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OF THE XEROPHITIC MOUSE OPOSSUM Marmosa xerophila

(Didelphimorphia: Didelphidae) IN THE PENINSULA OF PARAGUANA,

VENEZUELA

Dirk R. Thielen, Daniel R. Cabello, Guillermo Bianchi-Pérez and Paolo Ramoni-Perazzi

SUMMARY

Some reproductive parameters were measured in 60 adult fe-
males of Marmosa xerophila to infer the significance of some ad-
aptations to a semi-arid ecosystem when compared to M. robin-
soni, a filogenetically closely related species inhabiting more hu-
mid environments. The study was carried out in a tropical thorny
woodland in the Peninsula of Paraguand, Falcon State, Venezuela.
Field data were collected by two methods: capture-mark-recap-
ture and radioactive tagging. A reproductive peak occurred in

June and July, during the dry season. Post-lactating females were
detected from July to February. There was no reproductive activ-
ity from March to May. The rearing cycle lasted 60 days and the
mean litter size was 7.9 young. The reproductive strategy of M.
xerophila is similar to the rainforest species M. robinsoni, reflect-
ing a great plasticity that allows Marmosa species to adapt suc-
cessfully to different Neotropical ecosystems.

Introduction

The genus Marmosa con-
sists of nine living species
(Wilson and Reeder, 2005)
distributed throughout Neotro-
pical terrestrial habitats, with
M. robinsoni being the most
widespread and M. xerophi-
la restricted to the semi-arid
coastal ecosystem extending
over northwestern Venezu-
ela and northeastern Colombia
(Handley and Gordon, 1979;
Eisenberg, 1989).

Handley and Gordon (1979)
suggested a close phyloge-
netic relationship between M.
robinsoni and M. xerophila,
whereby the latter is probably
the result of adaptations to
xeric conditions. M. xerophila
is smaller than M. robinsoni,
even in the sympatric area
where the smallest specimens
of M. robinsoni occur (L6-
pez-Fuster et al., 2002). This
agrees with Bergmann’s rule
that in hot and dry climates

the high surface-to-volume
ratio of smaller animals fa-
cilitates heat loss through the
skin and helps cooling of the
body (Ashton et al., 2000;
Millien et al., 2006).

As reproductive strategies
are influenced by environmen-
tal conditions (Sadleir, 1969) it
could be expected that repro-
ductive parameters of M. xe-
rophila also reflect adaptations
to semiarid environments, es-
pecially in one characterized
by low and unpredictable pre-
cipitation (Dfaz and Grana-
dillo, 2005), if compared to
those of M. robinsoni. For ex-
ample, a tendency to a lower
parental investment, especially
early in pregnancy, and/or a
higher degree of iteroparity
(Low, 1978; Morton et al.,
1982) would be expected for
M. xerophila rather than for
M. robinsoni.

The goal of this study was
to measure some reproductive
parameters of M. xerophila as

an initial approach to the nat-
ural history of this relatively
new species, and to infer the
significance of some adapta-
tions to semi-arid ecosystems
when comparing the data to
the information available from
field specimens and colonies
of M. robinsoni.

Materials and Methods

The study was carried out
in a tropical thorny wood-
land (Ewell et al., 1976; Mat-
teucci, 1987) in the Penin-
sula of Paraguand (12°02°N,
70°03°’W), Falcon State,
Venezuela (Figure 1). Local
climate is biseasonal, with a
long dry season from Janu-
ary to August, followed by
a short wet season in Sep-
tember-December. Mean an-
nual precipitation is 467mm,
mean annual temperature 27.4
+1.2°C (Hijmans et al., 2005),
and evaporation is >2000mm/
year (Veillon, 1995).

