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ABSTRACT 

Kluge, Arnold C;. 1987. Cladistcc Relationships in the Gtjkkonozden (.Squamnta, 
Sauria). Misc. P I L ~ I ~ .  MUS. 2001. liniu. hfzrhzgnn, 173:I-54, fzgs. 1-12.-Thr 
phylogcrlctic relationships among gekko and pygopod lizards arr investigated. 
T h e  most parsimonious hypothesis contains srvel-a1 well-corroborated tladcs. 
1-wcnty-seven synapomorphies rhararterizr the group gckkos + pygopods. Eublr- 
pharines rrprcsent the most primitive linragc, and its sister-group is diagnosecl by 
four shared derived features. T h u s ,  gckkos arr  n o  longer consiclrred a monophy- 
lctic assemblage. Tllc  sister-group relationship between diplodactylines a r ~ d  
pygopods is based o n  ;I single apomorphy, :I rnratal closure muscle that encircles 
or nearly crrcircles the rxterr~al auciitol-y rnratus. T h e  majority of grkkos- 
gekkonirles and sphaerodactylines-form a n  assemblage diagnosrd by tour ape- 
morphies, with thc genus Tert~torcincus being the sis~er-lineage to all others. 
Sphaelodactylines and the gcnus Pristurus corrstitu~e ;t group which is set apart by 
six synapomorplries. Prlslurus and Gontctodes are sistcr-taxa, in that ortier, to the 
remaining sph;lerodactylincs. T h e  absence of the second cer;~tobr.anchial arch 
di;ignoses a large group o f  gckkonines, mostly Afl-ican in distribution. A strictly 
monophylctic classititation is proposed, and thr  phylogmctic- hypothesis o n  
which it is founded is cotlsistrtlt with sever;ll major rverlts in the brr;tkup of 
P;ul~ge;i. 

Key words: Bzogrography, cladisties, Eublepharldae, (;ekkonidae, gekkos, phy- 
logmy, Pygopodzdnr, pygopods. 
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INTRODUCTION 

More than 25% of all living genera and species of lizards are placed in the 
Gekkonoidea,' and much has been written in the last 30 years about their 
phylogenetic relationships. Underwood's seminal papers on  gekkos were 
based largely on eye charactcrs (1951, 1954, 1955). Hecht ( 1976) and Russell 
(1979) inferred three principal lines of evolution from Underwood's Linnean 
classification (1954): Eublepharidae, Sphaerodactylidae and Gekkonidae. 
T h e  latter was subdivided inlo Gekkoninae and Diplodactylinae on  the basis 
of differences in  pupil shape. In  1957, Underwood documcnted a sister- 
group relationship of the cosmopolitan gekkos with the snake-like pygo- 
pods of Australia and New Guinea (Fig. 1 J ;  see also McDowell and Bogert 
[1954]). Werner (1961) accepted Underwood's (1954) major terminal taxa of 
gekkos, but proposed an alternative phylogenetir interprcration (Fig. IF; 
Ychudah Werner, pers. comm.). 

I concluded that the pupil-shape evidence emphasized by Underwood was 
more variable than he recorded (Kluge, 1967a). Further, I examined his 
hypothesis of gekko relationships for congruence with a different data set of 
18 characters, mostly taken from the skeletal system (Kluge, 1967a). Wagner's 
(1961) ground-plan divergence method of phylogenetic inference was used to 
analyze those data. My major conclusions (Figs. lA, 2) were: (1) T h e  five 
eublepharine genera were relatively more primitive than all other living 
gekkos. However, I was unable to discover evidence that the five shared a 
more recent common ancestor than the one that gave rise to thc remaining 
gekkos. (2) T h e  Diplotlactylinae + Gekkoninae + Sphaerodactylinae group 
shared a common ancestor; those gekkos had certain derived states in 
common which were not shared with the eublcpharines. (3)  T h e  Gekkoninae 
t Sphaerodactylinae was also delimited by shared derived features, and, 
presumably, formed a natural assemblage. (4) Likewise, there was evidence 
that the five sphaerodactyline genera constituted a historical entity. (5) No 
sharcd derived features were discovercd that provided unambiguous evidence 
lor either of the two largest groups of gekkos, Diplodactylinae and Gek- 
koninae. Furthermore, I altered much of the generic composition of Under- 
wood's Diplodactylinae and Gekkoninae in my analyses (contrary to the 
claims of Hecht [1976], and Hecht and Edwards [1977]), the former sub- 
family being restricted to the 13 genera endemic to the Australian Region 
(Table 1). 

'popularly referred t o  as gckkos ; ~ n d  pyxopods (flap-footed lizards), they account for over 90 
genera and 850 species (Table 1). In all sections of this paper, except Classification and 
Biogeography (pp. 39-42), I use current nomenclature, unless stated otherwise. Thus ,  the 
present ch;lractcr analyses c;ln br morc efficiently summ;rrised and readily related to the data and 
interpretations of previous ;~uthors. Gekkota refers to b o ~ h  gckkonoids and Jurassic- bavarisaurs. 
The  taxonomic composition of the other hisher taxa follows Kluge (1967a; 1974). While I 
enclorsc Wilcy's (1981a) proposal that undiagnosed taxa be placcd in shutter quotcs, I have not 
employed that convention when citing previous research in order to simplify the presentation. 



My Linnean classification was not totally consistent with, nor fully 
informative of, the phylogenetic hypothesis on which it was based (Kluge, 
1967a; see also Wiley, 1981a,b). According to my 1967a data, neither 
Eublepharinae, Diplodactylinae nor Gekkoninae were diagnosed, and, thus, 
there was no  evidential basis for the monophyly implied by those sub- 
familial names. I acknowledged the paraphyly of the Gekkoninae when I 
hypothesized a sister-group relationship between Pristurus, a gekkonine, 
and the Sphaerodactylinae. Further, I did not recognize formal taxonomic 
categories that would identify the hypothesized common ancestry of Diplo- 
dartylinae + Gekkoninae + Sphaerodactylinae, nor that of Gekkoninae + 
Sphaerodactylinae. The  primary purpose of this paper is to derive a strictly 
monophyletic classification for a hypothesis of phylogenetic relationships of 
the Gekkonoidea (pp.  39-40). 

Also in 1967 (Kluge, 1967b), I delineated two major genealogical lineages 
of diplodactylines, Carphodactylini (9 genera) and Diplodactylini ( 4  genera). 
The  former group was described in terms of a novel patch of preanal pores, 
the latter by several osteological synapomorphies. Subsequently, I studied 
the taxonomy (Kluge, 1974) and cladistics (Kluge, 1976a) among pygopods, 
and I accepted Underwood's opinion (1957; see also Rieppel, 1984) that they 
are the sister-group to gekkos. More recently (Kluge, 1983a), I used the 
absence of the second ceratobranchial to diagnose thr Gekkonini (35 genera, 
plus three assigned tentatively). T h e  remaining 24, largely African, gek- 
konine genera did not share a novelty, and, as a paraphyletic assemblage, 
they were referred to as "Ptyodac-tylini." 

Joger (1985) used molecular data to assess relationships among certain 
African gekkos. He  assumed (p. 480) that his immunological distance 
measurements gave the "correct phyletic branching order; genetic dis- 
tances.. .are  not subject to convergent [evolution, and they] show a good 
correlation with the geological time passed since the separation of the 
phyletic branches.. . " T h e  assumption of constant rate of evolution was not 
upheld by his own data; he had to employ a variable correction factor in 
certain comparisons because those distances "were constantly lower than 
those of the other antisera used (p.  481)." A similar finding might also follow 
from the relationships he identified between Pachydactylus and Palmato- 
gecko. H e  concluded that Palmatogecko is much closer to some species of 
Pachydactylus than it is to others, and this can be interpreted as either ( I )  the 
latter genus is paraphyletic, or (2) the constant rate assumption is false. 

FIG. 1. Rec-ently proposed phylogenctic hypotheses ot the major gl-oups of gekkonoids (1) = 

diplodactylino, E = cublepharinrs, G = grkkoninrs, P = pygopods, S = sphaerodactylines). A. 
Altc,r Klugc (1967a; rrclrawn frorn Fig. 2, exccpt for placement of the pygopods which Klugc 
[1976a] c-onsidered the sister-group of gckkonids). R. Attributcd to Klugc (1967a) by Russell 
(1976). C.  Attributed to Kluge (1967a) by Hecht (1976). D. Aftel Hccht (1976: fig, IC). Also, 
attributed to Moffat (1973a) by Russell (1979). E. Moffat's (1973a: fig. 1A) prcfcrrrd hypothcsis. 
I;. Aftcr Werner (1961; also pers. conlrn.). G. Attcr Moffat (1973a: lig. 1B). H. After Hecht (1976: 
fig. 11)). I .  Attributcd to Hccht (1976) by RusscIl(1979). J .  Attributetl to Underwood(19.54, 1957) 
by Hecht (1976) and Kussrll (1979). Also attributed to Moffat (1973a) by Russell (1979). 
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E'lr:. 2. T h e  grourrtl-plan divrrgenc-c diagram publishrd by Kluge ((1967a:tig. 8). Open c-irclc 
int l ic;~~c the then recognized subfamilies, Diplodactylinae, Eublrpharinae, Gekkoninae, and 
Sphaerotlactylin:~e; closrd (irc-lrs itre I~ypothccical intcrnlcdiatr r~odcs. T h e  fractional numlxrs 
I-cfer to thc tot;rl divrrgrnte krom [lie common ancestor over all 18 tharactcr, :uialysed. Isolated 
lctrcr symhols tlenote c.har;~cte~.s, lower casc primitive, upper case derived. Once the charactcr- 
state trimsition is plottetl ( p . ~ . ,  :I - A) the ~.rilcicr ( r ~ r l  ~ I S S U I T ~ C  that ~ 1 1 1  drrivcd clades also exhibit 
the ;~pomorphic. (.oridition (r,.g., A). 

There is a large literature critical of genetic distances (e.g., Farris, 1981, 1985; 
Farris et al., 1979, 1982a), ant1 it is clear that Joger was mistaken when he 
asserted that immunological distances are not subject to convergent evolu- 
tion. Other problems with Joger's paper include: an incomplete distance 
matrix; averaging distances over congeners; and not specifying which 
algorithm he used to cluster the data. The  latter is especially critical because 
Joger claimed to have discovered the most parsimonious cladogram (his fig. 
3). This is impossible, because fitting distances is a statistical problem, 
whereas only charactcr data arc judged in terms of parsimony. He incorrectly 
interpreted synapomorphy a s  unique and unreversed (Farris and Kluge, 
1985, 1986), which underscores his poor understanding of phylogenetic 
inference. 

Most of Joger's (1985) systematic conclusions are unconvincing and also 
invile criticism. He recognized three geographically coherent groups, north- 
ern Africa (Geckonia, Ptyodactylus, Stenodactylus, Tarentola), Afro-Mada- 
gascar (Ailuronyx, Homopholis, I,ygodactylus, Phelsuma), and southern 
Africa (Chondrodactylus, Colopus, Kaokogecko, Pachydactylus [incl. Elas- 
modactylus], Palmatogecko, Rhoptropus), and he concluded that the latter 
two radiations were sister-taxa. This pattern of relationships leads to a 
relatively unparsimonious interpretation of the synapomorphies recognized 
by Haacke (1976) and Kluge (1983a); at least three independent losses and/or 
gains of hyperphalangeal first fingers and toes and elaborate cloaca1 spurs 
(see Fig. 12) and at least four cases of independent losses and/or gains of the 
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second ceratobranchial have to be postulated. Joger also attempled to 
account for some other morphological evidence in Lerms of his genetic 
distance hypothesis of relationships, but he failed partly because he over- 
looked significant variation. For example, he diagnosed the Afro-Mada- 
gascar assemblage as having fused nasals and paired frontals. However, this 
group is not convincingly supported by those characters, because one or both 
vary interspecifically in Homopholis, Lygodactylus and Phelsuma. Homo- 
pho1i.s is particularly noteworthy, because H. boiuini (UMMZ 127614) 
exhibits fused nasals and frontals, whereas both are paired in H. fasciata 
(UMMZ 127698) and H. walbergi (UMMZ 127699). Thus, I do  not concur 
with Joger's conclusions. 

Moffat (1973a) has also examined gekkonoid relationships. Limb reduc- 
tion and presence/absence of the rectus abdominis superficialis muscle and 
sacral pleurapophyseal processes were used as evidence, in addition to 14 of 
the characters that I had analyzed (13 skeletal, plus the eyelid-spectacle 
transformation; Kluge, 1967a). She discarded four of my characters (vocal 
ability, clutch size, epidermal glands, endolymphatic system). Moffat treated 
each of the four major taxonomic groups of gekkonids that I recognized as if 
they were diagnosable and monophyletic. She accepted my hypothesis that 
Diplodactylinae + Gekkoninae + Sphaerodactylinae is a natural assemblage; 
however, she rejected the common ancestry that I proposed for Gekkoninae + 
Sphaerodactylinae. Her preferred hypothesis (Fig. 1E; see also IG), with 
pygopods and gckkos as sister-lineages, was based on the assumption that 
flap-footed lizards possessed the rectus ahdominis superficialis muscle, a 
presumed primitive condition, whereas gekkos had lost it. Subsequently, I 
was unable to locate that muscle in any gekkonoid and I treated the character 
as uninformative with respect to the relationships among gckkos and 
pygopods (Kluge, 1976b). 

Hecht (1976), and Hecht and Edwards (1977), reexamined some o f  the data 
and hypotheses in Kluge (1967a) and Moffat (1973a). Hecht's, and Hecht and 
Edwards', modified data sets included the eyelid-spectacle transformation 
but only 10 of the skeletal features I had studied in detail; the nasal, hyoid 
arch, and squamosal characters were ignored. T h e  three characters contri- 
buted by Moffat were analyzed, and they also added one of their own, the 
extreme development of the cochlear limbus. However, the limbus character 
is uninformative regarding gekko and pygopod relationships, because it is 
symplesiomorphic in the Gekkonoidea. Like Moffat (1973a), they treated the 
four subfamilies as if they were well-documented "natural groups" (Hecht, 
1976354). Even though Hecht, and Hecht and Edwards, seemed to accept 
Moffal's use of shared primitive traits as eviderice of common ancestry, her 
inappropriate outgroup comparisons, and most of her data analyses (see 
section on Methods and Materials below), they rejected her preferred 
hypothesis of relationships. Instead, they endorsed the phylogeny illustrated 
in Figure ID (see also Fig. IH),  which was influenced by their reinterpreta- 
tion of intervertebral articulation, as well as by differential character 
weighting. 



In considering intergeneric relationships within Diplodactylinae and 
Gekkoninae, Russell (1976, 1979) rediagrammed the hypotheses of Under- 
wood, Kluge, Molfat, and Hecht. Unfortunately, most of his renderings 
misrepresented the original authors' opinions (Figs. lB,  D, I, J). Hecht 
(1976) committed a similar diagramming error (Fig. 1C). Given the substan- 
tial number of hypotheses, intended or misrepresented, that have appeared 
over the past 30 years (Fig. l ) ,  discovery of new characters, and reinterpreta- 
tion of some of the old data, I believe it is appropriate once again to review 
gckkonoid phylogenetic relationships and classific-ation. 

METHODS AND MATERIALS 

Only shared derived fcatures, synapomorphies (Fig. 3), provide evidence of 
genealogical relatedness. Novclties hypothesized to have evolvrd but once are 
the most convincing basis for a proposition ol common ancestry; traits 
hypothesized to have evolved more than once in the study group tend to be 
more ambiguous, especially if the instances of homoplasy are close on the 
cladogram. While one synapomorphy is sufficient, corroborated shared 
derived features are more compelling, and especially when those data are 
obtained from different sources (e.g., skeleton and c.hromosomes [Klugc, 
198ShI; Fig. 4).  Synapomorphies are topographically, compositionally and 
ontogenetically similar (Patterson, 1982). A claim of putative homology is 
examined in the context ol a particular hypothesis of relationships. For 
example (Fig. 3), the condition shared by (A+B+C) may be a relevant 
synapomorphy at that taxonomic level, but it is a symplcsiomorphy, and 
uninformative, relative to (A+B). 

