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Abstract.—We describe a new species of Anolis from the western slopes of the Andes of Ecuador,
province of Bolivar. It is referred to (1) the aequatorialis series based on its moderate size and
narrow toe lamellae, and (2) the eulaemus sub-group based on having a typical Anolis digit, in which
the distal lamellae of phalanx lll distinctly overlap the proximal subdigital scales of phalanx Il. The
new species is most similar morphologically to A. otongae and A. gemmosus, both from similar
elevations on the western Andean slopes of Ecuador, but differs from these species in morphology
and color patterns. We present a phylogeny based on DNA sequence data as additional evidence
supporting delimitation of the new species. The new species and A. gemmosus are sister taxa

within the “western Dactyloa clade.”
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Introduction

With nearly 490 described species, anole lizards (4nolis)
have proliferated impressively in the Americas (Nich-
olson 2002; Poe 2004), possibly prompted by ecologi-
cal opportunity (Losos 2009). Although the diversity of
these lizards has been extensively studied in the West
Indies (Losos 2009), the same is not true for the main-
land radiation, which is probably greater than previously
thought. For example, all but two—Anolis ruibali Navar-
ro & Garrido 2004 and A. sierramaestrae Holanova et al.
2012—of the 31 new species of Anolis described during
the last decade (2003-2013) occur in mainland Central
and South America (Uetz and HoSek 2014). Improving
knowledge concerning the diversity of mainland anoles
1s crucial to understanding the nature of this radiation.
Anole lizards represent the most species-rich clade
traditionally recognized as a genus in Ecuador, with 37
species reported to date (Torres-Carvajal et al. 2014).
The diversity of anole lizards in Ecuador is remarkably
greater west of the Andes, with more than twice the num-
ber of species that occur east of the Andes (25 and 12
species, respectively). Of these, five species have been
described during the last six years from both sides of the
Andes as a result of both careful examination of exist-
ing collections and recent collecting in poorly explored
areas. Here we contribute to that growing body of taxo-
nomic knowledge with the description of a new species
of Anolis endemic to the western slopes of the Andes in

Ecuador. We present molecular evidence supporting rec-
ognition of the new species by performing phylogenetic
analyses of mitochondrial DNA sequence data.

Materials and Methods

Morphological data

All known specimens of the new species described in
this paper are included in the type series, and were de-
posited in the Museo de Zoologia, Pontificia Universi-
dad Catoélica del Ecuador, Quito (QCAZ). Specimens of
other species of Anolis examined in this study are listed
in Appendix 1. We follow previously proposed terminol-
ogy (Williams et al. 1995) for measurements and squa-
mation. Nine morphological measurements were taken
with digital calipers and recorded to the nearest 0.1 mm:
head length, head width, head height, forelimb length,
hindlimb length, snout-vent length, jaw length, axilla-
groin length, and snout length. In addition, tail length
measurements were taken with a ruler and recorded to
the nearest millimeter; regenerated or broken tails were
not measured. Sex was determined by noting the pres-
ence of hemipenes, which were everted in all male speci-
mens during preparation.

Statistical analyses
Given that the new species is very similar in morphol-
ogy to Anolis gemmosus and A. otongae we performed

Correspondence. 'fpayala2000@yahoo.com (Corresponding author); *dianatrl 7@gmail.com; *xiomy.talero@gmail.com;

‘omartorcar@gmail.com

Amphib. Reptile Conserv. | amphibian-reptile-conservation.org

May 2014 | Volume 8 | Number 1 | €76



Ayala-Varela et al.

Fig. 1. Head of the holotype (QCAZ 3449) of Anolis poei sp. nov. in dorsal (top), ventral (middle), and lateral (bottom) views
[Scale bar = 10 mm]. Photographs by F. Avala-Varela.
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a Principal Component Analysis (PCA) to determinate
whether separation in morphological space between
those species was statistically significant. Principal com-
ponents (PCs) were extracted from a covariance matrix
of the raw and rescaled data. The new species is most
similar to 4. gemmosus, for which we also used r-tests to
evaluate quantitative differences between both species.
One of the assumptions of the #-test for two samples is
that the variances of both samples are equal: therefore,
F-tests also were performed for each character to test for
equality of variances. If the variances were not the same
(i.e., P < 0.05), an unequal variance ¢-statistic was used.
Statistical analyses were performed in SPSS Statistics 17
(SPSS Inc. 2008).

