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Polylepis forest, historically widespread throughout high elevations of the central and
northern Andes, now remain only in discontinuous small patches. An expanding
agricultural frontier, along with other anthropogenic pressures, imperils these remnants
through further isolation and loss of habitat quality. Using two grids of live traps we
compared the populations of small nonvolant mammals in an intact Polylepis woodland
with one nearby that had been logged 50 years before. Our study is the first to examine
the effects of habitat degradation and associated changes to vertical complexity and
habitat heterogeneity on mammalian communities in Polylepis woodlands above
3500 m. The intact woodland had significantly more vertical complexity than the midsuccessional woodland. A total of 315 captures of 147 individuals of 9 species were
sampled during an intensive trapping effort in 2010. Trap success was especially high
averaging 35.4% and 28.1% in the intact and mid-successional woodland, respectively.
Diversity and abundance of small mammals were greater in the intact woodland than
the mid-successional site. Thomasomys aureus forests specialist species were more
abundant in the intact habitat; while Thomasomys paramorum, a habitat generalist, was
dominant in both. Habitat quality affected movement patterns of T. paramorum. The
results affirm a high diversity and density of small mammals in intact Polylepis woodland
and indicate that the effects of habitat disturbance are species dependent. We suggest
that habitat specialists are more susceptible to loss of habitat heterogeneity and vertical
complexity than habitat generalists.
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El bosque de Polylepis que históricamente estaba distribuido en altas elevaciones de los
Andes centrales y del norte, ahora permanece sólo en pequeños parches discontinuos.
La expansión de la frontera agrícola, junto con otras presiones antropogénicas pone
en peligro los últimos remanentes a través de un mayor aislamiento y pérdida de la
calidad del hábitat. Mediante el uso de dos rejillas con trampas vivas se compararon las
poblaciones de mamíferos pequeños no voladores en un bosque de Polylepis prístino con
uno cercano que había sido talado 50 años antes. El bosque prístino tenía complejidad
vertical más significativa que el perturbado. Se obtuvieron en total 315 capturas de
147 individuos de 9 especies, durante un esfuerzo de trampeo en el año 2010. El éxito
de captura fue alto, en promedio 35.4% y 28.1% en el bosque prístino y perturbado,
respectivamente. La riqueza y abundancia de pequeños mamíferos fue mayor en el
bosque prístino que en el perturbado. Thomasomys aureus un especialista de bosque
fue más abundante en el hábitat prístino; mientras que T. paramorum un generalista de
hábitat fue dominante en ambos. Los resultados revelan una alta diversidad y densidad
de pequeños mamíferos en el bosque prístino de Polylepis, e indican que los efectos de la
alteración de su hábitat podrían afectar a las especies dependientes. Sugerimos que las
especies especialistas de hábitat son más susceptibles a la pérdida de la heterogeneidad
y complejidad del hábitat vertical, que las generalistas de hábitat.

Palabras Clave. Andes, degradación del hábitat, heterogeneidad del hábitat, bosque
tropical altoandino, sucesión.
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Resumen

INTRODUCTION
The tropical Andes are biodiversity hotspots with high endemism and hence a region
of conservation priority [1–2]. Among the most threatened tropical habitats are the
high-andean tropical rain forests (sensu Grubb [3]) commonly referred to as Polylepis
woodlands because their tree canopy is formed by virtually pure, monospecific stands
of Polylepis [4]. Once historically widespread, these forests are now highly fragmented
throughout the central and northern high Andes and often remain only along steep
rock-strewn slopes and isolated ravines [5–6]. Interspersed among a matrix of alpine
shrub-grassland known as páramo, the Polylepis woodlands in Venezuela, Colombia and
northern Ecuador are geographically limited to elevations greater than 3000 m [7–8]. For
centuries, anthropogenic factors such as fire, overgrazing, and timber extraction altered
these geologically and climatically shaped landscapes [9]; but in Ecuador the agrarian
reforms that began in the 1960’s accelerated the loss of old-growth Polylepis forests
and páramo to agriculture [10] and have heightened the urgency for more ecological
research. Not only do activities of people threaten regional biodiversity, but habitat
loss and degradation affect vital ecological services, including the water resources for
Andean cities [11], such as Bogota and Quito.

