NORTH-WESTERN JOURNAL OF ZOOLOGY 20 (1): 35 - 43
Article No.: 241501

©NW]JZ, Oradea, Romania, 2024
http//biozoojournals.ro/nwjz/index.html

Autecology of Norops fuscoauratus (Squamata: Dactyloidae)
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Abstract. We investigated the autecology of Norops fuscoauratus for the first time in areas of the Atlantic Forest of north-eastern Brazil.
Because anoles usually share conservative traits, we tested the following hypotheses: 1) the species should use elevated microhabitats
and have wide niche breadths; 2) diets between sexes should overlap significantly; 3) reproduction should be continuous throughout
the year; and 4) individuals should be sexually dimorphic. A total of 128 specimens of N. fuscoauratus were collected between
December 2012 and July 2015. Lizards were active during the day and more frequently occupied the interior of forests using trunks
and branches, although they also used shrubs smaller than 1.5 meters in height. The most important items of the diet were Araneae,
Coleoptera, and Orthoptera, with a high niche overlap between the sexes. We found a positive correlation between the SVL and head
size of lizards and the volume of prey they ingested. Norops fuscoauratus reproduces continuously throughout the year. Females were
significantly wider and longer than males. Females with large SVLs had a greater number and volume of oviductal eggs. Likewise,
males with larger SVLs had larger testes. Norops fuscoauratus is ecologically similar to the continental species of the Norops auratus
group, distributed in South America, and this generalized behavior is most probably associated with the niche conservatism of the

group.

Keywords: anole, diet, habitat use, reproduction, sexual dimorphism.

Introduction

The interaction between an organism and its environment
and the genetic adaptability of populations to the local
conditions they inhabit are relevant concepts addressed by
studies 2005).
lizards emerged rapidly as experimental

autecology terrestrial
vertebrates,
organisms for such studies (Pianka & Vitt 2003) and became

archetypes for many scientists interested in unraveling

(Cassini Among

ecological patterns and models in nature (Huey et al. 1983,
Vitt & Pianka 1994). The main aspects of the ecology of lizards
that have been studied include diet (trophic niche) (e.g.,
Ribeiro et al. 2015, Sousa et al. 2017), habitats they inhabit
(spatial niche) (e.g., Alcantara et al. 2019, Franzini et al. 2019),
the behaviors and daily activities (temporal niche) (e.g.,
Verrastro & Bujes 1998, Alcantara et al. 2018), reproduction,
and interactions with other organisms (e.g., Wiederhecker et
al. 2002). These studies are valuable for testing population
ecology hypotheses and providing substantial data useful for
species conservation.

The anole clade is one of the most ecologically diverse
among lizards (Losos et al. 1993, 2003, Mesquita et al. 2015).
Some anole species evolved in response to ecological factors
(such as species interactions; Losos et al. 1993, Losos &
Ricklefs 2009), resulting in interspecific differences in their
functional traits. For example, body structures adapted to
perform diverse roles involved in the enhancement of
foraging and food capture emerged in response to the type of
environment they inhabit (Pianka 1973, Losos 2011,
Bonneaud et al. 2015, Harrison et al. 2015, Vanhooydonck et
al. 2015). Conversely, many traits are conserved among anole

species (e.g., fixed one egg per clutch; Smith et al. 1973), which
reflects the strong influence of their shared evolutionary
histories (Losos 2008, Mesquita et al. 2015).

Nicholson et al. (2012) performed phylogenetic analyses
based on morphological and molecular characters to
reevaluate and reorganize the relationships between anole
lizards. The suggested phylogenetic hypothesis yields
propositions concerning the evolution of habitat use, the
geographic distribution of the lineages, and the elimination of
paraphilia problems inherent in previous classifications
(Nicholson et al. 2012). In short, eight main lineages were
raised to genera status: Anolis, Audantia, Chamaelinorops,
Ctenonotus, Dactyloa, Deiroptyx, Norops, and Xiphosurus.

