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Understanding factors that influence the distribution and abundance of seed dispersers is important because
of the role these species play in maintaining plant communities. The temperate forest of Patagonia has an
unusually high frequency of mutualisms, including obligate seed dispersal of a keystone mistletoe (7risterix
corymbosus) by the marsupial Dromiciops gliroides. We examined whether the distribution and abundance of
D. gliroides was related to the distribution and abundance of this mistletoe, which is a principal food source, or
alternatively, whether other habitat features constrain the distribution and abundance of this marsupial. We
conducted field surveys for D. gliroides, mistletoe, and other habitat variables and developed a set of habitat
models in which model variables were defined a priori. We found that the distribution of D. gliroides was
related to bamboo cover. Bamboo is an important source of nest material and nest sites. However, when the
minimum requirement for bamboo cover was met, abundance of D. gliroides tracked abundance and fruit
production of mistletoe plants. Habitat constraints imposed by bamboo on D. gliroides have important
conservation implications because both anthropogenic and natural processes have significant impacts on

bamboo in the temperate forest of Patagonia.
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Seed dispersers, such as frugivorous mammals and birds,
play an important role in creating and sustaining diversity in
plant communities (Schupp et al. 2002). Understanding the
suite of factors that are needed to maintain plant-seed
disperser interactions is therefore important for advancing
understanding of mutualisms and for biodiversity conserva-
tion. At large scales appropriate habitat can be the most
important factor limiting distribution and abundance of
frugivores, including characteristics such as availability of
nest sites, a diversity of food resources, and distance between
food and shelter (Fedriani 2005; Wiens 1989). At small scales
characteristics of the habitat surrounding fruiting plants also
can be important because frugivores might select plants or
good patches based on habitat features rather than on plant
phenotypic traits (Fedriani 2005; Herrera 1998). For example,
frugivores could minimize predation risk by selecting sites
with high vegetative cover to avoid predators during foraging
(Howe 1979). The distribution and abundance of species also
depend, in part, on the distribution and abundance of other
species with which they interact (Wiens 1989). However, the
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majority of plants that depend on frugivorous animals for seed
dispersal are dispersed by several species of animals, and most
animal dispersers consume fruit of several plant species
(Herrera 1998, 2002). Thus, specific pairwise interactions
between a plant and a given frugivore are generally weak
(Bascompte et al. 2006; Vazquez et al. 2007), and habitat
factors can limit the degree to which distribution or dynamics
of frugivorous animals correlate with a particular food
resource.

In contrast to the weak mutual dependence of most plants
and their seed dispersers, some mutualisms in the temperate
forest of Patagonia in southern South America appear to be
obligate, and a large proportion of the flora depends on
mutualistic animals (Aizen and Ezcurra 1998; Aizen et al.
2002; Armesto et al. 1996). This level of mutualism is one of
the highest recorded for temperate ecosystems and is
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comparable to levels from tropical forests (Willson 1991;
Willson et al. 1989). Unlike the mutualism structure in tropical
forests, in this temperate forest many species of flora depend
on a few mutualistic animals (Aizen et al. 2002). The northern
portion of the temperate forest harbors a unique triangle of
keystone mutualists comprised of a hummingbird (picaflor
rubi or green-backed fire crown [Sephanoides sephaniodes]), a
mistletoe (quintral [7risterix corymbosus]), and a marsupial
(monito del monte [Dromiciops gliroides]—Amico and Aizen
2000), which is the only living representative of Microbiother-
iidae, one of the oldest lineages of marsupials (Marshall 1978).
The hummingbird is responsible for pollinating nearly 20% of
the endemic species of woody flora in this biome (Aizen et al.
2002; Armesto et al. 1996). The mistletoe blooms in winter and
is the only source of nectar for the hummingbird during that
period (Aizen and Ezcurra 1998; Smith-Ramirez 1993). D.
gliroides is the only known disperser of the mistletoe in this
forest, and passage of the seed through the gut of D. gliroides is
crucial to triggering germination (Amico and Aizen 2000).
Other research suggests that D. gliroides also disperses seeds of
80% of the flora with fleshy fruits in this forest (Amico and
Aizen 2000; Amico et al. 2009). Understanding factors that
influence the distribution and abundance of these keystone
species is important for conserving these species and the roles
they play in maintaining the temperate forest of Patagonia. In
this study we focus on D. gliroides.

We conducted field surveys for D. gliroides, mistletoe, and
other habitat variables and developed a set of habitat models
in which model variables were defined a priori to test the
hypothesis that the distribution and abundance of D. gliroides
are related to the distribution and abundance of mistletoe, or
alternatively, to habitat structure of other food plants, or both.
We hypothesized that the distribution and abundance of D.
gliroides might be related to the abundance of mistletoe
because D. gliroides influences recruitment of the mistle-
toe (Garcia et al. 2009; Rodriguez-Cabal et al. 2007), and
mistletoe serves as a high-density resource patch for D.
gliroides. Alternatively, because of the diversity of fruits
available at our site, the distribution and abundance of D.
gliroides might be constrained largely by habitat features such
as vegetative cover and structural complexity of the habitat
that influence nest site availability, predation risk, and other
aspects of their biology. Other habitat studies have shown that
this species uses a variety of forest types (Fonttirbel et al.
2010; Smith-Ramirez et al. 2010) and that abundances of D.
gliroides and mistletoe are associated in some areas (Garcia
et al. 2009) but not others (Smith-Ramirez et al. 2010).

