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INTRODUCTION

Morphological variation plays a fundamental role in the evolution of species.

are transmissible to new generations (Ridley 2004). Understanding how evolutionary W {Ddete'd - at least those which are transmissible to new
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on the presence of a “dilated post-tympanic bone, spiculated eyelid and the absence of a
keratoid appendix” as diagnostic characteristics. The species included in the description were
P. appendiculata (Giinther, 1873); P. boiei (Wied-Neuwied, 1824); P. cristiceps (Miiller,

1883) and P. renalis (Miranda-Ribeiro, 1920). Miranda-Ribeiro highlighted a number of | - { Deleted: portion
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The genus has been revised several times due to taxonomic ambiguities, and the
validity of some species has been questioned (Barrio & Barrio 1993; Dias et al. 2013; Kwet &
Faivovich 2001; Lynch 1971). A total of 42 Proceratophrys species are currently recognized
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(Frost 2021), distributed in different biomes and morphoclimactic dominions, (such as the
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Amazon, Caatinga, Cerrado, Chaco, Atlantic Forest and Pampas) (Barrio & Barrio 1993;
Giaretta et al. 2000; Izecksohn et al. 1998; Martins & Giaretta 2011). Although

Proceratophrys cristiceps has been considerably discussed during the last decade, its

proposed taxonomy still raises doubts (Cruz et al. 2012; Martins & Giaretta 2013), and the

7. Deleted: but the distribution suggested by Junior etal| . 2]

distribution suggested by Junior et al. (2012) and Mangia et al. (2020) contains somewhat Field Code Changed

dubious and questionable records .- largely reflecting that some are syntopic with other

species in the goyana group, or that they were encountered in unusual biome for that species.
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species (Vieira et al. 2008), which, may reflect gnvironmental fluctuations and/or genetic

events on populations (Dias & Gongalves da Cruz 1993; Smith & Skulason 1996). This

information has largely gone unnoticed in recent studies, but if extended to other species, it

may partly explain the taxonomic inflation (Aleixo 2009; Alroy 2003; Isaac et al. 2004;
Padial & De la Riva 2006) observed in the genus in recent decades, with high numbers of

species being described in a short period of time jn the absence of accurate taxonomic

revisions (Junior et al. 2012).

Chromatic variability is common in anurans (Hoffman & Blouin 2000; Kakazu et al.
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such cases, chromatic polymorphism may providea wide yange of variation that enables, for
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taxonomic level, however, chromatic variation can generate confusion among taxonomists,
although precise descriptions of external characteristics (such as intra- and interspecific

colouration patterns), could potentially reduce or even resolve serious species identification or
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capacities of individuals jn relation to environment stress and/or predation, (Ridley 2004).

Natural populations are constantly exposed to widely variable conditions, and yegardless of

the degree of accumulated or displayed differences, among them, one limiting factor for

individual survival will be morphophysiological adaptability, (Ricklefs 2008). The survival
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MATERIALS AND METHODS

Origin of the examined material

A total of 634 Proceratophrys cristiceps specimens from 37 localities were analysed

(CHUFPB). The taxonomic identities of the samples were verified by consulting descriptions

structures: ovaries or testicles (Heyer 2005). The ontogenetic classification adopted herein for
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organized so that each cell represented a unique combination of specific values (cross
tabulated), which allowed us to examine the frequencies of observation belonging to the
determined categories in terms of more than one variable. Examinations of those frequencies

allowed the identification of relationships (statistically significant or not) among the

and voluminous fatty bodies (Costa et al. 1998; Duellman & Trueb 1994; Noble 1931; Tolosa
etal. 2014),

The aforementioned classification enabled us to identify operational ontogenetic units

descriptions and classifications of possible chromotypes.
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(DSC-H10 Sony, 8.1 Megapixels). All image captures were made at the same distance (25

cm) from the specimens with the camera lens in a horizontal position (using flash and a white

background to highlight contrasts). We considered the numbers and sizes of the dark spots on

the dorsal surface of the body of each specimen,(Rabbani et al. 2015). The dark spots were

defined according to their contrast with the surrounding dorsal colour (Fig. S1 B). The

chromatic areas of the,spots were, calculated using ImageJ vol. 1.8.0 (Rasband 2018). The

images (.tiff) were processed, converted to 8-bit (grey value) files, and then quantified, The

measurement interval was 0.1-infinity, which enabled calculating (in pixels/mm?) even the

smallest spots (by gradient), considering the total body area of the each specimen (Fig. S1 C).

