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Abstract

Context Land-use change impacts biodiversity and
ecosystem services, which are intrinsically related.
There is a serious lack of knowledge concerning on
how land-use change affects this relationship at
landscape level, where the greatest impacts have
been reported. A proper knowledge of that relation-
ship would provide crucial information for planning
conservation strategies. The forest landscape of
southern Chile, which includes Valdivian Temperate
Forest, has been designated as a hotspot for
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biodiversity conservation. However, this landscape
has been transformed by land-use change.

Objective We evaluated the impact of land-use
change on the spatial patterns of the diversity of
native forest habitat and the influence of these
impacts on the provision of the ecosystem services
water supply, erosion control, and organic matter
accumulation from 1986 to 2011.

Methods The evaluation, at the landscape level, was
carried out using satellite images, landscape metrics,
spatially explicit models and generalized linear
models. Results: We found that the area loss of
native forest habitat was 12%, the number patches of
native forest habitat increased more than 150% and
the Shannon diversity index decreased by 0.20. The
largest decrease in the provision of services was
recorded for erosion control (346%), and the smallest
for water supply (11%).

Conclusions The loss of provision of the ecosystem
services can be explained by the interaction between
the area loss, increase in the number patches and
diversity loss. We recommend that the conservation
planning strategies should consider the current land-
scape configuration, complemented with land-use
planning.

Keywords Anthropogenic processes -

Changing landscape - Habitat diversity -
Natural capital - Spatially explicit models
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Introduction

In the last century, impactful changes in forest
landscapes in the world have been reported (Wu
2013). These changes have been generated by global
change drivers, resulting in the reduction of biodi-
versity, which is broadly defined as the variety and
abundance of genes, species, and ecosystems
(Butchart et al. 2010). As a result of these changes,
the United Nations Organization (UNO) promulgated
the Convention on Biological Diversity in 1992,
which has as one of its objectives to achieve a
significant reduction in the rate of biodiversity loss.
In 2005, the Millennium Ecosystem Assessment
(MA) issued two important declarations: (i) the
intrinsic  relationship between biodiversity and
ecosystem services, which are broadly defined as
the benefits provided by ecosystems that contribute to
making human life both possible and worth living;
and (ii) the conservation of biodiversity justifies the
protection of the ecosystem services (Millennium
Ecosystem Assessment 2005). These declarations
have generated positive changes in the reduction of
biodiversity loss and changes in the provision of the
ecosystem services (Carpenter et al. 2009). However,
there are few studies that promote a better under-
standing on how global change drivers impact
biodiversity and how these changes influence the
provision of ecosystem services (Schneiders et al.
2012; Iverson et al. 2014).

Land-use change and land-use intensification (e.g.,
agricultural and commercial plantations) has been
identified as the main global change driver worldwide
(Butchart et al. 2010). Land-use change and land-use
intensification can lead to habitat loss and fragmen-
tation, and these are two of the greatest threats to
forest landscape (Lindenmayer 2012). Land-use
change and land-use intensification modifies the
spatial patterns (composition and spatial configura-
tion) of forest landscape, such as total habitat area,
habitat patch density and richness of habitat patches
(Lindenmayer 2016). Consequently, these alterations
can cause biodiversity loss at different levels (Lin-
denmayer 2012).

Biodiversity loss usually involves alterations in the
provision of ecosystem services (Millennium Ecosys-
tem Assessment 2005). These alterations highlight
the need to understand the relationship between
biodiversity and ecosystem services. Currently, this
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complex relationship has not been widely studied
(Chan et al. 2007; Costanza et al. 2007; Schneiders
et al. 2012). Only a few studies reported that the
increase in plant species richness positively affects
the biomass and primary production (Hooper et al.
2002; Pfisterer and Schmid 2002; Diaz et al. 2006;
Costanza et al. 2007; Hector and Bagchi 2007). Other
studies reported that the species richness and the
presence of endangered species are directly linked to
the provision of ecosystem services, which are
ecotourism and medicines (Swift et al. 2004; Hooper
et al. 2005; Thomas et al. 2008; Elmgqvist et al. 2010).
Moreover, other studies have reported that a few
dominant species and functional group of species are
directly linked to the provision of timber, food and
water purification (Hooper et al. 2002, 2005; Luck
et al. 2009). Although these studies have generated a
better understanding of the relationship between
biodiversity and ecosystem services, additional stud-
ies should be performed to understand how different
levels of biodiversity (e.g. populations, communities,
habitat among others) are related to the provision of
the ecosystem services (Costanza et al. 2007; Sch-
neiders et al. 2012). The knowledge of this
relationship will contribute to the planning conser-
vation strategies to both resources (Iverson et al.
2014).

The greatest impacts on biodiversity have occurred
at the native forest habitat level, such as the reduction
and habitat loss (Hooftman and Bullock 2012; Liu
et al. 2014; Ren et al. 2016), generating important
changes in the provision of ecosystem services in
different regions of the world (Wu 2013). The
impacts on the diversity of native forest habitat and
ecosystem services have occurred due to the increase
of the human population (Vihervaara et al. 2010; Pan
et al. 2013), which has transformed forest landscapes
to anthropogenic landscapes in the last decades (Bai
et al. 2011). The need to conserve habitat diversity
and ecosystem services within forest and anthro-
pogenic landscapes has been recognized by
practitioners (Vihervaara et al. 2010; Iverson et al.
2014). The conservation of both resources would help
to ensure the maintenance of multiple benefits for
human populations that inhabit them (Vihervaara
et al. 2010; Delgado et al. 2013).