MATERIALS AND METHODS

Study area.—We conducted our research in Nahuel Huapi
National Park (41°01'S, 71°30'W, 705,000 ha) and an
adjacent reserve, Llao-Llao Municipal Reserve (41°08'S,
71°19'W, 1,226 ha), in northwestern Patagonia, Argentina.
Native forest vegetation in the study area belongs to the
Subantarctic biogeographical region (Cabrera 1976). The most

Vol. 92, No. 6

common trees are evergreen southern beech (Nothofagus
dombeyi), deciduous lenga beech (Nothofagus pumilio), and a
conifer (Austrocedrus chilensis). Understory is dominated by
bamboo (Chusquea culeou) and the shrub Aristotelia chilensis,
which is the main host of mistletoe in the study area (Mermoz
and Martin 1986). Two forest layers are well differentiated,
with tree canopy reaching a height of 40 m and understory
reaching to 5 m. Nearly 50% of the woody species in the
understory of the study have fleshy fruits (Amico and Aizen
2005). Cattle roam freely through large parts of Nahuel Huapi
National Park but have been excluded from Llao-Llao
Municipal Reserve for several decades. Mean January tem-
perature is 15°C, and mean July temperature is 3°C (Mermoz
and Martin 1986).

Sampling design.—We conducted presence—absence sur-
veys of D. gliroides and examined habitat variables at 17 plots
(each 50 x 50 m) in Nahuel Huapi National Park. In addition,
trapping was conducted at 12 plots (each 50 x 50 m) in Llao-
Llao Municipal Reserve to determine the relationship between
abundance of D. gliroides and abundance of mistletoe and
other habitat variables. Plots at Nahuel Huapi National Park
and Llao-Llao Municipal Reserve were located in continuous
forest. Plots were separated from each other by at least 5 km
(maximum distance 50 km) for the plots in the presence—
absence surveys and by 500 m (maximum distance 2 km) for
the plots in the abundance surveys. Plots in Nahuel Huapi
National Park were chosen randomly to incorporate the range
of forest conditions found in the study area. Potential plots in
Llao-Llao Municipal Reserve were stratified by mistletoe
density, and 4 plots were chosen randomly within each of the
following categories: high (>35 reproductive individuals of
mistletoe per hectare), low (<20 reproductive individuals per
hectare), and no mistletoe. Plots were stratified on abundance
of mistletoe because mistletoe has a patchy distribution and a
range of other variables can be found within each stratum
defined by mistletoe density. We conducted most fieldwork
during the austral summer (December 2006—March 2007)
because D. gliroides hibernates during winter and the main
fruiting and dispersal season of the mistletoe is summer
(Aizen 2003).

Presence—absence of D. gliroides.—To facilitate rapid
surveys of presence—absence of D. gliroides the 17 study
plots throughout Nahuel Huapi National Park were grouped by
presence or absence of mistletoe. At plots with mistletoe we
examined all plants < 15 cm in diameter at breast height in
each plot for dispersed mistletoe seeds. When D. gliroides
defecates mistletoe seeds, the sticky pulp that surrounds the
seeds facilitates attachment to the branch resulting in
“‘necklaces’” of up to 20 seeds linked by viscin threads. We
concluded that D. gliroides was present if we found mistletoe
seeds dispersed. If no dispersed seeds were found in the plot,
we used trapping to determine the presence of D. gliroides.
Trapping also was conducted in plots with no mistletoe.
Within each plot we placed a 5 x 5 grid of Tomahawk-style
traps (15 x 15 x 25 cm) about 10 m apart. Previous trapping in
our study area indicated that this grid size was large enough to
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TABLE 1.—Means (* SDs) of habitat variables and summary ANOVA for comparison of means for plots in Nahuel Huapi National Park in
northwestern Patagonia, Argentina, where Dromiciops gliroides was present or absent. Means (= SDs) of raw data are shown. See ‘‘Materials

and Methods’’ for details on habitat variables.

Mean * SD
Habitat variables Present (n = 9) Absent (n = 8) Fis P
No. reproductive mistletoe™ 1.17 = 1.49 1.48 £ 1.69 0.06 0.81
Crop size of mistletoe® 429.26 * 479.62 643.96 = 1,049.16 0.20 0.66
No. Aristotelia chilensis plants® 291 = 3.50 1.23 £ 1.73 1.50 0.23
Crop size of A. chilensis® 55.35 = 64.38 61.06 = 172.70 2.26 0.15
No. Azara microphylla plants 0.07 = 0.21 0.25 = 0.71 0.55 0.47
Bamboo cover (%)* 16.24 = 18.23 0.44 = 1.08 8.95 <0.001
Habitat complexity 3.18 = 0.87 3.01 = 1.05 0.35 0.73
Canopy cover (%)" 54.70 = 20.60 46.28 = 35.79 2.87 0.10
Average diameter at breast height 53.13 = 24.59 21.00 £ 39.59 3.80 0.08

# Variables were log-transformed prior to analysis.

obtain a sufficient sample of individuals (Rodriguez-Cabal
et al. 2007, 2008), although more recent studies with
radiotelemetry have shown home ranges of 1.3 ha in Llao-
Llao Municipal Reserve (Rivarola 2009) and home ranges of
1.6 ha = 0.6 SD in fragmented forests in Chile for this species
(Fonturbel et al. 2010; Franco et al. 2011). Each trap was
placed between 1 and 2 m above ground in the shrub closest
to the sample point. Traps were baited with apple and banana.
Because the objective was to document presence, once a D.
gliroides was trapped we stopped trapping at the plot (except
in plots where we determined abundance; see below). Samp-
ling for presence—absence was continued for 4 nights if no D.
gliroides was captured. Based on previous capture data for D.
gliroides (Rodriguez-Cabal et al. 2007, 2008), and following
procedures in MacKenzie et al. (2002), probability of capture
was 99.6% in 4 nights if D. gliroides was present. We
concluded that D. gliroides was absent after 4 nights of
trapping if no D. gliroides was captured.

