Plate 1, Upper and middle, Anofis ¢. chrysolepis, - 5 ., Lower Matarony, LACM
42105, 42112, Lower, 4. ¢. planiceps, “4 , Manaus, MZUSP 10906



Plate 2. Anolis chrysolepis planiceps, Kamakusa, Upper,

-

, AMNH 25125. Middle,

J . AMNH 25131, Lower, & , AMNH 25123.

,
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Plate 3. Upper, Anolis chrysolepis planiceps, %, Arabupu, AMNH 38684, Middie,
A. ¢. brasiliensis x planiceps, d‘ , Cachimbo, MZUSP 3990. Lower, 4. ¢ scypheus,
" O, Rio Bobonaza, MZUSP 11367. ’




Plate 4. Upper and 'middle, 4nolis chrysolepis scypheus, Pampa Hermosa, C?
AMNH 56847, &/ . AMNH 56815. Lower, dnolis bombiceps, S , Conambo,
[ ,u.-.‘_w.-.-mﬂm,.__,,_.._‘.._..._..‘.ﬂ.,..,..W.MZUSP—wlBTq(U:ﬁ—_«—.u. A A m e e Tz ; ———

+ . . ’
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gyntypes has precise locality : Mana, French Guiana. We have exami-
ned this well-preserved specimen (Paris Museum 2436), and we choose
it as lectotype.

Chryselepis Duméril and Bibron, 1827, is then the carliest satis-
factory name for any member of the group. As the most familiar
pame in the complex, il is fortunate that this should be s0. However,
current usage of the name, dating from Boulenger (1885) and applying
the name to the populations of Trinidad and Vanezuela, iz not strictly
correct and must be modified. While the Trinidad-Venezuela popula-
tions remain in the species chrysolepis, application of the name in its
_strict sense must be restricted to the populations of core area I (Suri-
pam, French Guiana and Amapi in Brasil}). These have wsually gone
under the name lentiginosus (0’Shaughnessy, 1875, regarded as a full
pecies. Longicrus Roux, 1907 (Surinam) falls along with lentiginosus
into the synonymy of chrysolepis s. str.

With the realization that the Venezuelan-Trinidadian animals
annot be referred to ehrijsolepis chiysolepis comes the necessity to find
nother name for these animals of core area II. The earliest availabie’
“name appears to be planieeps Troschel, 1848 {type seen), with the type
~locaitty “Caracas®. Nummifer O’Shaughnessy, 1875, from British
Gniana and turmalis, with the same author and date but the erroneous
ocality “Island of Grenada” (perhaps griginally “New Grenada”)
rove on examination of the types to be only color varieties of planiceps.
Nifens bondi Fowler, 1918, from “Cariquite”, Venezuela (= Cariaquito
n the Paria Peninsula, see Gazetteer) was described from a very poorly
preserved type that displays no discernably distinctive characters. We
have specimens from Yacua, very near Cariaquito, that are unequivocal
planiceps and we unhesitatingly refer bondi to the synonymy of the
atter. Kewi Roze, 1958, from Chimantid Tepui, Venezuela {type exa-
mined}, was erronecusly compared in the deseription with A. fuscoaura-
tue, and falls within the variation of planiceps. )
The chrysolepis group ancles of the Peruvian-Bcuadorian region
{tore area ITI) have since Boulenger (1885) always been placed under
e name scypheus Cope, 1864, Examination of the type demonstrates,
despite a type locality lacking or in error, the correctness of this zlloca-
tion, The specimens from Villavicencio, Colombia, that have received
He name éncompertus Barbour, 1932 (type seen) are not in our
judgment sufficiently distinct to merit separate taxonomic treatment,
and we accordingly relegate ncompertus to the synonymy of scypheus.
(But see the discussions of the Villavicencio animals above).

The anoles of core area IV (Central Brasil to 5. Paulo)} appear never
to have received nomenclatural recognition and may therefore be pro-
vided with a new name. We formally deseribe them below: ’

Anolis chrysolepis brasiliensis, ssp. -

Type; MZUSP 10819, a male from Barra do Tapivapés, Mato
rosso, collected by Borys Malkin, 17-28.vii.1963.

Vol 197 (1=2¥,1970- =~ U TSN
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Paratypes: males: AMNE 93459-464; MCZ 98285-88; W
1707; MZUSP 10075, 10079, 10081-082, 10084, 12327—328’ 121;}75{322,
12979, 12981, 12983, 12985, Temales: AMNIL 93455—458,’ 93465-464
MCZ 87913, 98284, 9828%; MG 1706, 1708; MZUSP 9744, 10076-078,
100'30,‘ 10083, 10085-086, 12974, 12977-978, 12980, 12984. ’
] Tiagnosis : A Central Brasilian subspecies of A. chysolepis charae.
terized hv having: scales across snout 8-11; fourth toe lamellae 1%-19
(males) and 15-18 (females) ; ventral scales 43-53 (males) and 40-50
{females) ; scales between supaorbital semicircles 0-2 {mode 1). Tibi
very short. ' N
Digtribution: from northeastern Mato Grosso to northern 3. Paulo

TADLE €

Ctharacterization of the subtpecies of inalis chmysalapie

frales Tourkle tep Yentrals

. Dewlap
neross snont Lane]lan fiealen g
feales skin
ehrvasiepts o 10 - 13 -1 59 - F5 black iokenza hlack
ok =r hlack
2 10 - 15 12 - 15 5T - 62 liaht Light
planiceps o Lo1- 13 M- 19 RLIEY ] light red
[ N i -1 3% - 82 Vinhe reldlsh
acuphaus L4 " - 12 15 - 21 ELIC ] whike red at cdge
Blagk at sides
¢ 5~ 11 14 - 29 a7 - &8 as in o as in o
braniliensiz o a- -
11 )13 14 A3 - 53 dark at edgo, Flackiah
Yighter at base
A- -
$ 1t 5 - 1 10 - 50 lighter than o lidhter than of

Anolis bombiceps Cope, 1876

One name salready published remains to be allocated: bombiceps
Cope, 1876, with the type locality Nauta, Peru. The {ypes appear to
be lost but this is described as a species with a black dewlap and in
three of four_ specimens with a white mark on each side of the throat.
We }_-xave specimens from several localities near Nauta, which satisfactori-
ly fit this description. A. bombiceps Cope appears to pe the name of
the black-dewlap animals sympatric with Anoclis ehrysolepis scypheus
of core grea 111

THE ECOLOGY OF ANOLIS CHRYIOLEPIS

In the definition of the chrysolepis group above we described these
anG.Ie‘s ag forest animals. For A. chrysolepis itself we have clear and
positive obseryations reperting this species as an animal of well-shaded
forest, oteurring on the lower trunks of trees and on the ground (in
French Guiana primarily on the ground, P. Silverstone, in liti.) There
are repeated observations of its eryptic coloration and of itz habit of
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hopping over the forest floor for a few yards and then freezing into

. ipvigibility. The available reperts, published and Trom field collectors

end our own observations provide a satisfactory coverage of the ecology

of the species over most parts of its range (P. Sijverstone, in Litt,

French Guiana; Beebe, 1944, Test, Sexton & Teatwole, 1966, Rancho

grande avea; E. E. Williams and Carlos Rivero-Blance, personal obser-
vations, vicinity of Caracas; F. Medem, in lite, Villavicencio; J.-D.

i Lynch, in Liti., Apiay, Colombia and Napo region, Beuador; Fitch, 1966

and George Key IIL, dn litt., Napo region, Ecuador; P. E. Vanzolini,
personal observation, Manaus and Itapirangs, Amazonas; B. Malkin,
in litf,, Barra do Tapirapés, Brasil).

. Tor A. bombiceps we have a gingle comment: MCZ 112267,
collected for J. R. Tamasitt by W. B, Head in Leticia (on the Rio Ama-
monas at the Brasil-Colombia border), is reported as found “on the
ground at the edge of forest”. This observation may hint at a less
shade-living habitat” for bowmbiceps than for most populations of
chrysolepis. Even in chrysolepis there are for the Villavicencio region
‘{including Apiay) reports of specimens taken in situations which, while
somewhat open, are still shaded, e.z. palm and banana groves. Such
reports, however, including that for bombiceps, involve s¢ few indivi-
duals that no valid gtatements about populations are possible. The
chrysolepis group remains essentially a forest group even though indi-
-viduals, or even populations, may extend to edge situations,

The jmportance of a forest acology for the group is obvious. Tts
distribution — present and past is then limited by the distribution of
forests past and present, and hence by the factor of moisture. This
“factor then will be impertant in the history of the group.

: Temperature, on the other hand, seems lesg limiting. Asg a species,

4. chrysolepis has apparently broad tolerance to temperature. In fact,
itz range appoximates that of Amphisbeena afba (Vanzolini, 1968b)
and includes a wide range of temperatures and of combinations of
maxima and minima. Pertinent temperature data (in degrees Centi-
grade) selected from the Amphisbacna albo paper are

Northern

Manaus 3. Paulo
Absolute maximum 39 40
Absclute minimum 17 -5
Annual average 26 21
Maximum range 22 45

1% seems quite evident that temperatare variations have not piayed
‘s major role in the history of the chrysolepis cemplex.
HE ANOLE COMPANIONS AND COMPETITORS OF ANOLIS CHRYSOLEPIS

The limifs to the distribution of any species and a very considera-
le portion of its history may be dependent upon the presence and the
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role of its congeners and competitors. Anolis as a genus is somewhat
unusual in the numbers of its species that may occur sympatrically,
It is, of course, probable that part of this unusual feature is attributahle

to a wider generic concept in Amolis than in many lizard genera, Ne. .

vertheless, the generic concept does imply some community of ecological
adaptaticn, and it is probable that the major potential competitors of
A, chryselepis are other anoles.

However, except at one point the distribution of A. chrysolepis re-
lative to other anole species is such that it is gquite improbable that
competition with any other anole is responsible for holding chryselepis
within the known limits. Climate and concomitant vegetational barriers
are more probable limiting factors. The possible exception is in the
west where in Colombia A. chrysolepis has spilled over the easternmost
Andes into the valley of Bogotid but has not spread further and in
wegtern Venezuela. In both cases it may be limited by, as it is certainly
replaced by, the probably ecologically similar A. tropidogaster (see
further below).

Most of the wide range of A. ¢hrysolepis is in a broad sense Ama-
zonian — the Guianas, Amazonian Venezuela, Colombia, Ecuador, Pern
and Brasil. Over all of this area three species co-exist with A. chry-
solepis: A. punctatus, 4. fuseomwrabys, and A. orteni. Two of these
are animals of shaded forest and often syntopic with 4. chrysolepis,
Of these two, A. punctatus is a green anole, similar in gize to or larger
than 4. ekrysolepis, but characteristically ovcurring higher in the trees;
itz home ranges will overlap with those of A. chrysolepis only margi-
nally and occasionally. A. fuscoawrofus is a smaller species than A.
ehrysolepis and more of a trunk animal than the latter; it is never
reported as occurring on the ground as A. cheysolepis often is. The
third widespread Amazonian ancle sympatric with 4. chrysolepis, 4.
ortoni, i3 a close relative of A. fuscoouratus and very similar in size.
Like the latter it is a trunk anole but occurs only in more open situations
and is unlikely ever to be syntopic with A. ehrysolenis.

A fourth species, A, auratus, oceurs in grasslands in northern and
northwestern Amazonia, but because of its habitat in open sunny
trecless areas it is even less likely to overlap A. chrysolepis than is
A, ortoni.

In part of western Amazonia A. {rechyderma (= A. leptoscelis).

occurs with A. ehrysolepis, A. punctatfus, A. ortoni and A. fusconurafus.
Tts ecology is unreported, perhaps because in the field it bas heen con-
fused with A. fuseosurwtus and 4. orfoni, which it much resembles.
. Like these it is much smaller than 4. chrysolepis.

In central Amazonia A. phyllorhirus, a leaf-nosed species, is sym-
patrie with A. ehrysolepis. Its ecology is quite unknown, but it is again
much smaller than 4. chrysolepis.

A, trensversalis is sympatric with A. chryselepis in western Ama-
zonia. It is as large as A. ehrysolepis, but it is a relative of 4, purcte-
tus, and its morphology, especially the number of fourth toe lamellae,
suggests that like the latter it is a high tree species.

.
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It is noteworthy that in western Amazonia, in approximately the
same region, each of the three Amazoniai species groups — the Duneta-
tus group, the fuscoguratus group and the chrysolepis group — have
an additional species — respectively, transverselis, M‘uchy;iev*m_a. and
pombifrons. The ecological relationships must therefore be significantly
more complicated in this region than in the rest of Amazonia. It is
probable, however, that in western Amazonia as in its eastern part all
the anole species are co-adapted so that they avoid competifion by such
differences as those in size or in part of tree inhabited or by sun-shade
preferences.

In Venezuela 4. chrysolepis extends beyond the range of the general
Amazonian fauna quite te the coast. In fthe coastal range is is sym-
-patric with A, squamadatus and A. tigrinus but apparently not syntopic,
since the latter two species are characteristic of the cloud forest, in
which A. chryselepis does not occur (Test, Sexton & Heatwole, 1966).

To the west in Venezuela and Celembiz A. chrysolepis approaches

nd in the Bogotd region is known to overlap A. tropidogaster. The
“atter is a smaller and apparently forest-edge species, but little is known
“of its ecology. There is, however, considerable structural similarity
_petween it and A. chrysolepis, and some degree of ecological ag well as

eographic overlap wouid not be surprising. This is the one case in

¢hich competition and competitive exclusion seem at all possible but
insufficient information exists.

 In western Venezuela A, chrysolepis may possibly come in contact
with A. bipereatus, but this is a larger green species, and, ke A, puncig-
“Jus, is known to be highly arboreal. Competition with A. chryseclepis
-i8 unlikely.

In core area IV Anolis chrysolepis is not known to share its forests

with any other anole, although the surrounding grasslands have 4. me-
dionalis, and in the Atlantic forest, not far to the east, A, punctabus
oecurs quite ag far south as does A. chrysolepis inland, and a form of
sconurafus ocours in southern Bahia and Espirito Santo (Williams,
A, punctatus again without A. chrysolepis, occurs even
rthey scuth to the west in Amazonian Bolivia. Thus the isolation
from other forest species of A. chrysolepis in the central Bragilian fo-
sts of core area IV is mot a matter of latitude but of some special
historical factor which has prevented other anole species from reaching
this area at the appropriate time.

Special histerical factors must in similar fashion be invoked to

lain the absence of A. chrysolepis from the Atlantic forest of east

resil. None of the anole species known from the Atlantic forest could
ave excluded chrysolepis. A. punctatus, A. fusconuratus and 4. ortoni
G-exisi with A. chrysolepis over the wide expanse of Amazonia. The
1ly other anoles are 4. nesofrontalis and 4. pseudotigrinus of Espirito
to well south in the Aflantic forest, unknewn ecologically but small
cies, which on size alone must be eliminated as significant competi-

S H0Es for A. chrysolepis,
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REVIEW OF GEOGRAFHIC DIFFERENTIATION

The scheme of geographic differentiation at which we have arrived
permits us by itself, even were there no paleoecological data, to deji-
neate the main features of the history of the chrysolepis complex. The
important points are:

1. There are two sympatric species of the ehrysolepis group in
South America; one, bombiceps, with a small range in westernmost
Amazonia, and the other, chrysolepis, cccupying the whole territory of
the species group.

9. 1In chrysolepis we define four core areas, one of which is pro-

bably the result of the fusion of 3 smaller units. ' These cores are all
peripherally situated and their combined area is about one quarter of
the total territory.
} 3. The core areas are defined as areas of maximum overlap of
distinctive distributions of a number of characters. All 12 characters
studied pley a part in the definition of the cores, but 4 of them are
relevant in all cases: dewlap color, fourth toe lamellae, scales across
snout and tail length,

4. TIn the cases where the boundaries of the core areas are not
very far apart, one finds either sharp brezks in character values or
smooth intergradations. In the Amazonian region, central for all four
core areas, however, the patterns of transition are complex.

Tt is obvicus that the present pattern of differemntfation of the
chrysolepis group must have arisen because of the past presence of
“harriers” cutting off segments of the complex in specific ways at
specific times. The internal evidence of the structure of the chrysole-
pig complex can therefore specify the relative width and the relative
timing of the barriers, not, however, their absclute width or abselute
duration, nor in faci their ewact place.

We read the implications of the present distribution pattern of
the complex as follows:

The species level difference between bombiceps and chrysolepis
requires that the imitial barrier between these two species be at least
older and probably also wider or stronger than any that subsequenily
separated populations of chrysolepis, A first stage on the putative
history must therefore find a plausible original home in western Ama-
zonia for bembiceps and some quite separate presumably distant home
for chrysolepis.

The core areas within e¢hryselepis again imply barriers but whether
these should be considered fo 2]l intents and purposes contemporaneous
or ordered in some sequence is not easily decided. If is simplest to
treat them as essentially contemporaneous. The evidence does, how-
ever permit some discussion of their width or strength, i.e. their effecti-
veness.

Core area I is strongly marked in several characters. It musk
therefore have been especizlly sharply set off by barriers to the west and

gouth. Some barrier must also have alwaye existed to the southeast
gince chrysolepis appears never to have invaded the Atlantic forest which
is close to core area I in this direction.

At present core area I and eastern Amazonia are both separated
from the Atlantic Forest by the Rrasilian open fermations of cerrado

. and caatinga. That these areas have mnoi always been covered with
GpEN formations and that eastern Amazonia and the Atlaniic Forest

were at some not distant time connected is clear from the presence in
he Atlantic Forest without any evidence of sipnificant differentiation
of such characteristically Amazonian species as Anolis Dunctabus
(Williams and Vanzolini, 1963), A. fuscomuratus and A. ortont. But
he path that was open between Amazgonia and the Atlantic forest for A.
punctatus ete, must somehow have been closed for A. chrysolepis. On
grounds as cogent as those on which we infer barriers elsewhere, we
must infer that some effective barrier between core area I and tbe
Atlantic Forest has existed during the whole history of chiysolepis.

“Competitive exclusion appears not to apply, since no suitable competi-
tors are known. Extinction could be postulated, but this would have no

ynown reason for parallel.

The refugium for core area I presumably lay sommewhere within its
present east Guianan-Amapé range., For the differentiation of this
‘ore area we thus visualize a unit population essentially in its present

ea but marked off on all landward sides by stringent barriers. Only
& one barrier to the southeast between it and the Atlantic Forest still
ists today.
Clore area II is less strongly marked than core area I. Some of
‘the barriers surrounding it we therefore infer to have been weaker or
sa long lasting than those that set off core area 1. Present distri-
ution of concordant characters seems to imply a ccastal distribution
or this isolated populaticn. Presumably to the east a strong but not
ide harrier separated it from core area I. Toward the west distance
wen more than strength of barrier may have been effective in separa-
ing it from the subunits of core area 1l
The three subunits of core area III are in an approximate north-
th line along the eastern slopes of the Andes. They are widely
gparated from the other core areas but rather less from each other.
oderate meverity in barriers would be quite sufficient fo give them

distinctness they manifest, but some of the peculiarities of one or
fiore of the subunits may be due to interactien with sympatric adjacent
ombiceps.

Clore area TV is as a core area guite remote from the others. Dis-

e alone would account for much of its individuality. It is peculiar,
towever, in two unique ways: ity considerable latitudinal extent carries
t into climates not experienced in the other core areas, and, phytogeo-

aphicaily, it occupies two similar but separate formations. To the
rth it oseurs in the remnant forests within the relatively dry cerrado
the Brasilian highlands; to the south it is in the injand buffer forest
at is the southwestward expansion of the Atlentic forest (Hueck,
6). The failure of the core area to involve the Atlantic forest proper
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requires explanation, and some inlapd refugium in the Brasilian : A. trachyderma (= A. leptoscelis), are clearly close relaiives of A.

highlands needs to be provided. - _fg;,gcoﬂ,?,!.’!‘ﬂﬁfﬁ and perhaps endemie South American derivatives. Thus

; the evidence points in {wo opposed directions: the wide disiribution of

BISTORY: DESCRIPTIVE . A, fuscoauraius and the existence of apparent local derivatives seem

‘. i to imply at least modest antiquity, while the ahsence of difference

The crigin of the chrysolepis species group. 1 between A. fuscoauratus and w4. limifrons” appears to imply a very
. limited time span, .