The forest landscape of southern Chile, which
includes Valdivian Temperate Forest, has been des-
ignated as a high priority area for biodiversity



Landscape Ecol (2018) 33:439-453

441

conservation in the world (Myers et al. 2000). Several
authors have registered that this forest landscape
supports the provision of key ecosystem services,
such as water supply, which are essential not only for
human life but also for agricultural and aquaculture
activities (Oyarzun et al. 2005; Lara et al. 2009); and
erosion control and organic matter accumulation
services, which are important for the soil productivity
and conservation of the ecosystem integrity (Oyarzin
et al. 2005; de Groot et al. 2010). The forest
landscape of southern Chile has undergone a pro-
gressive anthropization in recent decades due to
progressive land-use change and land-use intensifi-
cation, such as pasture expansion for cattle grazing
and commercial plantations (CONAF 2006; Echev-
erria et al. 2006; Nahuelhual et al. 2014). These land-
use change have resulted in major impacts on
biodiversity, such as changes in plant species com-
position, richness of birds and a significant loss of
wildlife (Vergara and Simonetti 2004; Echeverria
et al. 2007; Jaramillo et al. 2007; Rodriguez-Echev-
erry et al. 2015), and the provision of the ecosystem
services water supply and erosion control in different
watersheds (Little et al. 2008; Oyarzin et al. 2011).
The foregoing has been the focus of discussion
among governmental environmental entities, forestry
companies, and the general community; all have
highlighted the need to implement effective conser-
vation strategies (Di Marzio and Mclnnes 2005;
CONAF 2006).

We assessed the impact of land-use change and
land-use intensification on the spatial patterns of the
diversity of native forest habitat, and the influence of
these changes on the provision of the following
ecosystem services: water supply, control of erosion,
and organic matter accumulation in the Rio Cruces
watershed in southern Chile. We hypothesize that
human-induced land-use change has generated diver-
sity loss of native forest habitat, and as a
consequence, this loss has caused a decrease in the
provision of the ecosystem services.

Methods
Study area

The Rio Cruces watershed is located in the Los Rios
region, in southern Chile (Fig. 1). It is located

between the Andes and coast mountain ranges (39°17’
S-39°50'S), to the north of the city of Valdivia. The
watershed occupies 3640 km? and is characterized by
a temperate climate, has a maximum elevation of
826 m, a mean temperature of 12 °C and an annual
rainfall of 2293 mm (DGA 2004). Currently, the total
area of watershed consist of grassland 31%, native
forest habitat 29%, exotic species forest plantations
21%, shrubland 16% and other land-use types
(wetlands, bare soil, urban area and bodies of water)
3%. The watershed has a human population of
approximately 206,000, which is equivalent to a
population density of 46 people km > (DGA 2004).
The forestry, agriculture and livestock farming are
the main economic activities in the watershed (DGA
2004).

Each of the 262 subwatersheds, which (ranging
500—4000 ha in size), were defined as the spatial unit
of analysis. The delimitation of the subwatersheds
and all spatial analysis in the study was carried out
using the ArcGIS 9.3 (ESRI 2009).

Biodiversity analysis

We analyzed the diversity of native forest habitats as
a proxy for biodiversity at the landscape level. This
diversity was determined by the variety and abun-
dance of the native forest habitats. The different types
of habitat were determined by the presence of native
forest in different vegetation types, climatic zones
and soil types present in the study area. Vegetation
types are areas characterized by plant communities
that have a specific physiognomy and species dom-
inance (Luebert and Pliscoff 2004). Climatic zones
determine the presence of vegetation types in the
landscape. These zones are defined by variables such
as precipitation, moisture of air and temperature
(Schlatter et al. 1995). Soil types determine the
establishment and development of the types of plant
species, due to physical-chemical properties and
morphological characteristics of the soil (FAO-
UNESCO 1971; CIREN 2003). Native forest habitats
mapping was carried out using the following maps:
(1) Map of native forest, which was extracted from
land-use map for the years 1986, 2001 and 2011
(Echeverria et al. unpublished results). In these maps,
the following categories of land-use were identified:
native forest, exotic species forest plantations, shrub-
land, grassland, wetland, and other uses (bare soil,
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Fig. 1 Location of the Rio Cruces watershed, Chile

urban area and water bodies); (2) Map of vegetation
types by Estudio de Clasificacion de Pisos de
Vegetacion (Classification Study the Types of Vege-
tation) (Luebert and Pliscoff 2004); (3) Map of
climatic zones provided by Sistema de Ordenamiento
de la Tierra (Land Management System) (Schlatter
et al. 1995); (4) Map of soil types provided by
Estudio Agrolégico de Suelos de Chile (Soil Agro-
logical Study of Chile) (CIREN 2003). The map of
native forest habitats was derived from the calcula-
tion from the overlap of these maps. Diversity of the
native forest habitats were assessed through Shannon
diversity index, which is a landscape metric that
relates the variety and abundance of different habitat
types. The Shannon diversity index was used as a
measure of relative amount of each habitat type in
each unit of analysis. The index is expressed by the
following formula [1] (McGarigal et al. 2002):

H=-Y" [(P)x (nP)] (1)

where P; is the proportion of the landscape occupied
by habitat type “i”. The analysis of Shannon diversity
index was carried out using FRAGSTATS (McGari-
gal et al. 2002). Map of native forest habitats were
entered into FRAGSTATS and values of the Shannon
diversity index were obtained for each subwatershed.
All maps used in the study (input and output) had a
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spatial resolution of 30 x 30 m pixels, which is a
resolution appropriate for the spatial analysis (Daly
2006).

We assessed the impact of land-use change on the
spatial patterns of the diversity of native forest habitat
by determining the changes of total area, total number
of patches, index richness of habitat patches (the
number of different types of habitat patches) and
Shannon diversity index. The analysis of these
indices was carried out using FRAGSTATS (McGari-
gal et al. 2002) and the Spatial Analyst extension for
ArcGIS 9.3 (ESRI 2009).

N-spect model and ecosystem services

The N-Spect software (No Point Source Pollution and
Erosion Comparison Tools) was used to map and
analyze the provision of the ecosystem services water
supply and erosion control. This software was
developed by The National Oceanic and Atmospheric
Administration of the United States, and is used as an
extension of ArcGIS software. N-Spect was devel-
oped to analyze and predict soil erosion through the
amount of sediments exported and the potential
impacts on water quality from nonpoint sources of
pollution (NOAA 2009). It is a software that serves as
a tool for management and decision-making con-
cerning water resources, land-use planning,
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agricultural policies and practices. N-Spect is a
spatially explicit model that uses spatial elevation
data to calculate flow direction and flow accumula-
tion throughout a watershed. This software uses data
on land cover, types of soils and precipitation to
estimate runoff volume obtained after the filtering
and retention water. N-Spect also uses the Revised
Universal Soil Loss Equation to calculate erosion.
The outputs of this software are maps that register the
estimates of cumulative runoff and amount of sedi-
ment (NOAA 2009).