Not all synapomorphies are congruent, which is to acknowledge that well- 
founded alternative gencalogical tlypotheses exist (Fig. 4), or that homoplasy 
exists and was not identified and eliminated in the pretesting stage of 
analysis (Patterson, 1982). The  impasse created by contradictory evidence can 
be escaped by choosing the hypothesis supported by the most evidence. In 
effect, this is the simplest (most parsimonious) proposition, because the 
number of ad hoc singular hypotheses, such as homoplasy, are minimized. 
The  most parsimonious explanation pertains to all  character data provided 
in a given study (Klugc, 1984). If common ancestry is inferable from 
homologues and each synapomorphy is separately considered a putative 
homologue then the cladist can do no better than to use parsimony. T o  do 
otherwise is simply illogical and counterproductive to one's goals. I adopt 
the parsimony approach in reaching my conclusions of historical relation- 
ships among grkkonoids. 

Estimating which of two or more similar attributes is derived (apomor- 
phic) or primitive (plesiomorphic) is crucial to all phylogenetic systematic 
methods, and outgroup and ontogenetic critcria are widely used in those 
assessments. "Parsimonious outgroup analysis is accomplished by attaching 
an outgroup to the (undircctcd) most parsimonious tree for the group 
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Flc. 3. Sy11;tpornorphy S(A+H) (solid 0;1r) supports tllc hypothesis that [axon (A+B) is a n;ttural 
group, when tllc corr~pat.at)lc condition in taxon C (open bar) is pleaiornorphic. Slloultl the 
;~pomorphi t  coritliriorr be found in (: then the synapomorphy no  longer provicles cvidenrc for 
(A+B), but it may provitlc cvitlrnce at a mor-r intlusive level, sttth ;IS (AtB+C;). 

1'1~;. 1. T w o  synapornorplrics Si  and S2 support the recognition of the ( A t B )  group, whercas 
syn;tporriorphy SI is evitlencc lor another hypothesis of sister-group relationships (B+C). Untlcr 
thesc circumstantrs o l  contr;~tlictory evitlrnte, Si is said to be inconyrurrit with S I  ;tncl S2. 
I-Iaving chosen the simplest hypothesis ot relationships (A+B). Si is irlterpreted as homor)l;tstic. 

;tnalyzetl so as to n ~ i l l i m i ~ e  the number of origins of features needed to 
account for observed properties of taxa" (Farris, 1982:329). The  number of 
outgroups that need be considrred to effect a maxinlally parsimonious 
trypothesis is related to the homogeneity of character-states in the outgroups, 
and the resolution of the relationships of the oulgroups (Maddison et nl.,  
1984). The ontogeny criterion has been interpreted in either of two ways: 



ontogenetic precedence, i.e., the state appearing earlier in a transformation 
scries is plesiomorphic; or generality, i.e., the more common state in two or 
more onlogenies is primitive (Kluge, 1985; Kluge and Strauss, 1985). T h c  
outgroup criterion is preferred over the ontogeny criterion for three reasons. 
It is capable of detecting deleted and inserted stages in ontogcny, of testing 
Nelson's law pertaining to parallelism between ontogeny and phylogeny 
(Nelson, 1978), and of establishing the best fit to data at all levels of 
taxonomic universality, viz., minimizing the number of ad hoc hypotheses 
(Farris, 1982; Kluge, 1985; Kluge and Strauss, 1985). In  the present study, I 
use both outgroup and ontogeny criteria whenever possible. T h e  few 
ontogenetic data available predicted the same polarity as the outgroup 
criterion. My review of thc ancient gekkotans (see below) leads me to believe 
that Jurassic havarisaurs are the immediate sister-group(s) of gekkonoids, 
and I employ these fossils in my outgroup analysis whenever they exhibit the 
character in question. I accept Camp's (1923:333) conclusion that Autar- 
choglossa (sensu stricto: Scincomorpha and Anguimorpha) and Gekkota are 
sister-groups (Estes, 1983b; Gauthicr, 1982), and I include the former 
assemblages in my outgroup analyses as well. I consider all other lizards 
(Iguania included) when inferring plesiomorphy in particularly variable 
characters. Xantusiids, once thought to be gckkotans (McDowell and Bogert, 
1954; Savage, 1963), are considered scincomorphs (Estes, 1983b; Moffat, 
1973a). 

A difference of opinion exists as to how knowledge is derived from 
phylogenetic hypotheses. S o n ~ e  view synapomorphy schemes as falsifiable, 
sensu the Popperian hypothetico-deductive method (e.g., Gaffney, 1979). 
However, others, including myself, regard them as individual statements, 
not universals, and, thus, neither verifiable or falsifiable. They represent 
unique parts of the genealogy. Whereas paraphyletic groups can be viewed 
as classes (they are spatiotemporally unbounded things, timeless and eter- 
nal), cladists avoid recognizing them, because evidence for their historical 
reality cannot be obtained (they are not diagnosable, because they do not 
share a unique historical origin), and they would exhibit peculiar biological 
properties, such as never becoming extinct or becoming extinct by definition 
only. Some systematists regard the application of the rule of parsimony as a 
Popperian test (sensu falsification); however, I agree with Patterson (1978: 
221) that "it belongs to the pretesting stage of the competition between two 
[or more] hypotheses, when each is checked for internal consistency." 
Similarly, evaluating the level of  generality of an apomorphy (Fig. 3) does 
not seem to fil Popper's (1963) notion of conjecture and refutation, because a 
"preferred hypothesis" can always be saved with ad hoc propositions (Hull,  
1983). Compositional and topographic similarity and ontogenetic origin of 
character-states also appear to be more a part of the pretesting stage of 
research. T o  be sure, we learn from our mistaken perceptions bul this does 
not constitute the quality of discovery associated with testing a scientific 
hypothesis, where the (.onsequent clause of the synthetic statement is 
potentially falsifiable. As I see it, thr mzrjor contribution that Popper made 
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to phylogenetic systematics is not falsifiability, but insistence on presenting 
knowledge claims in their most exposed form so that they can be critically 
examined. Phylogenetic systematics may be preferred over other systematic 
philosophies, because its methodology is simple and clearly presented, data 
are treated explicitly, ad hoc hypotheses are minimized, and it is capable of 
discovering highly corroborated patterns of relationships (see summary in 
Kluge, 1983b). 

Alternative phylogenetic hypotheses can be deduced from different data 
sets (Kluge, 1983b), but they also result from using different systematic 
methods. For example, Kluge's (1967a; Figs. lA ,  2) and Moffat's (1973a; Fig. 
lE,  G; see also Hecht [1976; Fig. lD,  HI, and Hecht and Edwards [1977]) 
conclusions of sister-group relationships are at odds. The  alternatives are 
probably due to different philosophies, because the data bases are nearly 
identical (pp.  1 - 6). T h e  ground-plan divergence method of phylogenetic 
inference I employed (Fig. 2) was the forerunner of the now widely used 
parsimony approach of quantitative phylogenetic systematics, which I 
employ in this study (Kluge and Farris, 1969; Farris, 1970; Farris, et al., 
1970). [Swofford's (1985) "alltrees" option was used to find the best-fitting 
hypothesis.] Both methods assume putative homologous states are ordered 
according to their relative primitiveness, and both use shared derived states 
as evidence of recency of common ancestry (i.e.,  the synapomorphy concept 
of Hennig [1966]). Furthermore, the two methods seek the branching 
diagram (or diagrams) that best fits all given polarized characters, and this is 
the most parsimonious hypothesis. T h e  outgroup criterion, as applied to 
both fossils and living taxa, was the principal argument that I used in 1967 
to deduce character-state primitiveness (Kluge, 1967a). Hecht (1976:350-351) 
and Hecht and Edwards (1977:41) claimed that I also employed a simplified 
weighting system and Darlington's concept of zoogeography in polarizing 
my characters. This  is erroneous; perhaps they meant to direct these 
criticisms LO IJnderwood (1954). 

Moffat (1973a) misunderstood the outgroup criterion (Kluge, 1976a), and 
misapplication of this criterion might be responsiblc for her different 
systematic conclusions. For example, Moffat (1973a) often deduced the 
gekkonoid plesiomorphic state from the presence of that condition in 
nonsquamatcs (e.g., cotylosaurs, eosuchians, archosaurs, pelycosaurs, ich- 
thyosaurs and rhynchocephalians). She was also strongly influenced by the 
Triassic kuehneosaurs. The  latter are not lepidosaurs (Bcnton, 1985; Evans, 
1984). Elsewhere, Moffat even showed (p.  279) a preference for the question- 
able "common equals primitive," or ingroup, criterion (see also Estabrook 
[1977]): "The determination of the primitiveness of character-states in living 
organisms from a c.omparison of these organisms with one another is based 
on the following assumption: if the same character-state occurs in two or 
more species or groups of species (genera, families, etc.) of living organisms 
it is assumed to have been inherited from a common ancestor unless there is 
evidence to show that it has arisen independently in these taxa as a result of 
parallel evolution." She overlooked the possibility that the shared state may 
be derivcd, not primitive (e.g., SA+R in Fig. 3) .  



Moffat (1973a) rightly emphasized unique character-states as evidence of 
common ancestry. Unfortunately, she also emphasized plesiomorphic states 
as evidence. Tha t  Moffat's research on  gekkonoid relationships relied on 
symplesiomorphies can be concluded from her following statements: "If an 
advanced character-state can be shown to havc arisen only once within the 
Gekkota so that it is unique within this group, it is as important  as th r  
primitiue state of the  character for determining gekkotan relationships inter 
st"  (p. 286; my italics). "The greater the antiquity of a character-state.. . the 
greater is the probability that it is in fact unique..  . . A  character-state which 
was present in the earliest reptiles, was inherited by eosuchians and later by 
the earliest known squamates and rhynchocephalians and is also present in 
geckos is almost certainly unique and is therefore of considerable irnpor- 
tance in establishing the phylogenetic relationships of the Gekkonidae, not 
only inter se, but with other lizards as well.. . . T h e  term unique can be used, 
not in its strict, absolute sense, but in a relative sense to describe a character- 
state which has arisen only once, within a particular taxon. Such a unique 
advanced state wiihin that taxon will be a primitive state in all smaller 
groups possessing it within the taxon concerned" (p.  279). 

I review 56 sources of evidence, those most often used in the recent 
literature on gekkonoid phylogeny, and 44 of the least variable o l  these 
characters are included in the final analysis. More lengthy character descrip- 
tions and illustrations can be found in the references provided. An array of 
newly discovered synapomorphies will be published separately, because they 
require more detailed and lengthy descriptions. I have lumped most genera 
into higher taxa in order to simplify my presentation and discussion of the 
evidence and the linal conclusions. Only Gonatodes,  Pristurus and Terato- 
scincus are recognized separately, because they exhibit corroborated sister- 
group relationships with more diverse clades. T h e  following abbreviations 
are used in referring to the repository of specimens: FMNH (Field Museum 
of Natural History, Chicago), MCZ (Museum of Comparative Zoology, 
Harvard), NMV (National Museum of Victoria, Melbourne), R T  (Richard 
Thomas, personal collection), UMMZ (University of Michigan Museum of 
Zoology, Ann Arbor), USNM (United States National Museum, Washing- 
ton, D.C.), WAM (Western Australian Museum, Perth). 

ANCIENT GEKKOTANS 

T w o  groups of Upper Jurassic lizards havc been assigned for many years 
to the Gekkota (Hoflstetter, 1964; Estes, 1983a,b). One of thesc, Ardeo- 
sauridae, consists of three genera, Ardeosaurus and Eichstaettisaurus from 
Germany, and Yabeinosaurus from Manchuria; while the other family, 
Bavarisauridae, consists of two genera from Germany, Bavarisaurus and 
Palaeolacerta. Neither assemblage can be convincingly diagnosed (Kluge, 
1967a:12), and the relationship of the former group to gekkonoids is not 
well-documented (Estes, 1983a,b). For example, the similarity of maxillary 
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and vertebral shape, and the presence of paired premaxillae, many small 
teeth, and intercentra might be used to relate ardeosaurs to gekkotans (Estes, 
1983b; R. Estes, pers. comm.); however, those same conditions are also found 
among a wide variety of other lirards. Moreover, Ardeosaurus exhibits 
extensive dermal rugosities and much enlarged epidermal scutes, and the 
latter are like those peculiar to the Autarchoglossa (Gauthier, 1982; Mateer, 
1982). T h e  absence of any indisputable gekkotan synapomorphies, coupled 
with the similarity of the s i ~ e  and shape of their cranial scutes, suggests that 
:~rtlcosaurs might be more closely related to the autarchoglossan clad?. The  
absence of a pineal foramen (Gundy and Wurst, 1976) and the presence of 
amphicoelous centra, both derived states among lizards, are found in 
l~avarisaurs and gekkonoids, and those synapomorphies appear to provide 
somewhat better evidence of their common ancestry (Hoffstetter, 1964). 
Thus,  I treat Rauarisaurus and Paleolacrrtn as sister-taxa to gekkonoids; 
however, I withhold judgment on ardeosaur classification. Ostrom (1978: 
113) conr:luded that Bnuarisaurus macrodactylus was "a very fast-running, 
predominantly ground-dwelling lizard, perhaps similar to the living species 
of Cnemidophorus." If this interpretation is correct, it would have been 
similar to Pristurus, which has atypical habits among gekkonids. 

CHARACTER ANALYSES 

1 -2. INTERVERTEBRAL ARTICLII.ATION .-Add t squamate vertebrae are 
often referred to as being cither amphicoelous or procoelous (Hoffstetter and 
Gasc, 1969). Traditionally, the salient parameter in this dichotomy has been 
simply the shape o l  the intervertebral surface of each centrum: biconcave in 
amphicoclous vertebrae, concave anteriorly and convex posteriorly in pro- 
coclous vertebrae. Considerable controversy exists concerning the usefulness 
of this character in reptilian systematics, especially when employed as 
evidence of phylogenetic relationships among gekkos and pygopods (Hecht, 
1976; I-Iecht and Edwards, 1977; Hoffstetter and Gasc, 1969; Kluge, 1967a; 
Moffat, 1973a; Underwood, 1954, 1955, 1977). Before reconsidering this 
character as evidence of gekkonoid relationships, it is necessary to sum- 
marize Winchester and Bellairs' (1977) excellent study of the developmental 
history of squamate centra. I believe their observations help to settle the 
controversy surrounding the definition of the shape of the intervertebral 
surfaces in gekkotans and to put the question of homology on a much firmer 
foundation (Patterson, 1982). The  following remarks pertain only to trunk 
vertebrae, because of consitlcrable regional variation (Holder, 1960; see also 

2Ttir  c h;rra( tcrs ;Ire disc ussed ill tllc approximate ortler in whit h thcir synapomorphics 
resolve thc tlilIc.tc.nt Icvcls of gekkorloitl common ancestry (Fig. 11). -1'hey arc r~~rmhered  in ordcr 
to silrlplily tlre cr>nclusions and thcir prcscntation in Tablr 3 .  



below). The  atlas-axis, sacral, and caudal vertebrae with autotomy are the 
most highly modified segments of the vertebral column and their mor- 
phology is not discussed. 

According to Winchester and Bellairs (1977), development of a mid-trunk 
centrum is relatively simple and similar in all snakes and lizards, including 
gekkos. Initially, a condensed mass of mesenchyme, the perichordal tube, 
forms around the notochord. T h e  definitive intersegmental pattern of 
vertebral position becomes evident when intersclerotomic fissures disappear, 
postsclerotomite and presclerotomite masses fuse, and the perichordal tube 
thickens ventral to that fusion. Chondrification begins within the perichor- 
dal tube on each side of the notochord. Perichondral ossification then takes 
place midway along the centrum on its ventral and ventrolateral margins. A 
thin tube of perichondral bone exists at birth or hatching. Endochondral 
bone formation occurs during postnatal life and is usually completed at 
sexual maturity. Replacement of cartilage with bone, constriction of the 
notochord, and disappearance of the notochordal sheath takes place earlier 
in the centrum than it does in the intervertebral joint. A labyrinth of marrow 
spaces usually occupies much of the body of the adult centrum. These spaces 
are easy to confuse with the notochordal canal, which may persist in adults 
as a continuous tube, except where interrupted by the midvertebral chordal 
cartilage (Holder, 1960). 