The genus Norops Wagler (1830) is subdivided into three
taxonomic groups totaling 175 species (Nicholson et al. 2012).
Of these, 150 belong to the Norops auratus group, including N.
fuscoauratus, one of the anoles with the largest distribution in
South America, inhabiting primary and secondary forest
areas and forest edges (Vanzolini 1972). Its widespread
distribution, along with other traits, contributes to the species'
"least concern"
fuscoauratus a good research subject for this study, especially
given that the ecological characteristics of its populations
from the Atlantic Forest are unknown and the majority of data
available for this species is limited to the Amazon Forest (Vitt
et al. 2003a). In this study, we investigated, for the first time
in extensions of the Atlantic Forest of northeastern Brazil, the
ecological aspects of two populations of N. fuscoauratus,
describing their morphometry, preferences of habitat
occupation, microhabitat, activity, and diet, as well as the
development of reproductive cycles in both sexes.

conservation status and also makes N.
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Material and methods

Study area and collecting procedures

The samples were collected in two fragments of the Brazilian Atlantic
Forest: 1) Centro de Instrugdo Marechal Newton Cavalcanti (CIMNC)
(7°49'54" S, 35°6'10" W), located in the Zona da Mata Norte of
Pernambuco, Brazil (from August 2014 to July 2015). The forest is part
of the state conservation unit (APA Aldeia-Beberibe), classified as an
Ombrophilous Forest and Semideciduous Seasonal Forest (Veloso et
al. 1991), with plant structure in different stages of succession after 70
years of the beginning of natural regeneration (Lucena 2009). It has a
humid tropical climate and an average annual temperature of 25.2 °C.
The dry season occurs from September to February, the rainy season
from March to August, and the yearly average rainfall is 1800 mm?
(HIDROMET/LAMEPE 2012). 2) Mata da Bananeira, inserted in the
Estacao Ecologica de Murici (ESEC de Murici) (9°12'47” S, 35°52'9” W),
Alagoas, Brazil (from December 2012 to March 2015). The region is
classified as a dense Ombrophilous Forest, open and Seasonal Forest
(Assis 2000). It has a humid and sub-humid tropical climate mean
annual temperature of 22.5 °C. The dry season occurs from October to
March, and the rainy season from April to September, with an average
yearly rainfall of 1300 mm? (SEMARH 2015).

Collected N. fuscoauratus were euthanized with a lethal injection
of 2% lidocaine hydrochloride, and their mass values were
determined by a Pesola® scale (precision = 0.01 g). Then, each
individual was measured with a digital caliper (+ 0.01 mm accuracy)
for the following measures: snout-vent-length (SVL), body width,
head width, head height, head length, tail length, and anterior and
posterior limbs. The lizards were fixed in a 10% formaldehyde
solution, preserved in 70% ethanol, and housed in the collection of the
Universidade Federal de Pernambuco, Recife, Brazil (CHUFPE 176 -
222, 225). All procedures contributing to this study complied with the
ethical standards of the relevant national and institutional guides on
the care and use of laboratory animals (permit from Instituto Chico
Mendes de Conservacdo da Biodiversidade # (ICMBio/SISBIO 43755-
1 and 33507).

Habitat and microhabitat

Habitat types and microhabitats were carefully recorded into
categories. For habitats, we used the following categories: (1) forest
edge (transition area between the open area and the interior,
approximately 20 meters), (2) forest interior, and (3) construction area
(human built the forest). Concerning
microhabitats, the categories we used were according to the first
sighting of the lizard. The time of capture, as well as the exposure of
the animals to sunlight, were recorded. The niche breadth was
calculated (numerically and volumetrically) using the inverse of the
diversity index of Simpson (1949):

n
B= 1/ZP1‘2
i=1

, where i is the resource category, P is the proportion of resource
category i, and n is the total number of categories. Niche breadth
values range from 1 to n, with low values indicating the use of only
one or a few microhabitats. The standardized niche breadth was
calculated by dividing the niche by the number of resource categories.
This procedure produces values ranging from 0 to 1 and thus allows
comparison with the values of other studies (Pianka 1986).

The overlap of microhabitat use between sexes was calculated
using the following equation:

installations inside

P DijPik

) pizj X, ph

, where the symbols are the same as those defined above, but with j
and k representing the sexes compared (Pianka 1973). The overlap
ranges from 0 (no overlap) to 1 (full overlap). To investigate the
presence of non-random patterns in niche overlap by microhabitat, we
used the Niche Overlap Module of EcoSim (Gotelli & Entsminger
2003).

ij:
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Diet

We analyzed the items found in the stomachs and intestines of the
lizards under a stereomicroscope and identified them to the lowest
possible taxonomic level. The volume of the prey was estimated by
the formula of the ellipsoid:

V=4/3n(w/2)*(l/2)

, where V is the volume, w is the prey width, and I is the prey length.

