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Abstract: The water opossum (Chironectes minimus) is a semi-aquatic mammal that is infrequently sampled in
Atlantic rainforest areas in Brazil. Here we report on new records of C. minimus in the state of Sdo Paulo, southeastern
Brazil, and comment on its behavior and ecology. We placed nine camera traps in culverts and cattle boxes under a
highway, between 2017 and 2019. From a total of 6,750 camera-trap-days, we obtained 16 records of C. minimus
(0.24 records/100 camera-trap-days) in two cameras placed in culverts over streams. Most of the records were
made between May and August, in the dry season and in the first six hours after sunset. The new records are from
a highly degraded area with some riparian forests. The records lie approximately 30 km away from the nearest
protected area where the species is known to occur. We suggest that C. minimus has some tolerance to degraded
habitats, as long as the water bodies and riparian forests are minimally preserved. The new records presented here
also fill a distribution gap in western Sao Paulo state.
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Uso de drenagens fluviais sob rodovias pela cuica d’agua (Chironectes minimus) no sudeste
do Brasil

Resumo: A cuica d’agua (Chironectes minimus) ¢ um mamifero semiaquatico pouco amostrado em areas de Mata
Atlantica do Brasil. Neste estudo apresentamos novos registros de C. minimus no estado de Sdo Paulo, sudeste
do Brasil, e comentamos sobre seu comportamento e ecologia. Nos instalamos nove armadilhas fotograficas em
drenagens fluviais e passagens de gado sob uma rodovia, entre 2017 ¢ 2019. De um total de 6.750 armadilhas-
fotograficas-dia, obtivemos 16 registros de C. minimus (0,24 registros/100 armadilhas-fotograficas-dia) em duas
armadilhas fotograficas instaladas em drenagens fluviais. A maioria dos registros foram feitos entre maio e agosto,
na estagdo seca, e nas seis primeiras horas da noite. Os novos registros sdo de uma area altamente degradada que
possui algumas matas ciliares. Os registros estdo a aproximadamente 30 km da 4rea protegida mais proxima onde
a espécie ja foi registrada. Nos sugerimos que C. minimus possui certa tolerancia a habitats degradados, contanto
que os corpos d’agua e as matas ciliares estejam minimamente preservados. Os novos registros aqui apresentados
também preenchem uma lacuna amostral no oeste de Sao Paulo.

Palavras-chave: armadilhas fotograficas; Didelphidae; Mata Atlantica; passagens de fauna.
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Introduction

Our understanding of the ecology (Galliez et al. 2009, Fernandez
et al. 2015) and distribution (Ardente et al. 2013, Brandéo et al.
2015) of the water opossum (Chironectes minimus) has substantially
improved in recent years. It is now assumed that C. minimus is
continuously distributed from southern Mexico southwards to northern
Argentina and southern Brazil (Stein & Patton 2008, Astaa 2015). In
Brazil, C. minimus occurs in every biome, except in the dry forests
of the Caatinga (Melo & Sponchiado 2012, Brandao et al. 2015). In
the Atlantic Forest biome, most of the locality records are near the
Atlantic coast (Stein & Patton 2008, Melo & Sponchiado 2012). In
Sédo Paulo state, southeastern Brazil, it is known from one historical
(Pelzeln 1883) and five recent localities (Carvalho 1965, Nogueira et al.
2004, Prada 2004, Breviglieri & Pedro 2010, Faria & Pires 2010), in
the Cerrado and Atlantic Forest biomes.

Most of the information on the ecology of C. minimus comes
from studies carried out in Rio de Janeiro, southeastern Brazil,
which have shed light on the home length, population density, use
of shelters, and activity pattern of the species (Galliez et al. 2009,
Leite et al. 2013, Fernandez et al. 2015, Leite et al. 2016). These and
other reports show that C. minimus uses water bodies with sandy
or stony substrates, fast-flowing water, and with well-preserved
riparian forests (Palmeirim et al. 2014, Voss et al. 2001, Bressiani
& Graipel 2008). Although vehicle collisions are rare, a single
roadkilled C. minimus was recorded among 444 roadkilled mammals
in southern Brazil (Coelho et al. 2008), and in Sdo Paulo state one C.
minimus was found among 184 roadkilled mammals (Prada 2004).

A likely explanation for this relatively low number of roadkills is that,
due to its association with water bodies, C. minimus rarely ventures
across dry and usually elevated paved highways. Therefore, we expect
that culverts under highways that have perennial water flow may
increase the permeability of C. minimus in anthropized landscapes.

Recent papers have demonstrated that camera trapping methods can
document a greater abundance of some mammals than what might be
detected using conventional survey methods, such as transects and active
search for footprints (Tobler et al. 2008, O’Brien et al. 2003, Gregory
et al. 2015). In the case of C. minimus, specimen capture requires
unconventional live traps set at specific places, such as narrow streams
(Bressiani & Graipel 2008). Given its elusiveness, camera trapping at
strategic places might reveal more data on the ecology of the species
(Oliveira-Santos et al. 2008). In road ecology studies, camera traps set
at underpasses are often used in conjunction with tracks and roadkill
monitoring (Grilo et al. 2008, Gonzalez-Gallina et al. 2018). Therefore,
such studies, besides assessing the highway impacts on mammals, might
also be important to record poorly known species.

