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Abstract
A five-year mark-recapture study of small mammals was conducted with sampling every two months in a rural area of
Sumidouro, State of Rio de Janeiro, Brazil, from June 1991 to July 1996. Population sizes were estimated through MNKA
estimator, survivorship and recruitment rates through Jolly-Seber estimator. Nectomys squamipes and Didelphis aurita
were the most abundant species, followed by Akodon cursor, Philander frenata and Oligoryzomys nigripes. Marsupials
reproduced from July/August to March, with the highest population sizes and recruitment rates in the end of the rainy
periods and beginning of the dry period. Rodents were able to reproduce throughout the year. N. squamipes’ population
size was correlated with survivorship; peaks and the bulk of reproduction occurred during and after the rainy periods. A.
cursor’s population size increased in dry periods. These species displayed seasonal patterns of population dynamics
related to reproduction, with some variations among years chiefly for the rodents.
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INTRODUCTION

MATERIALS AND METHODS

Most population studies of small mammals in the
Atlantic Forest have been carried out in preserved
areas (Fonseca & Kierulff, 1989; Stallings, 1989;
Olmos, 1991; Pereira et al., 1993; Bergallo, 1994).
Some information is also available from short-term
surveys conducted in monoculture landscapes (Alencar, 1969; Amante, 1975; Carvalho & Bueno, 1975;
Engel & Mello, 1993) but none from rural areas.
This study monitors small mammal communities
associated with typical Brazilian rural areas that include mosaics of rotating crops, remnants of logged
forests and pasturelands. We report the population
dynamics, reproduction and age structure of two marsupials, the common opossum, Didelphis aurita and
the gray-four-eyed opossum, Philander frenata (Didelphimorphia, Didelphidae), and three rodents, the
water rat, Nectomys squamipes, the field rat, Akodon
cursor and the rice rat, Oligoryzomys nigripes (Rodentia, Sigmodontinae). The data analyzed in this
study were part of a long term Brazilian eco-epidemiological program on the role of Nectomys squamipes as a natural wild reservoir of schistosomiasis, at
Sumidouro, State of Rio de Janeiro, Brazil.

Study area
The five year mark-recapture study was carried out
in a rural area at Sumidouro, State of Rio de Janeiro,
Brazil, and included 12250 trap-nights on 7 transects
along streams, irrigation channels and flooded areas
in a typical rural valley. The study area was situated
in the Pamparrão valley (22o 02′S, 42o 41′W), an
area of 1.2 km2 comprising small rural properties
with vegetable plantations, pasture lands, logging
forests and small Atlantic Forest fragments on the
top of the mountains. Grass cutting, plantation alternation activities and harvesting frequently modified
these habitats. The valley has several streams and
irrigation channels with some flooded areas. The climate is humid-mesothermic (Nimer, 1989), characterized by a wet season from September to April and
a moderate dry season from May to August (Fig. 1).
For the five-year period, mean monthly temperature
varied from 19.6oC to 27.4oC, and monthly rainfall
from 0.6mm to 462.9mm. The normal monthly temperature of the wet season (September to April) varied from 21.3 to 25.2oC and normal rainfall varied
from 69.7 to 288.6mm. The normal monthly temper-
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ature of the dry season (May to August) varied from
18.3 to 20.3oC and normal rainfall varied from 24.7
to 44.2mm (Instituto Nacional de Meteorologia do
Rio de Janeiro - INMET).
Small mammals were captured on seven line
transects (A to G) spread along the valley. All
transects were up gentle slopes, and except for D, all
were placed along small streams following the original design for schistosomiasis study (i.e. trap lines
following river sides). Transects A and G were characterized by an open vegetation consisting of sparse
thickets, with little or no canopy. Transect B had a
well developed understory with grass for cattle feeding and sparse high trees. Transect C had an open vegetation with grass, sparse shrubs and trees. Transect D
was placed on a small hill with a secondary forest
fragment used for wood extraction, with a disturbed
midstory and a high closed canopy. Transect E was
placed in another secondary forest fragment with
midstory and a high closed canopy. Transect F was
characterized by a continuous dense vegetation of
Hedychium choronarium (Zingiberaceae).
Field methods
A preliminary species inventory was conducted from
June 1990 to May 1991. Animals were collected and
identified based on morphology and karyotype.
Voucher specimens were deposited at the Museu Nacional do Rio de Janeiro.
A capture-mark-recapture study was carried out
every other month from June 1991 to July 1996.