Abundance of D. gliroides.—We estimated abundance of
D. gliroides using multiple capture—recapture methods with
trapping grids as described above. This measure of abundance
represents an estimate of the number of animals that exhibit at
least some of their activity in the plot, not the number of
animals that maintain home ranges within the plot. At each of
the 12 plots in Llao-Llao Municipal Reserve animals were
trapped for 4 periods of 4 nights each. Traps were checked
daily, and all D. gliroides captured were marked with an
individual code using ear clips and released at the point of
capture (Rodriguez-Cabal et al. 2007). Recaptures were noted
in subsequent trapping periods. We report the total number of
unique individuals captured for all plots to allow for
comparison among plots (Wilson et al. 1996). The low
number of captures in plots without mistletoe precluded use of
other methods to estimate abundance. Research on live
animals conformed to guidelines of the American Society of
Mammalogists (Sikes et al. 2011) and was approved by the
University of Florida Animal Care and Use Committee.

Habitat variables.—At each of the 17 plots in Nahuel Huapi
National Park a 5 x 5 grid was established with points 10 m
apart. We measured a suite of habitat variables in 5-m-radius
circular subplots centered on every 2nd point (n = 13 per

plot). Similar sampling was conducted at plots trapped in
Llao-Llao Municipal Reserve, with subplots centered on every
2nd trap. We measured the following variables to represent the
biological and physical structure of the habitat: number of
reproductive individuals and crop size of the 3 most common
understory plants consumed and dispersed by D. gliroides
(mistletoe, A. chilensis, and Azara microphylla—Amico et al.
2009), cover and height of bamboo, complexity of habitat
structure, canopy cover, understory cover, and diameter at
breast height of all trees. In addition, for mistletoe we counted
the number of nonreproductive individuals (2—4 years old),
seedlings (those presenting the first 2 true leaves), and number
of seeds dispersed. To determine crop size of understory plants
we counted the number of fruits on a subset of 3 branches
dispersed in each crown and then estimated total crop size by
multiplying mean number of fruits per branch by total number
of branches in the crown for each plant. Cover of bamboo was
estimated visually by summing the total area occupied by
bamboo stems and leaves in each subplot. Also, we measured
height of the tallest bamboo stem in each subplot. As a
measure of habitat complexity within each subplot, we
counted the number of contacts with a vertical pole (3-m
height) for branches 5-10 cm in diameter and oriented <45°
relative to the ground. Good connectivity between plants in the
understory stratum could play a key role in the mobility of this
animal, and more seeds dispersed in feces of D. gliroides are
found on branches with these characteristics (Amico 2000).
Percent cover of the canopy and understory were estimated
using a densiometer at the center of the circular subplot.
Statistical analysis.—We used analysis of variance (ANOVA)
to compare habitat variables among plots where we recorded
presence versus absence of D. gliroides. We used multiple
logistic regression to determine which habitat variables
predicted presence of D. gliroides throughout Nahuel Huapi
National Park. In addition, we used multiple regression to assess
the contribution of habitat variables to explaining abundance
of D. gliroides in Llao-Llao Municipal Reserve. A Shapiro—
Wilk W-test was used to test normality. Data were log-
transformed when necessary to achieve normality and reduce
heteroscedasticity (Table 1). For both analyses we used only
explanatory variables that did not correlate significantly with
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TABLE 2.—Summary of the competitive logistic regression models (AAIC < 2) constructed to determine which habitat variables predicted
presence—absence of Dromiciops gliroides at the 17 study plots in Nahuel Huapi National Park in northwestern Patagonia, Argentina. Significant
variables in each model are indicated by an asterisk (*). See ‘‘Materials and Methods’” for details on habitat variables. AIC. = small-sample
version of Akaike’s information criteria; AAIC = difference between the AIC, score for each model and the AIC. score of the best model.

Predicted correct (%)

Models Habitat variables AIC, AAIC P B Absent Present
Fruit abundance and bamboo 0.82 0 0.61 88.9 88.9
Crop size of mistletoe
Crop size of Aristotelia chilensis
Bamboo cover* 29.04
Bamboo 0.31 0.37 77.8 66.7
Bamboo cover* 8.57

one another after a Bonferroni correction. Two sets of variables
were correlated for plots where we measured presence—absence
and abundance. We omitted bamboo height and understory
cover because these measures were correlated with bamboo
cover and habitat complexity, respectively, and bamboo cover
and habitat complexity might be related more directly to the
biology of D. gliroides, particularly for nest material and
mobility. We did not include crop size of A. microphylla in
analyses because this understory plant did not fruit during the
study year.

Seven models were built to identify habitat variables related
to the presence—absence and abundance of D. gliroides. Rather
than examine all possible models, models were developed
based on a priori hypotheses that focused on mistletoe, other
food plants, and habitat structure as key factors in the
distribution and abundance of D. gliroides. We examined the
following models: global—all habitat variables; food plants—
number of reproductive individuals of major food plants that
produce fleshy fruits eaten by D. gliroides; fruit abundance
and bamboo—crop size of plants with fleshy fruits and cover
of bamboo; mistletoe plants and bamboo—number of
reproductive mistletoes and bamboo cover; mistletoe plants;
bamboo; and habitat structure—all habitat variables unrelated
to food plants.

