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The common opossum of the Atlantic forest, Didelphis aurita Wied-Neuwied, 1826
is predominantly terrestrial, but uses the vertical space of the forest regularly. It is
the didelphid that most frequently uses large supports in vertical movements. Here
we test the influence of age and seasonality in fruit production on the vertical
movements of D. aurita. Animals were trapped in Serra dos Orgéos, state of Rio de
Janeiro, and equipped with a spool-and-line device before release. The paths were
tracked, and variables related to support incline, diameter, distances and heights
moved above ground were measured and compared between age classes and seasons.
There were no significant differences between seasons. Individuals of all ages used
the vertical space of the forest but the young opossums did it more intensively along
their paths.
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Introduction

The common opossum of the Atlantic forest of Brazil, Didelphis aurita
Wied-Neuwied, 1826, is considered a habitat and diet generalist (Cerqueira 1985).
It is predominantly terrestrial but often moves in the arboreal habitat (Fonseca
and Kieruff 1989, Stallings 1989, Passamani 1995, Leite et al. 1996, Vieira 1998,
Cunha and Vieira 2002, Grelle 2003). When moving above ground it reaches the
canopy more frequently than arboreal species such as Marmosops incanus (Lund,
1840) (Cunha and Vieira 2002). However, the factors that influence these
movements are not clear.

Fruit availability could influence vertical movements of this didelphid. Miles et
al. (1981), Hume (1982) and Fonseca and Kieruff (1989) stated that individuals of
Didelphis climb chiefly to forage. The common opossum of the Atlantic forest feeds
on vertebrates, litter invertebrates, and fruits (Perissé and Cerqueira 1988,
Santori et al. 1995a, Santori et al. 1995b, Leite et al. 1996, Freitas et al. 1997,
Astia de Moraes et al. 2003). Indeed, fruits of Solanaceae, Cecropiaceae,
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Rosaceae, Myrtaceae, Moraceae, Rhamnaceae, Cucurbitaceae, Flacourtiaceae,
Passifloraceae, Piperaceae and Araceae are consumed and effectively dispersed
by D. aurita (Caceres et al. 1999, Grelle and Garcia 1999, Caceres et al. 2000).
Vieira and Izar (1999) and Caceres et al. (1999) report opportunistic fruit
consumption by D. aurita, as observed for D. marsupialis by Atramentowicz
(1988), Julien-Laferriére and Atramentowicz (1990), and Fleck and Harder
(1995).

In Neotropical forests, the production of fleshy fruits is higher in the wet
season (Charles-Dominique et al. 1981, Jackson 1981, Peres 1994, Morellato et al.
2000). Thus, in the wet season D. aurita is more likely to use the upper strata to
consume fruits that are more available during this period.

Age is another factor that could influence vertical movements by common
opossums. Mortality is higher during the weaning age of the Virginia opossum (D.
virginiana (Hossler et al. 1994), and in the common opossum of the Atlantic forest
(Rademaker 2001). Young individuals could take advantage of their small size to
use the upper strata of the forest as an escape route from terrestrial predators.
Indeed, Fonseca and Kieruff (1989) and Stallings (1989) noted that juveniles tend
to climb more than adults. Diameter of support used for climbing also could be
related to age or body size, as observed by Cunha and Vieira (2002) in a
comparison between four didelphid species.

The study of factors that influence vertical movements of D.aurita and small
mammals in general requires methods different from trapping, because bait can
alter the arboreal behavior of small mammals, such as the white footed mouse
(Peromyscus leucopus) (Manville et al. 1992). The use of complementary
techniques such as the fluorescent powder (Lemen and Freeman 1985, McShea
and Gilles 1992) and a spool-and-line device (Miles et al. 1981, Boonstra and
Craine 1986) avoid the problems associated with bait attraction, and allow a more
detailed picture of the animal’s path. The spool-and-line technique was used
effectively to study movements of terrestrial and scansorial didelphids, initially
by Miles et al. (1981), and later allowing a detailed mapping of their space use and
vertical stratification (Cunha and Vieira 2002), more accurate estimates of
densities based on capture-recapture in trapping grids (Mendel and Vieira 2003),
detection of the effects of seasons on movements of males and females of D. aurita
(Loretto and Vieira, in press), and detection of scale-dependent habitat selection
by didelphids (Moura et al. 2005). However, it may be difficult to locate and follow
the line of arboreal species, such as the Guianan squirrel Sciurus aestuans (A. A.
Cunha, unpubl.).