1991

1992

1993

Mammals were live-caught in wire-mesh live-traps
(32 × 18 × 20 cm) spaced 13m apart, baited with
peanut butter mixed with banana, oat and bacon on
manioc pieces. Transects A, B, C and D had 15 trap
stations, transects E and F had 10 trap stations, and
transect G had five. Each trapping session comprised
five nights for transects A, B, C and D, and four
nights for E, F and G. Marsupials were marked by
tail tattooing and rodents and pouch young by toeclipping. All animals were weighed and measured,
and their sexual condition and marsupial dental development were rated.
Analysis methods
Population parameters were estimated considering
only the captures of transects A, B, C and D, where
trapping effort was the same during the entire study.
For other analysis, all transects were considered. Population sizes were estimated using Minimum Number
Known Alive estimator MNKA (Krebs, 1966) and
survivorship and recruitment rates using Jolly-Seber
estimators (Jolly, 1965; Seber, 1965) for each trapping session. For O. nigripes, survivorship and recruitment rates were estimated using MNKA. Survivorship and recruitment estimates were standardized
for a 60-day interval according to Fernandez (1995).
Recruitment included individuals incorporated into
the population by birth or immigration. We correlated population sizes with survivorship and recruitment, and with rainfall from zero to six months lag
using Spearman Correlation (Zar, 1996).

