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ABSTRACT
Background: The lesser grison (Galictis cuja) is one of the least known carnivores in
the Neotropical region. Its wide geographical occurrence and range of habitats could
lead to morphological variations along its distribution. So, this study aimed to
investigate the variation in skull shape and size of this species, by testing the existence
of ecotypes adapted to their respective environments (Uruguayan savanna and
Atlantic Forest), as well as its relationship with selected abiotic variables.
Methods: The skulls of 52 museum specimens were photographed in the ventral,
dorsal, and lateral views, and were analyzed using geometric morphometric
techniques.
Results: We found sexual size dimorphism, with males being larger than females.
The shape variation between sexes, as well as between ecoregions, is mostly explained
by the effect of allometry. The specimens from Uruguayan savanna are larger than
the ones from the Atlantic Forest. Size variation was also significantly correlated to
latitude, temperature and precipitation patterns. No correlation between skull shape
with geographical distance was detected.
Discussion: Morphometric measurements and diet data of lesser grison in regions
from higher latitudes than our sampling show a tendency to heavier individuals, and
the consumption of bigger prey compared to Uruguayan savanna. The results
indicated the smaller specimens associated to low variability in annual temperature,
congruent to Atlantic Forest region. An explanation for observed variation may be
related to the “resource rule” but, due the minimal natural history information
regards this species, we can just speculate about this.

Subjects Biodiversity, Evolutionary Studies, Zoology
Keywords Geometric morphometrics, Intraspecific variation, Sexual dimorphism, Uruguayan
savanna, Atlantic Forest

INTRODUCTION
The lesser grison, Galictis cuja (Molina, 1782), is one of the least known mustelids of the
Americas, characterized by a thin and elongated body, short legs, and a short, bushy tail
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(Yensen & Tarifa, 2003; Oliveira, 2009). It is widely distributed across the Neotropical
regions, including southern Peru, western Bolivia, central Chile, Paraguay, Uruguay, north
and southern Argentina, and east to southeastern Brazil. It inhabits a great variety of
habitats from sea level to 4,200 m, such as arid scrub, the Chaco Desert, steppes, wet forest
and Andean shrublands (Yensen & Tarifa, 2003). Within Brazil, the lesser grison occurs
in almost all ecoregions, including the Cerrado and Caatinga in the northeast, as well as
the tropical and subtropical moist broadleaf forest (Atlantic Forest) throughout the eastern
seaboard, and the Uruguayan savanna toward the southern region of the country
(Bornholdt et al., 2013).

The majority available literature on this species includes information about its trophic
ecology in Argentina, Chile, Uruguay, and southern Brazil (Ebensperger, Mella &
Simonetti, 1991; Diuk-Wasser & Cassini, 1998; Delibes et al., 2003; Kraus & Rödel, 2004;
Zapata et al., 2005; Sade, Rau & Orellana, 2012; Kasper et al., 2015), habitat selection
(Zúñiga, Muñoz-Pedreros & Fierro, 2009), and anatomy (Ercoli et al., 2012, 2016). Except
for the studies of Zapata et al. (2008) and Schiaffini & Prevosti (2013) and a revision of
the morphological and molecular characteristics of the genus Galictis (Bornholdt et al.,
2013), the cranial morphology of the species has been largely unexplored, even in
ecomorphological studies of Mustelidae (Catalano, Ercoli & Prevosti, 2014; Law et al.,
2018). Thus, the present study aims to contribute to the knowledge on the intraspecific
morphological variation in the skull size and shape of the lesser grison, particularly along
its distribution in Brazil.

The cranial, mandibular and dental morphology of the lesser grison are consistent with
the general descriptions of weasels (genus Mustela) (Zapata et al., 2008). The long and
narrow skull features sagittal and nuchal crests that provide extra space for the temporalis
muscles to anchor. The jaw is short, and the teeth are specialized for a diet of flesh, to a
degree matched only in the cat family (King & Powell, 2007). Relative to other small
carnivorans from South America, the lesser grison has a reduced M1, a reduced lingual
portion of the upper carnassial P4, a longer and thinner palatal plate that is extended
beyond M1, and a longer basicranium (Schiaffini & Prevosti, 2013; Prevosti & Forasiepi,
2018). In addition, the pre- and postglenoid processes are so developed that it is difficult
to separate the jaws from the skull, which indicates that this species has a particularly
powerful bite (Zapata et al., 2008). This characteristic has been associated with greater
efficiency in closing the jaws in mustelids that feed on prey larger than themselves
(Christiansen & Wroe, 2007). This is also consistent with some morphofunctional
specializations, such as a flexible axial region and strong neck muscles, which give the
lesser grison the ability to pursue and hunt its prey through narrow tunnels, as well as to
transport relatively heavy prey in the mouth (Yensen & Tarifa, 2003; Ercoli et al., 2016).
Its diet consists of small to medium-sized vertebrates, especially lagomorphs, rodents,
birds, frogs, lizards, snakes, and their eggs (Yensen & Tarifa, 2003).

The wide geographical distribution of the lesser grison and the range of habitats this
mustelid occurs in offer the opportunity to evaluate morphological variations, by testing the
existence of ecotypes (Turesson, 1922). Morphometric analyses of several mammalian
craniums suggest that patterns of morphological variation in species with large distribution
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areas might be adaptations to a range of environmental conditions (Gay & Best, 1996),
availability of resources (Mcnab, 2010; Schiaffini, 2016a), or to reduce competition
with ecologically similar species occurring in sympatry (Bubadué et al., 2015). Thus, we
hypothesize that there should be a variation in the size and/or shape of the skull of the
lesser grison among populations of different ecoregions throughout the distribution
of the species in Brazil, leading to the existence of ecotypes adapted to their respective
environments. We also tested the relationships between the skull size variation and
selected abiotic variables.

MATERIALS AND METHODS
Sampling and variables
The skulls of museum specimens of the lesser grison were photographed with a
Sony DSC-H9 digital camera at a fixed distance of 24 cm, using a support platform.
One millimeter graph paper was used as a photographic background for subsequent scale
referencing. The photographs were taken and landmarks were digitalized by the same
investigator (RPM) to avoid inter-observer error. Only adult skulls with known locality
and sufficient integrity to digitalize landmarks that represent the overall skull morphology
were included in the statistical analyses. Adult specimens were recognized as those that
presented a fully erupted permanent dentition along with a total fusion of the skull sutures
(Bornholdt et al., 2013).