We used Akaike’s information criteria (AIC), which allow
direct comparison of models with different numbers of
parameters. The best-fitting model has the smallest AIC
(Burnham and Anderson 2002; Whittingham et al. 2005). We
applied the small-sample version of AIC (AIC.) because the
ratio of number of observations to number of parameters was
<40. AAIC represents the difference between the AIC, score
for each model and the AIC, score of the best model. Models
with AAIC values < 2 are competitive (Burnham and
Anderson 2002).

To evaluate goodness-of-fit for multiple logistic regression
models we used Nagelkerke rz, which is based on comparison
of the likelihood of the current model to the null model (i.e.,
one without predictors—Hosmer and Lemeshow 1989). We
evaluated the importance of significant independent variables
in logistic regression using the standardized regression
coefficient 3, which is the predicted change in odds for a
unit increase in the corresponding independent variable
(Hosmer and Lemeshow 1989). In multiple regressions we

evaluated the importance of significant independent variables
by calculating the standardized regression coefficient § (Ganas
and Robbins 2005). Finally, we performed simple regression
analyses to examine the relationship between abundance of D.
gliroides and habitat variables that occurred in the competitive
multiple and logistic regression models. Analyses were
conducted using SAS 9.13 and JMP IN for Windows version
5.1 (SAS Institute Inc., Cary, North Carolina). The criterion
for statistical significance was P < 0.05.

RESULTS

Presence—absence of D. gliroides.—Dromiciops gliroides
was present at 9 of 17 survey plots. These plots had more
bamboo cover than plots without D. gliroides, and no other
variables differed significantly between plots where D.
gliroides was present versus absent (Table 1). D. gliroides
was present at 3 plots with no mistletoe, and mistletoe was
present at 4 plots where D. gliroides was absent. However, in
all plots without D. gliroides we did not find mistletoe seeds
dispersed, seedlings, or nonreproductive mistletoe (2—4 years
old), indicating that no mistletoe recruitment had occurred
in at least the last 4 years. Two of the 7 multiple logistic
regression models were competitive for explaining presence—
absence of D. gliroides (Table 2). The most parsimonious
model (fruit abundance and bamboo) explained almost 90%
of the variation in presence—absence of D. gliroides. Bamboo
cover was the only significant predictor variable in the top
models. D. gliroides was recorded in 100% of the plots that
had >10% bamboo cover and in only 33% of the plots with
<10% cover.

Abundance of D. gliroides.—Dromiciops gliroides was
captured in the first 4 nights of trapping at 10 of the 12 plots,
but local abundance varied substantially among plots (Fig. 1).
Within a plot the number of captures of different individuals
ranged from O to 45, and the number of individuals recaptured
at least once ranged from O to 24. The 2 plots where no
animals were captured were the only plots with <10%
bamboo cover. These plots, and 2 additional plots where D.
gliroides was recorded, also had no mistletoe. The most
parsimonious model for abundance of D. gliroides contained
only the number of reproductive mistletoe plants (Table 3),
with mistletoe explaining 80% of the variation. Abundance of



December 2011

50 | #=0.80,F, ,, =39.71, P < 0.001

RODRIGUEZ-CABAL AND BRANCH—HABITAT MODELS FOR MARSUPIAL POPULATIONS 1249

50 1 #=0.22, F, =275 P=0.13

] . .
40 - 40 - .
0 |
(1) 30 30 -
3
§ 20 20 4
1 L
Sy
— 10 10 4
=] :

. 0e 0@ : . : : .
Ql 0.0 0.5 1.0 1.5 2.0 a 1 2 2 4 &
“5 Number of reproductive Crop size of A. chilensis (log)

E mistletoe (log)
a 50 1 /= 0.72, F, ,, = 25.07, P < 0.0M 50 1 #=0.01,F,,,=0.07, P=0.80
1 .
= 40 - 40 .
= ]
= 30
]
% e I =
10 @
: . *
T T T - 9 n.. - - —i— = = e - =
6 1 2 3 4 5 & T 8 o 1 2 3 4 5
Crop size of mistletoe (log) Bamboo cover (log)

Fic. 1.—Simple linear regression of the number of Dromiciops gliroides on predictor variables of the competitive logistic and multiple
regression models for sample plots in Llao-Llao Municipal Reserve in northwestern Patagonia, Argentina. Coefficients of determination (+%) and

P-values are shown. Larger dots represent more than 1 data point.

D. gliroides increased as the number of reproductive mistletoe
plants or crop size of mistletoe increased (Fig. 1). Bamboo
cover and abundance of D. gliroides were not related (Fig. 1).
Similarly, crop size of A. chilensis and other habitat variables
explained little variation in the abundance of D. gliroides

(Fig. 1).

Discussion

Based on our sampling throughout Nahuel Huapi National
Park, structural habitat features strongly influenced the
distribution of D. gliroides, and mistletoe and other food
plants were not significant predictors of the presence of D.
gliroides. Four plots with mistletoe did not have D. gliroides.
If this is the only seed disperser of mistletoe in this temperate
forest, as concluded from previous studies (Amico and Aizen

2000), presumably D. gliroides was present in the area when
mistletoe plants were established in these plots. The absence
of seedlings and nonreproductive mistletoe (2- to 4-year age
class) in plots where we did not detect D. gliroides is
consistent with local extirpation of D. gliroides, but other
factors also could influence recruitment of mistletoe.
Bamboo cover was the most important habitat feature
explaining presence—absence of D. gliroides. Leaves of
bamboo are a principal resource for nest building for D.
gliroides, and because D. gliroides is arboreal, bamboo can
increase mobility of this species in forest understory where
food and nests are located and provide cover from predators
(Jimenez and Rageot 1979; Mann 1955). In contrast, surveys
conducted at Llao-Llao Municipal Reserve did not show a
significant association between abundance of D. gliroides and
cover of bamboo, although D. gliroides was absent from the 2

TaBLE 3.—Summary of the competitive regression models (AAIC < 2) constructed to determine which habitat variables predicted
abundances of Dromiciops gliroides at 12 study plots in Llao-Llao Municipal Reserve in northwestern Patagonia, Argentina. Significant
variables in each model are indicated by an asterisk (*). See ‘‘Materials and Methods’’ for details on habitat variables. AIC. = small-sample
version of Akaike’s information criteria; AAIC = difference between the AIC, score for each model and the AIC, score of the best model.