The parameterization of N-Spect was carried out
taking into account the following inputs: (1) Digital
elevation model (DEMs) 30x30 m, which was
obtained from the Shuttle Radar Topography Mission
(SRTM); (2) Map of land-use, in which the following
land-use categories were identified: native forest,
exotic species forest plantations, shrubland, grass-
land, wetland, and other uses (bare soil, urban area
and water bodies); (3) Maps of annual precipitation
and rainfall erosivity (R factor), which combine the
effect of the duration, magnitude and intensity of
each rainfall event. The average annual rainfall
erosivity were calculated from daily rainfall data
registered in 18 meteorological stations located in the
study area, using the method and formula [2]
proposed by Angulo-Martinez and Begueria (2009):

0
EI = EI3() = (Zr:l ér Vr) 130 (2)

where e, and v, are, respectively, the unit rainfall
energy (MJ ha ! mm™") and the rainfall volume (mm)
during a time period r, and I3y is the maximum
rainfall intensity in a 30 min period during the event
(mm h™'). The unit rainfall energy (e,) is calculated
for each time interval by the following formula [3]
Angulo-Martinez and Begueria (2009):

er = 0.29[1 — 0.72 exp(—0.05i;)] (3)

where i, is the rainfall intensity during the time
interval (mm h™'). These annual averages were
spatialized using geostatistical method of topoclima-
tological interpolation (Diaz et al. 2010); (4) Values
of vegetation coverage (C factor), which reflects the
effect of different crops and management practices on
erosion rates. These values were estimated on the
basis of map of land-use and values proposed by
Wischmeier and Smith (1978); (5) Coefficient of soil

erodibility (K factor), which depend on the texture,
structure and content of organic matter that has the
soil types. These coefficients were calculated using
information from the Estudio Agroldgico de Suelos
de Chile (CIREN 2003), using the equation of the
nomogram proposed by Wischmeier and Smith
(1978); (6) Values for hydrological groups for each
soil types; these values are related to the number
curve method that is based in the permeability of
different soil types (NOAA 2009). The values from
the hydrological groups were estimated from soil
texture data (CIREN 2003). Information on the
different soil types that form part of the study area
was entered into a map, which was provided in the
Estudio Agrolégico de Suelos de Chile (CIREN
2003).

Model validation was carried out with the data
registered in four precipitation and sediment stations
of the General Directorate of Water present in the
study area. The goodness of model fit was assessed
by the method of quantitative assessment of “relative
efficiency” proposed by Thanapakpawin et al. (2007).
The relative efficiency is expressed by the following
formula [4]:

S (49
S (%)

where C; is observed discharge, C; is the simulated
discharge, C is the mean observed discharge, and N is
the total number of samples. Erel measures the
goodness of model fit by comparing the volume of
the discharge. The difference between simulated and
observed values was quantified using relative devi-
ations instead of absolute values (Thanapakpawin
et al. 2007).

Water Supply This ecosystem services is the
volume of water produced (m*/ha) per subwatershed
(de Groot et al. 2010). This service is the water
potentially available to humans (Chan et al. 2006).
Water supply refers to the runoff volume obtained
after filtering and retention water (de Groot et al.
2010). The filtering is mainly performed by the
vegetation coverage and soil. The retention capacity
depends on topography and subsurface characteristics
of the landscape. This services was modeled by
N-Spect using precipitation, land cover, soil and
digital elevation model as parameters.

Erel =1 —

(4)
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Erosion Control This ecosystem services is the
ability of natural vegetation to curb erosion by
holding onto soil (Egoh et al. 2009), which is
measured as the amount (tons/ha) of sediment
exported from each subwatershed (de Groot et al.
2010). Soil erosion removes nutrients and reduces
fertility (de Groot et al. 2010), and may generate
sedimentation and eutrophication of nearby rivers
(Egoh et al. 2009). Therefore, areas where vegetation
holds the soil need to be managed to allow contin-
uous delivery of multiple services (de Groot et al.
2010). In this study the erosion control services were
modeled using the amount of sediment exported. This
services was modeled by N-Spect using the Revised
Universal Soil Loss Equation.

Organic Matter Accumulation This ecosystem
service is directly linked to the accumulation of

organic matter in the soil (Yuan et al. 2006; Egoh
et al. 2009). Experts in this area have registered a
positive correlation between soil depth and vegeta-
tion coverage with the organic matter present in the
soil (Yuan et al. 2006). Accordingly, these two
variables have been used for modeling soil formation
(Yuan et al. 2006). In this study, the soil depth and
coverage of different native forest habitats were used
as proxies for organic matter accumulation. Values of
depth of the soil types were obtained from Estudio
Agroldgico de Suelos de Chile (CIREN 2003). The
thresholds of depth < 1 m (slightly depth) and > 1 m
(depth) were used in the modeling; these thresholds
were based on the literature (CIREN 2003). Values of
coverage of different native forest habitats were
obtained from the map of native forest habitats. This
service was modeled using the index of organic

Table 1 Habitat types of the Valdivian Temperate Forest in the Rio Cruces watershed

Habitat Variables

type B N -
Vegetation types Climatic zone Soil

types
I Andean temperate deciduous forest of Nothofagus alpina and Dasyphyllum Zone 2, district 0 Andisol
diacanthoides

I Andean temperate deciduous forest of Nothofagus alpina and Nothofagus dombeyi Zone 2, district 0 Andisol

I Temperate deciduous forest of Nothofagus obliqua and Laurelia sempervirens Zone 1, district 0 Andisol

v Temperate deciduous forest of Nothofagus obliqua and Laurelia sempervirens Zone 1, district 0 Ultisol

v Temperate deciduous forest of Nothofagus obliqua and Laurelia sempervirens Zone 2, district 0 Andisol