The objective of our study was to determine if the vertical use of the forest by D.
aurita differs between seasons and ages using a spool-and-line device. Our
hypothesis are (1) that the frequency of vertical movements is higher during the
rainy season, when the availability of fruits is higher, (2) that above ground
movements are more frequent for young individuals, and (3) that differences in
body size are positively related to differences in diameter of supports used by
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distinct age classes. Additionally, we also investigated whether the diameter of
supports used differed between movements of climbing up, climbing down, and
horizontal displacements above ground.

Material and methods

Study area

The study area is located in a subdivision of the Atlantic Forest Biome, the Coastal Forest of the
Serra do Mar (Dinerstein et al. 1995), in the mountain range of Serra dos Orgios, in the Parque
Nacional da Serra dos Orgios (PARNA/SO), municipality of Guapimirim, state of Rio de Janeiro,
Brazil, locally known as Garrafiao (22°28’S, 42°60'W). The forest of the region is part of one of the
largest continuous stretch of Atlantic Forest remaining (SOS Mata Atlantica/INPE/ISA, 1998).
Canopy reaches 20—25 meters, and diameter of trees varies from 40 to 60 cm, sometimes reaching
one meter. A sub-canopy and understory are present, but generally it is not possible to distinguish
them clearly. Lianas, palm trees, epiphytes, ferns, and bromeliads are frequent. Common tree species
belong to Sloanea, Ficus, Cedrela, Cariniana, Vochysia, Cecropia, among others. Common species of
the sub-canopy and understory include tree ferns of Alsophila, Cyathea, and Hemitelia, and the palm
tree Euterpe edulis (Rizzini 1979: 70-73).

Trapping and handling

Animals were captured in bimonthly trapping sessions of five consecutive nights each, from
January 1998 to April 2001, as part of a capture-recapture study of small mammal populations of the
Laboratorio de Vertebrados, Universidade Federal do Rio de Janeiro. We tracked 38 individuals of
Didelphis aurita, 18 males and 20 females, all having more than 35 m of thread mapped. Three grids
of 0.64 ha each were established in the area at different elevations (748, 652 and 522 m). Currently
they are surrounded by holiday houses that could have some influence on the structure and
composition of the forest (Freitas 1998). Each grid had 25 trapping stations placed 20 m apart, with
two traps per station, one Tomahawk (41 x 14 x 14 cm) and one Sherman live trap (30.5 x 9.8 x 8 cm)
both placed on the ground. After identification, animals were marked with ear-tags if necessary, and
measured, and some equipped with a spool-and-line device based on Boonstra and Craine (1986).
Individuals were released in the morning.

Animals were not anaesthesized because they were handled quickly and without harm. Quilting
cocoons no. 5 or no. 10 of nylon thread were used (Culver Textiles Corp., New York) weighing about
1.7 g (175 m) and 4.5 g (480 m), respectively. The size of the cocoon used depended on the size of
animal: the small cocoon was used for all young individuals of D. aurita, whereas the large cocoon
was used for subadults and adults. The spool used always weighted less than 1 % of the mass of the
individual, to reduce the possibility of disturbing its usual behaviour. Cocoons were dyed with five
different ink cloth pigments to facilitate the identification of threads of different individuals in the
field. Colors also helped in case of thread breakage to find the other end of the thread. The cocoon
was covered with PVC plastic film and wrapped with masking tape to form the spool. The spool was
attached to the fur between the shoulders with Superbonder, an ester-cianocrilate based glue
(“Loctite”, Manaus, Brazil). Any marks of cocoon or glue disappeared in animals recaptured one or
two trapping sessions later.

Most paths of animals were tracked the next day after release, although some were tracked on
the same day to locate their nest with certainty. In these cases, tracking began at least one hour
after release of the animal to minimize interference, and continued the next day starting from the
nest. The thread was tracked and collected separating movements on and above the ground.
Movements on and above the ground were calculated by multiplying the weight (g) of thread collected
by the ratio of total cocoon thread (m) to cocoon weight (g). The thread was weighted in a 10_3g
precision balance. Displacements were measured with a 3 m measuring tape. Movements above
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ground were measured by projecting on the ground the initial and final points and measuring the net
displacement.

Data analyses

Nine out 47 individuals had less than 35 meters of thread tracked. The remaining 38 opossums
had a total of 6063 meters (Mean = 160 m; SD = 88 m) of line tracked. Individuals did not bite or
break the line. Some animals react from handling by running ca. 5 m meters after release, and
returning to a slow speed thereafter. Line breakage was not frequent on the ground, but above the
ground occurred frequently on windy days or when a line was not tracked after two or more days.

The use of the vertical strata was characterized by two sets of variables, both measured in each
age class and season. One set comprised two variables related to the number of individuals with any
record of (1) climbing up movement (NCLIMB), and of (2) horizontal movement aboveground
(NABOVE). The other set comprised two variables as well, but related to the intensity or (1) number
of events of climbing up per meter of thread tracked (ICLIMB), and (2) meters of horizontal
movements above ground per meter of thread tracked (IABOVE).

