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Results continued

Examples of convergent morphology abound in lizard taxa, highlighting the role = “Gymnophthalmus leucomystax”
of adaptive processes in generating diverse lizard morphologies and ecologies. e Nine m_omn.,mm of aquatic and 11 .m_omn,mm. of :o:-mo_cmﬁ._n lizard 103 the Gymnophthalmid S._om e _ﬂlm_ﬁwmwmmmmwm?é._
e =
__Nm&m _J aquatic :m_.o_ﬁmﬁm BB.m_:m ittle explored oE.m_o_m.Qn ; dﬂm.<< studies .o: ® Traits which previous literature suggested composed Crocodile-Like Morphology were quantified as Similar colors at tree tips ; wﬁ@amﬁwﬁﬁ_Ema_.
Anolis lizards. Previous studies of Gymnophthalmid lizards in the tribe _which b 58 P . . PROIOEY 9 ndicate species with . Pholidobolus montun’
Cercosaurinae have in passing suggested a suite of morphological traits termed o_.mmn:_o.mo_ in a.m_u_m 2. For all characters too small to measure s\_ﬁ.r calipers, photos were taken through a SR Lﬁmhﬁ%mmmqﬂﬂ__
“crocodile-like morphology” which is thought to have evolved multiple times in dissecting microscope and Bmmmcﬂmgm:ﬂ were taken using Imagel (Schneider et al. 2012). ey .%_o X g ﬁ. | e Eotinosaura panamonsis
semiaquatic members of the group. Herein, "crocodile-like morphology" is Measurements were collected from 58 specimens. _hs_ =heth s .0<<m_m rons T "Placosoma glabellum"
quantified and explored across several taxa of semi-aquatic Cercosaurinae lizards ® The package FactoMineR was used to make a PCA plot. PCA and randomization tests were performed phylogenetic signal ‘Neustiouns raconis”
using museum specimens of both semi-aquatic and non-aquatic on data with no phylogenetic corrections. Randomization tests were performed on residuals of each 4361 waitvaie 2070 "Nousticurus medemi” -
Gymnophthalmids. PCA is used to explore whether aquatic and non-aquatic trait regressed against SVL, except for those traits which were ratios of different measurements. SVL length=0.189 =
Gymnophthalmids group separately based on hypothesized crocodile-like was included as a variable in the PCA plot. AFig.3: Ancestral state reconstruction of limb length (proximal).
morphology traits. Randomization tests are used to evaluate whether each trait ® Geneious was used to align genetic sequences (ND4, 16S, 12S, C-mos) for all species for which genetic VFig.4: Ancestral state reconstruction of tail width/height at .2*svl.
individually  differs  significantly between aquatic and non-aquatic data was available on Genbank. 100 bootstrap replicates and a ML analysis were performed in RAXML. PR The high color variation across
Gymnophthalmids. Phylogenetic effect is also calculated for each trait, e Phylogenetic effect calculations, phylogenetic Pearson’s correlations, and ancestral state Hmamaﬁww the tips of this tree indicates that
phylogenetic Pearson’s correlations are found between traits, and ancestral state reconstructions were performed using the package phytools in R (Revell 2012). | j e o these species have diverse
reconstructions are performed for some of the analyzed traits. Gymnophthalmid | uwﬁmi%wﬁwi morphologies for degree of tail
lizards provide novel opportunities to investigate factors which drive e comsams coomree compression. Tail compression
convergence, causing convergence to occur in some systems but not others. | ————— oo paranenss 108 ek SAe Seny
Additionally, an understanding of ecomorphology in aquatic lizards can help LT ﬂzﬂlmfﬁ@; _o:<_omm:m:.n .m_m:m_\ _3.o__nmﬁ._3m
generate hypotheses about the ecology of species which lack ecological data. %HHMH %m..ﬁ B WS 12 m<o_c.:o:m.:_<
e e Neustcurs medem’ A0 labile mon_ not evolutionarily
Do aquatic and terrestrial species have different morphologies? T eaeotes - constrained.
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— :.HW.OQ :n.ﬂ—os o Terrestrial Species @ cchinosaurs & Fig.2: Principal component analysis of measured