Models Habitat variables AIC, AAIC ” B P
Mistletoe 48.47 0 0.80
No. reproductive mistletoe* 0.89 <0.0001
Mistletoe plants and bamboo 49.40 0.93 0.83
No. reproductive mistletoe™ 0.95 <0.0001

Bamboo cover
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plots with <10% of bamboo cover. The lack of importance of
bamboo in explaining abundance of D. gliroides in the reserve
could be explained if, once the minimum requirement for
bamboo cover is met, other factors play a more important role
than bamboo in controlling the number of D. gliroides the
habitat can support.

Dromiciops gliroides was present at plots without mistletoe,
indicating that the mistletoe—D. gliroides association is not an
obligate partnership for D. gliroides. However, a significant
association occurred at Llao-Llao Municipal Reserve between
abundance of D. gliroides and abundance of mistletoe plants
and fruits. These results are consistent with other data that
show corresponding spatial patchiness in the distribution
of D. gliroides and mistletoe along a transect in this reserve
(Garcia et al. 2009). The strong relationship between mistletoe
abundance and abundance of D. gliroides at this reserve
might occur because larger numbers of D. gliroides result
in greater recruitment of mistletoe, populations of D. gliroides
are responding to abundance of mistletoe fruit, or both
species are responding to another related habitat variable not
measured in this study. The importance of D. gliroides for
dynamics of the mistletoe has been established (Amico and
Aizen 2000; Garcia et al. 2009; Rodriguez-Cabal et al. 2007).
Experiments are needed to determine the importance of mis-
tletoe for populations of D. gliroides, but several observa-
tions suggest that mistletoe could affect the dynamics of this
species. Mistletoe produces a large crop size every year and
is the most abundant fleshy fruit in the northern temperate
forest of Patagonia (Aizen 2003). Also, mistletoe plants are
aggregated, resulting in patches with predictable high densities
of fruit resources. Examination of data from other sites shows
that once mistletoe fruits are ripe D. gliroides consumes
almost exclusively mistletoe (Rodriguez-Cabal et al. 2007).
Some studies of other species support a positive relationship
between fruit abundance and fruigivore abundance (Krebs
et al. 2010; Moegenburg and Levey 2003; Ortiz-Pulido and
Rico-Gray 2000; Rey 1995; Saracco et al. 2005), and others
suggest little or no relationship (Garcia and Ortiz-Pulido 2004;
Herrera 1998; Telleria and Perez-Tris 2007). However, the
majority of studies on the relationship between fruit avail-
ability and abundance of frugivores have examined interac-
tions between fruiting plants and frugivorous birds (Herrera
1998, 2002; Jordano 1994, 2000, Levey 1988; Loiselle and
Blake 2002). Birds are highly mobile and can move among
resource patches at a variety of scales in response to changes
in fruit abundance. In contrast, a small mammal like D.
gliroides that lives mainly in the understory cannot exploit
widely distributed resource patches that might provide food
when the local fruit crop is scarce. As a result, local resources,
such as mistletoe fruit, could have stronger effects on
abundance of small mammals such as D. gliroides than on
more mobile species. Similarly, berry crops are strong
predictors of temporal fluctuations in small mammal popula-
tions in boreal forests (Krebs et al. 2010).

Although considerable progress has been made in under-
standing plant-animal mutualisms in the Patagonian forest
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(Aizen 2003; Amico and Aizen 2000; Garcia et al. 2009), we
are only in the early stages of understanding the complex
interactions of these organisms with other aspects of the
environment. Because of the important role of D. gliroides as a
seed disperser in the Patagonian forest, habitat changes that
affect this species could have indirect cascading effects through
the rest of the community. Several anthropogenic and natural
processes have significant impacts on distribution and cover
of bamboo in temperate forests of Patagonia and, thus, likely
have indirect impacts on D. gliroides. Browsing by introduced
ungulates alters composition of the forest and greatly reduces
bamboo understory (Raffaele et al. 2007; Veblen et al. 1992).
Cattle and other introduced ungulates, such as red deer (Cervus
elaphus) and fallow deer (Dama dama), occur over large parts
of the Patagonian forest, including parks and reserves (Black-
hall et al. 2008), and might constitute an important threat to D.
gliroides. Natural and anthropogenic fires also might affect D.
gliroides in the short term by removal of bamboo and in the
long term by changing the composition and structure of the
forest (Kitzberger and Veblen 1999). In addition, in this forest
bamboo blooms and dies at approximately 40- to 60-year
intervals. Although these natural die-offs are not synchronous
over the entire forest, very large patches die (i.e., thousands of
hectares—Kitzberger et al. 2007), temporarily creating large
patches of habitat unsuitable for D. gliroides.

