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Abstract. Plantations with fast growing exotic tree species can negatively
affect native plant species diversity and promote the spread of alien spe-
cies. Mediterranean Chile experienced major landscape changes with a vast
expansion of industrial plantations of Pinus radiata in the past. However,
with increasing knowledge of biodiversity effects on ecosystem services
Chilean forest owners now aim to integrate the conservation of native bio-
diversity into forest management, but data on native species diversity and
establishment within a plantation landscape is scarce. Here we investigated
plant species diversity and composition in four forest management options
applied within a landscape dominated by P. radiata plantations in compari-
son to an unmanaged reference: (i) a clear cut, (ii) a strip cut, (iii) a native
canopy of Nothofagus glauca and (iv) a young P. radiata plantation. We
wanted to assess if native plant species can be maintained either by natural
regeneration or by planting of native tree species (Nothofagus glauca, N.
obliqua, Quillaja saponaria) within this landscape.

Results show a high diversity of native and forest plant species within the
different management options indicating a high potential for native biodi-
versity restoration within an anthropogenic landscape. In particular, herba-
ceous species can benefit from management. They are rare in unmanaged
natural forests that are characterized by low light conditions and a thick
litter layer. Management, however, also promoted a diversity of alien spe-
cies. The rapid spread of alien grass species after management can deter an
initial establishment of native tree species or the survival and growth after
planting mainly under dry but less under sufficient moisture conditions. The
most unsuccessful option for promoting native plant species was clear cut-
ting in a dry area where alien grasses were abundant. For drought-tolerant
tree species such as Quillaja saponaria, though, even a joint establishment
with Pinus radiata seems possible.

Keywords Pinus radiata plantations, Nothofagus obliqua, Nothofagus glauca,
Quillaja saponaria, invasive species

75



Ann. For. Res. 59(1): 75-90, 2016

Research article

Authors. Steffi Heinrichs (sheinri@gwdg.de), Carolin Stiehl - Department Sil-
viculture and Forest Ecology of the Temperate Zones, Georg-August-University
Gottingen, Biisgenweg 1, 37077 Goéttingen - Germany; Burkhard Miiller-Using
- Facultad de Ciencias Forestales, Universidad de Concepcion, Casilla 160-C,

Concepcion, Chile.

Manuscript received August 27, 2015; revised December 21, 2015; accepted Janu-
ary 4, 2016; online first January 28, 2016.

Introduction

Land use change and the introduction of alien
species are the most important drivers of bi-
odiversity loss in the Mediterranean (Sala et
al. 2000). Here biodiversity hotspots usually
coincide with areas of high population density
and land use intensity (Myers 1990, Cincotta
& Engelman 2000). In particular, the expan-
sion of tree plantations with fast growing ex-
otic tree species can negatively affect native
species diversity (Bremer & Farley 2010),
although some authors argue that plantations
can as well support the regeneration of native
understorey species (Lugo 1997, Carnus et al.
20006).

Mediterranean Chile, a biodiversity hotspot
(Myers 1990, Myers et al. 2000), experienced
major landscape changes in the past decades
as exotic forest plantations expanded. At the
same time natural ecosystems declined sub-
stantially and alien species invaded (Aguayo et
al. 2009, Fuentes et al. 2013). The highly pro-
ductive and diverse coastal ranges were par-
ticularly affected by deforestation as seen for
the Coastal Maulino Forest dominated by the
endemic and endangered tree species Nothofa-
gus glauca at latitudes between 35°55° and
36°20°S (Litton & Santelices 1996, Muiioz et
al. 2013). Approximately 76 % of the original
area covered by this forest type has been re-
placed by Pinus radiata resulting in a highly
anthropogenic landscape that contains only
small isolated remnants of the natural forest
(Echeverria et al. 20006).

Both plantations and natural forest fragments
are largely affected by the invasion of alien
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species (Becerra & Simonetti 2013), which
can potentially decrease native species num-
bers and lead to local extinctions (Gaertner et
al. 2009). Little is known about the diversity
of native plant species and their successful
regeneration in this anthropogenic landscape
dominated by aliens. The restoration of nat-
ural forest communities and the conservation
of native biodiversity is, however, becoming
an increasingly relevant issue for some Chil-
ean forest owners to obtain forest certification
(Cubbage et al. 2010) or to promote ecosys-
tem services (Lara et al. 2009). Furthermore,
since 2008 forest owners can receive subsidies
for a sustainable management of natural for-
ests, whereas the conversion to plantations is
forbidden (Miiller-Using & Bava 2010). Thus,
knowledge on native species establishment is
crucial.

