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S2File. Case studies and data sources 

Supporting Information of the paper “Focusing conservation efforts on ecosystem 

services  supply may increase the vulnerability of socio-ecological systems” by 

Laterra, P, Barral, P, Carmona, A, Nahuelhual, L. (PLOS ONE, 2016). 

 

Case studies 

Ancud County in Chiloé Island, Chile, and Mar Chiquita basin, Buenos Aires province, 

Argentina were selected as case studies for comparing maps of ecosystem services (ES) 

supply  and socio-ecological vulnerability  maps upon contrasting ecological, social and 

economic conditions.  All the ecosystem functions described in S1 Table A were integrated 

for deriving maps of different ES types:  availability of clean surface water, opportunities 

of recreation opportunities, and potential firewood production for the Ancud case; 

availability of clean groundwater, and flood regulation for the Mar Chiquita case. This set 

of ES types was selected for illustrative purposes and it does not necessarily include all the 

relevant ES types for the study cases, or all the ES types currently considered by ECOSER.  

 

The socio-ecological system of Ancud: general features, relevant 

ecosystem services and LUCC trends and scenarios 

The municipality of Ancud is located in the northern part of Chiloé Island in the 

province of Chiloé in southern Chile. It covers a territory of 172,400 ha of which less than 

1% is classified as urban. The remainder of the rural territory is comprised of 2854 farms, 

most of them under individual land tenure and with a farm area that ranges between 0.03 ha 

and 4658 ha [1, 2].  The study area can be considered marginal in terms of agricultural 

production, although agriculture continues to be a relevant source of rural income. These 

natural conditions have led to farming systems and rural livelihoods mostly oriented around 

self-sufficiency which combine a variety of activities such as small-scale fishing, timber 

logging, livestock breeding, and small-scale cultivation of cereals and potato. A large part 

of the study area is currently covered by relatively intact old-growth forest (53%, 55,686 

ha) of which 11,776 ha are publicly protected by Chiloé National Park [3].  Among the 

human and natural processes occurring in the area, deforestation has been the most 

important in terms of its spatial extent [3, 4]. Forest degradation through logging also has 

been an important cause of forest loss [5, 6]. Although logging does not directly lead to loss 

of forest cover, it alters forest structure, composition, and function [4] and decreases the 

current and future economic value of the forest [7, 8]. Logging is basically practiced for 

firewood supply to both rural and urban populations, but  firewood demand by rural 

population,  where firewood is used not only for house heating but also for cooking and 

water heating, is higher than the demand from urban population [4, 7].  
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Another important driver of land change during the studied period was the change from 

forest and shrubland to exotic tree plantations (almost entirely Eucalyptus spp). Most of  

plantations replaced native vegetation (old-growth forest, secondary forest, and shrubland) 

and the rest consist in afforestation on marginal agricultural lands and flooded areas [3], 

[9]. These land-use changes also compromise the provision of another relevant ecosystem 

service like water provision and water flow regulation. Recent studies in southern Chile and 

Ancud in particular demonstrate how well-conserved native forest can improve water 

supply and how their replacement by exotic tree plantations can reduce water provision [10, 

11]. 

Despite some adverse trends in land use and land cover, the natural heritage of Ancud 

continues to be valued and admired by people from around the world, who travel 

exclusively to experience Ancud’s numerous and diverse attractions. Among them are the 

Islets of Puñihuil and the northern part of the Chepu river, old growth temperate rain forests 

characterized by their high degree of endemism [12, 13], most of which are protected under 

Chiloé National Park, and other salient features such as whale feeding and breeding areas. 

Market studies conducted by SERNATUR in Chiloé establish that the most common 

activities practiced by tourists in Chiloé are wildlife observation (87%) and hiking (26.4%). 

According to other market surveys performed in 2008 for nature tourism in Chiloé, 36 % of 

visitors engage in nature-based activities such as hiking or agro-tourism and cultural 

activities. 

All the selected ES types for this study case rely to different extent on the presence and 

condition (composition and structure) of native forests, and are affected by degradation 

from old-growth forest to two successional stages: secondary forest and shrublands. 

Therefore, a “business as usual” scenario was performed by calculating transition 

probabilities among the main forest stages between 1999 and 2007 and projecting it to 2015 

on basis to classified satellite images. 

 

The socio-ecological system of Mar Chiquita: general features, 

relevant ecosystem services and land-use change trends and 

scenarios 

Mar Chiquita basin illustrate all the major regional land-uses of the Pampa ecoregion, 

including intensive agriculture, mixed agricultural-livestock systems and pure livestock 

systems in the lower fields [14]. The basin of Mar Chiquita coastal lagoon is located in the 

southeast of Buenos Aires province and within a half million hectares area, it includes 

portions of the Flooding Pampas and Southern Pampas of Argentina [15]. Eleven 

administrative units (departments) are wholly or partially included within the basin.  