Habitat fragmentation also negatively affects abundance of D.
gliroides (Fonturbel et al. 2010; Rodriguez-Cabal et al. 2007;
Saavedra and Simonetti 2005), and local extinctions of this
species have been associated with complete disruption of
mistletoe seed dispersal (Rodriguez-Cabal et al. 2007). Loss
and fragmentation of Patagonian forests is relatively low in
Argentina, but enormous amounts of forest have been cleared in
Chile, resulting in landscapes composed of forest fragments and
strips of riparian forest (Echeverria et al. 2006). The mechanisms
through which habitat fragmentation affects D. gliroides are
unknown, but the impact of processes leading to loss of bamboo
can be amplified with habitat fragmentation. Effects of browsing
by livestock often are particularly acute in forest fragments
because livestock have easy access to the entire patch. Loss of
bamboo within habitat fragments from livestock browsing or
natural die-offs could have severe consequences because these
patches are isolated, reducing the probability of demographic
rescue and recolonization by D. gliroides following regeneration
of bamboo within the patch. Clearly, effective long-term
conservation of the Patagonian forest will need to focus not
only on maintaining the elements that contribute to biodiversity
and biological interactions (Vazquez and Simberloff 2003) but
also on incorporating an understanding of the environmental
factors that limit these interactions.

RESUMEN

Entender los factores que influencia la distribucién y
abundancia de los dispersores de semillas es importante por
el rol que estas especies juegan en el mantenimiento de la
biodiversidad. El bosque templado de Patagonia contiene un
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inusual ndmero de mutualismos, incluyendo la dispersion
de semillas de una especie clave, el muérdago (Tristerix
corymbosus) por el marsupial Dromiciops gliroides. En éste
trabajo examinamos si la distribucién y abundancia de D.
gliroides estaba relacionada con la distribucién y abundancia
del muérdago, el cual es una de las fuentes principales de
alimento, o alternativamente, si otras caracteristicas del habitat
restringen la distribucién y abundancia de este marsupial.
Nosotros realizamos relevamientos de D. gliroides, muérdago,
y otras caracteristicas del hdbitat y con éstas desarrollamos
modelos en los cuales las variables del hébitat fueron definidas
a priori. Encontramos que la distribucién del D. gliroides
esta relacionada con la cobertura de la cafia. La cafia es un
importante recurso para la construccion de los nidos y como
sitio de nidificacién. Sin embargo, cuando los requisitos
minimos de cafia son cubiertos, la abundancia de D. gliroides
esta mds relacionada con la abundancia y la produccién
de frutos del muérdago. Los limites impuestos por la cafia al
D. gliroides tienen implicancias importantes para la conserva-
cién debido a que los disturbios antropogénicos y naturales
impactan significativamente sobre las poblaciones cafia en los
bosques templados de Patagonia.

A CKNOWLEDGMENTS

We thank M. Failla (Director de Fauna de la Provincia de
Rio Negro, Argentina), G. Iglesias, C. Chehebar, and D. Mujica
(Nahuel Huapi National Park), and the staff of Parque Municipal
Llao-Llao for permission to carry out fieldwork; and N. Barrios, G.
Barrios, R. Bunge, J. M. Morales, S. Morgan, D. Mujica, and R.
Reggio for valuable assistance in the field. Suggestions by G. C.
Amico, M. A. Aizen, D. Garcia, G. Crutsinger, N. Sanders, and T.
Kitzberger greatly improved a previous version of the manuscript.
This research was supported by grants from the Wildlife Con-
servation Society, Scott Neotropical Fund—Cleveland Metroparks
Zoo, and the Jennings Scholarship of the University of Florida
Department of Wildlife Ecology and Conservation awarded to
MARC.

L1TERATURE CITED

A1zen, M. A. 2003. The relative influence of animal pollination and
seed dispersal on flowering time in a winter flowering mistletoe.
Ecology 84:2613-2627.

A1zen, M. A., anD C. Ezcurra. 1998. High incidence of plant—animal
mutualisms in the woody flora of the temperate forest of southern
South America: biogeographical origin and present ecological
significance. Ecologia Austral 8:217-236.

A1zEN, M. A., D. P. VAzQuUEz, aAND C. SMiTH-RAMIREZ. 2002. Historia
natural de los mutualismos planta—animal del Bosque Templado
de Sudamérica Austral. Revista Chilena de Historia Natural
75:79-97.

Awmico, G. C. 2000. Dispersion del quintral (Tristerix corymbosus) por el
monito del monte (Dromiciops australis). Tesis de Licenciatura,
Universidad Nacional del Comahue, Bariloche, Rio Negro, Argentina.

Amico, G. C., anp M. A. Awen. 2000. Marsupial dispersal of
mistletoe seeds in temperate South America. Nature 408:929-930.

Awmico, G. C., anp M. A. Aizen. 2005. Dispersion de las semillas por
aves en un bosque templado de Sudamérica austral: ;quién
dispersa a quién? Ecologia Austral 15:89-100.

RODRIGUEZ-CABAL AND BRANCH—HABITAT MODELS FOR MARSUPIAL POPULATIONS 1251

Awmico, G. C., M. A. RobrIGUEZ-CABAL, AND M. A. Aizen. 2009. The
potential key seed-dispersing role of the arboreal marsupial
Dromiciops gliroides. Acta Oecologica 35:8-13.

ARMESTO, J. J., C. SMITH-RAMIREZ, AND C. SABAG. 1996. The importance
of plant-bird mutualisms in the temperate rainforest of southern
South America. Pp. 248-265 in High latitude rainforests and
associated ecosystems of the west coast of the Americas (R. G.
Lawford, P. B. Alaback, and E. Fuentes, eds.). Springer, New York.