The shrysolepis species group belongs to the befe section of th i : Tn this particular case the golution may be to postulate two inde-

¢ * pendent invasions of a Juscoauratus slock: an earlier one which left

genus Anolis {Etheridge, 1960). This section has its area of abundan. 0 C L
ce :'md presumably its place of origin in the Mexican-Central American i pehind the twe Qouth American endemics and'a la.ter_ ohe which pas
region. In Mexico there are only betn amcles. As far north as Costa § involved the wide and speedy spread of an undifferentiated popglatmn.
Rica there are only three species of the alternative elpke group in a In any event the 4. fuscoguretus stock is surely a younger invader
very large anole fauna. In South America the betas coexist with the than A. meridionglis; it has not penetrated as deeply; it lacks the pri-
alphas over the whole area of the continent that is tenanted by any anoleg mitive features of the latter. As A. fuscoouratus it 18 probably younger
However, in South America the betas have the aspect of recent invaders, than such a form as 4. ehrysolepis, which shows no very close Central
Many of them are mere outliers of Central American or even Mexican American affinities, but the invasion that produced A. orfort and A.
gpecies. Others are obvious derivatives of such outliers. The South trachyderma may have been in some very rough way ;ontemporaneous
American alphas on the other hand have the aspect of old native groups : with some phase of the differentiation of 4. ehrysolepis, and A. fusco-
w_rith many highly differentiated and often local forms, e.g. the probos- auraties, even in ils later invasion may well be older tt_xan, fom examp]e,
¢is anoles (Williams, 1965). It is believed that all the befas are post- 4. lemurinus, which has only a trans-Andean range in South America
Fliocene invaders. ‘ “and has achieved there only subspecific differentiation, and is without
_ Even rather recent invasions may give evidence of having oecurred any known South American derivatives. .

in several waves. Sp it is with the Defc anoles. Anolis meridionalis 7 The chrysolepis species group thas 1poks to be a En_ember_ of a middle
which occurs ag far south as any South American anole, bears aiso " group of betc invaders of South America. Its position within such a
internal evidence of relative primitiveness. Ag Etheridge (1960) has group cannot DOW pe determined. It may, however, gtand in some
shown, a large number of inscriptional ribs {“parasternalia™) appears gpecial refationship to its western meighbor, 4. iropidogaster. External

to be a primitive anoline feature. Uniquely among South Ameriean . morphology says that the relaticnship might be ancestor-descendant, but
betas A. meridionalis has a high number, and this, along with its the more advanced karyotype of tropidogaster (Gorman, 1968) suggests
southern distribution, suggests its interpretation as the sarviving re- o that the relationship is less direct. .

presentative of the first wave of bele anole invesion of South America. : 1t is worthwhile here fo observe that the several befo invasions

have not been ecological equivalents. 4. meridionelis, south of the
Amazonas and the oldest bete invader, is a grassland animal restricted
to open formations. A, guratus, primarily north of the Amazonas, but
now known to have reached itz southern banks, perhaps very recently,
is the ecological equivalent of 4. meridionalis. In contrast, 4. chryso-
lepis and A. fuscouurctus, thoueh invaders of the same cis-Andean

The remaining Scuth American bete anoles cannot be sorted out
easily or unequivocally into earlier and later arrivals. One grouping
— but one not wholly satisfactory — is into trans-Andean and cis-An-
dean species, the trans-Andean species, in and west of the Andes, closer
to their Central American source, the cis-Andean species with for the

: ": most part a much greater penetration of the continen d -
; cies ave both eis- and trans-Andean}. inent. (A few spe . _region, are strongly tied to forest, and their histories must have been
However, closeness to ultimate source seems an uncertain clue to totally different from those of A. meridionalis and A. guratus. We deal

% here with very distinct events and, again guite cleayly, with the alter-

time of arrival. Just as deepness of penetrali i i
penetration might imply an old nation of dry and wet perieds in tropical South America,

inlcursion, on the_hy[_)othesis that time is needed to spread over great
- distances, so species identity of South American and Central American

~prpulations should imply recency of invasion — on the hypothesis that Cycles of differentiation within the chrysolepis group.

aCCUmu}léjhtIOH O'f dfference has ot ]easfr, a rough positive asseciation with Given then the avrival in cis-Andean South America of a proto-
2iiimdear$r§isl‘cs;iaﬁ:?:rf ?1:011: ngliim]?gmtyr: Anolis _fuscoma?atus has & chrysolepis stock at a time neither very recent nor very ancient, we
toe s indisbinedi ia to Pernambuco in Brasil. Yet this - have the need to explain in historical terms the patterns of distribution
species is indistinguishable on scale characters and mot cousistently and differentiation we have before us.

distinguishable in color from the form currently known as A. Fnrifrons S e In the attempt fo do this the concept of core-areas will be very

in Mexico and Central America. Two other species, A. orfont and s == dmportant. We have inferred their existence and their importance
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from the basic data above. We may now interpret them as areas whi
were at one time or another refugia during perli)ods in wh?;h l‘nllfe{:lscl’\::}:::oh
lepis group was untdergoing periods of contraction and fragmentat{on-
But_lf the core areas are to be interpreted in this way, we coni"mnt-
also periods of expansion and recontact of populations. With thesg
two _ph_ennmena only we should be able o explain all the varying degr ot
of dlstmctne.ss of populations which we have seen in front of us Brees
. Clearly in the case of the chrysolepis group fragmentation h;m not;
3nv01ved major physiographic barriers {there are none to be seen ‘vﬁ;ithi
ita range) and thgre 18 no reason lo invoke orogenic movements or event]sl,
of any great antiquily. We must then look to elimatic and vegetatio
n'al phenomena. We may infer that the whole history, the fragmenta-
Ro;;stazd' coz;.les:ﬁnt:ﬁs 1?f the fikfysolepis group fllvdlve: since these are-z
rest animals, the history and t [ i
forest anmals, the the;:‘;ive_ the fragmentations and coalescences of
~ We shall show below the wealth of independent evi
fragmentations and coalescences of the Amagonian fz‘;feiinﬁzvteh?fl ffl::l-i{.
taken place. But we emphasize here that we would be driven to postu]a‘(c:
353%3@1@1 changes in fo'rest cover singly and solely on the basia o;
e insic patterns of differentiation within the chrysolepis species
Thus, on the basis of the intrinsic patterns of di iati i
the c_hrysole;uis group we reguire more trl’lan ol cycleff:; Eﬁ;zfio;n
traction a.nd expansion but not any sequence of special complexity W-
may specify the following hypothetical history. ) ¢

Prologue: a dry period such that cis-A d
] -Andean proto-chrysol i
separated from its parent stock to the west. proto-ehiyysolepis is

Act. 1. Expansion:a wet iod i i
. d : period in which proto-chrysolepis expand
zsrgrﬁgo%ail'gri‘est in an a[;'c from circa Surinam to circa WestE Amafor?ias

rier now i £ i ; :
e e and in the future separates the species from the
Act I1.  Contraction: a dry i
] 1 Lion: v period fragments proto-chy pis 1
ch?y.jzkms circa Surinam and bombiceps in Wesg Amzfz;n%!izdcp% nto
ct I1I. Expansion: ekrysolepi i -

H pis and bombiceps expand. Dewl
and arm scale differ r 2 » di ir aren
o ey ifferences develop by character displacement in the area

Act IV, Contraction: hoth bombice i

A V. H s ps and chrysolépis contract, but
chrysolepis finds several refugia, including one in the Central Bras,ili;n
highlands and bombiceps continues in cnly one.

Act V. Expansion: chrysolepis re-ex i i
A . B ton: ch: s re-expands, certain of the refugia
fail to _mamtam their difference, Rombiceps iz overrum. Chv'ysafﬁgis
populations coalesce confusedly in Amazonia,

HISTORY: THE MODEL AN} THE EVIDENCE

In 1966 Williams and Vanzolini said i i
] ns ¢ ; of the Amazo s
Anolis punctatus and A. transversglis (p. 203) : “These :rgligirzgfslgg

’
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forests and it is best to explain their history in terms of the history of
forvests”. This was phrased at that time as a testable hypothesis of
general application te South American forest animals; we have now
“applied it to a second case. Let us develop the hypothesis more fully.

The model

We postulate for the Amazonian area a rapid sequence of cycles in
the late Pleistocene and Holocene, each involving a drier and a wetter
hase.
P We suppose that to the dry phases correspond enormous refreats
of the rain forest of such an extent that the forest survives only in
refugia separated by wide fracts of open fermations.

‘Afternately, in the wet phases forest spreads outward from the
refugia, cealescing to cover again vast areas.
’ In the wet phases the species isolates that had differentiated in the
refugia of the dry phases gpread out along with the forest, meeting
‘each other and interacting in various ways. In these extreme cades in
which genetical isolation was achieved during the preceding dry phase
teraction results in character digplacement and thus further differen-
fiation. In other cases, wherever a degree of genetic compatibility
atilt exists, the result of interaction is extensive recombipation with a
great increase in variability, which can be the raw material for a next
phase of segregation.

The difference between this bypothesis and those which unti! very
‘recently were classic lies in the recognition of the recency, vastness and
“padical nature of the changes that oceurred in the equatorial regions
~during the late Pleistocene and the Holocene. We may contrast our
tatement above with that of Darlington {19567} (our jtalics) :

“Within the tropies, even at low elevations, temperatures probably
soreased somewhat during glacial ages, but rainfall probably increased.
Takes increased in size at least in some places, and tropical forests pro-
bably tended to expaud and steppes and deserts fo contract. Opposite
changes probably occurred during the warmer, drier intergla(:l.als. The
effect on tropical faunas may have been considerable in marginal areas
but was apparently not great in general. Ewisting towland tropical
Fawnas are huge and complex, pith many species of anbmals closely
adapted to the plants around them. Such faunas are cbuiously sld and
have suffered no great disuster during the Pleistocene”.

Many years after Darlington, and in spite of the rapidly growing
body of evidence on climatic changes, Schwabe (1969) still says (our

italics) ;

“The Hylaea, fiing the whole of the Amazon basin, is by far the
rgest cloged area of rain forest in the tropics (in conjunction with the
Orinoco basin it covers 4.5 millicn square km, while the entire Amazon
catechment covers about 7 million sq. km); besides it is ome of 1he
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landscape types of highest biotic maturity known., 7The extraordinarily,
high wumber of species of both anémels end plants present within small
areas can only be wnderstoad as the outcome of & long ecological evoly. .
Hon which must hove faken Hece in the absence of aeny destructipe
uatural eetastrophes. If one ignores this maturation proceeding withoyt
ahy major disturbance, the extraordinary hiotic diversity of the area,
viewed in the Jight of its typically uniform and smoothed physziography,
must be considered an almost insoluble paradox.”

ide ral composition of the hylaea reflects a
onmrb 18}111({?&?-0{ '11?&: af;:;,ﬂwcith l‘-éhe evolution of 1501;1’&?'1 DUEEE
o e 1‘:915\;; say: “It is a strange fact that within the hylaea the
& B]'add( ¢ h.s f; f'?(r more important role than the ]atltl:ldes, ansan_
]ongltu_: ﬂroyf' the flora. The difference in-the @loras of Belém anthuu -
gﬁll)rﬁsilsi?nuch more striking than that '1?{‘ BE}?{Ectaiggs Cs?:)?vm;, o t%:r
i i aater. e co i
-'the g:stag%cgpg:i;:l ?foia 13;19;' l\llsidgll.e and Northwesber!? Amazonia than for
numEeitern and Western part of the region; ...~ dions that exist
e o ther hand, the vast expanses of open formation st
o th’?‘]gs of the hjy}aea are f]oriatically_re}ated ameng tPBTcke i
e bOthtile numerous enclaves (Map J) within Amazo{r;lé?. Ducke &
_%111201:;0 1053 ; Egler, 1960; Tamayo, 1961; Cioodland, 1968);
contiguity ]'Saghu:iélel:fﬁy E"I]‘J}%f efs;itxl]al evidence makes it apparexg; ;chg;
i 'Zoologzlc aaft to p’résent distribution patterns both foresttﬁgn tll)ney
'lfn E—Lrgfiilf: E}:’avé alternately occupied much broader areas
or"
e basis of such evidence is, in all ceses, that, asf ?’Egr‘fgtizi
o f'a;d observation, animals aitached to one typg]o formation
sveraons ¢ side, open formations on the other) wil noAm gican
(ifgsﬁhoghg ncontraéting type of environment. The South Amer

It is a trivial comment on the quotation from Darlington that we
are still uncertain whether glacials and interglacials severally coincided
with wet or dry periods in the tropics. It is imporient that on modery
evidence (not, of course, the evidence of chrysolepis alone, but many
kinde of evidence) the effect of Pleistocene and Holocene climatice
changes was not marginal or minor but central and major. The tropis
cal faunas did not indeed suffer a disaster but they were certainly
profoundly changed. Much of what we see now as tropical diversity
and distribution must be Pleistocene or even Holocene in origin.

The essential premise in the Halicized sentences ahove is that
diversity, complexity and cloge ada

ptation are obviously old. This is
& premise we now have reason to diseard.,

Recent years have seen the crystaliization of evidence for a con-
trary point of view. Morean (1966) has carefully and eloquently
stated the African evidence for the lability of tropical forests, One
statement is particularly vivid (Moreau, 1966: 51) : “T+ would seem on
present evidence that, as Chapin ¢1932) has remarked, ‘the equatorial
forest of Africa has been in the past one of the stable environmentg.
However, soil surveys have now shown, nearly the whole of this forest
is rooted in Kalahari sand, redistributed by the wind at a time placed
by the geologists towards the end of the Middle Pleistocene (c¢f. Brain,
1962) and the dating of T5.000 to 52.000 years ago suggested by de
Heinzelin (1963} for aridity in the equatorial latitudes of Afriea™,

2 re not found in the open. . o o
'COle?I('ig:t%laqfﬁlg; evidence iz threefold: (1) cases t}}at gléglc?‘:;rft);ggls
ti slbetween the Amazonian and Atlantic forests, e
ccnzec 1mc-lovererl today by open formations, ce;:'ac_los (save;cnn ike) and
g:ti:;; (fully xerophytic} ;1(2) casest tiﬂg}t ﬁ;ga}:: :(}jlgayo% o forma-
jons once occupied at least large paris 1 2y
Eoll:;ao'n(?,) cases that indicate complex cycle.? in Amazonia lini (1963)
Y Tk;e first type of evidence was briefly re‘.m?wed b}cr V‘E_I-DZE ! d;el;
for reptiles. It consists in the existence of chs}un.ct digtribu mdns.i?1 deep
f“:-els:;panirgmls in the hylaea and in the Atlantic for_est],3 an ], ! Some
. s, in forest islands in the caatingas of nt)‘rtheasteltg éaSlf(-,rest am.
lelse are (loe. cit.} = Diploglossus fasciatus (in the A ax;t c} rest A
Pesthaé Brasii-Peru-Bolivia border) ; Anolis 'pu_nctatus, ac ws;s > »'[,h.;
E’.lathrops bilineats, and Coralius enydris (all in Amazonia an
Aﬂal‘%ﬁitf?;:?t_'ormations at least once occupied aliaiieiﬁa:;eofhﬁ;lg
- » enclaw .
ia is indicated by the fauna of CAMYOS ca.
gonnelt?l;lemf&o, 1918) showed that the tb_lrd ffa:;r:; O;f ];?:S ;?mzézimir
is rt of the general open formation iau . 1
zimpoie}:a?:lrn?owneing the reptiles. For msta_nce, thel St{luth 1{&;1;1{;{;11;
-ra?:g.lf;gnake (Crotalus durissus ssp.) is present 11‘;E 1;)1':;.(:1(:1{():;1‘E er) ahas claves
ot b e o (Hng, 196?123' inozi gnclifve in the upper Ric
: i id Hzay apidurus torgual in | )
1;I}'le lg';l:‘ramd }l‘?zzfn;:sop;oﬂi&riramba”); this lcharactenstic ?nil’iroynldflg
:d;;tr;libutez open-formation species is conspicuously absen

The evidence for paleoclimates

In what follows we'll briefly review the available evidence on vepge-
tational cyeles in the mnorthern half of South America, from two
viewpoints of major importance to our mode}, the vicissitudes of the
Amazonian forest, and the time scale of the events.

This evidence is of several kinds.
butional patterns are readily interpreted in terms of cycles of subdivi-
sion and coalescence of the forest, and, complementarily, of the open
lumercus geomorphalogical features that demonstrate former dry epi-
formations. Then, in the present territory of the hylaea are found -
sodes; this sort of evidence is also present in areas peripheral {o
Amazonia but relevant to our case. Finally, pollen profiles from Co-
lombia and Guyana also indicate very clear climatic cycles.

First, flora] and faunal distri-
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surrounding forest, and, more significantly still, from contemporar
urban clearings in the area. v
A third, and more complex, type of distribution pattern |
supports _t.h.e idea of rapid and drastic vegetational cyeles ?n An?azt';}rlx?t
is exemplified by Coleodactylus (Vanzolini, 1957; Rivero-Blanco, 1968)a
a gepus of_ small geckos that live in forest leaf-litter. One spe,cies C,
mefidzmhs, has an enormously disjunct distribution: on one haan 11';
is in northeastgrn Brasil, on the other in the general region of the
borders of. Brasil with Venezuels and Guyana. This disjunction s not
accompanied by any major morphological differentiation, so we ma
presume former continuity in relatively recent times. In Amazoni:

| R

8

Meap T. Approximate location of open formation enclaves in the Amazonian forest
(courtesy of Aziz N. Ab'Saber),

intervening between the -disjunct populations of meridionalis, we find
nnot}qer, more advanced species of Coleodactylus, C. amazom’c’us. This
specxes_must have evolved in some refuge af a time of maximum open-
fgrmatmn spread and, subsequently, with the new advance of forest,
f1lle(.i _the {&mazonian gap ‘in the distribution of the genus excluding
meridionalis from it and maintaining the disjunction initia’ted by the
presence of open formatioms.

The case of the Awnelis chiysolepi i i i
st ety ysolepis .group cbviously belongs in this

’
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Geomorphological evidence. Ab'Saber (1967) has recently review-

- ed the geomorphology of Brasilian Amazonia, and pointed out features

indicating several dry phases. These features are of four principal

types: )
1. Laterifes (duricrusts, Thornbury, 1954: 77, 83), which can

only be $ormed when xeric conditions follow a humid episode.

5. Gravel beds, deposited by torrential, even braided drainages.

5. Pediments, slope profiles formed when dry climates follow a
humid episode (Bigarella, Mouginho & Qilva, 1965; Thornbury, 1854:
283 seq.).

4. Stonelines, the buried paleo-pavements of xeric formations
(AR Saber, 1962} ; their cross-sections appear in road cuts as lines of
anfractuous, unsorted, little worked coarse gravels, such as are charac-
teristic today of the ground of the caatingas.

Al these features are present inside Amazonia, in such a manner
{hat it becomes clear that the effective formative conditions prevailed
uring several separate periods, A very definite level, the Belém-
arajo level {Moura, 1942), underlain by laterites and gravels, is
‘pecognizable in many parts of Brasilian Amazonia, being quite evident
Relém, in the island of Marajé, and in Amapé. In the Santarém
egion, in the heart of the hylaea, one finds additionally an upper river
arrace, protected by coarse gravels, and clear signs of pedimentation
n the neighboring hills. Laterites and gravel beds were found by
imienta (1965) in the lower Toeantins, and by Barhosa and Ramos
1959} and Takeuchi (1960} in the Trasilian Territério de Roraima
formerly Rio Branco). In Amapi AWSaber has seen stone-lines whose
ravels are made of re-worked fragments of laterite, indicating in all
ortainty at least two wet and two dry episodes. East of Belém he has
aen forest growing on alluvial deposits overlying a discontinuous stone-

ine. ag well as pure-sand terraces.

Evidence of dry phases comes also from four areas in the imme-
diate periphery of the hylaea, three of them ingide the present distribu-

=bon of the chrysalepis group.

