
Landscape patterns and ecosystem service 
provisioning in a Highland Landscape of 

northern Ecuador
A.Paulina Guarderas*1,2, Franz Smith3, Marc Dufrêne1

Université de Liège1, Universidad Central del Ecuador2, Universidad 
San Francisco de Quito3



Outline

• Context
• Justification
• Research Question
• Methods
• Preliminary results
• Summary



Context



Land Use Change is the most important variable affecting  ecological system

Global carbon cycle
Global, regional and local climates 
Hydrologic cycle 
Ecosystem degradation
Biodiversity loss 
Degradation of soil and water
Overexploitation of native species 

Sala et al 2000, Foley et al 2005 

Land use or land cover change impacts 
on a very diverse array of 
environmental systems, properties 
and processes



LU change affects the  physical and biological properties of landscapes and can 
impact the provision of multiple ecosystem services

Kuratola 2015



Mountain landscapes provide multiple ecosystem services that are 
continually vulnerable to land-change

• Half of the world populaOon depends on 
mountain ecosystem resources

• Complex land-change dynamics have 
been documented in the high-Andean 
region 

• Land use change may affect ecological 
processes at different scales, affecOng 
ecosystem services

• Qt. assessment of LU changes on the 
value of ES is one of the research focuses 
of sustainable development in science 

Millenium Ecoystem Assessment, 2005

Aide  et al. 2013



Montane ecosystems of Ecuador have been affected by loss of natural 
vegetaMon cover and fragmentaMon as a result of land use change 

• Landscapes of the Ecuadorian highlands are 
the result of a long-term interaction between 
people and their natural environment

• Landscape transformation started early on
when the Spanish conquered the land to 
establish different productive systems 
(agricultural and cattle raising) more than 500 
years ago



Montane ecosystems of Ecuador have been affected by loss of natural 
vegetation cover and fragmentation as a result of land use change 

• Mountain naOve ecosystems in Ecuador are 
threatened, they are remnant forests in a 
matrix of agricultural land  

• The impact of land use changes on 
biodiversity and the value of mountain 
ecosystems in Ecuador has not been 
evaluated



Pedro Moncayo county àInteresting model system to 
improve our understanding on LULC change and ES



Pedro Moncayo county àAndean landscape with environmental gradients 
(altitudinal)



Agriculture + Pastures 
+ urban areas

Monoculture farms
cereals
tubercules
Agroecologic farms

Native ecosystems
Paramo
Mountain forests

Flower production

Pastures

Severe soil degradation

>60% 
Ecosystem
modif. Agric

Pedro Moncayo county àAndean landscape with a land use intensity gradient –
Landscape level



Research question

How land use change has influenced landscape pa[erns and the 
capacity of ecosystems to provide services in a highland 
landscape of northern Ecuador?

To contribute to the understanding of the impacts of land use 
changes towards biodiversity, ecosystem services and benefit 
transfer for the Andean mountain systems of Ecuador
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How land use change (LULC) affects biodiversity 
and ecosystem services in a highland landscape of 

northern Ecuador?

Functional groups
diversity, EF, ES in df. LUlC
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Soil biota
Arthropods
Vegetation
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Soil ES
Soil fertility
Erosion preven.
H2O hold. Cap.
Microclimate reg.
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Raudsepp-Hearne et al 2010; Rodríguez-Echeverry et al 2018

Zaehringer et al 2017

De VAlençA
et al 2017



M e t h o d s



How LULC change has influenced the capacity of ecosystems 
to provide ES in the study area ?

Burkhard (2009, 2012) 

11 2 3



Official Source of LULC data:
Ecuadorian Ministry of 
Environment
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Estimation of land use patterns and dynamics through time
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RegulaOng 

Provisioning 

Cultural

Types
of 
ES

Burkhard 
(2009, 2012) 

Scoring LULC
Available maps

Literature review
Knowledge of the

system (EJ)

Score the capacity of LULC typ. to provide  ES2

Developed
Pasture
Crops
H., Sh. & P. F.
Native forests
Paramo
N. Water bodies

LULC typ. 

Madrigal-Martinez 
& Miralles (2019) Author scoring

Next steps:
Expert judgement
Local stakeholder 
percepFon Burkhard (2012) 
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Madrigal-Martinez 
& Miralles (2019) Burkhard (2012) 
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Test the hypothetical scoring of the capacity of LULC typ. to 
provide  ES of existing data

QuanMficaMon of ES based on official staMsMcs for different years 

3



P re l i m i n a r y  re s u l t s



EsMmaMon of land use pa[erns and dynamics through Mme1



1990 2000 2008 2014

Developed
Pasture
Crops
Herbs, Shrubs & P. F.
Native forests
Paramo
N. Water bodies

Main land uses in the territory are Agricultural areas (C + P) 
followed by Secondary vegetaMon (Herbs + Shrubs)
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Dynamic landscape through Mme: Decreasing  Crops, Natural 
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1 Land-change dynamics through time demonstrate 
different trajectories

Madrigal-Martinez 
& Miralles (2019) 



2 Score the capacity of LULC typ. to provide  ES
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Score the capacity of LULC typ. to provide  ES2

Developed
Pasture
Crops
Herbs, Shrubs & P. F.
Native forests
Paramo
N. Water bodies



2014

Reg. Cul.Prov

1990

2 Score and map the capacity of LULC typ. to provide  ES

- Regulation capacity  àELA - Provisioning capacity àELA - Cultural capacity àELA



Summarizing
• This case study demonstrates that highlands landscapes in the northern region of the 

Ecuadorian Andes present dynamic land patterns through time with different 
trajectories along the years.

• Specifically agricultural expansion, agricultural de-intensification, urbanization and 
deforestation

• Land use dynamics appear to show a geographic pattern 

• Supply of ecosystem services associated to different Land use typologies would 
change along with the land-change dynamics observed at geographic and temporal 
scales



Next steps

Analyze Landscape configuration
Fragmentation 
Connectivity

Include expert knowledge where there are gaps of information

Analyze Landscape pajerns and dynamics
AlOtudinal gradient
AdministraOve geographic administraOon
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