By conducting vegetation surveys we inves-
tigated plant species diversity and composi-
tion of an intensively managed forest site in
comparison to an unmanaged natural reference
stand to evaluate the sites potential for native
species establishment. The site represents four
management options that may be used for the
regeneration of native tree species in Mediter-
ranean Chile: a clear cut, a strip cut, a native
canopy of a small natural forest remnant and
a young plantation of Pinus radiata. To assess
the management options potential for native
tree regeneration, three native tree species
were planted within each option. These tree
species were Nothofagus glauca, the dominant
species of the Coastal Maulino forest, as well
as Nothofagus obliqua and Quillaja saponar-
ia colonizing more humid or dry sites of the
Coastal Maulino Forest, respectively (San
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Martin & Donoso 1995). Our questions were:
(1) How much do native species diversity and
composition in the managed site differ from an
unmanaged reference stand?, and (ii) Can na-
tive tree species successfully regenerate in the
different management options?

Materials and methods
Study area

The study was conducted in a private for-
est area situated between the localities Quir-
thue and Cobquecura within the Chilean
coastal mountains at elevations between 370
and 550m a.s.l. (36°12°-36°13’S; 72°38’-
72°39°W; see Supporting Information I). The
study area is located in the north-western part
of the Biobio-region according to the Chilean
system of administrative regions. The climate
can be classified as Mediterranean with an oce-
anic influence. The mean annual precipitation
for the years 2010 to 2013 for the weather sta-
tion Coronel del Maule (36°03°S; 72°28°W),
ca. 23 km north of the study site at an altitude
of 165 m a.s.l, is 623 mm, the mean annual
temperature is 13.3 °C. The precipitation is
seasonal and concentrated during the winter
season (Agromet 2015). Due to proximity to
the ocean air humidity is high (Litton & San-
telices 1996). The predominant soil type is a
fertile, well drained alfisol on igneous granite
rock with a medium to fine texture and a high
base saturation allowing a deep root develop-
ment. The topography is hilly with slopes up to
> 50 % that are susceptible to erosion (Casano-
va et al. 2013).

The landscape is dominated by Pinus radia-
ta plantations that comprise ca. 1.5 Million ha
in Chile (2009). 44 % are located in the
Biobio-region (Mead 2013). The potential nat-
ural vegetation of the study area is a deciduous
forest of Nothofagus glauca (deciduous Mauli-
no Forest) with a scarce presence of N. obliqua
accompanied by evergreen tree species (e.g.
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Aextoxicon punctatum, Gevuina avellana) and
epiphytes (e.g. Lapageria rosea Lardizabala
biternata) corresponding to temperate rain-
forest communities and by elements of more
northern sclerophyllous forest communities
(e.g. Cryptocarya alba, Peumus boldus, Quill-
ja saponaria).

Management options and native tree species
establishment

In 2009 the forest company MASISA provided
a forest site of ca. 2 ha in total for investigating
native tree species establishment within the
study area. The site was managed in the same
year in four different ways (management op-
tions): (i) a 70 by 70 m Pinus radiata clear cut
(CC); (ii) a 25 by 200 m strip cut (SC) of Pinus
radiata and Eucalyptus spec. receiving lateral
shade from adjacent Pinus radiata plantations;
(iii) a ca. 25 year-old 70 by 70 m Nothofagus
glauca remnant thinned by reducing stems per
ha from 2250 to 553 (Native canopy option =
NC); and (iv) a young Pinus radiata plantation
established with one year old seedlings (670
seedlings/ha) on a ca. 40 by 135 m plot (Pine
canopy option = PC, see Table 1; Supporting
Information I).

Pinus radiata plantations in central Chile are
intensively managed in short rotation periods
of 18 to 28 years (Mead 2013) with clear cuts
followed by fertilizer and herbicide application
and a subsequent re-planting with Pinus radia-
ta. The management options CC and SC rep-
resent such a total canopy removal on a small
scale with lateral shade being provided by ad-
jacent plantations for the SC option. A buffer
of one tree length to adjacent plantations was
established for the CC option. Furthermore,
no fertilizers or herbicides were applied after
cutting operations, but understorey vegetation
was removed mechanically. For these options
a subsequent re-planting with the three native
tree species Nothofagus obliqua, N. glauca and
Quillaja saponaria occurred. A subsequent
re-planting both with Pinus radiata and the
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Table 1 List of the four management options and their main characteristics

Managmement  Abbrevation

option used Size [m] Description

Clear cut cC 70x 70 Clear cut of Pinus radiata

Strip cut sC 25 % 200 Clear c‘ut of P. radiata and Eucalyptus spec. with shade from adjacent
plantations

Native canopy ~ NC 70x 70 Thinned 25 year old Nothofagus glauca stand (from 2250 to 553
stems/ha) ) )

Pine canopy PC 40 x 135 Young plantation of P. radiata (670 seedlings/ha) after clear cut; P,

radiata forms the subsequent canopy

three native tree species was conducted for the
PC option. Due to the much faster growth rate
of Pinus radiata compared to the native trees
a pine canopy developed that was assumed to
provide shade for the native tree species. Since
2012 the pine trees were pruned.

