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Characterization of Nothofagus pumilio (Lenga)
Understory in Managed and Unmanaged Forests of
Central Patagonia, Argentina
Patricia V. Silva, Claudia P. Quinteros, Alina G. Greslebin, José O. Bava, and Guillermo E. Defossé

In managed forests, biodiversity conservation is crucial for the sustainable use of ecosystem resources. In the Patagonian-Andes forests of Argentina, lenga (Nothofagus
pumilio) is the most important native tree because of its ecological functions and economic importance as a timber provider. In this study, we determined how the
shelterwood-cut system impacts understory vegetation attributes in three sites representing typical lenga forests of central Andean-Patagonia. In each site, two 250-m2

treatment plots (managed and unmanaged) were established, and canopy cover, soil temperature, and moisture were determined. Within plots in 10 randomly placed
0.25-m2 microplots, we determined plant cover, from which we calculated diversity attributes. Canopy cover and soil moisture were higher in unmanaged treatments,
whereas the reverse was true for soil temperature. The Shannon-Wiener index showed similar values (�1), whereas species richness was slightly higher in unmanaged
(4.8 � 0.5) than in managed treatments (3.8 � 0.3). Generally, native plants dominated the understory (�40%), whereas exotic species were rare (�1%). Shrub
cover was higher in managed (24.1 � 4.2) than in unmanaged (9.5 � 1.7) treatments, whereas herbaceous species dominated unmanaged forests. These results
confirm that the shelterwood-cut system may be used for diversity conservation in Patagonian lenga forests.
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The continued increases in the human population and per
capita consumption have led to a nonsustainable use of the
Earth’s biological diversity, whose effective conservation is

essential for human survival and ecosystem maintenance processes.
However, despite some conservation successes (especially at local
scales) and the increasing interest of governments and the public at
large to live in a sustainable way, biodiversity continues to decrease
at the global level (Rands et al. 2010).

Forests in general are environments rich in species diversity and
have a wide range of taxa (Noble and Dirzo 1997), from birds and
canopy arthropods to soil microorganisms. Long-term maintenance
of such biological diversity represents an important challenge for
forest management (Lindenmayer 1999).

The understory is an essential component of forest ecosystems,
because it provides nutrients and protects the soil from erosion; it is
the basis of food chains and the habitat for many life forms. Forest
understory also regulates many ecosystem functions and contains
the largest part of the forest species richness (Kerns and Ohmann
2004, Ellum 2009, Duguid and Ashton 2013). In general, species of
the forest understory may present heterogeneous distribution pat-
terns associated with tree canopy structure and composition (Veblen
et al. 1978, Damascos and Rapoport 2002) and also with microen-
vironmental characteristics and site conditions (Huebner and Ran-
dolph 1995, Lencinas et al. 2008). Anthropogenic and natural dis-
turbances affect various components of the forest ecosystem and
especially the specific composition of the understory (Echeverría
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et al. 2007). Forest harvesting causes changes in the microenviron-
mental conditions below the canopy. Canopy openings increase
solar radiation within the forest, alter wind speed, and also redistrib-
ute incoming rainfall (Caldentey et al. 2000). These factors may
change soil microenvironmental variables such as understory air
temperature and moisture. Changes in microclimatic conditions
affect the regeneration process and sometimes alter understory spe-
cies composition (Oliver and Larson 1996, Landsberg and Gower
1997). However, studies carried out in temperate forests of North
America and Europe have shown that, in general, appropriate tim-
ber harvesting techniques may cause only slight modifications in
understory plant composition and diversity (Paillet et al. 2010,
Duguid and Ashton 2013, Brockway and Outcalt 2015). These
modifications depend on the silvicultural treatment applied and on
vegetation successional stage. In temperate ecosystems, understory
plant communities are diverse, and their dynamics rapidly respond
to fine-scale disturbances and site conditions (Ellum 2009). Site-
specific factors such as resource availability and microenvironmental
heterogeneity also influence understory plant composition (Ellum
2009, Duguid and Ashton 2013).

Lenga (Nothofagus pumilio [Poepp. & Endl.] Krasser) forests are
of great ecological and economic importance on both slopes of
Patagonian Andes in Argentina and Chile (Ramírez et al. 1997, Bava

and Rechene 2004). On the eastern slopes of the Andes in Argen-
tina, these forests are distributed in a narrow strip (30–50 km wide
and 2,000-km long) from 35°35� S in Neuquén province to 55°S in
Tierra del Fuego (Figure 1A). Within this latitudinal range, lenga
forests develop in very diverse sites and environmental conditions,
mainly determined by differences in rainfall patterns, altitude, tem-
peratures, and soil quality conditions (Veblen et al. 1996, González
et al. 2006). In Argentina, there are approximately 1.2 million ha of
pure lenga forests (Secretaría de Ambiente y Desarrollo Sustentable
2006); 360,000 ha of them form production forests (i.e., those able
to produce raw materials for the timber industry) (Dirección Gen-
eral de Bosques y Parques de la Provincia del Chubut 1997, Bava
1999, Collado et al. 2008). These production forests have an average
height of 14 m or taller and grow on slopes of less than 60%. These
characteristics allow for developing economic timber activities
(López Bernal 2010).