The use of supports was measured by four complementary variables, measured along the paths of
individuals (see definition, Table 1). The word “support” was used as a common term for tree trunks
and limbs, and lianas. Diameter and incline were measured for each support used in a climbing up or
down movement. An individual could use more than one support when climbing up or down, and
could climb up and down more than once along its path.

To determine age classes, the first age was estimated for each animal by the formula of Motta
(1988), based on head-and-body length, tail length, body mass, and tooth eruption. Animals were
then placed in three age classes, young, subadults, and adults. The first class was composed of
individuals less than 150 days of age, the end of weaning period (Motta 1988); the second class
included individuals from 151 to 338 days of age, the average age in which animals reach the adult
complete dentition; the third class was of adult individuals, with more than 339 days old.

Dry and wet seasons were defined based on precipitation data recorded from the metereological
station of Nova Friburgo, of the Instituto Nacional de Metereologia — INMET. Dry months (less than
75 mm of rain) ranged from March to August 1998, from April to September 1999, from May to
September 2000, and April 2001.

Table 1. Arboreal movements of opossums in three age classes showing the
observed mean and the mean expected under the null hypothesis of no
difference between age classes (in brackets). Asterisk indicates significant
differences at the unicaudal 0.01 level. ICLIMB — Number of climb up
movements/Total thread recovered (m); IABOVE — Meters of above ground
movement approximately horizontal (m)/Total thread recovered (m); diamUP —
Diameter of supports used for climbing up (cm); diamDOWN — Diameter of
supports used for climbing down (cm); diamABOVE — Diameter of supports
used for above-ground movements approximately horizontal (cm); MaxHT —
Maximum height reached in a climbing up movement.

Age class

Variable Juvenile Subadult Adult

(n=28) (n=19) (n=11)
ICLIMB (no/100m) 1.8%(0.9) 0.8 (0.9) 0.4 (0.9)
TABOVE (m/100m) 3.7(2.3) 2.2(2.2) 2.7(2.3)
Max. diamUP (cm) 18.7 (17.2) 17.9 (18.2) 22.2 (17.6)
Max. diamDOWN (cm) 5.7 (8.8) 10.5 (9.0) 9.9 (9.2)
Max. diamABOVE (cm) 5.8 (8.3) 8.6 (8.0) 9.3(8.1)

Max. MaxHT (m) 8.5(9.1) 9.1(9.D 7.0 (9.3)
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The significance of differences in the frequency of individuals using the aboveground space was
compared with chi-square tests between age classes or seasons (NCLIMB and NABOVE). Sample
size did not allow testing the effects of age and season simultaneously, for example, in a two-factor
log-linear analysis (Sokal and Rolf 1995). Only separate chi-squares for age and season were
possible. Individuals were grouped in two seasons regardless of the year.

For ICLIMB and IABOVE, there was only one value per individual, but variables related to
support use were measured more than once along the path of each animal (see Table 1). To obtain a
single value per individual and to make variables comparable, the median and maximum values of
each individual were used. When median and maximum were significantly correlated, the maximum
was used in statistical tests. Significance of differences in the intensity of vertical movements and
diameter of supports used between age classes or seasons were tested by a parametric bootstrap
(Manly 1991, Crowley 1992). For each variable, all individuals were considered as coming from a
single population, from which a random sample of individuals was taken, its mean calculated and
stored. Sample size was the number of individuals in each age class or season. This procedure was
repeated 1000 times for each sample size, generating a distribution of random means. According to
the central limit theorem, a population of means has a normal distribution (Sokal and Rolf 1995).
Thus, the mean and standard deviation of the distribution of 1000 random means were used to
transform the observed mean to its z-score, and the probability of the observed mean was the
proportion of the area under the normal distribution beyond its z-score (Manly 1991).

Results

Maximum and median values of the variables measured more than once along
the path of each individual were highly correlated (rp > 0.82 and p < 0.087 for
diamUP, diamDOWN, and diamABOVE Bartlet x = 136.920), except for MaxHT
(rp = 0.376, p = 1.000). Thus, maximum values of all variables were compared,
except for MaxHT which median values were also compared. Head and body, tail
length, and weight were positively correlated with age (rp > 0.728, p = 0.000,
Barllet X = 118.093).

Arboreal movements of opossums did not differ between dry and wet seasons,
neither for variables based on the frequency of individuals Wlth any above ground
movements (NCLIMB and NABOVE, both with p > 0.88, x < 0.0247) nor for
intensity of above ground movement (ICLIMB and IABOVE, both with p > 0.37 in
the parametric bootstrap).