The NC option represents a possible sustain-
able management option for regenerating the
scattered natural forest remnants present in the
anthropogenic landscape. Forest owners might
get governmental subsidies for such a manage-
ment option. The here considered forest rem-
nant is a young secondary forest that devel-
oped from natural regeneration with stems in
high density and small diameter. By thinning
and subsequent planting of native tree species
a diverse multi-layered natural forest may be
achieved resulting in high native plant species
diversity and economical valuable timber. In
addition, the native forest remnant functions
along with scattered groups of native trees as
seed source for the study area.

In each of the four management options
300 one year old tree seedlings per native tree
species were planted in September 2009. The
trees were obtained from regional tree nurser-
ies where they were grown in 130 cm? pots.
For each species 12 subplots with 25 seedlings
were established per management option.

The 25 seedlings per subplot were planted
in a distance of 2 by 2 m from each other. The
subplots were separated by a 3 m distance
from each other. The subplots containing the
different tree species were arranged rotational-
ly with two subplots of the same species being
always adjacent to each other (see Supporting
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Information II). To allow an initial establish-
ment of the seedlings an early competition
was prevented by mechanically removing the
surrounding understorey vegetation above the
ground once a year (March 2012 for the last
time); root competition remained.

Survival of all seedlings was recorded at
the end of each vegetation period in May until
2013 (in total after four vegetation periods).
Seedling height at time of planting was com-
parable between management options and spe-
cies with a minimum of 15.4 + 0.4 cm for N.
glauca in the CC option and a maximum of
19.3 +£ 2.1 cm for N. obliqua in the SC option
and 19.3 £ 0.4 cm for N. glauca in the PC op-
tion.

Vegetation data sampling

Vegetation data were sampled on 2 by 50 m
transects divided into five 2 by 10 m subplots.
In each management option five transects were
sampled. On each subplot the presence and
cover of all vascular plants < 5 m in height
were recorded in November 2012. We checked
for new species in each transect in February
2013. Species cover was estimated using the
methodology of Braun-Blanquet (1964).
Vegetation data were contrasted to eight
vegetation surveys conducted in an unman-
aged reference on the same transect size (2 by
50 m divided into 2 by 10 m subplots). The
unmanaged reference is a large-scale contin-
uous forest dominated by Nothofagus glauca
in a 3 km distance from the managed site (see
Supporting Information I). With ca. 200 ha this
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forest represents the largest continuous natural
forest within the whole study area. All species
detected were classified as alien or native ac-
cording to Zuloaga et al. (2008).

Furthermore, species typical for natural forest
communities (in the following referred to as
forest species) of the study area were distin-
guished from the literature (see Supporting
Information III). Species were further grouped
based on their growth form differentiating be-
tween trees, shrubs, vines, lianas, herbs, ferns
and graminoids (Zuloaga et al. 2008).

Environmental variables

In each management option and in the unman-
aged reference several environmental varia-
bles were assessed within the vegetation tran-
sects.

The light intensity is expressed by the indi-
rect site factor obtained from a hemispheric
photograph taken in the center of each sub-
plot (i.e. five photographs per transect) at 2 m
height in February when trees were fully foli-
ated (Pryor 2010). We took soil samples from
the upper 5 cm of the mineral soil in each sub-
plot and pooled the samples per transect. The
pooled samples were analyzed for pH, total
carbon and nitrogen pools and the carbon to
nitrogen ratio. Litter layer thickness was meas-
ured in the center of each subplot resulting in
five measurements per transect. We charac-
terized the abundance of the shrub layer con-
sidering all woody species <5 m and >0.5 m
in height and the abundance of the herb layer
considering all woody species <0.5 m and all
herbaceous species by estimating percentage
coverage per 2 by 10 m subplot for each tran-
sect.

The potential plant available water capacity
(AWC) was quantified for the four manage-
ment options in 2011. The AWC was quanti-
fied as the difference between water content
at field capacity and water content at wilting
point at 0-20 cm and 20-40 cm depth of the
mineral soil. For this analysis soil samples
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were taken at three spots across each manage-
ment option and separated by soil depth. In the
laboratory water content of each sample was
determined at 0.3 and 15 bar. These analyses
were conducted using disturbed samples and
can therefore only be used as a rough estimate
for plant available water capacity (Bell and
van Keulen 1996). The management options
are comparable in terms of soil texture (sandy
loam) and bulk density (1.25 to 1.36 g/cm?).
No estimation for available water content was
conducted in the unmanaged reference.

Data assessment

For assessment of the vegetation data we con-
trasted (i) each management option with n =5
transects to the unmanaged reference with n =
8 transects and (ii) the managed forest site with
n = 4 management options to the unmanaged
reference.

Differences regarding environmental varia-
bles and species diversity sampled on the tran-
sect level were tested with t-tests when data
was normally distributed or Mann-Whitney-
U-Test when normality was lacking.