Andes, habitat degradation, habitat heterogeneity, Polylepis woodland,
With the loss of old-growth tropical forests, the role of secondary forests and those degraded
by disturbances become potentially critical in maintaining biodiversity [12]. Yet, a complex
doi: doi.org/10.18272/aci.v11i2.516
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array of spatial and temporal factors affects species composition and forest resilience.
For instance, Chazdon and her colleagues [12] suggest that the proximity of remaining
old-growth forests and the presence of seed-dispersing fauna influence the overall
composition of / biotic communities in the secondary forests. The currently fragmented
distribution of the Polylepis woodlands points to the vulnerability of this particular habitat
to repeated human disturbances and the accessibility to people. Moreover, the remaining
patches of woodlands that are closest to settlements and therefore most vulnerable to
degradation are often biologically the more diverse because climatic conditions that are
amenable to farming are also favorable to native plants and animals [13].
The ecotone between Polylepis forest and adjacent páramo is conspicuously abrupt.
Cierjacks et al. [14], attribute the absence of a broad and gradual ecotone to the extreme
climatic conditions and to the susceptibility of saplings and vegetative shoots to fire. They
note that intact woodlands resist burning and are resilient to moderate grazing. The biotic
response to fragmentation and degradation is species dependent. Pandit et al. [15], suggest
that habitat specialists should be more susceptible to environmental factors, such as the
heterogeneity and environmental conditions within a habitat, than habitat generalists. In
turn, the overall landscape matrix of habitat patches more strongly influence the occurrence
of habitat generalists than specialist species, which have narrow tolerance limits.

Ojala-Barbour / Brito / Teska (2019)

We ascertained if movement patterns and habitat utilization were different for the two
woodlands’ dominant species. Our study’s fieldwork, conducted in 2010, was augmented
by data from 1,500 trap-nights in the intact woodland and adjacent páramo during June
2007, January 2008, and September 2008, which enabled us to determine habitat affinity,
predict which species would be habitat generalists or specialists, and using recapture data,
to ascertain survivorship in the intact woodland over an extended period.

MATERIALS AND METHODS
Study area
Figure 1. Location of the study site in northern Ecuador

We sought to determine the effects of habitat degradation on the composition of small
mammal communities in a Polylepis woodland and to examine heterogeneity of habitat
structure, especially vertical complexity, as it affects mammalian species diversity and
movement patterns. Because human disturbances increase environmental exposure
and reduce forest structure and complexity of Polylepis woodlands [4], we predicted
that habitat specialists would be more sensitive to habitat degradation than habitat
generalists and that specialist diversity would be less in the mid-successional woodland
than the intact woodland. Kirkland [16] and Fisher and Wilkinson [17], for example, have
shown in temperate habitats that disturbances change the habitat structure and food
resources that then alter small mammal communities, and species that are forest habitat
specialists are especially vulnerable to changes in the vertical structure of habitat used
for cover from predators and while foraging and nesting [18]. The present study is the
first to attempt to delineate such effects in a high-andean tropical cloud forest.
Barnett [19] and Voss [20] described mammalian assemblages in Ecuador over long
attitudinal gradients and across major habitat types (2700 m to 4000 m by Barnett
and above 3000 m by Voss). Their studies note an extraordinarily high biodiversity of
non-volant small mammals in Andean high-andean tropical cloud forest systems. Yet,
despite their reports, few studies have examined the population ecology, survivorship,
and habitat relationships of small mammals above 3 500 m in the Neotropics.
In order to assess the capacity of a mid-successional woodland to maintain biotic diversity
and the implications for conservation, we chose to examine the mammals of Polylepis
woodlands within one high Andean valley. Small mammals play a key role in community
dynamics because they consume seeds and are also important in their dispersal [21,22].
We compared the structure of the communities of non-volant small mammals in an intact,
mature homogenous Polylepis incana (Rosaceae) woodland with a nearby, disturbed
mid-successional Polylepis woodland to determine the effects of habitat degradation.
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Figure 2. Study site: A = Intact Polylepis woodland, B = Mid-successional Polylepis woodland
A