The  vertebrae remain continuous until chondrification and perichordal 
thickenings give rise to intervertebral joints (Winchester and Bellairs, 1977). 
The  condyle of a procoelous vertebra is an outgrowth of the centrum. It 
begins as a slightly chondrified ring of  tissue around the outer margin of the 
centrum. The  condyle grows into a nearly solid ball with further cartilage 
formation, rounding outward posteriorly and filling internally. The  an- 
terior end of the centrum also chondrifies first around the rim; howe\ler, 
additional development is limited to a narrow zone covering the concave 
surface of the centrum. The  notochord is constricted, both posteriorly and 
anteriorly, where the ball and socket joints form. A continuous, only slightly 
constricted, notochord may remain in adults, particularly in amphicoelous 
gekkos (Holder, 1960). The  pad between the ball and socket of successive 
vertebrae develops from perichordal thickening, and a synovial cavity may 
be found therein in some squamates. 

Hoffstetter and Gasc (1969) and Werner (1971) contended that there is a 
basic difference in the mode of condyle formation between procoelous 
gekkos and other procoelous squamates. These claims are unfounded 
according to the research of Winchester and Bellairs (1977). 

Some authors (e .g. ,  Holder [I9601 and Moffat [1973a]) have modified the 
definition of the procoely-amphicoely character in squamates to include the 
persistence of the notochord in the adult and the presence or absence of an 
intercentrum. Moffat (1973b) complicated matters further by recognizing 
two "mechanically" different joints between centra, diarthroses and amphi- 
arthroses. According to Le Gros Clark (1939:136), however, "one may 
recognize immovable joints or synarthroses, freely moveable joints or 



diarthrose.~, and, as an  intermediate category, amphiarthroses or partially 
moveable joints. All diarthroses are lormed by cartilage-covered articular 
surfaces, separated by a joint cavity which is lined by a synovial membrane. 
In synarthroses and amphiarthroses on  the other hand, the articulating 
bones are united by fibrous tissue or cartilage." Moffat (1973b) stated that 
notochord tissue is resorbed during development in diarthrotic vertebrae 
whcrcas joints are usually traversed by a persistent notochord in amphiar- 
throtic vertebrae. She concluded that the non-synovial type of articulation 
characterizes the Gekkota and Xantusia vigilis. Apparently, this complex 
and confusing characterization led Hecht (1976; see also Hecht and Edwards 
[1977]) to assume that Moffat (1973a; see also Holder [1960]) had actually 
identified four character-states: true amphicoely (Gekkoninae and Diplo- 
dactylinae), partial amphicoely (Sphaerodactylinae), non-synovial procoely 
(Eublepharinae and pygopods), and synovial procoely (all other modern 
lizards). According to A. d'A. Bellairs (pers. comm.) and Winchester and 
Bellairs (1977), the type of joint present in squamates is not always dictated 
by presence or absence of the notochord. For example, neonate Angu i s  and 
Natrix have a somcwhat constricted notochord that passes through the 
synovial cavity and articular cartilages (Winchester and Bellairs, 1977:fig. 3). 
Furthermore, intervrrtebral joints in Lacerta are amphiarthroses, without 
synovial cavities, and indistinguishable from those of procoelous gekko- 
noids. Thus,  I conclude that the type of  joint does not provide unambiguous 
evidence of gekkotan common ancestry, and, further, recognizing such 
conditions does not help to delimit centrum shape more accurately among 
squamates. 

I suspect that adding the conditions of the notochord and presence or 
absence of intercentrum to the shape character has unnecessarily confused 
matters. I have reanalyzed these three variables as if they were independent. If 
they are found to be perfectly congruent on the best-fitting phylogenetic 
hypothesis, then one of the three characters, or some combination, might be 
considered sufficient to describe the diversity in the gekkotan intervertebral 
arliculation. 11 the three are incongruent then there is good reason to 
c.ontinue to treat them as separate characters. 

lnteruertebral Articulation (Character 1). Among the reproductively ma- 
ture (adult) gekkonoid skeletons examined (see Appendix I for generic 
survey), only the following possessed a well-developed condyle, and they 
may be vicwcd as procoelous: all eublepharines, pygopods, and sphaero- 
dactylines, except Gonatodes (Noble, 1921; Holder, 1960), and only Ebenauia 
among gekkonines (Kluge, 1967a). A few Gonatodes approached procoely; 
howrver, the vast majority were decidedly different from all other sphaero- 
d;rctyline genera (Fig. 5). Hecht (1976:355) and Hecht and Edwards (1977) 
implied that a "single species" of Pristurus was procoelous; they probably 
meant to cite Ebrnavia. I examined several cleared and stained adult 
Pristurus, representing two species groups (Kluge, 1983b), and found no  
mid-trunk ccntra that were definitely procoelous ( P .  carteri, UMMZ 127747; 
P. crucifer, UMMZ 127748a-b; P. flavzpunctatus, UMMZ 127749, 127750a-b; 



P. sokotranus, UMMZ 127751). On the other hand, a few diplodactylines 
possessed vertebrae that were more procoelous than amphicoelous (Carpho-  
dactylus laevis, LJMMZ 127508; Crenadactylus ocellatus, IJMMZ 127509a-b, 
127510a-c, 127511-12, 127523; Diplodactylus vittatus, UMMZ 127563-65; 
Oedura marmorata, UMMZ 127583; Phyllurus mi l i i ,  UMMZ 127591a-b; 
Rhynchoedura ornata, UMMZ 127602), although most species and genera in 
this group were typically amphicoelous. The  extensive variation in the 
Diplodactylinae was confirmed by Moffat (1973a:285), but was overlooked by 
Hecht (1976) and Hecht and Edwards (1977). 

Notochord (Character 2). According to Holder (1960; see also Werner 
[1971]), the notochordal canal persists throughout the centrum, except for 
chordal cartilage interruption, in adult diplodactylines, gckkonines and 
sphaerodactylines. The  canal remains large in the intervertebral joint in 
amphicoelous gekkos. 'The effect of procoelous condylar development on 
canal diameter appeared slight in Sphaerodattylus,  and was hardly evident 
in Phyllurus mil i i .  Similarly, there was little notochordal constriction in the 
adult Ebenavia inungu i s  examined (SVL = 40 mm; UMMZ 127634). 

Moffat (1973a:table 3) reported notochordal centra for adult eublepha- 
rines, and my study of a large series of cleared and stained Eublepharis 
macularius and Coleonyx variegatus has largely confirmed her statement. 
For example, juvenile E. macularius (SVL = 56-67 mm; UMMZ 172894-96) 
exhibited little or no  evidence of procoely and the notochord was large 
intervertebrally. A subadult E. macularius (SVL = 74 mm; UMMZ 172893) 
had weakly developed condyles, but notochord size appeared little affected 
within intervertebral joints. Procoely was wtlll-developed in adults (SVL = 

116-134 mm; UMMZ 127504-505) and notochord diameter was greatly 
reduced within the ossified cartilaginous ball. According to Moffat (1973a), 
the canal persisted throughout the ccntrum. This  adult state is reminiscent 
of the condition rcported by Winchester and Bellairs (1977:fig. 3) for neonate 
Anguis ,  Lacerta, and Natr ix ,  which arc considered procoelous squamates. 
Coleonyx was similar to Eublepharis. Adult C. variegatus (e.g., UMMZ 
1275 19, 127521 ) possessed a tiny, but persistent, notochord; it was slightly 
larger at the concave end of the centrum. The  presence of an open 
nolochordal canal in adult eublepharines can be inferred from the small 
depression located at the condyle apex, without actually having to section 
the centrum. An adult Aeluroscalabotes felinus (SVL = 92 mm; UMMZ 
127494) exhibited no such canal, when viewed in mid-sagital section. Thus, 
not all eublepharines retain a notochord throughout life, contrary to 
Moffat's statement (1973a). The  interior of the condyle, as well as the core of 
the centrum proper, consisted of spongy bone; however, it appeared to be 
much denser than in other adult eublepharines. 

The  observations on pygopods were similar to those described above for 
eublepharines. The  notochord, while reduced in diameter in adults, usually 
persisted intervertebrally as a tiny canal, although it was obliterated entirely 
in some especially large specimens. For example, adult Aprasiu and Delma 
possessed a large notochordal canal ( A .  repens, SVL = 99.5 mm, UMMZ 
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137573; D. australis, SVL = 59.5 mm, UMMZ 84309). However, an adult 
Pygopus  nigriceps (SVL = 163.0 mm, UMMZ 129980) exhibited no  evidence 
of a canal at either end of any of its trunk vertebrae. 

I conclude that the notochordal canal usually persists throughout life in 
gekkonoids, although it is constricted in procoelous eublepharines and 
pygopods, especially intervertebrally. The  failure to obliterate the noto- 
chordal canal during ontogeny may be considered a gekkonoid synapo- 
morphy (Holder, 1960; Winchester and Bellairs, 1977). Eventually, that 
persistcncc may bc found to predate the origin of the Gckkonoidea, as 
inferred from the presence of  well-developed amphicoely in the Jurassic 
bavarisaurs (Estes, 1983a). 

Intercentrum. There is considcrablc difference of opinion regarding the 
distribution of the gekkonoid intercentrum. For example, Noble (1921) 
maintained that the intercentrum is gradually lost, with increasing proc:oely, 



in sphaerodactylines (Gonatodes to Lepidoblepharis to Sphaerodactylus). 
Camp (1923) stated that these tiny crescent-shaped bones fuse with the 
condyles of procoelous vertebrae, whereas Holder (1960:300) claimed that 
I ' .  1ntcrc.enua typically persist throughout the [vertebral] column in both 
amphicoelous and procoelous" forms. While I basically agree with Holder 
that the intercentrum is usually present, there is considerable variation both 
regionally and taxonomically. When intcrcentra were observed, those in 
postcervical segments were smaller than in cervical segments and sometimes 
absent. Postcervical intercentra could not be identified with certainty in 
Aprasia, Delma, or Pletholax; however, they were present in Lialis and 
Pygopus (for list of specimens examined see Kluge [1976a]). In Pygopus, the 
bone was intraspecifically variable (in both P. lepidopodus and P.  nigri- 
ceps): in some individuals it existed in all body segments, whereas in others 
it was present only in the anteriormost few. All Lialis (L.  burtonis and L.  
jicari) had well-developed intercentra throughout the vertel~ral column, 
although those in anterior segments were much larger; those in the lumbar 
region were smaller and often divided into two pieces. 

Among 170 cleared and stained sphaerodactylines, representing all genera 
and the majority of the species, only seven species appeared to show loss of 
mid-trunk intercentra. T h e  bone was absent in both Coleodactylus amazoni- 
cus specimens examined (UMMZ 127803a-b), and in the only specimen of S. 
inaguae available (UMMZ 127815). Intraspecific variation was observed in 
Pseudogonatode.~ 1unulatu.s (absent, MC:Z 48894; present, UMMZ 124312), 
Sphaerodacty1u.s argus (absent, USNM 192526; present, KIJ 1571 10, UMMZ 
127809a-c, USNM 40510), S.  cinereus (absent, UMMZ 127810; present, R T  
4108, 'CJMMZ 12781 l ) ,  S. klauberi (absent, 'CJMMZ 143252; present, R T  3902, 
UMMZ 73594), and S. parkeri (absent, UMMZ 127821; present, UMMZ 
127820). No doubt the smallness of the bone, its regional variation, and 
obscure position intervertebrally have contributed to a certain amount of 
error in observation and difference of opinion among authors. For example, 
Noble's (1921) conjecture that the intercentrum is reduced in size as a 
function of increasing procoely cannot he supported, because the width of 
intercentrum was not correlated with length of condyle in sphaerodactylines 
(for Coleodactylus, Z~epidohlephari.s, P.seudogonalode.s and Sphaerodac- 
tylus, n = 133, r = .375, P > .01; for Gonatodes, n = 35, r = .684, P > .01). 

Summary. The  more complex definitions of procoely and amphicoely 
advocated by Holder (1960; see also Moffat [1973b]) seem to have led to 
questionable interpretations of relative primitiveness of the two interverte- 
bra1 articulation states in gekkonoids. For example, adult Sphenodon are 
amphicoelous and retain a well-developed notochord and intercentrum. 
Amphicoelous gekkos also retain a notochord and possess an  intercentrum. 
T h e  implication is that because all three parameters of the definition are the 
same in Sphenodon and certain gekkos, each of the states in the latter 
(especially shape of the intervertebral articulation) is more likely to be 
primitive. This  is tantamount to assuming the phenotype is incapable of 
undergoing differential evolution. Alternatively, a well-developed condyle 
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(classical procoely) might be considered plesiomorphic in the Gekkonoidea, 
because that shape is widespread among all other lizards (see Kluge [1967a] 
and Gauthier [1981, 19821 for explicit uses of the outgroup criterion). 
However, existence of amphicoely in a radiation of Jurassic gekkotans 
(bavarisaurs) could be considered evidence that amphicoely is primitive in 
the Gekkonoidea, as I will further discuss below (pp. 36-38). Moffat's 
(1973a:300-301) argument for amphicoely being primitive is not compelling, 
especially since she used cotylosaurs, pelycosaurs, ichthyosaurs, eosuchians 
and rhynchocephalians as outgroups to the Gekkonoidea. Underwood (1954, 
1955) reversed his opinion as to plesiomorphic state, from procoely to 
amphicoely, because he considered the Triassic kuehneosaurs to be definitive 
lizards (see also Hoffstetter and Gasc [1969], and Carroll [1977]); Moffat 
(1973a:278) was similarly influenced by the Triassic material. These fossils 
are no  longer believed to be lizards (Benton, 1985; Estes, 1983a; Evans, 1982, 
1984), and, thus, are an  inappropriate outgroup to gekkonoids (Kluge, 
1967a). Underwood's most recent opinion (1977), that procoely is plesio- 
morphic, was based on a within-group parsimony argument. Gauthier's 
(1981) preference for prococly as the primitive gekkonoid centrum shape led 
him to concludc that amphicoely was acquired secondarily through paedo- 
morphosis. 

3. STAPEDIAL F o R I ~ M E N . - T ~ ~  stapedial (facial) artery passes through the 
stapes in primitive amniotes; however, the stapedial foramen is absent in 
Sphenodon  and most squamates (Greer, 1976). T h e  squamate exceptions are 
the dibamids Anelytropsis and Dibamus,  and a wide variety of gekkonoids. 
T h e  outgroup criterion suggests an imperforate stapes is the primitive state 
among gekkonoids. All eublepharine and sphaerodactyline genera listed in 
Table 1 have a stapedial foramen. An imperforate stapes in one Coleodac- 
tylus amazonicu,s (UMMZ 127803), one Lepidoblepharis microlepis (UMMZ 
127804) and one Pseudogonatodes barbouri (UMMZ 127808), out of 255 
sphaerodactylines examined, documents minor individual variation. All 
pygopod and diplodactyline genera, except Eurydnctylodes, lack a stapedial 
loramen. Gekkoninrs are variable, as the following list indicates: Foramen 
absent - Ailuronyx ,  Cnemaspis,  Ebenauia, Gekkonia ,  Gehyra, Gekko ,  Hemi -  
phy llodacty lus, Homono ta ,  Lepidodacty lus, Perochirus, Phy  llodacty lus, 
Ptenopus,  Pty chozoon,  Ptyodacty lus, Thecadacty lus, Urocoty ledon, and 
Uroplatus. Foramen present - Afroedura, Aristelliger, Bunopus ,  Calodac- 
tylodes, Chondrodactylus, Cosymbotus,  Cyrtopodion,  Geckolepis, Gonydac- 
ty lus, Hemidacty lus, Weteronotia, Homopho l i s ,  Lygodacty lus, Pachydac- 
tylus, Palmatogecko, Phelsuma, Phyllodactylus, Pristurus, Quedenfeldtia, 
R hoptropus,  Saurodactylus, Stenodactylus, Tarentola, Teratoscincus, and 
Tropiocolotes. A more extensive survey of gekkonines is being compiled, 
and it will be publishetl separately. 