The (numerically

volumetrically) using the inverse of Simpson's diversity index (1949).

To determine the contribution of each prey category, the importance

index (Powell et al. 1990) was calculated using the following equation:
I=(F%+N%+V%)/3.

niche breadth was calculated and

We performed the
relationship between average prey volume consumed with both SVL
and head width. Diet overlap between males and females was
calculated following Pianka (1973).

linear regression analyses to verify

Reproduction
We evaluated female reproductive activity by inspecting the gonads

for the presence of vitellogenic follicles and/or oviductal eggs. For
pregnant or sexually mature females, the number, size (length and
width), and volume were estimated, as well as the number of
vitellogenic follicles and the diameter of the largest. Multiple linear
regression was performed to test the relationship between egg count
and volume (considering both eggs in the oviduct and vitellogenic
follicles) with female SVL. The minimum size of sexually mature
females in the population was estimated as a function of the smallest
female containing oviductal eggs or vitellogenic follicles. We
considered the simultaneous presence of oviductal eggs and
vitellogenic follicles indicative of more than one clutch per season. The
reproductive cycle was evaluated throughout the year of sampling,
thus allowing the definition of the number of clutches and the
oviposition period. The presence of well-developed eggs and the
encounter with the first offspring in the field approximated the birth
time of lizards. The males had their testes removed, measured, and
their volumes estimated. We used a linear regression to test the
relationship between testes volume and male body size. Only males
with convoluted epididymis were considered sexually mature.

Morphometry and sexual dimorphism

We measured the SVL of each individual, body width and height, and
width, height, and length of head and tail length. The analyses
followed the model used by Mesquita et al. (2015) to test dimorphism
in Norops (Anolis) brasiliensis. To estimate the data that could not be
measured (broken tail, for example), we used a multiple imputation,
which is considered a very robust approach (Rubin 1996, Van Buuren
et al. 2006), using the mice R-package (Van Buuren et al. 2006, Van
Buuren & Groothuis-Oudshoorn 2011). Then, morphometric variables
were transformed into log (base 10), and the data was screened for
multivariate extreme values (outliers) with the mvoutlier R-package
(Filzmoser & Gschwandtner 2015). Using a maximum limit for the
outlier detection of 0.001, no male specimen was considered an
outlier, while four females (13.3% of all females) were outliers and,
therefore, were not included in the subsequent analyses. We defined
Body Size as an isometric size variable to partition the total
morphometric variation between size and shape variation (Rohlf &
Bookstein 1987). We generated an isometric vector defined a priori
with values equal to p5, where p is the number of variables (Jolicoeur
1963). We obtained scores for a vector, hereafter called Body Size, by
post-multiplying the n X p matrix of logio-transformed data, where n
is the number of observations, by the p *1 isometric vector. To remove
the effect of SVL from the other morphometric variables transformed
into logarithms, we use the method by Burnaby (1966). Then, we
multiplied the n x p matrix of logio-transformed by a p * p of the
symmetric matrix, L, defined as:

L=1,-VETV) T

, in which I, is an identity matrix p * p, V is the size of the isometric
vector defined above, and V7 is the transposed matrix V (Rohlf &
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Bookstein 1987). We then refer to the resulting variables as Shape
Variables. We analyzed variance in Body Size (ANOVA) and a logistic
regression on the Shape variables to assess the differences between the
sexes. We used a single model constant (null) using a chi-square test
of the scaled deviation to assess the statistical significance of the
complete model based on the Shape variables (Chambers & Hastie
1992, Faraway 2006). We identified the importance of each variable by
the selection mode through the single term addition (Chambers &
Hastie 1992), following Mesquita et al. (2015). After the model
selection analysis, we accessed the reduced model classification errors
using 100 bootstrap replications of a linear discriminant analysis
through the ipred R-package (Peters & Hothorn 2013). Additionally,
the importance of each variable was evaluated using the mean model,
retaining only models with DAICc< 4 (Crawley 2007).

