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Abstract Human activities are continuously expanding at

a global scale and having an increasing effect on the

remaining natural ecosystems in remote areas, such as the

Magellan Region of southern Patagonia, Chile. In addition

to extensive livestock holdings, aquaculture and tourism

are advancing into formerly undisturbed areas, and insuf-

ficient information on the spatial scope and intensity of

these alterations is available to inform and support con-

servation policies. The aim of this study was to spatially

analyse the degree, scope and spatial distribution of

anthropogenic alterations. Accordingly, two spatially

explicit indexes, the degree of anthropogenic alteration

(DAA) and human influence index (HII), have been

applied. The results show a significant spatial overestima-

tion of the remaining undisturbed natural areas. Despite

low population densities and extensive conservation des-

ignations, a major share of the total area has been anthro-

pogenically altered. Depending on the measure type,

between 53.1 % (DAA) and 68.1 % of the area (HII) needs

to be considered as influenced by human activity in some

way. Our findings challenge previous studies by the

Wildlife Conservation Society (WCS and CIESIN in Last

of the wild project, version 2, 2005 (LWP-2): last of the

wild dataset (Geographic), NASA socioeconomic data and

applications center (SEDAC), Palisades, 2005). Their

worldwide assessment of pristine natural environments

indicated that a much smaller part of the Magellan region

has been subject to human influence. The chosen

methodologies represent an opportunity to detect and

monitor human influence at small spatial scales, which has

heretofore remained unnoticed. Because such alterations

are becoming more frequent in remote regions, the

assessment approaches presented here provide important

information on human–environment interactions to support

land-use and nature conservation policy design. In addi-

tion, small-scale structures and different types of economic

activities are considered to support policies that can protect

the remaining natural areas from human encroachment.

Moreover, implications of the proposed methodology for

biodiversity conservation policy are discussed.

Keywords Land-use change � Anthropogenic alterations �
Undisturbed natural areas � Conservation policy � Spatial
assessment � GIS indexes

Introduction

We are living in the Anthropocene (Crutzen 2002), and as a

result of population growth, economic development and

increasing demand for natural resources, human activities

have advanced into the remote regions of the globe

(Lambin et al. 2001; Robinson 2004; Turner 1997). Areas

with the least amount of human influence, such as southern
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Patagonia, often represent ecosystems that have outstand-

ing global value for the preservation of endemic natural

features, species and biodiversity (Lockwood et al. 2012);

however, these ecosystems are experiencing increasing

amounts of pressure related to anthropogenic transforma-

tions of land or habitat fragmentation by transportation and

energy infrastructure (Sanderson et al. 2002; Riitters and

Wickham 2003). Such alterations have serious conse-

quences on an ecosystem’s capacity to maintain biodiver-

sity and provision of ecosystem services. However,

targeted information is required to support sustainable

land-use and conservation policies and enable the imple-

mentation of effective measures to protect these last

remaining pristine areas (CBD 2000).

Spatial analysis can be used to assess anthropogenic

alterations. Currently, a number of attempts at different

spatial scales (local to global) have been performed to

estimate anthropogenic alterations and human influence

and footprints (Sanderson et al. 2002; Leu et al. 2008)

and define concepts such as naturalness (Lesslie and

Malsen 1995; Hill et al. 2002; Machado 2004) or

hemeroby (Sukopp et al. 1990; Kowarik 1999). Therefore,

different indexes and spatial mapping approaches have

been developed that utilize spatial information and remote

sensing data to evaluate visible forms of land transfor-

mation at different scales (Vitousek et al. 1997; Munsi

et al. 2010; Meshesha et al. 2014; Palomo et al. 2014),

such as deforestation, and create spatial models to esti-

mate land-cover changes (e.g. Pontius et al. 2001; Wu

et al. 2006; Evans and Kelley 2008; Verburg et al. 2009,

Li et al. 2012).

The human influence on natural ecosystems can be

defined in spatial terms through specific geographic prox-

ies, such as human population density, settlements, roads

and other anthropogenic elements and activities (Sanderson

et al. 2002; Zasada et al. 2013), and these terms can then be

integrated in a synthetic index. Attempts to classify and

categorize human influence have included the human dis-

turbance index (Hannah et al. 1995), which classifies areas

as ‘‘human-dominated,’’ ‘‘partially disturbed’’ or ‘‘undis-

turbed’’ and indicates that areas disturbed by human use

include 75 % of the habitable surface of the earth. In this

assessment, the key geographic elements are roads, major

rivers and coastlines because they contribute towards

resource extraction, pollution, waste disposal and natural

system disruptions (Gucinski 2001; Sanderson et al. 2002).

