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ABSTRACT

The hoary fox is a small insectivorous-omnivorous canid that occurs mainly in open
habitats of the south-central Brazilian Cerrado. However, its distribution limits in the
neighboring biomes are not clear. In addition to present three new hoary fox records,
two in ecotones Cerrado-Amazon, Mato Grosso and one in the Pantanal wetland, Mato
Grosso do Sul, Brazil, this study suggest that hoary fox may be expanding its area of
occurrence to previously forested environment. The increase of pastures for livestock
and important trophic resources can to favor, at least in part, to expansion in these
environments.
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RESUMEN

El zorro de campo es un pequefio canido insectivoro-omnivoro que se encuentra
principalmente en habitats abiertos del centro-sur del Cerrado brasilefio. A pesar de la
ocurrencia registrada en el bioma Cerrado, sus limites de distribucién en los biomas
vecinos no estdn claros. Este estudio presenta tres nuevos registros de zorro de
campo, dos en ecotonos Cerrado-Amazon, Mato Grosso y uno en el Pantanal, Mato
Grosso do Sul. Ademas de las nuevas ocurrencias, los datos obtenidos sugieren que el
zorro de campo puede estar expandiendo su drea de distribucién a espacios
previamente boscosos y que el incremento de pastizales para ganado y recursos
tréficos importantes pueden conducir, al menos en parte, esta expansion en estos
ambientes.
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The hoary fox, Lycalopex vetulus, the smallest Brazilian canid (body mass between 3-4
kg; Dalponte & Courtenay 2004), is considered endemic to the Cerrado and the
Caatinga biomes (Eisenberg & Redford 1999; Gutiérrez & Marinho-Filho 2017). The
hoary fox is an insectivore-omnivore forager (Dalponte 1997; Courtenay et al. 2006)
exhibiting specialized feeding behaviour during predation on leaf-feeding termites
(Dalponte 2003). The species occurs mostly in the central part of Brazil, mainly in the
savannah-like Cerrado biome (Dalponte 2009), but the exact limits of its distribution in
the transitional zones between the Cerrado and adjacent Brazilian biomes are unclear.

The geographic range of the hoary fox extends to the west of the S3o Paulo state to
north to Piaui, south of Ceara, including the states of Mato Grosso do Sul, Mato
Grosso, Goias, Distrito Federal, Minas Gerais, Tocantins, south-west Bahia, open areas
of south central Maranhdo and south Rondénia (Costa & Courtenay 2003; Dalponte



2003, 2009; Caceres et al. 2007; Dalponte & Courtenay 2004; Carmignotto & Aires
2011; Olifiers & Delciellos 2013; Fernandes & Costa 2013; Lemos et al. 2013. In this
study, three new hoary fox records are presented. Furthermore, comments are made
on the occurrence of hoary fox in other locations where the Cerrado meets
neighbouring biomes.

The first new record of hoary fox was a road killed individual (voucher specimen
UNEMAT field number EL 269) obtained in the municipality of Ribeirdo Cascalheira,
northeast Mato Grosso (132 4 22 "S, 512 49' 57" W, elevation 380m; Fig. 1), in a
locality where the forest was converted into exotic pastures. This location is in the
abrupt transition from the Cerrado to a peripheral form of the Amazon rainforest, the
Evergreen Seasonal Forest (IBGE 2012).

The second record was obtained in Juina, northwest Mato Grosso (12°09'45.9" S,
59°42'50.77" W, elevation 480m; Fig. 1). This record was made on November 12, 2013
at 04:30, when an adult male hoary fox (Figs. 2a and 2b) was sighted in open woodland
savanna (cerrado sensu stricto; Fig.2c), a transitional extension form of Cerrado over
the Amazonian forest domain (Miranda et al. 2006).

The third record was a sighting obtained in the Pantanal of Nhecolandia, Corumba,
Mato Grosso do Sul state (18°59'27.0" S, 56°39'14" W, elevation 104m; Fig. 1). This
record was made on July 9, 1990; about 3.7 km west of the headquarters of the
Nhumirim Ranch (EMBRAPA Pantanal) in a mosaic of habitats that include forests
patches and scrub forests, seasonally flooded grasslands, and permanent or temporary
ponds (Alho et al. 1987).