Field data were collected
by two methods: capture-
mark-recapture and radioac-
tive tagging. For the first one,
an 11x11 (2.25ha) trapping
grid with 121 trapping sta-
tions located 15m apart from
each other was established.
At each station, two Sherman
live traps were placed on the
ground. Trapping was run
for eight consecutive nights
each month for 13 months,
from June 1994 to June 1995.
Despite the expected effort
of 25168 trap-nights (i.e., 13
months X 8 nights x 121 traps
X 2 traps/station), only 23842
trap-nights were placed be-
cause of occasional logistical
problems. General morpho-
metric (body weight; body, tail
and rear foot lengths) were
recorded for each female and
young captured, providing a
continuous record of individ-
ual development. Each adult
female was included in one of
the following four reproduc-
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CICLO DE CRIA Y OTROS PARAMETROS REPRODUCTIVOS DE LA COMADREJITA XEROFITICA Marmosa
xerophila (Didelphimorphia: Didelphidae) EN LA PENINSULA DE PARAGUANA, VENEZUELA
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RESUMEN

Algunos de los pardmetros reproductivos fueron medidos en 60
hembras adultas de Marmosa xerophila para inferir el significado
de algunas de sus adaptaciones a ecosistemas semidridos cuando
se comparan con aquéllas de M. robinsoni, una especie presente
en sistemas mds hiimedos y a la que estd estrechamente relacio-
nada filogenéticamente. El estudio se llevo a cabo en un arbustal
seco espinoso en la Peninsula de Paraguand, Estado Falcon, Ve-
nezuela. Los datos de campo se colectaron a través de dos méto-
dos: captura-marcado-recaptura 'y marcado con radioisotopos. Un

pico reproductivo se presento en la estacion seca, entre junio y
julio. Las hembras con seiiales de haber destetado sus crias eran
mds evidentes entre julio y febrero. No se observo actividad re-
productiva en las hembras entre marzo y mayo. El ciclo repro-
ductivo duré 60 dias y el tamaiio promedio de la camada fue 7,9
crias. La estrategia reproductiva de M. xerophila es similar a la
de M. robinsoni que habita selvas tropicales, lo que refleja una
gran plasticidad que permite a estas especies adaptarse exitosa-
mente a diferentes ecosistemas neotropicales.

CICLO DE CRIACAO E OUTROS PARAMETROS REPRODUTIVOS DA CUICA XEROFILA Marmosa xerophila
(Didelphimorphia: Didelphidae) NA PENINSULA DE PARAGUANA, VENEZUELA

Dirk R. Thielen, Daniel R. Cabello, Guillermo Bianchi-Pérez e Paolo Ramoni-Perazzi

RESUMO

Foram medidos alguns pardametros reprodutivos de 60 fémeas
adultas de M. xerophila para inferir sobre o qudo significativas
sdo algumas adaptagcbes ao ecossistema semi-drido comparan-
do-os com M. robinsoni. O estudo foi realizado em um bosque
espinhoso tropical na Peninsula de Paraguand, Estado Falcon,
Venezuela. Os dados de campo foram coletados usando-se dois
métodos: captura-marcag¢do-recaptura e uso de etiquetas radioa-
tiva. Um pico de reproducdo ocorreu em junho e julho, durante

a estagdo seca. Fémeas pos-lactantes foram detectadas de jul-
ho a fevereiro. Ndo houve atividades reprodutivas de marco a
maio. O ciclo de criagcdo dura 60 dias e o tamanho médio da
ninhada foi de 7,9 jovems. A estratégia reprodutiva de M. xero-
phila é similar a de M. robinsoni de floresta tropical, refletindo
uma grande plasticidade que permite as espécies do género se
adaptarem com éxito em diferentes ecossistemas Neotropicais.
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attached to teats (with CARIBBEAN SEA
young, WY), milk se-
cretion and/or orange
mammary area (lactat-
ing, LAC), no milk se-

cretion and pale orange 1%

mammary area (post-
lactating, PL), and none
of the previous catego-
ries (non-reproductive,
NR). For young still
clinging to the teats,
crown to rump length
was measured.
Radioactive tagging
was performed by us-
ing a 1.9x0.9mm tag
containing Ir-192 with
ImCi of activity, placed
subcutaneous in the in-
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vided information about
"nest phase" evolution,
young development,
and weaning dynam-
ics. This information
< plus available data from
the capture-recapture
method were used to
study the “nest phase”
(Thielen, 1996).