The level and intensity of human alterations are correlated

with the amount of anthropogenic matter (infrastructure,

buildings, machines, etc.) accumulated in environmental

compartments (Inostroza 2014) and accessibility levels.

The amount of disturbance to flora and fauna can then be

estimated according to the distance of flora and fauna from

human infrastructures (e.g. roads, pipelines and

settlements), which is performed by the Global Method-

ology for Mapping Human Impacts on the Biosphere

(GLOBIO 2002). However, this spatial assessment must be

specifically focused on existing geographic singularities.

According to global assessments of the Wildlife Con-

servation Society (WCS) and the Center for International

Earth Science Information Network (CIESIN), the

remaining ‘‘wild areas’’ in the world have reached

approximately 27 % of the total land area (WCS and

CIESIN 2005). More optimistic estimations consider that

almost the entire biosphere is under anthropogenic alter-

ation and describe this as a stable state that has persisted for

millennia (Ellis and Ramankutty 2008; Ellis 2013). Nev-

ertheless, accurate descriptions and estimates of the

methods by which humans use and alter land systems are

indispensable; however, models and sensors generally do

not provide accurate descriptions of land-cover and land-

use systems (Lambin et al. 2001; Verburg et al. 2009;

Breuste et al. 2013). Current classification systems confuse

land cover and land use, thus producing profound mis-

conceptions and misrepresentations of the extent of human

alteration of land surfaces (Breuste et al. 2013). This sit-

uation challenges the validity of such models, especially in

remote areas where land use assumes different practices

and is often undetectable by standard remote sensing

methods (Inostroza 2015).

In addition, there is a growing demand for science-based

information and assessment tools to support sound decision

making at the policy level (de Smedt 2010; Helming et al.

2011; König et al. 2014). Spatial data are increasingly used

to support policy processes at different spatial scales and

can help reveal the possible effects of policies (La Rosa

et al. 2014; Ungaro et al. 2014). In the European Union, for

example, ex-ante assessment procedures have recently

become a mandatory instrument for assessing policies

before implementation (Tscherning et al. 2008). However,

other regions of the world, such as Latin America, are still

lacking spatial information, tools and indicators for use in

planning and policy procedures that support sustainable

nature conservation options (Reidsma et al. 2011; König

et al. 2013). In Chile, the Magellan’s region is out of the

scope of the national official cartography at 1:50,000. This

produces an important shortcoming for territorial planning

and management. Satellite imagery such as LANDSAT and

others types of remote sensing provide a valuable infor-

mation sources for policy and planning. However, due to

various reasons (like the permanent presence of clouds)

also their extent of high-quality imagery is limited and

requires careful interpretations of the small-scale human

alteration. In this respect, the development of environ-

mental land-use indexes is required, which possess higher

sensitivity for anthropogenic alterations beyond physical

land-use change.
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The first objective of our paper is to develop an easily

interpretable and comprehensive spatial mapping approach

to assessing human alterations in the Magellan Region of

southern Patagonia (Chile). Therefore, two indexes are

proposed to quantify anthropogenic alterations and assess

the remaining undisturbed natural areas (RUNA) by mak-

ing use of cover/use assessment along a spatiotemporal

gradient: the degree of anthropogenic alteration (DAA) and

human influence index (HII). Second, the results of our

regional assessment will be compared with previous global

estimations (WCS and CIESIN 2005) for the same region.

Third, the extent to which the new regional assessment

approaches can provide additional information for biodi-

versity conservation and evaluations will be discussed in

relation to land-use management and conservation of nat-

ural ecosystems. For operational purposes, we have used

the term ‘‘undisturbed natural areas’’ to refer to anything

that has not been made or directly influenced by humans,

particularly by human technology (Hunter 1996; Anger-

meier 2000; Machado 2004).

Materials and methods

Case study area

The case study examined the Magellan Region of southern

Patagonia (Chile), which encompasses a surface of circa

131,232 km2 and has a population of 150,826 (\1.14

capita 9 km-2), with 76 % concentrated in the capital city

of Punta Arenas (Instituto Nacional de Estadı́sticas 2005).