The reference scale used was 20 mm.

Analysis of interpopulation chromatic and morphometric variation

when certain categories and explanatory variables are disregarded in comparative tests. [t is
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precision): Cloacal Rostrum Length (CRL); Eye Diameter (ED); Foot Length (FoL); Forearm Length
(FL); Hand Length (Hal); Head Length (HL); Head Width (HW); Internal Metatarsal Callus Length
(IMCL); Internarinal Distance (ID); Interocular Distance (InD); Nostril Eye Distance (NED); Thigh
Length (ThL); Tibial Length (TL) and Rostrum Nostril Distance (RND). More details in Vieira and
Vieira (2012) and Watters et al. (2016). Image credit: Kleber Vieira.

Population analysis

reasons. This was done with the intention of producing sub-samples, presumably considered

as distinct populations (following the traditional definition that they need to be contiguous,
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were randomly obtained (two by two) and replaced in order to compose probable samples,
until the established operational limit was reached. Finally, the distribution was ordered and

the relative frequency of each element calculated, as well as its position in Z.

The graphical representation of the distances between the demes had a multiple
comparison matrix of Z values derived from the Kruskal-Wallis test as support. Next, we
applied three-dimensional ordination of the coordinates in cartesian space (Multidimensional

Scaling metric). The choice of the number of dimensions was determined by the traditional

scree test (Cattell 1966), establishing seven dimensions at the stress levels obtained to adapt - [ Deleted:

by

the quadratic matrix in the representation space. Our intention was to identify geographical
signals in the clusters (Euclidean distance) along the dimensional axes to later compare them
to the diversity mapping of the phenetic traits of the sample populations, which were
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559 The potential distribution maps were generated with the intention of interpreting the
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our samples, or among the different authors, we could then verify the ambiguity of that

phenetic trait. Our objective was to verify if identical diagnostic features could be found

N [ Deleted: Then w

tongue, vocal sac, warts, tubercles and nodules); measurements; sonogram and genetics

(including karyotype).

We then generated a grouping in random blocks of partitioned density from the
absolute values structured from & groups, so that the sets were brought together in a greater
order of similarity (Hartigan 1975). In this study we sought to identify significant patterns in
the underlying taxonomy. The studies consulted were Gravenhorst (1829); Glinther (1873);
Miiller (1884); Miranda-Ribeiro (1937); Lynch (1971); Braun (1973); Jim & Caramaschi
(1980); Izecksohn & Peixoto (1981); Barrio & Barrio (1993); Eterovick & Sazima (1998);
Giaretta et al. (2000); Gongalves da Cruz et al. (2005); Avila et al. (2011); Napoli et al.
(2011); Martins & Giaretta (2011); Cruz et al. (2012); Junior et al. (2012); Avila et al. (2012);
Brandao et al. (2013); Godinho et al. (2013); Martins & Giaretta (2013); Mangia et al. (2018)

and Mangia et al. (2020). The sampling was performed in such a way as to unite all the

al. 2000).

RESULTS

Chromatic analysis

Our observations indicated the existence of at least six main chromatic variations in

the Proceratophrys cristiceps (Fig. 2;

Chromotype 1 (n=93, 15%): brown bichromatic colouration in diverse hues (C22-C25)

on a tawny olive and drab brown background (C17 and C19), whose spots or stripes,
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dorsal geometric figure — “arrowhead” (Miranda-Ribeiro 1937). Conspicuous suborbital
bands. Animals moderately melanised, and with two or more interorbital stripes (often in
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Chromotype 3 (n=39, 6%): with very clear brown-grey colouration, and slightly
variegated (C256 to C259). Evident dorsal geometric figure and yellow-brown colouration
(C84), distributed in the orbit-cloaca direction; limited by two bands (in opposing,toothed - [ Deleted: te
arches) and lines of semi-parallel glandular nodules. Single interocular stripe and two well-
defined suborbital stripes. May have discrete rusty tones (C253) in the supraocular portions - { Deleted: present
and sides of the body. Generally occurring in earthy soil with sparse leaf litter (92.83%);

Chromotype 4 (n=58, 9%): with evident trichromatic colouration, whose rusty red - { Deleted: there s
hues (C35 and C253) cover,a large part of the body. Clear dorsal geometric figure with a pale- - [ Deleted: s
yellow colouration (C2 and C3), laterally limited by regular dark bands (C30) in an orbit-
cloaca direction. Suborbital stripes are not clearly evident; presence of only one interocular
stripe. A pineal spot present. There are also white hues (C155 and C261) in the lateral
portions of the body and limbs, similar to Chrom2. Generally inhabiting sandy soils (6.25%),
gritor gravel (93.75%); - [ Deleted: and