Results

Data presented here
come from 60 differ-
ent adult females, out
of which 38 were re-
captured at least once.
Monthly captures aver-
aged 16.1 (12-25) adult

dividual's dorsum with
a 15-gauge needle. Four
reproductive females
were tagged and traced
with a Geiger-Miiller detec-
tor from the "teat-attachment
phase" to weaning. The detec-
tor was placed close to the
nest; it sent a signal to a por-
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Figure 1. Location of study area at the Peninsula of Para-
guand, Falcon State, Venezuela.

table computer allowing a 24h
recording of the presence of
tagged individuals. Continuous
monitoring of tagged females
and daily inspections of their

females. A seemly
weather synchronized
peak of females with
young attached to the
teats occurred in June and
July, during the dry season, a
couple of months prior to the
beginning of the rainy season
(Figure 2). The proportion of

gradually until December.
Post-lactating females were
detected from July to Febru-
ary. No reproductive activity
was recorded from March to
May.

Observations of 55 litters,
of 42 females, in the same re-
productive season showed a 60
days rearing cycle (time from
birth to weaning). Thirty-one
females produced one litter;
nine had two and two three
litters. Mean number of lit-
ters per reproductive female
was 1.3 per year, and mean
litter size was 7.9 £2.1 (mean
+SD), ranging from 3 to 11
young. By multiplying these
two values, a reproductive sea-
son productivity of 10.4 +£2.7
(mean +SD) young per female
was obtained.

Morphometric, reproduc-
tive and developmental differ-
ences between M. xerophila
and M. robinsoni are shown
in Table I. M. xerophila had
a shorter time from birth to
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Figure 2. Relative abundance of adult females of Marmosa xerophila in different
reproductive categories. WY: with young attached to teats, LAC: lactating young at
“nest phase”, PL: post-lactating (i.e. weaned and dispersed offspring), and NR: non-

reproductive. pp: precipitation

weaning, shorter dispersal
time and smaller birth body
size than M. robinsoni. On
the other hand, M. xerophila
had a longer teat-attachment
phase, dorsal pigmentation
and dorsal fur were completed
later and nest phase started at
an older age. Finally, litter size
in M. xerophila was similar to
that registered in M. robinsoni
inhabiting forested habitats,
but lower than that from M.
robinsoni from the Venezuelan
Llanos.

Discussion

There is limited infor-
mation available for many
species of mouse opossums
(Hayssen et al., 1993), for-

[ LAC
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Months

mer genus Marmosa, and
therefore little is known on
the reproductive patterns of
such species. Walker (1975)
suggested that several mouse
opossum species breed from
one to three times per year
in cool habitats and through-
out the year in areas with
tropical climate. Indeed,
available data show great
variation among species, with
M. canescens reproducing
all over the year (Ceballos
and Miranda, 1986; Ceba-
llos, 1990) and other species
showing marked seasonality
in reproduction, most of them
having their reproductive ac-
tivity correlated to precipita-
tion (O’Connell, 1979; Fleck
and Harder, 1995; Martins

TABLE I

et al., 2006). On the
other hand, some other
species as Marmosops
incanus (Lorini et al.,
1994) and Thylamys
elegans (Mann, 1978)
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| é? breed in the driest sea-

~60 5 son of the year.

| B M. xerophila and M.
S robinsoni show a sea-

1493 sonal reproductive bi-

L2 ology. In both species,

reproduction starts at
the end of the dry and
beginning of the wet
seasons (Enders, 1966;
Fleming, 1973; August,
1984; O’Connell, 1989).
Although beginning of
rainfall could trigger
reproduction, Fleming
(1973, 1975) reported
that synchronization
of reproduction depends on
more complex factors, such
as a strong selective pres-
sure for the young to wean
when there is greater food
availability and adults being
energetically more active;
that is, adults being more
capable to allocate more en-
ergy for those events related
to reproduction (Gittleman
and Thompson, 1988). In
this sense, in the area of the
present study, Thielen et al.
(1997b) reported a peak of
ripe fruits and invertebrates
corresponding with the breed-
ing season and weaning of
young, respectively.