2- (green shades) @ Centrosaurs morphological traits. Traits were not size corrected,

® ® Neusticurus and SVL is included as a trait. Each point is a

@ Potamites specimen. PC 1 accounts for 57.63% of the variance
o . . - . o . ® Gelanesaurus and PC2 17.16% in the data. ® Past research has found that CLM evolved at least four times convergently, and likely
e Aquatic lizards have evolved in 11 lizard families, with most of aquatic lizard ° Riama arose during the Miocene when Pebas Lake was forming (Marques-Souza et al. 2018)
. . . . oo . . . — o - Anadia ] . i . . . . . ’ ’
diversity o__mﬁ.:_ocﬁmo_ across the EB___mm . Scincidae,  Varanidae  and 3 * ® X Wacropholidus Aquatic and non-aquatic Gymnophthalmids Convergence in Gymnophthalmids provides another system in which to study
m<33w_oj§m_3_o_mm\. and qmm:_n.ﬁmo_ to ,:.o_o_nm_ habitats Awmc.mq and Jackman 2007). = 0- O Placosems formed two non-overlapping clusters based on convergent evolutionary processes and adaptive traits, though caution must be taken
Aquatic __Nm:.u_m are _:nqmo__.c_< diverse, with the lack of a suite of characters found & ® omopmnames | Morphometric data, indicating the presence of in interpreting this convergence as the quantitative analyses explored herein reveal
m_nSmm Mo_cm,:n lizards ._mm.arsm.amcmh and _mn_A.B_m: 2007) ﬂo%ﬂmcm ,ﬁ”mﬁ Bn”:o_”o_om«\ ) T n - P distinct ecomorphs. Within aquatic and non- that treating CLM as a single discrete trait ignores significant variation between the
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alone o_/m\_m not sIVe :_d.m_mo,” _ﬂﬁo t _m _oo,ﬂ_mssm mo_cmﬁ_m_ m._;mﬂm ot poor <o_ nown i O ® Orcosaurus aquatic species, there was overlap between evolutionary histories of the traits thought to comprise this convergent morphology;
w_omn_ﬂm. _ Mmﬁ m_o_cww_n \zar M:m<_Am mﬁmmﬂwowvnOBn_,mmmm tails, however, and many = - | genera. Members of Echinosaura overlap with CLM traits vary in phylogenetic effect and correlation coefficients. Non-phylogenetic
m.<m. eelea scales m.cmﬂ m:. dckman . o . . 2- - Aquatic Species ﬁgﬁw other aquatic species, but nonetheless have an multi and univariate analyses did confirm significant differences in morphology

° <_K_§:_H_ the Mmanmmc_q_:Mm :,___om o” m<3.:o_o:ﬂ__/w_3_a __Nm_d_@ mncm,_ﬁ_nmmmm_vom%mm m_,.m - (blue shades) ® aquatic morphology unique from other aquatic between aquatic and non-aquatic Gymnophthalmids, however, indicating that there is
thought to have evolved at least tour times (IMarques-souza et al. . Aquatic 50 25 0.0 25 5.0 a quantitative basis to the previously qualitatively described convergence.
ecologies in this group are accompanied by what Marques-Souza et al. (2018), Rojas- PC1G85%) SRS o >M_m_<mmm herein were _EB:_MO_ by %m,\mQBm__ mmB_o_M size, and by the Mn_A of genetic and
Runjaic et al. (2021), and others referred to as Crocodile-Like Morphology(CLM). — ) ecological data. Additionally, the randomization tests and the multivariate trait
CLM consists of traits including heterogeneous dorsal scalation, caudal crests, Do crocodile-like traits co-evolve across the b_j\_ommsz\\.U analysis which here was performed using PCA would be more informative if they took
streamlined bodies, and laterally compressed tails (Marques-Souza et al. 2018). — : i i i iag i

amlir \ y compres A Aarqu . ) | e " e T T e phylogenetic relationships between species into account.