Chromotype 5 (n=51, 8%): general colouration monochromatic as compared,tothe - [ Deleted: in
others chromotypes, generally with rusty red hues (C57 and C58) or yellow-brown [ Deleted: ison
characteristic (C17). Barely visible spots or streaks. Generally occurs in grit or gravel
(93.30%);

Chromotype 6 (n=122, 19%): general brown-grey colouration (C19) with diverse =~ : [ Deleted: is brown-grey
nuances, with evident yellow-brown spots (or lighter hues C12 and C111) distributedin [ Deleted: and in
characteristic areas: snout and suprascapula. The dorsal geometric figure is laterally outlined { Deteted:s
by spots in a toothed arch shape, although not well defined. Generally inhabiting earthy or - [ Deleted: but unclear

sandy soils (81.26%) and even in leaf litter (18.74%).
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Figure 2. Chromatic variation in Proceratophrys cristiceps individuals. The diversity foundis - { Deleted: 1
characterised by the general colour pattern, saturation, and the distribution of dorsal patterns. o N
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The frequencies of these chromotypes did not indicate dimorphic variation in the
species, demonstrating an almost identical distribution between males and females, except for
Chrom5, whose frequency in males was similar to Chrom4 (Fig. 3). Furthermore, we =~ | Deleted: 2
observed a proportional expression of the six phenotypes for each relative frequency of P.
cristiceps (=14:43:6:9:8:20), which was also maintained internally among the samples and
localities (Table S1),suggesting that these phenotypes may be governed much moreby | Deleted: .
heritable factors than by environmental or epigenetic ones (apparently by Mendelian { Deleted: S
inheritance).
Figure3. Chromotypes of Proceratophrys cristiceps with a distribution of their frequencies varyingin - [ Deleted: 2
terms of sex, maturity and ontogenetic development.
The frequencies of Chrom5 were found to be higher in juveniles compared to sub- | Deleted: has
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the ontogenetic class frequencies for each sex — which demonstrated patterns with little % Deleted: for
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Figure 4. Chromotypes of Proceratophrys cristiceps with the distributions of their frequencies varying " [ Deleted: observed for the
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Figure 5. Saturation of Proceratophrys cristiceps chromotypes. The dorsal patterns are formedin [ Deleted: cither in
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Although the distribution of dorsal spots did not vary significantly between males and [DEIEted: design
females, the average size (in mm?) was greater in females; they were also more saturated than
those of the males (Figs. S4 to S7). The Chrom6 juvenile females (but not Chrom6 males)
were very different from the other chromotypes, as their spots were observed to be larger.
Morphometric analysis and phenetic trait diversity
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variations (Nicoglou 2015). With this in m{_ .. [15]

when dealing with individual and populations (Nicoglou 2015). With this in mind, our yesults 7{ Deleted:
//

Jndicated two clear levels of variation jn P. cristiceps: morphometric and chromatic, with both

/

having apparent and substantial adaptive value. /
The chromatic variation, observed in Proceratophrys cristiceps presumably has, - [ Deleted: s ]
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selective value, as the differential frequencies of the chromotypes suggest certain advantages > % Deleted: at the chromatic level %
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to individual survival, ,The distribution of animals on different soil types seems fo play a Deleted: indicated.._sclective value, as in .-he diffe . [16]

predominant role in the observed bias of chromotypic frequencies throughout post-larval

development, and may indicate some type of frequency-dependent selection (Bond 2007). In

this case, the numbers of less saturated animals decreases as maturity or adulthood is reached,

/1[Il
suggesting that certain phenotypes may be reinforced by local edaphic conditions (Figs. 8 and ///j|
S14), and that crypsis may have an importante role (Bonte & Maelfait 2004; Endler 1981; ‘

Moreno-Rueda 2020; Rabbani et al. 2015). The contrasting colours and spots create disruptive

patterns fhat could function, when combined with general colouration and saturation, as a

highly effective strategy against predators (Cuthill et al. 2005). Together, the two mechanisms

(disruptive colour and crypsis) may al least partially explain the observed variation,in their

- [ Deleted:
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frequencies, especially among juveniles, although they cannot explain the relative sample ///{ Deleted:

in among juveniles, but .. [17]

: 78. Juveniles of Proceratophrys cristiceps| . [18]

(B) Chromé6; (C) Chrom4 and (D) ChromS. The contrasting colourations in relation to the soil types
suggests reinforced adaptability in individual survival abilities (crypsis and disruptive colouration). Photo
credit: Kleber S. Vieira.