The climate is determined by the latitude (between 51�S
and 56�S), and the strong marine influence regulates tem-

perature. Strong winds blowing from the South Pacific

collect moisture in the Andes and cold and dry air through

the pampas, which causes huge rainfall differences from

4000 mm per year in the Pacific and 250 mm year in the

Atlantic. The Andes Mountains represent a strong geo-

graphical barrier that produces morphological and ecosys-

tem diversity by dividing the territory into two parts. The

Atlantic side represents a wide flat territory (pampa)

extending from the Andes to the Atlantic Ocean. Although

drier than the Pacific side, precipitation occurs throughout

the year. This characteristic of the steppe climate produces

a homogeneous vegetation cover that consists of grassland

with low shrub features that determines the potential of the

cattle shed. As a result of cyclic glacial advances of ice

sheets during the last ice age, the Pacific side is charac-

terized by significant territorial diversity, with altitudes of

approximately 2500 m in the Andes, and the glaciers,

snowfields, fjords, channels and inland seas provide its

characteristic morphology (IGM 1983; MOP 1994).

All of these territorial characteristics imbue the region

with high ecological sensitivity (Pisano 1990). However,

although large parts of the case study region still appear as

natural territory untouched by human influences (Inostroza

2012), anthropogenic alterations have occurred and caused

innumerable effects, many of which have remained unno-

ticed or in latencies until they surpass certain thresholds

and are then triggered to evolve in incremental impacts

(Myers 1995). Extensive ranching is a good example of

these effects because the steppe ecosystem resembles a

beautiful natural territory with a low level of human

alteration (Garcés 2009), and anthropogenic interventions,

such as buildings, roads and fences, appear dwarfed by the

territorial immensity. However, almost the entire steppe

ecosystem is undergoing a process of anthropogenic ero-

sion, which has remained unnoticed (Inostroza 2012).

The huge environmental differences in Patagonia, its

climate and geography have a produced a strong temporal

gradient in terms of anthropogenic influence, respectively,

the evolution of the socio-ecological system in the region.

Before the Spanish colonization between the sixteenth and

nineteenth century with the foundation of military settle-

ments and the city of Punta Arenas at the end of the period,

nomadic hunters represented early human occupation

(Moss 2008). As late as in the 1880s, a more comprehen-

sive exploitation of the steppe ecosystem arose through the

introduction of extensive animal husbandry, mainly sheep

farming, already raising concerns of overgrazing (Inostroza

2012; EBO 2015). In this period, the region has been fur-

ther urbanized through the foundation of Puerto Natales

and Porvenir as second and third largest cities as well as

other minor settlements. The exploration and exploitation

of the oil resources between 1945 and the 1980s marked

the next stage of anthropogenic exploitation of Patagonia,

pushing the frontiers of utilization further that the entire

steppe ecosystem became human influenced. In addition,

military use, including additional urban areas, Cerro

Sombrero and Villa Tehuelches, gained importance. The

current stage of exploitation is dominated by tourism

activities, which along with an increasing importance of

Punta Arenas also put the former mountainous areas along

the coastline under increased pressure (Schlüter 2001;

Inostroza 2012).

Today, due to its ecological value, the region is subject

to extensive nature protection schemes. More than the half

of the area (67,385 km2) is protected by legislation

according to the national system of protected areas of the

state (SINIA 2015). Whereas certain national parks have

attempted to control human activities, like the Torres del

Paine, others allow visitors and certain types of economic

activities. All of the protected areas are administered by

CONAF (national forestry corporation), a state agency that

Human impact on landscapes in Southern Patagonia 2073
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reports to the Ministry of Agriculture. One of the main

objectives of CONAF is to enhance the development of

tourism in protected areas. Comprehensive land-use regu-

lations that allocate activities in the territory are not in

place, and the government and administrations only

address specific aspects of land use in a sectorial way.

Environmental impact assessments (EIAs) are only

mandatory for large projects and do not influence land-use

policy.

Global assessment of human influence by the wildlife

conservation society (WCS)

The first step included performing an assessment of the

undisturbed natural area in the region by analysing the

database from the WCS and CIESIN (2005). Undisturbed

natural areas are considered to be biomes with a HII value

of less than or equal to 10. The raster file containing the

degree of human influence for the entire continent was

downscaled using standard GIS processing, and the origi-

nal raster file was transformed into a vector file, re-pro-

jected and adjusted to the current land-cover classification

which has been developed by Inostroza (2012, 2015) to

produce a spatial data set representing all of the regional

ecosystems and ecotopes.