According to Rieppel (1984), the stapedial artery passes through the 
stapedial foramen or in front of the stapes in all gekkos and pygopods. I am 
reluctant to acccpl Rieppel's conclusion that this is evidence for the 
historical reality of the Gekkonoidea, because a combination of character- 
states is involved (Farris et al., 198213). 



4. EXT~ACOLLIMELLA.-G&~O~ and pygopods are exceptional among 
lizards in not having an internal process on the extracolumella (Wever, 
1978). I accept Rieppel's (1984) opinion that this state is a synapomorphy of 
gekkonoids. 

5. EXTRACOLIJMEI>LA MIJSC:I,E.-Gekkonoids have an  extracolumella 
muscle, which is found in no  other lizards according to Wever (1978). 
Although only a single pygopod species has been examined (Lialis bur- 
tonis), presence of this muscle is tentatively treated as a synapomorphy of the 
Gekkonoidea (see also Rieppel, 1984). 

6. SPINDLE BODy.--The tectorial membrane, near its origin from the 
cochlear limbic lip, has a prominent thickening called the spindle body 
(Wever, 1978:80). This  structure has bcen found only in gekkos and 
pygopods, and is considered a synapomorphy of the Gekkonoidea. 

7. AIJDITORY P A p ~ ~ ~ ~ . - G e k k o n o i d s  have a peculiar pattern of hair cells 
along the auditory papilla (Wever, 1965, 1978). T h e  "papilla is segmented, 
with a dorsal portion containing hair cells whose ciliary tufts are attached to 
a tectorial membrane and a ventral portion divided longitudinally so that 
the hair cells on one side continue to tectorial attachments whereas those on 
the other side are surmounted by a line of sallets that make the ciliary 
connections" (Wever, 1978:467). I interpret this arrangement to be a gekko- 
noid synapomorphy. 

8. COC:HLEAR ~ I T C : ~ '  AND BASILAR  MEMBRANE.--^^^^^ and Bellairs (1953; 
see also Wever [1978]) drew attention to the elongation of the gekkonid 
cochlear duct and basilar membrane. T h e  lengths of these structures appear 
not to be exceeded in any other l i~a rd ,  with the exception of pygopods 
(Wever, 1978:587). Thus, the elongate state is considered a gekkonoid 
synapomorphy. 

9. QLJAURATE S L J S P E N S I < > N . - R ~ ~ ~ ~ ~ ~  (1984:297, 305, 309) recogni~ed a 
type o l  quadrate suspension peculiar to gekkonoids, which he called 
"paroccipital abutting." T h e  dorsomedial end of the quadrate articulates 
relatively loosely with a small but conspicuous facet on the anteroventral 
surface of the paroccipital process of the opisthotic (Kluge, 1962). Neither 
the supratemporal or squamosal seem to play a major role in keeping the 
head of the quadrate in place against the process. According to Rieppel, a 
ligament usually extends between the quadrate head and the squamosal and 
performs that function. T h e  suspension is especially delicate in those species 
that have lost the squamosal (see below). 

10- 11. CLOACA[, BONES AND SACS.-Typically, gekkonoids possess one or 
two pairs of postcloacal bones and a pair of associated postcloacal sacs 
(Kluge, 1967a). These structures appear to be unique, and are considered 
synapomorphies of the Gekkonoidea. Loss of these bones and sacs "may 
have occurred as many as six times independently" (Kluge, 1982:354). Such a 
high degree of variation means that their absences do  not provide especially 
good evidence of relationships. Hecht and Edwards (1977) did not mention 
that variation, and Moffat (1973a) incorrectly stated that male pygopods of 
the genus Pletholax have no  postc.loaca1 bones (Kluge, 1982). I cannot 
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imagine a reasonable causal basis for Russell's (1972:244) claim that "the loss 
of cloaca1 sacs and bones is intimately associated with diurnality." 

12. MEATAL CLDSUKE M u s ~ ~ ~ . - V e r s l u y s  (1898) discovered the meatal 
closure muscle in gekkonids, and Wever (1973, 1974, 1978) described in detail 
its taxonomic distribution, structure, and function. A tiny posteriorly 
localed meatal muscle, also a specialized derivative of the constrictor colli, is 
present in a few anguids, but its anatomy does not suggest a (.losure function 
(Wevcr, 1978). The  muscle is well-developed and widespread among gckko- 
noids, where it appears to close the external auditory meatus (Wever, 1978). I 
:rssume the closure function to be a gekkonoid synapomorphy (Fig. 6). 

Among gckkonoids, the muscle takes two extreme forms: (1) L-shaped, 
bordering the posterior and ventral meatal margins, and (2) 0-shaped, 
entirely or nearly complclely encircling the meatus. I consider the 0-shaped 
condition apomorphic, the L-shaped state being anatomically more like the 
;lssumed primitive ventral position. My assumption is based on the ventral 
position of the constrictor colli, from which the closure muscle fibers 
originate. The  L-shaped state is found in all eublepharines investigated and 
d l ,  except a few diurnal, gekkonines. The  0-shaped conditiorl characterizes 
diplodactylines + pygopods. The  muscle completely encircled the external 
auditory meatus in Pseudothecadnctylus (1JMMZ 127150), nearly encircled it 
in i-loplodnctylus (1JMMZ 127158), and was more open and C-shaped in 
Nnultinu.~ ('1JMMZ 129352). In Carphodactylus lneuis (LJMMZ 131419), the 
mnscle seemed to be confined to the posterior meatal margin. The  quadrate 
is cxccptionally wcll-developed in this species, and its bony later:~l margin 
contactcd the dorsal, anlerior, and ventral meatal rim. Such contact appears 
to make impossible any closure function in these areas. Thus,  I consider the 
Carphodac.tylus condition to be a specialized form of the 0-shaped state. 

The  meatal muscle is absent in all sphaerodaclylines, Pristurus (P.  crucifer 
and P. phillipsi were examined [MCZ 71910, 72013]), and in occasional 
gekkonincs (Phelsuma dubin, P. mndagnscnriensis, and Lygodactylus). I 
assumc absence to be a loss, an  apomorphic condition (Fig. 6), because that 
state occurs in highly derivcd taxa. For example, the muscle was well- 
dcvelopctl in most Cyrtopodion species, but only a few fibers existed on one 
side, and none on the other, in some but not all individuals of C. kotschyi 
orientnli.~. Such variation suggests the loss of [he muscle has been achieved 
independently, perhaps several times among gekkonincs. 

13. EY t ' . - ~ ~ c : ~ ~ ~ ~ ; . - M o f f a t  (1973a) recorded eye-licking behavior among 
2111 major gekkonoid lineages and treated such behavior as a synapomorphy 
of thc group. Tha t  hypothesis is adopted here, although Gauthier's (pers. 
comm.) observations of similar behavior among xantusiids may cast doubt 
on this feature bring diagnostic of gekkonoids. In  any case, the evolution of 
eye-licking behavior must be considered independent of the gekkonoid 
spectacle because the behavior also occurs in eublepharines whereas the 
spectacle does not (Bustard, 1963, 1965; Moffat, 1973a). 

14. QIJADRATE A P O N E I J R O S I S . - R ~ ~ ~ ~ ~  (1984) stated that the aponeurosis 
lying in the external adductor muscle, immediately anterior to the quadrate, 
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is present in pygopods but absent in gekkos. If the aponeurosis is widespread 
among autarchoglossan lizards, as Rieppel stated, then therr is evidence lor 
gekkos being a natural entity, excluding pygopods. Howrver, I have been 
unable to locate the aponeurosis in primitive pygopods, Delma and Pygopus  
(Kluge, 1976a), and I believe the loss of that sheet of connectivr tissue to bc 
diagnostic oE the Gekkonoidca. Rieppel examined several of the more 
derived pygopods, including Aprasia, Lialis ,  and Pletholnx, but only one 
Pygopus.  

15. EGG-TEETH.-A pair of dentinal egg-teeth was obscrvcd in all gekkos, 
except ovoviviparous diplodactylines, and I interpreted these tectll as a mark 
of gekko common ancestry (Kluge, 1967a). The  paired condition has also 
been found in pygopods (Lia l i s  burtonis, NMV D57183-84; Pygopus  lepi- 
dopodus,  U M M Z  175937-38; see Fig. 7), which provides further evidence that 
gekkos + pygopods is a natural group. T h e  single dentinal egg-tooth 
exhibited by other squamates and Sphenodon  is considered primitive. T h e  
epidermal caruncle found in turtles and crocodilians serves a similar 
purpose, but it does not belong to the same transformation series as the 
squamatc egg-tooth. Woerdeman (1 919, 1921 ) claimed that the paired egg- 
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teeth of gekkonids belongs to a different and later generation of teeth than 
the single median tooth of other lizards (see De Beer [I9491 for an alternative 
opinion, and Smith et al. [I9531 for a more complete discussion). 

16. M1nl3~1I1~.-Evidence for gekkonoid monophyly can be found in the 
midbrain. Northcutt (1978:46) pointed out  that pygopods and gckkos share a 
unique pcriventricular tectal lamina. 

17. VISIJAL CELI.S.-Underwood (pers. comm.) examined the retinas of 
several gekkos (Aristplligrr - two' species; Coleonyx; Gelzyra; Gekko; 
Conatodes - thrcc species; Hemidactylus; Hoplodactylus; Naultinus; Phel- 
sunza - two species; Phyllodactylus; Sphaerodactylus - two species; 
Tarentola; and Thecadactylus) and two pygopods (Aprasia and Lialis). 
LJnderwood (1970; pers. comm.) concluded that the type C double visual cells 
prvsent in gekkos arc unique among squamates. They have straight hori- 
zontal rows of alternating doubles, with type A singles and type C doubles 
bctwccn them. Type C doubles have not been observed in pygopods 
(IJnderwood, 1957), and the horizontal rows are straighter than in lizards 
gc,nerally. T h e  relatively primitive Delrna and Pygopus must be examined 
for type C doubles before ITriderwood's conclusion that the pygopod retina is 
plesiomorphic relative to gekkos can be accepted. According to Underwood 
(rwrs. comm.), gckko type (: doubles could fail to "pair off"; such failure 
would result in chc pygopod contlition. This  interpretation of process 
;lssllrncs prior knowletlge of a phylogenetic pattern. In  the absence of that 
knowlctlgc, I am forced to consider the pygopod state primitive (see pp. 6- 
10). However, many more observations are required before this character's 
c.ol1grucnc.e with other c.h:lractcrs can be accurately assessed among the 
gckkonoitls. 

18. OI.I:I\C:TORY C:,I~hl..-Typic.:rlly in lizards, the cri.sta cranii of the 
frontal 1)onc (Oclrich, 1956) are only wc;~kly developed and partially 
aurrountl the olfactory lobe of the brain (McDowrll and Bogrrt, 1954:fig. 35). 
T h e  cri.stn cranii closely approach each other below the olfactory lobe only 
in :I few auc:rrchoglossans. Thcy rncet but do not fuse in some anguimorphs 
(r.g., Helod~rma  and Vartrnus), and in som? atlult gymnophthalminrs they 
appear to fuse (MacLean, 1974). Gekkonoids, with few exceptions (e.g., 
Aj,msia, Pristurus, and Snurodactylus), exhibited a completely enclosed 
olfactory canal and fuscd crista cranii, which I intcrprct as a synapomorphy 
of the group (see also Rieppel, 1984). T h e  contlition in Aprasia was 
cxception;~l in that a much enlarged and ossified trabecula communis 
completeti the bony floor to the canal (Bellairs and Kamal, 1981:fig. 30). In  
adult Snurodactylus, the crista cmnii met on the ventral midline but 
remaind unfused throughout their. length, or were only partially fused. At 
least some species of Pristurus (p.g., P. carteri and P.  flauipunctatus) had a 
c.omplctely open olfactory canal; the crista cmnii formed walls to the canal 
but did not curve inwarcl toward the midline. 'The frontal downgrowth 
condition remains to be determined in Jurassic gekkotans. 

19. KAIIYOTYPE.-P~UI~, et al. (1976) argued that a karyotype of 12 
 neta acentric mac.rochromosomes ant1 24 microchromosomes is probably 



FIG. 7. Anterior views of the pairrd prrr~l;~xillac of day-old pygopods. A. IJzalis O u r t o n i ~  (NMV 
1157183, SVL = 86.0 mm). R .  Pygof ius  1epidopodu.s (IJMMZ 175938, SVL = 86.5 rnrn). Norc  he 
massivc paired rgg-trctll. Tlic horizo~~ral line ccluals 0.5 rnm. 

primitive for lizards. According to Gorman (1973:354), gekkonoids can be 
diagnosed as having "primarily.. . a graded series of a(-rocentric chromo- 
somes, without a distinct break between macrochromosomes and micro- 
chromosomes. Large metacentric elements are nor frequent and the majority of 
the two armed chromosomes, whrn they occur, appear to have subterminal 
centromeres" (see also De Smet, 1981). Diploid numbers are 28-46 (Gilboa, 
1975; Ilardy, 1975; McBee, et al., 1984). The  karyotype o f  Coleonyx switaki 
described by Murphy (1974), and confirmed by Fritts, et al. (1982), does not 
agree with any of these criteria. However, the reduced diploid complement of 
21 in C. switaki, consisting of a graded series of 22 metacentric and two 
acrocentrics, can be explained simply as a unique case of Robertsonian 
fusion, derived from a primitive state like that proposed by Gorman (1973; 
see also King [1979]). The  same interpretation can be applied to the 2n = 28 
of Diplodactylus tessellatus (King, 1973). 

20. CLLJTCH S~z~.-Clutch size varies from 1-4 among gekkonoids (Fitch, 
1970; Sabath, 1981; Schwaner, 1980); however, each species thus far investi- 
gated with large sample sizes has a pronounced modal value of one or two 
eggs. Moffat's (1973a:299) conclusion that clutch size is simply related to 
adult body size, and, thus, of "no phylogenetic significance" (my ivalics; sec 
also Russell [1972:245]), appears to be much too sweeping a generalization. 
The  only suggestion of a correlation between intraspecific body size (SVL) 
and clutch size that I am aware of occurs in Gehyra oceanica (Schwaner, 
1980:fig. 3F), and it is not a statistically significant correlation (r, = .323, n = 

18). One might also claim that there is a tendency for smaller species lo lay 
but one egg. However, all small gekkonines do not do so, as is well- 
illustrated by the tiny Lygodactylus picturatus (SVL = 28-34 mm) and L. 
somalicus (SVL = 25-27 mm), which lay two (Greer, 1967). 
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More than two eggs per clutch is common among lizards (Fitch, 1970), and 
I consider a reduced number a gekkonoid synapomorphy. Further, I 
hypothesize one egg to be apomorphic relative to two. The  Sphaerodac- 
tylinae appear to be uniformly characterized by a clutch of one (Duellman, 
1978; Dixon and Soini, 1975; Fitch, 1970; Hoogmoed, 1973; Werner, 1972), in 
spite of their modest adult sizes (e.g., Gonatodes and Pseudogonatodes, SVL 
> 50 mm). Beebe (1944:155) ot>servcd a Sphaerodactylus molei with two 
oviducal eggs, however, that individual was exceptional; four others seen by 
that author had single eggs. Such a reduction (mode/species) has been only 
rarely observed elsewhere among gekkonines (e.g., Aristelliger barbouri, 
Noble and Klingel, 1932; Gehyra uariegata, Bustard, 1965; Microgecko 
helenae, Minton, 1966; Phyllodactylus galapagensis, Kushlan, 1981; Pris- 
turus rupestris, Arnold and Gallagher, 1977; Tropiocolotes steudneri, Wer- 
ner, 1972). Congeners of some of these exceptional species are known to lay 
the usual two eggs (Aristelliger, Lynn and Grant, 1940; Gehym, Schwaner, 
1980; Phyllodactylus, Alvarez del Toro, 1960), and the simplest cxplanation 
is that these are independently evolved reductions in clutch size. I assume the 
rcduccd numbcr in Pri.sturus rupestris is true of all congeners (Table 3). 