Figure 8. Juveniles of Proceratophrys cristiceps observed in the Pedra da Boca State Park. (A) Chrom3; //[ Deleted

As the chromatic expressivity (the observed percentage of a given phenotype) foundin

Deleted:

that of a given phenotype presents itself... | . [19]

Proceratophrys cristiceps was not exclusive to specific samples, but was maintained even

within and among categories (Table S1), phenotypic divergence due to local effects

/
(polyphenism) can be easily discarded as an alternative explanation for the patterns identified. /

We gherefore, deduce that the observed chromatic polymorphism is grounded in a strong

genetic basis (White & Kemp 2016),and is reflected in the differential abundance and almost

invariability of the poly- or dichromatic, chromotypes jdentified (Méangia et al. 2020; Nunes et
al. 2015; Vieira et al. 2008).

existence of demes (understood herein as conglomerate populations) that were

morphometrically smaller (on the average) in the north-western (hotter and drier) regions of  /
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may involve temperature- ...ssociated effe( ... [21]

associated effects (Fig. 9). . That explanation appears plausible when considering the

determinants of potential distributions (Fig. S13), with, the mean annual minimum

/ /
temperature and the precipitation of the last quarter of the year significantly contributing,to ~ //
the habitat suitability model. :
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89. Morphometric gradients (cline and | [22]

Proceratophrys cristiceps populations analysed , The interpolation of the length values (cloacal
rostrum distance) indicated that smaller individuals are found in the north-western region of the
Caatinga (C), where temperatures are higher. Maps of South America showing the average
annual temperature (A) and maximum temperature of the hottest month (B) for the years 1970-
2000. The outlined area jndicates the extent of the Caatinga biome. Climate data source:
WorldClim (2020).
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Blackburn et al. 1999; Salewski & Watt 2017), there is no clear concordance with anurans,

where _phenotypic plasticity controlled by genes may be involved (Ashton 2002; Berven

1982a; Berven 1982b), and would favour adaptative strategies to avoid thermoregulatory

imbalances and hydric stress, with geographic selection gradients (Endler 1977; Stebbins & - { Deleted: the )
Cohen 1995), in turn, conferring a low metabolic energy cost to the animals (Bernardo 1994). { Deteted: - )
At a more restricted level, fhe morphometric variation,observed in Proceratophrys - { Deleted: this
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resources, (Atencia et al. 2020; Brito et al. 2012; Emerson 1985). The observed metric Deleted:

and of ontogenetic effects (Vieira & Vieira| . [24]

variations are negligible when compared, to the chromotypes, gither between sexes or among

the developmental categories (maturity and ontogenesis as described herein). Thus, although

chromotypic variation is evident and quite informative in P. cristiceps, it could be deceptive

and lead to serious taxonomic problems if misinterpreted and examined in isolation. Thus, the

evolutionary implication of variation (whether chromatic or morphometric) js difficult to [ - [ Deleted:

are J

often taxonomic studies oftenpractices...lo{ _ [25]

approach experimentally, and taxonomic studies often,yview operational morphological units 7{ Deleted:

(OMUs) as different sub-species or even species, .There are also underlying factual (and

experimental) requirements necessary to explain the morphological divergence and the
alleged taxonomic diversity (Van Holstein & Foley 2020), where taxonomic richness is

clearly correlated with rates of intraspecific population divergence.
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al. 2012; Lynch 1971; Mangia et al. 2020), it is difficult to determine if this increase in group {Delﬂe": 8
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( Deleted: if it is just
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| Deleted: Figure 9. Number of species described among
three diverse genera of anuran amphibians (A) and
among those of Proceratophrys (B). The lines represent
the least squares regressions, while the numbers over the

