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ABSTRACT. The objective of this study was to investigate some parameters of the space use by individuals in a popula-
tion of the hystricognath rodent Thrichomys apereoides (Lund, 1839), using the spool-and-line tracking technique. This
technique is useful for investigating characteristics of habitat use by individuals since it allows the mapping of the places
where the individuals move. We evaluated three parameters of space use by 34 individuals of T. apereoides: 1) The daily
home range (DHR) or the area used by individuals in their daily activities, 2) the distance moved on the leaf litter, and
3) the distance moved above ground using twigs, logs and rocks. The analysis of space use on such a small scale allows
a better understanding of how individuals perceive and use the available space. The significant effect of age on DHR and
the effect of the sex on the movements above ground were observed. Adult males had larger DHRs than adult females
and subadults, and adult females showed the lowest displacement above ground. A statistically significant effect of the
sex and seasonal period and the interaction between them was also observed on the size of DHRs of adults. During the
dry season, females had lower DHRs than males and both females and males moved less on leaf litter in this season.
There was no seasonal effect on the movement of males and females above ground, as well as no significant effect of
age and sex on the movement of the individuals on leaf litter. We found that individuals responded differently to some
aspects of the habitat structure and concluded that the pattern of movement is influenced by the sex and the age of the
individuals and may vary according to ecological conditions.
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A commonly studied parameter regarding space use by a
population is the variation in size of the home ranges of differ-
ent individuals or classes of individuals within that popula-
tion. A number of life history factors have been used to explain
this variation among individuals including age, sex, season,
breeding season, and population density (MaGNussoN et al. 1995,
Kerr & Van Vuren 2001, Expries & Aprer 2005). It has also been
shown that the spacing pattern is associated with the social
mating system used (AprLer 2011, MaHErR & BurGer 2011), with
the dispersion in the environment of individuals being strongly
influenced by the way they behave in accordance to their needs
and their role in their particular mating system (CrLuttoN-Brock
& Harvey 1978, GrrriemaN & THompsoN 1988).

Moreover, several models have been developed to explain
the influence of ecological conditions on the social organiza-
tion of mammals (EMLEN & ORING 1977, OstrELD 1985, JOHNSON
et al. 2002, MacponaLp 1983). It has been shown that different
populations of the same species, or even the same population
at different times, may vary in their social systems and spacing
pattern due to ecological factors (see Maner & BurGer 2011).
Among caviomorph rodents, for example, distribution and
availability of food resources, climatic conditions, and preda-

tion risk have been correlated with, and used to explain, in-
traspecific variation in the characteristics of home range and
use of space (ApLer 1998, 2011, ADRIAN & SacHSER 2011, MAHER &
Burger 2011).

Capture-mark-recapture is a classical method employed
in studies on space use (DUESER & SHUGART 1979, LACHER & ALHO
1989, JorgenseN & Demarals 1999). However, this technique pro-
vides little information about the movements of individuals
(PrevepeLLo et al. 2010), which have their movements inter-
rupted by their capture in live traps. There have been a num-
ber of studies on the use of space by several species using the
spool-and-line tracking technique (PrevepirrLo et al. 2008,
CersonCINI et al. 2011). This technique allows the calculation
of total home range of individuals in the traditional sense
(CerBoncINt et al. 2011) as well the calculation of the “daily
home range” (DHR), resulting from the movement of animals
during their normal activities in one night (Cunna & Viera 2002,
MeNDEL & ViIEIRA 2003, Lorerto & Vieira 2005, DEeLciELLOS ef al.
2006, AmeIDA et al. 2008, PrevepeLLo et al. 2010). This technique
is also useful for investigating other characteristics of habitat
use by individuals since it allows the mapping of the places
where the individuals move.
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In this study, using the spool-and-line tracking technique,
we investigate the influence of sex, age and seasonal period on
the space use by individuals of a population of Thrichomys
apereoides (Lund, 1839) specifically related with: 1) the area
used by individuals in their daily activities (DHR), 2) the dis-
tance moved on the leaf litter, and 3) the distance moved above
ground using twigs, logs and rocks. The analysis of space use
on such a small scale allows a better understanding of how
individuals perceive and use the available space.