In Chubut Province, in central Argentinean Patagonia, there are
109,281 ha of lenga forests identified as production forests (Bava et al.
2006). However, since the mid-1990s, Chubut Province Forest admin-
istration requires approved management plans as a condition for har-
vesting (López Bernal et al. 2003, Carabelli and Ferrando 2004). One
of the aims of this enforcement was to promote the replacement of the
traditional practice of timber extraction, represented by the selective

Figure 1. A. Lenga distribution along the Andes in Patagonia, Argentina, showing the three study sites located in the west of Chubut
province in Central Patagonia (1, Huemules; 2, Lago Guacho; and 3, Lago La Plata). B. Monthly air temperatures and relative humidity
of the three study sites in central Patagonia. Values are means � 1 SE. Data were taken from 2012 to 2014.
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cutting of the best specimens (high grading), by the shelterwood-cut, or
successive cut system. In general, the shelterwood-cut system simulates
the natural gap dynamics typical of many forests by gradually extracting
selected trees throughout successive partial cuttings. The gaps of
different sizes created by these extractions allow germination and estab-
lishment of seedlings of the species of interest, and advanced regenera-
tion is later released by moderating the light environment in the gap
(Smith et al. 1997). This method has been adapted by Schmidt and
Urzúa (1982) for lenga forests. These authors proposed three phases for
the application of this system. In the first phase, termed “preparatory
intervention,” about 50% of trees in a particular stand should be har-
vested. This intervention increases crown sizes of remaining trees, pro-
viding better ecological conditions for growth and favoring seed pro-
duction. In the second phase, termed “dissemination intervention,”
trees are cut to allow the formation of gaps, which will provide suitable
environmental conditions for germination and development of new
lenga seedling cohorts. The third phase “final cut” starts when lenga
regeneration is already established. At this moment or afterward, the
protective canopy could be removed in one or several successive cuttings
until the final cut. As a result, even-aged stands are created, simulating
the natural dynamics of the species in the region (Schmidt and Urzúa
1982).

The effects of the shelterwood-cut system on lenga regeneration
and its forthcoming stand structure along different growing cycles
have been widely studied (Martínez Pastur et al. 2000, Caldentey
et al. 2009). Changes in environmental variables between primary
and harvested lenga forests have also been described (Caldentey et al.
2000, Promis et al. 2010). Changes in canopy cover, density, and
forest structure under the shelterwood-cut system increase under-
story radiation levels, modify air and surface soil temperature as well
as wind speed, and reduce air relative moisture (Caldentey et al.
2000, Promis et al. 2010, Mansilla 2012). The effects of these mi-
croenvironmental changes on the lenga understory, as a conse-
quence of different forest interventions, have only been studied in
the southern part of lenga distribution in Tierra del Fuego, where
lenga grows under an Oceanic Subpolar Climate, with no moisture
deficit throughout the year (Lencinas et al. 2011, Gallo et al. 2013).
The effects of similar microenvironmental changes on the lenga
understory of Chubut forests, which grow under a typical Mediter-
ranean Climate with a marked summer water deficit (Veblen et al.
1996), have not been studied yet. Apart from different climate con-
ditions, the understories of most lenga forests in central Patagonia
(either virgin or managed) are subjected to seasonal cattle grazing
(i.e., only used as summer pastures). Conversely, in Tierra del
Fuego, because of the locations of lenga forests at lower altitudes,
their understories are mostly grazed yearlong.

Grazing by large and small herbivores is a common disturbance
in many managed and virgin forests around the world (Zamorano-
Elgueta et al. 2012, Thompson et al. 2013). These disturbances not
only impact understory vegetation by selective browsing or grazing
but also through trampling and dung and urine depositions. Like
any other forest management practice, grazing disturbance may
also induce changes in the species composition of the understory,
which generally shifts toward herbaceous, exotic, and/or
grazing/browsing-tolerant species. In the lenga forests of central
Patagonia, grazing is banned for 35 years after any forest cutting
intervention. However, despite this prohibition, it is not unusual to
find lenga forest areas in which timber and grazing activities coexist
(Vázquez 2002, Raffaele et al. 2011, Quinteros et al. 2012, 2013).