In marsupials, litter size
is inversely correlated and
duration of maternal care is

T
n
o

T
o

REPRODUCTIVE AND DEVELOPMENTAL DATA OF M. robinsoni AND M. xerophila

Reproductive and developmental data

M. robinsoni*

M. xerophila**

Time from birth to weaning

Litter size

Birth body size
Teat-attachment phase
Dorsal pigmentation
Dorsal fur completed
Open eyes

Dispersal

Nest-phase starts

No. litters/¢/year
Productivity/¢/year
Gestation time

65 days 60 days
6-13 in rainforest; 3-11
13-15 in the Venezuelan Llanos;

8 in colonies

8-12 mm 6-7 mm
20 days 23 days
20 days 23 days
34 days 36 days
39-40 days 40 days
70 days 60 days
28 days 30-32 days
1-2 13
10 in rainforest; 19.6 in the Venezuelan Llanos 10.4
13-14 days 14 days

* Fleming, 1973; O’Connell, 1989; Eisenberg and Maliniak, 1967. ** This study.
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directly correlated to body
mass, especially for small
didelphids, in which larger
litter size seems to be more
important than shortened age
at weaning or earlier matura-
tion (Thompson, 1987). The
present data diverges from
this tendency, as litter size
and body size of M. xerophila
were smaller than M. robinso-
ni from the Venezuelan Llanos
(O’Connell, 1983; Lopez-Fus-
ter et al., 2000), and young
M. xerophila developed slower
than M. robinsoni (Eisenberg
and Maliniak, 1967; Collins,
1973; O’Connell, 1979; Eisen-
berg, 1983). However, disper-
sal was reached faster than in
M. robinsoni and in a gradual
manner, probably when young
follow their mother to foraging
excursions and accidentally or
intentionally, walk away.

Fleming (1973, 1975) and
O’Connell (1989) found that
M. robinsoni produced up to
two litters in the same year,
but tendency is to have only
one. Mean litter size was
10 young (6-13, n=7) in the
rainforest (Fleming, 1973),
and 14 young (13-15, n=13)
in the Venezuelan Llanos
(O’Connell, 1979, 1989), so
annual productivity for these
two ecosystems is 10.0 and
19.6 young, respectively. This
difference is in concert with
the Lopez-Fuster et al. (2000)
report that individuals of M.
robinsoni coming from second
growth habitats, such as the
Venezuelan Llanos, are bigger
and heavier than those found
in primary forests, owing to
the higher Llanos annual pro-
ductivity. M. xerophila from
the present study area and M.
robinsoni from the rainforest
showed comparable values
of productivity per female,
and data of both species could
have been influenced by the
low productivity registered in
these habitats.

Spencer and Steinhoff
(1968) and O’Connell (1979,
1989) reported a selec-
tive pressure on didelphids
in highly variable habitats
where the tendency is to pro-
duce few big litters during
the most favorable season.
Thielen (1996), Thielen er al.
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(1997a), Hunsaker (1977) and
O’Connell (1979, 1989) con-
sidered this factor as an adap-
tive mechanism to compensate
for the short reproductive life
of females and high mortality
of young in these areas.

Thielen (1996) and Thiel-
en et al. (1997a) reported
females of M. xerophila be-
coming sexually mature at
nine months old and sur-
viving for a short time af-
ter a year of age. O’Connell
(1989), in the Venezuelan
Llanos, found that females
of M. robinsoni became
sexually mature as young as
six months of age; however,
Hunsaker (1977) and God-
frey (1975) suggested a min-
imal period of 8-9 months
to reach sexual maturity.
O’Connell’s findings could
be due to a long wet season
favorable influence. Fitch and
Sandidge (1953) interpreted
Didelphis virginiana semel-
parity by saying that either
females are preyed upon af-
ter first breeding or they re-
main too exhausted to breed
for a second time. Climate
and diet could be important
factors affecting multiparity
(Hunsaker, 1977).

The adaptive strategy of
these closely related species of
Marmosa is similar, reflecting
a plasticity that helps the spe-
cies overcome the differences
that characterize each eco-
system. Further studies would
be necessary to confirm that
this plasticity makes the genus
Marmosa not only the most
diverse of the Didelphidae
family, but also a mammal
group distributed successfully
in the different Neotropical
ecosystems.
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