Ab'Saber (pers. comm.) reports the following facts in Central
Brasil: (1) several pediments, one of which very well marked, in the
aiabs region of Mato Grogso; (2) gravel beds protecting the low

rraces of many rivers in Minas Gerais, Goias and Mafo Grosso; (3)

Garner (1958, 1966, 1967), interpreting the “disorderly and
nstable” multi-channel drainage pattern of the Caroni River, which
ws from the east end of the Brasil Venezuela border (Serra de Pa-
iraima) to the Orinceo near its delta, says that “the key cause is
change of climate from arid conditions to humid ones”.
. Again Garner (1959), investigating the conditions of deposition of
arse clagtic materials in the valleys of the Cordillera Oriental of Peru,
rrived at the conclusion that “The physiography of the range as a
hole is largely a response to alternating arid-humid conditions™ (p.
347). He predicates for the region a series of 8 episodes, of which
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three of “severe aridity™ .1 i
"'su_b-al?id”. severe aridity and one, the mosi recent, post-glacial
Goosen (1964) found a “Hanura eclica”, that he date 1

. a ¥ , s 1
PlglstocenE-Holocen9 transition, in the Lianos Orientales of C;(]);];llf};e
Wlnd-depomteq sediments are a classic feature of arid climates. ’

Palynological dl_lt(l. Pollen profiles, due to van der Hammen and
co-ymrkers, are available from the Colombian Andes, from the Llanos
QOrientales and from northern Guyana,

Al of them tell the same story: “Pollendia i

I H grams and Cl4 dat;

frm_'n nortl}ern Bmtts_h Guyana (near sealevel}) showed a savam]lg%%
p;rmd during the qum-glacial, with a grass-savannah, poor in spe-
cies. ... A pollen-diagram from the region of extensive Savannahs
east'of the Andes {Llanos Orientales), showed that the enormous ex-
tensions of these Savanmahs should be quite recent, and therefore
Ergbi}t{ly aﬁthiopngene. But smaller Savannah-areas muat have exis-
= roughout the Iologene, showing minor fluet i ” .
e . r fluetuations” (van der

“Tn the Sabana de Bogotid we can clearly distingui i

" ! ) guish an alternat
%Elﬁhmaiilc 8111{15%3 in t}%e Holocene. These phases are the fc-licxwirig[3

, wet; , dry; VI, wet; V, dry and warmer; and IV i
colde‘;’}’] {van der Hammen, 1961}. ’ o dry and

ese data from the eastern Cordillera of Colombia hav
. re Ty

abundantly confirmed by many other profiles from the same gem:'EaIi
area, all remarkably coherent (van der Hammen, 1362; van der
Hammen & Gtmzalez{ 1960, 1964, 1965, 1965a) . They have also afforded
C14 dates of great interest to us, a8 discussed below.

Absolute dates

The_ Amazonian geomorphic features that indicate climati r
have neither been extensively sarveyed nor rigorously ccoli'rrnelglt(édq:lﬁg
have not yet afforded absolute dates. All they tell us so far is’ that
phases of open fqrmation spread have existed and have left their mark.
In order to obtain an estimate of the time scale of the events we are
forced to have recourse to data from adjacent areas, and to restrict
ours%;'eshto théllat;st dry episode. '
e have Cl4 data from two ar i
e e O areas, the eastern Andes of Colombia
lj.l.‘he Colombian pollen profiles are in remarkable agreement in
showing contemporary levels of strong predominance of grasses Van
ger Hammen (1962) ascribes these levels to a dry period and: says:
... 1a edad del cambio de vegetacién... debe estar aproximadamente
gentre 3095 y 1900 afios, es decir, alrededor de 600 a.d.Cr. ... Es muy
interesante notar gue este mismo cambio se encontrd en varios diagra-
mas de po_]fen del Paramo de Palacio, en Cundinamarea, y que en este
gitio también se pudo determinar la misma edad aproxiri]ada por medio
de Carbono 14 (van der Hammen & Gonzalez, 1961b} ™.
. ;[n coastal southeastern Brasil there are fwo dates for the be-
ginning of the; latest dry period, 8518 2- 56 and 3284 + 48 years; and
one date for its end, 2680 = 150 years B.P. (Bigarelia, 1965, {1sing

’

14 dates from Hurt, 1964). Wood fram the lowest of the low terraces
in Qanta Calarina, also dating from the end of the dry period, show
(14 ages of 2700 = 100 and 2380 = 90 years {Rigavella, pers. ectnm.).

The Colombian and southeastern Bracgilian dates are in very good
agreement. The same can be said of the assignment to the Tanlirkian
f the latest drier phase in northeastern Rrasil by Tricart (1958), on
he bases of geomorphological correlations (not of C14 dating).

Tt seems thus safe to say that much of South America went through
short and very pronounced dry period centering ahout 2500 years ago.
o this phase are assigned the southeastern stone lines (Bigarella &
i Ab'Saber, 1964, “Gchuttpflaster™), which are directly overlain by de-
ogits ascribable to the present humid phase. The presence of stone
lines in Amazonia in the same geomorphic context leads us to think
that the last phase of refuge isolation of the chrysolepis species group
‘has this very low age. We could perfectly make ours the terms in
hich Moreau (1966) has deseribed the situation in Africa: “In sum,
iz hardly possible to exagerate the sweeping nafure and, on the
ological time-scale, the rapid succession and recent date of the ecolo-
jeal changes on the surface of ‘Africa. Those we have been discussing
rm only the latest section of a succession that has filled the Pleistocene;
4t a species need be only some 20,000 years old to have witnessed the
ull range of the continent's ecological vicissitudes™.

- st i e

orest refugia

In a consideration of forest refugia we have, Desides ihe indirect
vidence provided by the core areas of differentiation of forest animals,
irect evidence of two soris.

Tirst there is the absence of signs of past dry climates in limited
jreas within regions where such signs are abundant and regular. For

ample, two pediments, weli evident over hundreds of kilometers, tes-
vy to two dry phases, during which the coastal Serra do Mar of
uth-castern Brasil was at least partly bare of forest {Ab’'Saber, in
evedo, 1965). In some limited traets of the Serra the pediments
¢ absent, indicating that at the time of pedimentation these sections
yrere forested. Similar evidenee is found in the Serra dos Aimorés,
tate of Espirito Santo —a repion which has very probably functioned as
core area for several groups of vertebrates. The absence of stone
nes is another good symptom of jocally milder conditions during dry
mes,

Gerner (1959: 1364) says: “it seems doubiful that the Cordillera
6 la Costa of Venezuela has recently experienced am arid interval
mparable in severity with that of eastern Peru and western Ecuador
8 shown by the absence of residual cuuise clastic material®.

Another evidence for forest refugia is the occurrence today, in
everal areas of Brasil, of the conditions that patterns of animal diffe-
entiation and geomorphological features lead ome to associate with
refugia.

A large area of northeastern PBrasil is occupied by caatinga, a xevic,
mmer-deciduous, semi-arid plant formation, showing the type of

e o ﬁﬁ_t‘:“.},..q.g_‘{_.‘lvg‘\,,"_‘1970,_‘ e e e e e e .19] e e
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gravel pavements that, after inhumation, resull in stone-line '
hey, 1959). I_n the midle of the eaatingas, under the same c]ismg"?eb"i?&
on the same _ll_thology, ori hills or mountains well orienter with rela‘gio
to the prevailing winds or with a better supply of underground wai—,el-1
there are forest islands, locally called “brejos™ (Dresch, 1957; Limlj
1960, 1966; Andrade, 1964; Andrade & Lins, 1064). Some of thess
refugia are gquite sizable, as the Serra de Baturité (Pinto & Camargo,
1961) and the Serra de Ibiapaba (Snethlage, 1926), both in Cearél
The fauna of the brejos is typically a forest fauna, completely differené
fror:n that of the surrounding caatingas, and containing disjunct Ama
zonian forms and a certain proportion of endemics (Snethlage 1926:
Vanzolini, 1963; Pinto, 1954; Pinto & Camargo, 1961). ' ’
11_1' the region of the Brasilian cerrados, in the southeast of the state
of Gm::lg, there is also a large forested area, the so cailed “Mato Grosso
de Goias” (Waibel, 1943), not as well set off at present as the
Eortheasterl} t;rijgs,f buttwith a definite individuality, and certain to
ecome an isolated forest upon any deteriorati r i
climaite (Xuhimann, in Gal\lraéo, 19%0). on of the present mesic
nside the four core areas that we have defined above occur
highlands that very probably have hou refugi 5
highlands tht v coll::e area)gr. sed the refugia that are the veri.
) Thus :113 core area I we find the Tumue Humac mountains, a erys-
talline massif apparently with no signs of pedimentation (Ab'Saber, pers
comm.). In core area II are the northern mountains of Venézuelal
zlready commented upon. Core area [II includes the eastern slope;
gf th‘e Andes; even in the abseuce of direct evidence, ome could not
imagine a more favourable area for the establishment of refugia, given
1the complex topography and the exposure to easterly winds. It’is not
hard to accept the hypothesis of several Andean refugia linearly arran-
ged, to expiain the_ composite nature of core area III. Finally, we have
1:;111;3;1 Central 1}3ras1ha}r11 highlaniﬁ, with indented cliffs on the north side,
especially, we have the Mato Grosso de ia andi
the position of refugia within core area 1({-’. Gols, as candidates for
Post-seript: a convergent case, speciation in Amazonjan birds '
Haffe; (15‘369),_u5ing different materials and methods, has arrived
i\i’c c(t:);)cilélmpns ldept;(_:al to ours with respect to the role of ,recent clima-
c cycles in speciation in Amazonia, a iki imi
location of forest refuges in the are&;.. nd strikingly similax &5 Lo the
fStart.m:g from the concept of shavp Quaternary elimatie cycles, he
has identified areas of relatively lower rainfali, which would probably
become dgnuded during the dry phases of climatic cycles, and of higher
pr?.clpltaulon, capable of supporting refuges during the same phases.
Within the latter areas he looked for topographic features which would
favor thga survival of forest in dry times. He then looked for evidence
9f _the c‘hfferentiation of bird forms within the proposed refuge areas.
This evidence he has found to be of two types, the presence of “differen-
tiated forms (mainly members of superspecies) and the nature of the
contact between adjacent vicariant forms.

’
,

IIaffer found evidence of € major cis-Andean fovrest refuge areas
(besides other, trans-Andean refuges, outside our present scope). 1)
Napo refuge, mainly the lowlands of Fastern Ecuador from the Andes
to the Marafion river; 2) East Peruvian refuges, several variously iso-

tated lowland forests along the Peruvian Andes and farther east on the

low mountains between the Rio Ucayali and the Jurui-Purus drainage;
3) WMadeira-Tapajos refuge, the jowlands between the middle Rio Ma-

. deira znd the upper Rio Tapajos; 4) Imeri refuge, a small area around

{he Sierra Imeri and Cerro Neblina between the headwaters of the Rio
prinoco and the upper Rio Negro: 5) CGuiana refuge, on the northern
glope and foreland of the mountains of the (Cuianas; 6) Belém refuge,
in the region south of the mowuth of the Amazen tiver west to the lower
Rio Tocantins. :

A comparison belween this pattern and oure shows:

1. The two agree with respect to the Guianan {core area I},
Napo (middle part of core area III) and East Peruvian (southern
part of core area III} refuges. .

; 2. Haffer has found no evidence of refuges corresponding to our
‘core areag T and IV and to the northern part of core area III.
: 3. We have found no core areas where Haffer has his Imeri,
Madeira-Tapajés and Belém refuges.
_ Given the different materials, the very preliminary character of
ioth analyses, the newness of the argument, and the fact that the
“patterns of individual taxa are certzin to differ in detail, with its
onsequent Jack of awareness of many colateral problems and facts, we
ind the agreement very encouraging, in fact almost amounting to proof.
ut the differences alse suggest some comments,

We have nof seen encugh materials from the area east of the To-

¢antins (only 2 specimens) to form an idea of the infiuence of a Belém
fuge on the differentiation of ghrysolepis. 1t may be even the cage
that the species is a recent immigrant into the area, which would be in
accordance with its absence in the Aflantic forest. But Aziz Ab’Saber
ers. comm.) has flown over norihern Maranhfo and seen, in the
wion of Perizes, unmistakable signs of persistent presence of tropical
rest there. The Belém refuge is very probably real
©Our materials do not indicate a Madeira-Tapajés refuge. On
& coptrary, between the Arapuaia and the Tocantins Anolis chry-
olepis has been able to go as far south in §. Paule as did the
“Atlantic forest anoles along the coast. We may presume that the
refuge where chrysolepis brasiliensis differentiated is not juxta-
magonian, but located much to the sonth, and that its connection with
he Amazonian forest has been through bread and extenaive gallery
orest — or perhaps even unbroken forest — in Central Brasil. Such
i area, within the range of brasiliensis, comes immediately to mind:
he “Mato Grosso de Goias” (see ahove). This is definitely not an
ropraphic forest (Waibel, 1948}, but there is some peomorphologieal
evidenee, especially the pattern of rock decomposition (Ab'Saber, pers.
romm.) of a long persistence of forest cover.

o (Y BT s A0
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THREE OFITER DICTA ON TROFICAL EVOLUTION
CHARACTER DISPLACEMENT, ECOLOGICAL CHANGE, AND “3WAMPING"

The most characteristic feature of the species bombiceps, the small
arm'scales, is not distinctive as against ail populations of its sister
species chrysolepis, but only apainst adjacent populations. This is
classic character displacement {Brown & Wilson, 1936).

As we have mentioned above, however, dewlap color in sorne speci-
mens of bombiceps is similar fo that of the sympatric core area III
ch:;'ysole_apis. This similarity might be attributed to introgression and
might imply that bombiceps, with a rvelatively restricted ranpge and
apparently smaller populations, is in the process of being “swamped”
by its widely dispersed abundant relative. There would seem therefore
t0 be a contradiction: bombiceps is said on the one hand to have acqui-
red greater species difference by character displacemeit and on the
other is said to be losing its species identity by “swamping”. We know
too little of Bombiceps to discuss this in more than tentative terms, but
we have been led by consideration of this problem to examine s.ou,ua of
the possible circumstances which might be significant either for cha-
racter displacement or “swamping®.

As is now generally accepted, we assume that each local population
responds to local selection. If in isolation a concordant character
complex is built up at the species or a lower level, it is built up in
response to the local selection of that particular historical period.

Character displacement likewise will, unless species are in conti-
nuous contact over a long period, oceur in yesponse to the conditions
of the historical moment of contact.

Character displacement in the morphological features, including
gize, ascertainable in museum specimens, is certainly accompaaied by
physiological-ecological changes that are in fact likely to be more im-
portant. In Anolis we know from other studies (Schoener & Gorman,
1968; Williams & Rand, in prep.) that differences in the height and
size' of perch (“structural habitat”) and in thermal preference {“cli-
matic habitat™} are the kinds of non-morphological ce-adjustement usual
in sympatric species.

We may reasonably assume that some such non-motphological chan-
ges took place during the hombiceps-chrysolepis interaction. In this
case we know the ecology of chiysolepis over much of its range, but
nothing of that of bombiceps. It is permissible, however, to proceed
on theoretical grounds.

Since changes in structural habitat in Anelis usually involve some
merphological change (Williams & Rand, in prep.), especially in num-
ber of lamellae under the toes (Collette, 1961; Williams, 1963; ‘Williams
& Rand, in prep.} and since bombiceps does not differ morphologically
from ekrysolepis, it seems unlikely that bombiceps and chrysolepis differ
in structural habitat. It is, however, extremely likely that, I the
absence of structural niche difference, bombiceps and chrysolepis differ
in c}imatic habitat, i.e. in sun-shade preference. We have in fact baged
2 history of chrysolepis on fluctuations in the distribution of forest.

-
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Wwe, however, cannot assume out of hand that it was bembiceps and not
ehrysolepis that altered its ecology when the two came into contact.

It may be that we have in the equivocal or anomalous reports of
the ecology of the light-dewlap phase of chrysolepis in the Villavicencic
region an indication that somewhere in thia general region the contact
of bombiceps and chrysolepis first occurred, and the ehrysolepis, not
pombiceps, was ecologically displaced toward edge or more Open
situations.

. If choysolepis were displaced toward edge or open situations, there
would be elements of instability in the phenomenon. The chrysolepis
_populations of the Villavicencio area never lost genetic compatibility
- Jwith the adjacent forest populations, and gene flow from these should
tend to return all chrysolepis to shade-dwelling preference, except to
the degree that local counter selection, including that derived from con-
tact with bombieceps, promoted edge and open adaptation. The more
complete the contact of the Villavicencio refuge with forests to the
north and to the south, the greater the extent and density of total forest,
‘the greater would be the tendency to the submergence of the special
qualities, especially open adaptation, of the Villavicencio population.
{We emphasize again that we may nere totally misstate the actual case;
we are exploring theoretical possibility}.
. The peints that we would here emphasize go to the izsue of the
pparent paradox of character displacement followed by swamping:

(1) All ecological adaptations, including those arising by character
~displacement, are subject to the dynamics of the situation in which
Thus ecclogical character displacement achieved at one
stage of a climatic cycle may cease to be relevant or effective at another.
w such A case as bombiceps and ehrysolepis, the climatic differences
:“evolved during a period of thin or Yimited forest contact might be atte-
' muated or abolished during a subsequent period of maximal forest
wient and density. There would then result either maximized com-
petition with attendant attrition of one or the other speecies, or, very
Z-pogsibly, introgression.

" (2Y In the success of ecological adaptations to reduce competition
the abundance of the two species may be very important. Any factors
that reduced critically the numbers of one species relative to those of
e other might again break down ecological displacement, and might
gain, either accentuate the attrition of the smaller species, or alterna-
vely, permit introgression.

This is, of course, very speenlative. We introduce it because it
alls attenticn to some pertinent ecological questions and indicates the
Tieed for detailed field evidence of an ecological nature, in our specific
ase in the general western Amazonian area.

ORE AREAS, DISPERSAL, REFUGIA AND A MODEL CF TROPICAL DIFFE-
ENTIATION

By analysis of characters we have inferred the existence of “core
Teas™. Their reality, we think, cannot be validly disputed. Their evo-
utionary significance is ulso unmistakable.
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. The simple existence of core areas of concordant character

minous or not,_ implies bnild up of independent character tctt:‘sripclziir-
ergo genomes, in the separate areas. This in turn implies some im -
diment to disruption of these complexes by gene flow during the critipei
period of their origin. Thiz phenomenon is, of course, the famill‘::a
central concept of “geographic speciation”: geographical barrierg ir
geneFﬂowtshopidl exist if this process is to go to fruition. °

For tropica environments such as the large contin i
fore.f,ts a problem in this regard has seemed to e:&crist: ‘.I:r%']lef'}; tianl lf;?f}:;mal
coptmuous.trlopical forests can the barviers needed for species orinin
exist? This is, of course, a wrong question; it assumes as a historigc;i
fact a past uplformity and continuity that is not demonstrated. T
our Part we 1n§er from our discovery of core areas that the u{liforcr
contfnuous tropical forest is & phenomenon of fhe present and was nn;
iﬁxaltngﬁ?us:lyftrue fO):‘ A]ir):Laztcylnia in the recent past. We have seen abose

] is inference is abundantl ) ined i
dent evidence of very variec;l softsl.mthessed wnd sustained by indepen-

'It is _implied by deseriptive terms used that open for i
ar}‘ jmpediment to the fiispersal of sghade-loving fgrest aEEﬁE;?gS ;rll.g
fmes_ts ‘E,o_that of sun-loving animals of open formations. 1t is tru;, that
for individual species (and individual animals) there may be greater
tolerance of relatively unfavorable conditions than a simple-minded
definition of the two contrasting ecological types appears to impl
There are 'unq.uestlomably population pressures (and sometimes :I:Igt;
characteristic dispersal phases in the life cyele) that induce individuals
of a characteristic restricted ecology to cross unfavorable areas. There
are, howaver, two points to be considered; (1)} it is not requireci for the
buildup of' character complexes that gene flow be totally stopped, but
only that it be diluted below a critical level; (2) for terrestrial ani,mals
ur}favorab]e areas of any considerable extent are more severe blocks to
cl_lspersal than comparable sea barriers surrounding oceanic islands
gince the }atter may be bridged by passive dispersal, e.g. rafting, while;
on a contmt_ant an animal must disperse across the unfavorable area of
its own motion and on ifs own energy, and on its own initiative.

. In our owr study the existence of core areas within a species im-
plies fo.r ug cycles of species contraction and expansion. Since all the
po_pl]latmns are conspecific, original genetic community is implied. The
origin 91’ the core areas marks a period of limitation of this genetic
cont_lnulty by contraction into refugia. The present contact and inte~
ractl‘on_of core areas implies restoration of more complete genetic
continuity. .

A _pgmt to be emphasired is the speed with which the process that
we envision ha_]s taken place. This is interesting not for itself alone but
’pecause the climatic cycles, on which we base everything else, are rapid
in terms of the geclogical scale. In comsequence, the relief c,)f the con-
gir;erét \?111 l()le cha}?ged very little during 2-3 successive cycles and refu-

uring dry phases would therefor ) i
et 1 Sams i herefora occur in approximately or even

Vol. 10 (1-2), 1870

A population that has differentiated during one dry phase in a
ertain refuginm will most probably be confined during the next dry
hase to the same refugium. If the humid phase has not been too long,
it the beginning of the second dry phase the refugium has already a
fsrentiated population, not a random sample of the species. Very
ely this population will continue differentiating at a fast rate.

A population in this situztion is mathematically analogous to an
sular population that receives mainland colonists from time to time.
1n suggesting pulsations of species expansion and contraction this
Zonception recalls Brown’s (1957} central-peripheral gpeciafion theory.
vom this our model differs in that the center iz never & refuge, but
“there are only peripheral refugia. The central, and by far the largest,
vea, has here the specitic and very important function of providing a

for extensive recombination, resulting in augmented variability.
he vastness of the area favors mosaic differentiation, and so provides
roved chances of differentiation in the next phase of isolation, This
n a way an application of the “founder prineiple” to large continuous
tinental areas. Doubiless there are cases in which the literal center
a species range is its optimum habitat, and certainly the literal edge
f-a species range is, from the very fact that it is the edge, relatively
“stable and unfavorable, But too literal an interpretation of Brown's
othesis in terms of “center” and “periphery” involves a ialse pre-
n, as pointed out by Brown himself. Surely it is frequent for a
aeies to have more than one optimum area and surely these oceur
erever the sccidents of seography and ecology require them to be.
wever, the role of areas of recombination should not be undevesti-
od. In the specific case of the hylaea this may Yre a very important
ctor.

