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Sources and details about indicators presented in Table 2 

 

Food Production 

Food production was estimated as the monetary value of food and fodder products per spatial unit 

(US$2016 ha-1 yr), provided by the different LULC types. Since the literature sources refer to different 

dates, the respective values were adjusted for inflation (http://www.usinflationcalculator.com/). 

Naranjilla was selected as a standard crop type for assessing the net incomes generated by 

agricultural land. Guayasamín Guanga (2015) estimates the net incomes of a hectare of 2.5yr cycle-

conventional Naranjilla crop in Napo and Tunguraha provinces to 4,525 US$2016 ha-1, equal to annual 

1.808 US$2016 ha-1. 

Grimm et al. (1994) estimated the net annual value of non-timber products in three forest parcels 

at low altitudes in Napo region. We calculated the average values of three areas of 1 ha only for the 

food/fodder provisioning species located to the two lower forest ecosystems (FF and LMF). 

Values for HMF, CF, paramo and pastures were those provided by Kocian et al. (2011) that 

carried out a peer-reviewed report for ecosystem studies in Ecuador. 

 

Medicinal resources 

During centuries native people developed an ethnobotanical knowledge, which allow them to use 

native plants to obtain curative substances. The number of plant species used for medicinal purposes 

was adopted as a metric for the ecosystem services of medicinal resources. Interviews at local 

population were performed to identify those plant species used by natives. Results were therefore 

crossed with literature sources to confirm the information. Particularly, de la Torre et al. (2008) provide 

an exhaustive survey of all the useful plant species in Ecuador. Each species was attributed to 

respective host ecosystems, in order to assess the contribution of each LULC type to the provision of 

medicinal plants. 

 

Livestock supply 

Livestock represents an important and valuable resource of meat, milk and other animal products 

for local farmers. Pastures are the ecosystems specifically destined to feed and support livestock and 

related activities. The Minister of Agriculture, Livestock, Aquaculture and Fishing quantifies the 

average supporting capacity of pasture in CELS and surrounding regions in 4 cattles ha-1 (personal 

communication). Since pasture is the only LULC type which can support livestock, a null value was 

attributed to the remaining LULC types. 

 

Water regulation 

The CELS receives a large amount of precipitation (see Fig.1c) which would cause intense 

flooding when not regulated by ecosystems. Natural ecosystems, such as forest, are fundamental 

regulators of water fluxes by absorbing water and favoring transpiration. According to Balthazar et al. 

(2015), the amount of water absorbed and/or gradually released (water discharge) represents a suitable 

indicator for water regulation performed by ecosystems in Ecuadorian mountains.  

Buytaert et al. (2007) provided water discharge estimations for paramo and agricultural land. 

Balthazar et al. (2015) proposed water discharge value for cloud forest. Same value was attributed to 

Higher mountain forest, since no specific value was found in literature. Water discharge for pasture 

areas was obtained from a study performed in similar environment (Crespo et al. 2010), while lower 

mountain forest discharge has been studied by Fleischbein et al. (2006) in South Ecuador. Since no 



specific data were available for foothill forest, discharge capacity was settled equal to lower mountain 

forest value. According to several studies in literature paramo and cloud forest have the higher capacity 

to intercept and store water, while high values for lower and foothill mountain forest are explained by 

higher precipitations. 

 

Erosion prevention 

Vegetation cover (%) is an indirect measure of the capacity of ecosystems to prevent erosion 

phenomena. Average vegetation cover for agricultural land and paramo is provided by Molina et al. 

(2008) dataset, while value for pastures (Pennisetum sp.) is provided by Ochoa-Cueva et al. 2013. Both 

studies were carried out in Andean landscapes located in Southern Ecuador. Specific values of 

vegetation cover for forest ecosystems in Ecuadorian Andes are reported in MAE (2014). 

 

Soil structure 

Soil organic matter content is at the basis of a wide set of soil functions. Organic matter content 

for agricultural land was reported as the average of 13 field measures carried out in CELS (WWF 

2014). Organic matter content for natural ecosystems is provided by MAE (2014). Potthast et al. (2010) 

also provides value for similar pastures areas. 

 

Soil carbon storage 

Soil is an important carbon sink, which provide significant contribution to mitigate climate 

changes. Soil carbon storage is expressed in Mg ha-1 in the first 30 cm of soil. Moser et al. (2011) 

supply values for all natural ecosystems considered in this analysis in a study located in Southern 

Ecuador. Lopez-Ulluloa et al. (2005) measured soil organic carbon content in 25 pastures in 

northwestern Ecuador. Soil organic carbon content for agricultural land was obtained from Hall et al. 

(2012). 