1994

1995

1996

Fig. 1. Climate diagram of the study period from June 1991 to July 1996 (dashed line – rainfall, continuous line – temperature).
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The reproductive period of marsupials was determined by the presence of females with young individuals in the pouch or with swollen nipples indicating recently weaning. Population size estimates were
correlated with the frequency of reproducing females
with two, four and six months lag using Spearman
Correlation. Mean litter size of marsupials was compared among breeding periods using an ANOVA
(Zar, 1996). Sex ratios of marsupial offspring were
compared using chi-square test (Zar, 1996). For rodents, reproduction was detected by the presence of
obviously pregnant females or the existence of copulatory plugs and by the birth dates of young individuals. Sexual maturity was assumed as the minimum
age and weight of males with scrotal testes and females with open vagina. Of young individuals, age
and birth date were estimated using the growth curves
of body weight in captivity for each sex of N. squamipes (D’Andrea et al., 1996) and of A. cursor (Horta & D’Andrea, unpublished data).
Age structure of marsupials was analyzed by separating individuals into three classes according to
Gentile et al. (1995), estimating ages by the dental
formulas of D’Andrea et al. (1994) for P. frenata and
using the dental formulas of Motta (personal communication) for D. aurita. For P. frenata the juvenile
class included individuals between 81 and 154 days
old, the sub-adult class included individuals from 155
days to 323 days-old and the adult class included all
individuals of 324 days or more. For D. aurita, juveniles were individuals between 101 and 169 days old,
sub-adults were individuals from 170 to 336 days old
and adults were all individuals of 337 days or more.
For rodents, age classes were defined according to
body weights at sexual maturity. Juveniles included
only individuals reproductively immature, weighing
less than 110g for female N. squamipes and 30 g for
female A. cursor, and 110 g for male N. squamipes
and 28 g for male A. cursor. The sub-adult class included individuals in the maturity transition period
in which the individuals weighted from 110 g to
215 g for female N. squamipes, from 30 g to 40 g for
female A. cursor, from 110 g to 190 g for male N.
squamipes and from 28 g to 45 g for male A. cursor.
Adults included sexually mature individuals weighing more than 215 g for female and 190 g for male N.
squamipes, and more than 40 g for female and 45 g
for male A. cursor.
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RESULTS
Population parameters
Nectomys squamipes and D. aurita had the most
abundant and stable populations, followed by A. cursor, P. frenata and O. nigripes (Table 1). The Population sizes were correlated with both survivorship
and recruitment rates for D. aurita (rs=0.324, P<0.05,
rs=0.442, P<0.01, respectively), for P. frenata
(rs=0.525, P<0.001, rs=0.636, P<0.001, respectively), for A. cursor (rs=0.398, P<0.05, rs=0.451,
P<0.05, respectively) and for O. nigripes (rs=0.357,
P<0.05, rs=0.762, P<0.001, respectively). For N. squamipes, population sizes were correlated only with
survivorship rates (rs=0.570, P<0.001). The population size of D. aurita was correlated with the preceding rainfall in lags of four, five and six months
(rs=0.512, P<0.01; rs=0.647, P<0.001; rs=0.565,
P<0.001, respectively), and P. frenata only with six
months lag (rs=0.366, P<0.05).
Marsupials had high population numbers towards
the end of their breeding periods (July/August to
March), reaching the highest number in March or
May for D. aurita (Fig. 2A) and in May or July for P.
frenata, except for the first and last years (Fig. 2B).
Most of the individuals were born in the previous
breeding period, and for P. frenata there was a complete population turnover between breeding periods.
Highest recruitment rates for P. frenata occurred at
the end of breeding periods and beginning of nonbreeding periods. N. squamipes had high population
sizes and recruitment rates at the end of the rainy
period and beginning of the dry period, except for the
last year (Fig. 2C). The peaks of 1993 and 1995 were
preceded by long periods of high survivorship rates.
The highest population numbers for A. cursor (Fig.
2D) and O. nigripes were always during and after dry
periods, and for the latter species, mostly related to
recruitment. O. nigripes disappeared from the study
area after September 1994. Only A. cursor and O.
nigripes had a significant correlation between their
population sizes (rs=0.595, P<0.001, N=31). There
was a high turnover in the population of all rodents
between years.
Reproductive patterns - Marsupials
According to estimated birth dates of pouch-young
individuals, the breeding periods of D. aurita began
in July 1991, 1993, 1995 and 1996 and August 1992
and 1994. For P. frenata, reproduction began in
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TABLE 1. Population size in number of individuals and survivorship and recruitment rates (in frequencies of individuals) of the small
mammals in the Pamparrão valley, Sumidouro, Brazil, from June 91 to July 96. (x – mean of the entire study, SD- standard
deviation, CV- coefficient of variation).
Population size
Species
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Didelphis aurita
Philander frenata
Nectomys squamipes
Akodon cursor
Oligoryzomys nigripes

Survivorship

Recruitment

x

SD

CV

x

SD

x

SD

6.67
2.42
7.65
7.00
0.68

2.94
2.43
5.23
5.35
1.30

44.1
100.5
68.4
76.4
191.1

0.54
0.39
0.54
0.54
0.21

0.27
0.44
0.34
0.39
0.42

0.33
0.23
0.41
0.33
0.44

0.31
0.37
0.30
0.36
0.48

July or August 1991, July 1993 and 1996 and
August 1994 (for 1992 and 1995 it was not possible
to determine the beginning of breeding periods for P.
frenata). From August to January, almost all adult
females were reproducing. In all breeding periods
the last weaning occurred in March, except for two
females of P. frenata which weaned their litters in
April. No female reproduced in May or June (Fig.
3A, 3B).
The end of the breeding period of P. frenata occurred later than D. aurita. Young marsupials born at
the end of a breeding period could reproduce at the
beginning of the following breeding period. In P.
frenata, the first offspring could reproduce within
the same breeding period in which they were born,
this could possibly delay the latest recruitment of P.
frenata.
Population size was positively correlated with the
frequency of lactating females, with a four-month
lag (rs=0.439, P<0.01) and six-month lag (rs=0.471,
P<0.01) in D. aurita, and with a two-month lag
(rs=0.404, P<0.05), a four-month lag (rs=0.327,
P<0.05) and a six-month lag (rs=0.446, P<0.001) in
P. frenata.
Considering the five years, the mean litter size
was 7.3 young (SD=1.96, n=45) for D. aurita and
was 5.4 young (SD=0.78, n=18) for P. frenata.
Among breeding periods mean litter size varied from
7.2 individuals (SD=2, n=5) to 9.1 individuals
(SD=1.8, n=7) for D. aurita, without significant difference (F=1.980, P=0.103, n=45). For P. frenata it
varied from 5 individuals (SD=1, n=3) to 6 individuals (SD=1, n=3), without significant difference
(F=0.840, P=0.524, n=18). Sex ratio of the offspring
did not differ from 1:1 in both species (P > 0.05). The
females of both species captured throughout an entire breeding period had only two litters. In D. aurita,

