
Published by Associazione Teriologica Italiana Volume 32 (2): 37–40, 2020

Hystrix, the Italian Journal of Mammalogy

Available online at:

http://www.italian-journal-of-mammalogy.it doi:10.4404/hystrix–00399-2020

Research Article

Enhancing habitat quality for small mammals at young pine plantations after clearcutting

Matías Barceló1,2,∗, André V. Rubio3, Javier Andrés Simonetti1

1Laboratorio de Conservación Biológica, Departamento de Ciencias Ecológicas, Facultad de Ciencias, Universidad de Chile, Casilla 653, Santiago, Chile
2Center of Applied Ecology and Sustainability (CAPES), Departamento de Ecología, Pontificia Universidad Católica de Chile, Santiago, Chile

3Departamento de Ciencias Biológicas Animales, Facultad de Ciencias Veterinarias y Pecuarias, Universidad de Chile, Av. Santa Rosa 11735, Santiago, Chile

Keywords:
rodents
Chile
clearcut
Pinus radiata
rewilding

Article history:
Received: 10 November 2020
Accepted: 28 January 2021

Acknowledgements
This study was supported by FONDECYT 3160037 and 1140657. MB was
supported by CONICYT-PCHA, Magister Nacional, 2015-22151445. AVR is
supported by ANID + PAI No. PAI77180009. MB thanks the Centre of
Applied Ecology and Sustainability CAPES CONICYT PIA/BASAL FB0002.
We are grateful to C. Reyes, J. Veloso, I. Kraft, C. Ugarte, A. Arzabe, R.
Almuna and H. Mendoza for their help during field work. We also thank
R. Zúñiga for logisitical support and C. Veloso for the loan of traps. We
also thank Forestal Masisa S.A. and Corporación Nacional Forestal for
allowing us to work on their properties. Finally, the authors would like
to thank the constructive comments of the reviewers.

Abstract

Monoculture plantations of exotic Monterey pine (Pinus radiata) is a widespread practice which
reduces richness and abundance of native species. The presence of shrub vegetation in mature pine
plantations confers structural complexity, enabling the presence of native wildlife, and potentially
mitigating the impacts of these plantations. However, little is known about the effect of shrub cover
in young pine plantations after clearcutting. We assessed if shrub vegetation cover contributes to
enhancing habitat quality for small mammals by assessing the abundance and composition of small
mammal assemblages in young pine plantations (15 years), and in the native temperate forest in
central Chile. We found that a high development of shrub vegetation in young pine plantation in-
creased both the abundance of small mammals, and the similarity of small mammal assemblages
among habitat types. These findings support maintaining developed shrub vegetation in Monter-
rey pine plantations as a conservation strategy that could help reduce the negative impact of this
monoculture and the impact of clearcutting.

Introduction
The replacement of native habitat by forestry plantations is a
widespread practice that can impact biodiversity (Newbold et al.,
2015). As demand for wood products is increasing worldwide (FAO
2012), the Convention on Biological Diversity (CBD) through its
Strategic Plan for Biodiversity 2011–2020, states that forestry planta-
tions ought to be managed to ensure conservation of biodiversity. One
management practice to achieve this goal is the occurrence of a devel-
oped understory or multiple vegetation strata within plantations, which
can increase the richness and abundance of a variety of wildlife species
(McFadden and Dirzo, 2018; Nájera and Simonetti, 2010; Ramírez
and Simonetti, 2011). Implementation of this practice in Monterey
pine plantations (Pinus radiata) would contribute to satisfying CBD’s
target, as pine plantations account for 32% of productive plantations
worldwide (Mead, 2013). The presence of understory vegetation inma-
ture Monterey pine plantations confers structural complexity, allowing
the presence of native wildlife, including some endangered ones (e.g.
Estades et al., 2012; Simonetti et al., 2013; Cerda et al., 2015. How-
ever, similar to other forestry plantations, Monterey pine plantations
are harvested under a clearcutting system that impacts small mammals
via mortality due to trampling by machinery and other operational as-
pects (Escobar et al., 2015), and also producing immediate change in
habitat attributes, including structural, compositional andmicroclimate
changes, that modify small mammals assemblages (Chen et al., 1995;
Niklitschek, 2015; Roberts and Zhu, 2002). Clearcutting can gener-
ate a decrease in abundance (Knapp et al., 2003; Williams et al., 2001)
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and a change in species composition among forest-dwelling wildlife
(Hansson, 1994; Niemelä et al., 1993). Despite numerous studies on
clearcutting, only 3% of these studies focus on the effects of clearcut-
ting on biodiversity and even fewer studies focus on small mammals and
their recovery after plantations are harvested and replanted (Simonetti
and Estades, 2015).