Here we report on a new locality of C. minimus for the state of
Sao Paulo in southeastern Brazil, comment on its behavior as revealed
in the camera trap videos and discuss on the importance of highway
underpasses for the species persistence in anthropized areas.

Material and Methods

The study site is in western Sao Paulo state, southeastern Brazil,
in the counties of Caiua and Presidente Venceslau (Figure 1).

Figure 1. Study site, showing its location in Brazil and in the state of Sdo Paulo (protected areas are in dark gray and unprotected forest fragments are in light gray).
A total of nine camera-trap stations (black dots and red stars) were implemented, of which two (red stars) recorded C. minimus (Site 1 —21°51'34.18"S; 51°57'54.69"W
and Site 2 — 21°52'10.05"S; 51°54'48.16"W). Camera traps were placed in underpasses over streams that fall in the Ribeirdo Caiua. In the larger map, orange represent
anthropized areas, light green are eucalyptus plantations, dark green are native forest fragments, blue lines are streams, and white lines represent the road network.
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Originally, the area was predominantly composed of seasonal forests
of the Atlantic rainforest, considered one of the world’s biodiversity
hotspot (Mittermeier et al. 2011). However, most of the original forest
has been cut down and the remaining forest fragments are generally
small (< 100 ha), restricted to riparian forests, and interspersed with
sugarcane plantations and pasture (Uezu 2006, Ribeiro et al. 2009,
Rezende 2014). The site is near four large protected areas (> 6,000 ha
each), to the north there are the Rio do Peixe State Park (ca. 33 km to
the northeast) and the Aguapei State Park (ca. 80 km to the northeast)
(Faria & Pires 2010). Approximately 47 km to the southwest is the
Black Lion Tamarin Ecological Station (6,600 ha; Valladares Padua
2007), and further south (ca. 70 km) is the Morro do Diabo State Park
(33,000 ha), the largest fragment of seasonal forest in Sdo Paulo state
(Faria & Pires 2006, Rezende 2014).

This study is part of a faunal monitoring project aimed at investigating
the impact of highways in wildlife. In order to verify the use of
small streams by wildlife, we monitored nine underpasses, including
cattle boxes and culverts, along 10.7 kilometers of the SP-270 state
highway (Figure 1, Table S1). Out of the nine monitored structures, C.
minimus was recorded in two culverts, hereafter Site 1 (21°51°34.18”’S;
51°57°54.69”W), and Site 2 (21°52°10.05”S; 51°54°48.16”W). The
underpasses in Sites 1 and 2 were circular structures with width and
height of approximately 2 meters. Following the rivers, the two sites
with C. minimus records are 6.7 km apart and are both crossed by
streams which form the Ribeirdo Caiua (main Caiua river), a small
stream that falls in the large Rio Parand, approximately 19 km to
the northwest. The two sampled streams have flowing water, sandy
substrate, and a depth of water varying from approximately 0.2 m to
1 m along different seasons.

We placed nine Bushnell™ Aggressor No-Glow 20 MegaPixel
camera traps in the middle of the passage structures aiming to detect
wildlife crossing under the road. All cameras were in the field full time
on and once per month the memory cards and batteries were replaced.
Survey period was from November 2017 to November 2019. The
highway was monitored for roadkilled animals during the same period.

All novel data on Chironectes minimus presented here were gathered
from camera-traps. Records were considered as independent if the time
between consecutive videos was more than 1 hour apart, following Tobler
et al. (2008). To evaluate the activity period of C. minimus, data from the
whole sampling period were pooled by hours after sunset and divided
in four different periods of the night, following Galliez et al. (2009).

Results

There were 16 independent camera trapping records (19 movies) of
Chironectes minimus over 6,750 camera-trap-days (750 in each of the
nine stations), for a rate of 0.24 records/100 camera-trap-days (Table 1).
Other animals observed in the videos that captured C. minimus were
capybaras (Hydrochoerus hydrochaeris), and unidentified bats and
frogs, but they did not interact with the water opossum. The records of
C. minimus at Sites 1 and 2 occurred between 19:00 and 4:00 hours, with
10 out of 16 (62%) made in the first six hours after sunset (Figure 2A).
Most of the records (81%; 13 of 16) were made in the dry season
(INMET 2019), between May and August (Figure 2B). No intraspecific
interactions were observed, as only a single animal was present in
every video. In the highway monitoring, no roadkilled C. minimus
were recorded. Behaviors recorded include walking on dry substrate
(N=14), walking on shallow water (N=9), swimming (N=4), entering
water from dry substrate (N=5), and eating (N=1) (Figure 3; Table 1).

Table 1. Date, time, and observed behavior of the Chironectes minimus individuals filmed at Ribeirdo Caiua, Sao Paulo, Brazil. EAT = eating; ENT = entering water
form dry substrate; SHA = walking on shallow water; SWI = swimming; WAL = walking on dry substrate.