mortality of lactents appeared to occur generally at
the beginning of lactation.
Age structure of D. aurita and P. frenata are
shown in Fig. 3C and 3D. We observed ageing in
both species during the year, with a delay in P. frenata in relation to D. aurita. Individuals reached the
greatest ages during dry periods. Juveniles of D. aurita were present from November (just after the first
weans) to March, and juveniles of P. frenata from
November to July, indicating that the breeding period finished later in P. frenata (Fig. 3C, D).
Reproductive patterns - Rodents
During periods of large population sizes (1992/1993
and 1995/1996 for N. squamipes; and 1991/1992 for
A. cursor) there was a high proportion of females
pregnant or with copulatory plug throughout the year
(Fig. 4A, B). Birth dates of 24 juveniles of N. squamipes and nine juveniles of A. cursor were estimated. For N. squamipes, 71% of these births occurred
in the rainy periods, while 67% of the births of A.
cursor occurred during the dry periods. N. squamipes
reproduced throughout the year but predominantly in
the rainy periods. A. cursor did not present a clear
pattern of reproductive activity, but their population
increased slightly in the dry periods. Only three females of O. nigripes were reproductively active and
all of them were captured in the dry months of July
1992, September 1994 and May 1993. For rodents,
there was no correlation between population size and
frequency of reproductive females (P > 0.05).
Sexual maturity of N. squamipes occurred at
37.8 days old (ranging from 27.7 to 45.5 days old)
and 110g for males, and at 44.4 days old (ranging
from 31 to 51 days old) and 110 g for females. In
A. cursor, sexual maturity occurred from 31.6 to
36.7 days old, and 28 g for males, and at 42.3 days

5

Downloaded By: [Ingenta Content Distribution TandF titles] At: 14:13 6 October 2008

POPULATION STUDY OF MARSUPIALS AND RODENTS

Fig. 2. Population sizes (squares), and survivorship (circles) and recruitment (triangles) rates for the period between the previous session
to the session plotted for Didelphis aurita (A), Philander frenata (B), Nectomys squamipes (C) and Akodon cursor (D) in the
Pamparrão valley, Sumidouro, Brazil, from June 91 to July 96.

old (ranging from 38.8 to 51.2 days old) and 30 g
for females. For both species the males first
reached maturity. The minimum weight of a mature
female O. nigripes was 15 g and the maximum weight

of an immature female was 21 g; the maximum
weight of a male with abdominal testes was 25 g and
the minimum weight of a male with scrotal testes
was 14 g.
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Fig. 3. Accumulated percentage from 1991 to 1996 of reproductive females in relation to total adult females captured for Didelphis
aurita (A) and Philander frenata (B), and accumulated age structure for Didelphis aurita (C) and Philander frenata (D) in the
Pamparrão valley, Sumidouro, Brazil.

Age structures of rodents are shown in Fig. 4C
and 4D. Juveniles of N. squamipes predominated in
rainy periods, while juveniles of A. cursor were more
frequent in dry periods.

DISCUSSION
Population dynamics of marsupials were related to
the reproductive period, which occurred from July/
August to March for D. aurita and July/August to
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Fig. 4. Percentage of reproductive females in relation to total adult females captured for each session for Nectomys squamipes (A) and
Akodon cursor (B), and age structure of Nectomys squamipes (C) and Akodon cursor (D) in the Pamparrão valley, Sumidouro,
Brazil, from June 91 to July 96.