Species diversity was further compared be-
tween the managed site and the unmanaged
reference by considering all available transects
using rarefaction and extrapolation techniques
proposed by Chao et al. (2014). 20 transects
were regarded as the base sample size for con-
trasting the managed site with the unmanaged
reference. As 20 transects were available for
the managed site sampled in the four manage-
ment options species diversity estimation is
based on rarefaction here. Extrapolation was
used for the unmanaged site with n = § tran-
sects. We regarded the first three Hill numbers
with q = 0 representing species richness, q =1
the exponential Shannon’s entropy and q = 2
the inverse of Simpson’s concentration index.
Analyses were performed for the entire data
set, native species only and forest species only.

We further conducted non-metric multidi-
mensional scaling (NMDS, metaMDS func-
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tion with Bray-Curtis-Distance within the
vegan package; Oksanen et al. 2013) to inves-
tigate compositional differences in the under-
storey vegetation between the managed site
with the four management options and the un-
managed reference. Analyses were performed
on the entire data set, with native species only
and with forest species only. We calculated the
standard deviational ellipses (95 % confidence
interval) for each management option using
the ordiellipse function. We tested for signif-
icance of compositional differences between
the managed site and the unmanaged reference
for each species group using a non-paramet-
ric multivariate analysis of variance (PER-
MANOVA (PMAV), function adonis, 999
permutations, Bray-Curtis dissimilarity). This
analysis performs permutational tests using
distance matrices of the species composition
of plots to find significant differences between
the different treatments investigated.

If not stated otherwise results were consid-
ered to be significant with p <0.05. Nomencla-
ture of species follows Zuloaga et al. (2008).

Results
Environmental variables

Light availability, pH, litter layer thickness
and the shrub and herb layer cover significant-
ly differed between the managed site and the
unmanaged reference (Table 2). Each manage-
ment option had a significantly higher light
availability and lower litter thickness com-
pared to the unmanaged forest. The shrub layer
was more abundant in the unmanaged forest,
whereas the herb layer had a greater cover in
all management options. The pH value was
always higher in the managed site. The CC
option did not differ significantly from the un-
managed reference. The CC option had a sig-
nificantly lower carbon and nitrogen content
and a higher C to N ratio than the reference
site. Contrarily, the NC option showed higher
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carbon and nitrogen contents but no difference
in C to N ratio from the reference.

The four management options showed pro-
nounced differences in AWC with highest val-
ues in the NC option followed by the SC and
CC option and lowest values in the PC option
indicating a high heterogeneity in water avail-
ability within the managed site (Table 2).

Species diversity

Across all sampled transects 151 species were
recorded. 43 species were aliens, 39 species
were classified as forest species. 40 species
occurred both in the managed site and in the
unmanaged reference, 28 species were only
detected in the unmanaged stand and 83 spe-
cies only in the managed site (see Supporting
Information III).

Transect based species diversity was high-
er in the managed site compared to the un-
managed forest with all management options
showing higher species numbers but with no
significance for the CC option (Table 3). Most
pronounced is the difference in the number of
alien species being significantly higher in all
management options compared to the unman-
aged forest. The number of native and forest
species sampled in transects of the managed
site were not significantly different from the
unmanaged reference, although the CC option
(native species and forest species) and the PC
option (forest species) had significantly lower
species numbers.

In the unmanaged reference tree and shrub
species were the most species rich growth
group per transect but showed no significant
difference to the managed site. In the managed
site herbs had the highest diversity with higher
numbers in all four management options com-
pared to the unmanaged stand. Graminoids
showed a similar pattern but with no signifi-
cance for the NC option (Table 3).

The managed site also had a greater total
plant species richness compared to the un-
managed reference (Fig. 1) for all investigat-
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Table 2 Environmental characteristics (mean + standard error) of each management option, the managed
site as a whole and the unmanaged reference. Plant available water capacity was assessed for the
management options only in 2011. All other variables were sampled in February 2013.

Management options Managed Unmanaged
CcC SC PC NC
N 5 5 5 5 4 8

Light availability [%] 88.76 + 1.72% 79.08 £2.51* 39.40 +2.65* 44.68+2.38*% 62.98+12.30 828+ 1.38
pH 5.19+£0.07 5.72+0.14%  5.46+0.06% 5.95+0.04* 558+ 0.17 5.10+0.12
Carbon [%] 6.89 +0.45*% 13.43+1.21 9.054+0.92 1631+£0.99* 1142+ 2.12 10.40+0.83
Nitrogen [%] 0.23+0.01*  0.50+0.05 0.36 £0.04 0.69 + 0.03* 045+ 0.10 0.42+0.02
C/N ratio 29.82 +1.96* 26.80+0.84 2530+0.90 23.73 +0.69 2641+ 1.30 24.81+0.84
Litter layer thickness [cm] 0* 2.00+0.45% 0.84+0.14* 2.16+0.22% 125+ 0.51  7.08+0.91
Shrub layer cover [%] 7.44 +£3.83*% 16.88£2.85% 8.12+3.88* 1028 +2.12* 10.68+ 2.15 53.68 +6.00
Herb layer cover [%] 85.32+£2.58*% 61.80+5.29% 34.60+3.36* 46.60+4.02* 57.08+10.94 21.90+3.51
Plant available water capacity
[%]
N 3 3 3 3
0-20 cm 10.53+0.45 17.77+334 942+0.42 21.01 +3.39
20-40 cm 9.0l £0.23 14.65+0.67 _ 7.70 £ 0.58 18.96 +3.43