Ojala-Barbour / Brito / Teska (2019)

by an abundance of Espeletia pycnophylla (Asteraceae) rosettes and tussock grasses.
Annually the Reserve receives 1800 mm of precipitation with temperatures ranging
between 18°C and 0°C [24]. Seasonality is determined more by rainfall than temperature.
The three months of June, July and August are the driest with a monthly average of
only 32 mm of precipitation. At the elevations of our study sites, temperature fluctuates
greatly during any 24-hour period.
The intact woodland: was dominated by mature Polylepis incana that formed a
dense, continuous, and tangled canopy 10 m high (Fig. 2A). Except for a few Oreopanax
seemannianus (Araliaceae), an estimated 95% of the tree canopy was comprised of Polylepis.
The average dbh of 20 randomly selected Polylepis was 37 cm with the greatest diameter
being 60 cm. This forest was characterized by the visual dominance of Polylepis incana, and
Oreopanax seemannium in lesser representation; the undergrowth housed shrubs such
as Hypericum laricifolium, Weinmannia descendens, Gynoxys sodiroi, Brachyotum ledifolium,
Myrsine andina and Valeriana microphylla, while the groundcover was composed of
numerous herbaceous plants such as Galium hypocarpium, Rumex acetosella, Lachemilla
orbiculata, Bromus pitensis, Polypodium monosorum and Oxalis Phaeotricha.

B

The mid-successional woodland: lacked a continuous canopy, and only about 5% of
the area retained mature Polylepis trees. The presence of Polylepis stumps and accounts
of local landowners indicated that the valley floor had been dominated by Polylepis
about 60 years ago prior to logging. The remainder was a heterogeneous thicket of trees,
shrubs and grasses. Approximately 15% of the mid-successional woodland was covered
by the dominant shrub, Diplostephium floribundum (Asteraceae), which was more
typically observed in the adjacent páramo than in mature forests (Fig. 2B). Individuals of
this species reached a height of roughly 3 m.

Field survey

The study area is in and adjacent to El Angel Ecological Reserve of Carchi Province,
Ecuador (Fig. 1). Field work was carried out at two 4-ha sites: a Polylepis dominant highandean tropical cloud forest (Fig. 2) and a mid-stage successional woodland from which
Polylepis was logged approximately 50 years ago to obtain wood for building fences,
making charcoal, heating and cooking. According to interviews with local landowners,
for a few years following logging the more accessible portions of the site were partially
maintained for pasturing cattle, and tree seedlings and woody vegetative sprouts were
actively removed. The steep and ruggedly sloped banks of the river that divides the site
retained mature trees. Use of the entire site stopped about 20 years ago when it was
abandoned. The intact Polylepis woodland (0.714360°N, -77.982825°W, 3627 m) in the
Ecological Reserve is located 1.2 km from the mid-successional woodland (0.703461°N,
-77.976052°W, 3510 m). The Hondón River bisects both trapping sites and connects the
two as a forested riverine corridor. The width of the corridor varies but at its narrowest is
30 m wide. Nearby, trees reach their upper elevational limit at 3700 m [23], and páramo
grasslands surrounds the woodlands and riverine corridors. The páramo is characterized
212