MATERIAL AND METHODS

The study was conducted at Cauaia farm (19°28’57"S,
44°00’50"W), in an area (364 ha) of semideciduous forest, lo-
cated in the protected area (Area de Protecio Ambiental) of
Lagoa Santa Karst, in the municipality of Matozinhos, state of
Minas Gerais, Brazil. The Cauaia farm itself has 20% of its area
under preservation and consists of rocky outcrops covered with
semideciduous and deciduous forests, and with cerrado in the
immediate surroundings. The region is under the phytogeo-
graphic domains of the Atlantic Forest and Cerrado (Savannas)
(IBGE 2004) and the climate of the region is classified as hu-
mid tropical savannah, with a rainy season from October to
March and a dry season from April to September (SA Jr et al.
2012). The average air temperature in the region is around 23°C
(BERBERT-BORN 2002).

The species studied was the New World hystricognath
rodent T. apereoides, an echimyid that occurs in areas of sa-
vanna and forests, where it uses crevices in the rocks for shel-
ter, protection, and nesting; it is terrestrial and semi-arboreal,
diurnal and nocturnal; with a diet that includes leaves, twigs,
berries, seeds, fruits and insects (STREILEIN 1982a, Reis & Prssoa
2004). The species occurs in the states of Minas Gerais, Goias
and Bahia (Bonvicmvo et al. 2008).

We captured animals for six consecutive days each month
from August, 2008 to July, 2009. One hundred forty-three traps
(15 x 15 x 30 cm) were set in a grid with traps 20 m apart and
arranged in 15 parallel rows, covering an area of 4.7 ha. The
total capture effort was 8,580 traps-nights. Traps were baited
with a mixture of peanut butter, sardines, and bananas. Each
point of capture was received in a trap on the ground. The
traps were checked in the morning and the bait was changed
when necessary. The information about captured individuals
including sex, approximate age, and body mass were recorded
monthly. Each captured animal was individually marked us-
ing numbered ear tags (National Band Tag and Company).
Thirty-four animals were tagged, sexed, and placed in one of
two age classes; either subadult and sexually immature (150-
180 g), or adult and probably sexually mature (> 180-350 g)
(Trompson 1985, Roserts et al. 1988, TrixerA et al. 2005).

Each marked individual received a tracking spool (4 g,
line length of 400 m) (Boonstra & CraiNe 1986), which was
wrapped in plastic wrap and tape, then glued to the back of
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the animal with cyanoacrylate glue (Superbonder®) (Rvan et al.
1993, Key & Woobs 1996, Cunta & Viera 2002). The line of the
spool was tied to an object at the point of release of each ani-
mal. After the animal was left to move freely, the line was
mapped by measuring the linear distance between two turning
points using a measuring tape, and the azimuth was obtained
for all the turning points of the line formed by the animal’s
movements. Only spools with more than 35 m line mapped
were considered for analysis (Lorerto & Vierra 2005). For data
analysis the initial 20 m were excluded which presumably re-
flected escape behavior (Pizzuto et al. 2007).

The values of the azimuths and the distances between the
turning points for each tracked animal were transformed into
Cartesian coordinates (x, y), which were used to calculate the
daily home range (DHR), using 100% of the minimum convex
polygon (MCP) (Monr 1947, Sticker 1954), and to quantify the
distance moved on the litter (LIU) and above ground (walking
over logs, branches, roots, rocks — AGR). The vertical displace-
ments also were included in this measure. The MCP method has
been criticized as an estimate of the size of an animal’s home
range (BoraGer et al. 2006), but it is simple to use and is not con-
strained by underlying statistical assumptions (Harcess et al. 2010).
The layout of each route and the corresponding area of the poly-
gon were performed using the software 1.0.4 Biotas alpha.