The shelterwood-cut system has proved to satisfactorily mimic
natural dynamics in pure lenga forests, mainly by opening gaps in
which regeneration establishes (Schmidt and Urzúa 1982, Smith
et al. 1997); however, its effects on diversity, soil moisture, temper-
ature, and other attributes of the understory in the lenga forests of
central Patagonia are still unknown. Thus, the objectives of this
study were to evaluate, in three lenga sites representative of its dis-
tribution in central Patagonia, Argentina, the effects of one harvest
management technique (the shelterwood-cut system) compared
with those of unmanaged (control) sites on the following three
attributes: soil temperature and moisture and percentage of lenga
canopy cover; composition of the understory vegetation; and most
common plant community attributes found. Knowledge of the ef-
fects of shelterwood-cut on these attributes will be helpful in devel-
oping sustainable forest management schemes that consider local
diversity conservation. It will also be a contribution to the world-
wide knowledge on how appropriate timber harvesting techniques
(in this case the shelterwood-cut system) may be used for conserving
diversity in managed forest stands.

Methods
Study Area and Forest Characteristics

The three lenga forest sites, managed and unmanaged, studied in
Chubut Province were located in the eastern Andean area of central
Patagonia, Argentina, in Huemules (42°46�44.4� S; 71°27�50.4� W
and 42°46�52.8� S; 71°28�12.0� W, 1175 m above sea level [asl];
site 1), Lago Guacho (43°50�00.2� S; 71°29�3.6� W and
43°49�49.6� S; 71°27�57.7� W, 1265 m asl; site 2), and Lago La
Plata (44°49�57.4� S; 71°43�34.7� W and 44°50�2.9� S;
71°43�38.5� W, 947 m asl; site 3) (Figure 1A). They were chosen
because (1) they are representative of the wide range of pure lenga
forests distributed in central Patagonia (Figure 1A), (2) all forest
sites had been intervened using the same silvicultural technique
(shelterwood-cut system) and had an unmanaged (control) area
nearby (Berón 1996, Davel and Bava 1999, Antequera 2002), (3)
the managed areas did not present any other significant human
intervention, and (4) they share similar environmental conditions
(mean air temperature and relative humidity, Figure 1B) and also
similar uneven-aged forest structures.

In spring 2014 (when most plant species flourish), a 50 � 50-m
plot was established in each managed lenga stand in all sites (under
the shelterwood-cut system), and a similar one was set in a nearby
area (�1 km away) with no forest management and with little or no
anthropogenic impact. Before intervention, lenga stands in the three
sites showed the following structural data: 59.2, 75.2, and 47.8 m2 �
ha	1 of basal area and densities of 376, 477, and 482 stems � ha	1

in Huemules, Lago Guacho, and Lago La Plata, respectively (Berón
1996, Davel and Bava 1999, Antequera 2002). On these three sites,
the shelterwood-cut intervention was performed about 16 to 18
years before treatment establishment. At the time of establishment,
treatment and control plots presented the structural and stand char-
acteristics given in Table 1. Because cattle grazing was excluded
since intervention, we rechecked that by surveying the presence of
cattle dung depositions on treatment and control plots in each site
(von Müller 2013).

Study of Microenvironmental Variables
In each plot, 10 points were randomly selected, and soil temper-

ature and moisture were recorded. Soil temperature below the litter
mantle (mineral soil, at 10 cm soil depth) was taken with a digital
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thermometer (265Astem133; Luft Germany). Cylindrical (5 cm in
diameter and 10 cm in depth) soil core samples (n � 10) were also
taken to determine soil moisture in the 0 to 10 cm soil depth by the
gravimetric method (International Organization for Standardiza-
tion 1993). In each of the 10 points, a photograph of the tree canopy
cover was taken (18-mm f/3.5–5.66G lens, Nikon D5100), from
which a percentage of lenga canopy cover was visually estimated.

Vegetation Survey
Within each plot, 10 points were randomly selected, at each of

which a 50 � 50-cm square microplot was placed for surveying
lower strata vegetation up to 1-m height, since taller vegetation
strata are rare in these forests (Bava and Rechene 1998, Bertolin
et al. 2015). The survey included lenga seedlings shorter than 1 m,
whereas advanced lenga regeneration (seedlings and saplings taller
than 1 m) was not considered. In each microplot, the presence of all
vascular plant species was recorded, and their cover was visually
estimated. The size of the microplots was considered satisfactory for
total plant species determination, after construction of the species-
accumulation curves for each treatment in all three sites, to capture
as much species diversity as possible with the lowest sampling effort.
Unknown individuals were collected for later identification in the
laboratory. Species were determined according to Correa
(1969–1988) and Zuloaga et al. (2008). In addition, each plot was
surveyed to identify the presence of any species not recorded in the
microplots. The species recorded outside the microplots were con-
sidered in the overall species richness.