In Chile, Monterey pine plantations are one of the most important
land-use changes in south-central regions of the country, covering ap-
proximately 1.9 million ha and accounting for 68% of forestry plan-
tations in Chile (Nahuelhual et al., 2012). Clearcutting activities of
Monterey plantations generate a high mortality of rodents (Escobar
et al., 2015), and information about rewilding on young pine planta-
tions is necessary to achieve a sustainable forestry at an early stage.
Current evidence indicates that young Monterey pine plantations with
higher shrub vegetation growing after harvesting facilitates rewilding
(i.e. wildlife recolonization of disturbed areas), and use of these plan-
tations as secondary habitat for some ground-dwelling wildlife such as
tapaculo birds and ground beetles (Ramírez-Collío et al., 2017; Russek
et al., 2017). However, information on other wildlife such as small
mammals is still needed.

In this context, we aim to assess the importance of shrub cover on
composition and abundance of small mammals at young pine planta-
tions, assessing if accompanying shrub vegetation enhances the rewil-
ding of small mammals in new plantations after clearcutting. We ex-
pect a higher abundance of native small mammals in young plantations
with well-developed shrub vegetation in relation to young pine planta-
tions with low shrub vegetation, and also, that increased shrub cover
in young pine plantations will increase small mammal similarity com-
pared to native forest or mature pine plantations.
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Methods
We conducted our study at Tregualemu (72°43′55.59′′ W–
35°59′37.12′′ S to 72°40′46.34′′ W–35°58′5.27′′ S), an area located
in the coastal range of Maule region in central Chile. The landscape
contains extensive Monterey pine stands of different ages (covering
54% of the total area) and interspersed remnants of native temperate
deciduous forests, including the Los Queules National Reserve (Grez
et al., 2006).
Twelve sampling plots interspersed in the landscape were placed in

four dominant habitats (three plots per habitat): (1) native forest, (2)
mature pine plantations (>15 years), (3) young pine plantations with
high shrub cover (<3 years and more than 10% of shrub vegetation
cover) and young pine plantations with low shrub cover (<3 years and
less than 5% of shrub vegetation cover). Shrub vegetation cover at each
sampling plot was measured twice, before the first small mammal sam-
pling and after the last sampling. To assess vegetation cover, we used a
50 m transect per plot, quantifying the transect proportion covered by
shrub vegetation (Higgins et al., 19966).
Vegetation cover was different between the first (i.e. 2016) and final

(i.e. 2017) measurement only for young pine plantations (ANOVA:
F=5.72, p=0.04; Tukey test: p<0.05, Supplementary Material Fig. S1).
Small mammals were sampled seasonally during 2016 and 2017, to-

talling eight sampling periods. To assess small mammal assemblage,
at each sampling plot, a 7×10 grid consisting of 70 Sherman traps set
at 10m intervals were placed during four consecutive nights. Traps
were baited with rolled oats and vanilla essence and checked daily at
dawn. After capture, animals were identified to species and marked
with uniquely numbered ear tags (National Band and Tag Co., New-
port, KY). After handling, animals were released at their site of cap-
ture.
All procedures for trapping and handling rodents followed the Amer-

ican Society of Mammologists’ guidelines for the use of wild mammals
in research (Sikes, 2016). Sampling procedures were authorized by the
Servicio Agrícola y Ganadero (License No. 6831/2015) and the Ethics
Committee of the Facultad de Ciencias, Universidad de Chile.
To compare small mammal abundance of each species between habi-

tat types, we used GLM models with Poisson distribution or Negative
Binomial distribution to account for overdispersion. Tukey post hoc
test were applied to assess differences between habitats using the min-
imum number of individuals known to be alive (MNKA) as an index
of population abundance (Lancia et al., 1994), and habitat type as pre-
dictor. To assess the response of small mammals to vegetation cover
through time, we compared the response ratio of small mammal abun-
dance between years as ln (averageMNKA in 2017 / averageMNKA in

2016), since we observed a rapid growing of shrub vegetation in young
pine plantations. If the response ratio is positive, it means that abun-
dance is higher at the end of the study. The statistical significance was
established with a Monte Carlo permutation test, using 9999 random
permutations between MNKA 2016 and MNKA2017.