Live trapping occurred from 31 July to 12 August 2010, toward the end of the dry season.
Traps were placed in a grid at 10-15 m intervals depending on habitat quality and slope.
An effort was made to place traps near holes, runways and other sites of small mammal
activity both in trees and on the ground. Traps were located with a Garmin C76 GPS unit
to the nearest 3 m.
We trapped for three nights in the mid-successional woodland, moved the traps to the
intact woodland for three nights and then repeated the trapping sessions for a total of
960 trap-nights. In addition, because we expected the riverine corridor that connected
the mid-successional site to the intact woodland would ameliorate the potential loss
of species or facilitate recovery following disturbances, we sampled the occurrence of
mammals within the corridor with an effort of 105 trap-nights. Sherman live traps were
baited with rolled oats and vanilla and checked each morning. Each animal was identified,
measured, and marked with an ear tag and released at the point of capture as soon
as possible. Procedures followed guidelines of the American Society of Mammalogists
[25] and were approved by the Pacific Lutheran University Institutional Animal Care and
Use Committee. Voucher specimens were deposited with Escuela Politécnica Nacional
(MEPN), Quito.
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To determine habitat heterogeneity and complexity, at each trap location we recorded
three parameters, including size of the vertical and horizontal stems and the ground
cover. The diameter at breast height (dbh) of the largest vertical stem within two meters
of each trap was categorized as small (2-5 cm), medium (6-10 cm), or large (>11 cm). The
diameter of the largest horizontal stem within two meters was also identified using the
same size categories. For traps placed on the ground, we determined ground cover for a
0.5 m2 quadrat placed in front of the trap and evaluated the percent cover of bryophytes,
forbs, woody debris, and bare ground. Each type was categorized as covering trace,
0-25 percent, 26-50 percent, 51-75 percent, or 76-100 percent of the quadrat. We also
recorded the stratum of each trap reported as: (% of traps placed in stratum for intact/
mid-successional woodland). Traps were placed on the ground (6% /18%), understory
0.3-1 m (43%/16%), mid-story 1-2 m (29%/26%), or canopy >2 m (11%/51%). It was not
possible to evenly distribute traps across the strata due to the limited availability of
vertical structure in the mid-successional woodland.

Statistical analysis
The Mann-Whitney U-Test with a X2 approximation [26] was used to determine if the two
habitats differed statistically in the size and abundance of vertical and horizontal stems,
composition of ground cover, and the stratum or placement of traps. We used a Fisher’s
Exact Test (FET) to determine if the abundance of each species differed between the two
woodlands. We used FET due to the low numbers of individuals trapped per species.
Ground cover did not show a significant difference between habitats, but the vertical
complexity of the two habitats was distinct. The intact woodland had significantly more
large vertical stems, (X21 = 38.004, P< 0.0001) and horizontal stems (X21 = 37.747, P < 0.0001).
It also had more stratum levels or above-ground trap locations (X21 = 7.454, P = 0.0063).

Ojala-Barbour / Brito / Teska (2019)

the intact woodland (Fig. 4; P = 0.0021). Neomicroxus latebricola was significantly more
abundant in the mid-successional woodland (Fig. 4; P = 0.0091), while Akodon mollis was
significantly more abundant in the intact woodland (Fig. 4; P = 0.0015). Microryzomys
altissimus and Cryptotis niausa were only found in the intact woodland, while Chilomys
instans was only in the mid-successional woodland, but in numbers too low to analyze
statistically. Thomasomys paramorum was the most abundant species at both sites
with 36 individuals captured in the mid-successional woodland and 45 in the intact
woodland (Fig. 4); however, the abundance at the two sites was statistically similar (P
= 0.1567). Only one T. aureus was captured in the mid-successional woodland, which
precluded a statistical analysis; but it was more abundant in the intact woodland. A.
mollis was caught not only on the ground and under woody debris, but occasionally on
top of logs. Four species (T. paramorum, M. altissimus, A. mollis and N. latebricola) present
at one of the two sites were also caught within the riverine corridor connecting the two
sites. In addition, one T. baeops was captured in the corridor and was not found in either
the disturbed or intact woodland.

Figure 3. Small mammals registered in the area. A = Caenolestes fuliginosus, B = Cryptotis niausa,
C = Akodon mollis, D = Chilomys instans, E = Neomicroxus latebricola, F = Microryzomys altissimus,
G = Reithrodontomys soderstromi, H = Thomasomys aureus, I = T. paramorum.
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RESULTS
Abundance and Diversity
Trap success at both sites was exceptionally high compared to lowland Neotropical
sites [e. g., 27-29] with 35.4 percent trap success for the intact and 28.1 percent for the
mid-successional woodland. A high trap success reflects relatively high densities of
small mammals for both trapping grids, but the difference between the two suggests a
depressed density at the mid-successional site. We captured 147 individuals of 9 species
(Fig. 3). In the intact woodland there were 87 individuals of 8 species caught 180 times
with 92 recaptures. The mid-successional site had 60 individuals of 6 species caught 135
times with 75 recaptures (Fig. 4). The Simpson Reciprocal Index of diversity was greater for
the intact woodland (1/D = 1.62) than that of the mid-successional woodland (1/D = 1.22).