Data Analyses
To validate the sampling effort to cover the whole range of vas-

cular species present in the plots, species accumulation curves were
constructed based on the presence/absence of superior vascular plant
species by using richness and Chao2 in the free EstimateS 9.1 soft-
ware (Colwell 2013). Species richness (S) and the Shannon-Wiener
diversity index (H�) were used as measures of diversity because of
their simplicity and wide use in ecological (Magurran 2004) and
forest studies (Kimmins 1997). Alpha diversity was estimated as the
number of the different plant species found in each microplot; beta
diversity was analyzed through ordination (Bray-Curtis distance),
and gamma diversity was estimated based on the number of the
different plant species found in each plot (Moreno 2001). For clas-
sification and ordination, all plant cover data were log(x 
 1) trans-
formed. To compare plant communities (beta diversity), the mean
plant cover per treatment in each site was used to construct a matrix
based on the Bray-Curtis distance. The resulting matrix was used to
perform a nonmetric multidimensional scaling (nMDS) analysis.
Permutational multivariate analyses of variance (PERMANOVA)
(bifactorial) (McCune et al. 2002) were used to test differences in
plant communities between treatments and among sites. To analyze

how communities vary according to the treatment at the same loca-
tion, a test of dissimilarities percentage (SIMPER) (Clarke and War-
wick 2001) was applied to determine which plant species contrib-
uted the most to the differences observed between groups. nMDS
ordinations were used to compare plants species composition in
managed and unmanaged treatments, and for different sites, we
used the vegan package in R statistical software (Oksanen et al.
2010).

Linear mixed-effect models were used to analyze the effects of
treatments (managed and unmanaged) on the following microenvi-
ronmental variables (soil temperature and moisture and canopy
cover) and understory variables (total understory cover, cover by life
form and by origin, S, and H�). Treatments (managed and unman-
aged) were considered as a fixed effect, and the variable site was
considered as a block (random effect). The amount of the model
variance that was explained by differences among sites was calcu-
lated by dividing the random effect variance by the total variance.
The data were analyzed using the lme function (Pinheiro et al. 2013)
and lme4 algorithms (Bates et al. 2013) in the R package (R Devel-
opment Core Team 2013) interfaced by InfoStat statistical software
version 2012 (Di Rienzo et al. 2011).

Results
Microenvironmental Variables

Even though the three sites were located far apart one from each
other, they showed strong similarities in soil moisture, soil temper-
atures, and canopy cover percentages. However, these variables sig-
nificantly differed between managed and unmanaged treatments
within sites. Soil temperature was significantly higher in managed
(8.8 � 0.2° C) than in unmanaged treatments (7.7 � 0.2° C).
Unmanaged plots showed significantly higher values of soil mois-
ture (73.4 � 3.9%) and canopy cover (85.7 � 3.8%) than managed
plots (60.4 � 3.9% and 63.9 � 3.8%, respectively) (Figure 2).

Composition of the Understory Vegetation
The species-accumulation curves (Figure 3) showed that each

one reached, or was close to reaching, the asymptote in the two
treatments of the three sites analyzed. This indicated that the
assembly of understory species was satisfactorily sampled. In ad-
dition, as was expected, the cattle dung survey showed that nei-
ther treatments nor control plots on any site presented evidence
of cattle grazing from the cutting intervention and until treat-
ments were set (Table 1).

Plant Species Composition
A total of 32 species were recorded in the three sites. Of them, 29

(91%) were native and only 3 (9%) were exotic herbs (Table 2).
Only one individual (Poaceae 1) could not be identified to the level
of genus or species. Lenga seedlings represented the only tree life

Table 1. Characterization of lenga managed and unmanaged plots for the three study sites in central Patagonia.

Site Treatment
Time from last

intervention (yr)
Basal area

(m2 � ha	1)
Stem density

(n � ha	1)
Lenga

seedlings (n � m	2)
Cattle dung

depositions (%)

1: Huemules Managed 16 20.8 104 4.2 � 1.2 0
Unmanaged 49.5 304 3.2 � 0.9 0

2: Lago Guacho Managed 18 35.1 168 13.9 � 4.3 0
Unmanaged 74.6 560 16.3 � 6.2 0

3: Lago La Plata Managed 16 20.4 68 3 � 0.5 0
Unmanaged 42.5 324 6.9 � 1.9 0

For lenga seedling numbers, the values represent means � 1 SE.
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form found in the understory; 10 species were shrubs and the re-
maining 21 were perennial herbs and grasses. Even though the sam-
pling was carried out when most species flourished, no annual herbs
or grasses were recorded (Table 2). The majority of the species
recorded showed cover values of less than 3%, and total understory
cover was 39 � 3.7%.

