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Identifying past social-ecological thresholds to understand long-term
temporal dynamics in Spain
Fernando Santos-Martín 1, Blanca González García-Mon 2, José A. González 1, Irene Iniesta-Arandia 3,4, Marina García-Llorente 1,5,
Carlos Montes 6, Federica Ravera 4,7, Cesar A. López-Santiago 1, Óscar Carpintero 8, Javier Benayas 1 and Berta Martín-López 9
ABSTRACT. A thorough understanding of long-term temporal social-ecological dynamics at the national scale helps to explain the
current condition of a country’s ecosystems and to support environmental policies to tackle future sustainability challenges. We aimed
to develop a methodological approach to understand past long-term (1960-2010) social-ecological dynamics in Spain. First, we
developed a methodical framework that allowed us to explore complex social-ecological dynamics among biodiversity, ecosystem
services, human well-being, drivers of change, and institutional responses. Second, we compiled 21 long-term, national-scale indicators
and analyzed their temporal relationships through a redundancy analysis. Third, we used a Bayesian change point analysis to detect
evidence of past social-ecological thresholds and historical time periods. Our results revealed that Spain has passed through four socialecological thresholds that define five different time periods of nature and society relationships. Finally, we discussed how the proposed
methodological approach helps to reinterpret national-level ecosystem indicators through a new conceptual lens to develop a more
systems-based way of understanding long-term social-ecological patterns and dynamics.
Key Words: ecosystem service; long-term analysis; social-ecological thresholds; Spain; temporal dynamics
INTRODUCTION
Today’s social and ecological rapid changes and unpredictability
are prompting the development of new approaches to evaluate
the relationships between people and nature (Leach et al. 2012,
Chan et al. 2016). The social-ecological system (SES) framework
enables the integration of data from diverse natural and social
science disciplines and thus provides a theoretically grounded
means of testing hypotheses about the dynamics and implications
of social-ecological interactions (Folke et al. 2010). To this end,
the SES framework highlights the importance of investigating the
long-term relationships between people and nature (Berkes et al.
2003). This information is an essential part of understanding the
complexity of SESs and identifying the root causes of
environmental problems (Carpenter and Folke 2006, Olson et al.
2010).
The SES framework provides guidance on how to assess the social
and ecological dimensions that contribute to sustainable resource
use and management, but rarely if ever has it been operationalized
at the national scale analyzing long-term social-ecological
dynamics. Environmental governance is more effective when the
scales of ecological processes are well matched with the human
institutions charged with managing human-environment
interactions (Leslie et al. 2015). Moreover, because previous longterm social-ecological analyses have largely focused on the local
or global scale, these analyses have usually failed to include
national scales (Scholes et al. 2013). For example, studies on the
local scale have linked ecosystem services to human well-being
(Iniesta-Arandia et al. 2014) and health (Olson et al. 2010), and
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studies at the global scale have explored links between ecosystem
services and poverty alleviation (Fisher et al. 2014). However,
because of the issue of context specificity, it is difficult to scale
these studies up or down to policy-relevant national and regional
scales (Selomane et al. 2015). Thus, there is a need for a
comprehensive methodology that applies national-scale longterm indicators both to analyze how SESs evolve over time and
to respond to different drivers of change and policy interventions
(Butchart et al. 2010, Hauck et al. 2015).
We used the SES framework to assess the long-term socialecological changes and dynamics for Spain. Therefore, we have
considered the entire nation-state of Spain as an SES. We define
SES as a “bio-geo-physical” unit and its associated social actors
and institutions. We focus on the national scale because SESs are
complex and are delimited by spatial or functional boundaries
that surround particular ecosystems and their problem context
(Glaser et al. 2008). National scales are important in SES studies
because national environmental policy regulates the entire
“natural capital” that provides multiple services and on which the
socioeconomic activities have an impact on human well-being.
Regarding environmental policies, the understanding of longterm social-ecological dynamics has also been emphasized. For
example, the approval in 2011 of the Convention on Biological
Diversity adopted a new strategic plan through 2020 that aims to
stop biodiversity loss and ensure healthy ecosystems that provide
people with essential ecosystem services (Maes et al. 2016).
Previously, the Millennium Ecosystem Assessment (2005)
introduced a new conceptual framework for analyzing social-

Social-Ecological Systems Laboratory, Department of Ecology, Universidad Autónoma de Madrid, Madrid, Spain, 2Stockholm Resilience Centre,
Stockholm University, Stockholm, Sweden, 3Agroecology, Food Sovereignty and Commons Research Group, University of Córdoba, 4FRACTAL
Collective, Madrid, Spain, 5Department of Applied Research and Agricultural Extension, Madrid Institute for Rural, Agricultural and Food
Research and Development (IMIDRA), Madrid, Spain, 6Departamento de Ecología, Universidad Autónoma de Madrid, Madrid, Spain, 7Chair in
Agroecology and Food Systems, Universitat de Vic - Universitat Central de Catalunya (UVic-UCC), Vic, Spain, 8Group of Energy, Economy and
Dynamic Systems, University of Valladolid, Valladolid, Spain, 9Institute for Ethics and Transdisciplinary Sustainability Research, Faculty of
Sustainability, Leuphana University of Lüneburg, Lüneburg, Germany