March/April for P. frenata. D. aurita and P. frenata
populations followed the seasonal model of reproduction, like other didelphid marsupials (Cerqueira,
1988). These results are in accordance with other
studies on Neotropical marsupials, which also

showed that reproduction begins in dry periods and
lasts until the end of the rainy periods (Fleming,
1972; Fleming, 1973; Tyndale-Biscoe & Mackenzie,
1976; O’Connell, 1989; Cerqueira et al., 1993;
D’Andrea et al., 1994; Bergallo, 1994). This season-
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ality resulted in larger population sizes at the end and
after rainy periods, which was more evident for D.
aurita.
The most critical periods for survivorship of young
in marsupials are the end of lactation and the period
after weaning (Lee & Cockburn, 1985; Atramentowicz, 1992). In our study the end of lactation and weaning periods always occurred during or after rainy seasons, when resources seemed to be more abundant.
Atramentowicz (1986) and Cerqueira (1988) related
reproduction to food resource availability (plants and
insects), which is related in turn to rainfall (Lee &
Cockburn, 1985). Other studies showed that marsupial reproduction is also correlated with photoperiod
which would explain how all of the mature females
synchronize their reproduction (Cerqueira, 1988;
Cerqueira & Bergallo, 1993).
The reproductive pattern observed for N. squamipes, occurring throughout the year but mostly during
rainy periods, agrees with other studies of this species (Ernest & Mares, 1986; Bergallo, 1994). The
rainy period is the most appropriate time for the reproduction and survivorship of neonates and young
individuals of this species, considering the close relationship of this semi-aquatic rodent to water resources (Ernest, 1986).
The reproduction of A. cursor throughout the year,
with greatest activity on the dry period, is in agreement with Fonseca & Kierulff (1989) and Pereira et
al. (1993). Pereira et al. (1993) also found predominance of reproduction of O. nigripes during dry seasons. Fonseca & Kierulff (1989) attributed the continuous reproduction of rodents in the Atlantic Forest to
the stability of food resource accessibility. Reproduction by A. cursor and O. nigripes at the study site may
be related not only to food but also to habitat availability. These species spatially overlapped in the study
area and A. cursor occurred mostly in dense herbaceous vegetation with abundant litter (Gentile & Fernandez, 1999). During the rainy periods, we observed
that the habitat of these rodents was reduced due to
the flooding of marshes and streams and scarcity of
litter and midstory. As a consequence, these two species showed similar variation in abundance.
Rodents appeared to reproduce opportunistically,
such that reproduction is triggered by resource availability according to rainfall pattern, resulting in rapid
population increases. This is the most common reproductive strategy of muroid rodents of temperate

regions (Bronson & Perrigo, 1987) and tropical sigmodontines (Cerqueira & Lara, 1991). Such species
have a short life expectancy, short gestation time and
early maturity (D’Andrea et al., 1996; Horta &
D’Andrea, unpublished data), traits that result in a
rapid population turnover and rapid responses to environmental variation.
Our study area was often under human influence,
which caused reduced numbers of captures of the
more unstable populations such as A. cursor, O. nigripes and P. frenata. These species may have been
more susceptible to habitat disturbances and A. cursor and P. frenata are more habitat selective than D.
aurita (Gentile & Fernandez, 1999).
In contrast to studies in monocultures (Mills et al.,
1992; Engel & Mello, 1993), we did not observe outbreaks and crashes in rodent populations, commonly
detected in monocultures due to complete harvesting
of crops. Though this study was not designed to test
for plague formation, no rodent species seemed to
behave as a potential agricultural plague, as there
were no major increases in population sizes in spite
of the relatively constant availability of food (from
rotating vegetable cultures). It is not predictable,
though, how these populations would respond to
complete harvesting as is usual for monoculture landscapes. All species studied during the five years
showed seasonal patterns of population dynamics directly related to reproduction, with some variations
among years chiefly for the rodents.
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