Results

Habitat and microhabitat

A total of 128 specimens of N. fuscoauratus were analyzed. Of
all the lizards evaluated, approximately 88.3% (N = 113)
preferred the interior areas of the forest; 7% (N = 9) were first
sighted in built areas; and 4.7% (N = 6) were found at forest
edges (Fig. 1).
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Figure 1. Frequency of habitat use by Norops
fuscoauratus (N = 128) from the Atlantic Forest of
Pernambuco and Alagoas, north-eastern Brazil.

We obtained data on microhabitat use from 96 specimens.
We found that 40.6% of N. fuscoauratus (N = 39) were found
on trunks, 26% (N = 25) on shrubs up to 1.5 m, 20.8% (N = 20)
on leaf litter, 10.4% (N = 10) on leaves, and 2.1% (N = 2) of the
lizards were seen on rocky structures (Fig. 2). The
microhabitat niche breadth was 3.46 (standardized = 0.69).
Males and females exhibited a considerable value of
microhabitat niche overlap (0.88).

Although we did not the
observations regarding the time of day (because of logistics),
we noticed that lizards were active during the daytime and
reached the highest level of activity between 14:00 and 14:59
(N = 14). However, they were also observed with some
frequency performing their activities during the morning
(Fig. 3).

Out of 47 observations, 38 specimens (80.8 %) were sighted
in the shade, eight (17%) in filtered sun, and only one (2.13%)

standardize activity
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was exposed to direct sunlight. In the evening, we collected
20 N. fuscoauratus sleeping on various perches, mostly on
vertical leaf surfaces or the extremities of thin and dry
branches.
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Figure 2. Frequency of microhabitat use by Norops
fuscoauratus (N = 96) from the Atlantic Forest of
Pernambuco and Alagoas, north-eastern Brazil.
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Figure 3. Activity period of Norops fuscoauratus
(N = 61) from the Atlantic Forest of Pernambuco
and Alagoas, north-eastern Brazil.

We recorded the behavior of 77 N. fuscoauratus after the
first sighting: 56 specimens (out of 77 records; 72.7%)
exhibited escape behavior, while 32 (27.3%) remained still.
When disturbed, they left the perch suddenly until reaching a
new substrate where they would remain motionless.

Diet

Eighteen prey categories were identified from 74 specimens
of N. fuscoauratus; the diet mainly consisted of invertebrates
(spiders and insects) and occasionally plant material (Table 1).
The most representative prey category was spiders, both in
frequency (21.64%) and in number (64), volume (26.63%), and
importance (I = 23.79%). The Coleoptera was the second most
significant item concerning frequency (18.55%) and number
(56), but in terms of volume and index of importance,
Orthoptera ranked second (22.8% and 19.16%, respectively)
(Table 1).
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The SVL/volume ratios of prey consumed were positively
and statistically significant (F (1.165) = 12.75, R = 0.06, p =
0.001), and head width/ volume of the ingested prey (F
(1.165) = 14.63, R = 0.075, p = 0.001). The numeric and

I. Campos et al.

volumetric niche breadth of N. fuscoauratus was 6.78
(standardized = 0.37) and 6.13 (standardized = 0.34),
respectively. Males and females highly overlapped their diets
in number (Jjk = 0.96) and volume (Jjk = 0.76).

Table 1. Diet composition of Norops fuscoauratus (N = 74) from the Atlantic Forest of
Pernambuco and Alagoas, north-eastern Brazil. F = frequency; N = number; V = volume;

I = importance index of the prey category.

Prey items f £% n n% v (mm3) v% I
Coleoptera 36 18.55 56 2021 317.01 7.79 15.52
Diptera 6 3.09 8 2.88 27.92 0.68 222
Hemiptera 1.03 2 0.72 0.03 0.0008  0.58
Hemiptera Auchenorrhyncha 7 3.60 8 2.88 425.79 1047  5.65
Hymenoptera 21 10.82 28 10.10  252.01 6.19 9.04
Hymenoptera Formicidae 14 7.21 20 722 407 0.10 4.84
Insect pupa 1 0.51 1 0.36 51.00 1.25 0.71
Isopoda 4 2.06 2.52 82.20 2.02 2.20
Isoptera 1 0.51 1 036 2225 0.54 0.47
Larva 11 567 13 469 50352 12.38 7.58
Lizard shed skin 3 1.54 4 1.44 197.40 4.85 2.61
Mantodea 1 0.51 1 0.36 18.59 0.45 0.44
Orthoptera 33 17.01 49 17.68  927.26 22.80 19.16
Plant material 2 1.03 2 0.72 100.00 2.45 1.40
Pseudoscorpiones 8 412 11 397 4536 111 3.07
Scorpiones 1 0.51 1 036 818 0.20 0.35
Spider 42 21.64 64 2310 1083.19  26.63 23.79
Tick 1 0.51 1 0.36 0.89 0.02 0.29
Total 194 277 4066.67 - -
Niche breadth 6.78 6.13

Reproduction 200 .