Specimens lacking the corresponding geographical coordinates were georeferenced
using Google Earth (Google, 2018), using the central coordinate of the municipality
cataloged by the collections as the reference. Each specimen was assigned to a Neotropical
ecoregion, based on the nomenclature proposed by Olson et al. (2001), using a shapefile
in QGIS 2.18.25 (QGIS Development Team, 2018). As the sampling numbers were
small, the specimens were grouped into two contrasting major habitat types for analysis
(Fig. 1): (a) Uruguayan savanna—where medium/tall grasslands prevail, with sparse
shrub and tree formations (11 males, eight females, and eight unsexed); and (b) Atlantic
Forest—a forested formation composed of the specimens from the Alto Paraná
Atlantic Forest, Araucaria Moist Forest, Serra do Mar Coastal Forest, Southern Atlantic
Mangroves, Bahia Interior Forest, and Bahia Coastal Forest ecoregions (10 males, nine
females, and six unsexed).

Each specimen was also assigned a value of latitude, as well as 19 bioclimatic variables
taken from the WorldClim version 2.1 database (Fick & Hijmans, 2017) at a spatial
resolution of 30s (approximately 1 km2). This methodological step was realized in QGIS
2.18.25 (QGIS Development Team, 2018).

The examined specimens are housed in the open access mammalian collections of
the following institutions: Museu de Zoologia do Pampa (MZPAMPA), located at the
Laboratório de Biologia de Mamíferos e Aves, of the Universidade Federal do Pampa,
São Gabriel (LABIMAVE-UNIPAMPA); Museu de Ciências Naturais da Fundação
Zoobotânica do Rio Grande do Sul, Porto Alegre, Brazil (FZB/RS); Museu de Ciências
e Tecnologia da Pontifícia Universidade Católica do Rio Grande do Sul, Porto Alegre,
Brazil (MCT-PUCRS); Museu de Ciências Naturais da Universidade Luterana do Brasil,
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Canoas, Brazil (MCNU-ULBRA); Laboratório de Mamíferos Aquáticos da Universidade
Federal de Santa Catarina, Florianópolis, Brazil (LAMAq-UFSC); Museu de Zoologia da
Universidade de São Paulo, São Paulo, Brazil (MZUSP); Museu Nacional de História
Natural, Rio de Janeiro, Brazil (MNHN-UFRJ); Centro de Coleções Taxonômicas da
Universidade Federal de Minas Gerais, Belo Horizonte, Brazil (CCT-UFMG); and Museu
Paraense Emílio Goeldi, Belém, Brazil (MPEG). These collections were accessed
through contact with the respective curators responsible for them. The list of analyzed
specimens is presented in Table S1.

Geometric morphometric procedures
The skulls of 52 adult specimens (21 males, 17 females, and 14 unsexed) were
photographed in the ventral (n = 48), dorsal (n = 51), and lateral views (n = 52) (Fig. 2).
The photos were compiled using tpsUtil 1.64 (Rohlf, 2013) and the landmarks were

Figure 1 Geographic distribution of the 52 analyzed specimens of Galictis cuja (squares, males;
diamonds, females; and circles, unsexed), indicating the ecoregions of origin.

Full-size DOI: 10.7717/peerj.9388/fig-1
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Figure 2 Landmarks digitized in 52 skulls of Galictis cuja. Ventral view (A): middle point of the
incisive series (1); most anterior point of the canines (2–3); posterior point of the palatine torus (4),
temporal-masseter muscle insertion area (5–10); anterior point of the tympanic bulla (11–12); most
lateral point of the mastoid process (13–14); paroccipital process (15–16); and ventral point in the
foramen magnum (17). Dorsal view (B): anterior point of the nasals in the sutura internasalis (1); tips of
the nasal process (2–3); point of least width between the maxillae (4–5); the lacrimal foramen (6–7); point
of least width between the frontals (8–9); anterior point of the squamous (10–11); most external posterior
point of the zygomatic arch (12–13); posterior point of the zygomatic arch (14–15); most lateral point of the
mastoid process (16–17); most external points of the lambdoid crest (18–19); and point of the inion (20).
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digitalized using tpsDig 2.26 (Rohlf, 2015). The landmarks can be defined as type II
(ventral: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 15, 16, 17; dorsal: 1, 2, 3, 8, 9, 10, 11, 20; lateral: 1,
2, 3, 10, 11), and type III (ventral: 13, 14; dorsal: 4, 5, 6, 7, 12, 13, 14, 15, 16, 17, 18, 19;
lateral: 4, 5, 6, 7, 8, 9, 12, 13), according to Bookstein (1991).

Data analysis
First, landmark coordinates were superimposed with a generalized Procrustes analysis
(GPA) (Dryden & Mardia, 1998), which removes the effects not related to shape, such as
position, scale, and orientation. The GPA generates new data from landmark coordinates,
the centroid size and shape residuals (Procrustes coordinates). Although extracting the
size information from the raw data of landmark coordinates eliminates the variation in size
per se, the shape data may still contain a component of size-related shape variation because
of the effects of allometry (Klingenberg, 2016). Therefore, the presence of allometry was
examined using a multivariate regression of shape on size (Monteiro, 1999). As preliminary
analysis, we performed a Shapiro–Wilk test to analyze the normality of size (i.e., centroid
size) data (Royston, 1995). So, sexual size dimorphism was evaluated using a Student’s
t-test since data presented normal distribution for the three views. Sexual differences in
shape (i.e., Procrustes coordinates), as well as the interaction between the factors “sex” and
“ecoregion”, were tested through a Procrustes analysis of variance (ANOVA) (Adams &
Otárola-Castillo, 2013).

To analyze statistical skull size differences between the Uruguayan savanna and Atlantic
Forest samples we performed the Student’s t-test for the views with normal distribution of
measurements and the nonparametric Mann–Whitney test (Hollander & Wolfe, 1973)
for the views that did not present normality. The existence of differences in the skull
shape between the two distinct ecoregions was tested employing a Procrustes ANOVA
(Adams & Otárola-Castillo, 2013). The dimensions of the Procrustes coordinates of shape
variation were reduced with a principal component analysis (PCA). The subset of principal
components (PCs) sufficient to explain 99% of the total variance was used to perform
a linear discriminant analysis (LDA), to compute a leave-one-out cross-validation, which
was in turn used to calculate the percentages of correct classifications for both groups
(Baylac & Friess, 2005).