Note. Significant higher values comparing the managed site and the unmanaged reference are written in bold * marks

significant differences between each management option and the unmanaged reference. Abbreviations of the management

option: CC - clear cut, SC - strip cut, PC - pine canopy , NC - native canopy.

Table 3 Species numbers per transect (mean * SE). Species were grouped according to origin and growth
form for the four management options, the managed site as a whole and the unmanaged reference.

Management options Managed Unmanaged
CcC SC PC NC
N 5 5 5 5 4 8

Species number/transect
All species 31.80+2.31 4840+ 1.44*% 39.40+ 1.75*% 44.40+590* 41.00+3.58 26.62+2.45
Origin
Alien species 1420 +0.49* 19.40 + 1.08* 14.60 +0.87* 8.80+ 1.59*  14.25+2.17 0.25+0.16
Native species 17.60 +£1.99* 29.00+1.76 24.80+1.53  35.60 +4.49 26.75+3.77 2638 +£2.43
Forest species 580+ 1.07* 11.80+1.20 10.20+1.02* 18.08 +1.41 11.47+2.54 1575+ 1.67
Growth form
Trees 2.60+ 0.93* 7.80+0.86 5.40 +0.68*% 11.80=+0.66 6.90+1.95 9.00 + 1.09
Shrubs 4,60+ 0.25% 7.80+0.58 5.40 +0.98 8.80 £ 1.02 6.65+0.99 6.88 +£0.61
Lianas 0.40 +0.25 0.80 +3.70 0.20 +0.20 0.35+0.17 0.25 + 1.60
Vines 0.60 + 0.24* 1.20+4.90* 1.00+0.00* 1.80+0.37 1.15+0.25 2.87 £ 0.40
Ferns 0.20 +0.20 0.20 + 0.20 0.10 +0.06 0.62+0.18
Graminoids 7.40+0.51*% 820+ 1.46% 9.80+037* 540+1.21 7.70 £0.91 2.63+0.42
Herbs 16.60 + 1.12* 22804+ 1.62* 17.00+ 1.79* 16.20+3.22*  18.15 + 1.56 4.38+0.73

Note. Signs of significance and abbreviations are similar to table 2.
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Figure 1 Sample-size based rarefaction (solid lines) and extrapolation (dashed line) of plant species di-
versity (distinguishing between all species, native species, forest species) for Hill numbers q =
0, 1, 2 for the managed site (bold line) and the unmanaged reference (thin line). The upper and
lower 95 %-confidence intervals (dotted lines) were obtained by a bootstrap method based on 50

replications.

ed Hill numbers. Thus, the managed site con-
tained more rare species as well as common
species that are evenly distributed. There is no
significant difference between the managed
and unmanaged variant for native species as
confidence intervals overlap for all Hill num-
bers. The higher diversity of the managed site
is therefore a result of the high number of al-
ien species occurring there. There is no native
species diversity reduction compared to the
unmanaged forest. Forest species were gener-
ally more diverse in the unmanaged forest. A
significant difference with no overlap of con-
fidence intervals could be detected for q =1 at
the base sample size of 20. Thus, forest species
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show a higher evenness in the unmanaged for-
est.

When considering the four management op-
tions separately overall species diversity is
higher for the PC option, the NC option and
the SC option for q = 0, 1, 2 compared to the
unmanaged reference (see Supporting Infor-
mation IV). The CC option is not different
from the unmanaged stand. Native species
diversity was not different from the unman-
aged reference except for the PC option at q
= 0 with lower species diversity here and for
the CC option with lower species diversity at
all Hill numbers. Forest species diversity was
mostly higher in the unmanaged stand with an



Heinrichs et al.

NMDS2

NMDS2

NMDS2

-1

-2

A

’ O@ O

-2

Rib.punc
Peu.bol

[ ]
Escpu@®

el
S @Te ®

Ari.chil it-catis

Can native plant species be preserved in an anthropogenic forest landscape ...