The refugia we postulate ave in three of four cases orographic: in
periods forests have persisted on certain mountain slopes. In the
urth case, the central-south Brasilian, especially favorable conditions
gallery forest may have been of importance. Thus the areas we
fified by analysis of species characters turn out to be independently
redictable on geomorphological and phytogeographic grounds.

“The congruence of independent evidence is the strongest possible
ipport for the reality of the model of tropieal species differentiation
t we propose, The very conditions that we require on the bagis of
W'owledge of the internal structure of a species have in fact been
tgserted on totaliy different grounds by workers in quite disparate
ds, The model we have chosen seems fully substantiated for the case
which we propose it.

it
SSTHR, ORIGIN OF TROPICAL DIVERSITY

' The existence of high diversity in the tropics is undeniable, even
yugh it varies immensely from gronp to group. How s0 many spe-
s may live together has lately been the subjeet of much, though not
ry froitful, controversy. The problem of the origin of these nume-
us species has not had nearly the same attention. To say that tropi-
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cal environments are favorable is merely to acknowled i

‘ e is 8 wledge that {tropies

ﬁlfits ;mvet-many more specied of plants than temperate forestqp]];}é
L4 m - . - - 1 3 a

biom:.sss. e time to ignore that the latter may be equivalent or richer iy

. Indeed, most authors have nol even faced th 3 rigd
It is dlfflcu.lt to see why this has been so. The 01‘iginpé§}i:1;0mpic‘zxfl Slelag‘m'
§h0u1d, on its face, have much to do with their subseouent conta.clz gles
mteracltlon. An explanation of tropical diversity in terms of its ori i
ought therefore to be a prime current problem in evolution and écologm
Perhaps the .problem has been glossed over because of the emphagsgs.
of go many writers on the climatic uniformity and environmengal
constapcy in t_;he tropics, It is obviously not easy to propose a scheﬁ?
by ‘_.vh_lch static and u.nchanging' conditions will produce complex tropic::i
radiations. In. fact if the dogma of tropical uniformity and stabilif
;';-g}-eblt;o bgz believed, it woulgi seem almost pecessary to invoke the jus).r
ch:l\-;ggj unpopular conception of internal unselected propensity to

In actuality it is a major feature of th i i

? . @ tropics, considered
:]\_hf;e, that th.ere. may be very radical climatic changes withrin S?lle‘at
t}lls nees,  This is true not only with changes in altitude but, even in
d e lowlands, rain forest may rather abruptly adjoin desert or semi-
hi?zrt. 'I(“lhe;:htwg 1argefst of the world’s rzin forests, the Amazonian
vlaea an e Congo foresi, are each separated ] 3

by tongues of very arid country. ? ed from adjacent forests

) Such facts as these {and the islands of grassland wi r

animals mszdr_ﬂ the Amazonian foreat) should d{(;rn()'n.tjtrate“ig‘Th t!gl’;;if;ig
Fhat the tropics are in no sense a unit rerion and that forest may be
miferrupt.?d and invaded, that it is fragile. But the geomorphological
evidence is more sweeping than this. When we read in Moreau (1966}
that Kalahari sands underly a great part of the present African rain
forest, we become aware that radical change and not stability is the
:gailﬁ.gu g‘he Iesstp?‘blicizcd South American data are not less positive

r decumentation of perio idity imi i
in_thelr docomentaLon hma};;l ds of aridify that limited in extreme

The traditional conception of an Urwald

) ) : T — a very stable, wver,
apq1e1}t forest evolving _mternally, affected little or not at all by thi.
vicissitudes of the remainder of the world — has survived in spite of

or 1{1d ignorance of the rising flood of evidence. 1t is, however, a myth,
auti ea tf}‘mt never had a substantive basis. It was at base a naive
extrapolation from annual constancy in elimate to eons-long stability.

With the disappearance of the myth of i
it : 3 the Urwald the special
t?on.unm um that it seemed to pose disappears also, We do not rel?;uil‘e
0 1_nvent' new ‘modes. of s.peciation; we may instead work out the imtri-
lr:(ic;;s orfPhtroplca}!l d_lversx}:y in terms of mechanisms that we already
v, e emphasis shifts from the origin fo th i - di-
versify, from history to ecology, § ¢ maintenance of d

e
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GAZETTEER

In the following list of localities our basie reference is the Map
of the Americas 1:1,000,000, of the American Geographical Society
(from now on cited as the “AGS map™) and its accompanying index,
Recourse to this map and index permits an immediate identification of
about 50% of the localities dealt with in a large scale project, which is
amazingly good and a tremendous help.

. For the localities mentioned in the index and shown in the map
we give here the same citation as in the index: the number of the
pertinent sheetl, the nearest intersection of paraliel and meridian, and
a letter which places the locality with reference to the intersection:
a to the NW, 0 to the NE, ¢ to the SW and d to the SE.

Some localities are found in the map and not in the index, or vice-
versa, or still are gpelled differently in each; we note the cases that
came fo our atfention.

Finally, for those localities not found in the AGS map the geo-
graphic position is given within brackets and we indicate the means
by which they were identified: through the litteratore, through collea-
gues {cited as in Uft.), or through information contained in specimen
lahels. When the source of the information is not eited, it means thaf
we are personally acquainted with it.

For all localities is given, within parentheses, the staie, department,
territory, or eguivalent political division of the country.

The only exeeption is Ecuador: we use the old denomination “Napo-
Pastaza”, because we have not been able to obtain a map with the new
political division.

‘We have kept as close as possible to the actual specimen labels,
except in the case of very obvions and trivial misspellings. A small
glossary of Portuguese and Spanish geographical terms precedes the
gazetteer,

GLOSBARY

Alto (8p., Port.). Upper, Usnally rvefers to the upper course of a river,
but frequently means the region through which it flows {e.g., Alto
Purus, in Brasil).

Barra {Port). Literally sand bar. By extension, the mouth of a river
(e.g. Barra do Tapirapds, in Brasil).

Roca (Sp., Port.}. Mouth of a river.

Cafio (Sp.}. Anything from a creek o a medium-sized viver.

Cerro (Sp., Port.). An isolated mountain or well defined, short range
of mountains with a prominent peak.

Chapada (Port.}). A platean, usually covered with cerrado.

Cocha (Sp.). Lake, pond. A Quechua work incorporated into the Spe-
nish spoken in Pern, Ecuador and Colombiza.
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Finca (Sp.). Farm.

Haclenda (Sp.). Farm. . ] )

Igarapé (Port.). Creek. A Tupi word current in Amazonia. o

Tagoa (Port.}. Anything from a pond to a fair lake, communicating
with a river (or the sea) or not. “Lago™ (lake) is applied to very
large bodies of water.

Sp.¥. Hills. )

If‘ﬁ?aané( (pP)ort.). An arm of a river embracing an islanc@ to one side of
the main stream. A Tupi word current in Amazomia.

Pico (Sp., Port.). Pezak. o .

Quebrada (Sp.). Gorge, usually containing a river.

Qalto (Sp., Port.). Falls.

Serra (Port.), Sierra (Sp.). Mountains: . )

Yacu (Sp.}. River. Quechua word current in Peruviar, Ecuadorian and
Colombian Amazonia.

BOLIVIA

Buenavista (Santa Cruz). SE 20, 17-64d.
Reyes (Beni). SD 19, 14-67c.

8an Javier (Beni). 3D 20, 15-65b.

San Pedro {Beni). SD 20, 14-64d.
‘Sara, Prov. (Santa Cruz). SD 20, 16-64c.
Surutu, Rio (Beni). SE 20, 17-64d.

BRASIL

Akto Purus {Acre), [9-70¢]. The region of the state of Acre, adjacent fo
Peru, threngh which flows the upper Furus.

Aragatuba (8. Paulo). SF 22, 21-50c. ]

Aruangd {Goias). 8D 22, 15-51¢, under its old name of Leopoidina.

Berra do Tapirapés (Mato Grosse). SC 22, 11-5lb, under the name
¥echo do Tapirapés.

Belém (Pard). SA 22, 1-49d. .

Belém, Igarapé (Amazonas). SA 19, 4-70h. In some Brasilian maps
this creek appezrs as “Igarapé Preto”.

- Benjamin Constant (Amazonas). SE 19, 4-T0c.

Bueno de Andrade (5. Paulo). [22-48al. 15 km NNW of Araraquara.
Cachimbe (Para). [9-56b]. Brasilian Air Force base in the Serra do Ca-
chimbo, SW Pard. Shown in the “World Aeronautical_Cha.rt”.

Cana Brava (Goias). [14-47b]. A lecality where the-pru_fes_slonal collector
J. Blaser worked in the late twenties and early thirties. Near Nova
Roma, on the Rio Parana {Pinto, 1945).

Catrimani, Rio (Roraima). NA 20, 2-63b. )

Chapada (Mato Grossc). SD 21, 15-56d. A locality on the Chapada dos
Guimaries, North of Cuiabd (in the AGS map as Serra da
Chapada}. .

Ducke, Reserva ‘(Amazonas). [2-61c]. A forest reserve belonging fo the
Institato Naciona) de Pesquisas da Amazonia, on km 24 of the road
from Manaus to Itacoatiara.
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eqqagora See Hstirfo do Equador.
Zstirdo do Equador {Amazonas). [4-70c] rasili
lower Rio Javari (Faura G;ig,[cjﬁci}&)smmlan Army post on e
barza (5. Prulo). SF 22, 2145, ‘
apiranga (Ama -58a] ; 4 i
by Zonas). [3-58a], Town on the Parani de Silves (SA 21,
‘IItapm;-a (8. Pgulo). SF 22, 21.51a,
acaré, Parani do (Amazonas). [4-61b]. A long parani on the right

margin of the Ams )
Purtes, mazonas, some 50 km below the mouth of the

Jaguara (Minas Gerais). SE 23, 1
2 ; . , 19-d4c
Jurua, Rio (Amazonas), SB 19 . a
4, . SE , T-70b, as 830 Felippe. T i
}Tl:hg,’l\luseu de Zoologia da Universidade de S, 1?EI'Jaulo }llaebtszlrizgrﬂl?}s
the#acall‘:grga?]lli‘i(i@d by E. Garbe in 1901-1902 around a localii-;
i .
Dinta o15) Ppe, later Jodo Pessoa, and presently
ﬁoreto (?EAaranhﬁo). 5B 23, 7-4Bc. )
anaus (Amazonas or Pard). [4-58d]. Protestant missi
of the Maués-Acu, about 60 miles SE of Maurgslssc:;’lntﬁgaf’
£0nas porder (B. G. Zweifel, in Iitt.). ’
Mare}ca, Rio (Amapa). NA 22, 1-524,
%{'Ia;les (Amazonag), SA 21, 3-584.
utum-parané (Rondonia). A river. SC 20, 10-65b
Navm,. Serra do (Amapi).'[1,52c]. This Iocafity, an o'pen-pit
Ne]:.Ir.mne,s has been_ extensively collected in recent Vears.
ina, Serra or Pico da (Amazonas). [1-66c]. On the Brasil-Ve
border, at the headwaters of the Rio Cauvaburi nesela
Platon, See Porto Platon. '
Pora?};gatu (Gmas).. _[13-49(:]. On the Belém-Brasilia highway, shown in
Porty E]:tsgl?i (.]irasﬂz_a)n IFlaps under its old name of Deseobe,réo
mapd). [1-51¢]. On the Rio Araguari '
¥ guari,
Por bod Velho.(Mzato Grosso). [11-51b]. On the Rio Tapirapés, near Barr
o Tapirapés (B. Malkin, in litt)) ' i
EgrqsL See Alto Purus. ’
1beg?ne Azul (8. Paulo). [21-51?.}. A Haseman locality not cited by
mfe nlgla‘no(léﬁlll), but unambiguously identified in Haseman’s field
Norgestoé 0 ct): (]Bb:;:z l_'i, EQOS, aﬁ;) “the present working terminus of the
) . R. about 22 miles north east of
Cruces of Rio Tieté” (transeribed b £ R ok
3 . y C. J. MeCoy, Jr.). A locali
on the railroad, 22 miles NE of “Sal 2 '(Cae M
d, to dag Cruzes” ira d:
Cruz.es) must be very close to the present Lussanvii-gac(}z‘ufusa ddis
_ ra” in the AGS map). ’ R
Sdo ge'tuloP, Lag9a ($. Paulo). [22-52a]. A lake communicating with the
g g blut'"arana a httlf: north of the city of Porto Epitacia.
- Sebastifo do Uatuma (Amazonas). [8-38b]. Town near the mouth of

the Lago Uatumi ich i
e lg,oz_sgbl;rlna, which is the lower course of the Rio Uatumaé

Tapirapés, See Barra do Tapirapéa.

Eirunepé.

ara-Ama.

manganese

tributary

PR
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Tapurucunara (Amazonas). SA 20, 0-65c, under its old name of Santa

Isabel.

Tirids (Para). A Franciscan mission in the village of the Tiri6 Indians,
about 2°N 56°W. In the AGS map {(NA 21) Tiribés iz misspelled
“Trio™.

Tueano, Rio (Amazonas). NA 19, 1-66e. A tributary of the Alto Canabu-
ri. (H. Reichardt, in lift.).

Uberlindia (Minas Gerajs}. SE 22, 19-48a.

Vista Alegre do Alte (S. Paulo}. [21-49d1. 17 km NW of Monte Alfo
Paulista.

COLOMBIA
Acacias (Meta), NA 18, 4-74d.

Andagoya {Chocé). NB 18, 5-77h. o
Apiay (Meta). [4-78b]. 78 km East of Villavicencio (F. Medem, én litt.).

- ‘Bopoté (Cundinamarca). NB 18, 5-Tde.

Centro. See El Centro, |
Cordiliera de Bogotd (Cundinamareca). NB 18, 5-Tde. :
Cristo Rey, Loma de (Meta). [4-T4b]. Suburb of Villavicencio {F. Men-
dem, in l#t.).
El Centro (Santander). NB 18, 7-74d.
Fiorencia {Cagquetd). NA 18, 2-76d. .
Guadualito, Finca, [3-74a]. Rio Giejar, yegion of Serrania la Macarena
(F. Medem, in [£.).
Giiejar, Rio {Meta). NA 18, 3-T4d.
Humbo {Boyacad). [6-74c]l. Near Muzo (Nicéforo-Maria, in Hit.).
La Mesa (Cundinamarca). NB 1B, 5-Tde.
Leticia (Amazonas). SB 19, 4-70d.
Mesa. See La Mesa.
Narifio. See Puerto Narifio.
Qtanche (Boyacd). [6-T4ci. In the Muzo district {Nicéforo-Maria, in
lett.) .
“Puerto Lopez (Meta). NB 18, 4-73b.
Puerto Narifio (Amagzonas}. [4-70a]. On the Amazonas, some 280 km
above Leticia (Nicéforo-Maria, in liti.).
Restrepo (Meta). NB 18, 4-74b,
Rosalefio (Meta). [4-78a]. “Between Vilavivenecio and Cafio Quenane, in
the direction of Puerto Lopez, 28 km to the South of Villavicencio™
(F. Medem, in F£t.).
~San. José del Guaviare {Vaupés). NA 18, 3-73d.
" San Lorenzo, Cerre (Magdalena). [11-74a]. Peak NW of Sierra Nevada
de Santa Marta {Ruthven, 1922).
Sants Librada (Norte de Santander). [7-72a] On the extreme south of
the state, southwest of Toledo {Nicéforo-Maria, i hif.).
Santa Teresita (Vichada). Not identified.
Sasaima (Cundinamarca). NB 18, 5-74c.
*Tufia, Rio (Caquetd). [2-T4c]. One of the headwaters of the Yari (F, Me-
dem, in Litt.).
Villavicencio (Meta}. NB 18, 4-T4b.
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ECUADOR

Bobenaza, Rio {Napo-Pastaza). SA 18, 2-78b. Our Bobonaza specimens
come from the Olaila farm between Sarayacu and Canelos.

Bufeo, Rio {Napo-Paataza), [2-77b]. A tributary of the lower Bobonazg
(G. Orcés V., in litt.). In the index to the AGS map there is mep-
tion of “Bujeo”, with the same coordinates; the locality, however
is not shown on the map. ’

Canelos (Napo-Pastaza), SA 18, 2-78b.

Conambo (Napo-Pastaza). SA 18, 2-77a, b.

Churoayacu (Napo-Pastaza). [2-77b]. We have not found this focality,
but the specimen label (from G. Orcés V.) reads “near Sarayacy,
Rio Bohonaza™.

Dureno, Not identified.

Limén Cocha (Napo-Pastaza). [0-77d]. On the Rio Napo, not far from
the mouth of the Rie Jivino (G, Oreés V., in 1),

Llushin, Rio (Santiago-Zamera}, SA 17, 2-78a.

Loreto (Napo-Pastaza)., SA 18, 1-77a.

Miazal {Napo-Pastaza}. SA 18, 3-78b.

Misahualli, Rio (Napo-Pastaza), SA 18, 1-78b. Shown in the AGS map,
but not listed in the index,

Napo. See Puerto Napo.

Palanda (Napo-Pastaza). [2-T7al. On the north bank of the Rio Robho-
naza, not far from Teresa-Mama ((. Oreés V., in litt.),

Puerto Napo (Napo-Pastaza), SA 18, 1-78d. In the AGS map as “Puer-
to Napo”, in the index as “Napo” only.

Riobamba (Chimhorazo). SA 17, 2-79b.

San José (Napo-Pastaza). SA 18, 1-78b, as Sumaco {== Ban José Viejo
de Sumaco). )

Banta Cecilia (Napo-Pastaza), [0-T7a]. On the Rio Aguarico, a little
above the mouth of the Rio Pushino (Fitch, 1968).

Sarayacu (Napo-Pastaza). SA 18, 2-78h. :

Bhiona-Yacu, Rio (Napo-Pastaza). SA 18, 2-77d. In the AGS map, but
not in the index.

Tuvula, Not identified,

GUYANA

Akyma, NB 21, 6-53c.

Aremu River, or Arimu. Not mentioned as such in the jndex to the AGS
map; however, in sheet NB 21 (6-59a) are found Little Arimu
and Big Arimu.

Dunoon. NB 21, $-58a.

Georgetown, NB 21, 7-58c, !

Haul Over. [8-60b]. On the Arnau River (C. K. Walker, in litt).

Kaburi River. NB 21, 6-59d.

Kamakusa. NB 21, 6-60d.

Kamarang River. NB 20, 8-51d.

Kamuni Creek. NB 21, 7-58¢.
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Kartabo. NB 21, G-59b.

Kurupung Rivel:. NBNi],zfil-Ggaégc

i{&ﬁ?e?; I%L;I!]sd (o Machripa) . [6.60a]. We 4id not find this locality, but
one specimen label says “on Kurupung River™ Both spellings are
found in the labels at hand.

Marudi River. NA 21, 2-5%a,

“ ‘Mazaruni River, Upper. NB 20, 6-60a.

New River. NA 21, 3-58d. . . .

Onora. We haven't found this locality, but the collector’s map, in 1_;he
American Museum of Natural History, shows the collecfing station
of the dates of the pertinent specimens at 19 35N, 587 30'W (R. G.
Zweifel, in litt.).

Pickersgill. NB 21,2’2-53135.%
ikar- . NA 21, 1-59b. .

%1:113118};‘& I—Eﬁu We haven’t found a locality with e_xact]y this name, bqt
the specimen label further says “below Kaieteur ‘Falls .“In this
position in the map (NB 21, 5-59a)} we find “Tukeit Falls”, which
we take to be the locality.

FRENCH GUIANA

Cayenne. NB 22, b-52c¢.

Mana. NB 22, 6-54d.

Matarony River, NB 22, 4-5Z2a. . .

Hophie. l[f5-53c]. We haven't found this locality, but the specimen label
says “South of 3t. Elie goldpit™.

SURINAM

‘Brokopondo, [5-55a]. Near Boschland, ca 90 km South of Paramaribo,
- on the Surinam River (I). C, Geijskes, in lti.).
Gran Rio. NA 21, 4-56c¢. . .
:'H;;Iile. We haven't been ahle to find this locality. The specimen label
reads “Gonini Exp.”.
1Kroetoe. NB 21, 4-56}:\11.3 o1 656
La Haye, or Hague. , B-56c.
‘Lucie encampment, On Lucie River, NA 21, 3-57a.
-Moengo Tapoe. NB 21, 6-54c.
asgau Mountains, or Gebergte. NB 21, 5-65d.
Paloemeu River, Upper. NA 21, 3-bba.
. Paramaribe. NB 21, 6-65c.
ocloegoedoe. NB 21, 4-54a.
Raleigh Falls. NB 21, 5-bée.
“Tafel Berg. NA 21, 4-56c.
- Tibiti. NB 21, 5-56b.