Degree of anthropogenic alteration (DAA)

The first approach determines the DAA, which represents

the total anthropogenic elements and/or cumulative spatial

effects likely to be measured or detected empirically in a

given ecotope, and the DAA index defines an ecotope as

the smallest homogeneous spatial unit. Ecotopes containing

any human activity, anthropogenic elements or spatial

effects have been altered and are no longer undisturbed.

Under this spatial approach, anthropogenic alterations are

initially distributed following the landscape’s matrix (ho-

mogeneities) and reflect the ecosystems’ transformations in

terms of the spatial structure of the ecosystem.

According to the concept of socioeconomic metabolism,

in which human systems exchange matter and energy with

nature to reproduce themselves physically (Fischer-

Kowalski 1998; Grünbühel et al. 2003), we distinguish

different types of anthropogenic alterations along a gradi-

ent from undisturbed natural ecosystems to intensively

transformed urbanized areas (see Fig. 1 for illustration).

The first phase is referred to as colonization activities, and

it is characterized by sporadic economic activities of pri-

mary production (e.g. aquaculture) and raw materials and

tourism activities used on a concessional basis. The process

is connected to a decreasing degree of naturalness because

environment is increasingly controlled by human inter-

vention (Grünbühel et al. 2003; Machado 2004).

Colonization is followed by appropriation, where the

indirect use of the environment intensifies, such as through

excavation and quarrying of minerals and fossil fuels and

extensive forms of animal husbandry. The phase of rural-

ization promotes increasingly permanent and direct forms

of land use, particularly agriculture, which results in

ecosystems that are dominated by humans and have a low

degree of naturalness. Urbanization represents the last

phase of anthropogenic alteration. The environment is

characterized by built-up structure, and the intensity of

resource consumption is particularly high, requiring a net

inflow of energy and raw materials from outside areas.

To reflect the metabolic gradient, three types of vari-

ables (accounting for a total of 18 variables) were quanti-

fied (Table 1 and Eq. 1): anthropogenic elements (cities,

roads, fences, lights, infrastructure, etc.); economic activ-

ities (mining, oil wells, forestry, aquaculture, tourism,

cultural attractions, etc.) and other anthropogenic elements

or effects (inhabitants, livestock, erosion, etc.). In the case

of appropriation–colonization activities, the measured

magnitude was their presence because they change the

undisturbed natural condition of the site. Thus, the values

were considered to be Boolean, with a value of 0 for

ecotopes that did not include the specific activity and 1 for

ecotopes that did include the activity. Variables with higher

levels of human transformation were quantified in their

respective units: km for vectors (fences, roads) and km2 for

areal variables (management plans, mining exploration,

etc.). Variables were separated into different groups

according to their characteristics: (1) exploitation mining

was separated from exploration; (2) operational aquacul-

ture was separated from non-operational; (3) touristic

attractions were separated into cultural attractions with the

presence of infrastructure or natural sites; and (4) similar

activities such as fishing and aquaculture were integrated

into a single variable. To obtain final values for each

ecotope, all of these variables were measured in relative

terms (concentration) and summed using the equation,

dj ¼
Xn

i¼1

ðaij=sjÞ ð1Þ

where di is the nominal value of the Degree of Anthro-

pogenic Alteration in ecotope j; a is surface in km2 of

activity i in ecotope j (Table 1) and s is surface of ecotope

j. The nominal d value was later transformed with linear

normalization.

Determining a DAA that includes several variables that

are not currently assessed in other methods, such as the

land-cover/land-use vegetation cadaster (CONAF-CON-

AMA 2006), can provide measurements that include a

larger scope of current forms of human alterations in

addition to typical land-cover measures.

2074 L. Inostroza et al.
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After normalization, the resulting DAA corresponds to

an intensity gradient from 0, which represents ecotopes

without human intervention or in unchanged wild condi-

tions, to 1, which represents ecotopes with a high degree of

anthropogenic changes (Table 1). The DAA can be

understood as the probability of finding human alteration in

an ecotope. To facilitate the interpretation, the results were

grouped into four categories representative an intensity

gradient, which implies a correlation between the meta-

bolic state and intensity of human alterations and reflects

the spatiotemporal structure presented in Fig. 1.