General Linear Models (GLM) were used for the analysis
of the intra-population variation of the log-transformed vari-
ables DHR, LIU and AGR as functions of the factors of sex, age
class, seasonal period, and their interaction (Linpsey 1997).
Tukey’s test for post hoc comparisons was used when needed.
We performed the models: 1) analysis of the effects of sex, age
class, and interaction between them, on DHR, on the move-
ment on litter (LIU), and on the movement above ground
(AGR); 2) analysis of the effects sex, seasonal period and inter-
action between them on DHR, on the movement on litter (LIU),
and on the movement above ground (AGR).

All of the parameters analyzed correlated significantly
with the total line-distance mapped. Thus, the total line-dis-
tance mapped was initially included in the models as an addi-
tional variable (covariate) (Drarer & SmiTH 1998). In the absence
of a significant interaction between the covariate and the fac-
tors to be tested, the effect of total line-distance mapped was
disregarded and the adjustment of the model was executed
again (Lorerro & Vieira 2005). Many individuals were tracked
during both seasons, thus, to analyze the effect of seasonality
on the sizes of the DHR, these individuals were represented by
the data from one spool obtained in each climatic season. For
seasonality analysis, data obtained from adults only was used
in order to avoid any influence of age in this analysis due to a
possible seasonal recruitment of subadults. In the analysis of
movement on leaf litter and above ground, we used data from
the spools used in the first capture of individuals in each
monthly session of sampling, thus, there were monthly repeti-
tions for some individuals.
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RESULTS

All of the parameters analyzed correlated significantly
with the total line-distance mapped (Pearson correlation, DRH:
r=0.735, p<0.05; LIU: r = 0,820, p < 0.05 AGR: r = 0,665, p <
0.05). Therefore, the total line-distance mapped was included
in the models (GLM analysis) as an additional variable
(covariate); in this model there was an absence of a significant
result (p > 0.05), and the effect of total line-distance mapped
on the factors tested was disregarded.

The general linear models revealed a significant effect of
age on DHR as well as the effect of the sex on AGR (Table I).
Adult males had greater DHRs than adult females and subadults
(Fig. 1), and adult females showed the lowest displacement
above ground (Fig. 5). There was no significant effect of the
age and sex on the movement of individuals on leaf litter (Table
I, Fig. 3).

There was a statistically significant effect of the sex and
seasonal period and the interaction between them on the size
of DHRs of adults (Table I). A seasonal effect was also observed
on LIU of adults (Table I). Females had lower DHRs than males
during dry season (Fig. 2), and both females and males moved
less on leaf litter in the dry season (Fig. 4). There was no sea-
sonal significant difference between the movement of males
and females above ground (Fig. 6).

DISCUSSION

In this study, differences in the size of DHRs due to age
were observed. Adult males had larger DHRs than subadults. This
kind of difference has been attributed to the differing energy
requirements among different individuals (Marquer et al. 2008,
AwmeA et al. 2008, Viera & Cunna 2008). However, the DHR
expresses the spacing between the individuals and their daily
movements, which can be viewed primarily as a result of hierar-
chical, demographic and economic processes (Priotro et al. 2004,
Renmeier et al. 2004, Skvaria et al. 2004, MircHeLL & PoweLt 2012).

Females had smaller DHRs and movement on the lit-
ter during the dry season, as well as the lowest movements
above ground. Data from animals kept in captivity (Teixera et
al. 2005), and evidence obtained in the field for this popula-
tion in another study, in which there was a greater recruitment
of subadult individuals in the rainy season (A.J. Almeida, unpub.
data), indicate that T. apereoides reproduce mainly during the
dry season. If this is indeed the reproductive pattern, presum-
ably then smaller DHRs in the dry season, as well as other pa-
rameters, might be a consequence of female reproductive
activities, because more energy would need to be allocated to
reproduction (mating, feeding and care of pups) (GITTLEMAN &
TrHompsoN 1988), at the expense of energy expended in move-
ments. Therefore, it is expected that there is some relationship

Table I. Effect of sex, age class, seasonal period, and total amount of mapped line on the daily home range size (DHR), and movements
(LIU, AGR) of Thrichomys apereoides. (°) Including the interactions between the factors and the probable effects of the interaction between
these factors and the amount of mapped line, (°) including the interactions between the factors and excluding interactions not found to
be significant with the amount of mapped line. (DHR) Daily home range, (LIU) Movements on leaf litter, (AGR) movements above ground,

(r?) coefficient obtained for adjusted model.