PARAGUAY

enturién. SF 21, 22-53d.
an Luis (de la Sierra). 8F 21, 22-57c.

] g e e
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Barranca (Loreto). SB 18, 5-77b,

Cenipa, Rio (Amazonas). 8B 17, 5-78a,

Champuia, Igarapé (Loreto). [10-72d]. A iributary of the Upper Curan.
ja, which is a tributary of the Upper Purus in Loreto, Peru, just
across the Acre border. Shown in “Worid Aeronautical Chart»,

Cushabatay, Rio (Loreto). SB 18, 7-T5c.

Estirén (Loreto). [3-72d]. Near Pebas, some 30 km above the mouth of
the Rio Ampivacu (Faura Gaig, cap. 2),

Huallaga, Alto (Loreto). SB 18, 6-T6b.

Iquitos (Loreto). SA 18, 4-73a.

Itaya, Rio (Loreto), SA 18, 4-73a.

Manayacu {Amazonas), [5-78a]. We haven't found this locality, but the
specimen iabel reads “Rio Cenipa™, R

Nanay, Rio (Loreto). SA 18, 4-73a.

Nauta (Loreto). SB 18, 5-74L.

Pampa Hermosa (Loreto), SB 18, 7-75¢.

Pebas (Loreto). SA 19, 3-72d, as Pevas. .

Pedrerz {Loreto}. [7-75a]. The specimen label reads further “prov.

yaco (Stiglich, 1922).

Roaboya (Loreto), SB 18, 8-75b.

San Regis (Loreto}, SB 18, 5-74b.

Santiago, Rio, mouth of (Amazonas), 84 17, 53-78a.

Tamaya, Rioc (Loreto). 8C 18, 9-74a,

Tapiche, Rio (Loreto). SB 18, 5-74d.

Yarinacocha (Loreto). [8-75d}. In the province of Ucayali, district of
Masgisea {Stiglich, 1922).

VENEZUELA

Agua Linda (Faleén). NC 19, 11-6%4.

Arabopé, or Arabupu (Bolivar) NB 20, 5-61h.

Araurima (Faleén). NC 19, 11-694.

Aroa (Yaracuy). NC 19, 10-89b.

Auyan-Tepui (Bolivar), NB 20, 6-63d,

Ayacucho (Tachira), NC 18, 8-72a.

Bejuma {Carabobo), NC 19, 10-68z.

Boquerén) (Yaracuy). [20-69b]. 10 km northeast of Area (Williamson,
1923).

Canales. See Los Canales,

Caracas {Distrito Federal}. NC 19, 11-87d.

Caripito (Monagas). NC 20, 10-63a.

Cariaquito (Sucre), NC 20, 11-62d. See Cariquito,

Cariquito. Type locality of Anclis witens bandi Fowler. We find this
spelling to be wrong; the locality is Cariaquito (q.v.) in the Pe-
ninsylz of Paria (Stone, 1913).

Ucayali”; this indicates that the locality is in the district of Sara.

-

Vol. 19 {1-8), 1870

Cocallar {Sucre}. NG 20, 10-64b. Spelled “Coeoyar” in the AGS map
and “Cocovar” in t}]:}'e irédea‘t. L Crun
. . See Puerto de La Cruz. .
g;ﬁ'iviﬁgr?sf:r;; [S10A64b]. ‘We haven’t found this’ name, but the speci-
' men label further reads “1 mi SW Cumanacoa”.
Cuiguas. See Las Cuiguas,
(Cumbre, See La Cumbre.
~puida, Cerro (Amazonas}. NA 20, 3-6Gb.
El Limén {(Distrito Federal). NC 19, 10-67a.
- @] Mene d’Acosta (Faleén). NC 19, 11-69hb.
El Valle (Distrito Federal), [11-67d], Near Caracas, 1o the zouth,
".EI Yaque {Sucre). NC 20, 10-84b.

@Glycon Swamp (Bolivar). [5-61b1. The specimen label further reads “Mt.
Roraima™, Tate (1930) does not cite the name, .
(Guaira. See La Guaira.
Hui, Salto (Amazonas).LN‘% 19, 1-66c.
. See Puerto de La Cruz. )

ll':: glf;ﬁ)rg {Aragua}. [10-68b1. We haven’t found this locality. The spe-
cimen label reads “between Turiamo and junction with Maracay-
QOcumare road, ca 3%0 m,” This is in the Ranche Grande area.
La Fria {Tachira). NC 18, 8-82a.
La Guaira {Distrito Federal}, NC 18, 11-67d.
Tas Cuignas or Las Quiguas or Las Quiggas (Carabobo}. [10-68a].
Small locality in San REsteban {Williamson, 1923).
Tatal (Sucre). [L0-64b]. Loceality between Cumanacoa and Cerrco Turu-
miquire (M. G. Netting, in litf.).
La Victoria (Aragua). NC 19, 10-67a.

img Limén. )
%;r:%nénasfei ]?ll\ﬁranda). [11-67d]}. We havex’t found this locality, but the
" specimen label reads further: “Naiguatd”.
Mene, See Rl Mene d'Acosta.
Naiguata (Miranda). NG 19, 11-67d.
Naricual (Anzoategui). NC 20, 10,65b. » ]
Qcumare, Rio (Aragua). NC 19, 10-68b, as Ciénega de Ocumare.
" Palma Sola (FHIC6H)()11§IG 6189138:511’;;\;59((11'%' 1961)

ji 6n). 11°01°N, 68238 iverao, . . ]
] g:sg::d;?%li:gngAmamnas}. [3-66b]. A tributary of the Orinoce in the
Duida region {Tate & Hitchcock, 1930).
- Pie del Cerro (Aragua). NC 18, 10-67a.
Puerto Ayacucho (Amazonas). NB 19, 6-68d.
Puerto Cabello (Carabobo)t. N(_}) l%éoégﬂal.o 65b
* ruz (Anzodtegui}. b , 10- . .
gﬁziiﬁ (cil: ll: éjrlll'; ((Distrito Federal). NC 19, 11-67c. Shown in the AGS
map, but not listed in the index.
iguas. Las Cuiguas. i ,

gg:lgclﬁi G:ig;de (Araggua). 80 km west of Caracas, 10°2I'N, §7°41'W
(Beehe & Crane, 1948. Text, Sexton & Heatwole, 1966).

123



| it FPARIES

PATE Y
w‘..i PR

G124 e e ATRUTVOS - den Zoologia . o e e —maen EUUEDE WA i‘”;("]ui"ﬁTOS dQZOO'iOgiH ,,!_,.,_g,,_“a_-?.__,_v_,_,_.
Rieci}t;be(lf"alcén). [11-69d]. Locality closg to Araurima (Basel Museum ;;},__‘QELE“PAULG, ‘0!9(“) ._--1-25,293 12 vnx.mic"
San Esteban (Carabobo), NC 19, 10-68a. Near Puerto Cabello, to the Tt
south.
San ZF"elix (Tachira), [8-72a]. Near Estacién Tachira (C. F. Walker, in )
bitt). SOUTH AMERICAN ANOLES: THE GEOGRAPHIC DIFFEREN-

San Rafael (Sucre). NC 20, 10-84h. Very close to Cumanacoa (Phelps
& Phelps Jr, 1958).

Santa Luecia (Miranda). NC 19, 10-67b.

Santa Theresa, Hda. (Aragua), Not identified.

Sarare, Rio {Apure). NB 18, 7-72a. There are at least two localities
with this name in Veneruela: one in Lara and this river in Apure.
- The collector of the present specimen was Geay, and thns the locality
is the river Sarare (Pellegrin, 1899).
Siquire, Quebrada (Miranda). [10-67b]. We haven’t found this locality,
but the specimen label reads “11 km ENE" from Santa Lucia.
Summit Brook (Amazonas). {3-66b1. On Mount Duida (Tate & Hitch-
cock, 1930). B

Tigre, Cafio (Faleén), [11-69d]. We haven’t found this locality, but the
specimen label reads further “Agua Linda®.

Torono-tepai {Bolivar). NB 20, 5.62h.

Tucacas (Faleén). NC 19, 11-68¢c.

Turiamo (Aragua). NC 19, 10-68h.

Turumiquire, Cerro {Sucre). NC 20, 10-64b.

Valle. S8ee K1 Valle,

Vegas Fa)lls (Amazonas). [3-66b]. On Cerro Duida (Tate & Hitehcocl,
1980),

Victoria, See La Victoria,

Yacua (Sucre). NC 20, 11-62c.

Yaque. See El Yaque.

TIATION AND EVOLUFTION OF THE ANOLIS CHRYSOLEPIS
SPECIES GROUP (SAURIA, IGUANIDAR)

P. BE. VANZOLINI
Wusea de Zoologia, Universidade de Sac Paule

ERNEST E. WILLIAME
Museuns of Comparative Zoelogy st Harvard College
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TABLE 1 TABLE 3
Feurth tor lamellae, males, major sampies a Fourth toe lamellae, males, first Guianan transect
Sannles W ® “ 3 Geo OUR Tib Tar Mtp WAS Man  Sel  Cay mMac  APR Tel
Falcdn 2 14 - 19 16.3 - 36, 1 L
WE Venezuela 17 15 - 19 16.5 - 170 i L 4 L '
#rinidad 2% 15 - 18 16.3 - 168 1 i s 3 ? '
Western Guyana 1L 15 - 17 16.2 15.8 - 166 1 B 1 2 1
f£rsequibo 13 15 - 149 16.3 * 2
) fhnoen 7 15 - 18 16.9 15.8 - 18.0 2 1
- Hassau 1. 13 - 15 13.7 133 - 3402 E
Amapd 12 13 - 15 14,3 13.9 - 4.5
. villavicencie 22 6 - 20 17.0 16.6 = L7.5 2 7 1 1 k) 1 1 1 1 5 12 1
Santa Cecilia 17 15 - 23 17.4 _ 16.7 - 16.0
Limdn Cocha kB 16 - 20 18.4 la.e - 18.7 HE Venezucla par Paramaribo ‘ Sel st. Elje
Pampa Hermosa 17 16 - 20 18.6 18.1 - 18.2 Georgetown Mg Hosnge Topos Cay Cayenne
Tapirapes 26 16 - 19 17.4 37.0 - 17.% BUNOOH HAS  HMASSAY Mat Matarony
Tibiti Man Hana APA  AMAPA
N individuals in sample R observed range M mean Gel Solfn
g 1 5% confidence interval of the mean
+ interval not computed because the distributien is koo ghew
TABLE ¢
Fourth toe lameilaze, males, second Guiaman transect
TABLE 2
Fourth toe lamellae, males, #orth Yenezuelan transect Lemellae NEV WBG ES® Dun  Aky Kro TWAs  Poe Awy Ror Luc
Lamellae FAL Baj Car Pdc  Dif  hnz Sec  cap  Yac  TRI 1 :
13 1 4 it
14 1 2 1 1.4 B N )
] 15 £ Il 1 1 z 5 1 N . , N L
16 7 H T 6 ) 1 4 1 10 16 s . 2 B 1
17 7 5 3 2 - 10 1 . ) s N . 1
iz i ' ! ' ! 18 1 . 1 3 )
! : 19 1 L t
21 - 8 F] 13 5 4 8 z 26 . n 18 3 ) 2 11 3 1 2 1
EAL PALCON Pds Die del Cerra Suc  Sucre NEV NE VENHZVEIA DUN  DUHOON poe Tocloegoadoe
Baj Bejuma DAL pistrito Pederal cap Caripito WEC  Western Guyana Ay Akyma Auy  Auydn-Tepui
Car Caraboho Anz  Anzodtequi Yac Yacua £S5 ESSEQUIAC Yro  iroatos Aor MNoralta

TRE TRINIDAD qRE  MASSAU Luc Lucie
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TABLE 8

" ha
TABLE & Fourth Lee lamellae, males,

socond Guiano-Brasilian transect

Fourth toe lamellae, mates, Colombo-Guianan transect
Lamellae ¥As Foe Tir Ita Cax TAP Loe  Mau
Lamellac VIL Plp  Dui 58G  Luc  NAS Cat 12 '
13 N . 13 4 1
1 ! r
14 1 1 & 14 G
15 2 L 15 L -
16 7 1 1 1 - ¢ ®
17 9 N ) _ N 17 1 1 L] H
18 5 _ N 18 4 e 2
19 - 1 19 !
20 1 1 11 2 1 & H 26 s 5
22 2 1 6 1 11 1
HAS NASSAU Cax Cachimbo
VIL VILLAVICEKCIO Dus  Duida Lue fucle Poe  Poelosgoedoe TRP TAPIRAPES
#lp Puerto Lopez SBG Southern Guyana HAS NASSAU Tir Tirids Lue  Lucle
cat Catrimant fta Itaplirarmga Haw Manaus
TABLE 7
Fourth toe lamellae, males, TABLE 9
first Griano-Brasilian tramsect Fourth toe Tamellae, males, Vemezvelo-Brasilian transect
Lamellac E5S SDBG  [ta Mau Cax AP FAL Dul Maw JTta Cax TAP  Pgt  CbY ube  Spa aru
1 1 T 1
14 1 1 4 -
15 T H - 7 1 - 4 5 S
15 2 1 - 1 5 T 1 3 1 1 9 2 2 1
Ly 4 - ! 3 L 2 L - 2 B 5 1 1 L
13 1 1 ] 2 2 11 4
19 1 N N
18 s s 5 52 2 1 5 3 5 26 1 4 L 3 \
ESS ESSEQUIBO Mau ltanzus AL FALCON 1ta Itapiranga Cbr Cana Brava
S0G  Bouthezn Cuvana Cax Cachimbo Dui Dmida cax Cachimbo Ube Ubezlindia
Ita Itapiranga TAP TAPIRAPES Hau Manans TAP TAPIRAPES spa 5., Paule
Aru ATuAN3

pgt Peorangatu
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PHE PAMPA HERMOSA Mup Hutum-Farana

Rta Rieo Tapiche Cax Cachirbe
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4
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TABLE 10 ‘l —
Fourth toe lamellae, males, Napo-Brasilian transect 1 .
! .
Lamallae SCE  LCO Igl  Jav Pja  Maw Ita APA  Del D .
1 1 : 5
. =
14 1 7 1 ——— : ]
15 1 1 ] N - g
- : H]
16 1 1 2 1 - ™ =
7 h! ‘ =i
17 ER z 31 { SNy ~
T, k] k <
18 5 9 1 2 4 . ey S0 =
o f o~ =
19 - ,/ /// 7 /V : g
' ko
- ! A%é,://,‘éw — &
072 /// 4 '
21 T Z .
VPR
17 a1 1 5 1 5 5 12 1 L - -
7 . &
4 . o
B
. SCE  SANTA CECILIA Jav  Rio Javar{ Ita Itapiranga e g
| omrm————— o
. LCO  LIMON COCHR P3a Parand do Jacard RPL RMAPK ﬁfa‘= »
A = W
Igi Iquitos Mau Manaug Bel Eolém \ TR 3
] =1
H SRy a
v 2
g
TABLE 11 i =
& £
Fourth toe lamellae, wmales, Ucayalo-Brasilian transect 1 §
+ T =
_ \‘ 2
Lamailae PHE Rta Jur Mup Cax Ihe 3 -
i 5
i6 1 1 2 1 4 s Iy A+
¥ 2
17 - 1 1 a y &
18 [ & ]r .
3 -
12 7 4 ; e
20 3 : =
5 =
17 1 3 1 5 26 i
i
i
3
]
|
i

Jur  Rie Jurud TAP  TAPIRAPES
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FasLt 12 TRBELE 13
Fourth Yamel s i
toe lamellae, females, major sanples Fourth toe lamellac, females, first Guianan transect
s 8 ’ Mat  APA
amples R 1 I WEv Moy Pic Gea  OUM thy TLb Par HMEp NAS  Cay £
_ Falcdn 13 15 « 17 15.% » 1 * :
W Venezuela 18 14 - 18 15.5 15.4 - 16,4 1 1o s &
Trinidad 2 15 - 17 16.2 15,9 - 16.5 1 3 i *
© L
Wostern Guyana 13 14 - 18 15.5 14.7 - 16.2 N L 1 1 1 *
s 1
Essequibe 19 15 - 17 15.4 .
7 1 - - 4
bunoos - 10 16 - 18 16,7 6.2 - 17.2 N
3 4 1 T 1 s
nassau ] 13 - 15 13.4 .
: N : 1
i Amagd 15 12 - 15 13.7 13,2 - 14.2 )
villavicencio 17 14 -~ 19 16.6 16.6 - 17.2 1 1 1 14 L 8 15
5 10 1
Santa Cocilia 19 15 - 18 17.1 16.6 - 11.5 18 z 2 .
Limén Cocha 10 16 - 19 17.7 17.4 - 1B.1 Hep Moengo Tapoe
Pampa llermoza 8 16 - 18 17.1 16,6 = 17.7 NEv HE Venezuala BN DUNOCK m: BASSAU
" Tapirapds 23 15 - 18 16,7 16,1 - 17.2 mov ewl over - v E8 WO cayenne
plc Pigkersglll Tib Tibitd Gay ca¥
Hatarony
par Paramaribo Mat
% individuals in sample g observed range M mean Geo  Georgetown aen AHAPA
1 954 confidence inkarval of the mean
4 interval not computed because the distribition L3 too shew
- TABLE 15
. TABLE 13
janan trapsect
L Fourth tos lamellae, femples, second O
Tgurth toe lamellae, females. farth Vesezuelan transect
HAS nor
. WbG Ari  ESS Dpud  Aky TER
Lamellac FaL  Dej car Rgd DLf  Amz  Suc  Cap  Yac  TRI Lamellae e 10
H
3
1 1 2 z 1 : 3
14 1 2 t
15 7 2 F 4 4 1 3 o | 1
15 5 4
¥ 16 5 1 z H 3 1 11 . .
7 4 "
17 1 1 L 1 2 ] e 5 3
18 1 m ! ' : 1
18 1 1 1
13 i 6 [ El ER ] 1 1 22 . 3
18- 13 PR TR 1 z
FAL EFALCHHT Rgd Ranche Grande sue  Suere Tip Tafel dery
pej Bejuma Dif Bistrite Fedayal Cap Caripit N Venemsels e EeSEREE
' ] i 5 6 Fedara ap Caripito - - HWAS HARSSAU
. i WBG Westexn Guyana DuN  DUKOGH
car Carabebo Anz  Anzoatequi Yac¢ vacua ] \ Ror Moraima
Art  Arimu River Ay Riyma
TRI  TIRIDAG
} i
B gt
: R




TABLE 16

o1lae, females, Western transect

Fourth toe 1

a
&=
=
—
i
(Y
g
%
oy
-

PHE Roa Yar Tam Pur

Dok Mia Max

FAL cvb VIL Sco SCE LOO Sum  Mim

Lamallas

14

15

16

1

12

10

20

30

19

17

13

Fur Furus

Mazafien

Mar

LCO  LINGYN COCHA

FAL FALCOY

u
H
a
g
5
9
ki
g
é
o
k)
=

PHE PRMPA WERMOSA

Sum  Sumago

Kin

Cvh  Colombia-Venazuela barder

Rbb  Riobamba

Roa  Roaboya

Rio Higahus}ill

VIL VILLAVICENCIO

g
-
=

;]