Habitat use
While the number of captures for each species was insufficient to associate with
microhabitat parameters, we used a Fisher’s Exact Test (FET) to determine if the
abundance of each species differed between the two woodlands. We used FET due to
the low numbers of individuals trapped per species. Reithrodontomys soderstromi was
not captured in the mid-successional woodland and therefore was more abundant in
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Figure 4. Abundance of small mammals in Intact and Mid-successional Polylepis woodland sites.

DISCUSSION

50

Spatial heterogeneity affects the dynamics of small mammal populations and alters
the community composition [31]. Large-scale land clearing creates a matrix of habitat
patches potentially isolating populations; whereas degradation or small-scale, less
intense disturbances promote a mosaic of successional stages affecting habitat
quality. In already fragmented landscapes, such as high-andean tropical rainforests,
the removal of a few key patches can substantially impact population viability [32]. As
succession proceeds and vegetation changes, the communities of small mammals shift
[33]. Viability and recovery of small mammal communities following disturbance are
dependent on both the scale and intensity of the perturbation. As noted by Ricklefs [34],
the occurrence of species within a matrix of habitats is dependent upon the capacity
of individuals to disperse, survive, and reproduce. Food availability, habitat structure,
and interspecific interactions within a habitat ultimately affect the distribution of the
populations of each species.
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Movement
Mean distance moved between successive recaptures was calculated for T. paramorum. A
total of 24 individuals in the mid-successional woodland and 25 in the intact woodlands
were captured more than three times. In the intact woodland these individuals moved
an average of 43 m, more than twice that of the mid-successional woodland (17 m).
Our observations suggest that T. paramorum used the ground more frequently in
both habitats; however, slightly less in the intact woodland than the mid-successional
woodland, this result is influenced by differences in the availability of vertical habitat
strata. In August 2010, we caught 5 of the 114 small mammals that had been captured,
marked and released in the woodland in June 2007, January 2008 and September 2008
during a previous study. These recaptures revealed high longevity: one T. aureus male,
one T. paramorum male, and one male R. soderstromi were at least three years old and
another two T. paramorum (one male and one female) were likely four years of age, since
when they were originally caught in 2007 they were the size typical of adults.