Ecology and Society 24(2): 10
https://www.ecologyandsociety.org/vol24/iss2/art10/

ecological dynamics and has had considerable influence in both
the policy and scientific communities (Clark 2007).
Corresponding to the adoption of this global assessment
framework, some countries have conducted their own national
ecosystem assessments (i.e., Biggs et al. 2004, Pereira et al. 2004,
Japan Satoyama Satoumi Assessment 2010, UK National
Ecosystem Assessment 2011, Spanish National Ecosystem
Assessment 2013). However, most of the national ecosystem
assessments have a critical gap: the lack of a temporal assessment
that can reveal the evolution of social-ecological dynamics over
time. Thus, a long-term social-ecological analysis using nationalscale indicators is needed to understand how past dynamics and
changes can impact current conditions of ecosystems (Reyers et
al. 2013, Ringold et al. 2013).
Although different approaches have been applied for modeling
current interactions between SESs (Liu et al. 2007, Folke et al.
2011), the study of long-term dynamics in SESs remains poorly
understood (Cundill and Fabricius 2009, Rocha et al. 2015). For
example, abrupt and gradual changes are commonly found in
SESs; however, there is a need for further analysis to identify social
and ecological thresholds of change together (Dakos et al. 2015,
Rocha et al. 2015). We define social-ecological thresholds as the
simultaneous changes in socioeconomic and ecological processes
that lead to a new social-ecological condition that defines a
specific time period. Identifying these thresholds at the national
scale can help us understand the evolution of the recent history
of a country from a social-ecological perspective. The
development of new analytical approaches to address these
limitations is essential to support new environmental policies that
will tackle future sustainability challenges.
We aimed to develop a methodological framework to understand
long-term temporal social-ecological dynamics at the national
scale. More specifically, the application of the framework to the
case study of Spain allows a test of its usefulness in achieving the
following objectives: (1) assessing the temporal relationships of
various indicators in explaining social-ecological dynamics; (2)
detecting social-ecological thresholds to identify those years for
which there is a high probability of abrupt, simultaneous changes
in social and ecological indicators; and (3) distinguishing the
different social-ecological time periods and describing the last five
decades in Spain from a social-ecological perspective.
METHODS
We designed a methodological framework comprising five steps
to understand long-term social-ecological dynamics in Spain
(Fig. 1).
Step 1: adapting the driver-pressure-state-impact-response
framework to understand social-ecological system dynamics
We adopted the driver-pressure-state-impact-response (DPSIR)
framework (European Environment Agency [EEA] 1999) with
the SES lens to develop a more systems-based way of
understanding long-term changes and dynamics. We selected the
DPSIR framework because it provides an organized structure to
analyze the causes, consequences, and responses to changes in
ecosystems (Ness et al. 2010). In recent years, the DPSIR
framework has evolved into an interdisciplinary tool for
environmental analyses (EEA 1999). The framework is useful in
that it provides a structure in which a number of physical,
biological, chemical, and societal indicators can be analyzed to

set and evaluate targets and give a clear picture of progress or
lack of progress in a number of policy areas (EEA 1999).
Fig. 1. Methodological process we developed to analyze socialecological dynamics using national indicators capable of
capturing long-term changes. DPSIR, driver-pressure-stateimpact-response; SES, social-ecological system.

Recently, this conceptual framework has been proposed and used
to assess ecosystem services (e.g., Grant et al. 2008, Rounsevell et
al. 2010, Atkins et al. 2011, Kandziora et al. 2013, Santos-Martın
et al. 2013, Cook et al. 2014, Pinto et al. 2014). We adopted this
framework to specifically understand long-term social-ecological
dynamics at the national scale. Within this framework, the
dimension of “indirect drivers” includes the underlying factors
promoting environmental change, such as demographic,
economic, cultural, sociopolitical, and technological drivers
(Millennium Ecosystem Assessment 2005). These indirect drivers
produce various “direct drivers (pressures),” such as climate
change, land-use change, pollution, alien species invasion, and
overexploitation, which can directly affect the ecological integrity
of ecosystems (Millennium Ecosystem Assessment 2005). These
drivers of change in turn affect the “state” of ecosystems, which
can be measured using different biodiversity indicators. The state
of ecosystems has “impacts” on both the supply of ecosystem
services and human well-being. Ecosystem services were classified
as provisioning, regulating, and cultural services. Well-being was
classified into material, e.g., domestic material consumption
(DMC), and nonmaterial, e.g., health, dimensions (Millennium
Ecosystem Assessment 2005). Finally, different “responses”
promoted by governments and/or societies have the capability to
control the effect of drivers or to preserve the ecosystem’s capacity
to supply services.
Although the methodological framework we use is an adaption
of those provided by Santos-Martín et al. (2013), its originality
lies in its temporal application to long-term social-ecological
dynamics, which requires searching and using different indicators
from those used by these authors. For more details about the
methodological framework, see Santos-Martín et al. (2013).
Step 2: selecting the indicators to operationalize the
methodological framework
A final set of 21 national indicators that are capable of explaining
social-ecological dynamics was compiled for integration into the
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Table 1. Final set of 21 national indicators capable of explaining social-ecological dynamics in Spain. Indicators were adapted to the
driver-pressure-state-impact-response (DPSIR) framework.
Indicator Characteristics
DPSIR Dimension

Relevant Attribute

Indicator

Description (Units)

State

Natural capital

Biodiversity

Dimensionless

1985-2000

Impacts

Provisioning
ecosystem services
(ESs)

Cultivated crops

Red List Index of fish, amphibians, reptiles,
mammals, and birds
Total production of cereals, fruits, and olive

Tons

1961-2010

Reared animals and their outputs
Wild animals and their products
Materials from plants for direct use
Maintenance of soil fertility

Total production of meat
Beehives of Apis mellifera
Total timber production
Fertilizer consumption