VI Temperate deciduous forest of Nothofagus obliqua and Laurelia sempervirens Zone 2, district 0 Ultisol

vl Temperate laurifolio forest of Nothofagus dombeyi and Eucryphia cordifolia Zone 1, district 0 Andisol

VIII Temperate laurifolio forest of Nothofagus dombeyi and Eucryphia cordifolia Zone 1, district 0 Ultisol

IX Temperate laurifolio forest of Nothofagus dombeyi and Eucryphia cordifolia Zone 2, district 0 Andisol

X Temperate laurifolio forest of Nothofagus dombeyi and Eucryphia cordifolia Zone 2, district 0 Ultisol

Characteristics of climatic zones and soil types

Climatic zone 1, district 0: Total annual precipitation (mm): 1900 min—2000 max. Annual moisture index 2.0 min—2.5 max. Dry
period 1-2 months/year. Frost-free period 200-250 days/year. Total number of frost 10-20 days/year. Estival moisture index
0.5 min—0.6 max. Average relative humidity in January 70-80%. Annual absolute temperature min — 6 °C, frequency of occurrence
1 month/year

Climatic zone 2, district 0: Total annual precipitation (mm): 1900 min-3000 max. Annual moisture index 2.0 min-2.5 max. Dry
period 1-2 months/year. Frost-free period 120-200 days/year. Total number of frost 20-30 days/year. Estival moisture index
0.5 min-0.6 max. Average relative humidity in January 65-70%. Annual absolute temperature — 6 °C, frequency of occurrence
2 month/year

Andisol type: Soil derived from volcanic ash. These soils in Chile correspond to Trumaos and Nadis soils. Andisol soils have
excellent physical and morphological conditions, whereby can be grown easily. These soils have large amounts of phosphorus but it
is retained in the soil in a form that is not available to plants. Therefore, these soils require large amounts of phosphatic fertilizations
to obtain high yields

Ultisol type: Soils with B Horizon well expressed due to an increase of clay in the A horizon. These soils are highly leached.
Consequently, it has low levels of nutrients. These soils require large amounts of fertilization to obtain reasonable yields
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Table 2 Area of the habitat types of native forest and index richness of habitat patches in the Rio Cruces watershed

Area (ha) of the different habitat types

Index richness of habitat patches

Year I II 111 v v VI VII VIII IX X

1986 2816 860 794 5093 8391 10,453 122 1783 2034 5143 255
2001 2098 842 791 4844 8058 9722 88 1278 1384 4517  2.53
2011 2013 836 771 4714 7990 9624 83 1227 1319 4507  2.53

Fig. 2 Biodiversity in the Rio Cruces watershed, Chile

matter accumulation (Egoh et al. 2009). This index
was calculated for each subwatershed by weighted
the areas of vegetation coverage and the areas of the
different types of soils, and then dividing this value
by the total area of the corresponding subwatershed.
This index was spatialized for each subwatershed
through the ArcGIS.

Generalized linear models (GLMs)
The relationship between changes in the spatial

patterns of the diversity of native forest habitat and
provision of the ecosystem services was analyzed

using GLMs. These models are extensions of linear
models that allow for greater flexibility than Gaussian
linear models (Zuur et al. 2009; Hossain et al. 2015).
The provisions of the ecosystem services were used
as dependent variables, while the changes of the
following spatial patterns: total area, total number of
patches, index richness of habitat patches and Shan-
non diversity index were used as independent
variables. GLMs were carried out using R statistical
software (version 3.0.1) (Venables et al. 2013). In
these models the test distribution x 2 and the function
“drop1” were used to assess statistical significance of
each of the variables. In order to find the most
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effective model, the variables of less significance
were removed (Hossain et al. 2015).

Results

In the study landscape, ten types of native forest
habitats were recorded (Table 1). These were deter-
mined by the presence of the Valdivian Temperate
Forest in ten vegetation levels, two climatic zones
and two soil types (Table 1). The ten types of native
forest habitats had an area that ranged from 122 to
10,453 ha in 1986 and 83 to 9624 ha 2011 (Table 2).
The Shannon diversity index ranged from 0.71 to
0.51 over the entire study period (Fig. 2).

There was an area loss of 12% of native forest
habitat from 1986 to 2011 (i.e. a mean annual loss of
0.5%) (Figs. 3, 4). The largest area loss (10.3%)
occurred from 1986 to 2001 (i.e. a mean annual loss
of 0.73%) (Figs. 3, 4). In 1986 there were 17,031
patches of native forest habitat, with a total area of
37,490 ha (Figs. 3, 4). In 2011 the number of patches

Fig. 4 Relationship among area loss of native forest habitat, »
increasing number of habitat patches and diversity loss with
provision of the ecosystem services: a erosion control and
water supply; b organic matter accumulation in the Rio Cruces
watershed

increased to 26,352, with a reduction to a total area of
33,084 ha. The largest increase in the number of
patches (13,269) occurred from 1986 to 2001. In
2011 the diversity of native forest habitat was
restricted to small patches sparsely distributed across
of the landscape (Fig. 3).

There was an important decrease of 0.20 in the
Shannon diversity index over the entire study period
(Fig. 4a). The largest decrease in the Shannon
diversity index (0.17) occurred from 1986 to 2001
(Fig. 4a). There was a slight decrease of 0.02 in the
index richness of habitat patches from 1986 to 2001
(Table 2). There was no change in the index richness
over the second study period.

The modeling of the ecosystem services carried
out in the N-Spect software registered a high

Native forest habitat
Exotic species plantation
Shrubland

Grassland

(J Other land uses

Fig. 3 Patterns of land-use change in the Rio Cruces watershed from 1986 to 2011
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accuracy. The modeling of the ecosystem service
water supply registered an efficiency of 0.93, and that
of the ecosystem service erosion control registered an
efficiency of 0.95. These results are a reliable
representation of hydrologic processes and sediment
loads. The models accuracy reveals that N-Spect is a
versatile software that integrates multiple environ-
mental variables that can support the effective
watershed management.