Human influence index (HII)

As a second approach, the HII was proposed to depict the

spatial extent of human activities and show current changes

in the human occupation frontier. This index uses the same

theoretical framework as the approach by WCS and CIE-

SIN (2005) but is geographically determined, and it

accounts for almost all of the current economic activities

within the case study region; therefore, it can provide a

fine-scale spatial assessment of their scope of influence.

Human activities are represented by the presence of (1)

elements built by humans, such as infrastructure and built-

up structures; (2) geographical features that allow for

human influence, including coast lines or geologic

elements, such as extractions sites; and (3) planning zones

and specific project sites. The conjunction of these human

activities can reflect the scope of socioeconomic metabo-

lism and provide spatial consistency with other measures,

such as the regional ecological footprint (Inostroza 2005).

Therefore, the HII was calculated using 13 variables

(Table 2) that reflect the available data up to the year 2003

on the aforementioned types of human activities, and it

corresponds to a normalized gradient where 1 indicates the

highest degree of human influence, i.e. urban core, and 0

indicates no influence within undisturbed natural areas. We

apply Eq. 1 but using a spatial overlay function rather than

ecotope as it was for DAA.

Accessibility and coast variables were adjusted accord-

ing to the terrain’s geomorphology. To measure the area of

influence of roads, the overall distance a person could walk

in 1 day in a difficult-to-traverse ecosystem, such as a

dense forest, was estimated as 15 km (see e.g. Wilkie et al.

2000). Certain territories are inaccessible because of steep

slopes, glaciers or other obstacles that limit accessibility

from either the shore or roads; inaccessible areas were

spatially discounted. Because the influence of a road

depends on the hierarchy and amount of traffic passing

along the road, land accessibility was normalized by

weighting the road network hierarchy using the classifica-

tion of the Ministry of Public Works (MOP). Secondary

Fig. 1 Metabolic intensities and human activities along a spatial gradient
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roads were normalized into two ranges, and different

intensities of accessibility and population centres were

normalized into five ranges, from 0–2, 2–5, 5–10, 10–15

and more than 15 km accounting for very high, high,

medium, low and no accessibility, respectively.

The location of metallic and nonmetallic mineral

deposits was determined using the online geological

information system from the ministry of Chilean mining

(SERNAGEOMIN 2010, http://sigeo.sernageomin.cl/). The

online system does not allow digital information to be

downloaded; thus, the location of the mineral resources

was transferred manually to a point SHP file, containing the

UTM coordinates, resource type, site or operation size, and

situation (i.e. exploration/exploitation).

Comparing WCS data base with DAA and HII

indexes

The original WCS and CIESIN (2005) approach delin-

eated four different classes: Magellanic subpolar forests,

Patagonian steppe, rock and ice, and Valdivian temper-

ate forests. These classes did not fully represent the

observed situation in Patagonian region. For instance,

despite the major relevance of wetlands to the regional

ecosystem, their assessment has not included the wet-

lands class, which accounts for 23 % of the total surface

(Inostroza 2008). Thus, the geoprocessing approach was

conducted to identify the misclassified areas. To allow

for comparisons of the final classification with equiva-

lent ecotopes in current databases, the Magellanic sub-

polar forest and Valdivian temperate forest classes were

merged into one: forest. The resulting forest category,

which did not include wetland areas, was used in the

analysis. With this geoprocessing, it was ensured the

comparability of WCS and CIESIN data set with DAA

and HII data sets.

Results

Global assessment of human influence by the

wildlife conservation society (WCS)

The spatial assessment based on the WCS and CIESIN

(2005) data set revealed that 73.9 % of the total territory

within the case study region can be considered undis-

turbed natural area (96,962 km2) (Fig. 2). Over that total

area more than half (62.4 %) is classified as forest land.

Wetlands cover the second major portion (22.3 %), and

steppe, rock and ice have only minor shares. The spatial

extension of undisturbed natural area according to this

approach is shown in Fig. 2. Percentages are given in
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Degree of anthropogenic alteration (DAA)

Applying the DAA index, our findings revealed a terri-

tory under anthropogenic alteration of 53.1 % of the

total area of the study region (69,629 km2). The RUNAs

in terms of ecosystems are given in Table 3. In terms of

metabolic states, areas of colonization predominate,

covering approximately one-third (30.8 %) of the total

Fig. 2 All three assessment approaches and the comparison between them. Original spatial data set for developing a from WCS and CIESIN

(2005)

Human impact on landscapes in Southern Patagonia 2079

123



territory. The more intensively transformed areas of

ruralization and appropriation follow with 14.2 % and

8 %, respectively, whereas urbanized areas are marginal

(see Fig. 2).