The preference of the hoary fox for more open habitats of the Cerrado may be related
to occurrence and availability of important food resources. The hoary fox may be
considered an as specialists in relation to both diet and habitat use (Juarez & Marinho-
Filho 2002), feeding mainly on leaf-feeding termites of the genera Syntermes and
Cornitermes (Dalponte 1997).

The core range of the hoary fox is the Cerrado biome (Dalponte, 2009), where termites
are probably the dominant form of animal life, both in number of species and biomass
(Coles de Negret & Redford 1982). The occurrence of the hoary fox in areas of the
Atlantic Forest is in a matrix of anthropogenic pastures, regionally interspersed with
semi-deciduous forest remnants and small patches of Cerrado (Caceres et al. 2007
Fernandes & Costa 2013). These areas, although within the Atlantic Forest biome
boundaries, should be classified as a transitional zone record, on the periphery of the
southernmost known distribution of the species (Dalponte & Courtenay 2004; Lemos
et al. 2013).

Although previous studies did not list the hoary fox in the Caatinga biome (Mares et al.
1981; Willig & Mares 1989; Feijé & Langguth 2013), recent records have confirmed the
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occurrence of the species in (Costa & Courtenay 2003), and near (Olifiers & Delciellos
2013) Cerrado habitat enclave within the Caatinga biome, in the western ecotone to
the Cerrado.

The typical Caatinga of the crystalline peneplains is the most widespread environment
type of the Caatinga Phytogeographic Domain (Moro et al. 2016). There are a rarity
and even absence of leaf-feeding termites in different semiarid habitats (Constantino
1995; Vasconcellos et al. 2010; Alves et al. 2011). A significantly low termite
abundance and species richness in these Caatinga sites is relating to the low mean
annual rainfall and extreme drought (Collins 1991; Bandeira & Vasconcellos 1999;
Couto et al. 2015).

In the Pantanal, some areas can remain flooded for more than six months annually,
which may limit leaf-feeding termite activity and diversity above ground (Plaza et al.
2014; Cunha et al. 2015). The specialized diet and feeding behaviour of hoary fox
seems to preclude its occurrence in most Caatinga and Pantanal habitats.

The recent deforestation of tropical forest areas, such as the Amazonian and Atlantic
rainforests, may be the key factor inducing a possible expansion of hoary fox
populations across previously forested areas. Although exotic pastures are associated
with a general decrease of the termite richness (Branddo & Souza 1998; Carrijo et al.
2008, Cunha & Orlando 2011), some species of leaf-feeding termites can increase their
populations in this environment (Ackerman et al. 2007; Cunha & Morais 2010). In this
aspect, these exotic grasslands are similar to open and semi-open ancient habitats
where hoary foxes may have evolved in South America (Tchaicka et al. 2016) and to
which they are well adapted as an open savanna canid. Conversion of forests into
pastures and main prey availability may be driving the establishment of hoary fox
populations.in these areas.

Advances and retractions of forest habitats, as observed in the last 40 years in the
Cerrado-Amazonian ecotone of the headwaters of the Xingu basin in Mato Grosso
(Marimon et al. 2006), may be influencing the population dynamics of hoary fox. It
may be that the species responds to these changes on a large scale in ecotonal areas
and, even on a small scale, at localities in the core area of its distribution, expanding
and retracting its populations in time and space. However, these trends requiring a
large-scale cross-boundary regional analysis to improve understanding the status and
conservation of hoary fox.

ACKNOWLEDGMENTS

World Wildlife Fund (Germany, Switzerland, Holland and Brazil). Special thanks to
Samuel Tararan, former Senior Conservation Program Analyst at WWF, to MapsMut -
Tecnologia, Natureza & Sociedade for the logistics, and to members of the Zogue-
zogue Rabo de Fogo Scientific Expedition for invaluable field support. We thank L.