e While this morphology has been qualitatively described in numerous studies and is a % 2 mw _uoé__sm wmao: no_ﬁ_a m.ﬁ_oﬂ | ~ Trait 1 Trait 2 : " e Crocodile-Like Morphological traits were highly varied between different species of
: : : : : : i coefficients an values tor several pairs of traits. . . . . . .
likely part of the cause of much taxonomic confusion in this group, little attention P eel height Scale surface Ares 04577299 0.04240874 Gymnophthalmids, with many aquatic species lacking the supposed aquatic
has been paid to quantitatively evaluating this hypothesis of convergence and Pearson correlations with phylogenetic data |, neiaht Tail widivheight at 2 SVL 04790781|  0.03958280 adaptations and many non-aquatic species appearing to have aquatic adaptations.
examining variation between taxa _ were significant for all pairs of trai | | | This is possibly due to selection unrelated to aquatic locomotion; the

SO i € _m% g :8 b i dn d _8_ > 0 _oﬁ clis ﬁmwmo_ Keel height Eye to snout length 0.4187447|  0.06612059 - Z_ﬂ e o_< " . I A talv be described
: . 1 e S R 0 M ik . _ _ mno almids described as semi-aquatic mi more accurately be described as
in these supposedly convergent traits. — e i s excluding the test or correlation between keel .o pejgnt Limb length proximal 0.5387852|  0.01730383 | y : _.ﬁ_o el i _h.u_ . m — ﬁ Y _ el
e ey : : _ _ o _ eaf-litter dwellers or semi-arboreal lizards which enter water only occasionally.
® Reliance on aquatic features of the R e 7L N height and eye to snout length, which had a P Limb length proximal Tail width/height at .2 SVL -0.6736113| 0.001567983 Additi v, due to the lack of locical k ledee for lizards i ﬁ.w\d. .ﬁ.«.\
environment is variable between semi- e, | s . value above .05. Tail width/height at .2 SVL|Scale surface Area 05357152  0.0149129 Honatly, aue o the fack of ecolosital KNOWIECEE TOF Hlzards I this group, 1t 15
S . o R o o possible that some non-aquatic species are actually semi-aquatic; Placosoma
aquatic lizards, with most of CLM T e e . : : S
G hthalmids thoueht t | e ot Are crocodile-like traits influenced U< m<O_Cﬁm03mﬁ< _imﬁOJ\u glabellum has been classified as non-aquatic following other studies mentioning CLM
mno almids ou O re on o Eosaus painenChAIGS . ) . . i
v .F.. P Habitat m_ / di o e but Pontes et al. (2018) reported collecting an individual on a rock in a stream.
aquatic abitats an suppose - Ariosars alosaus spedars MIT 554cs : . ot - : : . . . . . .
X ated ol . PP dat Y = i R Cerected? Elolh) - Teapyaie | € Table 2: A table describing the morphological traits used to Furthermore, traits which are thought to be adaptations for aquatic locomotion in
correlated morpholo or predator | e : . . ” . . . . . .
. O._“—J __U q gY . P .—...H _gﬂxwmm%mmmwmmwﬁwﬁ Head width Distance between front of eyes with callipers Y 0.240629 0.2194 QCND.H_._H«\ Crocodile-like BOﬂUIO_Om«\ ’ whether .ﬂjm«\ were size m<330ﬂu_\d.ﬁjm_3_0_m and other taxa Amm~ lateral tail Oog_oﬁmmm_cjv are associated with
evasion. er lizarda species are orten o : Gelanssturss conane QOAZ 0120 idth of body measured at widest point dive e snout to ' . . . .
| 4P o Widh/SVL  ventlongth | e e vedbyfesnodto T comeeeel B0 snElEes, PEgHs A, sme [ vEles e other ecological purposes in other taxa (e.g., arboreal Pythonids and Boids have
found in close proximity to water, but Iﬂﬁffog Tai randomization tests of each trait between aquatic and non- aterall d bodies (Pizzatto et al. 2007))
: . . |l s, . o | : : aterally compressed bodies (Pizzatto et al. :
are _mmm re _ iant on 2 qu atic _J 3 _U itats — O Marophais e CORBID 4281 _.__M_Qmﬁq_@m_@jﬁ at M_.jm ﬁmm__m ,.,____ﬁmﬁ: divided by the height measured 2 of the SVL aquatic species.
_. o Rinsosauns sucarasum ROMZ2002 : own from the posterior margin of the cloaca N 6.61E-05 0 i ]
(Bauer and Jackman 2007). e Tai The strength of phylogenetic effect was highly
L L width/height at  The tair's width divided by the height measured 4 of the SVL . : . .
. #—— Pelracola ventimaculala CORBID| 9235 y g Q U Q .ﬁ.ﬁ —J _ -