There were decreases of 346, 41 and 11% in the
provision of the ecosystem services erosion control,
organic matter accumulation and water supply,
respectively from 1986 to 2011 (Figs. 4, 5). The
largest decreases in the provision of the services (312,
29 and 9% for erosion control, organic matter
accumulation and water supply services, respec-
tively) were registered from 1986 to 2001.

The decrease in the provision of the services water
supply and erosion control can be mainly explained
by the interaction between area loss of native forest
habitat, increase in number of patches of native forest
habitat and decrease in the Shannon diversity index
(p <0.001) (Table 3 and Fig. 4a). The decrease in the
provision of the organic matter accumulation service
can be explained by the interaction between area loss
of native forest habitat and the increasing number of
patches (p <0.01) (Table 3 and Fig. 4b). The
moderate change registered in the index richness of
habitat patches did not explain the decrease in the
provision of the ecosystem services.

Discussion
Changes in the diversity of native forest habitat

Our results indicate that there was a substantial loss
of native forest habitat in the study landscape from
1986 to 2011, although the annual rate of loss (0.5%)
was lower than that recorded for other hotspot of
habitat diversity that has been significantly trans-
formed, such as the Lancang River Valley in the
southern China (5.5% annual loss; Liu et al. 2014)
and the Dorset County on the south coast of England
(2% annual loss; Hooftman and Bullock 2012). The
loss of native forest habitat was associated with an
important increase in the number of patches, from
17,031 in 1986 to 26,352 in 2011, which is one of the
main symptoms of fragmentation (Lindenmayer
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2016). If the current trajectory of loss and fragmen-
tation of native forest habitat continues, further losses
of diversity and richness of habitat patches can be
expected.

Our results show that there was a substantial and
important diversity loss (0.20) from 1986 to 2011.
This trend in diversity loss is similar to that reported
for other forest landscapes where the habitat diversity
has undergone a significant transformation (Benini
et al. 2010; YuhaiBao et al. 2011; Wan et al. 2015).
In the study landscape, the diversity loss was
associated with a slight loss of richness of habitat
patches, both losses were due to the loss and
fragmentation of native forest habitat over the entire
study period. The foregoing demonstrates that main
impact of land-use change and land-use intensifica-
tion was on the abundance of each habitat type, but
not the richness of these. In other words, it is likely
that different types of native habitats have remained,
but the transformed areas were used intensively and
that is what has led to loss of diversity of native forest
habitats. Our study indicates that if current trajectory
of diversity loss continues, this could generate
alterations in the provision of the ecosystem services.

N-Spect model accuracy

The high accuracy of the model (> 0.93) shows that
N-Spect is a powerful tool for the spatial evaluation
of the provision of the ecosystem services. The
N-Spect software model integrated a variety of
information from the physical environment, and
based on that data an innovative analysis on ecosys-
tem services at landscape level was performed. This
study demonstrates that N-Spect has the potential to
provide references to ecology planners and local
stakeholders to address landscapes issues at different
spatial scales. Since the validation of N-Spect models
was carried out with data recorded in the four
precipitation and sediment stations present in the
study area, the validation may have a small inaccu-
racy. Therefore, it is necessary that future studies use
a larger number of stations to obtain greater accuracy
in the modeling.
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Fig. 5 Mapping of the
ecosystem services a water
supply, b erosion control
and ¢ organic matter
accumulation in the Rio
Cruces watershed between
1986 and 2011
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Table 3 Generalized linear models (GLMs) built based on the interaction of the changes in the spatial patterns of the diversity of
native forest habitat, which explain the loss of provision of the ecosystem services in the Rio Cruces watershed from 1986 to 2011

Variables Estimate Std. Error T value p value
Water supply (intercept) 8235.102 7335.192 0.874 0.345
Area: diversity loss — 531.545 104.578 —4.731 < 0.001
Increase in number of patches: diversity loss 271.352 117.278 2.350 0.010
Area loss: increase in number of patches: diversity loss - 2.127 0.498 —3.508 < 0.001
Erosion control (intercept) —0.003 0.001 - 2.890 0.001
Area loss: diversity loss < 0.001 < 0.001 1.282 0.025
Area loss: increase in number of patches: diversity loss < 0.001 < 0.001 1.870 0.026
Organic matter accumulation (intercept) 0.227 0.040 4.745 < 0.001
Area loss: increase patches number < 0.001 < 0.001 1.989 0.004

N = 262; p <0.05; p <0.01; p <0.001

Changes in the provision of the ecosystem
services

Our study shows that the changes in the spatial
patterns of the diversity of native forest habitat were
strongly linked to a decrease in the provision of the
ecosystem services from 1986 to 2011. As loss and
fragmentation of native forest habitat and the diver-
sity loss increases, the provision of ecosystem
services decreases. A similar relationship has been
reported in other hotspot landscapes that have
undergone different anthropogenic interventions
(Zhao et al. 2006; Qi et al. 2014). In the study
landscape, the loss of provision of the organic matter
accumulation service was significantly related with
the loss and fragmentation of native forest habitat.
The foregoing probably due to the importance of the
abundance of the native forest habitats in the
accumulation of organic matter (de Groot et al.
2002; Egoh et al. 2009). In contrast, the losses of the
erosion control and water supply services registered a
significant relationship with the loss and fragmenta-
tion of native forest habitat and diversity. This loss
and fragmentation is possibly due to the importance
of the abundance and richness of type of native forest
habitats in: (a) the retention of the precipitation and
the gradual delivery of it in the water network (Lara
et al. 2009) and (b) the retention of sediments carried
out by the roots of the variety of plants (van Jaarsveld
et al. 2005; Egoh et al. 2009) The richness of type of
native forest habitat has a key role in the provision of
erosion control and water supply services, probably
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due to the ecological function that plant communities
perform in each habitat. It is important to consider
that a decrease of 8.5% in precipitation was recorded
by the Direccion General de Agua over the entire
study period (DGA 2014). Therefore, the decrease of
water supply services is not only influenced by
different impacts of anthropogenic land-use change,
but also by the variability of precipitation. Our results
show that the provision of the ecosystem services
depends on the abundance and/or richness of type of
native forest habitats. Our study also indicates that
the loss in provision of each service occurs differ-
ently, depending on the interaction of the different
impacts of the land-use change on the diversity of
native forest habitat.