21. SIJPRATEMPORAI. ARCH.-A complete supratemporal arch, as well as 
an open supratemporal fenestra, is characteristic of most lizards, including 
the Jurassic gekkotans (Hoffstetter, 1964; McDowell and Bogert, 1954; 
Romer, 1956). Even though several families of Eossorial lizards lack the arch, 
I still consider gckkonoids to be diagnosed by absence of this bony arcade 
(Estcs, 1983a). 

22. JUGAL.-A jugal with a large ascending postorbital process, usually 
contacting the postorbital and squamosal, is characteristic of most lizards, 
including Jurassic gekkotans (Romer, 1956). The  gekkonoid condition 
consists of a reduced jugal and, thus, an  incomplete postorbital arch, which I 
consider apomorphic. T h e  entire loss of the jugal is extremely rare among 
gekkonoids (e.g., Lialis burtonis [Kluge, 1976a1). 

23. REcrrrS ABDOMINIS LA'I 'ERALIS.--MO~~~~ (1973a:282) accepted Camp's 
( 1923) contention that the rectus ahdominis superficialis (=rectus ahdominis 
lateralis; for ncw terminology sce Moody [1983]) is present in pygopods. 
Thus,  she and others (Hecht, 1976; Hecht and Edwards, 1977; Underwood, 
1957) considered pygopods and gekkos sister-taxa. However, I showed that 
the muscle is absent in flap-footed lizards, as it is in gekkos, and pointed out 
that, if hypothesized as a loss, it may merely provide evidence for gekkonoid 
common ancestry (Kluge, 1976b). Alternatively, the muscle's absence may be 
even more simply interpreted as primitive, with its origin limited to the 
common ancestor of the Autarchoglossa. T h e  latter hypothesis does not 
depend on the historical reality of Camp's (1923) Ascalabota (Iguania + 
Gekkota), and it provides evidence against Xantusiidae being transferred 
from Autarchoglossa to Gekkota. Our current understanding of the phylo- 
genetic usefulness of the rectus abdominis lateralis would no  doubt have 
been reached much earlier had Camp's opinions concerning homology and 
functional significance been testcd rather than merely assumed to be true 



(Moffat, 1973a:283, 286-7). Only a broad systematic study of squamates will 
provide a rational basis for polarizing the rectus abdominis lateralis trans- 
formation series. Until such a study is undertaken, I hypothesize that the 
gekkonoid state is apomorphic. 

24. HYOID ARCH.-I identified two transformation series in the hyoid arch 
in 1967: modification of the hyoid cornu and its eflect on the hypohyal- 
ceratohyal union, and presence/absence of the inner, proximal ceratohyal 
projection (Kluge, 1967a). The  cornu is large and wing-like in all euble- 
pharines, diplodactylines, gekkonines (except Tropiocolotes), and sphaero- 
dactylines (except some mainland Sphaerodnctylus, and Coleodactylus and 
Pseudogonatodes). Among pygopods, the cornu is large and the hypohyal- 
ceratohyal robust in Delma, Paradelma, Pletholax and Pygopus. T h e  arch is 
discontinuous and the cornu small to absent in Aprasia, Lialis and Ophidio- 
cephulus. A continuous hyoid arch, without a prominent hyoid cornu, is 
characteristic of most other lizards (Camp, 1923; Tanner and Avery, 1982). 
Thus, I infer that the presence of a large wing-like hyoid cornu is a 
gekkonoid synapomorphy and that interruption of the hypohyal-ceratohyal 
and associated reduction of the cornu are derived states. 

The  inner ceratohyal projec.tion is absent in all eublepharines and 
pygopods, many gekkonines, most diplodactylines, and, among sphaero- 
dactylines, in Coleodactylus, Pseudogonatodes, and some mainland Sphaero- 
dacty lus (Kluge, 1967a). T h e  projt,c-tion is conspicuous in other gekkonoids. 
The  inner margin of the ceratohyal is smooth in iguanians and autarcho- 
glossans (Camp, 1923; Tanner ant1 Avery, 1982), and I interpret the promi- 
nence found in certain gekkonoids to be derived. Its exact taxonomic 
distribution remains to be determined in gekkonoids, because the character 
is difficult to see in most skeletal preparations, and I have not employed it in 
the present phylogenetic analysis. 

25. COCHI.EAK L ~ ~ ~ u s . - H e c h t  (1976; see also Hecht and Edwards [1977]) 
corltendetl that extreme development of the cochlear limbus is diagnostic of 
the Gekkota. The  condition is tentatively treated herein as a gekkonoid 
synapomorphy; however, it is observed elsewhere among squamates. For 
example, Wever (1978) documented that extreme form of cochlear develop- 
ment in certain autarchoglossans (e.g., Teiidae). 

26. TECTLJM s Y ~ ~ ~ ~ ~ t ~ ~ . - - T y p i c a l l y  among lizards, as well as in Spheno- 
don, the tectum synoticum has a prominent midline process projecting 
anterodorsally; the process is usually ossified and makes extensive contact 
with the underside of the parictal(s) in adults (Bellairs and Kamal, 1981:fig. 
19). According to Rieppel (1984), the ascending process is absent in 
gekkonoids, and he interpreted that condition as a synapomorphy. I agree 
that the anterior margin of the supraoccipital usually has an  even border in 
adult gekkos and pygopods, with the parietals being supported by the otic 
capsules alone; however, the parietals did contact a sizeable mid-dorsal 
pedicel of bone in a few taxa. T h e  exceptions appeared to be associated with 
different specializations, such as an  elevated cranial vault (Gekko) or 
postorbital elongation of the skull, so that the parietal body was some 
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distance from the occipital arcade (e.g., Lialis and Pygopus). Tentatively, I 
assume these states to be convergent with the ascending process of other 
lizards. 

27. RECESSUS SCAL.AE T ~ M ~ A ~ ~ . - A c c o r d i n g  to Rieppel(1984), the medial 
aperture within the recessus scalae tympani is divided into two foramina in 
gekkonoids, whereas it is single in other lizards. Rieppel listed the subdivi- 
sion as a gekkonoid synapomorphy and I concur, and he stated that Aprasia 
might be exceptional in having only a single medial aperture. The  pygopod 
condition is usually difficult to determine because the foramina in the 
recessus are tiny, narrow openings. 

28. PREMAXII.LA-VOMER.-T~~ premaxilla and vomer are in broad con- 
tact in most lizards. According to Rieppel (1984), the anteromedial shelf of 
the maxilla tends to separate the two bones in a few families, such as 
agamids, chamaeleonids and gekkos, but not in pygopods. This  was one of 
three characters Rieppel used as evidence for the Gekkonoidea being a 
natural group, excluding pygopods (see immediately below). I have been 
able to confirm the plesiomorphic condition in more derived pygopods (e.g., 
Aprasia, Lialis, Pletholax; Kluge, 1976a); however, the gckkonid condition 
was observed in the more primitive genera (Delma, Pygopus; see Fig. 8). 
While the extent of this variation requires further study (to be published 
elsewhere), it seems more accurate to characterize both the Gekkonidae and 
Pygopodidae as having the apomorphic state. 

29. PSE~JDOTEMPORALIS M~JSCLE.-Rieppel (1984) noted that the pygo- 
pod pseudotemporalis muscle inserts on the parietal anterior to the epip- 
terygoid. He  interpreted this condition as primitive, whereas lack of contact 
in gekkos was inferred to be apomorphic. I have confirmed Rieppel's 
observations, but I do not believe the pygopod state is plesiomorphic. 
Typically among lizards (e.g., xantusiids; see Rieppel, 1984:fig. 15), the 
pseudotemporalis is divided into two major slips, the profundus associated 
with the epipterygoid, which does not insert on the parietal, and the more 
anterior superficialis, which broadly inserts on that covering bone. In 
pygopods, the epipterygoid and parietal are in much closer proximity than 
in gekkos, often in contact, and the pseudotemporalis is a continuous sheet 
of fibers that insert on the markedly developed lateral wall of the parietal, 
which is at best only weakly expressed in gekkos. Thus,  the pygopod 
condition is not the same as in other lizards, and I have coded gekkos and 
pygopods as having different apomorphic states. 

30. SCLERAL. OSSICI.ES.-I agree with Moffat (1973a) that a low number of 
scleral ossicles (probably about 14 per eyeball) is the most likely primitive 
state in the Gekkonoidea (Table 1; Fig. 9), in contrast to "the low- to mid- 
twenties" state that I suggested previously (Kluge, 1967a). I am swayed by the 
impressive set of data taken from many outgroup taxa, including iguanians, 
:tutarchoglossans and Sphenodon, the majority of which possess 14 ossicles 
(De Queiroz, 1982). Also persuasive is the fact that only those gekkos with 14 
ossicles show the exact pattern of plate overlap that is so widespread among 
other lizards (seven families; Underwood, 1970); gekkos with higher num- 
bers of ossicles never exhibit that pattern. 



FIC. 8. V r n ~ r a l  views ot the palate illustrating thr  nature ol rhr sq,ar;~tion ot thr  prernaxill;~ 
(p)  from the vomcr (v) by the anteromcdial shelf o f  thr  maxilla (m) .  A. ArluroscalnDotrs f(~lznus 
(LJMMZ 146749). B. Pygopus nzgrzc.c.ps (UMMZ 137.574). (:. I lr lma inornntn (LJMMZ 131 161). 

Moffat (1973a:285) described the variation in gekkonoids as "c. 14 scleral 
ossicles per eye," or not, while Hecht altered it to circa 14 scleral ossicles, or a 
reduced number. As Table 1 and Figure 9 show, Moffat (1973a), Hecht 
(1976), and Hccht and Edwards (1977) misrepresented the information on 
ossicle number that I summarized in 1967 (Kluge, 1967a). If a low ossicle 
number is primitive in the Gekkonoidea then an increased number provides 
some evidence for the Eublepharinae being a natural group (Fig. 9). T h e  
same conclusion would apply to the Diplodactylinae, according to my final 
phylogenetic hypothesis, which is presented below. 

31. SI'EC:TACLE.-T~~ spectacle (brille of some authors) is a fixed trans- 
parent outer covering of the eye, formed by fusion of the eyelids (Bellairs and 
Boyd, 1947). Moffat (1973a) tendcd to emphasize "loss" of eyelids, rather 
than their modification into a spectacle, in her treatment of gekkonoid 
relationships. 

The  spectacle is also found in other groups of lizards (Underwood, 1970), 
and it is generally presumed to have evolved independently more than once. 
Among gekkonoids, the spectacle is present in all non-eublepharines 
(Bellairs, 1948; Hecht and Edwards, 1977; Moffat, 1973a; IJnderwood, 1957). 
In  those gekkonoids with a spectacle, the depressor palpebralis inferior is 
absent (IJnderwood, 1970). The  depressor is probably necessarily lost with 
modification of the eyelids into a spectacle, and, thus, I have not scored it as 
an additional character. T h e  spectacle, and/or absence of the depressor, is 
considered characteristic of the non-eublepharine radiation of gekkonoids. I 
have confirmed that Terntoscincus has a spectacle. 

32. BETA GENERATION G L A N D S . - - B ~ ~ ~  generation glands appear to be 
restricted to diplodactylines and gckkonines (Bons and Pasteur, 1977), and I 
treated these holocrine specializations as a synapomorphy and evidence that 
the two lineages form a natural group (Kluge, 1983~).  Pygopods remain to be 
thoroughly investigated; however, P. Maderson (pers. comm.) would not 
expect generation glands of any form to be retained in limbless taxa because 
of their constant belly-substrate contact. 
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GENERA ARRANGED ACCORDING TO CURRENT CLASSIFICATION 

FIG. 9. Thc rangrs of variation in numhrr of sc-lrral ossirlrs (prr  cycball). ?'hr data arr 
:~rr.angcd ;rccortling LO the taxonomic order in Table 1. E = Eublcpharin;rr, D = Diplodactylinae, 
P = Pygopoditlae. C; = Gekkonidac, S = Sphaerodacry1in;rr. 

33. ESC~~I 'CHEON GENERATION GLANDS.-Maderson (1972) concluded 
that the escutcheon type of generation gland found in a few eublepharines 
and in the Sphaerodactylinae evolved independently. I argued that the 
escutcheon type marked Sphaerodactylinae as a historical entity (Kluge, 
1967a). He  also pointed out that the state in Coleodactylus and Pseudo- 
gonatodes could be interprcted as vestigial, and, as such, indicative of their 
common ancestry (Kluge, 1983~). T h e  escutcheon may be present in Pris- 
turus, as evidenced by the hypertrophied abdominal scales found in P. 
celerrimus (Arnold, 1977). Taylor and Leonard's (1956:1023) claim that 
Tarentola "may have some special glandular scales such as occur in 
Sphaerodactylidae" cannot be confirmed. According to Russell (1972:182), 
Quedenfeldtia "males bear prcanal and femoral patches of callose, pitted, 
I~rown scales which resemble an escutcheon in their. position;" however, the 
similarity of the two conditions requires further study. Moffat (1973a:299) 
would have been able to differentiate the Sphaerodactylinae from the 
gekkonines (Fig. IA, E, G)  had she emphasized shared derived character- 
states, rather than symplesiomorphies, and had she not arbitrarily discarded 
this character. 

34. PARIETAL.-The adult lizard parietal bone is usually azygous (Mc- 
Dowel1 and Bogert, 1954; Romer, 1956). T h e  fused condition uniformly 
characterizes eublepharines (Kluge, 1967a) and all Jurassic gekkotans (Estes, 
1983a). T h e  parietals are not fused in the Diplodactylinae or Sphaerodac- 
tylinae. Only Lialis exhibits the fused state among pygopods (Kluge, 1976a), 
and, with few exceptions, the parietal is paired throughout the Gekkoninae. 
Unlike Moffat (1973a:300), I hypothesize the paired state to be derived, based 
on thc common occurrence of the azygous condition in non-gekkonoids. 



35. S U P R A T E ~ ~ P O R A L . - T ~ ~  supratemporal is absent in all diplodac- 
tylines, gekkonines and sphaerodactylines (Kluge, 1967a). Also, it was not 
observed in pygopods (Kluge, 1976a). The  bone is present in some euble- 
pharines (Aeluroscalabotes felinus, Eublepharis macularius, E.  kuroiwae, 
Holodactylus africanus), but not others (E. hanuickii, Hemitheconyx caudi- 
cinctus, H. taylori, all Coleonyx species). Hecht and Edwards (1977) did not 
report this variation among eublepharines. The  supratemporal and squa- 
mosal were both present as separate centers of ossification in hatchling 
Eublepharis; however, only the larger squamosal was evident in similar 
developmental stages of Gonatodes, Hemidactylus, hraultinus, and Phel- 
swma. The  loss of the supratemporal seems unlikely to have occurred only 
once in the Gekkonoidea, given the variation observed among euble- 
pharines. If the Eublepharinae is considered a natural group, the loss of the 
supratemporal may be construed as a synapomorphy diagnostic of all other 
gekkonoids. 

36. A N G U L A R . - T ~ ~  angular is a prominent bone in the lower jaw of most 
lizards (Romer, 1956; McDowell and Bogert, 1954). It is present among all 
eublepharines (Kluge, 1967a), except the highly derived Coleonyx brevis, C. 
reticulatus, and C. uariegatt~s (Kluge, 1975). The  bone also occurs in the 
gekkonine genus Teratoscincus (Arnold, 1977). I assume its absence in all 
other gekkonids is the apomorphic state. 

37. TECTORIAL MEMBRANE .-According to Wever (1 978:5 1 1 ), diplodac- 
tylines are peculiar in that the tectorial membrane of the ear has a greatly 
thickened mid-portion, which is not to be confused with the spindle body. A 
similar condition has been observed elsewhere only in one gekkonine 
(Thecadactylus rapicauda), and this membrane novelty is tentatively ac- 
cepted as a synapomorphy of the Diplodactylinae. 