The relationship between skull size (i.e., centroid size) and latitude was tested
through a multivariate regression (Monteiro, 1999). The association between size and the
19 bioclimatic variables was tested by a single ordinary least-squared (OLS) regression
analyses, conducted first separately for each variable (see Table S3). Correlation coefficients (r)

Figure 2 (continued)
Lateral view (C): anterior point of the dentary row (1); point between P4 andM1 (2); most anterior point of
the premaxilla and nasal bone suture (3); the lacrimal foramen (4); point of intersection between the dorsal
margin of the frontal bone and a line that crosses the ventral and dorsal postorbital processes (5); most
lateral point of the jugal on the maxilla (6); most posterior ventral (7) and higher (8) points of the squa-
mosal process; posterior point of the zygomatic arch on the braincase (9); most lateral point of the mastoid
process (10); the paroccipital process tip (11); most external point of the lambdoid crest (12); and point of
the inion (13). Full-size DOI: 10.7717/peerj.9388/fig-2
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between the predictor variables were calculated to avoid multicollinearity (Graham, 2003).
For those with r > 0.7 we applied the stepwise algorithm to keep in the model the variables
that provided the best explanation. Thus, a subsequent multiple regression analyses
were performed to evaluate the contribution of each predictor variable to size in the presence
of the others. The existence of spatial autocorrelation, that is the lack of independence
between pairs of observations at given geographical distances (Legendre, 1993), in the size
data was evaluated in the residuals of the OLS by the Moran’s I index (Diniz-Filho, Bini &
Hawkins, 2003).

The distance between the midpoints of each specimen’s locality was used to generate
a geographical distance matrix, using the Geographic Distance Matrix Generator v 1.2.3
(Ersts, 2018). The residuals of the GPA, originated by the superimposition of the landmark
coordinates of the specimens, were used to generate a Mahalanobis distance matrix.
The degree of morphological variation was correlated with the geographic distance of the
specimens, through an approach similar to the isolation-by-distance model, commonly
used in genetic studies (Wright, 1943). For this issue, these matrices were tested by
correlation, through an RV coefficient (Heo & Gabriel, 1997).

All statistical analyses and graphs were generated in “R”, version 4.0.0 (R Development
Core Team, 2018), using the libraries MASS (Venables & Ripley, 2013), ape (Paradis,
Claude & Strimmer, 2004), stats (R Development Core Team, 2018), ade4 (Dray & Dufour,
2007), geomorph (Adams & Otárola-Castillo, 2013), and letsR (Vilela & Villalobos, 2015).

RESULTS
Sexual dimorphism
The males and females differed in skull size in the ventral (t = −5.9755, df = 33.789,
p < 0.001), dorsal (t = −7.006, df = 33.93, p < 0.001), and lateral (t = −6.853, df = 35.914,
p < 0.001) views, with males being larger than females. However, the multivariate
regression of shape on size revealed that allometry was also significant. The percentages of
shapes predicted by size for males and females were 28.2% (p = 0.001), 26.7% (p = 0.001),
and 11.3% (p = 0.003) for the ventral, dorsal, and lateral views, respectively. The Procrustes
ANOVA confirmed this, showing size as the significant variable explaining sexual
dimorphism in the shape for the three views. The effect of the factor “sex” alone was
non-significant (ventral: SS < 0.001, MS < 0.001, Rsq = 0.018, F = 0.875, p = 0.546; dorsal:
SS < 0.001, MS < 0.001, Rsq = 0.018, F = 0.884, p = 0.535; and lateral: SS = 0.002,
MS = 0.002, Rsq = 0.028, F = 1.123, p = 0.285). Based on the absence of interaction between
the factors “sex” and “ecoregion” (both in skull size and shape), the males, females, and
unsexed specimens were pooled together for the subsequent analysis of variation between
ecoregions (see Table S2).

Skull size and shape between ecoregions
The Student’s t-test showed significant differences in skull size between the Atlantic Forest
and Uruguayan savanna groups in the ventral view (t = −4.413, df = 45.972, p < 0.001), as
well as the Mann–Whitney test in dorsal (W = 0.947, p = 0.025), and lateral (W = 0.953,
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p = 0.047) views, with the specimens from the Uruguayan savanna being larger than those
from the Atlantic Forest, as represented in the boxplot of the ventral view (Fig. 3).

The multivariate regression of shape on size revealed that allometry was significant for
all three views of the skull. The amount of shape predicted by size was 26.4% (p = 0.001),
26.6% (p = 0.001), and 9.5% (p = 0.001) for the ventral, dorsal, and lateral views,
respectively. There were significant differences in skull shape; however, according to the
Procrustes ANOVA, they are mostly explained by size, except for the dorsal view where the
factor “biome” explains 3.6% of the shape variance (SS = 0.002, MS = 0.002, Rsq = 0.036,
F = 2.563, p = 0.006). The first 11 PCs cumulatively explained 95.5% of total variance in the
dorsal view; the first 11 explained 95.6% of the variance in the ventral view; and the first 13
explained 95% of variance in the lateral view. Plotting the first PCs with the second, the
PCA plot did not cluster groups for any of the skull views (Fig. 4). The percentages of
correct classifications for each skull view are shown in Table 1.

Abiotic variables
Because of the presence of significant sexual dimorphism in skull size and the allometric
component leading to dimorphism in shape, subsequent analyses were conducted with the
sexes separated. There was a significant association between size and latitude for both
females and males in the three skull views (Table 2).

The main results of the OLS are presented in Table 3. Temperature Seasonality
explained a significant 57.7% of size variation in ventral and 59.5% in dorsal view of
females’ skulls. Temperature Annual Range was the only significant predictor of variance
in female lateral view (59.4%) and male dorsal view (38.1%). This last variable, together
with Precipitation of Driest Month, Precipitation Seasonality and Precipitation of Wettest
Quarter were the most important variables for male ventral view, explaining 75% of size
variation. Finally, Precipitation of Wettest Month, Precipitation of Driest Month and
Precipitation Seasonality explained 68.2% of size variation for male lateral view.

No significant (p > 0.05) spatial autocorrelation in the OLS residuals were found (see
Table S4). The results also showed no significant correlations between the geographical
distance and Procrustes distances of the consensus shape for both males (ventral: p = 0.271;

Figure 3 Boxplot of the skull log centroid size of Galictis cuja (ventral view) among different
ecoregions in Brazil. The black line represents median values and the boxes represent the first inter-
quartile, while the bars represent the second interquartile. Full-size DOI: 10.7717/peerj.9388/fig-3
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Figure 4 Scatter plots of the two first axes of the principal component analysis (PCA) for Galictis
cuja specimens from Brazil, based on the Procrustes distances of the consensus shape. Uruguayan
savanna individuals are represented in light gray circles and Atlantic Forest in dark gray circles. PC1
represents the skull shape variation in the first axis and PC2 represents skull shape variation in the second
axis, in the ventral (A), dorsal (B) and lateral (C) views. Positive scores are represented by black lines and
negative scores are represented by gray lines. Full-size DOI: 10.7717/peerj.9388/fig-4
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Table 1 Percentage of correct classification from linear discriminant analysis (LDA) for the skull
shape of Galictis cuja specimens from two Brazilian ecoregions.