The smallest sexually mature female (with four vitellogenic

follicles) measured 23.68 mm (SVL). The smallest male with a "’E

convoluted epididymis was 23.51 mm (SVL). Although the £

average number of eggs produced based on the number of :

oviduct eggs was 2.1 (min-max 1-3; N = 22), eggs were of 2

different sizes, indicating different stages of maturation. The E

average number of follicles in females was 8.8 (3-16; N = 33), §

the largest diameter of which was 1.27 mm. The relationship

between the number and volume of oviductal eggs 55

(considering the secondary ones) and female SVLs was SVL(mm)

positively and statistically significant (R2q4; = 0.30, F1,20=10.17,

p = 0.001). We observed a strong relationship between the 40

volume of the testes and SVL males (R2,4 = 0.48, F1 33 = 32.811, N

p <0.001) (Fig. 4). a 30

Females remained reproductive during practically all E ¢

months of the year except July (when only non-reproductive Z 20

females were collected). Due to our failure to collect data in k7

April, we did not obtain specimens. The simultaneous 2 10

presence of oviductal eggs and vitellogenic follicles was °

identified in 2/3 of the studied period (Jan, Feb, Mar, May, > 0

Jun, Aug, Oct, Dec), suggesting more than one clutch per 20

reproductive season. Females containing only follicles (Fig. 5)
were collected in September and November. The data
obtained that N. fuscoauratus reproduces
continuously throughout the year, with a small interval in
July, which, in turn, was the only month we found neonates
(20 mm and 21 mm of CRC). Constant oviposition was
recorded in February, March, May, August, October, and

indicates

Figure 4. Relationship between SVL and the volume (mm?)
of oviductal eggs in females (N = 33) and the volume of
testes in males (N = 35) of Norops fuscoauratus, from the
Atlantic Forest of Pernambuco and Alagoas, north-
eastern Brazil.
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December when the eggs were more developed than those of
the other months (average volume 113.44 mm?, 11-195, N= 48
eggs, N = 22 individuals).

Concerning testes volume and sexual maturity, male N.
fuscoauratus appeared reproductive during a long period of
the year, with peaks in September, November, January, and
May (Fig. 6). No reproductive males were collected in October
or July, and we did not obtain data for April. Lastly, no N.
fuscoauratus dissected in this study presented abdominal fat.

Morphometry and sexual dimorphism

In total, 33 adult males, 33 adult females, and 8 juveniles were
analyzed. The smallest specimen was a male (SVL = 23.51
mm), and the largest was a female (SVL = 50.25 mm) (Table
2). Female N. fuscoauratus had larger Body Size than males
(Fu62 = 8.02, p <0.001) (Fig. 7). When considering all variables
simultaneously, there was no intersexual significance in body
shape variables (Z = -1.026, p > 0.05), but there was an
intersexual difference for body width (Bw) (Z = -2.65, p =
0.03). The model selection analysis indicated that only Lc
significantly discriminates between sexes (AIC: 63.19; p <
0.001). The discriminant function used to select variables has
arating error of 0.029 based on 100 bootstrap replications. The
mean coefficient model was significant only for Bw (Z = 2.58,
p < 0.001), which was also the most important variable (Bw =
0.98, Hl = 0.61, Ahab = 0.49; All = 0.45, Bh = 0.42, SVL = 0.36,
Cl = 0.34, PIl = 0.28, Hw = 0.28). Interestingly, we found a
sexually mature female (SVL = 2951 mm) with an
underdeveloped gular appendix. Mature males exhibited
large, more colorful folds of skin, while females had a lighter-
colored dorsal stripe between their heads and tails that was
unique to females (albeit not all of them had it).
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Figure 5. Relationship between months and
frequency (%) of Norops fuscoauratus females
presenting only follicles (Fol.), oviductal eggs and
follicles simultaneously (Eggs + Fol.), and non-
reproductive (N. Rep.), from the Atlantic Forest of

Pernambuco and Alagoas, north-eastern Brazil.
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volume (mm?®) in Norops fuscoauratus males from the
Atlantic Forest of Pernambuco and Alagoas, north-
eastern Brazil.