Related to treatments, 26 species were recorded in managed plots
and 28 in the control plots. In managed plots, 7.7% of understory
species corresponded to exotic species, and this percentage dimin-
ished to 3.6% in control plots. Some species (Phacelia secunda,
Bromus coloratus, Calceolaria biflora, Valeriana laxiflora, and Viola
maculata) were only found in control plots, whereas others (Rumex
acetosella, Senecio neaei, and Lathyrus magellanicus) were only found
in managed plots (Table 2).

The species that showed average cover values higher than 3%
were Osmorhiza chilensis, Maytenus disticha, Chiliotrichum diffusum,
N. pumilio, and Maytenus chubutensis. They also showed differences
between treatments. O. chilensis showed higher cover percentage in
unmanaged (7.8 � 1.7%) than in managed treatments (4.8 �
1.1%). M. disticha showed higher cover in managed (7.2 � 3%)
than in unmanaged treatment (0.2 � 0.1%), although it appeared
in only one site (Lago La Plata). C. diffusum presented an average
cover of 6.3 � 2.5% in managed compared with 1.2 � 0.6% in
unmanaged treatments. N. pumilio and M. chubutensis showed no
variation between treatments (Table 2).

Changes in Plant Composition
Understory plant communities were significantly different be-

tween treatments (F1,58 � 3.01, R2 � 0.04, P � 0.004). The nMDS
ordination identified two groups (managed and unmanaged) with a
stress value of 0.177 (Figure 4A). In addition, plant communities
were significantly different among sites (F2,58 � 8.55, R2 � 0.23,
P � 0.004). The nMDS ordination identified three groups (sites 1,
2, and 3) with a stress value of 0.178 (Figure 4B). Although some
differences were recorded among plant communities at the treat-
ment or site levels, the R2 value indicated that dissimilarities were
higher at site levels than at treatment levels. The results of SIMPER
analysis that compared the two groups (treatments) showed that the
only species that contributed to the dissimilarity between forest

treatments with a value higher than 1 was O. chilensis. This species
showed significantly higher abundance in unmanaged than in man-
aged treatments. The results of SIMPER analysis that compared the
two sites (1 to 3 and 2 to 3) indicated that the species which con-
tributed to dissimilarities were O. chilensis and C. diffusum. These
two species were more abundant in site 3 than in the other sites.
Between sites 1 and 2, the species contributing the most to dissim-
ilarities were M. chubutensis and O. chilensis, which presented higher
cover in site 1.

Variations in the Attributes of Understory Plant Community
Total plant cover showed no variations between managed and

unmanaged treatments (Table 3). Related to H�, similar values were
found between managed and unmanaged forests (Table 3). How-
ever, the S values were significantly higher in unmanaged treatments
than in managed ones (Table 3). When species origin was evaluated,
native species showed no differences between treatments. Cover of
exotic species was low (�2%) and did not show significant differ-
ences between treatments (Table 3).

Regarding plant life form, herbs showed significantly higher val-
ues in unmanaged than in managed treatments. Shrub cover was
higher in managed than in unmanaged treatments. Tree cover (rep-
resented only by lenga seedlings) presented similar values between
managed and unmanaged forests (Table 3).

Discussion
Microenvironmental Variables

Lenga forests in Argentinean Patagonia are distributed in a long
and narrow strip (30–50 km wide and 2,000 km long) along the
eastern side of the Andean cordillera, ranging from near 2,000 m of
altitude in the northern province of Neuquén up to sea level in
Tierra del Fuego (Veblen et al. 1996, González et al. 2006). In
central Patagonia, the study sites, located at altitudes from about
950 to 1,250 m asl and 200 km apart one from each other, showed
strong similarities in the environmental variables (air temperatures
and relative humidity). Microenvironmental variables, however,
significantly differed between treatments. Despite the time that had

Figure 2. Soil temperature and moisture and canopy cover averages for managed and unmanaged treatments in lenga forests of
Patagonia in Argentina. Bars and lines represent means � 1 SE, respectively.
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passed since the last interventions (16–18 years), the typical mi-
croenvironmental conditions found in unmanaged forest were al-
tered in the managed forest when the shelterwood-cut treatment was
applied. These results coincided with studies carried out in other
lenga forests, which showed that this cut system increases incoming
light and soil temperature compared with those in unmanaged forest
(Veblen et al. 1978, Heinemann et al. 2000, Promis et al. 2010).
The magnitude of these micro environmental variations appears to
be related to the extent of the disturbance, especially to the size of the
opened gap, and the time that has passed since the gap was created
(Lencinas et al. 2011, Duguid and Ashton 2013, Gallo et al. 2013).
In this study, managed forests showed lower canopy cover and top-
soil moisture, and higher soil temperatures and light availability
than unmanaged forests. Even though the extent of the cutting
intervention was different in each of the three sites (as observed in
the number of remaining trees after these interventions (Table 1), it
seems that its impact on total understory composition was minimal.
This may be due to the fact that the different plant species and life
forms found in the understory of managed lenga forests are tolerant
to small variations in physical and micro-environmental changes
produced by low-impact forest interventions (Reader and Bricker