Finally, the Jaccard index based on relative presence/absence was
used to compare the level of similarity between small mammal assem-
blages for each habitat and year. A dendrogram of habitat similarity
was created using UPGMA clustering of Jaccard similarity values in
Past software (Paleontological Stat). All other analyses and test were
performed with software R version 3.5.2 (R Core Team, 2018).

Results
We captured 1962 individuals for a total of 2335 captures, representing
an 8.7% of trapping success. Eight species were captured: Long-haired
field mouse (Abrothrix longipilis), Olivaceous field mouse (Abroth-
rix olivaceus), Chilean arboreal-rat (Irenomys tarsalis), Bridges’s degu
(Octodon bridgesi), Long-tailed rice mice (Oligoryzomys longicau-
datus), Darwin’s leaf-eared mouse (Phyllotis darwini), Llaca mouse-
opossum (Thylamys elegans), and the introduced Black rat (Rattus rat-
tus).

Total abundance of species varied between habitat types (Fig. 1).
Species such as Long-tailed rice mice and Black rat showed higher
abundances at native forest compared to other habitats (p<0.05). In
contrast, total abundances of Long-haired field mouse and Olivaceous
fieldmousewere higher at mature pine and both young pine plantations,
respectively (p<0.05, Fig. 1, Table S2). On the other hand, Bridge’s
degu, Darwin’s leaf-eared mouse and Llaca mouse-opossum were not
present in all habitats (Fig. 1). Only one individual of the strictly arbo-
real (Kelt, 1993) Chilean arboreal-rat was captured in the native forest.
Therefore, we excluded from further abundance analysis because the
trapping method used here underestimates its presence and abundance.

The abundance of Long-haired field mouse, Black rat, Bridges’s
degu and Llaca mouse-opossum did not change between years (p>0.10;
Fig. 2). However, the abundance of Olivaceous field mouse was higher
when shrub cover was higher at the end of study in young pine planta-
tions with low shrub cover (p=0.05; Fig. 2), while there was no change
of abundance in other habitats for this rodent (p>0.15; Fig. 2). Long-
tailed rice mice showed higher abundance in 2017 at young pine plan-
tation with low shrub cover (p=0.046), but there was no change in other
habitats (p>0.25; Fig. 2). For Darwin’s leaf-eared mouse, abundance
was higher at young pine plantations with low shrub cover in 2016
(p=0.05).

Figure 1 – Abundance expressed as minimum number known alive (MNKA) of each small mammal in all habitats. Species are identified in the legend. Di�erent letters indicate statistical
significance between habitats for each species based on Tukey test (p<0.05).
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Figure 2 – Response ratio of the minimum number known to be alive (ln of average MNKA 2016 / ln of average MNKA 2017) of each small mammal in all habitats. Species are identified in
the legend. If response ratio is di�erent to zero, it means that abundance changed between the beginning of study relation to the end of study. A positive value means higher abundance
at the end of study, on the other hand, a negative value means slower abundance at the end of study. * Indicates statistical significance based on permutation test (p≤0.05).

Similarity between small mammal assemblages during the first year
showed two different clusters: one small mammal assemblages in
young pine plantations with low shrub cover and the other cluster of
small mammal assemblages in young pine plantations with high shrub
cover, mature plantations and native forest (Fig. 3a). The similarity of
small mammal assemblages between clusters was 47% and within the
last cluster, ranged between 72–75% (Fig. 3a). Species similarity in the
last year also showed two clusters: one cluster of small mammal assem-
blages in young pine plantations and another cluster of small mammal
assemblages in mature plantation and native forest. Similarity index
was 63% between clusters and from 83–98% within clusters (Fig. 3b).