Table 2. Morphometric variables of Norops fuscoauratus from the Atlantic Forest of Pernambuco
and Alagoas. Values represent the average * standard deviation of isometric body size and
shape variables. Raw values (mm) are in parentheses. BS= Body-size; SVL= snout-vent
length; CL= caudal length; Bw= body width; Bh= body height; Hw= head width; Hh=head
height; HI= head length; All= anterior leg length; Pll= posterior limb length.

Variable Females (n = 33) Males (n = 35)

TC 3.43+0.21 3.28+0.21

SVL 0.46 £ 0.01(41.75 £ 6.5) 048 £0.01 (37.82+6.4)
CL 0.71 +£0.04 (74.08 £ 12.7) 0.73 +£0.03 (68.01 + 13.3)
Bw -0.27 £ 0.03 (7.49 £ 1.50) -0.35+0.06 (5.53 £1.1)
Bh -0.43 £ 0.06 (5.30 £ 1.1) -0.45+0.06 (4.45+1)
Hw -0.33 £0.02 (6.52 £ 0.7) -0.32£0.02(5.91 £ 0.7)
Hh -0.43 £ 0.02 (5.16 + 0.6) -0.41 £ 0.03 (4.73 £ 0.6)
H1 -0.09 £0.02 (11.26 £1.2) -0.09 £ 0.01(10.01 + 1.4)
All 0.06 +0.02 (16.42 + 2.4) 0.08 +£0.02 (15.27 + 2.6)
Pl 0.32+£0.02 (29.86 +4.1) 0.34 +0.02 (27.30 + 4.4)

Discussion

Habitat and microhabitat

The preference for elevated microhabitats and the relatively
frequent use of leaf litter for N. fuscoauratus corroborate the
preference of most members of the Dactyloidae family who

generally use similar microhabitats, such as N. ortonii, N.
trachyderma, Dactyloa transversalis and D. punctata (Vitt et al.
2002, 2003b). Similar to the behavior seen in Amazonian

populations, N. fuscoauratus from the Atlantic Forest areas we
studied also performs its activities on shrubs, trunks, and
branches at a lower height than other anoles (Vitt et al. 2003a).
The use of more diverse microhabitats suggests a less
specialized ecological niche and, as a result, a larger living
area. This finding may be supported by the fact that other
species of anoles in the studied areas are rare, resulting in low,
competitive pressure between congeners or cofamiliars.
Norops fuscoauratus competes moderately with the other
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arboreal anoles that also occur in the studied areas (N. ortfonii
and Dactyloa punctata). In this way, we can infer the high niche
breadth for N. fuscoauratus through the occupation of
available microhabitats, increasing the realized spatial niche.
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Figure 7. Frequency variation in snout-vent length
(SVL) (mm) for male and female Norops fuscoauratus
from the Atlantic Forest of Pernambuco and Alagoas,
north-eastern Brazil. (*) indicates in which category
the smallest reproductive males and females are
found.

According to our findings, N. fuscoauratus is a strictly
diurnal shade lizard, as are the other Anolis spp. and
aposematic lizards (e.g., Johnson et al. 2010, Losos et al. 2012).
The lack of affinity of those lizards for intense sunlight
justifies their low body temperatures (24.2 °C to 28.4 °C; Vitt
et al. 2003a). Despite their preference for the activity in the
afternoon, it is more common for these anoles to be seen in the
shade or thermoregulating on trunks and branches with
filtered sun and milder temperatures. This behavior
resembles the thermal ecology of other lizards in the Norops
auratus group, such as N. (Anolis) nitens tandai (Vitt et al. 2001),
N. trachyderma (Vitt et al. 2002) and N. brasiliensis (Mesquita et
al. 2015). Conversely, Norops (Anolis) nitens tandai (Vitt et al.
2001) and N. fuscoauratus differed in their activities during the
rainy season, as our data indicates that N. fuscoauratus was
less active during such periods. Probably, the act of N.
fuscoauratus sleeping perched on plants, especially at the tips
of branches and leaves, grants more protection against
terrestrial predators because vibrations are likely felt at the
ends of branches and leaves (Martins 1993).