Uruguayan savanna Atlantic forest Overall

Ventral 40 60 56.2

Dorsal 65.3 56 60.7

Lateral 52 48 50

Table 2 Results of Procrustes analysis of variance (ANOVA) test for the relationship between
latitude and the skull size of Galictis cuja specimens from Brazil.

SS MS Rsq F p

Female Ventral 8.982 8.982 0.498 13.909 0.004

Dorsal 9.694 9.694 0.465 13.061 0.003

Lateral 8.734 8.734 0.380 9.220 0.009

Male Ventral 21.658 21.658 0.431 13.656 0.003

Dorsal 11.685 11.684 0.188 4.193 0.054

Lateral 17.579 17.579 0.356 10.547 0.003

Note:
SS, Sum of squares; MS, mean squares; Rsq, coefficient of determination R-squared and F value. Significance (p < 0.05) is
highlighted in bold.

Table 3 Results of single ordinary least-squared (OLS) analyses of skull size of Galictis cuja
specimens from Brazil and the predictor independent (r < 7) bioclimatic variables.

Bioclimatic variable p

Female Ventral Temperature Seasonality <0.001

Dorsal Temperature Seasonality 0.001

Max Temperature of Warmest Month 0.119

Lateral Max Temperature of Warmest Month 0.158

Temperature Annual Range 0.001

Male Ventral Temperature Annual Range 0.022

Mean Temperature of Wettest Quarter 0.455

Mean Temperature of Driest Quarter 0.831

Mean Temperature of Coldest Quarter 0.492

Precipitation of Driest Month 0.027

Precipitation Seasonality 0.025

Precipitation of Wettest Quarter 0.004

Dorsal Temperature Annual Range 0.002

Lateral Mean Temperature of Wettest Quarter 0.960

Precipitation of Wettest Month <0.001

Precipitation of Driest Month <0.001

Precipitation Seasonality <0.001

Note:
Significance (p < 0.05) is highlighted in bold.
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dorsal: p = 0.417; lateral: p = 0.176) and females (ventral: p = 0.382; dorsal: p = 0.571;
lateral: p = 0.198).

DISCUSSION
Sexual dimorphism
Our results indicate sexual dimorphism in the skull size of the lesser grison, with males
being larger than females. This is not surprising, as sexual size dimorphism within the
Mustelidae family has been reported, especially among smaller species (Noonan et al.,
2016; Law & Mehta, 2018). Small mustelids, such as the lesser grison, are predominately
obligate carnivores, feeding almost exclusively on vertebrates (Zapata et al., 2005).
In this species the dispersion of food resources would promote intrasexual selection for
territories, resulting in mating systems where males must compete for access to females,
which confers a selective advantage to larger males (Noonan et al., 2016). Nevertheless,
increased cranial size dimorphism could reduce dietary competition between the sexes,
rendering niche divergence a mechanism in the maintenance of the evolution of sexual
dimorphism in extant mustelids (Law & Mehta, 2018).

Allometry is a pervasive aspect of morphological variation in mammals, in which large
differences in size are typically accompanied by differences in shape because of the
covariation in these traits (Klingenberg, 2016). This association became evident for the
lesser grison, as the shape variation between sexes we found was mainly related to their
differences in size. The most obvious changes are seen in the more developed lambdoid
crest and mastoid process in males (Fig. S1). This is consistent with the effect of allometry
on the muscular insertion areas described for carnivores in general, and weasels in
particular, where the smaller females usually differ from males by presenting reduced
muscular insertion processes (Ercoli, 2017).

Skull size and shape between ecoregions
Our hypothesis on the existence of ecotypes according to different ecoregions was
supported; we found significantly larger skull sizes in specimens from the Uruguayan
savanna than those in the Atlantic Forest. Overall, the PCA displayed patterns of shape
overlap between specimens from both ecoregions in all three views (Fig. 4). A relative
differentiation was only seen along the first axis for the dorsal view, which placed the
specimens from the Atlantic Forest mostly in the negative scores, representing a skull with
the region that encompasses the points of least width between frontals, the anterior
points of the squamous, to the posterior point of the zygomatic arch, wider than that of
specimens from the Uruguayan savanna. All of the observed skull shape variations were
significantly explained by allometry. Both Procrustes ANOVA and the percentage of
correct classification indicated that the differences between Atlantic Forest and Uruguayan
savanna in the skull shape are small. The percentage of correct classification for skull shape
showed values near 50%, the expected by chance in two possibilities, reinforcing the
similarity between the ecoregions.

Despite the particular compositions of the ecoregions clustered as Atlantic Forest (Olson
et al., 2001), because of our small sample size and since those ecoregions are all associated
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to forested formations (Instituto Brasileiro de Geografia Estatística (IBGE), 1993),
we decided to focus the analysis on the comparison of two major contrasting habitats
(i.e., moist broadleaf forests versus grasslands, savannas and shrublands). Intraspecific
variation has already been observed in some characteristics of the lesser grison, such as fur
color, with the yellowish specimens found mainly in the open and drier landscapes, for
example, savannahs and grasslands, which is assumed to be an adaptation favored as
camouflage (Bornholdt et al., 2013). Patterns of morphological change associated with
contrasting habitats, in which different selective pressures leads to changes in skull shape
and size, have also been observed in other mustelids (Hernández-Romero, Guerrero &
Valdespino, 2015). The lesser grison is usually described as a generalist species regarding
habitat requirements (Yensen & Tarifa, 2003; Schiaffini, 2016b), and it appears to be
unusual in most habitats (Kasper et al., 2013). However, more data on the species ecology
and increased samplings (especially from its northern distribution) are needed to better
understand its skull size variation.

When two morphologically and or/ecologically similar species geographically overlap,
a change in size or morphology is expected to minimize competition (Brown & Wilson,
1956). Competition is assumed to occur mostly among closely related species, but may also
take place among species from different clades with similar ecologies (Van Valkenburgh,
1999). Throughout the ecoregions we sampled, there are no other similar small mustelids
that could compete with the lesser grison for the same resources, with the only other
hypercarnivorous species in sympatry being the felids (Reis et al., 2011). However, despite
its food indices having up to 95% similarity with small cats, as reported in southern Brazil
(Kasper et al., 2015), these species use different foraging strategies. Cats generally lie in
ambush by trails or burrow entrances waiting for the prey to appear (Kitchener, Van
Valkenburgh & Yamaguchi, 2010). Thus, it can be argued that character displacement does
not provide the most comprehensive explanation for the lesser grison’s skull size
differentiation between the different ecoregions.