BascompTE, J., P. JorpANO, AND J. M. OLseEn. 2006. Asymmetric
coevolutionary networks facilitate biodiversity maintenance.
Science 312:431-433.

BrackHALL, M., E. RAFrFaELE, AND T. T. VEBLEN. 2008. Cattle affect
early post-fire regeneration in a Nothofagus dombeyi—-Austrocedrus
chilensis mixed forest in northern Patagonia, Argentina. Biological
Conservation 141:2251-2261.

BurnHAM, K. P., aND D. R. AnDERsON. 2002. Model selection and
multimodel inference. Springer, New York.

CABRERA, L. A. 1976. Regiones fitogeograficas argentinas. Editorial
ACME, Buenos Aires, Argentina.

EcHEVERRIA, C., D. CooMmEs, J. SaLas, J. M. REY-BENAYAS, A. LARA,
AND A. NEwTON. 2006. Rapid deforestation and fragmentation of
Chilean temperate forest. Biological Conservation 130:481-494.

Fepriang, J. M. 2005. Do frugivorous mice choose where or what to
feed on? Journal of Mammalogy 86:576-586.

FonTURBEL, F. E., E. A. SiLvA-RoDpRIGUEZ, N. H. CARDENAS, AND J. E.
JimMeNez. 2010. Spatial ecology of monito del monte (Dromiciops
gliroides) in a fragmented landscape of southern Chile. Mamma-
lian Biology 75:1-9.

Franco, M., A. Quuano, AND M. Soro-GamBoa. 2011. Communal
nesting, activity patterns, and population characteristics in the
near-threatened monito del monte, Dromiciops gliroides. Journal
of Mammalogy 92:994-1004.

GaANas, J., anD M. M. Rosains. 2005. Ranging behavior of mountain
gorillas (Gorilla beringei beringei) in Bwindi National Park,
Uganda: a test of the ecological constraints model. Behavioral
Ecology and Sociobiology 58:277-288.

Garcia, D., aND R. OrTiz-PuLipo. 2004. Patterns of resource tracking
by avian frugivores at multiple spatial scales: two case studies on
discordance among scales. Ecography 27:187-196.

GARcia, D., M. A. RopbrIGUEZ-CABAL, AND G. C. Amico. 2009. Seed
dispersal by a frugivorous marsupial shapes the spatial scale of a
mistletoe population. Journal of Ecology 97:217-229.

Herrera, C. M. 1998. Long-term dynamics of Mediterranean
frugivorous birds and fleshy fruits: a 12-yr study. Ecological
Monographs 68:511-538.

Herrera, C. M. 2002. Seed dispersal by vertebrates. Pp. 185-208 in
Plant-animal interactions: an evolutionary approach (C. M.
Herrera and O. Pellmyr, eds.). Blackwell, Oxford, United
Kingdom.

HosMmER, D. W., AND S. LEMEsHOW. 1989. Applied logistic regression.
John Wiley & Sons, Inc., New York.

Howg, H. F. 1979. Fear and frugivory. American Naturalist 114:925-931.

JiMeNEz, J., aND R. Raceot. 1979. Notas sobre la biologia del D.
gliroides (Dromiciops australis Philippi 1893). Anales del Museo
de Historia Natural 12:83-88.

JorpaNO, P. 1994. Spatial and temporal variation in the avian-
frugivore assemblage of Prunus mahaleb: patterns and conse-
quences. Oikos 71:479-491.

JorpaNoO, P. 2000. Fruits and frugivory. Pp. 125-165 in Seeds: the
ecology of regeneration in plant communities (M. Fenner, ed.). 2nd
ed. CAB International Publishing, Wallingford, United Kingdom.



1252 JOURNAL OF MAMMALOGY

KitzBeERGER, T., E. J. CHANNETON, AND F. Caccia. 2007. Indirect
effects of prey swamping: differential seed predation during a
bamboo masting event. Ecology 88:2541-2554.

KitzBerGER, T., AND T. T. VEBLEN. 1999. Fire-induced changes in
northern Patagonian landscapes. Landscape Ecology 14:1-15.

KRress, C. J., K. CowciLL, R. BoonsTrRA, AND A. J. KENNEY. 2010. Do
changes in berry crops drive population fluctuations in small rodents
in the southwestern Yukon? Journal of Mammalogy 91:500-509.

Levey, D. J. 1988. Spatial and temporal variation in Costa Rican
fruit and fruit-eating bird abundance. Ecological Monographs
58:251-2609.

LoiseLLE, B. A., anp J. G. BLake. 2002. Potential consequences of
local frugivore extinction for plant populations. Pp. 397-406 in
Seed dispersal and frugivory: ecology, evolution and conservation
(D. J. Levey, W. R. Silva, and M. Galetti, eds.). CAB International
Press, Oxfordshire, United Kingdom.

MacKenzig, D. 1., J. D. Nicoors, G. B. LAcuMAN, S. DROEGE, J. A.
RovLE, anp C. A. Lanctimm. 2002. Estimating site occupancy,
colonization, and local extinction when a species is detected
imperfectly. Ecology 84:2200-2207.

ManN, G. F. 1955. Dromiciops australis Philippi. Investigacién
Zoolégica Chilena 2:159-166.

MarsHALL, L. G. 1978. Dromiciops gliroides. Mammlian Species 99:1-5.

MEerMOz, M., AND C. MARTIN. 1986. Mapa de vegetacion del Parque y
la Reserva Nacional Nahuel Huapi. Secretaria de Ciencia y
Técnica de la Nacidén, Delegacion Regional Patagonia, S. C. de
Bariloche, Rio Negro, Argentina.