B
k1
a
3
-
3
I

Yar Yarinaceccha

Bob Bobonaza

South Colombia

Sco

Vol. 19 (2-4), 1870

TABLE 17
% fourth toe lamellze, females, Colombo-Guianan transect
2
3
3
* Lamallae yIL Plp Dwi 50G  NAS prv  Cat
o
§: 13 3 16
B
P 14 1 z 3
= 15 1 1 1
16 G 1 > 3
17 4 1 -
16 2 -
%ﬁ 19 1 :
B 17 1 1 6 4 3 1
©
3
1
g VIL VILLAVICENCIO 5BG Scuthern Guyana
Ex
plp Puerto Lopez NAS NASSAU
Dui Duida Brv Brasil-venszucla border
cat Cateimani
TAGLE 18
w
Bl Fourth toe lamzllae, females,
A
=z First Guizno-Brasilian transect
"
=
x
Lamellae £Ss SBG Ite Mau Mes cax TAP
13 3
14 2 1 1 1
15 10 1 - 1 2
15 7 3 1 i 8
17 z 1 1 1
-
o] 18 1
3]
8 19 6 1 3 3 123
g
@ ESS ESSEQUTRO Man  Hanzus
8 sp¢  Southern Guyana Hes Mauds
1
Ita Itapiranga ¢ax Cachirbo
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TABLE 19
y Fourth toe lamellae, females, second Gutago-Brasilian transect TAZLE 21
N Foul‘rlh tog lamellac. females, Hapo-Brasilian transest
Lamcllae HAS Pal Tir Tta Mes Cax TAP Hau
12 1 Lamellae cor  noo  Taqs  aav  maw Tt Mes RFA
13 10 1 1 12 2
14 3 1 1 1 1 11
15 1 1 2 - 14 ) 1 5
J 16 3 1 ] 1 i . 1 1 - 1 3
17 1 7 1 16 3 5 2 1 3 1
18 & 1 . 5 1 1
14 1 3 ] 3 1 23 3 18 s 1l
19 7
WAS MASEARV Hes Maués 19 30 1 3 3 4 3 15
Pal Paloemsu Cax <Cachimbo
2r Tirids ’ TAP TAPIRAPES e SmTh COCILIA Iqi Iquitos fea Itapirangs
Ita Ikapiranga Mau Hanaus Lo LINGN COCHA Jav Rio Javerl Hes tauds
paw  Manaus aPn MHAPR
TABLE 20 TRSLE 22

Fourth toe lamellae, females, Venezuelo-Brasilian transect Fourth toe lamellae,

females, u:ayaln-nrasilim transest

Lamellae PAL Pay  Dul Brv Tpu Maiy Ite Mes Cax TAP Chr Spa
TAP Lo¥
A 14 1 1 1 Lamellae FHE Jur Cax
13 7 - 1 2 1
. y . 14 1
1 2 1 3 1 -3 - 2
15 1
” 1 1 - 1 1 7 1 - )
< s 16 1
1 - 1 [ T 1
11 5 -
1% ! [ '
13 2 1
13 1 1 3 1 3 4 3 1 23 2 8 2 ! 23 1
FAL FRLCEM . Tpu Tapurugoara.. .
P pUTUGaAY Cax  Cachimbo PHE PAMPA WERMOSA cax Cachimbo
Pay Puerto Ayacucho - Hau Manaus TAR TAPIRAPES Rlo Jurud TAP TRPIRAPES
Jor
Dui Duida - Ita Itapiranga Cbr <Cana Brava Lor Loreto

Brv  Brasil-Venezuela border Mex  Mauds spa 5. Paule
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TABLE 23

Fourth toe lamellae, sexual differences

Males remales
W " u K 4 £ af x¢
Falebn 21 16.3 F .25 13 15.5 £ B 5 7.167
sripidad 26 16,1 .16 22 16,2 .I4 .1 .182
. Eoaequino 16 16.3 19 15.6 7 4 5.066
‘ " punoom 27 16.9 .46 1w 16.7 .21 .2 L343
NassaL 11 137 .19 4 134 .3 2 3,258
Amapd TR VIERT 15 13.7 .23 6 1.o08
yillavicencia 22 1.0 .2} 17 16.6 .29 L4 1313
" Sanka cecilla 17 174 .30 19 7.1 .19 2 a6
14mén Cocha 31 1.4 .19 0 1.7 .17 .7 220 %
pumpa Herrowa 17 186 .24 @ 17.1 .22 1.5 3032 Ae
Tapirapss 26 17,4 .19 21 16.7 .20 L7 2.4t
K 4individuals in sample M mean a4 gdifference betwaen means t GBtudent's
af degrees of freedom for chl square %% ¢ni square
whk signiilcaﬂt at the .00l level

& gignificant at the .05 level

Map 2. Fourth tee loanellae, females; summary of geographic differentiation.

TARLE 24
Loreals, males, major samples
Loreats PAL KEV ¥RI WRG FESS DUN HAS APA vIL SCE LCO  PHE  TAV
5 1 1 4 3 4 1 3 z 5 1 1 1 s
L] 17 7 16 4 12 A 5 5 B 5 11 4 1z
7 3 3 s 3 2 2 3 5 7 10 1 7 ]
B 1 1 2 1 7 4 1
L] 1 1
. 21 23 26 11 18 7 1x 1z 22 17 LI it 26
FAL Falcén ESS  Essequibo PIL Villavicencio
NEV NE Venezuela DUb  funoen SCE Santa Cecilla
FRI  Trinidad RAS Hassau LCO Limén Cocha
WnG Western Guyana APR  hmapd PUE Fampa Hermosa

+AP Taplrapés




TARLE 25
Loreals, males, Western transect

o
)
=
a
]
=S

Pln  Sig

FIE  Yar Tam Pur

Mar

nob  Mia

SCE  LOO Sum Mis

Gy Bag VIL Sco

FaL

Loreals

1

E

17

1l

1

o

e

e

17

n

17

kY

Purug

Pur

Miazal

Min

SANTA CECILIA

SCT

FAL FALCON

Eep Puerto Lopez

Max Marancn

LCO LIMON COCHA

Colomhia-Venezuela border

cvh

FHE PAMPA HERMOSA 839 5.J05& del Guaviare

Sum  Sumaco

Togota

200

Ibb  Richamba

Yar Yarinacocha

rie Rio Migahualll

VIL VILLAVICENCIO

Ric Tapiche

Ra

Tam Rio Tamaya

Oel  Robonaza

South Calomhia

Sao

Vob, 19

-4, 1970

TAELE 26

Loresls, males, (olombo-Guianan transect

Lorecals

- now

VIL VILLAVICENCIO

Plp Puerto Lapez

WIL

“ o= own

Plp

1
1

put

SBG

586G Luc
1
1 5 1
- 1
2
4 G 1
Duida

Scouthers Guyana

THROLE 27

Luac Lucie

HAS

cat

Loreals., males, Hapo-Brasilian transect

Loreals SCE
5 1
3 5
T 10
a 1
El
17

j Fals)

191

LCO

35

SANTA CECILIA

LIHOH COCIR

Iguitos

Iai

Jav
3

Hau

Jav Pja  Hau
1 2
3 1 1
4 1 5
Ric Javari

paran3 de Jacard

Hanaus

ita

APA

Bal

NASSAU

Catrimani
APA Bel

2z

5 1

5

12 1
Ikapiranga
RMARA
Belém
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TapLe N
Lareals. females, Colombo-Gufanan transect
Lorcals Plp Dui  EDG  UAS Br¢¥  Cat
5 1 3 1
5 6 ] & 1
7 T 1 7 - 1
8 3 1 2
17 1 1 E 14 3 1
VE{, VILLAVICENCIO SBG Southern Guyana
Flp Puertc Lopez BAS  NASEAU
Dui Duida Brv Brasil-Venezuela border
cat  Catrimani
TFABLE 32
Loreals, females, Hapo-Orasilian transect

Lorcals 'SCE LeO  Igl  Jav  Mau  Ita Mea APA
El 3
6 7 ] 1 1 3 1n
7 [ 14 2 2 2 5
[ 6 5 z 2
9 S
19 3z 2 4 3 4 3 18
SCE  SANTA CECILIA Iql Tgultos Ita TItaplranga
LCO  LIMON COCHA Jav Rio Javarl Mes Maugs

Hau  Manaus APA  AMAPA

13

Vol. 19 (3-4)5 1970 149 ;

TABLE 33
Loreals, females, Ugayalo-Brasilian transect
Loreals PUE Jur cax TRP Lor
5 2
& 1 a
7 & 1 L 13
] 2 1 1 1
9 2 1 24 1

Cax Cachimbo
AP TAPTRAPES

PHE PAMPA HERHOSA

Jur Rio Jurud

Lor Lorete

TABLE 3%

Loreals, females, Venezuelo-Brasilian Lransect

Pay pual Brv Tptu Hau pa=ty Hes cax TAP [=-14 Spa
2 1
1 1 3 2
1 - S 2 1 13 1
1 2 1 2 1 2
1 1 3 I 3 4 el 1 24 3 3
Tpu Tapurucuara cax Cachimbo
Mau HManaus TAe TAPIRAPES
ita Itapirangs Cbx Cana Drava
Mes Hauds spa 5. Paulo
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Lore H
alg, females; summary of gecgraphic differentiation

Meap 4.

Vol. 18 (3-4), 1970

TAELE 35

Loreals, sex differances, major samples

as ¥
Falchn 2 2.324
Trinidad 3 aass
Eosequibe 3 3.130
Buncon z 1.930
Hassau 2 2.368
Amapd 2 L6986
villavicencio 3 2.555
Sahta Cecilla 3 5.814
Lindn Cocha 4 4.826
Pampa Hormosa 4 5.247
rapirapés T3 1.205

df Qegroes of frecdowm

«® chi squaze

TRBLE 36

Sceles acrpss snoulb, males, major samnles

El S E 1
¥alcon 21 1= 12 9.0 8.5 - 0.6
UE venezuela 17 g - 11 9.5 9.3 - 1.3
rrinidad 26 7 - 13 10.4 5.8 - 1L.0

Western Guyana 1 8 - 12 2.4 *
o Esseguibo 13 7 - 11 8.8 8.2 - 3.4
5 bunoon 7 9 - 1z 10.3 9.1 - 11.4
B Hassau 11 10 - 13 1.4 10.8 - 11.9
nmapa 1z 10 - 12 11.9 11.3 - 12.5
villavicencie 22 9 - 12 10.3 9.8 - 10.B
- Santa Cecilla 16 9 - 12 0.6 36.3 - 112
Lim&n Cocha 11 B - 15 1.9 0.4 - 117
Pl Pampa lermosa 17 10 - 17 12.3 11.9 - 13.8
: Tapirapds 26 8 - 11 9.2 B.9 - 9.6
x  individuals in sample 4 observed range 4 mean

pa . ¢ 85% confidence interval of the mean

i
= « ipterval not cempubed beoause the gistribution is toe show
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TABLE 37
Stales 2erp%s snout, mates, North Venczwelan traansect
Bcalus FAL Hej Car Pdc Dlf Anz Suc Cap ¥ac TRI
7 1 1
a 8 4 1 1 1
3 8 Zz 1 2 1 2 2 4
10 4 1 1 & 1 1 4 1 3
11 1 1 1 3 H 2 2 &
12 1 1 H]
13 1
zl ] 2 13 5 3 B k3 26
FAL FALCON Pdc  Ple del Cerxe Suc Sucre
Bej Bajuma Dif Distrite Federal Cap Caripito
Car Carabobo Anz  Anzodtegul Yac Yacoa
TRI TRINIDAD
TABLE 3B
Scales acvess snout, males, first Guianan trapsect
Scales NEV  Geo DUN Tih Par Mtp Rhs Man Sel cay Hat  APA
L] 1 2
g 5 z f
10 & 3 1 1 1
1 [ - B - 2
12 2 1 1 3 1 1 [
iz 1 1 X 3
14 1 1
ie 2 7 b3 1 3 1r 2 5 12
HEY NE Venczuela Par Caramaxibo Sel St. Elie
Gea Georgotown Htp HMoenge Tapoe €ay Cayenne
DUN  DUNOON MAS  NASSRU Hat Matacony
Tib  Tib:iti Men  Mana APR  AMAPA
Bel EBelém

Bel

Vel. 19 (34, 1970

TABLE 39

ccales arross snout, males, second Guianan transect

bt
seales NEV WBG =55 DuN Aky Kro HAS Foc uy
T 2
8 1 4 6
9 5 3 E 2
10 6 1 3 2 1 1
2 - - 0
1 4 2 z 1
1z 1 2z - 1
1 1 1
13
L
14
2
15 11 18 b x 2 1
WEYV NHE VENELUELA DM DUNOOM Poe
Aoy
W€ Western Guyana Bky Akyma
LSS ESSEQUIRD Keo F¥roetoe nor
HAS NRSSAU e

183

Ror  Luc
2
1
2 1
Poeloegordoe

Auyan-Tapul
Roraima

Lucie
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TABLE 41

males, Colombo-Buiandn transect

snout,

Seales across

et

Tlp Dui SBG Lue HRS

Wil

scales
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TAcLE 42
Ita Hau Cax TAP

SBG

Scales across snout, males.
ES3

first Buiang~Brasilian transect
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TARLL 23

Scales dcross snout, males. sccond Guianp-Brasalian transect

Scales HAS  Poe  Tir  Ita  Cax  TAP Luc  Mau
7 a
B 1 4 1
bl 1 z 15 b3
10 1 1 - 3 4 1
1 3 1 3 t
1z 3
13 1 1
14 1
1 2 1 [ 5 % 1 @
NS HASSAU Cax Cachimbe
Poo Poelcegoedos TAD  TAPLIRAPES
Tir Tirids Ltue  Lueie
ita Ttapiranga Mau  Hanaus
TADLE 44

Scales across snout, males, Yenezuelo-Brasilian Lransect

Scales FAL Dul Maa ita Cax TRP Pgt Cbr Ube Spa ATu

7 1 3 3

8 [ 1 1 3 3

9 8 1 2 1 2 15 H 1 3 !

in 1 1 1 - 3 4 - -

i1 1 1 1 3 b 1

12 1 i

21 4 4 B 5 26 1 4 1 4 1
FAL FALCOH Tta Itaplranga Cbr <Cana Hrava
Bry Brasil-Venezuela berder Cax Cachimbo ube Uberldndia
Map  Manaus ThE TAPIRAPES Spa  S. Pauls
Pgt  Porangatu Arw  Arvana

i
'%

e gl 30 (Bed by BT e

TABLE 43

Scales across snaut, males. dapo-Brasilian transect

Scales 5CL LCO Igi Jaw Pia Mau Ita IPA Bel

7 Ll

) 1 1

L] 2z 1 2z 1

10 3 3 1 -1

11 4 ] 1 2

1z 4 3 1 1 G

13 13 . 3 3 1

14 4 1

15 2

16 !

38 1 1 4 3 1 s 12 1
SCE  SANTA CECILIA Jav Rio Javari Ira Itapiranga
LG LInfn COCIA Fia Parani do Jacaré hEA  AMAPA
iqi Iquitcs Mau Manaes pel Belém
TABLE 46

Scales across snout, males. Ucayale-Brssilian transect

Soales PIIE Rta Jur Mup Cax TRP
B 4
b 2 15

10 2 3 4
11 2 1 1 b}
12 3 1 -
13 4 1 1
14 i 1
15 1
16 -
17 1
17 1 3 2 5 26

PIE PAMFA HERHOSR Mup Motum Para:

Rta Rio Tapiche Cax Cachimbo

Jur Rio Jurud TAPR TRPIRKPES
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TARLE 48

Scales across snout, femgles, Rarth Venezyelan transect

N Scales FAL Bej Car FRgd Dif Anz Se  @ap  Yae  TRI
7 1 1
B - - 1 1
. 3 2 2 1 1 1 3
b 10 3 3 1 6 5 6 13 3
1 7 2 1 H 3 1 5
1z ' z 1 1 3 6
13 1 6 [ ] 2 12 Y 1 23
B I
FAL FALCOH Rgd Rancha Grande Suc  Bucre
Bej Eejuma pif Distrito Fedoral cap Caripito
Car Carabobo Anz Anzodtagul Yac Yacus

TRI TRINIDAD

TRBLE 49

Scales atross snout, females, first Guianan trantect

N
\

Scalea acrogs snout, males; summary of geographic differentiation.

- ‘\ Scales WEY Hev Pie Ged DUN Thy Tib Dar HMep  HWAS  Cay  Hak  ARA
RN . s
EHE w0 T oz 4 41 1
. 11 6 1 1 1 4 1 1 H
) 12 2 1 1 s 1 3 3
13 1 3 3 3
14 5 -
) 'i 15 1
. ﬁ 18 2 E] 6 10 1 1 1 1 1 8 18
HEY NE Venezuela DUN  DUNOON Mtp Moengo Tapoe
Kov Haul Over rhy La ilaye RAS HASSAU
: Pic Pickersgill Tib Tibied Cay Cayenne
i Gea Georgetown Par Paramaribo Mat HMatarony
: : T APR  AMATA
i
o
S
: G
- to




Vel 39 (3-4), 1970

TABLE 47

Scales across snout, females, major samples TABLE 50

jcates across sneut, females, second Guiaman transect

sznples [ R ] T
Falcda 13 7 -1 10.2 N Scaies NEV  WDG  Ari  ESS UM Aky TER AS ros
HE Yenezuala 13 8 - 12 10.3 9.8 - 10,8 5 1
Trinidad 23 8- 12 0.1 . . N 1 3 2
Hestexn Guyana 13 7 -1 9.8 - 9 2 2 1 5 2 l
Easequibo 12 -1 9.6 9.1 - 0.0 w0 7 5 3 4 1 :
Duncen 1 9 -1 10.2 - " 5 4 2 [ 1
Nassau 14 1 - 14 12.9 " " 2 cs
Anapd 18 10 - 15 11.4 * . L 3
villavicenelo 17 8- 12 11.4 10.6 - 12,2 1 1 s
Sanka Cecilia 17 5 - 13 114 10.8 - 1z.0 a1 T 1 1 1 ERREY) 4
Limén Cocha 32 2 - 14 1. 0.5 - 11.6
Pampa Hermosa o 2 - 18 4.7 13.3 - 1§.1 WEV ME Venszmala ES5 ESSEQUIBO Tfb Tafel Berg
Tapirapés ] 8 - 1x 9.2 B.8 - 9.5 pUN  DUNGAH HAS RRSSAU

WBG Western Guyana

‘Arl  Arimu River Moy Akyma Ror Roraima

viduals in sample R observed range H  mean
I 95% confldence interval of the mean

* nterval not computed hecause the distribution is too skaw
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Plp RWb H1l Oha

Yar Tam ®ur

#ar DPHE Roa

females, Western transect
Hia

TABLE 51

Bob

Scales acress snout.

cvb Vil Sco SCE LGC Sum Mis

FAL

scales

.
.
H
..
';
:
.
.
.