The body size of small weasel-like mammals is probably most strongly influenced by the
most workable balance between hunting efficiency and energy balance under local
conditions (King & Powell, 2007). In other species of Mustelidae, such as an assemblage
composed of three NewWorld sympatric least weasels, it is assumed that the force driving
the morphological convergence in their canine size may simply be a local adaptation
for hunting similar resources (Meiri, Simberloff & Dayan, 2011). Despite its wide
distribution, the lesser grison’s food habits are poorly understood in most of its habitat
range, precluding a comparison of patterns of prey consumption from the Uruguayan
savanna and Atlantic Forest groups.

Abiotic variables
We also found a significant association between skull size and latitude, following the
predictions of Bergmann’s rule. This indicates that within warm-blooded (endothermic)
species, individuals from colder climates or higher latitudes are generally larger than those
from warmer regions or lower latitudes (Bergmann, 1847). Data on morphometric
measurements from the lesser grison’s distribution further south of our sampling, that is
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higher latitudes, comes from Buenos Aires Province (Vidal et al., 2016). The authors
recorded body mass outside the range reported in the literature, with specimens weighing
up to 2.8 kg. The average male body mass of 2.12 kg is greater than the mean weight of
the specimens available in the collection database we sampled from the Uruguayan
savanna (1.74 kg), which was also greater than that from the Atlantic Forest (1.41 kg).
These values may be indicative of a trend in the skull size following this pattern throughout
its distribution.

Although Bergmann’s rule has been extensively discussed, there is no general agreement
about its validity. The heat retention explanation and mass-specific rates have been
criticized for their inconsistent ecological realities (McNab, 1999). Therefore, another
proposal for trends in size was made by Mcnab (2010), who called it the “resource rule”,
according to which the spatial variation in mammal body size could be explained by the
availability and characteristics of the consumed resources. Mustelids, such as the lesser
grison, have higher energy needs than expected for their body mass, which may require a
larger prey size to satisfy their energetic requirements (Brown & Lasiewski, 1972).
In Argentina, the lesser grison’s diet consists mostly of introduced lagomorphs, which
seems consistent with its ability to subdue prey larger than expected for its body size, even
in burrows and nests (Ebensperger, Mella & Simonetti, 1991; Delibes et al., 2003). A study
from southern Brazil (Kasper et al., 2015) suggested a diet based on smaller rodents,
and despite the high abundance of Lepus europaeus (Pallas, 1778) in the region (Kasper et al.,
2012), there is no evidence of its consumption. Unfortunately, the lack of information
regarding the diet of the lesser grison from its Brazilian northern distribution, comprising a
single mention based on one fecal sample (Rocha-Mendes et al., 2010), allows us to speculate
that those specimens became smaller because they feed on smaller prey.

Skull size variation of lesser grison also seems to be related to temperature and
precipitation patterns. Temperature Annual Range and Seasonality showed a positive
correlation with skull size, indicating larger specimens occurring in regions with greater
variability in annual temperature. The ecoregion analyses showed similar results, once the
Atlantic Forest (i.e., moist broadleaf forest) is characterized by low variability in annual
temperature and contains the smaller specimens. An environmental niche modeling
indicated higher predictive values for lesser grison distribution along regions with highly
variable precipitation and temperature (Schiaffini, 2016b). It was proposed that the species
presence in cold zones might be related to the consumption of large number of preys to
maintain a constant body temperature. As the lesser grison seems to be larger in the
southern colder ecoregions, it is possible to suppose that it can prey upon a wider range of
prey sizes (Ebensperger, Mella & Simonetti, 1991; Delibes et al., 2003) as a way to overcome
the species poor thermal balance.

Our results revealed no significant correlation between geographical and morphological
distance. This indicates that the skull shape variation did not follow a pattern similar to
the isolation-by-distance model, which predicts an exponential decrease in the genetic
similarity between populations, as the geographic distance between them increases
(Wright, 1943). Morphological variation in some Neotropical mustelids is explained
by the presence of different evolutionary units delimited by geographical barriers
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(Hernández-Romero, Guerrero & Valdespino, 2015). However, the lesser grison seems
to occur continuously and uniformly along the sampled regions, with no apparent
geographical barriers. Our result is also congruent with the current research on genetic
variability which does not suggest the recognition of subspecies (Bornholdt et al., 2013).

CONCLUSIONS
This study adds new information on the skull size and shape variation of the lesser grison
in Brazil. Sexual size dimorphism was observed, with males being larger than females;
this is an expected pattern for a small mustelid. The shape variation between the sexes,
as well as between ecoregions, is mostly explained by the effect of allometry, and no
correlation with geographical distance was detected.

The specimens from the Uruguayan savanna were significantly larger than those from
the Atlantic Forest, and the size variation was also significantly correlated to latitude,
as well as temperature and precipitation patterns. The morphometric measurement data
on regions from higher latitudes than our sampling showed a tendency toward heavier
individuals, as well as the consumption of bigger prey, compared to those from the
Uruguayan savanna. Unfortunately, its minimal natural history information (Poo-Muñoz
et al., 2014) only allows us to speculate that the lesser grison’s skull size variation pattern
follows the “resource rule”.

Although relatively common in most parts of Brazil, some ecoregions are not well
represented in scientific Brazilian collections as they are hampered by the predominance of
young specimens and individuals without cataloged origins. In addition, to completely
understand the variations in the skull size and shape of the lesser grison, future studies
should focus on gathering information on the species ecological aspects, especially from its
northern distribution.

ACKNOWLEDGEMENTS
We thank all the curators of the following institutions for their cooperation in providing
the necessary information, and for allowing access to their collections: Dra. Tatiane Trigo
(FZB/RS), Dra. Carla Fontana (MCT-PUCRS), Dr. Alexandre Uarth Christoff (MCNU),
Dr. Maurício Graipel (LAMAq-UFSC), Juliana Barros (MZUSP), Dr. João Alves de
Oliveira (MNHN), Dr. Fernando Perini (CCT-UFMG), and Dra. Alexandra Bezerra
(MPEG). Special thanks to Felipe Bortolotto Peters for his continued contribution in
providing material for the research developed at LABIMAVE. Additional thanks to Mauro
Anderson da Silva Bossi and Renan Maestri for contributions throughout the development
of this study.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This study had the support of a postgraduate scholarship by the Coordenação de
Aperfeiçoamento de Pessoal de Nível Superior (CAPES) and the support by Conselho

Migliorini et al. (2020), PeerJ, DOI 10.7717/peerj.9388 14/19

http://dx.doi.org/10.7717/peerj.9388
https://peerj.com/


Nacional de Desenvolvimento Científico e Tecnológico (CNPq) (grant proc. No. 309219/
2018-3). The funders had no role in study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES).
Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq): 309219/2018-3.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
� Raissa Prior Migliorini conceived and designed the experiments, performed the
experiments, analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the paper, and approved the final draft.