DHR® DHR® (r2 = 0.60) Liu? LIU® (r2 = 0.67) AGR? AGR® (r2 = 0.57)
Factors
F p F p F p F p F P F p
Sex 0.020 0.873 0.02 0.870 0.070 0.783 1310 0.250 0.100 0.113 4.420 0.003
Age class 0.480 0.340 11.65 0.009 2450 0.121 1.179 0.280 0.430 0.511 0.150 0.695
Mapped line 52.030 0.000 128.09 0.000 91.550 0.000 178.000 0.000 49.030 0.000 70.150 0.000
Sex*Age class 0.270  0.600 0.03 0.858 0.000 0.928 0.107 0.744 0.000 0.960 0.630 0.426
Sex*Mapped line 0.110 0.735 - - 0.940 0.334 - - 2.050 0.155 - -
Age class*Mapped line 1.180 0.888 - - 1.700 0.194 - - 1.020 0.315 - -
Sex*Age class*Mapped line 0.540 0.462 - - 0.020 0.887 - - 0.030 0.858 - -
Sex 1.200 0.277 6.42 0.013 0.592 0.444 0.498 0.482 0.162 0.687 0.973 0.327
Seasonal period 0.167 0.683 15.24 0.000 0.841 0.362 4.008 0.049 1.107 0.296 0.443 0.507
Mapped line 68.970 0.000 142.78 0.000 66.68 0.000 90.690 0.000 18.310 0.000 43.285 0.000
Sex*Seasonal period 0.209 0.648 7.66 0.007 0.006 0.814 0.623 0.432 2439 0.123 0.085 0.770
Sex*Mapped line 1.376 0.245 - - 0.049 0.824 - - 1.886 0.174 - -
Seasonal period*Mapped line 0.111  0.739 - - 1.753 0.190 - - 0.487 0.487 - -
Sex*Seasonal period*Mapped line 2.429 0.124 - - 0.116 0.733 - - 3.290 0.070 - -

* Interaction between factors.
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Figures 1-6. Mean values and respectively standard error of parameters of space use by Thrichomys apereoides obtained with the spool-
and-line tracking technique for individuals living in the forest of Cauaia farm between the months August 2008 and July 2009. Daily
Home Range (DHR) presented by (1) sex and age class, and (2) sex and seasonal period. Movements on leaf litter (LIU) presented by (3)
sex and age class, and (4) sex and seasonal period. Movements above ground (AGR) presented by (5) sex and age class, and (6) sex and

seasonal period.

between the activities of females with the availability of food
resources in this period.

The availability of food resources has been consid-
ered as one of the most important factors that influence the
pattern of use of space by mammals (ApLer 2011, ApriaN &
Sachsir 2011, Maner & Burcer 2011). Depending on the spatial
and temporal distribution of resources (ApLer 2011), in order
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to maximize their fitness, female rodents tend to be territorial
when food resources are scattered with lower renewal rates,
while the males are distributed according to the space used by
the females (OstreLD 1985). Consequently, the spacing pattern
of individuals has often been investigated in order to determi-
nate the mating system of species (EMLEN & ORING 1977, OsTFELD
1985, GauLIN & FitzGeraLD 1988, MaHER & BUrGER 2011).
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A pattern that has been found for some species of
rodents based on space use is the polygyny (GAULIN & FiTzGERALD
1988, OstreLd 1990). This mating system was attributed to T.
apereoides (STREILEIN 1982b, THompson 19835), and for some
hystricognath (BerGarrLo 19935, BerGaLLo & MaGNusoN 1999) and
Sigmodontinae (BoNavENTURA et al. 1992, HEINEMANN et al. 1995,
GeNTILE et al. 1997, BERGALLO & MAGNUSON 1999, Pires et al. 2010)
rodents. In this system, the males tend to travel greater areas
in their search for females during the reproductive period, and
the spacing patterns of males will be determined directly by
the spacing of females rather than by resource distribution; in
turn the females depending on resources distributed in patches
tend to exhibit territorial tendencies and sometimes they are
faced with the need to defend resources (OsTreLD 1990).