The distribution map was prepared in ArcMap 9.3
(ESRI, Inc.); WGS84 is the datum for all coordinates
presented below.

DNA sequence data

Total genomic DNA was digested and extracted from liv-
er or muscle tissue using a guanidinium isothiocyanate
extraction protocol. Tissue samples were first mixed with
Proteinase K and a lysis buffer and digested overnight
prior to extraction. DNA samples were quantified using
a Nanodrop® ND-1000 (NanoDrop Technologies, Inc),
re-suspended and diluted to 25 ng/ul in ddH2O prior to
amplification.

Using primers and amplification protocols from the
literature (Folmer et al. 1994; Kumazawa and Nishida
1993; Macey et al. 1997; Schulte and Cartwright 2009)
we obtained 2807 nucleotides (nt) representing the nucle-
ar gene recombination-activating gene 1 (RAGI, 811nt),
as well as the mitochondrial genes Cytochrome ¢ oxi-
dase I (COI1, 655nt) and a continuous fragment includ-
ing the NADH dehydrogenase subunit 2 (ND2, 1038 nt),
tRNATrp, tRNAAIa, tRNAAsn, tRNACys (282nt), and
the origin of the light-strand replication (Ol, 29nt). The
new sequence data were obtained for three individuals of
the new species described herein, two of A. gemmosus,
and two of 4. ofongae. In addition we used sequence data
generated by Castafieda and de Queiroz (2011) for 20 in-
dividuals of the clade Dactyloa, as well as one sequence
of A. occultus, which was used as the outgroup in the
phylogenetic analysis. Gene regions of taxa included in
phylogenetic analyses along with their GenBank acces-
sion numbers are shown in Table 1.

Phylogenetic analyses

Editing, assembly, and alignment of sequences were
performed with Geneious ProTM 5.3 (Biomatters Ltd.
2010). Genes were combined into a single dataset with
eleven partitions, three per protein coding gene corre-
sponding to each codon position, one with all tRNAs, and
one with the Ol. The best partition strategy along with the
corresponding models of evolution were obtained in Par-
titionFinder 1.1.1 (Lanfear et al. 2012) under the Bayes-
ian information criterion.
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Phylogenetic relationships were assessed under a
Bayesian approach in MrBayes 3.2.0 (Ronquist and
Huelsenbeck 2003). Four independent analyses were
performed to reduce the chance of converging on a lo-
cal optimum. Each analysis consisted of 20 million
generations and four Markov chains with default heat-
ing values. Trees were sampled every 1,000 generations
resulting in 20,000 saved trees per analysis. Stationarity
was confirmed by plotting the —In L per generation in the
program Tracer 1.6 (Rambaut et al. 2013). Additionally,
the standard deviation of the partition frequencies and the
potential scale reduction factor (Gelman and Rubin 1992)
were used as convergence diagnostics for the posterior
probabilities of bipartitions and branch lengths, respec-
tively. Adequacy of mixing was assessed by examining
the acceptance rates for the parameters in MrBayes and
the effective sample sizes (ESS) in Tracer. After analyz-
ing convergence and mixing, 2,000 trees were discarded
as “burn-in” from each run. We then confirmed that the
four analyses reached stationarity at a similar likelihood
score and that the topologies were similar, and used the
resultant 72,000 trees to calculate posterior probabilities
(PP) for each bipartition on a 50% majority rule consen-
sus tree.

Systematics

The taxonomic conclusions of this study are based on the
observation of morphological features and color patterns,
as well as inferred phylogenetic relationships. We con-
sider this information as species delimitation criteria fol-
lowing the general species concept of de Queiroz (1998,
2007).

Anolis poei sp. nov.
urn:lsid:zoobank.org:act:712687F6-CF33-4969-815D-E4600D01FB4C

Proposed standard English name: Telimbela anoles
Proposed standard Spanish name: Anolis de Telimbela

Holotype

QCAZ 3449 (Figs. 1, 2), adult male, Ecuador, Provincia
Bolivar, Telimbela, 01.65789°S, 79.15334°W, WGS84
1,354 m, 10 June 2011, collected by Fernando Ayala-Va-
rela, Jorge H. Valencia, Diana Troya-Rodriguez, Francy
Mora, and Estefania Boada.