38. LIMBS.-Moffat (1973a:table 2) used reduced limbs in classifying the 
Gekkota. However, the character is largely uninformative as to gekkonoid 
relationships because that apomorphy only corroborates the already well- 
documented cohesiveness of pygopods (see also Hecht [1976], and Hecht and 
Edwards [1977]). 

39. PREMAXILLA.-I identified two patterns of premaxilla ontogeny in 
gekkonids (Kluge, 1967a). Further, I noted the distinction between them was 
most evident at the egg-tooth stage of development, one state being paired, 
the other azygous. The  paired condition was confined to the Eublepharinae 
(Holodactylus requires determination) and Diplodactylinae (Rhynchoedura 
requires further study), and the condition was identifiable in adults as a 
persistent notch or split in the dorsal margin of the nasal process. The  
alternative condition was found in gekkonines (Bellairs and Kamal, 1981:fig. 
29) and sphaerodactylines, in which only one center of ossification was 
present at the inception of bone formation. Moffat (1973a:285) was incorrect 
in citing the paired premaxillae-state as absent in some eublepharines. 
Hecht's reference to this character (1976:table 1; see also Hecht and Edwards 
[1977]), in terms of only the adult condition, is an over-simplification, 
because the distinction between the two states is most apparent early in 
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ontogeny. I hypothesized the azygous state to be apomorphic, because 
Jurassic gekkotans possessed a paired premaxilla (Kluge, 1967a). 

T h e  enigmatic Teratoscincus exhibited no indication of the paired state in 
very young specimens (e.g., FMNH 200199, T .  scincus, SVL = 44.0 mm). I 
have been able to determine unequivocally that the pygopod condition is 
paircd. Day-old Lialis hurtonis (NMV D57183 [cleared and stained] and 
D57184, SVL = 86.0 and 88.5 mm, respectively) exhibited a nearly completely 
paired prcmaxilla, with an egg-tooth still firmly ankylosed to each half (Fig. 
7). The  premaxilla was complctcly paired in day-old Pygopus  lepidopodus 
(UMMZ 175937 and 175938 [cleared and stained], SVL = 83.0 and 86.5 mm, 
rcspcctivcly; Fig. 7). Cleared and stained juvenile (UMMZ 137573) and adult 
(UMMZ 129978-79) Aprasia repens also showed a distinct separation of thc 
nasal processes, and dissections of other young individuals corroborated that 
finding for pygopods generally: completely paired, A .  pulchelln (WAM 
R36456; SVL = 46.2 mm); paircd nasal processes, Delmu australis (WAM 
R53462; SVL, = 37.7 mm); notched mid-dorsal surface of nasal process, Aclys 
concinna (WAM R59132; SVI, = 38.5 mm), D. fraseri (WAM R30705; SVL = 

32.5 mm), Lialis  hurtonis (WAM R14772; SVL = 88.5 mm). 
Moffat (1973a:300) pointed out that the paired state of the premaxilla 

"may represent a persistent ancestral condition in somc forms and a 
secondarily dcrivcd condition in others." (Shc also argued the same for 
frontals, nasals and parictals.) This  was an  appeal to a particular process, 
i.e., truncation of ontogeny, as a way of explaining away an  apparent c-ase of 
independent evolution. Moffat seemed unaware that "some phylogenetic 
contcxt, however crude, is a fundamental prerequisite for a hypothesis of 
heterochrony" (Fink, 1982:255; Kluge and Strauss, 1985). Further, as Patter- 
son (1982) has argued, only character congruence is capable of distinguish- 
ing plesiomorphy from truncated ontogcny. 

The  azygous prcmaxilla is cladistically congruent with the presencc of a 
calcareous egg shell, and a functional correlation may exist between the two 
characters. I believe it is reasonable to assume that a single premaxilla is 
much more rigid than the paired state. Thus,  the singlc premaxilla may 
allow the egg-teeth anchored to its ventral margin to more readily pierce the 
cal(.arcous shell, and assure freeing the young. In spite of this possible 
functional relationship, I tentatively treat the two characters as independent 
evidence of phylogenetic relationships in gekkonoids. 

10. EGc; SHELL.-Gekkonines and sphaerodactylines are exceptional 
among all lizards (except Dibamus; Boulcnger, 1912; Smith, 1935) in laying 
a pliable egg which becomes hardened on exposure to air (Werner, 1972; 
LJndcrwood, 1977). The  leathery-shelled eggs of eublepharines, diplodac- 
tylines, and pygopods remain relatively pliable until hatching, likc those of 
other squamates, and this state is corlsidered plesiomorphic (Bustard, 1965, 
1967, 1968, 1970; Kluge, 1974; IJnderwood, 1977). Teratoscincus has a 
calcareous-shelled egg (Minton, 1966), although it appears to be much 
thinner than that of most gekkonines and sphaerodactylincs (Michael 
Miller, pers. comm.). 



X-ray diffraction analysis of gekkonoid egg shells better documents the 
nature of that biomineralization (Table 2). Single representatives of gek- 
konines (Hemidacty lus mabouia) and sphaerodactylines (Gonatodes fuscus) 
cxhil-~ited a well-developed diffraction pattern characteristic of calcite. The  
shell of a eublepharine (Coleonyx variegatus) had a very weak calcite profile, 
whereas a diplodactyline (Diplodacty lus conspicillatus) showed no  evidence 
of mineralization. All Four gekkos studied possessed a large organic, non- 
crystalline, component. 

Dunson (1982) and Dunson and Bramham (1981) have clearly shown that 
calcareous-shelled eggs ol gekkonines and sphaerodactylines are much more 
resistent to desiccation than leathery-shelled eggs of other lizards. They have 
even lower water vapor conductance and shell permeability than do avian 
eggs. Brown and Alcala (1957) also demonstrated that calcareous-shelled 
eggs of gekkos can withstand long periods of exposure to sea water and 
remain viable, wherras the leathery typc of squamate egg does not. 

Ovoviviparity is known in three diplodactyline genera, Rhacodactylus of 
New Caledonia and Hoplodactylus and Naultinus of New Zealand (Bart- 
mann, 1979; Boyd, 1942). That  specialized condition is assumed to be 
derived, relative to the leathery state. This  interpretation is conditional on 
loss of the outer organic covering of the egg (Bauchot, 1965). 

41. EGG S H A P E . - - E ~ ~  ellipticity (ratio of width to length) varies from 0.42 
to 0.70 in Eublepharinae and Diplodactylinae and 0.60 to 1.00 in Gekkoni- 
nae (including Teratoscincus [Miller, 1982; fig. 21) and Sphaerodactylinae 
(Werner and Carmel, 1977; Werner, 1972). Freshly laid eggs of pygopods 
Aprasia parapulchella and Delma tincta varied from 0.23 to 0.32 and from 
0.43 to 0.49, respectively (Kluge, 1974). A single Pygopus lepidopodus egg 
was 0.42 (Fitzgerald, 1983). The  exceptional narrowness of Aprasia's eggs 
was correlated with the marked slenderness of the adult. I hypothesize that 
the more nearly round condition in gekkonines and sphaerodactylines is 
apomorphic. While there is considerable variation in egg shape among 
lizards, the more elongate form seems to predominate among non-gekkotans 
(Fitch, 1970; Kopstein, 1938; Schwaner, 1980; Vitt, 1981). 

42. ENIIOLYMPI-IATIC; SYST~;.M.-The endolymphatic system of lizards is 
usually confined to the skull and cranial vault. In a few iguanid and agamid 
genera, in chamaeleons, and commonly in gekkonines and sphaerodac- 
tylines, the system is expanded into a large sac, the cervical extension, on 
each side of the neck (Kluge, 1967a; see Fig. 10). Recent reviews by Dacke 
(1979) and Simkiss (1 967) emphasized the earlier conclusion of Ruth (191 8) 
that the post-cranial projection swells with "calcium milk," especially in 
females, during the reproductive season. The  endolymph consisted of a 
highly concentrated solution of calcium carbonate. An x-ray diffraction 
profile of this material in a preserved Gekko gekko (Table 2) suggested that 
it is stored in the form of aragonite. Leave11 (1972) found strontium, calcium 
carbonate, potassium, nickel, chloride and sodium in the endolymph of 
Phy llodacty lus xanti. 

The  existence of a large cervical extension of the endolymphatic system 
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filled with calcium carbonate has never been observed in eublepharines, 
diplodactylines, or pygopods. I interpret this state to be plesiomorphic 
among gekkonoids. The  presence of the post-cranial projection filled with 
c.alcium carbonate is tentatively treated as a synapomorphy of the Gekko- 
ninae + Sphaerodactylinae. Teratoscincus (Arnold, 1977; E. N.  Arnold, pers. 
comm.) and "many" Hemidactylus (Simkiss, 1967:225) are thought to lack 
the reservoir, while several other genera remain to be investigated (Kluge, 
1967a). Probably the simplest explanation for the few iguanid, agamid and 
c.11amaeleon examples is independent evolution. 

Bustard (1968) speculated that calcified cndolymphatic sacs in gekkos may 
provide calcium for egg-shell formation. Leavell (1972) has clearly shown 
that the cervical extension is larger and more scasonally variable in size in 
female than male Phy Llodacty lus xanti. As calcium carbonate increased in 
the sacs, the ovarian eggs were enlarging and approaching the time of 
ovulation. As the cervical sacs sharply decreased in size, the egg-shell began 
to form. The  sacs may also function as a calcium store before and during 
times of exceptional bone growth (e.g., shortly after hatching, as in 
Phelsuma sp.). 

43. SPLENIAL.-I noted that the splenial was present in all gekkonids, 
except the Sphaerodactylinae and those gekkonines belonging to the genera 
Pristurus and Ptyodacty lus (Kluge, 1967a). The  absence in sphaerodactylines 
and Pristurus was considered a synapomorphy. I was unable to corroborate 
Russell's (1972) claims that Quedenfeldtia lacks the splenial, while Pristurus 
possesses one. All pygopods examined possrss a splenial, except Apmsia 
(Kluge, 1976a). Hecht and Edwards (1977) did not mention this variation. 

44. SECOND CERAT~BRANCHIAL~ ARCH.-I considered the absence of the 
second ceratobranchial arch to be a synapomorphy of some gekkonines 
(Kluge, 1983b). That  newly diagnosed tribe, Gekkonini, consists of the 
following genera: Agamura, Ailuronyx, Alsophylax, Aristelliger, Bogertia, 
Briba, Runopus, Calodactylodes, Carinatogecko, Cnemaspis, Cosymbotus, 
Crossobamon, Cyrtopodion, Dravidogecko, Geckolepis, Gehyra, Gekko, 
Gonydactylus, Gymnodactylus, Hemidactylus, Hemiphyllodactylus, Heter- 
onotia, Homopholis, Lepidodactylus, Luperosaurus, Lygodactylus, Mil- 
lotisaurus, Perochirus, Phyllopezus, Pseudogekko, Ptychozoon, Stenodac- 
tylus, Teratolepis, Thecadactylus, Tropiocolotes, IJrocotyledon, and Uro- 
platus. The  presence or absence of the second ceratobranchial was not 
checked in Garzoniella, Microscalabotes and Paragehyra. However, they 
were tentatively referred to the Gekkonini because of their close relationship 
to genera which did exhibit the diagnostic feature of the tribe. The  arch 
appears to have been lost independently in the most derived species group in 
Pristurus, a genus Kluge (198313) referred to the "Ptyodactylini." 

The  completely continuous second branchial arches observed in Coleonyx 
and some Gonatodes (Camp, 1923) have been reinterpreted as independently 
cvolved apomorphies (Kluge, 1983b), rather than plesiomorphic states 
(Kluge, 1967a; Hecht, 1976; Hecht and Edwards, 1977). I could not corro- 
borate (Kluge, 198313) the complete three arch condition recorded for 
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Nnul t inus  ~ l e g n n s  by Stephenson and Stephenson (1956; see also Moffiit 
[1973a]). Thus. the continuity of thc cpihr:lnchial-ceratobr;i~icliial rods of 
the second arch do not appcar to provide cvidcnce of common ancestry at 
higher taxonomic levels among gckkonoids (see alternative v i c ~ v ~  by Hecht 
[1976], and Hccht and Edw:lrds [1977]). 
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VOC:ALIZATION.-Male, female, and juvenile gekkonoid lizards vocalize 
(Frankenberg, 1978, 1982; Marcellini, 1974). Thcy are like most other 
tetrapods in  that they make distress, fright or release calls (Frankenberg and 
Werner, 1984; Milton and Jenssen, 1979; Weber and Werner, 1977). Ordi- 
narily, such sounds are emitted when an individual is confronted and/or 
attacked by a predator or conspecific. This type of vocal response is 
widespread among non-gekkotan lizards (Bowker, 1980), and I assume it is 
the plesiomorphic state in the Gekkonoidea. However, certain gekkos have 
long been recognized for their ability to emit complex sounds termed 
multiple chirps (Marcellini, 1978) or clicks (Werner, et nl., 1978). This  class 
of sounds may be modulated, and they are thought to convey intraspecific 
messages over "long distances" (Gans and Maderson, 1973; Werner, et al., 
1978). These sounds are usually associated with establishing and maintain- 
ing a territory and attracting mates (Bustard, 1970; Cloudsley-Thompson, 
1972). Unfortunately, these types of calls are well-documented only for a few 
gckkonids. According to Marcellini (1978), species in the following gekko- 
nine genera are known to produce the more complicated chirps: Aristelliger, 
Cyrtopodion, Gekko, Hemidactylus, Phyllodactylus, Ptenopus, Ptychozoon, 
Ptyodactylus, and Thecadactylus. Remarks by Bustard (1970), Robb (1980), 
and Thomas (1982) imply that at least a few diplodactylines possess the same 
ability. Eublepharincs (Marcellini, 1978) and sphaerodactylines (Dale Mar- 
cellini, A1 Schwartz, and Richard Thomas, pers. comm.), while known to 
make distress calls, seem incapable of producing multiple chirps (see, 
however, Underwood [1954:480]). Pygopods readily vocalize under duress 
(Cogger, 1967; Sonneman, 1974; Weber and Werner, 1977), and it is clear that 
some (,!)elma impar, D. inornata, Lialzs burtonis) also emit more complex 
social signals (Annable, 1983). 

The  ~a r l i e r  descriptions of gckkonoid vocalizations rarely recorded the 
social context or type of sound produced and, therefore, such references are 
of no value in relating [he more complex calls to genealogical groups. 
Identifying structural and functional correlates of the novel form of vocaliza- 
lion, in either the laryngeal apparatus (Paulsen, 1967; Wiedersheim, 1875) or 
auditory system (Wever, 1978), remains to be fully explored. Future research 
in this area might also attempt to correlate the ability to produce complex 
calls with whether or not the species is predominantly noctural or diurnal. 
Assuming gekkonoids to be primitively nocturnal, and diurnality to have 
evolved independently (Underwood, 1970), provides a working hypothesis 
lor why some gekkonines and the Sphaerodactylinae do not emit more social 
types of calls. It seems best not to attribute any phylogenetic significance to 
vocalization in gekkonoids until variation in the communication system is 
much better documented. No doubt, the social significance attributed to 
certain laccrtid vocalizations (Bohme, 1981) represents convergent evolution. 

OCCIPITAL CONDYLE.-A bipartite occipital condyle forms when the 
exoccipitals extend posteriorly beyond the basioccipital. Rieppel(1984) cited 



Gardiner (1982) :IS the source for his claim that such a contlition is 
characteristic of gekkonoids. I can find nothing in Gardiner's paper that 
leads me to that position. Further, I doubt that any gekko or pygopod has a 
bipartite occipital condyle like that in lissamphibians. It is true that the 
exoccipitals are usually slightly longer than the basioccipital early in 
ontogcny, but in adult gekkonoids that differential, if it remains at all, is 
obscured by a continuous thick pad of cartilage that actually forms the 
articular surfaces of the condyle. T h e  easiest way to assess the nature of the 
occipital condyle(s) is to examine the cranial facets on the atlas. At least in 
adult gekkos and pygopods it appears to be a single, U-shaped articular 
surface, not two as Rieppel claimed. 