1961-2010
1961-2008
1961-2009
1961-2007

Natural hazard prevention

Damages paid by insurance companies
because of floods
Number of forest fires
Visitors to protected areas
Autochthonous sheep managed by
transhumant shepherds
Life expectancy at birth
Domestic material consumption
Protected areas declared

Tons
Number of beehives
Millions of cubic meters
Kilograms per hectare of
arable land
Number/year
Thousands/year
Thousands/year
Number of sheep

1961-2008
1976-2009
1961-2009

Years
Tons per inhabitant
Number of protected
areas
Millions of dollars per
capita (in international
dollars using purchasing
power parity)
Persons per square
kilometer
Percent of GDP

1961-2010
1961-2010
1962-2010

Thousands of new
houses
Number of invasive alien
plants
Tons
Hectometers
Millions of tons

1970-2009

Regulating ESs

Cultural ESs

Human well-being

Life cycle maintenance
Recreation
Local ecological knowledge

Response

Policy

Health dimension
Material dimension
Declaration of protected areas

Drivers

Indirect

Economic

Gross domestic product (GDP)

Demographic

Human population density

Scientific and technological
Urban growth

Investment in research and development
programs
Number of new houses

Invasive alien species

Number of invasive alien plants

Overexploitation of biotic materials
Overexploitation of abiotic materials
Pollution

Capture of Salmo salar in Spanish rivers
Groundwater extracted for irrigation
Total CO2 emissions

Direct

DPSIR framework (Table 1). To operationalize the framework,
we initially identified those attributes that are associated with each
dimension of the DPSIR framework. For each attribute, we
selected those indicators that are scientifically credible and
relevant for explaining social-ecological dynamics over time at the
national scale (Heink et al. 2016). For inclusion, the indicators
had to meet the following criteria: (1) indicators were clearly
linked to DPSIR dimensions, e.g., endangered species express the
“state” of biodiversity; (2) data were available through official
statistical data sets; (3) data were quantifiable at the national scale;
(4) data were scalable such that they could be aggregated into
different scale levels; and (5) data were temporally explicit and
available for at least 20 years within the time period 1960-2010 to
allow trends to be measured over time. We selected 1960-2010 as
the time period of analysis because the ecosystems and
biodiversity of Spain underwent rapid and unprecedented
changes during this period (Spanish National Ecosystem
Assessment 2013). Selecting this time period also allowed us to
balance the maximum number of years that explain Spain’s recent
social-ecological history with the availability of reliable data from
official data sets in the analysis.
From an initial list of 53 indicators used in a previous study using
national-scale indicators in Spain (Santos-Martín et al. 2013), a
final set of 21 indicators was selected for analysis because the
indicators met the inclusion criteria described previously (Table

Time Horizon

1971-2007

1961-2008

1961-2010
1967-2009

1961-2005
1961-2005
1961-2004
1961-2010

1). Among the 21 indicators, 1 is related to the status of
biodiversity; 9 are related to ecosystem services, i.e., 4
provisioning, 3 regulating, and 2 cultural services; 2 are related to
human well-being; 1 is related to policy responses; 4 are related
to indirect drivers of change; and 4 are related to direct drivers
of change.
Step 3: understanding the temporal relations among indicators
We performed a redundancy analysis (RDA) to determine
patterns of the interactions between the indicators representing
indirect and direct drivers of changes, as well as response options
and the indicators representing the status of biodiversity,
ecosystem services, and human well-being. To test the significance
of the relationships between the abovementioned variables during
the time period of 1960-2010, we performed a Monte Carlo
permutation test (1000 permutations). The Monte Carlo
permutation test is used to evaluate whether the variation
explained by the association between variables in the RDA axes
is higher than would be explained by the same number of
randomly generated variables. The RDA also allows researchers
to obtain a simultaneous representation of the variables, as well
as observations (in this research represented by years, from 1960
to 2010), in two or three dimensions, which is optimal for a
covariance criterion (ter Braak 1992). The importance of different
variables to the explanation of the temporal social-ecological
patterns in Spain was assessed through their squared cosines on
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the respective axes. Additionally, we have represented each year
(factor observations) individually to better observe changes in
tendencies.
We conducted the RDA in XLSTAT (version 2009.6.02,
Addinsoft). Prior to running the RDA, all variables were first
normalized and standardized by subtracting the mean of the
indicator value and dividing by the standard deviation.
Normalization and standardization aim to remove the effects of
scale and avoid biases as result of single variables dominating the
model.
Step 4: identifying the social-ecological thresholds
We conducted a Bayesian change point (BCP) analysis (Barry and
Hartigan 1993, Erdman and Emerson 2007) to estimate the
probability of a change point occurring during each year from
the two factors resulting from the RDA analysis. A change point
can be defined as the date at which at least one parameter of a
statistical model, e.g., mean, variance, intercept, and trend,
undergoes an abrupt change (Seidou et al. 2007). The BCP model
treats the change point in a time series as a parameter to be
estimated. BCP analysis has been widely applied to regression
models and is used to detect change points in time series (Beaulieu
et al. 2012). For example, it has been applied in the earth sciences
to detect change points, e.g., abrupt changes and regime shifts,
and determine the timing of change (e.g., Beaulieu et al. 2012,
Reid et al. 2016).
The BCP has been addressed in Bayesian statistics. The advantage
of Bayesian statistics over classical statistics is the comprehensive
description of parameters’ uncertainty (Seidou et al. 2007).
Although classical statistics may give the most probable position
of the change point, Bayesian methods provide a full posterior
probability distribution of its position. It thus provides much
more information than a simple estimation and a credibility
interval as usually obtained with classical methods. Another
advantage is that Bayesian methods were applied considering
single or multiple changes, in conjunction with a known or an
unknown number of change points. We interpret the BCP by
identifying change points (of maximum 5 years) with high
probability (0.5 or higher) of observing abrupt changes in both
factors. We assume that these change points represent a potential
social-ecological threshold. These change points understood as
social-ecological thresholds are then reinterpreted based on the
RDA results (step 3) and used to identify distinct time periods
(step 5).
Step 5: identifying historical time periods and social-ecological
dynamics
Different periods were identified to describe Spain’s socialecological dynamics over the last five decades in greater detail.
We performed a qualitative analysis based on Holling’s (2001)
adaptive cycle metaphor to describe the different periods based
on temporal relations among indicators. To do so, we used
significant indicators of the accumulation and/or release of
natural, human, or social capital, which enabled a description of
the dynamics of the system and explained gradual and sudden
changes that occurred during the identified periods. Although we
acknowledge that the adaptive cycle metaphor has limitations, we
agree with other authors (Allison and Hobbs 2004, González et
al. 2008, Salvia and Quaranta 2015) that this metaphor is a useful
communication tool for characterizing the social-ecological