® |_|_Jm m_UC_JQmjﬁm O.ﬁ _UO.H—J mOO_Om_ﬂm_ m_JQ ﬁﬁﬁwwcﬂmmhﬁmmmmm@mmmw 4 SVL gc_._._._::DBEmnﬂm-m:o.ﬁ_ﬁ:m@:ozjmn_omnm N 0.999934 0 varie m.ﬂémmj | mﬂmj.ﬁ .Hﬂm_.ﬁm\ />\_.ﬁ 03< >n_A=°E_QOm3m=”m w Eo q_Am n_ﬁmn
correlated BOﬂﬁTO_Ommnm_ Qm<mﬂmmﬁ< u_n wﬂimﬂmﬂwc%m%ﬁ%%%e Keel height wﬂw_ﬂwmﬂww:”mn__wﬁwﬂzim_mamm;mm_mmmau_mg22%%3 Y 6.61E-05 0 <<_Q._”_J\m<_i tail E_QHT\Tm_m_ﬁH at m_.*m<_l and both
it Ermnesli ces mekes i e e Koollength  lcatencnhedorsum Y 6 61E-05 0472 measures of limb length showing high values of e
1esll svalam o suelviine acksive (el e e i s v oo v s o lambda indicative of phylogenetic effect. pro] P PP

Y ying P 5 Schasaus op. QCAZ 12801 Scale surface  specimen. For species with heterogeneous dorsal scalation, . . . . m:a mmmmm.ﬁmjﬁm .—..q.og Uq. Um/\mQ _AmN_:ms Dq. mg__ _|m3303
evolution and potentially convergent e A maﬂ - smaler scales wers preferentially selected. Y 6.61E-05 of  Randomization tests found that all traits examined . » P Y ’
. e s nmpmmﬁ“mwmmmmwmmm_wmwm%mw imb leng e length of the proximal portion of the right hindlimb measure . P . . 141 S B F
evolution. proximal i capera |0 Perten erieranthindimb messured 0.948544 o] were significantly different between aquatic and and Dr. Alan Lemmon. Thank you additionally to Dr. Kizirian
Fig.1: Sereiedl e A_NO._mmLNC_‘:.mmn et al. NON”_.V M“HM_EJQE Mﬂmwmﬂd_mﬁwwm::mu_ma_ portion of the right hindlimb measured v 0746111 0 jojlmﬂcm.ﬁ_ﬁ m<330“u—4.—”_\dm_3_am mxnmﬂu.ﬁ ._nOﬂ _Jme NDQ m<mﬂ<03m m_mm at AMNH .—..Oq. 3m3< _sm_m—g.ﬁ.—nc_
showing Maximum likelihood tree  of EYe {0 SNOUL  ystance romthe front ofthe eye fo the tp f the snou width, width/SVL, and keel length. conversations and allowing me access to specimens.
length measured along the right side of the head Y 0.34021 0.0005

Cercosaurinae species with species having CLM
shown in red.
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