Regarding the spatial distribution, three general patterns

of anthropogenic alterations emerge. First, major areas of

urbanization and high and medium ruralization are con-

centrated on the Brunswick Peninsula in the centre of the

region in the vicinity and hinterland of Punta Arenas City.

In particular, the steppe ecosystems in this area have been

substantially transformed. Second, the eastern part of the

region is characterized by a high degree of appropriation

and ruralization because this area has been traditionally

under human encroachment, mainly through extensive

livestock farming (ranging). Third, important anthro-

pogenic alterations have occurred on the Pacific islands in a

scattered pattern from north to south and covering a broad

spectrum of ecosystems. Driven by the expansion of (low)

colonization activities, mainly aquaculture and tourism,

these transformations move beyond the historical occupa-

tion threshold into previously undisturbed natural areas that

have been relatively unaffected by legal area designations

for nature protection (forest reserve).

Human influence index (HII)

Based on the HII assessment, approximately 68.1 % of the

total area (89,387 km2) is under some form of human

influence, leaving only 31.9 % of the land as undisturbed

natural area (see Fig. 2; Table 3). The most intensive

human influences can be found along the coastal areas of

central south Patagonia, where the cumulative effect of

natural as well as infrastructural and settlement-based

accessibility of the land is greatest. High-intensity activi-

ties are spreading into the northern part of the case study

region, whereas on both sides of the Straits of Magellan

(mainland and Isla Grande de Tierra del Fuego), low- to

medium-intensity human influences prevail, particularly

along transportation routes. However, the HII also identi-

fies economic activities, such as aquaculture and tourism,

which have advanced into the Pacific area beyond histori-

cal occupation thresholds (see Fig. 2). In terms of human

influence variations in different types of ecosystems, strong

differences have been determined (Table 3). The ecosys-

tems under human influence are mainly steppe (33.3 % of

the total human-influenced area), forest (25.3 %) and

wetlands (27.2 %). Those three ecosystems are of high

ecological value in the region. Bare rocks, snow and gla-

ciers areas only account for 11 % of the total human-in-

fluenced area (Table 3). These shares indicate that the

spatial structure of human influence in terms of ecosystems

being influenced is highly relevant and might have an

important ecological effect.

Variations in RUNAs between the WCS/CIESIN,

DAA and HII indexes

As Fig. 2 reveals, all three assessment approaches indicate

that the large parts of the case study area are anthro-

pogenically altered and influenced by humans because of

the current pattern of land-use and specific features of

current economic activities. However, differences in spatial

extent have been found for the various approaches. The

WCS and CIESIN (2005) approach identifies 96,962 km2

(73.9 %) as undisturbed natural area, whereas the anthro-

pogenic alteration degree (DAA) and HII identify signifi-

cantly smaller areas of 61,603 km2 (46.9 %) and

41,844 km2 (31.9 %), respectively.

Differences are also observed in terms of affected

ecosystems (see Fig. 3). In both indexes (DAA and HII),

the RUNAs are mostly bare areas, such as rocks, snow and

glaciers. These ecotopes have low ecological capacity for

sustaining ecosystem functions compared with steppe or

forest. The remaining areas free of human influence adopt a

relict form that is highly fragmented, whereas areas with

increased ecological capacity, such as steppes, forests and

wetlands, present increased alterations and signs of influ-

ence compared with those covered by snow and glaciers.

The largest difference occurs for the forest category, where

the share of undisturbed natural areas has decreased from

over 60,000 km2 (WCS) to 13,833 km2 (DAA) and

5207 km2 (HII). Overestimations of the natural land by the

WCS and CIESIN methodology have also been found for

wetlands and steppe, especially for the latter, which pre-

sents significant differences based on the approach used.

WCS and CIESIN calculated that at least 6 % of the steppe

Table 3 Share of ecotopes

composing the DAA and HII
Ecotope WCS and CIESIN (%) DAA (%) HII (%)

Steppe 8.5 40.7 33.3

Forest 62.4 19.7 25.3

Wetlands 22.3 22.8 27.2

Bare rocks, snow and glaciers 6.7 13.3 11.0

Water, others, without info 0.01 3.3 3.2

100.0 99.8 100.0
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area was undisturbed, whereas the HII calculated this value

as less than 3 %. However, bare rock areas, snow and

glaciers were underestimated by the WCS and CIESIN

assessment. For the steppe, forest and wetlands large areas

have been influenced, although large portion of the bare

rocks, snow and glaciers can still be considered untouched

by human influence (Fig. 4). These undisturbed natural

areas are primarily found along the mountain range in the

western part of the mainland and on the Pacific islands

(Fig. 2).