Diet

Although Brazilian lizards generally consume arthropods,
diets among different species tend to vary in the
representativeness of different items. This may be a
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consequence, among other factors, of the specificities or
preferences of the species studied (e.g., Ribeiro et al. 2015,
Oliveira et al. 2018, Gongalves-Sousa et al. 2023), the
difference in occupied habitat (e.g., Vitt & Zani 1996,
Gongalves-Sousa et al. 2019), or even the result of seasonal
variations to which the animals are subjected (Vrcibradic &
Rocha 1995). In Norops, diet does not seem to vary much
between species because most feed on small arthropods and
ingest little or no plant material. This similarity is likely due
to niche conservatism resulting from the evolutionary history
of these animals (Losos 2008, Mesquita et al. 2015).

The diet of N. fuscoauratus reported here seems typical of
an opportunistic predator, similar to data obtained for many
other anoles (e.g., Cast et al. 2000, Losos et al. 2012, Vitt et al.
2001, Vitt & Zani 1996, Vitt & Zani 2005), including
Amazonian populations of N. fuscoauratus (Vitt et al. 2003a).
The high proportion of spiders found, also observed for other
Norops (e.g., Mesquita et al. 2015, Vitt et al. 2002), may be due
to their availability in the sampled environment. In fact,
spiders have been shown to reach higher abundances and
richness in the interior of the Atlantic Forest fragments
(Goncalves-Souza et al. 2008), precisely the preferred habitat
of N. fuscoauratus recorded in this study. Other relevant food
categories, such as Coleoptera and Orthoptera, resemble the
food categories recorded for the Amazonian populations of N.
fuscoauratus (Vitt et al. 2003a). This lizard also ingested its own
post-ecdysis skin. Lizard shed skin can represent a valuable
food resource, especially in seasons of food scarcity, and its
ingestion is a widespread habit among several lizards (Vitt &
Blackburn 1991, Vitt & Zani 1997, Gongalves-Sousa et al.
2023), including the congener Norops trachyderma (Vitt et al.
2002).

Despite referring to a generalist eating habit and
resembling the values found for other Dactyloidae species
(Cast et al. 2000), the trophic niche breadth calculated in this
study (numerically 6.78, 0.37,
volumetrically 6.13, standardized = 0.34) is not the highest of
the genus or of the species. Mesquita et al. (2015) estimated a
volumetric niche width equivalent to 6.27 for males and 6.46
for females of N. brasiliensis. Vitt et al. (2003a) stated that the
Amazonian populations of N. fuscoauratus had a volumetric
niche breadth of 8.64, while Pinilla-Renteria et al. (2015)
calculated the standardized numerical niche breadth of N.
maculiventris as 0.75. The difference in habitat interferes, albeit
minimally, with the food ecology of lizards when we consider
the composition of prey available at the site. These small
differences in diet composition have already been observed in
a community of Anolis species (Cast et al. 2000) and even in
different Amazonian populations of N. fuscoauratus (Vitt et al.
2003a).

The significantly positive relationship between N.
fuscoauratus SVL and prey volume was already observed for
the N. trachyderma group (Vitt et al. 2002) and N. chrysolepis
(Vitt & Zani 1996). This compatibility of findings corroborates
the literature because, in general, lizards increase the size
spectrum (minimum and maximum) of the prey they
consume as they grow (Costa 2009). Although there is
considerable overlap in diet (numerically and volumetrically)
between sexes, the significantly positive relationship between
lizard head width and prey volume ingested may represent a
reduction in this overlap because lizards of different sizes

standardized = and
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tend to consume equally different sizes of prey (Pianka 1973).

Reproduction
The reproductive investment (egg size and number) of N.