. . N dots represent the periodic rate (%) of descriptions (A).
coloration, but also the sizes and appearances of nodules and tubercles are among the most "\, | We found that Leptodactylus and Rhinella genera
WY
common diagnostic (or defining) characteristics for all species in the cristiceps group (and \\“\\\{ Deleted: we
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tubercles) used in the descriptions of the species of the genus Proceratophrys. Threshold Computed: 5.46
(St. Dv./2). Number of Blocks: 44. Total Sample Mean: 9.65. Standard Deviation: 10.92. The score on the
right is the number of groups by the number of k-observations. The data indicate that certain categories
of phenetic traits have been used uncritically (reflecting taxonomic traditionalism), which has led to a
dependence on variable features. a — Gravenhorst (1829); b — Miranda-Ribeiro (1937); ¢ — Lynch (1971);
d — Jim & Caramaschi (1980); e — Eterovick & Sazima (1998); f— Avila et al (2011); g — Napoli et al
(2011); h — Giinter (1873); i — Miiller (1884); j — Cruz et al (2012); k — Méngia et al (2020); 1 — Braun
(1973); m — Izeckshohn & Peixoto (1981); n — Méngia et al (2018); o — Barrio & Barrio (1993); p —
Caramaschi (1996); q — Giaretta et al (2000); r — Junior et al (2012); s — Brandao et al (2013); t — Martins
& Giaretta (2013); u — Cruz et al (2005); v — Godinho et al (2013); w — Martins & Giaretta (2011); x —
Avila et al (2012).
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1203  and salient; or smaller and more conical, or even flat — put they serve,little purpose as

Deleted: standing outsalient; or smaller and more cof 271

1204  defining or diagnostic characteristics of the chromotypes. In addition to the nodules, the shape

1205  of the snout, when viewed laterally or dorsally, was equally variable, due not only to

1206  allometric factors (Vieira & Vieira 2012), but also in terms of the position of the specimens in / ;s

1207  the viewing,plane. The difficulties encountered while using this information has also been

1208  discussed by other taxonomists (Branddo et al. 2013).

1209 Another common characteristic used in descriptions of these species are the rows of Deleted: the descriptions of these species are the roy 28]

1210  opposite oculum-dorsal nodules and their associated spots and stripes. Those yows appear to

1211 be jmportant in forming the arrowhead shape of the dorsal design (Miranda-Ribeiro 1937).

1212 This shape becomes much less distinct, however, when those rows are discontinuous and

1213  dissolve into patterns of irregular spots and bands (very variable among individuals) that

1214  interconnect at various points, especially in the middle dorsal portion (Chrom1). The nodules

]1215 in those discontinuities can spread in the suprascapular direction and the flanks of the animal,
1216  forming sinuous (or bifurcated) designs, with the larger branch sometimes expanding to the

1217  sacral area. This is usually evident in ChromS5 individuals.

1218 We assume that specialists have been constrained by a typological traditionalism (see 7 Deleted: victimised ...onstrained by a singular 1291
1219  Fig. 10)hat seems to interfere with their perception and forces them to choose more //
1220  traditionally used morphological traits, while ignoring their evident plasticity or ambiguity, /- [ Deleted: ]

) { Deleted: of these same morphological traits or their }

1221 The consequence of acting in that matter (i.e., disregarding probable variation) js that species - ambiguity between the alleged taxa

,,,,,,,,,,,,,,,,, N

\

\{ Deleted: the alleged taxa ]
‘. \ | Deleted: such a way, (i.c., disregarding probable .. [30]
N
\ { Deleted: are
\
{ Deleted: unfortunately that the description of species ]
/| Deleted: , and then ...omparing the information proy ... [31]

1222 descriptions, may not be sustainable in reality (Dobzhansky 1970; Mayr 1996).

1223 By reviewing the descriptions of the species of genus Proceratophrys,and comparin

1224  the information provided by the authors with each other and with the characteristics of the

1225  individuals in our samples, and then testing the probable ambiguity of the proposed diagnostic

1226 traits, jt became, evident that some species described in recent decades are not actually

1227  morphologically different from P. cristiceps or P. goyana, or even among themselves —as, for

1228  example, P. carranca (Godinho et al. 2013), P. branti (Brandao et al. 2013), P. huntingtoni
1229  (Avila et al. 2012) and P. dibernardoi (Branddo et al. 2013). Similarly, the same chromatic

1230  varieties observed in P. cristiceps may be equally recognisable in their congeners (Avila et al.