4



Silveira for giving us a photograph of hoary fox obtained from the Nhumirim Ranch
(Figure 2 d; reprinted from Dalponte, 1995) and A. Gambarini for the photographic
record in the municipality of Juina — MT (Figure 2 a, b, c).

LITERATURE CITED

ACKERMAN, I.L., WG TEIXEIRA, S.J. RIHA, J. LEHMANN & E.C.M. FERNANDES.
2007.The impact of mound-building termites on surface soil properties in a secondary
forest of Central Amazonia. Applied Soil Ecology 37 (3): 267-276.

ALHO, C.J.R.; T.E. LACHER, Jr., Z.M.S. CAMPOS & H.C. GONGALVES. 1987. Mamiferos
da Fazenda Nhumirim, sub-regido de Nhecolandia, Pantanal do Mato Grosso do Sul: | -
levantamento preliminar de espécies. Revista Brasileira de Zoologia 4(2), 151-164.

ALVES, W.F., A.S. MOTA, R.A. A. LIMA, R. BELLEZONI, & A. VASCONCELLOS. 2011.
Termites as Bioindicators of Habitat Quality in the Caatinga, Brazil: Is There Agreement
Between Structural Habitat Variables and the Sampled Assemblages? Neotropical
Entomology 40(1):39-46.

BANDEIRA, A.G. & A. VASCONCELLOS. 1999. Estado atual do conhecimento
sistematico e ecoldgico sobre os cupins (Insecta, Isoptera) do nordeste brasileiro.
Revista Nordestina de Biologia 13 (1/2):37-45.

BRANDAO, D. & R.F. SOUZA. 1998. Effects of deforestation and implantation of
pastures on the termite fauna in the Brazilian Cerrado region. Tropical Ecology 39
(2):175-178.

CACERES, N.C., M.R. BORNSCHEIN, W.H. LOPES, & A.R. PERCEQUILLO. 2007.
Mammals of the Bodoquena Mountains, southwestern Brazil: an ecological and
conservation analysis. Revista Brasileira de Zoologia 24:426-435.

CARMIGNOTTO, A.P. & C.C. AIRES. 2011. Mamiferos ndo voadores (Mammalia) da
Estacdo Ecoldgica Serra Geral do Tocantins. Biota Neotropica 11: 313-328.

CARRIO, T.F., BRANDAO, D. DE OLIVEIRA, D.A. COSTA & T. SANTOS. 2008. Effects of
pasture implantation on the termite (Isoptera) fauna in the Central Brazilian Savanna
(Cerrado). Journal of Insect Conservation 13 (6):575-581.

COLES DE NEGRET, H.R. & K.H. REDFORD. 1982. The Biology of Nine Termite Species
(Isoptera: Termitidae) from the Cerrado of Central Brazil. Psyche 89:81-106.

COLLINS, M.S.1991. Physical factors affecting termite distribution. Sociobiology 19:
283 -286.



CONSTANTINO, R. 1995. Revision of the neotropical termite genus Syntermes
Holmgren (Isoptera: Termitidae). The University of Kansas Science Bulletin 55 (13):455-
518.

COSTA, C.H.N. & O. COURTENAY. 2003. A new record of the hoary fox Pseudalopex
vetulus in north Brazil. Mammalia 67:593-594.

COURTENAY, 0., D.W. MACDONALD, S.G. GILLIGHAM, G. ALMEIDA & R. DIAS. 2006.
First observations on South America’s largely insectivorous canid: the hoary fox
(Pseudalopex vetulus). Journal of Zoology (London) 268:45-54.

COUTO, A.A.V.0., A.C. ALBUQUERQUE, A. VASCONCELLOS & C.C. CASTRO. 2015
Termite assemblages (Blattodea: Isoptera) in a habitat humidity gradient in the
semiarid region of northeastern Brazil. Zoologia 32 (4):281-288.

CUNHA, H.F., D.E. OLIVEIRA & J.C. NABOUT. 2015. Bibliometrics on one of the largest
termite inventories in the Cerrado: Studies on termites from the Mato Grosso State,
Brazil by AGA Mathews 1977. Papéis Avulsos de Zoologia 55(28):385-395.