dynamics in each of the major periods that led to the current
ecosystem conditions.
RESULTS
Temporal relations among indicators
The RDA results indicate a statistically significant association
between the variables representing the state of biodiversity and
some ecosystem services and those variables representing direct
and indirect drivers and response options. The first 2 factors of
the RDA accounted for 94.87% of the total variance of the 21
indicators used (Table 2). The biplot of the RDA, representing
the first 2 axes, is shown in Figure 2. The positive scores of the
first factor (F1; 81.08% of the variance) were significantly
associated with biodiversity loss; provisioning services, i.e., food
from agriculture, livestock, or timber production; and cultural
services, i.e., recreation (Fig. 2). The interaction between these
variables over time was explained by land-use change as the main
direct driver and economic development, measured by the gross
domestic product (GDP), as the main indirect driver. The F1 also
revealed an impact of these drivers on human well-being
indicators, represented by life expectancy and DMC, thus
showing how the socioeconomic development process has
increased the level of human well-being, especially during the first
decades of the period studied. As a result, the F1 was interpreted
as the socioeconomic transformation that has occurred in Spain
over the last 50 years.
Table 2. Results of the redundancy analysis (RDA) used to
analyze the relationship between different indicators. Numbers
represent standardized canonical coefficients of independent and
dependent variables. Squared cosines were used to highlight in
bold font those variables with higher significance for both factors.
ES, ecosystem service; F1, factor 1 (socioeconomic); F2, factor
two (ecological); HW, human well-being.
Variable Type
Dependent variables
Red List Index
Agriculture
Livestock
Wild animals and their products
Timber
Soil fertility
Water flow
Life cycle maintenance (fire control)
Local knowledge
Recreation
Life expectancy
Domestic material consumption
Independent variables
Pollution
Overexploitation
Land-use change
Invasive alien species
Population density
Gross domestic product
Urban population
Science and technology
Protected areas
Results of the RDA
Eigenvalue
Variance (%)
Variance accumulated (%)

Information Type

F1

F2

Biodiversity loss
ES (provisioning)
ES (provisioning)
ES (provisioning)
ES (provisioning)
ES (regulating)
ES (regulating)
ES (regulating)
ES (cultural)
ES (cultural)
HW (health)
HW (material)

1.106
1.285
1.396
1.407
1.102
−0.951
−1.334
−1.150
−1.050
1.336
1.359
1.364

0.540
0.118
0.018
-0.080
0.602
−0.814
0.500
−0.364
1.039
−0.579
0.133
−0.122

Direct driver
Direct driver
Direct driver
Direct driver
Indirect driver
Indirect driver
Indirect driver
Indirect driver
Response

−0.478
0.032
2.072
1.708
−0.669
1.595
−0.111
−0.580
−0.570

0.057
−0.140
−1.550
3.264
−0.687
−1.123
0.241
0.779
−1.034

9.403
81.084
81.084

1.599
13.790
94.874
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Fig. 2. Scatterplot representing factor scores from the redundancy analysis. Indicators
highlighted in bold font represent those variables with a higher importance in explaining
temporal social-ecological (SE) trends.

Although the second factor (F2) only accounts for 13.79% of the
total variance (Table 2), it describes a second relevant trend of
relationships between social-ecological indicators. Indeed, the
positive scores of the F2 revealed the associations among
biodiversity loss; cultural ecosystem services, i.e., local ecological
knowledge; regulating services, i.e., water flow; and provisioning,
i.e., timber production, all of which are influenced by direct
drivers, such as the overexploitation of abiotic materials, i.e.,
groundwater, and indirect drivers, i.e., urban population density.
In the negative scores, we found that regulating services, i.e., soil
fertility and life cycle maintenance of forest fires, and cultural
services associated with urban population, i.e., recreation, were
related to the response option, i.e., creation of natural protected
areas (Fig. 2). Therefore, the F2 was explained by changes in the
structure and functions at an ecological level that have occurred
in Spanish ecosystems because of the abandonment of rural areas
and assumption of an urban lifestyle (Fig. 2).
Identification of social-ecological thresholds
Based on our interpretation of the BCA results, we identified 4
social-ecological thresholds at which the trajectory of indicators
showed a high probability (0.5 or higher) of abrupt changes in
both factors (Fig. 3). The historical time periods associated with
those thresholds are presented in a scatterplot diagram (Fig. 4),
which uses different colors to indicate each time period, and the
distance between each year can be interpreted as a sign of the
change rate of social-ecological indicators over time. If the
distance between points increases, it indicates that the rate of
change has increased for those years.