F ~ ~ ~ ~ ~ ~ , . - I  rcviewetl the tlistribution of single and paired frontal bones 
among the Gekkonidae in 1967 (Kluge, 1967a). I concluded that the variation 
was uninformative with respect to characterizing sister-group relationships 
among the major lineages, because only six of 51 gekkonine genera (with 
onc of those being intragenerically variable) exhibited the paired state 
(Kluge, 1967a). T h e  presence of paired frontals in one of five pygopod genera 
(Moffat, 1973a) further supports my contention. Even bavarisaurs are 
variable in this regard (Estes, 1983a). Hecht (1976) and Hecht and Edwards 
(1977) were unaware that gekkonines and pygopods exhibit bo th  states; their 
tablcs listed these groups as invariably paired. They treated the paired state 
as primitive (see also Moffat [1973a]), and the condition of fused frontals as a 
synapomorphy uniting all eublepharines, diplodactylines and sphaerodac- 
tylines. IJnfortunately, they gave the impression that the evolution of an 
azygous frontal in gekkonoids was a unique event. I continue to reject this 
character in my studies of major gekkotan relationships, because the 
variability does not appear to be corroborated by other synapomorphies. 

SQIJAMOSAL.-T~~ squamosal is absent in the gekkonine genera Lygodac-  
tylus,  Saurodactylus (absent in S.  maur i tanicus  but present in S. fasriatus), 
and Teratoscincus,  and the sphaerodac.tyline genus Coleodactylus (Kluge, 
1967a). The  bone is also absent in a pygopod, Aprasia repens (Kluge, 1976a). 
Given the absence of corroborating synapomorphies, I believe many, if not 
all, o l  these are most simply explained as homoplasious losses (see also 
Kluge [1967:1]). Moffat (1973a:286) also discounted this character as evidence 
of gekkonoid relationships; however, her reason for doing so carries no  
weight, because it was based on the widespread nature of the primitive state, 
i.e., presence of the squamosal. 

NAsA1.~.-Nasal bones are usually paired in gekkonoids, as they are in 
almost all other lizards. T h e  gekkotan azygous state, which I considered 
derived (Kluge, 1967a), occurs only in the following gckkonines: A froedura, 
A i lu ronyx ,  Cnemaspis  (in part), Ebenauia, Hemiphyl lodacty lus ,  H o m o -  
pholis  (in part), Lepidodactylus,  Lygodacty lus ,  Microgecko,  Nactus,  Par- 
oedura, Perochirus, Phelsuma,  Old World Phyllodactylus (in part), Pseudo- 
gekko ,  Uropla tus  (see also Kluge, 1983b). Moffat (1973a) listed paired nasals 
for all pygopods except Aprasia, in which she claimed that they are partially 
fused. My rcview (Kluge, 1976a) of the flap-footed lizards agreed with her 
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conclusions, except thal A. repens exhibited the primitive state and the 
azygous condition appeared to be complete in adults of other Aprasia 
species. 

It is obvious thal the apomorphic condition of the nasals is uninformative 
with respect to higher classification of gekkonoids. Nevertheless, it may 
provide evidence of certain inlergeneric relationships (e.g., common ancestry 
of Hemiphyllodactylus, Lepidodactylus, Pseudogekko, and possibly Pero- 
chirus; Kluge, 1968). 

LATERAL HEAD VEIN C ~ ~ A ~ . - - R i e p p e l  (1984:310) stated "the partial or 
complete bony enclosure of the passage of the lateral head (internal jugular) 
vein across the basiprerygoid process" is diagnostic of the group Gekko- 
noidea + Pygopodidae. He  cited Estes (1983a) as the source for his claim, but 
that attribution appears to be erroneous. Estes (p.  122) reviewed the braincase 
evidence for xantusiids being the sister-group of gekkonoids, and he 
concluded that variation in the closure of the canal in tciids, laccrtids and 
scincids was too grcal to consider the charactcr diagnostic of the group 
Xantusiidae + Gekkonoidea. The  variation among gekkonoids, from open to 
complete closure, further ncgates Rieppel's use of that charactcr. 

HEAD Scl:A~A'l'1ON.-Large head scales are typical of autarchoglossans, 
and therefore one m i g h ~  conclude that the small scales of gckkonids are 
derived (Friederich, 1978:table 1). T h e  condition in pygopods is complicated 
I>ccause small- and large-scaled species are prescnl, although the more 
primilive genera all exhibit the former stale (Zlelma, Paradelma and 
Pygopus; Kluge, 1974, 1976a). Inferring the direction of evolution in the size 
of gekkonoid head scales is made even more difficult by the f a c ~  that almost 
all iguanians and Sphenodon possess small scales. Moreover, the difficulty 
of identifying comparable individual scales, especially in the prefrontal and 
parietal regions, leads me to conclude that there has been considerable 
independent evolution (Friederich, 1978). 

SACRAL PI.EIIRAPOPI-IYSES .-Moffat (1 97321; see also Cogger [I 9641 and 
Holder [1960]) found a triangular process on the posterior edge of pleurapo- 
physes of the second sacral vertebra in the Eublepharinac, Gekkoninae and 
Sphaerodactylinae, but it was not observed in the Pygopodidae or Diplodac- 
tylinae. T h e  process was also present in non-gekkotan lizards (Hoffstettcr 
and Gasc, 1969). Moffa~, therefore, hypothesized that their presence in the 
Gekkonoidea is primitive. Moffat (1973a) did not use Sphenodon, which 
lacks such processes (Hoffstetter and Gasc, 1969:fig. 30), as her outgroup in 
this instance, although she had employed that taxon in deciding several 
other character-slate polarities of gekkonoids. 

Several cleared and stained UMMZ diplodactylines had pronounced 
processes on their sacral pleurapophyses. The  usefulness of this character in 
establishing relationships among gekkonoids is further brought into ques- 
tion by the variation that exists among pygopods. Hecht's (1976354; see also 
Hecht and Edwards [1977]) assertion that the process "is totally absent in the 
Pygopodidae because of limb loss" is false. A second sacral vertebra with 
moderately developed pleurapophyses exists in some species. I have ex- 



amined cleared and stained material of all pygopod genera except Ophzdio- 
cephalus, and many specimens had a triangular process on the posterior 
edge of the pleurapophysis of the second sacral vertebra. These protuber- 
ances were not present in all species, nor did they always occur on both right 
and left pleurapophyses in an individual. The  process was best developed in 
Lialis jicari (UMMZ 13 1 189), Pygopus nzgriceps (UMMZ 129984), Aprasia 
aurita (UMMZ 131 157), A. parapulchella (UMMZ 131 157), and A. striolata 
(UMMZ 131176). Thus,  while I accept Moffat's conclusion that presence of 
the process is primitive, I believe loss of this character-state has limited value 
in establishing relationships among major groups of gckkonoids because of 
extensive individual variation in diplodactylines and pygopods. T h e  charac- 
ter is also variable in other lizards, although the process is generally absent 
in higher Autarchoglossa. 

CONCLUSIONS 

T h e  single, most parsimonious cladistic hypothesis for the evidence 
summarized in Table 3 is illustrated in Figure 11. The  consistency index (c) 
of Kluge and Farris (1969) and the F-value of Farris (1981) provide indices to 
how well the cladogram fits all of the data (c = 0.797; F = 1.511; F 
(normalized) = 0.099). Discounting the three autapomorphies (characters 37, 
38 and 41), c = 0.786 (44/56). All sister group relationships are resolved except 
for the Gekkonini, "Ptyodactylini," and Pristurus + sphaerodactyline poly- 
tomy. 

Character evolution is hypothesized in terms of the cladogram shown in 
Figure 11. T h e  following synapomorphies, as coded in Table 3, are unique 
and unreversed: 2, 4-9, 13-16, 19-29, 31, 33-35, 37-44. Characters 1-3, 10-12, 18, 
20, 24, 27-28,33-37, and 42-44 exhibit some homoplasy within the recognized 
terminal taxa (see distribution of superscript a in Table 3). Thus,  the 
simplest explanation of homology applies to the synapomorphies in charac- 
ters 4-9, 13-16, 19, 21-23, 25-26, 29, 31 and 38-41. Seventeen percent of the 
homoplasy recorded in the most parsimonious cladogram is unambiguously 
interpreted as convergence, 83% as reversal. This  striking difference is 
consistent with the thesis that gekkonoids are largely paedomorphic. While 
the numbers of characters are small, there is no conspicuous bias of loss 
characters (e.g., reduction of a bony element or process) being more prone to 
homoplasy than characters which suggest the acquisition of some feature. 
This  is an empirical test which provides evidence counter to Hecht's (1976) 
proposition that loss characters are less informative of common ancestry, 
and should be discounted a przorz. 
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Eublepharinae Diplodactyl~nae Pygapodidae Gekkoninae Sphaer~dact~l inae 

Teratoscincus 

Eublepharinae Diplodactyl~nae Pyg( , 

Teratoscincus 

FK,. 11. Twelvr (I-XII) gckkorroitl sister-groups obtained from a parsimony analysis of the 
rvidencc s u m m a r i ~ r d  in Table 3.  Tllc nomenclature follows Kluge (1967a; 1976a; 19831,). See 
text ( p ~ .  11-32) for surnrn;rry o l  sy~l;~pomorphies ai cath lrvel o f  nnivrl-saliiy. 

T h e  congruence-parsimony test (sensu Fig. 11; Patterson, 1982) leads to a 
reinterpretation of some of the evidence summarized in Table 3. For 
example, procoely (character 1) is hypothesized to have evolved indepen- 
dently in eublepharids, pygopods and the four sphaerodactyline genera 
denoted by the term Sphaero (see Table 3). Ebenauia, a "ptyodactylin," also 
exhibits that convergent staLe, and several diplodactylines and Gonntodes 
(Fig. 5 )  tend toward procoely. Perhaps the polarity of the character has been 
misjudged; however, to consider procoely the primitive gekkotan condition 
leads to a Ear less simple description of that character's evolutionary history. 
Thus, I am forced to conclude that the primitive squamate state of procoely 
has been attained several times among gekkonoids. An amphicoelous 
centrum with a continuous notochordal canal (character 2) may have been 
achieved by paedomorphosis in early gekkotans (Gauthier, 1981). 

The  congruence-parsimony test also indicates independent evolution of 
the stapedial foramen (character 3).  T h e  simplest interprctation requires a 
secondary loss of the foramen in the diplodactyline + pygopod clade, as well 
as at least two losses among the Gekkonini and "Ptyodactylini" and 
individual variance in this feature among a few Sphaero genera. Altering the 
polarity would lead to a less parsimonous interpretation. T h e  absence of 
cloaca1 sacs and bones (characters 10-1 1) hypothesized in the lineage leading 
to Pristurus + sphaerodactylines is almost certainly secondary. Even though 
there are additional absences among the Gekkonini and "Ptyodactylini," 
changing the polarity of these transformation series leads to a description of 



character evolution that requires even more ad hoc explanations. Inter- 
preting the absence of the meatal closure muscle (character 12) as a loss in the 
Pristurus + Sphaerodactylinae clade, as well as in the Gekkonini and 
"Ptytodactylini," also seems to be the simplest explanation. 

T h e  nature of the visual cells (character 17) in pygopods requires restudy, 
as I suggested earlier, before the hypothesized reversal can be considered 
justified. There seems to be little doubt that the bony floor to the olfactory 
canal (character 18) has been lost secondarily in  Pristurus as well as in the 
"Ptyodactylini" and at least one pygopod. Characters 20 (clutch size) and 24 
(hyoid cornu) have been reduced independently several times-in the 
Gekkonini, among "ptyodactylins," and in the Pristurus + sphaerodactyline 
clade. T h e  broad contact between the premaxilla and vomer (character 28) 
observed in the more derived pygopods (Table 3) is most simply interpreted 
as an  evolutionary reversal. The  number of scleral ossicles (character 30) 
appears to involve considerable homoplasy. Only by treating this character 
as 21 multistate variable will a more accurate estimation of the homoplasy be 
obtained. Thcre appears to be little doubt that the beta generation gland 
(charactcr 32) has been lost indcpendently in sphaerodaciylines. T h e  sim- 
plest interpretation for the escutcheon generation gland (character 33) is that 
it evolved at least twice independently: some eublepharines, and Pristurus (?) 
+ sphaerodactylines. 

The  parietals (character 34) arc almost certainly secondarily fused in thc 
pygopod clade and in a few Gekkonini and "Ptyodactylini." Other research 
(Kluge, 1967a, 1975) indicated that the supratemporal (charactcr 35) has been 
lost independently in non-cublcpharine gekkos and at least once among 
eublepharines. Similarly, the angular (character 36) has probably been lost 
independently in non-eublepharine gekkos and in the Eublepharinae. It is 
equally parsimonious to consider an angular-like bone to have been 
reg-ained in Teratoscincus or lost independently in the diplodactyline + 
pygopod group. T h e  absence of the extracranial endolymphatic system 
(character 42) in the Gekkonini, and possibly among the "Ptyodactylini," is 
almost certainly a secondary loss. A much more complete survey than is 
presently available is required to better estimate the degree of homoplasy in 
this character. The  absence of the splenial (character 43) in Ptyodactylus is 
very likely convergent to its absence in the Pristurus + sphaerodactyline 
clade. 

EVIDENCE FOR SISTER-GROIJP REI.ATIONSHIPS 

T h e  most parsimonious phylogenetic hypothesis for gekkonoids (Fig. 11) 
contains 12 clades. This  pattern of relationships is consistent (sensu Wiley, 
1981b) with my previous hypothesis (Fig. 2). T h e  following list summarizes 
the range of numbers of synapomorphies, in parentheses, diagnostic of each 
major clade: I (27-29), I1 (1-3), 111 (4-5), IV (1-3), V (1-Z), VI (4-5), VII (3-4), 
VIII (1-3), IX ( l ) ,  X (6), XI ( l ) ,  XI1 (1). Variation in diagnostic information is 
due to different optimizations of ambiguous characters. Przsturus and 
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Teratoscincus are diagnosed by (1) and (0-2) characters, respectively. These 
numbers and the nature of that evidence (unique in the Gekkota, a reversal 
or a convergence) are the bases for the confidence that I attribute to the 
different clades. It is obvious that clade I is exceptionally well corroborated, 
whereas IX, XI and XI1 require further study. The  12 levels of common 
ancestry, and the minimum character evidence for their historical reality, in 
parentheses and numbered as in the CHARACTERS section, are: 

I. Gekkonoidea (2, 4-29). 
11. Eublepharinae (1). 

111. "non-eublepharine" gekkonoids (31-32, 34-35). 
IV. Diplodactylinae + Pygopodidae (12). 
V. Diplodactylinac (37). 

VI. Pygopodidae (1, 17, 29, 38). 
VII. Gekkoninae + Sphaerodactylinae (39-41). 

VIII. Gekkoninae + Sphaerodactylinae, excluding Teratosc.incus (42). 
IX. Gekkonini (44). 
X. Pristurus + Sphaerodactylinae (10-12, 20, 33, 43). 

XI. Sphaerodactylinae (32). 
XII. Sphaerodactylinae, excluding Gonatodes (1). 

Three characters, 3, 30, and 36, provide additional ev~dence for sister- 
group relationships; however, there is no single optimal parsimony distri- 
bution for them. For example, character 3 diagnoses clades I or 111; 30 
diagnoses clades I, 111, IV, VII, or Pygopodidae; 36 diagnoses 111, VII, or 
Teratosclncus. 