Figure 2

NMDS ordination of floristic composition
data for the first two axes based on transects
from the managed site and the unmanaged
reference for A) all species, B) native spe-
cies and C) forest species. The managed site
is separated into the four management op-
tions (CC - Clear cut, PC - Pine canopy, SC
- Strip cut, NC - Native canopy). The ellipses
indicate the 95 % standard deviational con-
fidence interval around the centroids of the
managed site and the unmanaged reference
(solid lines) as well as the management op-
tions (dotted lines). Shown are the ten most
abundant species for each research site: Aca.
arge - Acaena argenter, Aex.punc - Aextox-
icon punctatum, Agr.capi - Agrostis capilla-
ris, Ari.chil - Aristotelia chilensis, Aza.inte
- Azara integrifolia, Bom.sals - Bomarea sal-
silla, Cry.alba - Cryptocarya alba, Esc.pulv
- Escallonia pulverulenta, Gal.hypo - Galium
hypocarpium, Gau.insa - Gaultheria insana,
Gen.mons - Genista monspessulana, Gev.
avel - Gevuina avellana, Lap.rose - Lapage-
ria rosea, Lit.caus - Lithrea caustica, Lom.
hirs - Lomatia hirsuta, May.boar - Maytenus
boaria, Nas.laev - Nassella laevissima, Not.
glau - Nothofagus glauca, Peu.bold - Peumus
boldus, Pod.ovat - Podanthus ovatifolia, Rel.
pani - Relchela panicoides, Rib.punc - Ribes
punctatum, Rum.acet - Rumex acetosella,
Teu.bico - Teucrium bicolor, Ugn.moli -
Ugni molinae, Unc.phle - Uncinia phleoides.
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exception for the SC option at q = 0 indicat-
ing no difference in the occurrence of rare for-
est species and for the NC option for all Hill
numbers. Thus, NC and the unmanaged forest
do not differ neither in the number of rare nor
equally distributed forest species.

Species composition

Considering all species and their cover values
NMDS ordination shows a distinct difference
in species composition between the managed
site and the unmanaged reference (Fig. 1A,
PMAYV, R? = 0.27, F = 9.58, p < 0.001). The
four management options are clearly separat-
ed from each other as well. The differences in
species composition remain when only native
species are regarded (Fig. 1B; PMAV, R? =
0.27, F = 9.83, p < 0.001). The ordination of
forest species shows an overlap of the SD-el-
lipses of the managed site and the unmanaged
reference. The difference in species compo-
sition is, however, still significant but with a
reduction in R? (Fig. 1C; PMAYV, R?=0.18, F
=5.63, p <0.001). Bray-Curtis dissimilarities
reveal a persistent difference in community
composition between the managed site and
the unmanaged reference independent of the
considered species group (managed vs. un-
managed: all species = 0.907; native species =

Nothofagus obliqua

Nothofagus glauca
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0.901; forest species = 0.906).

While some species characterize both re-
search sites (e.g. Azara integrifolia, Lomatia
hirsuta, Relchela panicoides), some species
are more abundant at the managed site (e.g.
Aristotelia chilensis, Nassella laevissima,
Maytenus boaria) or the unmanaged reference
(e.g. Aextoxicon punctatum, Cryptocarya alba,
Lapageria rosea) across all considered species
groups. The alien species Agrostis capillaris,
Genista monspessulana and Rumex acetosella
were particularly abundant at the managed site
(Fig. 2A). For each species group the CC op-
tion has the largest distance to the unmanaged
reference. The NC option is closest.

Planted tree species survival

For the whole managed site with the manage-
ment options as replicates N. obligua showed
a survival of 50.00 + 18.70 %, N. glauca of
49.50 £ 14.64 % and Q. saponaria of 66.08 +
13.43 % after four vegetation periods.
Survival differed largely between the four
management options with the two treatments
with the highest light availability (SC and CC)
showing the largest differences for the two
Nothofagus species after four vegetation peri-
ods (Fig. 3). Only 14 % of both species sur-
vived on the CC compared to 93 (N. obliqua)

Quillaja saponaria
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Figure 3 Percentage survival of planted Nothofagus obliqua, N. glauca and Quillaja saponaria seedlings on
the four different management options (CC - clear cut, NC - native canopy, SC - strip cut, PC - Pine
canopy) at the end of the first, second, third and fourth vegetation period based on 12 subplots per
species and management option. One-year-old seedlings were planted in September 2009. Each

vegetation period ended in May.
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and 81 % (N. glauca) on the SC (Fig. 3). N.
obliqua also barely survived under the PC (24
%), whereas the percentage for N. glauca was
slightly higher (39 %). Under the native cano-
py survival was comparable for both Nothofa-
gus species (64 % N. glauca, 69 % N. obliqua;
Fig. 3).

The evergreen Q. saponaria had gener-
ally higher survival rates compared to both
Nothofagus species. The CC was the most
unsuccessful option for this species as well
followed by the PC option. There was a small
difference in survival of Q. saponaria between
the SC (83 %) and the NC option (89 %) after
four vegetation periods (Fig. 3).