Fig. 3. Results from the Bayesian change point analysis
estimating the probability of a social-ecological (SE) threshold
occurring in each year from the two factors resulting from the
redundancy analysis analysis: factor 1, social; factor 2,
ecological.

Specifically, our results show that there is a high change point
probability in the ecological component (F2) in 1977 and in the
socioeconomic component (F1) in 1979, which suggests that the
first social-ecological threshold is during the 1977-1979 period
(Figs. 3 and 4). This threshold fits well with the strong transition
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after the end of the dictatorship, representing a new socialecological period that can be identified as the end of traditional
agricultural society. The second identified social-ecological
threshold (1986-1988) occurred when Spain’s accession to the
European Union (EU) occurred. This change point is
characterized by deep structural changes that bring a high
probability of both socioeconomic (1986, in F1) and ecological
(1989, in F2) change. The third social-ecological threshold
(1995-1999) is characterized by the great economic growth of
urban society (1995, in F1) and its simultaneous impact on the
ecological component (1995, in F2), which is followed by an
additional economic shift in 1999 (Figs. 3 and 4). Finally, we
observe a fourth social-ecological threshold in 2003-2005, which
is characterized in 2003 by the transition from an economic bubble
to the first signal of the economic crisis and in 2005 by a shift in
the impact on the ecological components.

The main social-ecological characteristics of each period and
their relation to the accumulation or release of natural, social,
and human capital are described subsequently (refer to Appendix
1 for a better understanding of the time evolution of individual
indicators).
Fig. 5. Adaptation of the time periods identified from the
social-ecological dynamics using the adaptive cycle. The main
social-ecological characteristics of each period and their
relation to the accumulation or release of natural, social, and
human capital are described in relation to selected indicators.

Fig. 4. Scatterplot combining the results of the redundancy
snalysis and Bayesian change point analysis to represent the
social-ecological thresholds and time periods. The diagram
shows how the study years (1961-2010) follow a nonlinear
dynamic and where there is a high probability of socialecological (SE) thresholds of change in Spain. Each color
represents a time period identified.

As shown in the fourth identified period, the frequency of
probable thresholds related to both socioeconomic (F1) and
ecological (F2) changes of the system increased (Fig. 4). This
suggests that the last two decades under study have had higher
change rates of social-ecological indicators, i.e., that Spain is
undergoing an acceleration process similar to that occurring at
the global level.
Description of social-ecological time periods
We used Holling’s adaptive cycle metaphor to designate and
describe five different periods that can explain the primary socialecological thresholds. We adapted the classic heuristic model,
which consists of four sequential stages that reflect the cyclic
processes of growth, conservation, release, and reorganization
that are experienced by most SESs. We fit the five identified socialecological periods into one complete cycle of renewal (Fig. 5).

Conservation-reorganization phase: 1961-1979
From dictatorship to democracy: This period corresponds to a
forward loop of the adaptive cycle and is characterized by the
rapid 1978 transition from a dictatorship to a new democratic
political system. The end of the dictatorship was characterized
by the accumulation of social, financial, and physical capital
associated with accelerated economic growth and consumption
in the new urban society. Simultaneously, the social and
institutional structures associated with the dictatorship regime
became very rigid. The end of this cycle was associated with the
rapid transition of social and institutional structures that were
associated with the 1975 abolition of the dictatorship. The
transition was planned as a smooth process, avoiding the collapse
of the system, and rapidly led to a renewal phase in a new
democratic regime (Fig. 5). Spain shifted from a traditional, local,
low-consumption, and slow lifestyle based on the agrarian sector
to a “modern” society with acceleration in lifestyles and the rate
of consumption.
Reorganization-rapid growth phase: 1980-1988
European adhesion: During this period, most of the structural
changes that consolidated the maintenance and proliferation of
the new organizational system in Spanish society occurred, i.e., a
systematic process of economic liberalization, industrial
restructuring, and reform of formal institutions took place. New
emergent opportunities and innovations characterize this period
of rapid growth in the country’s social-ecological dynamics (Fig.
5). After Spain’s accession to the European Economic
Community, which was formalized in 1985, Spain experienced a
period of economic growth, which for five consecutive years
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achieved the Community’s highest growth rate and promoted a
first wave of house construction coupled with a rise in
employment. The consolidation of urban society resulted in a way
of life that was increasingly disconnected from agricultural
systems. This caused drastic changes in the rural lifestyle, i.e., farm
closures and quota-driven production levels, associated with
traditional primary economic activities and had important
consequences, such as decreasing biodiversity and some
regulating services, i.e., soil fertility; provisioning services, i.e.,
timber production; and cultural services, i.e., local ecological
knowledge.
Growth reversal phase: 1989-1996
The urban society and the first recession: The concentration of
the population in large urban and coastal areas was especially
evident in Spain during this period, with 80% of the population
living in municipalities of more than 10,000 inhabitants. The
economic growth associated with EU support for infrastructure
and the Common Agricultural Policy consolidated during this
period. However, this long period of growth shifted in 1993 with
the first economic recession that hit Spain after the 1992 euphoria
of the Expo and Olympic Games. The effects of the crisis included
an increase in the unemployment rate to 24%, which was linked
to the end of industrial restructuring. The effects worsened,
especially in the agrarian sector, i.e., traditional models such as
livestock transhumance experienced a sharp decline, and social
conflict associated with water stress caused by an important
drought reached its peak in 1995. Taken together, this situation
leads to the conclusion that losses in agricultural and industrial
production, coupled with the increased outsourcing of the
economy, make Spain’s trajectory especially vulnerable to global
crises.
Rapid growth to conservation phase: 1997-2005
The great economic bubble: The end of the first recession, which
prevented the system from entering a release phase, ceased, and
the conservation phase began. The conservation phase was
associated with the most intensive GDP growth of the studied
lapse (Fig. 5). This huge expansion of the Spanish economy was
based on the accumulation of physical and financial capital,
mostly associated with a development trajectory based on
increased infrastructure and housing construction, i.e., housing
property bubble, linked to a liberalization of land laws and the
abundant and cheap liquidity that Spanish banks received from
international financial institutions. The 1999 shift was influenced
both by the adoption of the euro as the new currency and by the
intensification of urban sprawl with the 1998 change in the
Spanish Land Law. As a direct consequence, during this period
CO2 emissions grew from 250 to 350 ppm each year. Cultural
ecosystem services linked to an urban lifestyle, such as recreation,
tourism, or education, grew, whereas cultural rural services linked
to tradition, culture, and a sense of attachment decreased rapidly,
as did important regulating services, i.e., soil fertility and water
regulation.
Conservation-release phase: 2006-2010
The bubble burst: The collapse phase that marks the beginning
of a back loop is characterized by a rapid loss of financial, social,
and human capital (Fig. 5). When Western economic prosperity
broke down in 2008, unsustainable private debt provoked a
European sovereign debt crisis that primarily affected the