Conclusions

Our study shows that the loss of provision of the
ecosystem services is strongly linked to the loss of
diversity of native forest habitat. These losses high-
light the need to establish conservation priority of the
landscape studied. We recommend a landscape
approach, using the corridor—patch—-matrix model
(Lindenmayer and Franklin 2002) as a conservation
planning strategy. This model is appropriate given the
current configuration of the landscape, with native
forest patches sparsely distributed across the land-
scape. The main objective of the corridor—patch—
matrix model is to maintain the quality and quantity
of patches of native forest habitat through
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management of the matrix (Lindenmayer and Frank-
lin 2002). In the study landscape, the management of
the matrix should focus on sensitive buffer areas that
improve the connectivity between patches of native
forest habitat, which can maintain and increase the
abundance and richness of these, and the provision of
multiples ecosystem services. We recommend that
this conservation strategy be complemented with
land-use planning focused on sustainable production
practices, such as agroforestry. The design and
implementation of such a strategy requires identifi-
cation and evaluation of sensitive buffer areas and
their connectivity. Moreover, this strategy must be
supported by a framework of environmental policies,
which must be based on the 17 UN sustainability
criteria and generated by the Chilean government.

Finally, studies that assess the spatial congruence
between the diversity of native forest habitat and
ecosystem services are needed. These studies should
provide a better understanding to what extent biodi-
versity conservation ensures the provision of multiple
services, which will contribute in the implement
simultaneous conservation of both resources and will
assist in practical decision making.

Acknowledgements We thank Dr. Jean Paul Metzger, Dr.
Marco Nuti, Dr. Alberto Hernandez, Laboratorio de Ecologia
de Paisaje de la Universidad de Concepcion, Laboratorio de
Ecologia de Paisaje y Conservacion de la Universidad de Sao
Paulo, Brasil and FONDECYT Project 1,140,531. We also
thank the Ministry of Education of Chile for a MECESUP
scholarship.

References

Angulo-Martinez M, Begueria S (2009) Estimating rainfall
erosivity from daily precipitation records: a comparison
among methods using data from the Ebro Basin (NE
Spain). J Hydrol 379:111-121

Bai Y, Zhuang C, Ouyang Z, Zheng H, Jiang B (2011) Spatial
characteristics between biodiversity and ecosystem ser-
vices in a human-dominated watershed. Ecol Complex
8:177-183

Benini L, Bandini V, Marazza D, Contin A (2010) Assessment
of land use changes through an indicator-based approach:
a case study from the Lamone river basin in Northern
Italy. Ecol Indic 10:4-14

Butchart SHM, Walpole M, Collen B, van Strien A, Scharle-
mann JPW, Almond RAE, Baillie JEM, Bomhard B,
Brown C, Bruno J, Carpenter KE, Carr GM, Chanson J,
Anna M (2010) Global biodiversity: indicators of recent
declines. Science 328(5982):1164-1168

Carpenter S, Mooney H, Agard J, Capistrano D, Defries RS,
Diaz S, Dietz T, Duraiappah AK, Oteng-Yeboah A, Per-
eira HM, Perrings C, Reid WV, Sarukhan J, Scholes RJ,
Whyte A (2009) Science for managing ecosystem ser-
vices: beyond the millennium ecosystem assessment. Proc
Nat Academy Sci United States of Am 106(5):1305-1312

Chan KMA, Shaw MR, Cameron DR, Underwood EC, Daily
GC (2006) Conservation planning for ecosystem services.
Public Libr Sci Biol 4:¢379

Chan KMA, Pringle RM, Ranganathan J, Boggs CL, Chan YL,
Ehrlich PR, Haff PK, Heller NE, Al-Khafaji K, Macmy-
nowski DP (2007) When agendas collide: human welfare
and biological conservation. Conserv Biol 21:59-68

CIREN (2003) Estudio Agroecoldgico: Descripciones de sue-
los materiales y simbolos. X Regién. ISBN, Publicacién
123. Valdivia, Chile

CONAF (2006) Plan Integral de Gestion Ambiental del
Humedal de Rio Cruces. Valdivia, Chile

Costanza R, Fisher B, Mulder K, Liu S, Christopher T (2007)
Biodiversity and ecosystem services: a multi-scale
empirical study of the relationship between species rich-
ness and net primary production. Ecol Econ 61:478-491

Daly C (2006) Guidelines for assessing the suitability of spatial
climate data sets. Int J Climatol 26:707-721

de Groot RS, Wilson MA, Boumans RMJ (2002) A typology
for the classification, description and valuation of
ecosystem functions, goods and services. Ecol Econ
41:393-408

de Groot RS, Alkemade R, Braat L, Hein L, Willemen L
(2010) Challenges in integrating the concept of ecosystem
services and values in landscape planning, management
and decision making. Ecol Complex 7:260-272

Delgado LE, Sepilveda MB, Marin VH (2013) Provision of
ecosystem services by the Aysén watershed, Chilean
Patagonia, to rural households. Ecosyst Serv 5:102-109

DGA (2004) Diagnoéstico y clasificacion de los cursos y cuer-
pos de agua segin objetivos de calidad: Cuenca del rio
Valdivia. Valdivia, Chile

DGA (2014) Direccién General de Aguas. Ministerio de Obras
Publicas, Atencion Ciudadana MOP. http://www.dga.cl/
Paginas/default.aspx. Accessed 18 sept 2014

Di Marzio W, Mclnnes R (2005) Mision Consultiva Ramsar:
Chile (2005) Informe de Mision. Santuario Carlos
Anwandter (Rio Cruces), Chile. Valdivia, Chile

Diaz S, Fargione J, Chapin F, Tilman D (2006) Biodiversity
loss threatens human well-Being. Public Libr Sci Biol 4:
e277