Discussion
Understorey diversity and composition

Our results demonstrate that native and forest
species diversity and evenness are not signifi-
cantly reduced in a managed forest site com-
pared to an unmanaged natural forest in Medi-
terranean Chile. Species composition, though,
differs distinctively. In particular, herbs and
graminoids were more diverse in the managed
site. Although these species groups have the
greatest richness in alien species, some native
and even typical forest herbs and graminoids
appeared exclusively in the managed site
(e.g. Conanthera bifolia, Alstroemeria revo-
luta, Nassella chilensis, Chascolytrum suba-
ristatum; see Supporting Information III).

As already described by Oberdorfer (1960)
the central Chilean sclerophyllous forest is
dominated by phanerophytes and character-
ized by a sparseness of the herb layer. The two
environmental variables with the greatest dif-
ference between the managed site and the un-
managed reference were the light availability
and the litter layer thickness, both explaining
the differences in species composition. The
low light availability in the unmanaged forest
promotes very shade-tolerant tree species such

Can native plant species be preserved in an anthropogenic forest landscape ...

as Aextoxicon punctatum or Cryptocarya alba
(Hoffmann 2005, Figueroa & Lusk 2001),
which do not appear in the managed site or
only in lower abundances. The thick litter lay-
er further prevents an establishment of species
within the natural forest. Studies of litter de-
composition show lowest decomposition rates
for N. glauca and C. alba, the dominant tree
species within the investigated unmanaged
forest, compared to other Nothofagus species
and compared to Pinus radiata (Lusk et al.
2001, Palacios-Bianchi 2002). Thus, few open
patches for colonization are available in the
natural forest. The investigated unmanaged
forest therefore represents a succession climax
with a very stable understorey species compo-
sition dominated by phanerophytes, many of
them being endemic (Armesto et al. 1995).

In contrast, herbaceous species and several
tree and shrub species that are characteristic
for open forest communities (Lomatia hirsuta,
Aristotelia chilensis, Escallonia pulverulenta,
Maytenus boaria, Teucrium bicolor) benefit-
ted from open conditions after management
and could successfully regenerate (Litton &
Santelices 1996, Luebert & Pliscoff 2006,
Guerrero & Bustamante 2009). Eminent is the
high native species diversity per transect in the
thinned natural forest remnant compared to
the unmanaged stand, though differences were
not significant. Thus, sustainable small scale
management operations can be beneficial for
native species in such forest remnants that are
known to be keystone for native species con-
servation in a landscape dominated by exotic
plantations (Guerrero & Bustamante 2009).

Despite these positive effects, management
operations largely promoted alien species di-
versity even under a native canopy. With a
total number of 43 alien species we recorded
much more species across our relatively small
managed site than found by other authors in
Pinus radiata plantations in south-central
Chile (Ramirez et al. 1984, Gomez et al. 2009,
Becerra & Simonetti 2013). Alien species are
often light-demanding, short-lived and charac-
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terized by a high seed production. They benefit
from an open canopy and from soil disturbanc-
es (Rejmanek et al. 2005, Fuentes et al. 2013).
Our results support this with 45 % of all alien
species being short-lived and with a positive
influence of light on alien species cover. Al-
ien shrubs, herbs and graminoids were most
abundant after total canopy removal on the
SC and CC option. The most successful alien
species in the managed site are Agrostis cap-
illaris, Genista monspessulana and Rumex
acetosella, three prominent invasive species
in south-central Chile that are able to form
monotypic stands (Fuentes et al. 2014). They
are characterized by a high plasticity in the in-
vaded range allowing for increased plant sizes,
plant densities and seed banks compared to the
native range (Rapson & Bastow Wilson 1992,
Herrera et al. 2011). This phenomenon was of-
ten observed in alien plant species (Bossdorf et
al. 2005). The ability of these species to spread
vegetatively and to produce large seed banks
characterizes them as superior early coloniz-
ers that are able to suppress other species (San
Martin & Donoso 1995, Prach & Pysek 1999).

A suppression of native species can be as-
sumed for the CC option showing the lowest
native and forest species diversity across the
managed site. Mostly affected are tree and
shrub species that generally have a low regen-
eration potential in open areas (Armesto &
Pickett 1985, Fuentes et al. 1986, Becerra &
Montenegro 2013). Most central Chilean tree
and shrub species are bird-dispersed. They
rely on wind-dispersed early pioneer shrubs
offering resting places for birds. By this these
shrubs function as recruitment foci for native
seeds. Due to the rapid expansion of the alien
grass A. capillaris in the CC option forming a
continuous sward, few colonization sites were
available for wind-dispersed pioneer shrubs
(e.g. Baccharis spec.; Holl 1998, 2002).

Soil moisture is another important variable
for tree and shrub establishment in central
Chile. For the CC option a low AWC was deter-
mined indicating a limitation of native tree and
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shrub establishment by moisture (Holmgren et
al. 2000). The dry conditions may have further
facilitated the spread of 4. capillaris, a charac-
teristic species for dry grasslands in its native
range (Oberdorfer 2001). Although compa-
rable in soil moisture, the shade provided by
the young pines on the PC option probably
prevented a similar expansion of alien grasses
allowing more native species to colonize. This
supports the general hypothesis that the impor-
tance of facilitation becomes more prevalent
with increasing stress (Bertness & Callaway
1994).