southern European states. The crash provoked the emergence of
social movements against governmental policies to prevent
financial bankruptcy. The influence of both direct and indirect
drivers decreased during this period, especially with respect to
drivers related to land-use changes for urbanization. This
declining trend in socioeconomic indicators had a direct impact
on ecological variables such as reduced atmospheric emissions
and decreased forest fires.
DISCUSSION
Developing a framework for conceptualizing social-ecological
systems at the national scale
Social-ecological research has become very popular in the fields
of environmental science and policy (Carpenter and Folke 2006),
and it can be used to frame multiple environmental policy targets
(Hauck et al. 2015). The attractiveness of the approach relies on
its integrative character, which allows interrelating ecological and
social variables (Walker et al. 2004). Moreover, social-ecological
research can identify options for recoupling social and ecological
subsystems both at the practitioner and policy levels by
identifying the relevant social-ecological characteristics to
manage.
We presented and tested an approach with the aim to develop a
more systems-based way of understanding long-term socialecological temporal dynamics at the national level. Therefore, the
two main strengths of our study are that it (1) develops and tests
a framework for conceptualizing SESs and (2) demonstrates a
method for identifying and evaluating thresholds and regime
shifts in long-term social-ecological analysis. Long-term
temporal dynamics are an important component of the SES
approach because responses are often subject to time lags
(Dawson et al. 2010). The methodological approach we have
represented can promote insight into the properties of SESs and
thus aid understanding to tackle future sustainability challenges.
It has a number of advantages over previous analyses of past
long-term social-ecological dynamics. First among these is that
it is explicit in identifying social-ecological thresholds as a key
element to describe the complex transformations of socialecological dynamics. This is an important contribution because,
to our knowledge, no previous long-term analysis has used
components of ecological and social systems simultaneously to
identify social-ecological thresholds. The interpretation of socialecological threshold that we have proposed is very flexible and
can be applied to a wide range of SES studies.
Second, the proposed approach also makes explicit the
importance of the national scale to understand long-term
temporal dynamics of the SES method. This recognition of an
entire nation as an SES can help to reinterpret national-level
ecosystem indicators through a new conceptual lens to develop a
more systems-based way of understanding long-term changes
and dynamics. For example, the European Commission
emphasizes the importance of mapping and assessing ecosystem
service information at the national level as a basis of
implementation of the EU Biodiversity Strategy for 2020
(European Commission 2011).
In addition, the approach we have used, at the national scale,
could be applied to other countries and regions. However, we
acknowledge that an important limitation is that this approach
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does not allow the exploration of associations across different
scales. Thus, an improvement of the proposed approach is needed
to better understand SES dynamics among regions and the
relationships between national and global systems, which
ultimately might facilitate better understanding of long-term
sustainable conservation strategies (Rounsevell et al. 2010).
Further research challenges include understanding trade-offs
within a temporal context to compare temporal trends, the
application of new methods to better examine spatially explicit
variations, and the exploration of lag times between social and
ecological thresholds that are coupled (Mouchet et al. 2014). This
situation presents opportunities with which new conservation
strategies should be managed in coordination with policies in
other sectors at different organizational scales to manage the
effects of direct drivers on biodiversity loss. Furthermore, the
proposed approach opens the door for future studies that aim to
further understand SES dynamics at different scales.
The proposed approach has, however, other limitations. It
certainly needs more comprehensive testing against a wider range
of real-world examples, which would help in refining the
methodological approach and its practical application.
Furthermore, the approach does not include a full set of nationalscale indicators to describe in detail the long-term ecological and
social dynamics. Although the use of only 21 national-scale,
social-ecological indicators from a larger list involved the loss of
some information, limiting the generalizability of our
conclusions, it also facilitated a rigorous process in data
acquisition, being sure that the information selected was officially
available for the 50-year timescale under investigation.
The proposed approach can be seen as a starting point in applying
the concept of social-ecological thresholds. Moreover, it is
important to note that the proposed approach does not substitute
for other frameworks for long-term SES analysis but
complements them through acknowledgement and identification
of the inclusion of social-ecological threshold as a key element
to describe the complex transformations of social-ecological
dynamics.
Testing the approach for assessing social-ecological temporal
dynamics in Spain
Our results suggest that social-ecological factors are a major force
in shaping ecosystems over time. For example, in the last 50 years,
Spain’s biodiversity and ecosystem services have undergone rapid
and unprecedented degradation because of the unsustainability
of the country’s prevailing socioeconomic development trajectory
and the lifestyle associated with it (Spanish National Ecosystem
Assessment 2013). Many social characteristics, such as ruralurban migration and the abandonment of traditional practices
and landscapes, have affected these historical dynamics in
ecosystems (Mulligan et al. 2004). The trends of the selected
indicators we found reveal that since 2006, there have been
declining variations in the drivers of change, clearly showing that
the current socioeconomic crisis has had some positive effects on
ecological indicators in Spain. This result supports the idea that
the underlying causes of ecosystem degradation are mainly social
circumstances.
Some studies, such as the Spanish National Ecosystem
Assessment (Spanish National Ecosystem Assessment 2013),
have concluded that Spain still has sufficient critical natural