Diaz MD, Morales SL, Castellaro GG, Neira RF (2010)
Topoclimatic modeling of Thermopluviometric variables
for the Bio Bio and La Araucania Regions, Chile. Chilean
J Agric Res 70:604-615

Echeverria C, Coomes D, Salas J, Rey-Benayas JM, Lara A,
Newton A (2006) Rapid deforestation and fragmentation
of Chilean temperate forests. Biol Conserv 130:481-494

Echeverria C, Newton A, Lara A, Benayas JMR, Coomes DA
(2007) Impacts of forest fragmentation on species com-
position and forest structure in the temperate landscape of
southern Chile. Glob Ecol Biogeography 16:426-439

Egoh B, Reyers B, Rouget M, Bode M, Richardson DM (2009)
Spatial congruence between biodiversity and ecosystem
services in South Africa. Biol Conserv 142:553-562

@ Springer


http://www.dga.cl/Paginas/default.aspx
http://www.dga.cl/Paginas/default.aspx

452

Landscape Ecol (2018) 33:439-453

Elmqvist T, Maltby E, Barker T, Mortime M, Perrings C
(2010) TEEB, Ecological and economic foundation draft
Chapters-Chapter 2: biodiversity, ecosystems and
ecosystem services. UNEP, Geneva

ESRI (2009) Environmental Systems Research Institute, Inc.
In: 380 New York St., Redlands, CA92373-8100, USA

FAO-UNESCO (1971) Soil map of the world. Volume IV:
South America. UNESCO, Paris

Hector A, Bagchi R (2007) Biodiversity and ecosystem mul-
tifunctionality. Nature 448:188-190

Hooftman DAP, Bullock JM (2012) Mapping to inform con-
servation: a case study of changes in semi-natural habitats
and their connectivity over 70 years. Biol Conserv
145:30-38

Hooper DU, Solan M, Symstad A, Diaz S, Gessner MO,
Buchmann N, Degrange V, Grime P, Hulot F, Mermillod-
Blondin F, Roy J, Spehn E, van Peer L (2002) Species
diversity, functional diversity and ecosystem functioning.
In: Loreau M, Naeem S, Inchausti P (eds) Biodiversity
and ecosystem functioning: synthesis and perspectives.
Oxford University Press, Oxford, pp 195-281

Hooper DU, Chapin FS, Ewel JJ, Hector A, Inchausti P,
Lavorel S, Lawton JH, Lodge DM, Loreau M, Naeem S,
Schmid B, Setild H, Symstad AJ, Vandermeer J, Wardle
DA (2005) Effects of biodiversity on ecosystem func-
tioning: a consensus of current knowledge. Ecol Monog
75:3-35

Hossain S, Ahmed SE, Doksum KA (2015) Shrinkage, pretest,
and penalty estimators in generalized linear models. Stat
Methodol 24:52-68

Iverson L, Echeverria C, Nahuelhual L, Luque S (2014)
Ecosystem services in changing landscapes: an introduc-
tion. Lands Ecol 29:181-186

Jaramillo E, Vollman RS, Cifuentes HC, Suarez NL, Herbach
EP, Huepe JU, Jaramillo GV, Lueischner BP, Riveros RS
(2007) Emigration and mortality of black-necked swans
(cygnus melancoryphus) and disappearance of the
macrophyte egeria densa in a ramsar wetland site of
southern Chile. AMBIO A J Hum Environ 36:607-609

Lara A, Little C, Urrutia R, McPhee J, Alvarez-Garretén C,
Oyarzun C, Soto D, Donoso P, Nahuelhual L, Pino M,
Arismendi I (2009) Assessment of ecosystem services as
an opportunity for the conservation and management of
native forests in Chile. For Ecol Manag 258:415-424

Lindenmayer D (2012) Land use intensification in natural
forest settings. In: Lindenmayer David, Cunningham Saul,
Young Andrew (eds) Land use intensification: effects on
agriculture, biodiversity and ecological processes. CSIRO
Publishing, Australia, pp 113-121

Lindenmayer D (2016) Interactions between forest resource
management and landscape structure. Current lands Ecol
Rep 1(1):10-18

Lindenmayer D, Franklin J (2002) Conserving forest biodi-
versity: a comprenhensive multiscaled approach. Island
Press, Washington, DC

Little C, Soto D, Lara A, Cuevas J (2008) Nitrogen exports at
multiple-scales in a southern Chilean watershed (Patago-
nian Lakes district). Biogeochemistry 87:297-309

Liu S, Dong Y, Deng L, Liu L, Zhao H, Dong S (2014) Forest
fragmentation and landscape connectivity change associ-
ated with road network extension and city expansion: a

@ Springer

case study in the Lancang River Valley. Ecol Indic
36:160-168

Luck GW, Harrington R, Harrison PA, Kremen C, Berry PM,
Bugter R, Dawson TP, de Bello F, Diaz S, Feld CK,
Haslett JR, Hering D, Kontogianni A, Lavorel S, Roun-
sevell M, Samways MJ, Sandin L, Settele J, Sykes MT,
van den Hove S, Vandewalle M, Zobel M (2009) Quan-
tifying the contribution of organisms to the provision of
ecosystem services. Bioscience 59:223-235

Luebert F, Pliscoff P (2004) Clasificacion de pisos de veg-
etacion y analisis de representatividad ecoldgica de areas
propuestas para la proteccion de la ecorregion valdiviana.
Serie de Publicaciones WWEF. Programa Ecorregién Val-
diviana, Valdivia

McGarigal K, Cushman SA, Neel MC, Ene E (2002) Fragstats:
spatial pattern analysis program for categorical maps.
Computer software program produced by the authors at the
University of Massachusetts, Amherst. http://www.umass.
edu/landeco/research/fragstats/fragstats.html. Accessed 28
sept 2013

Millennium Ecosystem Assessment (2005) Ecosystems and
human well-being: Scenarios. In: Carpenter SR, Pingali P,
Bennet EM, Zurek MB (eds) Millennium Ecosystem
Assessment. Island Press, Washington DC

Myers N, Mittermeier RA, Mittermeier CG, da Fonseca GA,
Kent J (2000) Biodiversity hotspots for conservation pri-
orities. Nature 403:853-858