Individuals of all age classes used the vertical strata. The proportion of young
individuals moving above ground at least once was higher than the frequency of
subadults or adults (Fig. 1), but these differences were not significant.

Climbing up movements along the paths (ICLIMB) of young individuals were
significantly more intensive than that of subadults or adults (Table 1, Fig. 1).
Relative distances in approximately horizontal above ground movements
(IABOVE) were also higher for young individuals (Table 1, Fig. 1). However, the
probability of this difference being caused by chance was 0.12, higher than the
usual significance level of 0.05. The maximum heights reached were fifteen,
twenty and ten meters for these age classes. Diameters of supports used did not
differ among age classes (Table 1). There was no significant difference (KW =
2.281, p = 0.32) between diameters of support used for climb up, down, and
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Fig. 1. Use of the vertical strata by opossums in each age class. (a) Proportion of individuals with
climbing up movements (NCLIMB). (b) Proportion of individuals with horizontal above ground
movements (NABOVE). (¢) Intensity of climbing up movements, (ICLIMB, meters above ground per
100 m of line tracked), and of horizontal movements above ground, (IABOVE, number of events per
100 m of line tracked).

horizontal above ground movements, but supports used for climbing up tended to
be larger than others (Table 1).

Discussion

Individuals of D. aurita used the above ground space at all ages, but the young
used the vertical space slightly more than subadults and adults. Besides, young
individuals climbed the vertical strata more frequently (Fig. 1) and twice as
intensively as subadults, and these more frequently than adults (ICLIMB, Table
1, Fig. 1). Fonseca and Kieruff (1989) and Stallings (1989), captured young
individuals more frequently above ground than adults. In our study, 45% of
adults, 63% of subadults, and 75% of young individuals climbed at least once (Fig.
1). This inverse relationship between age and use of the vertical space cannot be
disregarded. However, most differences tested were not significantly different.
Sample size was relatively small considering the large variation in the vertical
use of the forest within each age class, which must have affected the statistical
results.

Predation and small size are the more likely hypotheses to explain the more
intensive use of the vertical space by young individuals, as revealed by the
significant differences in ICLIMB. Because of their small size, young individuals
will not be as capable as adults of confronting enemies on the forest floor.
However, a small size allows swift movements above ground (A. A. Cunha,
unpubl.). Thus, the vertical space is likely to be a more effective escape route for
young individuals than for adults.

Other factors can be important to avoid predation in the youngest age class.
For example, dense herbaceous cover is positively associated with survival of
young D. virginiana (Hossler et al. 1994), it is preferred by another didelphid,
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Metachirus nudicaudatus (Freitas et al. 1997), and by the rodent Octodon degus
(Lagos et al. 1995). Additionally, the use of vertical space by the common opossum
could also be influenced by other factors such as the use of holes in tree trunks as
refuges, or to avoid terrestrial obstacles in flooded areas as reported by O’Connell
(1989) and Leite et al. (1996).

Arboreal movements of D. aurita did not differ between dry and wet seasons,
hence our first hypothesis was rejected, i.e., vertical movements would be higher
during the wet season when availability of fruits is higher. An alternative
explanation is that the opossum feeds on fruits mainly on the ground, as pointed
out by Grelle and Garcia (1999) for Cecropia fruits. Also, D. aurita might not be
climbing for fruits, but rather for eggs, a preferered item as indicated in
laboratory experiments (Perissé and Cerqueira 1988 and Astida de Moraes et al.
2003).

Diameter of supports used did not differ significantly between age classes, but
mean diameters used by young for climbing up and climbing above were narrower
than subadults and adults, suggesting a positive relation between body size and
diameter of supports used. Some individuals used large supports (> 60 cm
diameter) in all age classes, indicating that individuals of all ages are capable of
climbing trunks with the claws (claw climbing sensu Szalay 1994). This ability
could be a consequence of the longer body length, broader foot, and longer foot
claw of the common opossum, when compared with other didelphids such as
Philander frenatus (Vieira 1997). Additionally, individuals seem to use larger
supports for climbing up than for climbing down and for horizontal movements
above ground. Opossums are capable of reversal of their hind feet to some degree,
which allows them to climb up and down trunks using their claws (Jenkins and
McClean 1984). However, it is possible that their ability of hindfoot reversal when
climbing down does not permit the use of supports as large as in climbing up
movements, or in horizontal movements above ground.

In conclusion, D. aurita used all strata of the forest at all ages, and similarly
throughout the year. Although all individuals climbed to the canopy, young
individuals tended to use the vertical space more intensively than subadults and
adults.
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