capital to provide this and future generations with a positive
environment to maintain human well-being. However, unless we
take urgent steps to halt and reverse the degradation of certain
ecosystem services and the loss of biodiversity, we might approach
a new threshold of change that, once exceeded, might bring us
into an unpredictable and undesirable situation of socialecological unsustainability and the deterioration of human wellbeing (Nelson et al. 2006). Our results support this idea by
showing that after crossing certain social-ecological thresholds,
some dimensions of human well-being, such as health, are
negatively affected by the progressive degradation of regulating
services, i.e., water flow and soil fertility, and biodiversity loss.
Therefore, it is necessary to adopt structural measures to build a
new governance framework that modulates the interactions
between human society and ecosystems and to redefine a new
sustainable trajectory (Martín-Lopez and Montes 2015). There
is evidence that ecosystems might need to maintain baseline levels,
e.g., in terms of the abundance and diversity of species, to function
effectively and deliver many important ecosystem services
(Rounsevell et al. 2010). Below critical thresholds, ecosystems
might reach a new change point and suddenly switch in character,
no longer providing the same kind or level of ecosystem services.
Some studies even suggest that a planetary-scale tipping point, i.
e., radical changes in the global ecosystem as a whole, might be
approaching (Barnosky et al. 2012).
Based on our results, we believe that the current socioeconomic
crisis is paradoxically a “window of opportunity” in which our
development trajectory could begin a genuine ecological
transition (Olsson et al. 2006, Chaffin and Gunderson 2016). It
is critical to promote a new reorganizational phase in which
processes of creation, innovation, and experimentation are
undertaken to support the sustainable management of ecosystems
and foster the skills of individuals, society, and institutions, thus
creating a new organizational social-ecological system.
CONCLUSION
We presented a comprehensive methodological framework to
understand long-term social-ecological thresholds and dynamics
at the national scale. In particular, we tested this approach to
understand how Spain has changed in the last five decades from
a social-ecological perspective. Results synthesize and visualize
long-term social-ecological dynamics and thus make it more
accessible for researchers, decision makers, and anyone interested
in the social-ecological perspective at the national level. However,
we acknowledge that an important limitation is that this approach
does not allow the exploration of associations across different
scales. Thus, future research is needed to better understand socialecological dynamics at the appropriate scale, e.g., global and
subnational, at which to deploy new conservation strategies,
which ultimately might facilitate a genuine ecological transition.

Responses to this article can be read online at:
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Appendix 1. List of indicators.
Table A1.1. Biodiversity indicators description and evolution based on the Red list
Index of threatened species of vertebrates in Spain.
Taxonomic
group
Fish

Indicator description
The Red List Index
Period: 1985-2000
Units: Dimensionless
Source: Doadrio (2001)

Amphibians The Red List Index
and reptiles
Period: 1985-2000
Units: Dimensionless
Source: Pleguezuelos
and Márquez (2004)

Birds

The Red List Index
Period: 1995-2005
Units: Dimensionless
Source: Martí and
Moral (2003)

Indicator evolution

Mammals

The Red List Index
Period: 1985-2008
Units: Dimensionless
Source: Palomo (2007)
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Spanish Ministry of the Environment (Autonomous Organism of Nature
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Spanish Ministry of the Environment, Autonomous Organism of Nature
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Table A1.2. List of Ecosystem Services indicators selected for the analysis that include
the following information: description, data source, measurement unit, timeline used
based on the available data, rationale and graphical evolution of the trend indicators.