Nahuelhual L, Carmona A, Aguayo M, Echeverria C (2014)
Land use change and ecosystem services provision: a case
study of recreation and ecotourism opportunities in
southern Chile. Lands Ecol 29:329-344

NOAA (2009) Tutorial for the nonpoint source pollution and
erosion comparison tool (N- SPECT). Extension for ESRI,
ArcGIS

Oyarzin CE, Nahuelhual L, Nafiez D (2005) Los servicios
ecosistémicos del bosque templado lluvioso: produccion
de agua y su valoracion econdmica. Revista Ambiente y
Desarrollo XX (3)-XXI (1):88-95

Oyarzin CE, Fréne C, Lacrampe G, Huber A, Hervé P (2011)
Propiedades hidroldgicas del suelo y exportacion de sed-
imentos en dos microcuencas de la Cordillera de la Costa
en el sur de Chile con diferente cobertura vegetal. Bosque
32:10-19

Pan Y, Xu Z, Wu J (2013) Spatial differences of the supply of
multiple ecosystem services and the environmental and
land use factors affecting them. Ecosyst Serv 5:4-10

Pfisterer AB, Schmid B (2002) Diversity-dependent production
can decrease the stability of ecosystem functioning. Nat-
ure 46:84-86

Qi ZF, Ye XY, Zhang H, Yu ZL (2014) Land fragmentation
and variation of ecosystem services in the context of rapid
urbanization: the case of Taizhou city, China. Stochastic
Environ Res Risk Assess 28:843-855

Ren Z, Peng H, Liu ZW (2016) The rapid climate change-
caused dichotomy on subtropical evergreen broad-leaved
forest in Yunnan: reduction in habitat diversity and
increase in species diversity. Plant Divers 38:142-148

Rodriguez-Echeverry J, Echeverria C, Nahuelhual L (2015)
Impacts of anthropogenic land-use change on populations
of the Endangered Patagonian cypress Fitzroya


http://www.umass.edu/landeco/research/fragstats/fragstats.html
http://www.umass.edu/landeco/research/fragstats/fragstats.html

Landscape Ecol (2018) 33:439-453

453

cupressoides in southern Chile: implications for its con-
servation. Oryx Int J Conserv 49(3):447-452

Schlatter J, Gerding V, Huber H (1995) Sistema de orde-
namiento de la tierra. Herramienta para la planificacién
forestal aplicada a la X region. Universidad Austral de
Chile. Facultad de Ciencias Forestales. Instituto de Sil-
vicultura, Valdivia, Chile

Schneiders A, Van Daele T, Van Landuyt W, Van Reeth W
(2012) Biodiversity and ecosystem services: comple-
mentary approaches for ecosystem management? Ecol
Indic 21:123-133

Swift M, Izac A, Noordwijk M (2004) Biodiversity and
ecosystem services in agricultural landscapes are we
asking the right questions? Agric Ecosyst Environ
104:113-134

Thanapakpawin P, Richey J, Thomas D, Rodda S, Campbell B,
Logsdon M (2007) Effects of landuse change on the
hydrologic regime of the Mae Chaem river basin NW
Thailand. J Hydrol 334(1-2):215-230

Thomas E, Vandebroek I, Goetghebeur P, Sanca S, Arrazola S,
van Damme P (2008) The relationship between plant use
and plant diversity in the Bolivian Andes, with special
reference to medicinal plant use. Hum Ecol 36:861-879

van Jaarsveld A, Biggs R, Scholes R, Bohensky E, Reyers B,
Lynam T, Musvoto C, Fabricius C (2005) Measuring
conditions and trends in ecosystem services at multiple
scales: the southern african millennium ecosystem
assessment (SAfMA) experience. Philos Trans R Soc B
360:425-441

Venables WN, Smith DM, Team RC (2013) An Introduction to
R. notes on R: a programming environment for data
analysis and graphics. Version 3.0.1. USA

Vergara PM, Simonetti JA (2004) Avian responses to frag-
mentation of the Maulino Forest in central Chile. Oryx Int
J Conserv 38:383-388

Vihervaara P, Ronkd M, Walls M (2010) Trends in ecosystem
service research: early steps and current drivers. AMBIO
A J Hum Environ 39:314-324

Wan L, Zhang Y, Zhang X, Qi S, Na X (2015) Comparison of
land use/land cover change and landscape patterns in
Honghe National Nature Reserve and the surrounding
Jiansanjiang Region, China. Ecol Indic 51:205-214

Wischmeier WH, Smith DD (1978) Predicting rainfall erosion
losses: a guide to conservation planning. USDA, Science
and Education Administration

Wu J (2013) Landscape sustainability science: ecosystem ser-
vices and human well-being in changing landscapes.
Landsc Ecol 28:999-1023

Yuan JG, Fang W, Fan L, Chen Y, Wang D, Yang Z (2006)
Soil formation and vegetation establishment on the cliff
face of abandoned quarries in the early stages of natural
colonization. Restor Ecol 14:349-356

YuhaiBao, SuyaBao, Yinshan (2011) Analysis on temporal and
spatial changes of landscap Pattern in Dalinor lake Wet-
land. Procedia Environ Sci 10:2367-2375

Zhao S, Peng C, Jiang H, Tian D, Lei X, Zhou X (2006) Land
use change in Asia and the ecological consequences. Ecol
Res 21:890-896

Zuur A, Ieno EN, Walker N, Saveliev AA, Smith GM (2009)
Mixed Effects models and extensions in ecology with R.
Springer-Verlag, New York

@ Springer



	Impact of land-use change on biodiversity and ecosystem services in the Chilean temperate forests
	Ab�stract
	Con�text
	Ob�jec�tive
	Meth�ods
	Con�clu�sions

	Introduction
	Methods
	Study area
	Biodiversity analysis
	N-spect model and ecosystem services
	Generalized linear models (GLMs)

	Results
	Discussion
	Changes in the diversity of native forest habitat
	N-Spect model accuracy
	Changes in the provision of the ecosystem services

	Conclusions
	Acknowledgements
	References