During the last 25 years, the Argentine Pampas region has experienced a continuous 

increase in the land area dedicated to annual crops in replacement of native grasslands and 

cultivated pastures. Since the early 1990s, structural economic changes fostered investment 

in technology which played a major role in land-use changes in the Pampas. Cattle breeding 
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(cow-calf systems) on native grasslands combined with cultivated pastures remained in 

non-agricultural lands but cattle fattening is progressively being expanded under intensive 

livestock practices [16]. All the mentioned changes in the production systems have resulted 

both in social costs, such as concentration of land ownership and migration of small 

farmers into cities [17], and in environmental costs, such as reductions in SE supply and  

biodiversity loss [16, 18, 19].  

Argentine land-use planning experiences based on ES concept are very recent and have 

so far being focused on forest conservation, especially in the Northern provinces (Ley 

Nacional No. 26331) [20]. In the rest of the territory, there is neither land-use planning 

normative nor accepted political criteria for its application. For Mar Chiquita basin we 

adopted the spatially explicit business as usual scenario formulated according to historical 

trends of land-use related to socio-economic and biophysical driving factors [21, 22], from 

present to 2022,  using Dyna- CLUE 2.0 [23].  

Under current and projected scenarios, two ES types are particularly being affected: 

availability of clean groundwater and flood regulation. Groundwater is practically the 

unique source for drinking water and crops irrigation in the pampas, and its quality is being 

threatened by pollution from increasing agrochemicals applications [22, 24, 25]. Therefore, 

flooding is a recurrent disturbance affecting crop yields and cow-calf operations in the 

Flooding and Austral pampas, which are being probably enhanced upon the current 

transformation trend [26, 27]. 

 

Assumptions and data sources 

Maps of the ecosystem functions detailed in S1 Table A were obtained using different 

information sources, so  indicators of ES supply were evaluated at 100 m and 30 m 

resolution for the Ancud and Mar Chiquita cases, respectively, but maps were rescaled to 

3x3km cells for Mar Chiquita and further analysis were performed at such scale. 

For the Ancud case we employed a soil map with a resolution of 6.25 ha [28], land 

covers obtained from a Landsat satellite image (30mx30m) taken in [29], a digital elevation 

model and Google Earth images. Information for calculus of the Landscape Structure index 

was obtained from National Vegetation Resources Cadaster of Chile and its monitoring [29, 

30], the soil base map and patch size were analyzed on basis to the National Vegetation 

Resources Cadastre [1]. Weighting of different components of Landscape structure was 

made through expert consult s. Ranges of slope, soil and dispersion distance for 

construction of the function indicator Habitat Production for Species, were obtained from 

Donoso et al. [31].   For the Mar Chiquita case, we employed a digital elevation model 

obtained from SRTM images (90x90m), a soil map 1:50000 [32] and land cover 

classification obtained from Landsat images (30x30m). Climate information was provided 

by the Argentina National Meteorological Service. Land cover maps were provided by the 

Catastro de Recursos Vegetacionales of Chile and the Laboratorio de Geomática, INTA 

Balcarce-FCA, UNMDP.   
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Population density for calculus of benefits within Mar Chiquita basin was mapped by 

extrapolation of population densities of cities and small towns using the inverse distance 

function.  

In the Ancud case, a mix of general and ES type-specific indicators was used as 

economic and institutional factors of adaptive capacity to reduction in the supply of 

different ecosystem service types: actual erodability (Fecol), the soils map of Región de 

Los Lagos and farms area [1] plus ES-type specific substitution possibility and and ES-type 

specific access to them (Fecon), and educational level (Fsoc) on basis to the National 

Population Census of 2002 [2]. Ecosystem service type-specific factors of adaptive capacity 

were not easy to obtain as secondary data for the Mar Chiquita case, so we used some 

general adaptive capacity indicators (instead of ES type-specific indicators) that  differed 

from those used for Ancud case: number of job positions (Fecon), illiteracy level (Fsoc) 

and water entitlements (Finst) as provided by Ministry of Economy (2015) of Buenos Aires 

Province.  

Benefits of the selected ecosystem services were calculated on basis to assumptions 

detailed in S1 Table D. Inequity coefficients for Ancud and Mar Chiquita cases were 

calculated on basis to income distribution among properties, and the distribution of unmet 

basic needs among population, respectively. 
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