Indicator evolution

Million Tons

Ecosystem
Indicator
Services
description
Provisioning
Nutrition
Crops
Total
production of
cereals, fruits
and olives
Period: 19612010

50
45
40
35
30
25
20
15
10
5
0

Year

Units: Tons

Period: 19612010

6
5
Million Tons

Livestock

Source:
Faostat (2011)
Total
production of
meat

4
3
2
1
0

Units: Tons
Years

Period: 19612008

30
Nº of hivebees (x 100000)

Wild plants
and animals
and their
products

Source:
Faostat (2011)
Number of
beehives of
Apis melifera

Units: Nº
beehives

25
20
15
10

5
0

Years

Period: 19612009
Units: Million
m3

Millions m3

Source:
Faostat (2011)
Biotic materials
Timber
Total wood
production

20
18
16
14
12
10
8
6
4
2
0

Years

Source:

Spanish
Ministry of
Agriculture
Food and
Environment
(2011)

Units:
Kilograms per
hectare of
arable land

Hundred Kg/ha of arable land

Regulation
Regulation of physic-chemical environment
20
Maintenance Fertilizer
18
of soil
consumption
16
fertility
14
Period: 196112
2007
10

8
6
4
2
0

Source: World
Bank (2011)

Period: 19712007
Units:
Thousands of
expedients per
year
Source:
Insurance
Compensation
Consortium
(2011)
Regulation against hazards

35
Number of reports by floods (thousands)

Flow regulation
Water flow
Damages due
regulation
to floods paid
by insurance
companies

Years

30
25
20
15
10
5
0

Number of
forest fires
Period: 19612008
Units:
Thousands of
forest fires per
year

30
Number of forest fires (thousands)

Lifecycles
maintenance

25
20
15

10
5
0

Years

Source:
Spanish
Ministry of
Agriculture
Food and
Environment
(2011)

30

25
20

Millions of visitors

Cultural
Entertainment
Recreation
Number of
and
visitors to
community
protected areas
activities
Period:19762009

Units: number
of sheep
Source:
Spanish
Ministry of
Agriculture

5

Years

16
Number of sheeps (x100000)

Period: 19612009

10

0

Units: Visitors
to protected
areas
Source:
Europac
(2010)
Information & knowledge
Local
Number of
ecological
sheep in
knowledge
transhumance

15

14

12
10

8
6
4
2
0

Years

Food and
Environment
(2011)
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Table A1.3. Description of human wellbeing indicators and their evolution in the
following five dimensions: material, health, security, freedom and social relations.
Human
Indicator description
wellbeing
Health / Physical
Life
Average numbers of
expectanc
years a newborn child
y at birth
would live if the
current mortality
patterns remained the
same

Indicator evolution

Period: 1961-2010
Units: years
Source: World Bank
(2011)

25
20
Tons / inhb

Material / Access to goods
Physical materials that
Domestic
are mobilized each
material
year to support an
consumpt
economy
ion
Period: 1961-2010

15

10
5

Units: Ton per
inhabitant

0

Source: Carpintero
(2005)

Years
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World Bank (2011) World Bank data by country. Visited November 2011.
http://data.worldbank.org/country/spain.

Table A1.4. Description of indicators of response options and their evolution in a
Spanish institution dealing with environmental issues.

Period: 1962-2010
Units: number of
protected areas

Indicator evolution

1800

Number of protected areas

Response
Indicator
options
description
Biodiversity conservation
Number of Total number of
protected
protected areas
areas
declared

1600
1400
1200

1000
800
600
400

200
0

Source: Spanish
Ministry of
Agriculture Food and
Environment (2011)

Years
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Table A1.5. Description of driver indicators that indirectly affect biodiversity and
ecosystems in Spain and their evolution.

Economic
Total GDP

Indicator
description

Indicator evolution
1400000

Gross domestic
product
Period: 1961-2008
Units: Millions of $
PPP

1200000

$ PPP (in millions)

Drivers

1000000
800000
600000
400000
200000
0

Source: World
Bank (2011)

Years

Demographic
Population
Human population
density
density

Units: Persons per
squared kilometer

90
80
70
Persons / km2

Period: 1961-2010

100

60
50
40
30
20

Source: World
Bank (2011)

10
0

Years

Units: % (from
GDP)

1,6
1,4
1,2

Percentage (%)

Scientific and technological
Investments
Investment in R&D
in R&D
programs
programs
Period: 1967-2009

1

0,8
0,6
0,4
0,2

Source: Spanish
National Statistical
Institute (2011)
REFERENCES

0

Years

Spanish National Statistical Institute. Visited November 2011. http://www.ine.es.
World Bank (2011) World Bank data by country. Visited November 2011.
http://data.worldbank.org/country/spain.

Table A1.6. Description of pressure indicators that directly affect biodiversity and
ecosystems in Spain and their evolution.
Indicator
description
Land use change
Urbanization Number of initiated
houses
Period: 1970-2009
Units: Thousands of
initiated houses

Indicator evolution

Thousands of initiated houses

Pressures

Source: Spanish
National Statistical
Institute (2011)
Overexploitation / Biotic materials
Species
Captures of salmons
extracted
in Spanish rivers

1000
900
800
700
600
500
400
300
200
100
0

Years

16
14

Period: 1961-2005
Units: Millions of
tons

Tm (x100000)

12
10
8
6
4
2

Source: Sport
Fishing Groups
(2011)
Over exploitation / Abiotic materials
Groundwater Groundwater
consumption extracted for
irrigation

0

Years

400
350
300

Period: 1961-2004
Units: Hectometers
Source: Spanish
Ministry of
Agriculture Food
and Environment
(2011)
Pollution

Hm3

250
200
150
100
50
0

Years

Pollution

400

Total CO2 emissions

Units: Millions of
tons
Source: Carbon
Dioxide Information
Analysis Center
(2011)
Invasive alien species
Invasive alien Number of invasive
Species
alien plants
Period: 1961-2005
Units: Number of
invasive alien plants
Source: Sanz et al.
(2004)

300
250
200
150
100
50
0

Years

140
Number of invasive alien plants

Period: 1961-2010

Millions of Tm CO 2

350

120
100
80
60
40
20
0

Years
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