1992, Ellum 2009, Duguid and Ashton 2013), produced in this case
by the shelterwood-cut system. The microenvironmental changes,
however, may have particular effects, by either increasing or decreas-
ing cover of certain particular species, when virgin or unmanaged
lenga forests are converted to managed forests. These small changes
in understory species composition and cover induced by modi-
fications in microenvironmental conditions produced by the
shelterwood-cut system may have also been favored by the lack of
cattle grazing since the cutting intervention and until the sampling
was performed. This assertion is based on the fact that cattle grazing
in lenga forests may produce abrupt changes in the structure of its
understory vegetation (Vázquez 2002, Collado et al. 2008, Raffaele
et al. 2011, Quinteros et al. 2012, 2013, Zamorano-Elgueta et al.
2012).

Composition of the Understory Vegetation
The species composition found was somewhat similar to that

reported in other studies describing understory vegetation of un-
managed lenga forests in both its northern (Río Negro [Damascos
and Rapoport 2002]) and southern (Tierra del Fuego [Martínez
Pastur et al. 2002, Bastías Fuentes 2005]) distribution range. Most

Figure 3. Species accumulation curves of estimated species (S) and of the richness estimator (Chao2) in the understory of managed and
unmanaged lenga forests in Andean Patagonia, Argentina.
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of the species recorded were also found in floristic surveys carried out
in various understories of lenga forests of Chubut, previously sub-
jected to different forest harvesting techniques (Puig and Troncoso
1993, Bertolin et al. 2015). These species could be classified as
generalists and seemed to be well adapted to living below lenga
canopies and in adjacent canopy gaps opened by tree fall distur-
bances (Damascos and Rapoport 2002).

It is interesting to note that although more than 100 exotic
species have been identified in the whole Patagonian Andean forests
(Dimitri 1972), only a few were registered in pure lenga forests, and
most of them were associated with grazing disturbance (Domínguez
et al. 2006, Quinteros et al. 2012). In all study sites, although no
actual grazing was detected, the exotic species Poa pratensis, Rumex
acetosella, and Cerastium arvense were recorded. These European
species, however, have been cited as invaders elsewhere (Pysek et al.
2004).

When species composition was compared between managed and
unmanaged forests, a low similitude was found. This low similitude
value could be explained because understory plant communities in
temperate forests are diverse and dynamic. Shorter plant species
turnover times and greater environmental sensitivity and specificity
mean that the understory plant community responds faster and at

finer scales to disturbance and site variation (Ellum 2009). The
species that contributed the most to this dissimilarity between man-
aged and unmanaged forest were the most abundant (O. chilensis,
M. disticha, and C. diffusum). In agreement with other studies car-
ried out in typical lenga forests of central Patagonia, the herb O.
chilensis was the most abundant in unmanaged forest (Puig and
Troncoso 1993, Bertolin et al. 2015) and the shrubs M. disticha and
C. diffusum were the most abundant in managed forests, which
showed a more open canopy (Arroyo et al. 1996).

Variations in the Attributes of Understory Plant Community
The total cover of the understory showed an average value of

40%. This value is within the range reported by Bastías Fuentes
(2005) for other N. pumilio forests in Chile. It is interesting to note
that herbs were the dominant species in all sites, which coincides
with what was reported for lenga forests in Tierra del Fuego by
Moore (1983) and Lencinas et al. (2008). Besides different lenga
forests, the S and H� documented in this study are similar to those
found for other temperate forest ecosystems in Canada (Reader and
Bricker 1992) and the United States (Ellum 2009, Duguid and
Ashton 2013). In all of these cases, after 15 years of forest interven-
tion, managed forests showed similar S in the understory as the

Table 2. Plant species, recorded in the three sites, sorted according to botanical families.