CUNHA, HF. & TYS ORLANDO. 2011. Functional Composition of termite species in
areas of abandoned pasture and in secondary succession of the Parque Estadual
Altamiro de Moura Pacheco, Goias, Brazilian Bioscience Journal 27 (6):986-992.

CUNHA, H.F. & P.P.A.M. MORAIS. 2010. Relacdo Espécie-Area em Cupinzeiros de
Pastagem, Goiania-GO, Brasil. Entomo Brasilis 3(3): 60-63.
www.periodico.ebras.bio.br/ojs

DALPONTE, J.C. 1995. The hoary fox in Brazil. Canid News 3: 23-24,

DALPONTE, J.C. 1997. Diet of the hoary fox, Lycalopex vetulus, in Mato Grosso, Central
Brazil. Mammalia 61:537-546.

DALPONTE, J.C. 2003. Historia natural, comportamento e conservacao da raposa-do-
campo, Pseudalopex vetulus. Ph.D. dissertation, Universidade de Brasilia, Distrito
Federal, Brazil.

DALPONTE, J.C. 2009. Lycalopex vetulus. Mammalian Species 847:1-7.

DALPONTE, J.C. & O. COURTENAY. 2004. Hoary fox Pseudalopex vetulus (Lund, 1842).
Pp. 72-76, in Canids: foxes, wolves, jackals and dogs. Status survey and conservation
action plan (C Sillero-Zubiri, M Hoffmann, and DW Macdonald, eds.). International
Union for Conservation of Nature and Natural Resources/Species Survival Commission
Canid Specialist Group, Gland, Switzerland.

EISENBERG, J.F. & K.H. REDFORD. 1999. Mammals of the neotropics the central
neotropics. Chicago, University of Chicago Press.



EMBRAPA. 1997. Empresa Brasileira de Pesquisa Agropecuaria. Plano de utilizacdo da
Fazenda Nhumirim - Documento 21. Corumbd: Ministério da Agricultura e
Abastecimento.

FEJO A. & A. LANGUTH. 2013. Mamiferos de médio e grande porte do Nordeste do
Brasil: distribuicdo e taxonomia, com descricdo de novas espécies. Revista Nordestina
de Biologia 22 (1):3-225.

FERNANDES, F.A.B. & M.D. COSTA. 2013. Mammalia, Carnivora, Canidae, Pseudalopex
vetulus (Lund, 1842): First record for the Atlantic Forest, southern state of Minas
Gerais, Brazil. Check List 9 (6):1603-1604.

FERREIRA-SILVA, E. & E.S. SOUZA LIMA. 2006. Termite predation by the hoary fox,
Pseudalopex vetulus (Lund) (Carnivora, Canidae), in a pasture in Mato Grosso, central
Brazil. Mammalia 70:255-260.

GUTIERREZ E.E. & J. MARINHO’FILHO. 2017. The mammalian faunas endemic to the
Cerrado and the Caatinga. ZooKeys 644: 105-157.

JACOMO, ATA, L SILVEIRA & AF DINIZ-FILHO. 2004. Niche separation between the
maned wolf (Chrysocyon brachyurus), the crab-eating fox (Dusicyon thous) and the
hoary fox (Dusicyon vetulus) in central Brazil. Journal of Zoology (London) 262:99-106.

JUAREZ, K.M. & J.S. MARINHO-FILHO. 2002. Diet, habitat use, and home ranges of
sympatric canids in central Brazil. Journal of Mammalogy 83:925--933.

KOPPEN W.P. 1948. Climatologia: com um estudio de los climas de la tierra. México:
Fondo de Cultura Economica; 478p.

IBGE. 2012. Manual técnico da vegetacdo brasileira. 22 ed. Instituto Brasileiro de
Geografia e Estatistica, Rio de Janeiro. 275p.

LEMOS, F.G. 2016. Ecologia e Conservacao da Raposa-do-Campo (Lycalopex vetulus) e
suas Interagdes com Canideos Simpatricos em areas antropizadas de Cerrado do Brasil
Central. PhD Thesis Biology Institute, Universidade Federal de Uberlandia, MG, 183p.