. Arguives de Zoologia. ..

plp Fusrto Lopez
Rbb  Richamba
Thu Upper liuallaga

R11 Rio Livshin

par Purus

Harafion
Yarinacocha

Roaboya

r
PHE PAMPA HERMOSA

ra:

Roa

Yar

Tam Ric Tamays

Lco  LIMOH cocHh
Sum  Bumaco
Rio Mizahualli
Dok Dobonaza
Miazal

His
Mo

i
&vb  Celombia-Venczucla borzder

viL VILLAVICENCIO
Sea  South Colamkia
SCE SANTA CLECILIA

FAL EALCON

Seales scross snoub, feaaies,

scales w1  Pip Dui  5BG  UAS Brv  Cat
5
a 3 1 1
10 z 1 1
11 2 L 3 1 1
1 4 5 1
A 13 k] 3
: L 3 3
i
e 17 : P U] EO
IL VILLAVICENCIO snG  Southern Guyama
Plp Fuerto Lopez HAS HASSAU
pui Duida pry Drasil-Venezuela horder
cat catrimani
TAELL 53
scales across snout, females,
first Guisno-grasilian transect
seales ese  spe  1ka  maw  nes  gax TAR
5 3 L L 4
] ) 2 1 13
10 % 3 3 - 1 &
11 3 3 1 1 1
12 1
11 1
1% [ 4 3 3 2 24
: EGS ESSEQUING Mau  Hanaus
suG  Southern Guyand Mes maués
Tra Itapiranga cax Caehirbo
TAF TRPIRAPES

Pl 43
£
A ,:‘i: .
‘4".‘;‘:‘
e
@{ﬂ i
(e =
5 e
o
i
e
T
RREOLER

Vol 19 (3-4), 1970

THBLE 52

Colombe-Buiansn transect
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TRELE 54

Scates acrass smowt, fewales, second Guiano-Brasilian tramsect

fcales

11
iz
13
id

Scales

HAS  Pal  TLr  Ita  Mes Cax TAP an
1 L] 1
2 12 1
1 1 G -
1 3 1 1 1
S i3
E 1 1
5
13 1 3 4 3 1 24 3
MAS  HASSAY Mes  Mauds
Pal Paloemeu Cax Cachimbo
Tir Tirids TAP TAFIRAPES
Ita Ttapiranga Hau Manaus
TABLE 55 ’
across saout, females, Venezeelo-Brasilian transect

Becales FAL  Pay Dui Brv Tpw Hau Ita Mes Cax TaAP
1
- 1 1 4
2 i3 1 2 13
3 1 - 1 1 4
7 3 1 1 3 T
1 1 1
1
13 1 1 3 1 3 4 3 1 25
FALCON Tpu Tapurucuara Cax
Puexto Avacucho Mau  Hanaus TRP
Duida Ita Itapiranga Chr
arasil-Venezwela border Hes  Hauds Spa

Chr  spa
1 1
1 -
- 1
i 1
3 3
Cachimbo
TAPIRARES

Cana Brawva

5. Paulo

Vol. 19 {3-4), 1970

TABLE 58

Scales across snout, females, Hapo-Brasilian transect

Scales SCE oo Iqi Jav  Mau  Ita  Mes  APR
B 1 L
a 1 q 1 1 2
10 2 9 - 1 4
11 6 8 1 1 1 2
12 5 5 T 1 8
13 k) 4 - 1 3
14 . 2 z N
15 1
17 32 b1 4 3 4 3 18
SCE SANTA CECILIA  Igl Iquites -Ita Itapiranga
LCO LIMDN COCHA Jav Rio Javari  Mes Mauds
Maw Hanaus APA  AMAPA
TABLE 57

Scales across snout,

females, Ucayalo-Brasilian transect

srales PHE Jur Cax ThP LoT
9 4
10 1 13 1
11 6
12 1 1
13 - 1
14 5 -
15 1 1
16 -
17 1
18 1
2 2 1 24 1
THE TAMPA REAMOSR Cax Cahimbo
Jur Ric Jurud TAP TAPIRAPES

Lor Loreto
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TABLE 58

scales across snqut, sexval differences

Hales remales
" % n M a & ar <

Falcén 21 9.0 % .25 17 0.2t 1.2 IS U Y
) grintdad 26 1.4 .28 23 10.0 -4 ¢ 5.620
5 i Essequibo 18 g.8 .28 EL] 3.6 .22 .8 z.0ol *
;f . 7 punoen 7 10.3 .47 10 10.z .23 aoan
E : Hassau 11 114 .35 14 129 1.5 4 10,868 *
g Amipi 9 1.8 .32 16 1.7 B! 4 1.965
: ik .v1uav1r:en=!.c 22 0.3 .24 37 114 .3 1,1 2.358 *
] santa Cecilia 16 10.6  S26 17 3.4 .27 .8 2.0
E' ! pimdn cocha 1 1.0 3z 11l .1 7 11,731
§ R pampa Hermosd 17 12.8 .44 1w 4.7 .60 1.9 2.473
:0 : Tapirapés 26 9.2 .7 24 2.2 .16 0
o
b
o W individuals in sanple ¥ mean a difference botwocn W2ans t Student's
FE‘ 4f dogrees of freedom for chi square x? out square
% * gignificant at the 0.5 level

I
=
@
E]
&
TABLE 59
e
g Seates between supraurbital semicireies, males, major samples
5
@ Scales FAL NMEV TRL WBG ESS OGN HAS APA  VIL SCE  LCO  PHE  TAP
g e 1 1 ]
= 1 Bl 2 G 5 5 3 3 2 & 3 14
2 H 15 15 13 5 12 4 % g 11 11 19 3 4
. 3 L 2 1 3 [ 1 5 it 5
@ it
e (] 5
)
= 5 1
21 17 E 11 18 ? 11 12 22 16 3 17 2%
FAL Falcdn L55 Essequibo vIL villavicencie

scE Santa Cocilia

NEY UE venszuela TUR  Duncon
TRI Trinidad HAS  Nassaw 1£0 Limén Cocha
WBG Westorn Guyana APA  Amapd PUE Pampa Hermoesa

TAP Tapirapés
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TABLE 61
Sczles between suprasrbital semicaircles,

males, Frrst Guranc-Brosilian transect

Scales ESS  SDG  Ita Mau  Cax TAP
o [
1 5 1 4 3 3 14
2 12 2 - z 2 4
El 1 1 1
18 3 S - & 5 26
LSS ESSIQUIDS Meu  Hanaus
SDG  Southern Guyana Cax Cachimho
Ita [tapiranga TAP TAPIMAPES
TAELE 62

Scales betwean supragrhbital semicircles, males,

second Guiana-Brasilian transect

WAS  Poe Tir Ita Cax TLP Luc  Mau
1 B
1 4 3 14 3
© 2 1 - 2 4 1 2
3 L '
11 2 1 3 E 26 1 5

HAS  NASERU Cax Cachimbo

Poe FPoelosgoedoe TAP TAPIRAFES

Tir Tirlds Lue Lugie

Ita Itapiranga Mau  Hanaus

Arquivos de” Zovlogia e

" Scales

scales betweed

supraorbital semicireles,

raL puli ET

4 1 3
16 3 2
1
21 4 5
FAL FALCON
Dul  Duida
Hau Hanaus

TROLE 63

Ita cCax TAP pgt Chr  Ube spa
8 2
4 3 14 1 2
- 2 4 £
1 1
5 5 26 1 4 1 4
Ita Itapiranga chr Cana Brava

Cax Cachimbo the Uberidndia

TAP TAPIRAPES spa 5. Paule

Pqt. Porangatu prn  Aruand

TAALE &4

Scates between supraorbital semicircles, males,

Hapo-Brasilian transect

Scalan SCE 1co Igi Jav Pia Mau Ita APA fel
1 1 3 4 2
2 11 19 1 2 - 4
3 B n 1 2 1 3 [ L
L 1
16 n 1 1 1 Kl 5 %3 L
§CE SANTA CEQILIA Jav Rio Javari Ita Itapiranga
LOC  LIMON COCHR Pja Parand do Jacare APA RMAPR
Igi Iquitos Hau Hanaus Bal Belém

males, Venezuelo-Brasilian transect
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TADLE &5
Scales between supraorbita) semicircles, males,

Ugayalo-Brasilian transect

Srales PHE Rta Jur  Mup Cax  TAP

o 8
1 1 3 1q
2 6 3 1 2 4
2 5
4 s 1
5 L

7 1 3 z 5 26

PHE PAMPA HERMOSA Mup Mutum-Parand
Rta Rio Tapiche Cax Cachimbo

Jur Rio Jurnd TAP TAPIRAPES

males; summary of geegraphic

semicircles,

Scales between supraocrbital

Map 7.

Alfferentiation.
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TABLE 67
Sgatas between supragrbital semlcirelet, females, first Guianan transect
MEV Hov Piec Geo Dun Thy Tih Par Mep  HAS  Cay Mot AR
X 3 2 3 3 1
'—-. . TABLE &8 13 1 1 3 5 1 1 [3 4 8
Scales botween supraorbital semicirclas, femsles, major samples 1 1 1 1 El 1 3 &
1 1
Scales FAL WEV TRT WBJ ESS DUN HAE AFA VIL SCE 10O PIE  TAR 19 2 3 & & 1 1 1 1 14 1 8 A7
o’ 1 . 1
1 3 3 3 5 5 3 1 1 1 15 nEY RC VENEZUELA DUH DUNDON Hep  Moengo Tapoe
2 ] 13 18 7 13 s B 8 16 13 22 L H Hov Haul Ovar iny La baye HAE  HASSIU
7 3 1 1 2 1 5 [ 6 8 2 pic Dickersgill rib Tibitf Cay Cayehna
1 1 5 Ceo Georgetown var Paramaribo Hat Matarony
5 1 BPn  AMAPK
- 13 17 23 13 19 8 14 17 17 19 32 9 b2}
FAL Falchn ESS Essequibo vIL WVillavicencio TABLE 68
HEV ¥NE Vehezuelz RUN  Punaon SCE SHanta Cecilla
geales between supraorbital semicircles, females, second Guianan transect
TATI Trinidad NAS MNassan L0 Timdn Cocha
WEG Kestern Cuyana AFA  AmApd PHE Pampa llermeosa
Scales HEV WBG Ari ESS  DUR Aky Tfh HAS Ror
TAP Tapirapes
] 1
1 3 5 1 5 3 1 1
) 13 7 13 ) B 3
3 1 1 1 5
4 1 1
17 13 1 19 B8 1 2 1¢ 4
. WEV NE Venczuela ESS  ESSEQUIDO TEb  Tafel Dexy
WBG Western Guyana DUN  DUNOCH HAS WASSAU
Ari ATimu River Aky Akyma flor Roraima
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scales batween supracrhitat semicircles, females, Venezuelo-Brasilian transect

Arquives deé Zoologia "7

TABLE 72

Scales between supraorhital semicircles, females,

second Geiano-Brasilizn transect

secales HAS Pal Tir Ita

[
1 1
2 a 1 2 3
3 5 1
4 1

I 1 3 4

HAE HASSRU

Pal Paloemew

Tir Tirids

Itz Itapiranga

Scales FAL  Pay Pui
o
1 3 1
2 L] 1
3 1
13 i 1
FALZON

REEE

Puerto Ayacuche
ulda

Trasil-¥enezuela porder

Hep cax TAP

1 1 14
T k)
2 1 24
Mop  Hauda

Cax <Cachimbo
TAP TAPIRRPES

%au  Hapaus

TARLE 73

Bxv Tpu Hau Ita Hes Cax

1
1 1
1 i

1 1 1
k] 1
4 2 1
Tapurucuara
Hanaus
Itapiranga
Hunds

TAP

24

TAP
Chr

Spa

he  Spa
i
2 2
1
1 3
Cachimbe
TAPIRRBES

capa Brava

5. Panlo

Vol 18 (FA) 1970 o

TABLE 74
scales betwsen supraorbital semicircles, females.

Hapo-Brasilianm transect

Scales scE Lo Igi  Jav  Mau  Ita Mes APR
1 1 1 1 1 £ 1
2 13 23 1 2 k] 1 [
3 6 8 1 ' 8
4 2

19 32 1 4 3 4 2 17
SCE  SANTA CECILIA  Igi Tquitos Ita TItapiranga

10O LIMGN COCER Jay Rio Javarl Hes Haués

Mau Hanaus APA  AMAPK

TABLE 75

Scales betweem supraorbital semicireles,

females, Bcayalo-Brasilian transect

Scales FHE Jur Cax TAP TLor
a 7
1 X 14
2 1 3 1
3 2 2
4 Ll
5 1
a 2 1 24 2
FHE PARMPA UERMOSA Cax <¢achimbo

Jur Rio Jurud TAP - TRPIRAFES

Lor Loreto
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Vol. 18 {3-4), 1970
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TAELE 76
Scalas between supraprbital semicireled,

sex differences, major samples

af Kz
Faledn 2 .235
Trinidad r LB23
Essequibo z 015
Duposn 1 . 045
Hassau 4 3.478
Amapd 2 1.125
villavicencle 2 6.217 *
santa Cecilia 1 004
Limbn Cocha 2 a4
Pampa Hermosa 2 2.647
Tapirapés 2 -135

AF degrees of freedom
x% chi squaxe

. significant at the W05 level

differentiation.

TASLE 77

Scales batween interparietal and supraorhita\ semicireles, wales, r3jor sanples

TRI WG BE5 elily HAS aPA VIL SCE 1o PHE TR

Scales between supracrbital semicercles, females; summary of geographic

Scales FAL  NEW
: L 4 1 3 1 1 1 2 -
: 2 w1 16 s 13 5 4 3 2 T
a 3 7 z 10 2 4 [ 8 10 - 7 6 [
) 4 1 JUS T 2
! 5 3 9 z
- [ 1 1

Map B.

2L 17 6 11 18 1z 22 16 31 1 26

FAL Faledn ¥55 Esasequibo ¥iL Villavicencia
WEV WE Venezuela punr  Dunoon SCE  Santa Cecflia

NhS asmau 1o Limon Cocha

PHE Pampa TeImosa

TRI Trinidad
wBC Western Guyand RPA Amapd
pae  Taplrapés




TABLE 78

Scales between interpar and suypracr micircies, m B nsect
parieta] supraorbital semicircles, males, WHest
estern transec

Rbb  Rta

Plp Sig

Bob Mia Mar PHE Yar Tam Pur

F]
AL Cvb Bog VIL Sco SCE LOD Sum MY
&

Scales

1

Arquivos de Zoologia

10

10

io0

M

10

’

17

3L

16

22

21

Pur Purus

Mia  Mizzal

SCE  SANTA CECILIA

FAL  FALCON

PIp Fuarts Loper

Har Marafion

Cvb  Colambia-Yenezoels border

€0 LIMGH COCHA

2
g
!
5
i
a
3
=
M
g
-]
E
u
&z
&

FHE PAMPA HERMOSA

Sum  Sumago

Bog  Bagetd

Yar Yarinacocha bbb Ricbams:
a

His Rio Miasahua)li

VIL VILLAVICENCIO

Rta  Rio Tapiche

Tam Rio Tamaya

Bobk  Babopaza

South Colombia

2

.
Vol 1p (34}, 1070

TABLE 79

ween the {nterparietal @

seales bef
Napo-Brasilian transect

males,

soales SCE LCO 1gl  Jav Pja  Mau
2 y2 1
- - 4
1w 14 : 1
P
11
w m 1 4 F

gav mio Javarl

GCE SKNTR CECILIR
Parana 4o Jacazd

Lco  LIMOH COCHR
1q1 Tgultos

Pja
Hau Manaud

TABLE 380

Scale

and the supraordi

Scales piE  Rta Jur Hep
2 7 1
3 6 F3 1
4 2 1 1
5 2
17 1 3 2
PHE PAMPA HERMOER Mup
pta Rio Tapiche cax
TRE

Jur Rio Jurwd

nd the supraorhita] semdcircles,

s between the interparietal
tal semicirclesy nales,

vgayal g-Brasilian transect

183
fta APA  Bel
2 2
4 8
1 i
6 12 1
Ita Itapiranga
aPR  hMAPR
pel Relim
cax TAF
2 17
3 L]

5 26
MutumrParsni
cachimbo
TAPTRAPES
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TASLE 82

S2a%
2ates between interparieta) and supraordital semicircles, females. Western transect

=
2
5
-
3
]
3
o
&
]

FAL
cvb vIL fSco 5HCE ILO Sum Mis Bob MIa Har PHE Roa Yar Tam Pur

Scales

11

i0

Arquivos-de- Zoologia

12

32

19

17

13

Pur Purus

Mar Maranen

LCG  LIMOH COCHA

FAL FALCON

Plp Puerte Lopez

PHE PAMPA HERMOSA

Sum  Sumaca

cvk Colombia-Venezuela border

Roa  Roaboya Rbb  Riokamba

Rio Misshualli

Mis

VIL VILLRVICENCIO

Yar

tio Llushin

R1L

Yarinasocha

Bob Bobonaza

South Colombia

Sea

Upper Huallaga

uvhu

Tam Rio Tamaya

Mia Miagal

SCE  SARNTA CECILIA

A

TABLE 83

seates betwee

Vel 19 (3-4), 1070

n interparietal and supraorbital se

females, r:apu-arasnian transect

micircles.

Scales 8CE LCo Iqt Jav Mau Ita les ARR
2 H 1 2 2 7
a ] 1 1 i 3 1 B
1 7 12 2 1 2
s FON L

19 3z 1 4 a 4 3 17
5SCE SANTA CECIDIA Igi Iquitos Ita Itaplranga
LCO  LIMGH COCHA Jav Rio Javarl Hes Mauds

Hau Manaus APR  AMAPA
TABLE B&
Scales betwean interparietal
and supraorbital semicircles, femples,
Ycayale-rasilian transect
Scales PHE Jur cax TRE Lor
2 14
3 4 1 1 L] 1
4 2 1 z
5 -
[ 1
1 -
] -
L] 1
E] z 1 24 1
PUE FAMPA HERMOSA cax Cachimbo
Jur Wio Jurul TAP TAPIRAPES
Lor Lorato
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Scales between interparietal and supraorbifal semicireles, females; summary
of peographic differentiation.

Map 10.

.
Vol. 19 (3-4), 1870 189

TADLE 85
Scales between iaterparietal and supragrbital semicireles.

cex differences, major samnles

af x*
Faledn 2 1.017
Trinidad z 1.188
Essequibe 2 1.835
Dunrcon 3 2 .¥39
Hassau H 2.275
Amaps z 1.105
villavicencio 3 1,136
Santa Cecllia 4 12.366 *
Limdn Cecha 4 3,730
Pampa Hermesa 14 10,096 *
Tapirapés 2 2.275
2

df degress of fregedom X chi sguaze

* gigpificant at the .05 level

TABLE BE
Scales between interparietal and supraarbital semicircles,

sex comparisons, Santa Cecitia, Limén Cocha and Pampa Hermosa

Scales &CE prurl PHE
2 2 - - 2 7 -
3 - L] 7 10 3 4
4 10 T 14 12 2 3
5 3 3 a 8 3 -
6 1 - 1 - - 1
7 -
EY -
9 1
16 19 33 iz 17 9
Medn 4.1 3.7 4.1 3.8 2.7 1.3
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TRALE B
Scales betwean interparietsl and supraorbital semicircles.

sexes combined, secend Guianan transect

Seales NEV WBG Ari ESS DUN  Aky kre Tfb MRS Pom
1 1 2 1 H 3 1
2 26 15 1 25 13 2 1 3 -
3 8 [ 11 1 - 1 15 1
4 1 1 1
35 24 1 37 16 2 2 2, 25 Z
NEV HE Venezucla ESS EBSEQUIDO Kro EKroetoe
WBG Western Cuyana oI DUHOOH Tfb Tafcl Bexg
Arl  Arimu River Aky CRkyma WAS HASSAU

TADLE 90

Yentrals, males, major samples

Sarple [}l R H 1
Falcdn 17 43 - 51 26.6 45.5 - 47.7
NE Venezuela 14 39 - 50 44.8 42,8 ~ 46.8
Trinidad 24 42 - 54 48.5 47.3 - 49.6
Wantern Guyana 1 47 - 52 53,1 49.9 - 56.3
Essequibn 17 46 - &0 51i.8 50.2 ~ 53.4
Duncon [ 51 - 54 53,0 *
Haasau 10 54 - 45 0.1 57.9 - 62.3
hmapi 2 50 - 59 56.8 .
Villavicencio 20 43 - 50 45.5 45.5 - 47.5
Santa Cecilia 16 51 - 62 55.1 53.4 - 57.1
Limdn Cocha 18 49 - g2 55.6 5I.3 - 5%.7
Pampa Hermwesa 16 45 - 57 51.6 A%.q - 53.%
Tapirapes 19 43 - 53 47.4 46.2 - 48,6
N individuais in sample R observed range M mean

I 95% confidence interval of the mean
e

interval not camputed because the distribution is too skew

Poe FPoeloagomdon
Luc Lucle

Auy  Auydn-Tepui

Ventrals

TRHELE 91

Veatrals, males, dorth ¥enezuelan transect

=
-

ventrals FAL  Dej car  Pdc

a
19
-
'
Rl

-
-
e

PR

R EVR]
Pl RN ke

VR

=
3
e I AN N

17 1 8 2 1
FAL FALCON Pdc  PBle del Cerzo

Baj Bejuma DLf Dietrito Federal

¢ar Carabobo ARz Anzoategul

TABLE 92

Yentrals, males, First Guiaman transect

HEV Geo DU Tib Paxr #tp WAS tan sel

1
1
1
3
1
1
3
2 1
1 1
1 1
1 1 1
1 -
3 - 1
i -
- i
1 - 1
1 -
2
2
1
1
1
1L 2 k 1 1 3 e - 13
WEV NE Venezucla rar Paramaribo Sel
Gee Goorgetoun Mtp Moengn Tapoe .cay
bur  CUHQOH HAS  NASSAU Mat
Tib Tibit: Man  Mana APB

Anz Sue  Cap  Yac

1
1
- Z
1 -
- 1
1
1
5 3
Suc S

cap Cariplto

Tac Ya

TRL TRINIDAD

cay

b e

st. £ltie
Cayenne
Matarony
AMAPR

Bolém

[ L N N

b
&

cro

Cun

Hat

N

[ R R

w

APA

Ve

B U
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Graph 3.
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Colombo-Guianan trausect, males venlrals against lengiiude
minute units, origin in Villavicencio).