Discussion

Comparison of DAA and HII: differences

and challenges

The application and downscaling of current global

approaches, such as for the methodology of the Wildlife

Conservation Society (WCS and CIESIN 2005), represents

a starting point for spatial assessments of the scope and

effects of human activities on land surfaces. Although

global models are important for showing global trends,

they are limited in regional application because of impor-

tant methodological shortcomings, including the high

number of assumptions that have not been geographically

determined. The results in this paper revealed that undis-

turbed natural areas have been overestimated by global

assessment approaches. The WCS approach identified the

Magellan Region as one of the last ‘‘wild’’ natural regions

in the world, and the HII and DAA have shown that this

area shares similar levels of human influence as found in

more densely populated regions in terms of the spatial

scope of economic activities. Only the extremely remote,

inaccessible and topographically difficult areas of the

region are free of anthropogenic transformations.

There are two important aspects that explain the high

variability among the different assessment approaches. The

first pertains to the spatial scale of assessment, which plays

an important role in estimating the scope of human activ-

ities. In certain cases, human impacts cannot be depicted at

higher global scales, such as the impacts from transporta-

tion and other linear infrastructures. As an analytic

approach that goes beyond land-use/land-cover-based

assessments, the HII can provide valuable additional

information on the role of small-scale structures and their

effects on the actual state of naturalness of an ecosystem.

Similarly, the DAA approach provides information on

economic activities, which are also often not represented

by detectable land cover. However, despite the small spa-

tial scope of such activities, their spatial dispersion indi-

cates the systematic process of anthropogenic territorial

modifications.

The second aspect, which is even more relevant than the

first, is the need to include a specific set of economic

activities that occur in the geographic location being

assessed. This aspect varies significantly according to the

location of natural resources and other socioeconomic

Fig. 3 Undisturbed areas in the

different ecosystem categories
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features specific to a location. In general, global assess-

ments provide weak depictions of geographically deter-

mined features because they normally overuse

simplifications, such as homogenized parameters and sin-

gle estimators.

Magnitude differences between the indexes highlight a

trend of territories being incorporated into the socioeco-

nomic metabolism, a process that is consistent with the

historical evolutionary pattern of economic activities

(Inostroza 2012). This progression shows a systematic

reduction in natural boundaries. The confrontation between

anthropogenic and natural ecosystems is asymmetric, with

the former widening borders at the expense of the latter.

However, the holistic approach to assessing anthro-

pogenic alterations (DAA) and human influence (HII)

requires specific data. To accurately illustrate the intensity

and spatial extent of anthropogenic alterations in an

ecosystem, it is necessary to account for a broad and diverse

set of elements and effects. In this research, an exhaustive

revision of all possible methods of using ecosystems has

been developed and includes activities that are normally

ignored in similar studies, such as fisheries, aquaculture,

mining and forestry. Such data are currently available, even

in Latin American countries; however, the data are dis-

tributed across a large number of institutions. Such infor-

mation fragmentation makes it difficult to construct

integrated data sets with different technical characteristics,

such as datum and spatial resolution, and increases the time

required to perform similar assessments. In addition,

because the spatial information required to build these

indicators is geographically specific, the replicability and

comparability of DAA and HII assessments are high, which

is an important characteristic of the proposed indicators.

Combining land-use models with socio-ecological

assessments

Common sense can be found in the academic debate sur-

rounding changes in anthropogenically driven or urban

land use that occur below the surface of changes in land

cover, such as the conversion of natural areas into farmland

or even urban areas (Verburg et al. 2009; Bomans et al.

2010; Breuste et al. 2013; Inostroza 2015). Because land-

use classifications mostly rely on land-cover data and use

criteria that do not reflect the extent of human appropria-

tion (Inostroza 2012), standard land-use/land-cover models

are not capable of showing the actual extent of land-use

changes (Breuste et al. 2013, Inostroza 2015), which

challenges the validity of such models, especially in remote

areas, where land use assumes different practices and is

often undetectable by standard remote sensing methods.