Camera trap station Date Time Behavior(s) observed
Site 1 May 8, 2018 22:46 EAT, SHA

Site 1 May 8, 2018 23:05 ENT, SHA, WAL
Site 1 May 13,2018 03:57 SHA, WAL

Site 1 May 13,2018 21:29 ENT, SHA, WAL
Site 1 May 17,2018 01:21 SHA, SWI

Site 1 May 17,2018 01:25 SHA, SWI

Site 1 May 18,2018 21:29 SHA, WAL

Site 1 May 18,2018 22:22 SWI

Site 1 Jun 4, 2018 21:04 WAL

Site 1 Jul 6, 2018 20:53 WAL

Site 1 Aug 5,2018 20:53 WAL

Site 1 Aug 6, 2018 01:32 WAL

Site 1 Aug 6,2018 02:12 ENT, SWI, WAL
Site 1 Aug 6, 2018 20:15 WAL

Site 1 Aug 11,2018 00:04 ENT, WAL

Site 1 Aug 11, 2018 02:49 ENT, SHA, WAL
Site 1 Nov 16,2019 00:47 WAL

Site 1 Nov 18,2019 20:46 WAL

Site 2 Mar 4, 2018 19:47 SHA
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Figure 2. A) Activity pattern of Chironectes minimus in the Ribeirdo Caiua,
Sao Paulo, Brazil. Number of records are based on camera trapping between
November 2017 and November 2019; B) Monthly camera trap records of
Chironectes minimus in Ribeirao Caiua, Sao Paulo, Brazil, obtained between
November 2017 and November 2019.

Discussion

Activity period inferred from the camera trap records agree with
Galliez et al. (2009) and Leite et al. (2013), who recorded most of the
activities of Chironectes minimus in the first half of the night. Leite et
al. (2013) also observed a difference in seasonal activity, with males
more active than females during the dry season. Here, records were
more frequent in the dry season, but we could not determine the sex of
the filmed individuals. Considering that the home length of C. minimus
may vary between 0.8 and 9.6 km but few individuals have home lengths
larger than 6.7 km (Fernandez et al. 2015, Leite et al. 2016), it is likely
that the records reported herein represent at least two individuals.

The closest previous records of C. minimus are from relatively well-
protected areas in Rio Pardo (state of Mato Grosso do Sul), approximately
37 km to the west (Melo & Sponchiado 2012), and Rio do Peixe State Park
(Sao Paulo state), approximately 30 km to the north (Faria & Pires 2010).

http://www.scielo.br/bn
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Figure 3. Behaviors recorded for Chironectes minimus: walking on dry substrate
(A) and entering water (B).

However, the geographical coordinates given for the Rio Pardo locality
(21°46°S, 52°09°W; Stein and Patton, 2008) refer to the mouth of the
river, and the actual record could have come from further upstream.
Therefore, the only reliable closest record is the one from Rio do Peixe
State Park, which was confirmed by the authors based on a photograph
of a specimen from “Cérrego do Prado”, a tributary of the Rio do Peixe
(Nelson Gallo, in /itt.).

The absence of roadkill records of C. minimus is congruent with
previous studies (Prada 2004, Coelho et al. 2008, Caires et al. 2019, Magioli
et al. 2019), even though the recorded individuals frequently used areas
adjacent to the studied highway. Vehicle collision rate seems to be low for
C. minimus even when compared with other semi-aquatic mammals such as
the capybara (Hydrochoerus hydrochaeris) and the Neotropical otter (Lontra
longicaudis) (Coelho et al. 2008, Huijser et al. 2013, Magioli et al. 2019).
A plausible explanation for the rarity of roadkills is that C. minimus seems
to never leave watercourses during its daily movements (Leite et al. 2016).

Although C. minimus is currently listed as “Least Concern” by
the TUCN Red List (Pérez-Hernandez et al. 2016), mainly due to
its wide distribution, the species may be locally rare and vulnerable
(e.g. Conselho Estadual de Politica Ambiental 2010) and some of the
populations seem to be decreasing (Pérez-Hernandez et al. 2016).

https://doi.org/10.1590/1676-0611-BN-2020-1058
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Therefore, we suggest that streams crossing highways through culverts
can mitigate highway impacts on C. minimus by promoting connectivity
and reducing the mortality risk of the species.

Our results indicate that C. minimus can tolerate a moderate level
of disturbance, as long as the water bodies and riparian forests are
minimally preserved. Conversely, the relatively close protected areas
may act as refuges for the species in the region, even though there
are no direct river connections between the study area and the Rio do
Peixe State Park, the nearest protected area. Finally, we reinforce the
importance, in road ecology studies, of setting camera traps at strategic
locations when sampling for taxa that have specific habitat requirements.

Supplementary Material

The following online material is available for this article:
Table S1 - Geographical coordinates of the nine camera-trap stations
placed at underpasses of the SP-270 highway in Sdo Paulo state, Brazil.
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