LEMOS, F.G., F.C. AZEVEDO, B.M. BEISEGEL, R.P. S JORGE, R.C. DE PAULA, F.H.G.
RODRIGUES & L.A. RODRIGUES. 2013. Avaliagao do risco de extingao da raposa-do-
campo, Lycalopex vetulus (Lund, 1842). Biodiversidade Brasileira 3 (1):160-171.

MARES, M.A., M. WILLIG, T. STREILEN & T. LACHER. 1981. The mammals of
northeastern Brazil: a preliminary assessment. Annals of Carnegie Museum 50:81-137.

MARIMON, B.S., E.S. Lima, T.G. DUARTE, L.C. CHIEREGATTO & J.A. RATTER. 2006.
Observations on the vegetation of northeastern Mato Grosso, Brazil. IV. An analysis of
the Cerrado-Amazonian Forest ecotone. Edinburgh Journal of Botany 63 (23):323-341.



MIRANDA, L.S.; S.S. ALMEIDA, & P.J. DANTAS. 2006. Floristica e estrutura de
comunidades arbdéreas em cerrados de Rondonia,Brasil. Acta Amazonica 36(4):419-
430.

MORO, M.F.; E.N. LUGHADHA; F.S. ARAUJO, F.R. MARTINS. 2016. A
phytogeographical metaanalysis of the semiarid caatinga domain in Brazil. Botanical
Review 82:91-148.

NIMER, E.1991.Clima. Geografia do Brasil - Regido Norte. IBGE. Rio de Janeiro, v.3, 61—
67.

OLIFIERS, N. & A.C. DELCIELLOS. 2013. New record of Lycalopex vetulus (Carnivora,
Canidae) in northeastern Brazil. Oecologia Australis 17(4):533-537.

PLAZA, T.G., T.F. CARRIJO & E.M. CANCELLO. 2014. Nest plasticity of Cornitermes
silvestrii (Isoptera, Termitidae, Syntermitinae) in response to flood pulse in the
Pantanal, Mato Grosso, Brazil. Revista Brasileira de Entomologia 58:66-70.

SEPLAN. 1999. Secretaria de Estado de Planejamento e Coordenagdao Geral de Mato
Grosso. Dados secundarios do DSEE/MT: Zoneamento -Divulga. CD-ROM. Versdo 1.01.

TCHAIKA, L. ET AL. 2016. Molecular assessment of the phylogeny and biogeography of
a recently diversified endemic group of South American canids (Mammalia: Carnivora:
Canidae). Genetic and Molecular Biology [online] 39 (3):442-451.

VASCONCELLOS A., A.G. BANDEIRA, F.M.S .MOURA, V.F.P. ARAUJO & R.
CONSTANTINO. 2010. Termite assemblages in three habitats under different
disturbance regimes in the semi-arid Caatinga of NE Brazil. Journal of Arid Environment
74: 298-302.

WILLIG, M.R. & M.A. Mares. 1989. Mammals from the Caatinga: an updated list and
summary of recent research. Revista Brasileira de Biologia 49 (2):361-367.



FIGURES

Brazil
f 10005~
¥4
N
1:12,000,000
20005
Legend
®  New occurrences of Hoary fox
Amazon biome
[ cerrado biome
- Pantanal biome o

Figure 1. New occurrences of the hoary fox in transitional habitats between Cerrado -
Amazon, Mato Grosso (MT) and in the Pantanal, Mato Grosso do Sul (MS), Brazil.
Locality #1: Ribeirdo Cascalheira; locality #2: state road MT 174, between Juina and
Vilhena; locality #3: Nhumirim Ranch, Pantanal of Nhecolandia.



Figure 2. a) An adult male hoary fox photographed in Juina, northwest Mato Grosso,

Brazil, b) The same fox in a sideview, c) Typical open savanna woodland hoary fox
habitat on the roadside of the state road MT 174, between Juina and Vilhena (locality
#2), Mato Grosso, d) An adult hoary fox photographed in the Nhumirim Ranch,
Pantanal of Nhecolandia, Corumba, Mato Grosso do Sul state.
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