� Rodrigo Fornel conceived and designed the experiments, analyzed the data, authored or
reviewed drafts of the paper, and approved the final draft.

� Carlos Benhur Kasper analyzed the data, authored or reviewed drafts of the paper, and
approved the final draft.

Data Availability
The following information was supplied regarding data availability:

The raw measurements, specimen and deposition information are available in the
Supplemental Files.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.9388#supplemental-information.

REFERENCES
Adams DC, Otárola-Castillo E. 2013. Geomorph: an R package for the collection and analysis of

geometric morphometric shape data. Methods in Ecology and Evolution 4(4):393–399
DOI 10.1111/2041-210X.12035.

Baylac M, Friess M. 2005. Fourier descriptors, Procrustes superimposition and data
dimensionality: an example of cranial shape analysis in modern human populations.
In: Slice DE, ed. Modern Morphometrics in Physical Anthropology. Boston: Springer-Verlag,
145–162.

Bergmann C. 1847. Ueber die Verhältnisse der Wärmeökonomie der Tiere zu ihrer Grösse.
Gött Stud 3:595–708.

Bookstein FL. 1991. Morphometric tools for landmark data: geometry and biology. New York:
Cambridge University Press.

Bornholdt R, Helgen K, Koepfli KP, Oliveira L, Lucherini M, Eizirik E. 2013. Taxonomic
revision of the genus Galictis (Carnivora: Mustelidae): species delimitation, morphological

Migliorini et al. (2020), PeerJ, DOI 10.7717/peerj.9388 15/19

http://dx.doi.org/10.7717/peerj.9388#supplemental-information
http://dx.doi.org/10.7717/peerj.9388#supplemental-information
http://dx.doi.org/10.7717/peerj.9388#supplemental-information
http://dx.doi.org/10.1111/2041-210X.12035
http://dx.doi.org/10.7717/peerj.9388
https://peerj.com/


diagnosis, and refined mapping of geographical distribution. Zoological Journal of the Linnean
Society 167(3):449–472 DOI 10.1111/j.1096-3642.2012.00859.x.

Brown WL, Wilson EO. 1956. Character displacement. Systematic Zoology 5(2):49–64
DOI 10.2307/2411924.

Brown JH, Lasiewski RC. 1972. Metabolism of weasels: the cost of being long and thin. Ecology
53(5):939–943 DOI 10.2307/1934312.

Bubadué JM, Cáceres N, Carvalho RS, Meloro C. 2015. Ecogeographical variation in skull shape
of South-American canids: abiotic or biotic processes? Evolutionary Biology 43:145–159.

Catalano SA, Ercoli MD, Prevosti FJ. 2014. The more, the better: the use of multiple landmark
configurations to solve the phylogenetic relationships in musteloids. Systematic Biology
64(2):294–306 DOI 10.1093/sysbio/syu107.

Christiansen P, Wroe S. 2007. Bite forces and evolutionary adaptations to feeding ecology in
carnivores. Ecology 88(2):347–358 DOI 10.1890/0012-9658(2007)88[347:BFAEAT]2.0.CO;2.

Delibes M, Travaini A, Zapata SC, Palomares F. 2003. Alien mammals and the trophic position of
the lesser grison (Galictis cuja) in Argentinean Patagonia. Canadian Journal of Zoology
81(1):157–162 DOI 10.1139/z02-220.

Diniz-Filho JAF, Bini LM, Hawkins BA. 2003. Spatial autocorrelation and red herrings in
geographical ecology. Global Ecology and Biogeography 12(1):53–64
DOI 10.1046/j.1466-822X.2003.00322.x.

Diuk-Wasser MA, Cassini MH. 1998. A study on the diet of minor grisons and a preliminary
analysis of their role in the control of rabbits in Patagonia. Studies on Neotropical Fauna and
Environment 33(1):3–6 DOI 10.1076/snfe.33.1.3.2172.

Dray S, Dufour AB. 2007. The ade4 package: implementing the duality diagram for ecologists.
Journal of Statistical Software 22(4):1–20 DOI 10.18637/jss.v022.i04.

Dryden IL, Mardia KV. 1998. Statistical shape analysis. First Edition. New York: John Wiley &
Sons, Inc.

Ebensperger LA, Mella JE, Simonetti JA. 1991. Trophic-niche relationships among Galictis cuja,
Dusicyon culpaeus, and Tyto alba in central Chile. Journal of Mammalogy 72(4):820–823
DOI 10.2307/1381849.

Ercoli MD, Echarri S, Busker F, Álvarez A, Morales MM, Turazzini GF. 2012. The functional
and phylogenetic implications of the myology of the lumbar region, tail, and hind limbs of the
lesser grison (Galictis cuja). Journal of Mammalian Evolution 20(4):309–336
DOI 10.1007/s10914-012-9219-9.

Ercoli MD, Álvarez A, Busker F, Morales MM, Julik E, Smith HF, Adrian B, Barton M,
Bhagavatula K, Poole M, Shahsavan M, Wechsler R, Fisher R. 2016. Myology of the head,
neck, and thoracic region of the lesser grison (Galictis cuja) in comparison with the red panda
(Ailurus fulgens) and other carnivorans: phylogenetic and functional implications. Journal of
Mammalian Evolution 24(3):289–322 DOI 10.1007/s10914-016-9339-8.

Ercoli MD. 2017.Morpho-functional analysis of the mastoid region of the extinct South American
mustelid †Stipanicicia pettorutii. Earth and Environmental Science Transactions of the Royal
Society of Edinburgh 106:337–349.

Ersts PJ. 2018. Geographic distance matrix generator (version 1.2.3). American museum of natural
history, center for biodiversity and conservation. Available at http://biodiversityinformatics.
amnh.org/open_source/gdmg (cited 17 December 2018).

Fick SE, Hijmans RJ. 2017. WorldClim 2: new 1km spatial resolution climate surfaces for global
land areas. International Journal of Climatology 37(12):4302–4315 DOI 10.1002/joc.5086.