Discussion
Rewilding of small mammal species in young pine plantations is in-
fluenced by the increased shrub vegetation cover, and small mammals’
response depends on different requirements of each species. For exam-
ple, after clearcutting, young pine plantations increased the abundance
of Olivaceous field mouse abruptly, and the occurrence of Darwin’s
leaf-earedmouse, which was not present in native forest or mature pine.
Both species are often abundant in sclerophyllous shrublands of central
Chile (Simonetti, 1989), a more open habitat than the temperate forest,
a feature that is also shared with the young pine plantations. These re-
sults may indicate that species from surrounding open environments

Figure 3 – Jaccard similarity index between small mammals’ assemblages in di�erent
habitats. a) indicates similarity index in the first year of trapping (2016) and b) indicates
similarity index at final year of trapping (2017).

move into and are favoured by the dynamics of landscape change asso-
ciated with pine plantations which dominate this landscape.

Increasing shrub cover at young pine plantations improves habitat
quality for some ground-dwelling birds and insects (Ramírez-Collío et
al., 2017; Russek et al., 2017). This seems a general phenomenon as
our findings indicate that small mammals also increased their abun-
dance when shrub vegetation cover increased. Specifically, the most
abundant species in young plantations (Olivaceous field mouse) signif-
icantly increased their abundance in the second year. The response ratio
of the Long-haired field mouse and the Long-tailed rice mouse reached
higher abundance when shrub vegetation was more developed. In fact,
the Long-haired field mouse, moves more often from native forest or
mature plantations to young pine plantations when there is a high level
of shrub vegetation (Barceló and Simonetti, 2020). Similarly, birds and
insects’ movement behaviour in the study area is modulated by the pres-
ence of vegetation cover within pine plantations (Ramírez-Collío et al.,
2017; Russek et al., 2017). The increment of shrub cover within young
pine plantations increased the similarity of small mammal composi-
tion with respect to native forest and mature pine plantations, which
may help reduce the impact of clearcutting.

Mature stands of pine plantations are harvested every 12–15 years.
Thus, the possibility of species to persist in a highly dynamic landscape
will depend on the structure of habitats that allow to cross boundaries
between landscape units (Barceló and Simonetti, 2020; Diekötter et al.,
2014). Shrub vegetation confers structural complexity and may be im-
proving the quality of habitats after clearcutting. The presence of shrub
vegetation in young pine plantations will decrease native species’ resis-
tance to move through the landscape (Pliscoff et al., 2020). Therefore,
small mammals would be willing to use these sites and persist in these
heterogeneous landscapes.

Pine plantations are widespread worldwide, therefore, their manage-
ment to contribute to the maintenance of local animal populations in
dynamic landscapes is needed. Management of young pine plantations,
through developed shrubs would be necessary to maintain species di-
versity along this heterogeneous habitat, since young pine plantations
without shrub vegetation cover seem to be an inadequate habitat for
forest species. Lack of shrub vegetation in young pine plantations will
reduce connectivity between different habitats. Since young pine plan-
tations are early managed to enhance the productivity of plantations
(Wagner et al., 2006), we recommend adopting practices such as reduc-
ing the use of herbicides to allow the growth of shrub vegetation. Si-
multaneously, forestry practices need to adopt the use of coarse woody
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debris in the first 3-4 years, which allows a significant increase in small
mammals (Sullivan et al., 2012). As small mammals are important
prey for several predators such as carnivores and raptors, higher abun-
dance of small mammals in young pine plantations can facilitate the use
of these habitats by large wildlife that usually require larger areas and
are commonly affected by the replacement of native forests by exotic
monoculture plantations which account for 32% of productive plan-
tations worldwide (Mead, 2013). These results contribute to a better
understanding of the conservation of wildlife in forestry landscapes if
the recommended measures are adopted.
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Supplemental information
Additional Supplemental Information may be found in the online version of this arti-
cle:
Figure S1 Vegetation cover in native forest, mature pine and young pine plantations

before and after sampling.
Table S2 Summary of GLM results for abundance of species in the study area.
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