Family Species LF

Site 1 Site 2 Site 3

M UM M UM M UM

Apiaceae Osmorhiza chilensis Hook. & Arn. PH 4 � 2.5 9.9 � 4.4 5 � 1.5 1.5 � 0.7 5.5 � 1.5 12 � 1.3
Adenocaulon chilense Less. PH 2.9 � 2 2 � 1 1 � 0.7 2.5 � 1
Chiliotrichum diffusum (G. Forst.) Kuntze S 1 � 0.7 18 � 6.3 3.7 � 1.4

Asteraceae Senecio neaei DC. S 0.11 � 0.1 –
Leucheria thermarum Phil. (Phil.) PH 0.2 � 0.1 3.7 � 2.3 –
Macrachaenium gracile Hook.f. PH 0.1 � 0.1 –

Berberidaceae Berberis microphylla G. Forst. S X 0.5 � 0.5 –
Berberis serratodentata Lechl. S 0.5 � 0.3 4.5 � 1.9 1.6 � 1.1 1.7 � 1.5 X

Caryophyllaceae Cerastium arvense L.* PH 0.2 � 0.2 0.1 � 0.1
Celastraceae Maytenus chubutensis (Speg.) Lourteig,

O´Donell & Sleumer
S 10.2 � 5.2 1.8 � 1.8 1.5 � 1.1 7.5 � 1.4 0.2 � 0.2 –

Maytenus disticha (Hook. F.) Urb. S 21.6 � 7.3 0.7 � 0.4
Ericaceae Gaultheria mucronata (L. f.) Hook. & Arn. S 5.5 � 1.4 0.4 � 0.4
Fabaceae Lathyrus magellanicus Lam. PH 0.1 � 0.1 –
Hydrophyllaceae Phacelia secunda J.F. Gmel. PH 1.5 � 1.5 –
Nothofagaceae Nothofagus pumilio (Poepp. & Endl.) Krasser T X 9.5 � 5.2 5.3 � 2.6 3.2 � 2.9 3.8 � 2.9
Orchidaceae Gavilea lutea (Pers.) M.N. Correa PH 0.5 � 0.5 1 � 1

Codonorchis lessonii (Brongn.) Lindl. PH 0.2 � 0.2 X 0.5 � 0.5 1.4 � 0.7 X 0.5 � 0.2
Poaceae Poa pratensis L.* PH 2.5 � 2.5 5 � 5 –

Poa alopecurus (Gaudich. ex Mirb.) Kunth PH 3.6 � 1.6 0.1 � 0.1
Poaceae 1 PH X –
Elymus angulatus J. Presl PH 1.5 � 1.5 4.5 � 2.1 –
Bromus coloratus Steud. PH 15.8 � 7.3
Festuca magellanica Lam. PH 0.1 � 0.1 0.4 � 0.3

Polygonaceae Rumex acetosella L.* PH X –
Rosaceae Acaena ovalifolia Ruiz & Pav. PH 3.9 � 3.5 10.7 � 4.7 0.3 � 0.3 2 � 1.5
Rubiaceae Galium hypocarpium (L.) Endl. ex Griseb. PH 0.2 � 0.1 X
Santalaceae Myoschilos oblongum Ruiz & Pav. S 0.5 � 0.5 2 � 1.47 1.4 � 1
Saxifragaceae Ribes cucullatum Hook. & Arn. S 0.5 � 0.5 7.3 � 4.1 0.5 � 0.5 –

Ribes magellanicum Poir. S 4 � 4 4 � 2.8 –
Scrophulariaceae Calceolaria biflora Lam. PH 1.5 � 1.5 –
Valerianaceae Valeriana laxiflora DC. PH 1 � 1 0.5 � 0.3
Violaceae Viola maculata Cav. PH 1.5 � 1.1 0.8 � 0.5
S 13 15 9 8 17 18
H� 1.87 2.21 1.8 1.61 1.84 1.97

Life form (LF) is indicated (PH, perennial herbs and grasses; SH, shrubs; T, tree seedlings). From each species, average cover values (% � 1 SE) for each site (1, 2, and 3)
and forest treatment (M, managed; UM, unmanaged) are shown. Plant cover with an average lower than 0.1% is indicated with an X. Species richness (S) and
Shannon-Wiener index (H�) are also shown.
* Exotic species.
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adjacent nondisturbed forest. In our study, slightly higher S values
were recorded in unmanaged than in managed forests, whereas H�
was similar for the two treatments. Similar H� values indicate a
relatively even distribution of species cover between treatments,
whereas the higher richness in unmanaged forests could be due to
the presence of some species that were exclusive to this treatment.

The reduced cover (�2%) and low species richness (8%) of
exotic species found in our study could in part be associated with the
time that had passed since the last cutting (16–18 years) and also

with the lack of other disturbances such as cattle grazing. In similar
lenga forests but having evidence of grazing disturbance, Quin-
teros et al. (2012) registered higher richness (�19%) and cover
of exotic species in the understory than in this study. Similar
results with regard to increases in exotic species were recorded in
cattle-grazed lenga forest of the nearby Aysén region in the west-
ern Andean slopes of Chile (Sánchez-Jardón et al. 2010). In the
southern area of lenga distribution, an important increase in
frequency and cover of exotic species was registered in forests

Figure 4. Nonmetric multidimensional scaling ordinations according to species dissimilitude between forest type (managed and
unmanaged) (A) and sites (B) in lenga forests of Patagonia in Argentina.