Our results also indicate that slightly more
shade on the strip cut compared to the clear
cut and a native canopy compared to a pine
canopy allow more native and forest species
to establish (Guerrero & Bustamante 2007,
Becerra & Montenegro 2013). Despite a high
diversity of alien species in the SC option ben-
efitting from light and sufficient moisture nei-
ther species reached dominance as seen for the
clear cut. Higher water availability probably
increased the competitive ability of native spe-
cies against aliens as particularly demonstrated
for shrubs and herbs by Mason et al. (2012) in
invaded coastal dune communities.

Tree species establishment by planting

Results from the planting experiment are con-
sistent with native diversity results obtained
from vegetation surveys with lowest survival
rates in the two water limited options CC and
PC. Lowest values for all three native tree spe-
cies were found on the CC. Values for the PC
option were higher for all three species. This
underlines a facilitation effect due to shading
provided by the young pine trees. This was
already demonstrated before for several ever-
green species (Q. saponaria, Lithraea caus-
tica, Peumus boldus) of the Chilean matorral
with annual rainfall below 400 mm (Fuentes et
al. 1986). Our results suggest a similar facilita-
tion effect in coastal areas with higher rainfall
and for deciduous tree species. The adaptation
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to drought for the planted tree species with sur-
vival rates of Q. saponaria > N. glauca > N.
obliqua for the two dry options (CC and PC)
follows the species distribution centers from
the dry north to the moist south of Chile (Lue-
bert & Pliscoft 2000).

Results indicate that the large expansion of
the invasive A. capillaris on the CC not only
affected the colonization of native species by
seeds from the outside negatively but the sur-
vival of planted species as well. As many alien
invasive grasses typically have a dense root
system in the upper soil horizons the available
water was probably taken up by 4. capillaris
before it became accessible to the seedlings
(Soriana & Sala 1983, Williams & Hobbs
1989). The lower herbaceous cover under
pine allowed a higher survival of native trees.
Holmgren et al. (2000) demonstrated a posi-
tive effect of a removal of the herbaceous layer
on the survival of planted Q. saponaria and
concluded a reduced competition for water.
Beccera & Montenegro (2013) also mention
the larger cover of the herb layer on open sites
compared to the situation under shade provid-
ed by a native or alien canopy as one reason for
lower tree species numbers in open patches.

With higher water availability detected for
the SC and NC option the facilitation effect
provided by a canopy disappeared. Tree spe-
cies establishment was most successful on the
SC option. This supports the model proposed
by Holmgren et al. (1997) for mesic sites sug-
gesting that survival and growth decline with
shade. The high diversity of alien species had
no negative effect on the survival of planted
native trees on the SC option providing anoth-
er indication for a higher competitive ability of
natives against invaders under sufficient water
availability.

With an overall survival rate of 50 % to 66 %
we could show a successful establishment of
three different native tree species by planting
within a managed site avoiding the sensitive
germination stage (Guerrero & Bustamante
2007, 2009).
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Conclusions

We could show that much of the native and for-
est plant species diversity is still present within
a highly anthropogenic landscape composed of
exotic tree plantations in south-central Chile.
Some of these species even benefit from man-
agement due to high light levels and available
colonization sites compared to an unmanaged
forest. Our results demonstrate a large poten-
tial for preserving native biodiversity in such
landscapes despite an ongoing landscape deg-
radation caused by industrial forestry.

The diverse and abundant alien flora that
established as a consequence of human dis-
turbance can, however, deter the establish-
ment of native species, especially under dry
conditions. Establishment of native trees after
planting was unsuccessful after clear cutting
and a subsequent expansion of the alien grass
A. capillaris. In general our results underline
the necessity for understorey vegetation con-
trol during native species establishment, in
particular when alien grasses are present (Or-
tega-Pieck et al. 2011).

A successful regeneration at least for a
drought-tolerant species such as Q. saponar-
ia is, however, possible even when planted in
combination with Pinus radiata. Such a man-
agement option might minimize an economic
deficit for the forest owner when deciding to
increase the proportion of native tree species.
The pine trees can provide a nurse effect dur-
ing early native tree species establishment but
should be removed after successful establish-
ment in order to avoid competition and a fur-
ther expansion of the invasive tree (Becerra &
Montenegra 2013).

Our study contributes to the knowledge of
native species establishment in an anthropo-
genic landscape. Due to the small spatial di-
mension of our study and a lack of replications
we can, however, hardly generalize from our
results. More studies are needed contrasting
different abiotic conditions and canopy re-
gimes in order to get a broad knowledge on the
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fundamental requirements of native and for-
est species within Mediterranean Chile. This
requires commitment by forest owners for an
establishment of experimental sites and for a
potential adjustment of forest management in
order to integrate conservation and biodiversi-
ty issues.
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