Paratypes (15)

ECUADOR: Provincia Bolivar: QCAZ 3444—3448,
3451-3455, 4359, same data as holotype, ex-
cept 0.1658440°S, 79.157150°W, 1,310 m; QCAZ
6781—6783 Telimbela, Escuela Elisa Marifio de Carva-
jal, 0.1665857°S, 79.172096°W, 27 July 2004, collected
by Edwin Carrillo-Ponce and Morley Read; QCAZ 9219
Guaranda, Salinas, Recinto Tres Cruces, 01.431380°S,
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Fig. 2. Anolis poei sp. nov. Holotype, adult male (SVL = 59.67 mm, QCAZ 3449, A), eye close-up (SVL = 60.31 mm, QCAZ 3448,
B), subadult male (SVL = 52.12 mm, QCAZ 3455, C, D), adult male (SVL = 59.02 mm, QCAZ 3451, E, F), adult male (SVL =
60.31 mm, QCAZ 3448, G, H). Photographs by L. Bustamante (A), and O. Torres-Carvajal (B, C, D, E, F, G, H).
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Fig. 3. Male dewlap of 4nolis poei sp. nov. (holotype, QCAZ 3449, A; paratype, QCAZ 3455, B); A. otongae (QCAZ 4661, C;
QCAZ 11791, D); and A. gemmosus (QCAZ 4385, E; QCAZ 4352, F; QCAZ 9452, G; QCAZ 11850, H). Photographs by L. Busta-
mante (A), O. Torres-Carvajal (B, C, D, E, F, H), and S. R. Ron (G).

Amphib. Reptile Conserv. | amphibian-reptile-conservation.org (12) May 2014 | Volume 8 | Number 1 | €76



Ayala-Varela et al.

Table 1. Species of Anolis sequenced in this study, voucher
specimen numbers, collecting localities, and GenBank acces-
sion numbers.

Species Voucher Locality GenBank Number
A. gemmosus QCAZ 4385 Ecuador, Car- ND2: KJ854205
chi, Rio San COI: KJ854219
Pablo near RAGI1: KJ854212
Chical
QCAZ 4406 Ecuador, Car- ND2: KJ854206
chi, Maldo- COI: KJ854220
nado, Teldibi RAGI1: KJ854213
Ecological
Trail
A. otongae QCAZ 11790 Ecuador, ND2: KJ854207
Pichincha, RAGI1: KJR54214
Biological Re- COI: KJ854221
serve Otonga
QCAZ 11791 Ecuador, ND2: KJ854208
Pichincha, COI: KJ854222
Biological Re- RAGI: KJ854215
serve Otonga
A. poei QCAZ 3444 Ecuador, ND2: KJ854209
Bolivar, COIl: KJ854223
Telimbela RAGI1: KJ854216
QCAZ 3445 Ecuador, ND2: KJ854210
Bolivar, COI: KJ854224
Telimbela
QCAZ 3448 Ecuador, ND2: KJ854211
Bolivar, COl: KJ854225
Telimbela RAGI1: KJ854217
QCAZ 4359 Ecuador, RAG1: KJ854218
Bolivar,
Telimbela

79.097970°W, 2,628 m, 28 May 2009, collected by Eli-
cio E. Tapia, Silvia Aldds-Alarcén, and Eduardo Toral-
Contreras.