Migliorini et al. (2020), PeerJ, DOI 10.7717/peerj.9388 16/19

http://dx.doi.org/10.1111/j.1096-3642.2012.00859.x
http://dx.doi.org/10.2307/2411924
http://dx.doi.org/10.2307/1934312
http://dx.doi.org/10.1093/sysbio/syu107
http://dx.doi.org/10.1890/0012-9658(2007)88[347:BFAEAT]2.0.CO;2
http://dx.doi.org/10.1139/z02-220
http://dx.doi.org/10.1046/j.1466-822X.2003.00322.x
http://dx.doi.org/10.1076/snfe.33.1.3.2172
http://dx.doi.org/10.18637/jss.v022.i04
http://dx.doi.org/10.2307/1381849
http://dx.doi.org/10.1007/s10914-012-9219-9
http://dx.doi.org/10.1007/s10914-016-9339-8
http://biodiversityinformatics.amnh.org/open_source/gdmg
http://biodiversityinformatics.amnh.org/open_source/gdmg
http://dx.doi.org/10.1002/joc.5086
http://dx.doi.org/10.7717/peerj.9388
https://peerj.com/


Gay SW, Best TL. 1996. Relationships between abiotic variables and geographic variation in skulls
of pumas (Puma concolor: Mammalia, Felidae) in North and South America. Zoological Journal
of the Linnean Society 117(3):259–282 DOI 10.1111/j.1096-3642.1996.tb02190.x.

Graham MH. 2003. Confronting multicollinearity in ecological multiple regression. Ecology
84(11):2809–2815 DOI 10.1890/02-3114.

Google. 2018. Google Earth website. Available at http://earth.google.com/ (cited 30 jul 2018).

Heo M, Gabriel KR. 1997. A permutation test of association between configurations by means of
RV coefficient. Communications in Statistics: Simulation and Computation 27:843–856.

Hernández-Romero PC, Guerrero JA, Valdespino C. 2015. Morphological variability of the
cranium of Lontra longicaudis (Carnivora: Mustelidae): a morphometric and geographic
analysis. Zoological Studies 54(1):1–12 DOI 10.1186/s40555-014-0078-3.

Hollander M, Wolfe DA. 1973. Nonparametric statistical methods. New York: John Wiley & Sons.

Instituto Brasileiro de Geografia Estatística (IBGE). 1993. Mapa de Vegetação do Brasil.
Map 1:5,000,000. Vol. 1. Rio de Janeiro: IBGE.

Kasper CB, Bastazini VAG, Soares JBG, De Freitas TRO. 2012. Abundance of Conepatus chinga
(Carnivora, Mephitidae) and other medium-sized mammals in grasslands of southern Brazil.
Iheringia, Série Zoologia 102(3):303–310 DOI 10.1590/S0073-47212012000300009.

Kasper CB, Leuchtenberger C, Bornholdt R, Pontes ARM, Beisiegel BM. 2013. Avaliação do
risco de extinção do furão Galictis cuja (Molina, 1782) no Brasil. Biodiversidade Brasileira
1:203–210.

Kasper CB, Peters FB, Christoff AU, De Freitas TRO. 2015. Trophic relationships of sympatric
small carnivores in fragmented landscapes of southern Brazil: niche overlap and potential for
competition. Mammal 80:143–152.

King CM, Powell RA. 2007. The natural history of weasels and stoats: ecology, behavior, and
management. New York: Oxford University Press.

Kitchener AC, Van Valkenburgh B, Yamaguchi N. 2010. Felid form and function.
In: Macdonald D, Loveridge A, eds. Biology and Conservation of Wild Felids. Oxford: University
Press, 83–106.

Klingenberg CP. 2016. Size, shape, and form: concepts of allometry in geometric morphometrics.
Development Genes and Evolution 226(3):113–137 DOI 10.1007/s00427-016-0539-2.

Kraus C, Rödel HG. 2004.Where have all the cavies gone? Causes and consequences of predation
by the minor grison on a wild cavy population. Oikos 105(3):489–500
DOI 10.1111/j.0030-1299.2004.12941.x.

Law CJ, Duran E, Hung N, Richards E, Santillan I, Mehta RS. 2018. Effects of diet on cranial
morphology and biting ability in musteloid mammals. Journal of Evolutionary Biology
31(12):1918–1931 DOI 10.1111/jeb.13385.

Law CJ, Mehta RS. 2018. Carnivory maintains cranial dimorphism between males and females:
evidence for niche divergence in extant Musteloidea. Evolution 72(9):1950–1961
DOI 10.1111/evo.13514.

Legendre P. 1993. Spatial autocorrelation: trouble or new paradigm? Ecology 74(6):1659–1673
DOI 10.2307/1939924.

McNab BK. 1999. On the comparative ecological and evolutionary significance of total and
mass-specific rates of metabolism. Physiological and Biochemical Zoology 72(5):642–644
DOI 10.1086/316701.

Mcnab BK. 2010. Geographic and temporal correlations of mammalian size reconsidered:
a resource rule. Oecologia 164(1):13–23 DOI 10.1007/s00442-010-1621-5.

Migliorini et al. (2020), PeerJ, DOI 10.7717/peerj.9388 17/19

http://dx.doi.org/10.1111/j.1096-3642.1996.tb02190.x
http://dx.doi.org/10.1890/02-3114
http://earth.google.com/
http://dx.doi.org/10.1186/s40555-014-0078-3
http://dx.doi.org/10.1590/S0073-47212012000300009
http://dx.doi.org/10.1007/s00427-016-0539-2
http://dx.doi.org/10.1111/j.0030-1299.2004.12941.x
http://dx.doi.org/10.1111/jeb.13385
http://dx.doi.org/10.1111/evo.13514
http://dx.doi.org/10.2307/1939924
http://dx.doi.org/10.1086/316701
http://dx.doi.org/10.1007/s00442-010-1621-5
http://dx.doi.org/10.7717/peerj.9388
https://peerj.com/


Meiri S, Simberloff D, Dayan T. 2011. Community-wide character displacement in the presence
of clines: a test of Holarctic weasel guilds. Journal of Animal Ecology 80(4):824–834
DOI 10.1111/j.1365-2656.2011.01827.x.

Monteiro LR. 1999. Multivariate regression models and geometric morphometrics: the search for
causal factors in the analysis of shape. Systematic Biology 48(1):192–199
DOI 10.1080/106351599260526.

Noonan MJ, Johnson PJ, Kitchener AC, Harrington LA, Newman C, Macdonald DW. 2016.
Sexual size dimorphism in musteloids: an anomalous allometric pattern is explained by feeding
ecology. Ecology and Evolution 6(23):8495–8501 DOI 10.1002/ece3.2480.

Oliveira TG. 2009. Notes on the distribution, status, and research priorities of little-known small
carnivores in Brazil. Small Carnivore—Conservation 41:22–24.