T h e  previously published classifications of gekkonoids and their Jurassic 
relatives are inconsistent with the cladogram presented in Figure 11, and a 
ncw taxonomy isomorphic with that phylogenetic hypothesis is: 

Infraorder Gekkonomorpha Fiirbringer, 1900 
Plesion "Bavarisauridae" Cocude-Michel, 1961; Kuhn, 1961 

Genus Bauarisaurus Hoffstetter, 1953 
Genus Palaeolacerta Cocude-Michel, 1961 

Microorder Gekkota Cuvier, 181 7 
Supcrfamily Eublepharoidea Boulenger, 1883, new rank 

Family Eublepharidae Boulenger, 1883 
Superfamily Gekkonoidea Gray, 1825 

Family Gekkonidae Gray, 1825 
Subfamily Gekkoninae Gray, 1825 

Gekkoninae, incertae sedis: "Ptyodactylinae" Kluge, 1983b, 
new rank 

Tribe Gekkonini Gray, 1825 



Tribe Sphaerodactylini IJnderwood, 1954, new rank 
Subfamily Teratoscint inac, new subfamily 

Family Pygopodidae Boulengcr, 1884 
Subfamily Diplodactylinae Underwood, 1954 

Tribe Carphodac tylini Kluge, 1967b 
Tribe Diplodac tylini Underwood, 1954 

Subfamily Pygopodinae Boulenger, 1884, new rank 

Eublepharoidea and Teratoscincinae are redundant with Eublepharidae 
and Teratoscincus, respectively. The  former names can be eliminated 
without perturbing the isometry of the cladogram (Fig. 11) and Linnean 
classification. 

Some major groups appear to be well-founded among the "ptyodac- 
tylines" (Figure 12); however, many genera cannot be related at this time. 
The  Sphaerodactylini includes Pristurus, not Phyllodactylus as per Russell 
(1972:245-461, and a review of the relationships of the genera referred to this 
tribe will be published elsewhere (Kluge, ms.). T h e  previous classification of 
pygopods (Kluge, 1976a) must be atljusted to their new subfamily status. 
Moreover, pygopods and Diplodactylini genera Crenndactylus, Diplodac- 
tylus, O e d u m  and Rhynchoedura share several cranial modifications, which 
may indicate that flap-footed lizards are cladistically even more derived than 
shown in Figure 11.  

My earlier phylogenetic analysis of gekkotans was followed with a 
biogeographic scenario that assumed fixed continents, existence of land- 
bridges, and frcquent trans-oceanic dispersal (Kluge, 1967a). My principal 
conjecture was that the Diplodactylinae evolved during the Late Mesozoic 
from a primitive gekko, like the eublepharid Aeluroscalnbote.~, located in 
southeast Asia. Since that review, plate tectonics has become generally 
accepted, and it is now commonplace to recognize mobile continents as 
responsible for l i n e a ~ e  splitting (Humphries, 1981). Moreover, as Cracraft 
(1975) pointed out, according to the theory of plate tectonics, Australia and 
New Zealand lay far to the south throughout the Mesozoic (see Owen [I9761 
for an alternative view), as a part of Gondwanaland, and overwater dispersal 
of gekkos from Asia to Australia was less likely than previously thought. 
Given such glaring inconsistent.ies with my earlier biogeographic thesis, 
and in view of the cladistic hypothesis summarized in Figure 11, I will 
reconsitler some major features of gekkotan geographic history. In  the 
present review I attempt to discover only those congruences between the 
breakup of Pangaea and the hypothesized genealogy of gekkotans. In  effect, 
this is a test of Presch's (1983:198) conclusion that "The breakup and 
movement of the plates does not appear to have been the major vicariant 
force acting on the evolution of the lizard family-subfamily taxa . . . ." There 
are many hypothesized past positions, connections and times of separation 
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Chondrodoctylus Polmatogecko 

1. Hyperphalangeol 1'' finger/toe 

2. Elaborate cloaca1 spurs 

3. Bra~h~phalongeal dth finger 

4. Webbed fingers/toes 

Flc: 12. Synapornorl,hics (1 -4)  suggesting sister-group r r la~ ionsh ips  among ccrtain "ptyothc- 
tylincs" (altcr Haa tke  [I9761 ant1 Russrll  [1972]). 

of Gondwanan landmasses (Moody, 1980; Owen, 1976). I have accepted that 
set endorsed by biogeographers (see for example, Cracraft, 1973, 1974). 

I hypothesize the breakup of Pangaea into Laurasia and Gondwanaland 
about 180 mybp was the vicariance responsible for divergence of gckkotans 
into Euhlepharidae and Gekkonoidea. I assume eublepharids are Laurasian 
in origin, even though some taxa included in  that Family are found today on 
landmasses derivcd from Gondwanaland (e.g., Hemitheconyx and Holo- 
dnctylus in northern Africa). T h e  extra-Laurasian distributions must there- 
f o r ~  be considered more rrcent secondary dispersals. T h c  widespread Laur- 
asian distribution of relatively primitive Eublrpharzs (eastern Iraq to India, 
southern Turkmenia, Norway and Hainan Islands, Gulf of Tonkin,  and 
Okinawa and Ryukyu Islands) and the German and Manchurian locations 
of Jurassic bavarisaurs, the sister-groups to gekkotans, are the bases for this 
assumption. 

If Gckkonoidea is the southern vicariant then at least some of the 
gekkonid + pygopodid diversity might be due to the breakup of Gondwana- 
land. For example, the Africa-India and Australia-New Zealand separation 
(Rosen, 1978) about 85 mybp is congruent with the postulatrd divergence of 
Gekkonidae and Pygopodidae (Fig. 11). In  turn, separation of India from 
Africa about 60 mybp could account lor the origin of the Gekkonini; 
however, the uncorroborated common ancestry of that lineage and its 
unresolved relationship to the "ptyodactylins" and the Sphaerodactylini 
makes this portion of my interpretation highly speculative. One of the major 
monophyletic groups of "ptyodactylins" (Fig. 12) consists almost entirely of 
African taxa, which might represent the genealogical counterpart to the 
Gekkonini. No doubt, dispersal was responsible for much of thc remainder 



of the Gekkonini origins, because many of  the genera are widespread and 
sympatric (e.g., Cyrtopodion, Gonydnctylus, Hemidactylus, Lygodactylus, 
and Phy1lodnctylu.s). T h e  E thiopian-Neotropical track indicated by the 
distribution of the Sphaerodactylini may have involved trans-Atlantic 
dispersal, 'like that postulated for Hemidactylus, Lygodactylus, and Taren- 
tola (Kluge, 1969; Bons and Pasteur, 1977). 

T h e  Australian Region endemic, Pygopodidae (Fig. 1 I) ,  provides one of 
thc most interesting divergences to be interpreted. T h e  initial split leading to 
the pygopodid radiation is consistent with the separation of Africa-Intlia and 
Australia-New Zealand (Rosen, 1978; Cracraft, 1980). However, the relation- 
ship of the principal lineages, Pygopodinae and Diplodactylinae, does not 
fit the Australia-New Zealand vicariance especially well. T h e  Australia-New 
Zealand separation would be consistent if pygopods were the sister-group to 
the Crenadactylus + Diplodactylus + Oedura + Khynchoedura lineage of 
Kluge (196713). IJnder such a hypothesis, the remaining Diplodactylinae, the 
Carphodactylini, would have dispersed from New Zealand to New Cale- 
donia, as well as to Australia, perhaps by way of the Lord Howe Rise (Tyler, 
1979). Cracraft (1980) recognized a similar pattern among gruiforme birds. In  
contrast to Presch (1983), I conclude that much of the biogeographic history 
of gekkotans is consistent with a vicariance hypothesis involving the 
breakup and movement of the Pangaean plates. My interpretation is also 
inconsistent with Estes' (198313) opinions that Antarctica was never occupied 
by gekkonoids, and that Southeast Asia was the center of gekkotan evolu- 
tion. 
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'1';lxon (I-ccognizrd grnrr;~-s~c~c.ies-s~~l~sprcies)" Range 

Eublcpl~arin;re (5-19-14) 
Ar11cro.sr nlnhotrs 23-25 
Co1con)~x 13-19 
Evhlrplznr~.c 15-19 
H(,mzthi~conyx 1 X 
Ifolodactylu.\ 18-22 

Dlplod,~cty llnac (1'3-81-10) 
Bnui~y 
(.ir~phodncty luv 
Crrnndnt l y  l u ~  
117plodnctylu\ 
F~lrydnc ty lodrr 
Ho@lodncly luc 
Nnul tznuc 
Nrphruru \  
Ortiurn 
I'hy lluruc 
I- '~(~udothecadacty luc 
Rhc~todacty  lus 
lihlrnt hordurti 

Bogertin 
RriOc~ 
Brunopu.\ 
Cnlodnrtylodrs 
( :nrinnlog~r k o  
Chomlrodncty lus 



'I'ARLE 1 (I:otltinucd 

Taxon (rec-ognizcd gcuer;~-spec-ies-sut~~Pcci~s)a Rangc 

Ehennvin 1 4 
Geckolrpis 14-15 
C;eckonin 14 
Grhyrtt  13-16 
Gekko 14 
Cony  dnrty lu.5 14-15 
Gymnodncty lus 14 
Hrmidnc ty  lus 14-15 
Hr~mip12yllodacty l u s  14-16 

Heteronoticl 14-15 
H o m o n o t n  13-14 
Homopholzs 14 
K(lokogrck0 1 5d 
Lrpidodac.ty lus 14-16 
L u p r i - o s a u r z ~ ~  14 
Lygodncty lus 14 
M ici-ogrcko 14 
Mzllot isal irus 14 
Nactu.t 13-14 
Nnrudoszn 14 
Pnchydncty lus 14 
Pnlmcttogc~rko 14 
Pnmgrhy rct 14 
Pnrordurn 1 4d 
Peroclttrus 14 
I 'hr lsuma 13-14 
Phyl lodnctylus 13-15 
Phy lloprzzis 14-15 
Pristurus 14-16 
Psrudogrkko 14 
Ptenop.us 15-17 
l'tychozoon 14 
Ptyodncty lus 14-15 
Quedrnfeldt2n 14 

K hoptropus 14-15 
Snurodac-ty lus 14 
Slenodncty lus 20-28 
Tnrentoln 14 
7'rmtolrpi.s 13-14 -. 1 ernto.srzncus 15-21 
Therndnctylz~s 14 
Troptoro lot rs  14 
Uroroty l r d o n  14 
(11-oplntn.\ 15 
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TABLE 1 Continued 

Taxon (recognizrd genera-species-subspecies)" Range 

Sphacrodactylinar (5- 120-79) 
Coloodacty 1u.s 12-14 
Gonntodrs  13-15 
L r p i d o b l ~ p h a r i s  13-14 
l'srudogonntodrs 14 
S ~ h n e r o d n c t y l u . ~  13-15 

" Extractcd from Kluge (1967a:tablc I ) ,  Klugc (l976a:tal?lc I) ,  and IJnderlvood (1970:tablc I ) .  
1,argely estimated from the modal values presented by Kluge (1976a). 
Among all of the currently recogllizrd gekkonoitl genera, only Microscnlnbotes was not 

sampled. 
New observa~ions (not arc-ording to footnote ;I). 

TABLE 2 
X-RAY DIFI;KAC.TION ANALYSIS OF C E K K ~ N O I I )  EM; S~t1.1. I\ND "CALCIIJM MII.K., 

Egg Sllcll "Calcium Milk" 

C o l ~ o n y x  unriegalus Hemidactylus  mc~bouzn C;onntodrs fuscus G e k k o  gekko  

relative relative relative relativc 
intensity 028" db intensity '28 d intensity '28 d intcnsity '28 d 

(%I (%) ( W )  (%) 

100 29.7 3.01 100 29.7 3.01 100 29.8 3.00 100 26.1 3.37 

20 36.3 2.48 30 36.1 2.47 60 27.1 3.25 

10 3 9 . 5 2 . 2 8  30 3 9 . 7 2 . 2 7  30 3 9 . 9 2 . 2 6  50 3 3 . 3 2 . 6 9  

7 43.4 2.09 15 43.5 2.08 30 43.6 2.08 40 36.3 2.17 

50 47.8 1.90 60 47.9 1.90 

40 18.8 1.87 45 48.9 1.S6 

" drgrrrs two thrta ia ;I relative nlrasurr o f  t l ~ c  diffracted x-ray beam. 
d is thc spacing between atoms from which x-rays arc tlifiracted. 



'' Oric or :I l t ~ w  r x ( ~ ~ p ~ i o s i s ,  01- \~:II i:111ts that r11i~llt t)r isltt'rpr-cttd :IS cx(cptioris. 
Divitlilig this c-llarat rcr illto 1.1 or rnore ossiclcs ol~scurcs Inuc h v;~r-i;rlio~i (sec. Fig. 9) 
(, 'ol(~odnclyl~~s, Lrpzdobl(~pl1nr7.c, p.trudo~onc~todes, Sphnerodot lyl t~s.  
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APPENDIX I 

T h e  cen t rum shape o f  a n  adul t  t runk  vertebra was  determined for o n e  or 
more  species of the  f o l l ow ing  gekkonoid  genera. Eublepharinae: Aeluro- 
scalabotes; Coleonyx  ( i nc l .  Anarbylus) ;  Eublepharis; Hemi theconyx ;  Ho lo -  
dacty lus. Diplodactylinae: Bavayia; Carphodacty lus; Crenadacty lus;  Dip lo-  
dactylus ( inc l .  Lucas ium) ;  Hoplodactylus;  Nau l t i nus ;  Nephrurus;  Oedura; 
P h y  llurus; Pseudothecadacty lus; R hacodacty lus; R hynchoedura.  G e k k o n i -  
nae: Afroedura; Agamura;  A i lu ronyx ;  Alsophylax;  Aristelliger; Asaccus; 
Briba; B u n o p u s ;  Calodactylodes; Chondrodactylus;  Cnemaspis ;  Co lopus ;  
Co,symbotus; Cyr topodion;  Ebenavia; Geckolepis;  Geckonia;  G e h y m ;  G e k -  
k o ;  G o n y d a c t y l u s ;  G y m n o d a c t y l u s ;  H e m i d a c t y l u s ;  Hemiphy1lodacty lu . s ;  
Heteronotia;  H o m o n o t a ;  H o m o p h o l i s  ( inc l .  Blaesodactylus); Lepidodac- 
ty1u.s; Lygodactylus;  Microgecko; Mil lot isauru.~; Narudusia; Pachydactylus; 
Palmatogecko; Perochirus; Phelsuma ( inc l .  Khoptropel la) ;  Phyllodactylus;  
Phyllopezzu; Pristurus; P t enopu .~ ;  Ptyodactylus; Ptychozoon; Quedenfeldt ia;  
Rhop t ropus ;  Saurodactylus; Stenodactylus;  Tarentola;  Terntolepis;  Terato-  
.seineus; T h e c c ~ d a c t y l u s ;  T r o p i o c o l o t e s ;  Urop la tu s .  Pygopod idac :  A ~ l y s ;  
Apmsia;  D ~ l m u ;  Lia1i.s; 0phidiocephalu.s;  P a m d ~ l m a ;  Pl(,tholax; Pygopus .  
Sphaerodactylinae: Coleodactylus; Gonatodes;  Lepidoblepharis;  Pseudo- 
gonatodes; Sphaerodacty lus. 

APPENDIX I1 

DII ' I~ODACIYLINES EXAMINED FOK VERTEBRAL PROCESSES 

' I h e  f o l l ow ing  cleared and stained U M M Z  diplodactyl ines were examined  
for presencc o f  a process o n  the  posterior edge o f  the  pleurapophysis  o f  the  
second sacral vertebra. T h c  n u m b e r  o f  asterisks indicates t he  degree o f  
deve lopment  o f  the  process; those w i t h o u t  a process are n o t  marked w i t h  an 
asterisk. Bauayia cyclura ( 127507), Carphodacty lus  laevis ( 127508), Crenadac- 
ty lus  ocellatus (127509a-b, 127510a-b, 127510c*, 12751 1-12, 127523), Dip lo-  
dacty1.u~ uittatus (127563a, 127563b**, 127564**, 127565a-b), Hoplodacty lus  
pacificus (127574a-h, 127575), Nau l t i nus  elegans (127576a-b), Nephrurus  
levis (127581a-b), Oedura marmorata ( 127583), P h y  l lurus m i l i i  (127591a-b), 
Pseudothecadacty lus  aus trn l i s  (127598**), Rhacodac t y lu s  aur i cu la tu s  
(127599), R hynchoedura ornata (127600, 127601**, 127602a, 127602b**). 