MOEGENBURG, S. M., anD D. J. LEVEY. 2003. Do frugivores respond to
fruit harvest? An experimental study of short-term responses.
Ecology 84:2600-2612.

Ortiz-PuLipo, R., aND V. Rico-Gray. 2000. The effect of spatio-
temporal variation in understanding the fruit crop size hypothesis.
Oikos 91:523-527.

RaFraELE, E., T. KitzBERGER, aND T. T. VEBLEN. 2007. Interactive
effects of introduced herbivores and post-flowering die-off of
bamboos in Patagonian Nothofagus forests. Journal of Vegetation
Science 18:371-378.

REey, P. J. 1995. Spatio-temporal variation in fruit and frugivorous
bird abundance in olive orchards. Ecology 76:1625-1635.

RivaroLa, M. D. 2009. Interaccién entre un muérdago y un
marsupial: estructura poblacional y drea de accién de Dromiciops
gliroides, y caracterizacion de la remocién de frutos de Tristerix
corymbosus. Tesis de Licenciatura, Universidad Nacional del
Comahue, Bariloche, Rio Negro, Argentina.

RODRIGUEZ-CABAL, M. A., M. A. Aizen, aND A. J. Novaro. 2007.
Habitat fragmentation disrupts a plant—disperser mutualism in the
temperate forest of South America. Biological Conservation
139:195-202.

RobriGUEZ-CaABAL, M. A., G. C. Amico, A. J. Novaro, AND M. A.
A1zen. 2008. Population characteristics of Dromiciops gliroides
(Philippi, 1893), an endemic maruspial of the temperate forest of
Patagonia. Mammalian Biology 73:74-76.

SAAVEDRA, B., anp J. A. SmvoneTTI. 2005. Small mammals of
Maulinio forest remnants, a vanishing ecosystem of southern-
central Chile. Mammalia 69:337-348.

Vol. 92, No. 6

Saracco, J. F., J. A. CoLLazo, M. J. Groom, aND T. A. Carro. 2005.
Crop size and fruit neighborhood effects on bird visitation to
fruiting Schefflera morototoni trees in Puerto Rico. Biotropica
37:81-87.

Scuupp, E. W., T. MILLERON, AND S. E. Russo. 2002. Dissemination
limitation and the origin of species-rich tropical forests. Pp. 19-43
in Seed dispersal and frugivory: ecology, evolution, and conser-
vation (D. J. Levey, W. R. Silva, and M. Galetti, eds.). CAB
International, Wallingford, United Kingdom.

SIKES, R. S., W. L. GANNON, AND THE ANIMAL CARE AND USE COMMITTEE
OF THE AMERICAN SOCIETY OF MaMMALOGISTs. 2011. Guidelines of
the American Society of Mammalogists for the use of wild
mammals in research. Journal of Mammalogy 92:235-253.

SmitH-Ramirez, C. 1993. Los picaflores y su recurso floral en el
bosque templado de la isla de Chiloé, Chile. Revista Chilena de
Historia Natural 66:65-73.

SmitH-RAMiREZ, C., J. L. CeLis-Diez, E. vON JENSTCHYK, J. E. JIMENEZ,
AND J. J. ArMESTO. 2010. Habitat use of remnant forest habitats by
the threatened arboreal marsupial Dromiciops gliroides (Micro-
biotheria) in a rural landscape of southern Chile. Wildlife Research
37:246-254.

TELLERIA, J. L., AND J. PErREz-Tris. 2007. Habitat effects on resource
tracking ability: do wintering blackcaps Sylvia atricapilla track
fruit availability? Ibis 149:18-25.

Vazquez, D. P., C. J. MELLIAN, N. M. WiLLiams, N. BLUTHGEN, B. R.
Krasnov, aND R. PouLiN. 2007. Species abundance and asymmetric
interaction strength in ecological networks. Oikos 116:1120-1127.

VazqQuez, D. P., anp D. SmvBerLoOFF. 2003. Changes in interaction
biodiversity induced by an introduced ungulate. Ecology Letters
6:1077-1083.

VEBLEN, T. T., M. Mermoz, C. MARTIN, AND T. KITZBERGER. 1992.
Ecological impacts of introduced animals in Nahuel Huapi
National Park, Argentina. Conservation Biology 6:71-83.

WHaItTINGHAM, M. J., R. D. SwetHam, J. D. WiLson, D. E.
CHAMBERLAIN, AND R. P. FreEckLETON. 2005. Habitat selection by
yellowhammers Emberiza citrinella on lowland farmland at two
spatial scales: implications for conservation management. Journal
of Applied Ecology 42:270-280.

Wiens, J. A. 1989. Spatial scaling in ecology. Functional Ecology
3:385-397.

WiLLsoN, M. F. 1991. Dispersal of seeds by frugivorous animals in
temperate forests. Revista Chilena de Historia Natural 64:537-554.

WiLson, M. F.; A. K. IrvINE, AND N. G. WaLsH. 1989. Vertebrate
dispersal syndromes in some Australian and New Zealand plant
communities, with geographic comparisons. Biotropica 21:133—
147.

WiLsoN, D. E., R. F. Cotg, J. D. NicHoLs, R. RubraN, aNnD M. S.
FosTer. 1996. Measuring and monitoring biological diversity.
Standard methods for mammals. Smithsonian Institution Press,
Washington, D.C.

Submitted 8 September 2010. Accepted 29 May 2011.

Associate Editor was Paul T. Stapp.