Diagnosis
We assign Anolis poei both to the aequatorialis series,
based on moderate to large body size, narrow toe lamel-
lae, small head scales, smooth ventral scales, and uni-
form dorsal scalation; and to the eulaemus-subgroup,
based on a typical Anolis digit, in which the distal la-
mellae of phalanx III distinctly overlap the first proximal
subdigital scale of phalanx II (Williams 1976; Williams
and Duellman 1984; Castafieda and de Queiroz 2013).
At present ten species are recognized within the eulae-
mus-subgroup: Anolis anoriensis Velasco et al. 2010,
A. antioquiae Williams 1985, A. eulaemus Boulenger
1908, A. fitchi Williams & Duellman 1984, A. gemmo-
sus O’Shaughnessy 1875, A. maculigula Williams 1984,
A. megalopithecus Rueda-Almonacid 1989, A. otongae
Ayala-Varela & Velasco 2010, A. podocarpus Ayala-
Varela & Torres-Carvajal 2010, and 4. ventrimaculatus
Boulenger 1911. Anolis poei differs from them mostly
in dewlap features. The dewlap in males of 4. poei has a
yellowish-green (or both yellow and green) gorgetal re-
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gion, light blue border, and white sternal and marginal
regions (Fig. 3). It has a blackish gorgetal region, and
creamy white sternal region with light brown scales in 4.
anoriensis; brown gorgetal region, and pale brown mar-
ginal region in 4. eulaemus; bluish-gray gorgetal region,
orange stripes, pale bluish-rose anterior third, and white
sternal region becoming pale blue toward the belly in 4.
maculigula; sepia background, with red narrow and ir-
regular stripes on each side of rows in 4. megalophitecus;
white, pale yellow, or greenish-yellow gorgetal region,
with white or pale-yellow marginal and sternal regions
in A. otongae (Fig. 3); dull yellowish-green or light blue
gorgetal region, shading to dull cream, greenish yellow
or orange on the marginal region, with white or bluish
green gorgetal rows with or without brown spots and
with yellowish white, yellow or orange sternal region in
A. gemmosus (Fig. 3). The dewlap in males of 4. poei
has wide rows of 3—7 scales separated by naked skin; the
width of these rows is one scale in A. fitchi, 2—5 granular,
minute scales in 4. podocarpus, 1-2 scales in A. ventri-
maculatus, 3—6 scales in A. otongae, and 2—3 scales in A4.
gemmosus. In addition, females of the new species lack
a dewlap, which is present in females of 4. anoriensis,
A. antioquiae, A. eulaemus, A. fitchi, and A. podocarpus.

Anolis poei 1s most similar morphologically to A.
otongae and A. gemmosus (Fig. 4). From the former
species (character states in parenthesis) 4. poei differs
in having small dorsal chevrons in females (large dorsal
chevrons extending onto flanks), pale yellowish-brown
wris (iris dark blue), interparietal scale (if present) sur-
rounded by small swollen scales (interparietal scale
surrounded by relatively enlarged flat scales), enlarged
postanal scales separated by 3—5 scales (postanal scales
separated by 1-2 scales), and in lacking a dark stripe on
side of head (dark coppery-brown stripe present). Ad-
ditionally, PCA analyses suggested that specimens of 4.
poei have shorter jaws, as well as lower and narrower
heads than 4. otongae (Table 2, Fig. 5), with PC1 (39%
of total variation) represented mainly by head height,
head width, and jaw length.

The new species can be distinguished from 4. gem-
mosus (Table 3) in having fewer scales between sec-
ond canthals (11-14, mean = 12.08 and 12-21, mean
= 15.25, respectively; ¢t = 5.31, P<0.005); fewer scales
between supraorbital semicircles (1-3, mean = 1.62 and
1-5, mean = 3.13, respectively; t = 4.46, P<0.005); more
lamellae under phalanges III-IV of fourth toe (18—19,
mean = 18.92 and 14—18, mean = 17.33, respectively;
t = -7.86, P<0.005); a narrower head (head width =
7.84—8.84, mean = 8.29 and 6.97—17.41, mean = 10.82,
respectively; ¢ = -7.03, P<0.005); lower head (head
height = 6.54—7.48, mean = 6.92 and 5.42—15.96, mean =
9.51, respectively; t = -6.96, P<0.005); and shorter snout
(snout length = 6.75—7.30, mean = 6.92 and 5.79—14.95,
mean = 10.58, respectively; ¢ = -11.74, P<0.005).
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Fig. 4. Part 1. Five species of Anolis from western Ecuador. 4. aequatorialis: male (QCAZ 11861, A) and female (QCAZ 3443,
B); A. binotatus: male (QCAZ 3434, C, D); A. fasciatus: male (QCAZ 3450, E, F); A. otongae: male (QCAZ 11790, G) and female
(QCAZ 11791, H).
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