Olson DM, Dinerstein E, Wikramanayake ED, Burgess ND, Powell GVN, Underwood EC,
D’Amico JA, Itoua I, Strand HE, Morrison JC, Loucks CJ, Allnutt TF, Ricketts TH, Kura Y,
Lamoreux JF, Wettengel WW, Hedao P, Kassem KR. 2001. Terrestrial ecoregions of the
world: a new map of life on earth. BioScience 51(11):933–938
DOI 10.1641/0006-3568(2001)051[0933:TEOTWA]2.0.CO;2.

Paradis E, Claude J, Strimmer K. 2004. APE: analyses of phylogenetics and evolution in R
language. Bioinformatics 20(2):289–290 DOI 10.1093/bioinformatics/btg412.

Poo-Muñoz DA, Escobar LE, Peterson AT, Astorga F, Organ JF, Medina-Vogel G. 2014. Galictis
cuja (Mammalia): an update of current knowledge and geographic distribution. Iheringia. Série
Zoologia 104(3):341–346 DOI 10.1590/1678-476620141043341346.

Prevosti FJ, Forasiepi AM. 2018. Evolution of South American mammalian predators during the
Cenozoic: paleobiogeographic and paleoenvironmental contingencies. Cham: Springer.

QGIS Development Team. 2018. QGIS geographic information system. Open source geospatial
foundation project. Available at http://qgis.osgeo.org (cited 30 November 2018).

R Development Core Team. 2018. R: a language and environment for statistical computing.
Vienna: The R Development Core Team. Available at http://www.rproject.org.

Reis NR, Peracchi AL, Pedro WA, Lima IP. 2011.Mamíferos do Brasil. Second Edition. Londrina:
Universidade Estadual de Londrina.

Rocha-Mendes F, Mikich SB, Quadros J, Pedro WA. 2010. Feeding ecology of carnivores
(Mammalia, Carnivora) in Atlantic forest remnants, southern Brazil. Biota Neotropica
10(4):21–30 DOI 10.1590/S1676-06032010000400001.

Rohlf FJ. 2013. TpsUtil, file utility program. Version 1.64. Stony Brook: Department of Ecology and
Evolution, State University of New York.

Rohlf FJ. 2015. TpsDig, digitize landmarks and outlines. Version 2.19. Stony Brook: Department of
Ecology and Evolution, State University of New York.

Royston P. 1995. Remark AS R94: a remark on algorithm AS 181: the W test for normality. Applied
Statistics 44(4):547–551 DOI 10.2307/2986146.

Sade S, Rau JR, Orellana JI. 2012. Diet of the lesser grison (Galictis cuja Molina 1782) in a
Valdivian fragmented forest remnant in southern Chile. Gayana 76(2):112–116
DOI 10.4067/S0717-65382012000300004.

Schiaffini MI, Prevosti FJ. 2013. Trophic segregation of small carnivorans (Carnivora: Mustelidae and
Mephitidae) from the southern cone of South America. Journal of Mammalian Evolution 4:407–416.

Schiaffini MI. 2016a. A test of the Resource’s and Bergmann’s rules in a widely distributed small
carnivore from southern South America, Conepatus chinga (Molina, 1782) (Carnivora:
Mephitidae). Mammalian Biology 81:73–81.

Migliorini et al. (2020), PeerJ, DOI 10.7717/peerj.9388 18/19

http://dx.doi.org/10.1111/j.1365-2656.2011.01827.x
http://dx.doi.org/10.1080/106351599260526
http://dx.doi.org/10.1002/ece3.2480
http://dx.doi.org/10.1641/0006-3568(2001)051[0933:TEOTWA]2.0.CO;2
http://dx.doi.org/10.1093/bioinformatics/btg412
http://dx.doi.org/10.1590/1678-476620141043341346
http://qgis.osgeo.org
http://www.rproject.org
http://dx.doi.org/10.1590/S1676-06032010000400001
http://dx.doi.org/10.2307/2986146
http://dx.doi.org/10.4067/S0717-65382012000300004
http://dx.doi.org/10.7717/peerj.9388
https://peerj.com/


Schiaffini MI. 2016b. Niche overlap and shared distributional patterns between two South
American small carnivorans: Galictis cuja and Lyncodon patagonicus (Carnivora: Mustelidae).
Mammalia 81:455–463.

Turesson G. 1922. The species and the variety as ecological units. Hereditas 3(1):100–113
DOI 10.1111/j.1601-5223.1922.tb02727.x.

Van Valkenburgh B. 1999.Major patterns in the history of carnivorous mammals. Annual Review
of Earth and Planetary Sciences 27(1):463–493 DOI 10.1146/annurev.earth.27.1.463.

Venables WN, Ripley BD. 2013. MASS: modern applied statistics with S-PLUS. Fourth Edition.
New York: Springer Science & Business Media.

Vidal EML, Castillo DF, Caruso NC, Casanave EB, Lucherini M. 2016. Field capture, chemical
immobilization, and morphometrics of a little-studied South American carnivore, the lesser
grison. Wildlife Society Bulletin 40(2):400–405 DOI 10.1002/wsb.654.

Vilela B, Villalobos F. 2015. letsR: a new R package for data handling and analysis in
macroecology. Methods in Ecology and Evolution 10(10):1229–1234
DOI 10.1111/2041-210X.12401.

Wright S. 1943. Isolation by distance. Genetics 28:114.

Yensen E, Tarifa T. 2003. Galictis cuja. Mammal Species 728:1–8 DOI 10.1644/728.

Zapata SC, Travaini A, Delibes M, Martínez-Peck R. 2005. Annual food habits of the lesser grison
(Galictis cuja) at the southern limit of its range. Mammalia 69:85–88.

Zapata SC, Travaini A, Delibes M, Matínez-Peck R. 2008. Identificación de morfogremios como
aproximación al estudio de reparto de recursos en ensambles de carnívoros terrestres.
Mastozoologia Neotropical 15:85–101.

Zúñiga A, Muñoz-Pedreros A, Fierro A. 2009. Uso de hábitat de cuatro carnívoros terrestres en el
sur de Chile. Gayana 73:200–210.

Migliorini et al. (2020), PeerJ, DOI 10.7717/peerj.9388 19/19

http://dx.doi.org/10.1111/j.1601-5223.1922.tb02727.x
http://dx.doi.org/10.1146/annurev.earth.27.1.463
http://dx.doi.org/10.1002/wsb.654
http://dx.doi.org/10.1111/2041-210X.12401
http://dx.doi.org/10.1644/728
http://dx.doi.org/10.7717/peerj.9388
https://peerj.com/

	Geographic variation in the skull morphology of the lesser grison (Galictis cuja: Carnivora, Mustelidae) from two Brazilian ecoregions ...
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