Territorial trends for females were found for other
hystricognath species such as Trinomys iheringi (BErgaLLo 1995)
and T. moojeni (CorpeIrRO JrR & Taramont 2006). In addition, repro-
ductive activity was observed during the dry season for these
two Trinomys species. It is important to note that the studied
echimyid occurs in area with pronounced seasonality, particu-
larly related to the amount of rainfall (SA Jr et al. 2012). The rain
scarcity normally leads to a lower availability of fruit and in-
sects during the dry season (SmiTHE 1982, CHARrLES-DoMINIQUE 1983,
BerGaLLO & MaGNuUssoN 1999, StenvensoN et al. 2000). Therefore,
it is expected that food resources that commonly are locally dis-
tributed in temporal and spatial patches (BERGALLO & MAGNUSSON
1999, SteNVENSON et al. 2000) can cause some influence over the
movements of T. apereoides in this season. It was observed that
for species that reproduce in a time of lower food availability,
females may show a pattern of smaller displacement. In mam-
mals, the greater parental investment lies with the females (Trivers
1972, GirtLeMAN & THompsoN 1988); therefore, the females tend
to conserve energy expended in movement, establishing lower
home ranges (Lorerto & Vieira 2005). In Panama, for the spiny
rat Proechimys semispinosus (Tomes, 1860), ENDRrIES & ADLER (2005)
observed that individuals of both the sexes had larger home
ranges during the rainy season. Furthermore, there was a posi-
tive relationship between home-range size and the number of
fruiting trees within a home range. In contrast, no female spiny
rats and only two of seven males captured during the dry season
were in reproduction condition.

Alternatively, it has sometimes been observed that food
shortages may force the individuals to expand their foraging
areas and their home ranges (SLape & SwiHART 1983, GauLIN &
FrrzceraLp 1988, Passamant 2000). We did not observe this phe-
nomenon in this study, since both males and females did not
significantly expanded their areas during the dry season, in-
stead females showed a reduction in their movements, and the
males showed DHRs always larger than females, this being the
expected result assuming that T. apereoides is a polygynous spe-
cies (STreiLEIN 1982b).

In addition to the search for food and reproductive strat-
egies, the predation pressure is recognized as having a strong

influence on the characteristics of space use by various species
of small mammals, directing their path choices during their
movements (Horsrook 1979, GarsutLs 2000, Gtz et al. 2005).
The risk of predation can limit the distance traveled by prey,
thus reducing the home range of individuals as well as the pat-
tern of overlapping home ranges among individuals (YUNGER
2004, PeroreLut et al. 2011). In this study, the adults of both
sexes showed a significantly lower displacement on the leaf
litter during the dry season. Assuming that differences occur
in the sounds produced by movements of individuals on the
leaf litter during the dry and rainy seasons, these animals might
be avoiding movement on this type of substrate during the dry
season because the sound produced could attract the attention
of predators. However, only studies designed with the specific
objective to test these hypotheses could show conclusively the
influence of predation on the distance traveled by the indi-
viduals on the litter and the choice of specific paths by indi-
viduals.

It was observed that individuals of all age classes pre-
sented movement above ground but subadult males were more
frequent. This result may indicate that subadult males utilize
smaller areas, but more intensively, incorporating the use of
the vertical stratum in their activities, as observed for some
subadult marsupials (Cunua & Vierra 2005, ALMEIDA et al. 2008).
Subadult females use larger areas, but less intensively, moving
predominantly on the litter.

In this study, we concluded that the pattern of move-
ment is influenced by the sex and age of the individuals and
that it may vary according to ecological conditions, especially
those related to seasonal variations. Further studies should be
directed to test separately the effect of the sex and the age and
the environmental conditions on the DHR and movements of
T. apereoides.
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