Table 3. Mixed ANOVA model for understory cover, on the lenga forests studied, considering treatment (managed and unmanaged) as
a fixed effect and site as a random effect.

Factor: treatment Total cover

Diversity Origin Life form

Species richness H Index Native Exotic Herbs Shrubs Seedling trees

Managed forest 40.1 � 5.3 3.8 � 0.3 0.9 � 0.1 39.2 � 5.5 0.9 � 0.8 11.7 � 2 24.1 � 4.2 4.2 � 2.1
Unmanaged forest 38.2 � 5.1 4.8 � 0.5 1 � 0.1 36.5 � 4.9 1.7 � 1.7 25.9 � 4.7 9.5 � 1.7 3.0 � 1.3
F(1, 56), P 0.07, 0.78 4.40, 0.04 1.03, 0.3 0.16, 0.69 0.19, 0.66 3,12, 0.003 11.4, 0.001 0.25, 0.61
Random effect variance (site) 188.6 3.1 0.6 189 2 115.8 38.3 9.7

Means � 1 SE are shown.
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during the first 6 years after the shelterwood-cut intervention
(Fernández et al. 1998). After that time, when lenga seedlings
started to establish and branches of remaining lenga trees began
to close the canopy, these exotic species started to disappear from
the forest understory, probably because after a shelterwood-cut
intervention, lenga tree branches grow about 20 cm year	1

(López Bernal et al. 2012). Paillet et al. (2010) suggested that 15
to 20 years after the shelterwood-cut intervention, canopy open-
ings and also the plant community that developed below the
canopy understory would return to the previous conditions of
unmanaged forest. Our results suggest that for long-lived lenga
forests growing in Patagonia, more time than suggested by Paillet
et al. (2010) would be necessary for the forest to return to the
previous unmanaged conditions after the shelterwood-cut
intervention.

Herbs showed the highest cover in unmanaged forests, the most
abundant in the lenga understory being O. chilensis; this may have
been due to the fact that it is a shade-tolerant species, and its cover
drastically diminishes after a forest intervention, when incoming
light increases in the understory (Sánchez-Jardón et al. 2010). In
managed forests, in contrast, shrubs showed their highest cover.
Their abundance in these forests may be due to the higher levels of
light that reach the understory than in unmanaged forests, which
showed a more closed canopy and lower light levels (Arroyo et al.
1996).

Finally, lenga seedling regeneration occurred in all unmanaged
forests. This species, however, was also present in managed forests,
although the saplings were not tallied in our study because they
surpassed the established 1-m recording height.

Conclusions
To put into practice the sustainable use of forest resources, a tight

link between research and management is needed. Lenga is the most
harvested forest species in Chubut province in Patagonia, Argentina.
The Argentine legislation, Federal Law 26,331 on Native Forests
Protection, promotes the sustainable use of forest resources. The
forest management of lenga forests based on the shelterwood-cut
system appears to be an appropriate method to attain sustainability,
since it does not significantly changes in understory vegetation
structure and species diversity compared with pristine vegetation.
However, careful consideration should be given to some unexpected
increase in shrub cover in managed forests. Further studies, how-
ever, should focus on the effects of forest management combined
with other disturbances (i.e., grazing) on understory vegetation
structure and functioning. These results allow for recommending
the shelterwood-cut system as a silvicultural tool for sustainable
harvests in lenga forests of central Patagonia for diversity conserva-
tion. These recommendations could be used as a reference for other
forests with structural and climatic characteristics similar to those
presented in this study.
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LÓPEZ BERNAL, P.M., J.O. BAVA, AND S.H. ANTEQUERA. 2003. Regener-
ación en un bosque de lenga (Nothofagus pumilio (Poepp. et Endl.)
Krasser) sometido a un manejo de selección en grupos [Natural regener-
ation in a lenga forest (Nothofagus pumilio (Poepp. Et Endl.) Krasser)
submitted to selection management in groups]. Bosque 24:13–21.
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Morpho-ecological study on the South American species of the genus
Nothofagus. Plant Ecol. 130:101–109.

RANDS, M.R.W., W.M. ADAMS, L. BENNUN, S.H.M. BUTCHART, A. CLE-
MENTS, D.A. COOMES, A. ENTWISTLE, ET AL. 2010. Biodiversity con-

servation: Challenges beyond 2010. Science 329:1298–3003.
READER, R.J., AND B.D. BRICKER. 1992. Values of selectively cut deciduous

forest for understory herb conservation: An experiment assessment. For.
Ecol. Manage. 51:317–327.
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