Therefore, a stronger link between land-cover-based

models and socioeconomic, stakeholder-based assessments

is required (König et al. 2010). A combined representation

within a common theoretical framework can overcome

challenges found in the current sectorial approaches and

provide support for policies and decision making. The

particular strength of DAA assessments is the integrative

metabolic approach, where activities accounted for in the

spatial calculation are understood in terms of their socio-

Fig. 4 DAA and HII in the

different ecosystem categories
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metabolic role and as processes. The differentiation of

metabolic states (see Fig. 1) can account for human

activities and reflect their operations. The spatial scope of

anthropogenic modifications is increasing, and the meta-

bolic states depicted by this index can determine the spa-

tial–temporal progression and evolution of such states.

Lessons learned to support nature conservation

and land-use policy and planning

There have been increasing demands for improved

information on the state of ecosystems and ongoing pro-

cesses of land-use change, particularly for land-use and

natural resource planning and biodiversity conservation

policy (see Loidi 1994; Edarra Indurain 1997; Meaza and

Cardiñanos 2000). The degree of anthropogenic alteration

and human influence as well as naturalness represent

important evaluation criteria in several fields of conser-

vation and land-use planning (see Jacobi and Scott 1985;

Lambin et al. 1999; Machado 2004) and are particularly

important in areas such as the Magellan Region, where

transformations generally occur at a small scale and in a

scattered pattern. Here, land-cover-based approaches

would not provide valuable information (usually unin-

tended) because the land transformations cannot be

assessed at larger spatial scopes and intensities. The

proposed assessment approaches can improve the

descriptions of land use and be used to design conserva-

tion policies. However, these types of ad hoc assessments

present a larger potential for use in strategic environ-

mental assessments (SEAs) and environmental impact

assessments (EIAs) in the context of approval processes

for economic projects and concessions. As categories,

anthropogenic alterations and human influence refer more

directly to the effect of socioeconomic activities. Further

application options can include elaborating upon suit-

ability matrixes (see Gomez Orea 2002), designing

development limitations and zoning (Theberge 1989;

Machado et al. 2004) and establishing conservation pri-

orities (Margules and Usher 1981). In the case of wildlife

management, such indexes can be used to guide translo-

cations, introductions or re-introductions of living organ-

isms (IUCN 1987), assess habitat quality (Jacobi and

Scott 1985) and prioritize initiatives for ecological

restoration (Anderson 1991).

Conclusions

In this paper, we have shown that only certain remote areas

of the Magellan Region included remain undisturbed by

human influence. Accordingly, the region is far from a

pristine natural environment as shown in the global

assessment by WCS and CIESIN (2005). Results indicated

that more than 68.1 % of the total regional surface is

affected to some degree by direct human transformation or

subjected to pressure by various economic activities. These

patterns constitute the paradox of one of the most sparsely

populated and protected regions of Chile. Patagonia is a

highly sensitive environment with low ecosystem

homoeostasis. Therefore, the described spatial scope of

anthropogenic alteration and human influence becomes

important not only in terms of magnitude but also eco-

logically terms because of the ecological characteristics of

the exploited ecosystems. These findings raise questions on

the convenience of the National Conservation System

(SNASPE) as a preservation mechanism and indicate that

new methods of preserving the uniqueness of this special

territory must be found.

By integrating the occurrence of economic activities

with land-use and socioeconomic indicators, such as pop-

ulation density, the proposed indexes can depict the

expansion pattern of socioeconomic metabolism, which

incorporates more territory into the human ecosystems.

Because these processes are occurring in one of the most

fragile regions of the country, the patterns and intensities of

current economic activities and land uses, such as farming

and forestry, must be redefined. In addition, important

land-use transformations that are not considered in current

land-use evaluations, such as mining, tourism, and aqua-

culture must be included, and a careful assessment of their

location patterns and spatial relationships with protected

and ecologically fragile areas is vital.

The DAA and HII indexes spatially characterize the

amount of land that is currently being used in the Magellan

Region as well as the intensity of land use and amount of

undisturbed natural territory that remains. Based on these

results, the current perception of the Magellan Region as an

undisturbed natural region should be re-evaluated. The

degree and extent of human influence have a high spatial

scope; therefore, the expected future environmental

impacts are relevant. The presented methodology can help

provide similar spatial assessments in other remote areas

by downscaling global assessments and improve policy

measures for the conservation of the last remaining

undisturbed natural areas of the world.
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