 

Aboveground biomass 

Aboveground biomass in an important compound of tropical ecosystems, which store significant 

amount of carbon and support the life cycles of many species. McGroddy et al. (2015) assessed the 

aboveground biomass of pasture systems in Southern Ecuador. Values for agricultural land and natural 

ecosystems were provided by MAE (2014). 

 

Biodiversity 

Although the relationship between biodiversity and ESs provision is widely demonstrated, there 

is no clear accordance among researchers if biodiversity should be considered as an ecosystem service 

at all, or as a regulator of ESs (see Mace et al. 2012). In this study, we approached biodiversity, 

expressed as the richness of vascular plant per spatial unit, as a proper ESs. Jorgensen et al. (2011) 

provide a study of vascular plant diversity in natural ecosystems of Ecuador, according to altitudinal 

gradients. Species for non-natural ecosystems (i.e. agricultural land and pastures) were derived from 

the online database of Ministry of Agriculture (http://www.agricultura.gob.ec/, http://sni.gob.ec/inicio) 

and verified on field by the Ecuadorian co-authors of the manuscript. 

 

Scenic quality 

Since no study on aesthetic values and preferences are present in CELS or in nearby zones, we 

used the score approach proposed by Burkhard et al. (2009), who ranked the aesthetic quality of 

different land cover types in Europe, based on expert-based interviews. 

 

Recreation/Education (Tourism) 



The number of touristic sites was adopted as indicator of recreation and educational potential of 

local ecosystems. The touristic sites were recorded through local population interviews and therefore 

classified in each LULC types. 
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Table S.1 LULC for 2000, 2008 and 2014 according to the four altitudinal ranges. Both absolute (ha) and 

relative (%) values are reported. 

LULC 2000 (ha) 

Altitude 
Urban Bare soil Forest 

Agricultural 

land 

Water 

bodies 
Paramo Pasture Total (ha) Total (%) 

(m a.s.l.) 

2,900 – 3,756 - 2.64 891.42 - 0.66 108.55 - 1,003.28 2.34% 

2,000 – 2,900 - 19.06 7,053.69 14.72 12.36 - 33.16 7,132.99 16.66% 

1,300 – 2,000 7.49 7.30 22,016.87 1,909.47 102.32 - 823.17 24,866.63 58.09% 

960 – 1,300 98.98 73.38 5,241.54 1,874.91 831.90 - 1,681.02 9,801.73 22.90% 

Total (ha) 106.47 102.38 35,203.52 3,799.10 947.25 108.55 2,537.35 42,804.63 100% 

Total (%) 0.25% 0.24% 82.24% 8.88% 2.21% 0.25% 5.93%     

          

LULC 2008 (ha) 

Altitude 
Urban Bare soil Forest 

Agricultural 

land 

Water 

bodies 
Paramo Pasture Total (ha) Total (%) 

(m a.s.l.) 

2,900 – 3,756 - 2.60 881.50 1.25 0.63 101.25 16.04 1,003.28 2.34% 

2,000 – 2,900 - 18.99 7,049.13 32.36 12.36 - 20.14 7,132.99 16.66% 

1,300 – 2,000 26.00 4.41 22,145.70 2,290.74 96.62 - 303.15 24,866.63 58.09% 

960 – 1,300 147.18 76.69 4,689.37 2,613.39 765.29 - 1,509.82 9,801.73 22.90% 

Total (ha) 173.18 102.70 34,765.71 4,937.74 874.90 101.25 1,849.15 42,804.63 100% 

Total (%) 0.40% 0.24% 81.22% 11.54% 2.04% 0.24% 4.32%   

Change from 

2000 (ha) 
66.71 0.32 -437.81 1,138.64 -72.34 -7.30 -688.21     

          

LULC 2014 (ha) 

Altitude 
Urban Bare soil Forest 

Agricultural 

land 

Water 

bodies 
Paramo Pasture Total (ha) Total (%) 

(m a.s.l.) 

2,900 – 3,756 - - 884.04 - 0.69 107.16 11.38 1,003.28 2.34% 

2,000 – 2,900 - 6.73 7,120.44 - 4.61 - 1.21 7,132.99 16.66% 

1,300 – 2,000 14.39 18.76 22,697.65 81.30 123.17 - 1,931.35 24,866.63 58.09% 

960 – 1,300 347.29 13.91 4,660.42 281.51 730.12 - 3,768.47 9,801.73 22.90% 

Total (ha) 361.69 39.41 35,362.55 362.81 858.60 107.16 5,712.41 42,804.63 100% 

Total (%) 0.84% 0.09% 82.61% 0.85% 2.01% 0.25% 13.35%     

Change from 

2000 (ha) 
255.22 -62.97 159.03 -3,436.29 -88.65 -1.39 3,175.06   

Change from 

2008 (ha) 
188.51 -63.29 596.84 -4,574.93 -16.31 5.91 3,863.27     

 