1231 2011; Branddo et al. 2013; Junior et al. 2012; Martins & Giaretta 2013) —, This leads us to the

1232 conclusion that thase presumed diagnostic patterns are, to a greater or lesser extent, common

1233 to the genus as a whole.
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hypothesis of sympatric speciation in the absence of an evident vicariant element (Godinho et

al. 2013; Mangia et al. 2018; Martins & Giaretta 2013). This has been the case with taxa

(cryptic) that share many similarities, but whose distinctions (mostly linked to colour, warts

[ - [ Deleted: as supposed ]
Deleted: ) and genetic analysis),...are ...an be ambi{ _ [33]

or tubercles, or sometimes by acoustic [not immune to variability] and genetic analysis) can

be ambiguous and conceptually confusing, Additionally, fhose distinctions have not even

been tested under any experimental model of diversification dynamics (Ajmal Ali et al. 2014;
Annibale et al. 2020; Schindel & Miller 2005; Van Holstein & Foley 2020), where patterns of
trait richness are equivalent to the rates of intraspecific population divergence (and would

thus reinforce the divergence hypotheses). This is mainly the case for species of the P. goyana

and P. cristiceps groups (Martins & Giaretta 2011); but why not then for the P. biggibosa, P.

boei and P. appendiculata groups, whose taxonomic histories,depend on yvariable phenetic

traits, while gvidence of pre- or post-zygotic barriers or their biogeographies continue to be

elusive?

We therefore suggest that future studies uising traditional characteristics be based on /{ Deleted: In light of these facts, we We therefore sug[ __[34]
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preliminarily sampling and statistical, testing to determine whether they are truly diagnostic, - [ Deleted: Iy ]

7 Deleted: recognized as diagnostic characteristics based on
/| significant sampling and statistically tested... ... [35]

/

Likewise, we cannot discount the hypothesis of taxonomic inflation in the genus

Proceratophrys, especially the cristiceps group, due to poorly interpreted population

peculiarities emerging from microevolutionary processes (Amaro et al. 2012; Mangia et al. /

2020) instead of a taxonomic quality, due to the simple and unfortunate confusion of methods /

and concepts.

Finally, we conclude that individual variation, fogether with typological traditionalism, - [ Deleted: jointly ]

may overestimate the polymorphic magnitude of variation at the population level and be the
cause of taxonomic inflation in many anuran species. Our data also support the usefulness of

P. cristiceps as a model for microevolutionary studies.
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Figure S1. (A) A preserved specimen of Proceratophrys cristiceps (WLSV1463) immersed in water - 4 Deleted: individual immersed in water with ...o .. [36]
Jo enhance, the contrast of its spots and stripes. (B) Characteristic dorsal (8-bit) chromatic pattern,, (C)

Total area of gpots (red colour) calculated along the dorsal surface of the specimen. Measurements
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~ | Moved up [1]: Figure S2. Measurements taken for the
Proceratophrys cristiceps specimens (digital caliper/0.01
mm precision): Cloacal Rostrum Length (CRL); Eye
Diameter (ED); Foot Length (FoL); Forearm Length (FL);
Hand Length (HaL); Head Length (HL); Head Width (HW);
Internal Metatarsal Callus Length (IMCL); Internarinal
Distance (ID); Interocular Distance (InD); Nostril Eye

N Distance (NED); Thigh Length (ThL); Tibial Length (TL)

and Rostrum Nostril Distance (RND). More details in Vieira
and Vieira (2012) and Watters et al. (2016). Image credit:

\\ \
.\ [ Kleber Vieira.
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Figure $12. Chromotypes (A) and demes (B) represented against the first two principal components - { Deleted: 513
scaled for morphometric and chromatic variables. PC1 is correlated with size dimensions, whereas {Deleted: to
PC2 is correlated with saturation. It is possible to verify that Chrom5 and Dem5 are more concentrated
and distributed along the superior portion of the second component, suggesting the presence of low
saturated specimens. The environmental predictors did not explain the chromatic variance observed,
indicating the existence of underlying operating factors.
Figure $13. AUC curves and Jackknife tests of the environmental variables of the climate model - { Deleted: s14
(default parameters) for Proceratophrys cristiceps. The data indicated that the species is typical of the  ~ { Deleted: test
Caatinga, being found with greater probability in the fropical savanna and semi-arid climate zones of -~ { peleted: of
this biome, according to the Koppen-Geiger classification. )< R { Deleted: in
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Figure S14. Proceratophrys cristiceps adults observed in the Patrimonio Nacional Fazenda Almas { Deleted: zonesof
Private Reserve. (A) Chrom1 and (B) Chrom2. The contrast of the animals' coloring in relation to the \7\1 [ Deleted: S15
soil suggests adaptive reinforcement of the individual survival capacity (crypsis). Photo credit: | { Deleted: Reserva Particular do
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