Natural history observations
In order to better understand resource partitioning, we recorded natural history
observations, which have not previously been reported. One T. paramorum was seen
eating fruits of Galium hypocarpium (Rubiaceae) and the spores of a bryophyte, and a T.
aureus was observed chewing shoots of Dendrophorbium tipocochensis and Aetheolaena
patens (Asteraceae). Caenolestes fuliginosus were typically caught near waterways, and
this was especially pronounced in the mid-successional habitat that had substantial
topographic relief near the stream. They were caught under and near large rocks and
beneath the roots of Polylepis. One Caenolestes fuliginosus was tracked using the spool
and line technique [30]. It stayed near the stream, moving close to the ground and
using hollow stumps and dense vegetation. Small hairs were found in their feces, which
suggests that C. fuliginosus feed on other small mammals.
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Our study provides insights into the resilience and response of small mammals to habitat
degradation and is the first to examine such effects in the high Andes. As revealed by
the Simpson Reciprocal Index, diversity of the mammalian community was lower in
the mid-successional woodland than in the intact one. While the mid-successional
woodland had six species, only two less than the intact woodland; the two areas differed
in composition, and the density of small mammals was lower in the trapping grid at the
mid-successional woodland than the other. We expected that habitat specialists would
be especially vulnerable to altered habitat quality. The mid-successional woodland had
significantly less vertical habitat complexity than found in the intact woodland. Habitat
structure likely affects food resource availability and hence the foraging characteristics
and movements of small mammals. Indeed, T. paramorum moved more than twice as
far between captures in the mid-successional woodland than in the one which was
intact. Five decades after being logged, the mid-successional woodland site was a
heterogeneous mix of trees, shrubs, grasses and forbs. It had yet to develop a closed
canopy, which may have limited the presence of mammalian forest habitat specialists,
such as T. aureus [20] and R. soderstromi (W. Teska, unpubl. data). These species may
require more vertical structural complexity than was present in the mid-successional
woodland. For instance, Brito et al. [35] found that T. aureus relies on a habitat’s vertical
structure and complexity moving through trees and nesting above ground more
frequently than T. paramorum. Temperatures within intact Polylepis woodlands have
less diurnal variation and are less susceptible to frost than nearby páramo [14], which
therefore opens the possibility that the microclimate, in addition to habitat complexity,
may affect the viability of forest specialists outside of canopied forests. T. paramorum,
a habitat generalist, [19, 35-37] was abundant in both the mid-successional and intact
woodland. We predicted that two ground dwelling species, N. latebricola and A. mollis
would occur in different abundances in the intact and mid-successional woodlands
because N. latebricola was more associated with forested habitats than the páramo in
this region [37]. Barnett [19] trapped A. mollis in a variety of habitats and considered it to
be a habitat generalist. However in the present study, N. latebricola was statically more
abundant in the mid-successional woodland, and the reverse was the case for A. mollis.
The distributional pattern of these two species suggests that vertical habitat complexity
does not influence their occurrence.
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It is noteworthy that the woodlands were connected by a forested riverine corridor
that potentially augmented dispersal for some species and may account for the
similar composition of mammals between the two sites. For example, T. aureus and
R. soderstromi do not occur in adjacent páramo grasslands, but have been captured in
the corridor in previous studies [37]. Corridors are known to facilitate dispersal and aid
recovery in connected habitats, a species-dependent effect [38] that is important for
forest habitat specialists [39]. Connectivity of the fragmented patches likely affects the
resilience of the mammalian community.
High Andean Polylepis woodlands possess an exceptionally diverse and dense
community of small mammals; yet, these cold woodlands are among the most
endangered forest types in South America [14]. Small mammals and most notably
those that are forest habitat specialists are susceptible to habitat degradation and to
successional change of the woodlands. Because of the severe climatic conditions that
typify elevations greater than 3500 m, recovery of forest structure following disturbance
is slow [14]; and therefore, preservation of intact woodlands and maintenance of habitat
corridors are vital to retaining their biodiversity. Our study points to the need to better
understand the effects of human-induced disturbances in high-andean tropical cloud
forests. More research is necessary to measure and evaluate the degree to which a species
is a habitat generalist or specialist because the viability of populations is dependent
upon structural heterogeneity of habitats and by the spatial matrix of habitats within
the landscape.
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APPENDIX 1
Specimens of reference
Cryptotis niausa: MEPN 10624-25, 10695; Caenolestes fuliginosus: MEPN 10628, 10888;
Akodon mollis: MEPN 10491, 10643, 10772; Chilomys instans: MEPN 10875; Microryzomys
altissimus: MEPN 10483, 10489-90; Neomicroxus latebricola: MEPN 10869-70, 10882,
10886-87; Thomasomys aureus: MEPN 10486, 10685-56; Thomasomys baeops: MEPN
10883; Thomasomys paramorum: MEPN 10492, 10493, 10880; Thomasomys vulcani:
MEPN 10487, 10647; Reithrodontomys soderstromi: MEPN 10488.

Table 1. Frequency of capture by species during each trapping session
SPECIES
Habitat
Trap-nights

Jun-07

Jan-08

Sep-08

JulJulJul-Aug-2010
Aug-2010
Aug-2010

Intact
Intact
Intact
Intact
MidWoodland Woodland Woodland Woodland successional

Corridor

300

300

300

480

480

105

3

5

6

6

6

0

0

2

2

3

0

0

Akodon
latebricola

3

9

8

3

13

5

Akodon mollis

3

2

1

14

2

3

Microryzomys
altissimus

3

2

3

2

0

1

Reithrodontomys
soderstromi

1

6

0

10

0

0

Thomasomys
aureus

1

7

5

4

1

0

Thomasomys
baeops

0

0

1

0

0

1

Thomasomys
paramorum

27

10

5

45

36

17

Thomasomys
vulcani

1

1

0

0

0

0

Chilomys instans

0

0

1

0

2

0

Total
individuals

39

37

24

87

60

27

Paucituberculata
Caenolestes
fuliginosus
Soricomorpha
Cryptotis niausa
Rodentia
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