fuscoauratus was relatively high for anole lizards and
significantly proportional to female SVL, with average egg
(2.1) and follicle (8.8) production higher than those observed
for N. brasiliensis (1.74 and 5.14, respectively; Mesquita et al.
2015). Despite this difference, the number of eggs laid per
clutch did not increase. This may be because the eggs had
different stages of maturation, which is consistent with the
findings of Andrews & Rand (1974). The female reproductive
system of the anoles, which allows for frequent production
due to the independent performance of the ovaries, strongly
justifies the conservative trend in reproductive characteristics
of this group, which is characterized by allochronic ovulation,
that is, the generation of only one egg per clutch (Smith et al.
1973). Other anoles in the auratus group, including N.
brasiliensis (Mesquita et al. 2015), N. capito (Vitt & Zani 2005),
N. nebulosus (Jenssen 1970), N. maculiventris (Pinilla-Renteria
et al. 2015), and N. cupreus (Fitch 1973), have also been found
to possess allochronic ovulation. This explains the long
reproduction and the short interval between clutches because
both oviducts can act simultaneously at different stages of egg
maturation (Roff 2002). In addition, the long reproductive
season may be supported by the fact that N. fuscoauratus males
continued to have enlarged testes for several months,
suggesting that females may copulate even when in the final
stage of egg maturation (Rodrigues 1992).

In contrast to males in a Caribbean community of Anolis
spp. (Licht & Gorman 1970), Norops trachyderma (Vitt et al.
2002), and N. maculiventris (Pinilla-Renteria et al. 2015), N.
fuscoauratus does not exhibit a proportionate increase in testes
volume about body size. This trait is prevalent among lizards
in general, even if it is not typical for members of the "Anolis
spp." group (Arruda 2009, Ribeiro et al. 2015). Besides the
morphometric explanation (larger size, larger testes), the
complexity of their social behavior, which is regulated by
steroid secretions from the testes, such as the ability to defend
territories regardless of the time of copulation, may be related
to this proportional increase of the testes associated with SVL
(Licht & Gorman 1970).

Morphometry and sexual dimorphism

Norops fuscoauratus females were significantly larger (SVL)
and wider than males. A similar pattern was found for Norops
antonii (Castafieda 2001), Norops trachyderma (Vitt et al. 2002),
N. maculiventris (Pinilla-Renteria et al. 2015), and Amazonian
populations of N. fuscoauratus (Vitt et al. 2003a). In Norops
(Anolis) nitens tandai, the body size of the individuals is not
differentiated between the sexes (Vitt et al. 2001). On the other
hand, the opposite occurs in N. nebulosus (Jenssen 1970) and
N. brasilienses (Vitt et al. 2008), with males being considerably
larger than females (although the latter species contains larger
females; Vitt et al. 2008, Mesquita et al. 2015). The body width,
however, is most likely a consequence of the gestational
performance of females, which inevitably increases their
width to better accommodate the eggs (Butler & Losos 2002).
Considering that females of N. fuscoauratus remained
reproductive practically every month, an association between
body width and pregnancy would be coherent. When we
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demonstrate these three possibilities of results for SVL in
anoles, we confirm that the sexual dimorphism measured by
this variable does not follow a pre-established pattern since
there are variations and even contradictions. To verify the
relationships of sexual and morphometric dimorphism for
Norops brasiliensis, Mesquita et al. (2015) used the same
methods as those applied in this study and concluded that, in
addition to body width, tail length, head length, head height,
and SVL were the most discriminating measures between
sexes. For N. fuscoauratus, the only variable significantly
different in body shape was body width, which seems
important for sexual differentiation in anole lizards.
However, each species may present a distinct set of distinctive
characteristics between males and females.

Intersex differences in size, when they occur, are usually
caused by physiological differences, pathways of
development and social behavior, use of microhabitat (Butler
& Losos 2002, Olsson et al. 2002), or, curiously, by inadequate
nutrition. In Norops sagrei, for example, food deprivation
affects the body size only of males (Bonneaud et al. 2015),
compromising, in extreme cases of food shortage, their sexual
functions (Kahrl & Cox 2015). Some authors relate this
nutritional deficit of the males with their commitment to
defend the territory, and many Norops spp. are known to be
territorials, such as N. sagrei (Simon 2011) and N. polylepis
(Jiménez & Rodriguez-Rodriguez 2015). Although our dietary
results did not show any significant differences between the
sexes, it would not be absurd to suggest a cause-and-effect
relationship ~ between and
morphometry, considering the examples given above.

nutrition,  territoriality,

In summary, we have shown that N. fuscoauratus
inhabiting the Atlantic Forest of CIMNC (PE) and Bananeira
(AL) in northeastern Brazil, typically perches in a variety of
microhabitats in the interior of the forest, where it feeds on
small arthropods and reproduces continuously throughout
the year. The ecological similarities between N. fuscoauratus
and the South American-distributed continental species of the
N. auratus group point to the conservatism of the group as the
cause of those general behaviors.
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