(in  five

TRELE 95

Yentrals, oales, Colpmbo-Guisnan transect

Ventrals ViIL ?lp Oul 5BG Luc WaS Cat

a
]
[PPSR
-
R
bR

"
-
bRt
-
-

@
-
[T

YIL VILLAVICEWCIO Dui Duida Lue ZLuele

Plp Puertc Lepez SBG Southern Guyana NAS HASSAU

Cat Catzrimani

TABLE 36
Yentrals, males,

fivst Guiano-Brasilian tra.sect

1
i
8
-
"
g
x
]
]
a
P
i
S
o

Ventrals ESS

o
na
(e

O
MR L
R
T

«
2

R T L R

BiNE LR L

19

o
@
-
-
-

ESS ESSEQUIBO Mau Manaus

SpG  Sonthern Guyana cax Cachimbo

Ita Ttapiranga TAP  TAPIRAPES
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TABLE 97
Ventrals, males, second Guisno-Brasilian transect TABLE 59

Yentrals, males. Hapo-8rasilian transect

Venerals NAS Pos Tir Ita Cax TAP Lue  Hau
4 1 ventrals SCcE LCo  Igi Jav  Pja Maw  It2 nPh o Bel
44
- 1
45 1 5 - L
44
It h M - 1 1
i : 1 3 - a6 -
a0 1 : H - a7 - 1
4 1 - 1 - i - z
& h N z H 4 1 - 1
8 ! : 1 1 50 1 1 1 1
% -t 1 : i 3 51 3 1 1 1 1 1 -
1 ' i 1 2 52 1 1 - - - -
B : 1 53 2 i 1 2 3 N
52 z 54 3 1 1 1 1
1 55 - 3 2 1
57 1 % - 2 3
3 : 57 1 1 - 1
s: 2 58 1 2 1 H
H H 59 1 1 4
61 2z 50 - 1
gg i 51 1 1 j
64 - 62 1 1
65 1
66 1 “ 1. 2y s r s & 9 1
. 10 1 1 € « 1 5
SCE  SANTA CECILIA Jav Ric Javarl Tta Itapiranga
oo LiMOR COCHA pja Parana do Jacare RPA RMRER
HAS HASSAU Cax <achimbo L s
Man Mapaus gel Beldm
Poe Poelosgondos TAP TAPIRAPES igi Tquitos
Tir Tirids e Lucle
Ita Itapiranga #au  Manzur aBLE 100
Yentrals, males, Ucayalo-Bresilien transect
TABLE 98

ventrals, males, Venezueio-Brasilian trassect
Ventrals PHE Rta Jur Mup Cax TAP
. 43 1
ventrals FAL Dui Mau Ita Cax TAP Pgt Cbr Uke 5pa 41 -
45 2 3 1 1
12 1 £13 - - 1 2
43 1 1 - 17 1 - N 3
44 3 - 1 43 2 - 1 3
45 2 - 1 i 1 49 1 - - 4
45 2 - 1 2 - 50 z - 1 - Z
- 47 ) - 1 - 3 1 1 51 - - - - -
a8 5 i 1 - L 3 52 2 1 - L 1
42 - 1 - 1 - 4 53 1 1 1 1
50 1 1 1 T - - 1 54 3
51 1 - 1 1 - - 55 1
52 1 - - 1 1 56 2 1
53 z 1 by 57 1
54 i3
1& 3 3 H 4 19
17 4 5 B 4 523 1 5 - 1
) 3 ' PHE PAMPA LIERMOSA Hup Mutum Parand
FAL FALCOW Ita Trapiranga Chr Cana Brava
Rta Rio Taplche £ax  Cachimbo
Dut Doida Cax Cachinmbo Ube Uberlindia
Jur ®io Jurnd TAP TAPIRAPES
Mau Manaus TAP TAPIRAPES Spa 5. Paulo

Pgt Porangatu Arw Aruanid
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summary of geographle differentiation,

Veniral scales, males;

Map 11

Yentrals,
Sample H
Faledn 1Ll
WE venezuvela 17
Trinidad 20
western Guyana 9
Esscqulbo 15
punoon ?
Wassau 9
Amapi 14
villavicencit 15
Santa Cecilia 14
Limén Cocha 15
Pampa Hermosa 8
Tapiragés T17

N individuals in sample

1 5% confidence interval of the mean

TABLE, 101

females, major samples

b M
40 -~ 47 43.3
40 - 49 14.6
8 - 52 A6.1
45 - 56 45.0
46 - 55 49.5
43 - 52 47.4
51 ~ 62 57.3
50 - &3 54.7
40 - 43 41.8
49 - 69 54.1
47 - 5B 52.8
44 - 56 49.6
46 - 51 44,1

R observed range

TRBLE 102

I
42.1 - 44.5
43.4 ~ 45.%
44.4 - 47.8
46.7 - 51.3
48.3 - 50.8
£4.7 ~ 50.2
54.0 - 60.7
62,8 - 5E.6
42.6 - 45.0
52.0 - 56.1
50.8 - 54.7
46,5 - 52.8
42.5 - 45.6
H mean

Ventrals, females, Horth Yenczuelan transect

Ventrals FARL Bej Car

e
-
1
-

s
=

[T
'

o
o
]

FAL TFALCON Rgd
Bej EBejuma Dif

€ax Cagabobo Anz

Rgd Dif  Anz  Suc
2

1 1
2 - k
1 1 1
1 1
- 1 1
- 4
1 H
2 _

1

4 F] 2 12

Rancho Grande
Distrito Federal

Anzoitegul

cap Yac TRD

1

1 -

i 2
- 3
- 1
2 -
1

1

1

1

2

z

3 1 0

Suc  Svere
cap Caripito
Yac Yacua

TRT TRIWIDAR
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Plp Rbb RLL Uhu

Ric Liushin
e 10 b e
o

(Y

Pur Purus

Plp Puerto Lopez

Rbh  Riocbamba

RIL

Uhu Upper Huallaga
b

Yar Tam Pur
[T RS

Marafion
PHE  PAMPA KERMOSA
y noaboya
Yar Yaripacocha
1
w

Har

Roa
Tam Ria Tamaya

Mar PHE Roa

Mia

TRBLE 105
Bab

s

i

Rio Misehualld

Yentrals, females, Western transect
Miazal

R

LCO  LINOH CoCIHA

Sum  Sumaco

Dob  Bobonaza

Mis
Hia

LR R L )

R

1%
[ERReTeY
'

FPAL Cvb VIL S¢o BCE LCO  Bum
[N

Ventrals
11
FLL  FALCHN
cvb Colombia-Venezuela border
VIL VILLAVICENCIQ
8co South Colombia
SCE  SAWTA CECILIA
MR W WA
[FEESEE

SBG Southern Guyana

Catrimani

first Guiana-Brasfiian transect

FHes

Mau

Gax

TAY

¥entrals, females, Colombo-Guisaan transoct

Brv  Cat

N

southarn Cuyana

Brasil-Venczuela border

E

Cax

el RN R W N

Manaus
Mavda
Cachimbo
TAFLRARES




TASLE 100

Weatrats, femaies. scoond Guiano-Brasilian transect

Ventrals HAS  Pal  Tir  Ita  Mes  Cax  TAD Hau
40
2
41 3
42
1
a3 3 :
a4 1 2 H
45 2 1 - 2 -
46 - 1 - 2 -
47 - 1 - i -
4B - - -
1
49 - 1 - - '
50 - - -
5% H 1 - 1
52 - -
a3 - 1 -
54 - -
55 L 1
56 T 3
57 -
32 1
s3 - 1
&0 1
EL 13
62 ]
[ 1 k] ] 3 - Ik} 3
HAS MRSSAU Mes  Mauds
Pal Paloemeu Cax cachimbo
Tir Tizrids TAP TAPIRAPES
Ita Itapiranga Mau  Manaus
TADLE 109
Ventrals, females. Venezueleo-Brasilian transect
Ventrals FAL Pay Dui Brv Tpu Mau  Ita Mes Cax TAP
40 1 2
4L - 2
42 z 1 i
43 4 - 3
44 z 1 1 z
45 1 - 1 - 2
16 - - 1 - 2
4T 1 - 1 - 1
48 1 1 1 - - 1
59 - 1 - z
50 - 1 - -
51 2 1
s2 -
533 -
54 -
55 1
56 1
57 1
1 i 1 3 1 1 4 ES - 17
FAL FALCON Tpu Tapurucuara cax
#ay Puerto Ayacucho Mau Manaus TAE
Dui  Deida Ita Itapiranga <br
Brv Brasil-Venszuela border Mes  Hauds Spa

cbr  Spa

e

Caghinbe
TAPIRAPES
capa Brava

5. Paulo

’

S Nolo 19 (3-4), 1970 ...

TRELE 310

ventrals, fensles, Hapo-Erasilian transect

Ventrals

5CE Lo Igi Fav Maw 1ca Mes AR

[

et o b e B ] R

14 15 1 q L) 4 3

PR N L

14

SCE  SAWTA CECILIR Jav  Rip Javari Moz Haubs

LCO  LIMOH COCUA Mau  Manaus

1gt Iquitos 1ta Itapirangs

TABLE 113

veatrals, females, Ucayalo-Brasilian transect

AFA  RMARK

Bal Belim

Ventrals PHE Jar cax TAP Lar

2
2z
1
3
2
2
2
1
1

a
w
e

wn
o
e s

PUE  PRMPA LERMOSA Cax Cachimbo
Jur Rio Jurud TAP TAPIRAPES

Lor Lereto
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gummary of geographic differentiation.

females;

ccales,

Ventral

Map 12.

TABLE 112

ventrals, sexval di

Hales

n M u
Faledn 17 46,6 % .54 11
rinidad 2¢ 48,5 .55 20
essequibe 17 5.8 .76 15
Bunocn 6 53.0 .52 7
nassau ’ 10 60.2 .99 9
Amapd 4 56,6 1.05 14
villavicenzio 20 46.5 AT 15
Santa Ceellia 16 55.3 .89 14
Limdn Cocha 16 55.0 .on 15
Pampa Hermosa 16 S51.6  1.00 E]
TapiTapEs 19 4.4 .57 17
¥ ipdividusls in sample M rean

€ Student's .

+2 gignificant at the ,01 level

PReY

Vol. 19 (3-4}, 1970

fferences

romales

u

43.3 & .54

46.1 .81
A5 6L
47.4 1,13
57.3 1.45
4.7 .85
43.8 -56
54.% .94
52.8 .88
49.6 1.36
44, 72

7

t

4.123 ¥4
2.470 *
2.252 %
4.228 =4+
1,993
1.478
3.715 %
-911
2.074 *
1.13%
3.703 **

d differcnce between Means

significant at the .05 leval

significant at the .00} Jevel
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Graph 4. North Venezuslain iransgect, males, lail length on body lghgth.

Tail length, males; distribution of major sample ranks.
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from Villavicencio to the Marafion, males, tail length on
body length.
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Fraph 6. Western transect, males. tail length on body lenglh. major samples. Graph B, Western transect,
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Graph 7. Western trunsect, from Faleén fo Villavicencio, males, tail length on

body length ot, sontk of {he Merafion, males, tail length on body length.

. Graph 9. Western transe
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Graph 11I. First and =econd Guiano-Brasilian transects, males, tail lenglh on bedy
lengih.
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Graph 12. Venezue]o-i&!rasilian transect, males,
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males, tail length on body length.
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Graph 13 Napo-Brasilian transect,
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Uecayale-Brasilian transect, males, tail length on body length.
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Graph 25. Villavivencio and Faleén. males, length of tibia on body lengih,

TABLE 120
iength of tibia at 65 mm body length,

males, ranking of majer samples

Rank Tibfa
1 Dunoon 23.3
H Nazsau 21.8
3 Wertern Guyana 21,6
4 Essequibo 26.9 '

Limdn Cocha 20,9

s Amapa ) 20.8
5 Zanta Cecilia 20.7
KE Venezucla 20.7

7 Falehn 20,8
5 Tripidad 20.4
9 Pampa Hermosa 19.7
10 Taplrapés 16.4

3 Viliavicencie 17.8

23

Map‘ﬁ Length of tibia, males; distribution of major sample ranks.
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TABLE 122

Zoologia

Length of tibia at 65 mm body length,

females, ranking of majar samples

Rank

Duneen
Western Guyana

Limdn Cocha

‘Essequibe

1
1l

Nassau

Santa Cecilda
Araps
Trinidad
Faledn

HE Venezuela
Parpn Hermosa
Tapirapés

Villavicencio

TABLE 123

nale and female ranks compared

Dunoon

Hassaw
Wostern Guyana
Essequibo
Liman Cecha
Amapd

Santa Ceeilia
KE Venozucla
Faledn
Trinicdad
DPampa Eernosa
Tapirapés

Yillavicencio

o

-

oo

Length of tibia at 65 mm body length, majer samples,

Vol 1%

374). 1970

ibution of major sample ranks.

Females; distr

Length of tibi

Map 20,
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distrlbution of homogeneous groups of major samples.

Head length, males

Map 22,
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Graph 47. First Guianan transect, maleg, head lengih on irunje length.




Arguives_de Zoologia

WEST GUTANA

ESSECIAED
£~ WEREZURLS

B Tgen

it
:

ROpatMA

7 20 Ed

Greph 48.

Bl

Second Guianan transect, males, head length on tyunk length.

BANTA CEEILIA

e —

FLLAEENSD

2 COLOWEIAVENERUTLA BOANER
% OSCTE
a SOUTHCOUDMEN

S

3%

Graph 49.

length.

&l

Western transect, Faleén to Santa Cecilia, males, head length on truzk

-

ol 19 (3-4), 1870 -

Western transcet, Limén Cocha {o Pampa
on trunk length.

Hermosa, males,

£

o sas
4 mosesbAALL
© DosORIZA 4
o WIATAL
PANPA HERRSH v RODIMD:
TRUHK
- B/ a0 B

READ

o S VRRNACOCHS
~ R TAAY
o / o o RIS B
ThUK
| x s »
J ] ) £ £

faph 51. Western tramseet, Pampa Hermosa and

trunk length.

south, males, head length

head length

on




“r - v A
. . . - : , L . ‘ . L
< r
- i
DG o e e AEQUIYES de Zoologia .
-‘ -
! l
. El |
: 2 . T :
1
1 2
2
200 - §
T 20
WESTERN  GUYARA
- 1
. [ -
0o
10] LGRS 1
v
TRUNK
S % ] Fs3 55 El]
- CGraph 52. Colombo-Guianan transeet, maies, head length cn trunk Iength. TRUNK
L1 20 3'0 4'0 .'.IO

raph 54. Second Guiano-Brasilian transect, males, head length on trunk length.

a
g : . : T
g
g
201 1 = -
@ e 2 E
WESTERN  GUAKA
P B
. e -
T raigin
.
151 4
ous [
s
ok - & TaCKEMBD .
« auon
7 Wansas
0 @ PORANSATU B
. iR
! DaeRiaiou
; + siorwlo
' TRU . £
! . ) ) ) il apRapes ° AN
E 0 20 30 40 ] )
Graph 53. Tirst Guiano-Brasilian transect, males, head lengih on trunk 1ength. TR
i 75 33 W % £

Graph 55. Venezuelo-Brasilian transect, males, head length onm trunk lengih.




ol soqmceous

I 1 ‘ ]

] 20 30 ] EE] =]
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Distribution of the sexual dimcrphism in head length, major samples.

Map 26.
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TABLE 129

Maximum body leaqth, males and females, major samples

Faledn

HE Yenezucle
Trinildad
Hestern Guyana
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Dunoon

Rassau

Amapd
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Santa Cecilia
LimGn Cecha
Pampa Hermosa

rapiTapia

L3
64
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Scales across snout.

289 Arquives de Zoologia

cooparison between dewlap types, Viltavicencio region

-
]
e NN R

18

2
=
o R W

"
<

HE R

RN N

il

TABLE 336

Yentrals

Lav Sco

PIBLLLIR

comparisan between dewlap types. ¥illavicencio region

sjg Rpu Plp  4pl

e

Tricoler dewlaps Light dewiaps

; Males viL LDP  Sgo  Sig  Rge  Bip  Ap?
7 1
e 1
! 9 6 1 1
10 e 3 1
11 3 - 1
g 12 5 1
23 1 3 1 1 1
’ Femalos
k4 3 1
.- 10 2 5
11 ] 3 1 1
132 & 2
i3 3
14 1
17 11 - - 1 1 1
Trigolor dewlapa Tight dewlaps
VYIL VILLAVICEHCIO LoV villavicencia
£zo  South Colombia Rgu Rioc Glajax
Sig 5. José dol Guaviare Apl Aplay

Flp

Puerto Lopez

VIL
Sco
5ig
Plp

VILLAVICENCIO
Soutn Colombia
8. José dal Guavlave

Puerto Logez

LoV
<gu
Apl

Villavicencio
Rio Gllejar

Aplay



Arquivos de Zoologia

TABLE 137
Loreals.

comparison between dewlap types. Villavicencic regien

Halas VIL LD¥  Seo  Sjg  Rgu  Plp Apl
5 5 1 1 1
6 [ 1 1 1 2 1
7 1 2 2 N
8 2
22 4 3 1 2 2 1
Femalos
5 L 1 1
G [ 2 1 1
7 7 4 1
L] 3 4
17 11 1 - 1 1 1
Tricolor dewlzps Light dewlaps
VIL VILLAVICENCIO LDV Villavicencio
Sco  South Colombia Rgu Rio Glejar
Sjg S. José del Guaviarg Apl  Aplay

Plp Puerto Lopex

285

119 {854y, 1870

TABLE 138
Scales between supraorbital semfcircies,

comparison between dewlap types. Villavicencio region

Hales vIL LDV Sco §jg Rge Pip  Apl
L] 1 1
1 B 1 1 z 1. 1
2 12 2 1 1 1
3 1
22 L] 3 1 2 2 1
Females
0 1
1 1 2
2 16 9 1 b3 )3
17 1 1 - 1 1 1
Tricolor dewlaps Light dewlaps
VIL YILLAVICENCIC LDV villavicencio
See  South Colambla Rgu Rio Glejar
5jg 5. José del Cuaviare Apl Aplay

Plp Puerto Lopez




-

Vol, 18 (3-4), 1970

" UAFGuives deBaologharr e

1

TAlL

1504
/ L

TAOLE 139
scales between interparietal and s'upraarb\‘u! semicircles,
conparison between dewlap types, ¥illdvicencio eegion loar 1
) Males Vil LDV Sce Sig Rew Plp  4pl Lok bEwAPS
N [
: 1 2 1 1 1 » Ay
. 1 ACGHER
z 10 H 1 1 2 G 50 oA EEALAPE 1
o huEoLDREE
3 10 2 o SouTHCRLAMER
4 1
22 4 3 1 z 2 1
BOOY
. r : .
o 35 35 13 %5 a
Femsles ‘ Graph 70. Villavicencio, light and dark dewlaps, males, tail length on body length.
z 13 3 1 1 1 I s -
H 3 5 a 1 '
2 . v - . :
5 1
17 11 L - 1 1 1 L
Trlcolor dewlaps Light dowlaps ey ]
YIL VILLAVICEMEIO LDV Villavicencio
Sco  Scukh Colombia Rgu Rio Glejar
5jg &. Josg del Cuaviare Apl Aplay
Plp Puexto Lopez oo 4
L evicENcio DR
LIGHT CEWLAPS.
 NILLAVEEHLIE
o ar
- S0 B 4 RIDGIEIR g
SERK OERLARS
o PuERTOLOREZ
T sousecoLoREw
BODY
L L \ :
20 B L E: = 0
Graph T1. Villavicencio, light and dark dewlaps, females, tail lengih on body lengih.
3
S
: 5




’7_ S
o
g
w
£
20 A
o
a
sk o - v ]
v
LSHTEEWLARS
* VLLWACERTD
L AICENCI AR Pty
& RI3SUCJAR
or DK CEWLAPS 1
. O PuERTONGPER
£ SoUTCROMEL
m SNIOSECEL GUINRAE
L | " ) .
G 20 E' (3 50 o

Graph 72, Villavicencio, light and dark dewlaps, males, head length on irunk lenmgth.

HEAD

20|

15|

sty

Graph 73. Villavicencio, light and dark dewlaps, females, head length on trunk length.

. / ILLAVREHCHD BARK

20

g

7 T j

LIBUT PEWLARS
T VLLATCENCK
- ApLav

& WD GUEsR

CARK DEWLAPS
O PRERYDLOPET
= SCUTHCOLOMBIA

S S P— I —
50 €0

Tia

VLLVICENDD  DaRKk

LIGHT GEWLLDS
T VILAVICERGH

W San JOSE DELSUAVIARE

BOOY

Graph T4,

Villavicencio, light and dark dewlaps,

£ A0 £

length.

B 10

males, length of tibia on body

TIRA

4 ROGIEIN

DARK DEWLARS
O FUERTD LOPET
o Sou EOLOURIE

BODY

Graph 75.

]

2
30 30 E3

Villavicencio, Jight and dark dewlaps, females,
lengih.

& 70

length of tibia on body




Arquivos de Zoologia

TABLE i40

Loreals. comparison between bombicepa

ACE

10

17

1%

Hales BCS
5 3
K [3 ]
1 2
g
9
Femalces
. s 1
5 3
6 3
1
a
2
1
BCS FOMBICEPS
SCE  SAKTA CECILIR
LCO  LYMON COChn

11
11

Sum
His
ok

Mar Sunm  Mis

1 1
4 3 1
3 1
8 4 2
k] 3
2 1
5 3 1
Harafion
Sunace

Rio Misahualll

Bobonaza

and retevant ckrysolzpis samples

Boh | Mia
1 1
1
1 2
2 1
1 -
1 -
1
4 z
Miz
Igl
Jav
cch

fql Jav  Coh
1 2
1 3 10
2
b3 4 14
1 4
2 6
2 4
1
1 4 15
Hiazal
Tquitos
Rio Javari
combined ofraysolepia

FRUURERE

males

i0
11

13
24
13

Females

]:D
11
12
1
14

ol 19 (3-4), 197

¢

TABLE 141

Scales across snout, comparison between bombiceps
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