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Protected areas (PAs) aim at safeguarding biodiversity and ecosystem services in the long term. Despite
the remarkable growth in area covered by PAs in recent years, bio- diversity trends continue to worsen
as a result of serious global pressures such as habitat destruction and degradation. One main cause of
habitat destruction and degradation is land development that implies the replacement of natural land
uses—land covers (LULCs) with artificial ones. Here, we assessed the effectiveness of four PA networks
at preventing land development in Spain, a biodiversity-rich country that has experienced recent
rapid environmental transformations, using two models of increased validity: an original model and a
biophysically enhanced model. We applied a before-after control-impact (BACI) design whereby
absolute artificial area increase (AAl) and relative artificial area increase (RAI) were compared across
PA categories (nature reserves [NRs], nature parks [NPs], Sites of Community Importance [SCIs],
and Special Protection Areas [SPAs]), study zones (coastal and inland), and climates (Atlantic and
Mediterranean) using CORINE Land Cover (CLC) data and two control zones: 1- and 5-km buffers
around protected polygons. NRs prevented land development, whereas other categories reduced it
moderately to very substantially in the assessed period. AAIl was especially intense in inland SPAs
and NPs. NRs and NPs were the most effective PA categories inland, whereas NRs and SPAs were the
most effective ones on the coast. Land development was greater on the Spanish coast than inland
inside and outside PAs, especially around Macaronesian and Mediterranean PAs. Atlantic PAs
experienced similar or greater land development values than surrounding areas. Our results are
intended to guide future conservation efforts in Spain, chiefly on its heavily pressured coastal
environment.

BACI design, land use-land cover, multiple use, Natura 2000, reserve



1. Introduction

Protected areas (PAs) are legally designated sites aimed at the long-
term conservation of biodiversity and associated ecosystem services
and cultural values (Dudley, 2008). They are the main policy to stop
global biodiversity loss (Convention on Biological Diversity, 1992).
Even though the number of PAs and the area covered by them have
greatly expanded in the last decades (Bhola, Juffe-Bignoli, Burguess,
Sandwith, & Kingston, 2016), biodiversity continues to be lost
(Butchart et al., 2010), which raises the question of PA effectiveness
to abate pressures on biodiversity. Among these, LULC changes
leading to natural and seminatural habitat destruction and degradation
are the main causes of biodiversity loss (World Wildlife Fund, 2016).

At global scale, urban development is expected to degrade
biodiversity in most ecoregions, impacting rare species and PAs
(McDonald, Kareiva, & Forman, 2008). Coastal areas are especially
vulnerable to land development pressures from housing and tourist
infra- structure building (Pan et al., 2016). New land uses alter
important ecosystem services provided by coastal habitats of great
ecological value such as mangroves or wetlands (Khamis, Kalliola, &
Kayhkd, 2017), also affecting PAs (Dal & Baysan, 2011). In Europe,
pressure from land development in and around PAs is a long-lasting
concern (Brotherton, 1982). Actually, transformation of natural and
seminatural habitats to artificial land covers is the dominant LULC
change in the region (European Environment Agency [EEA], 2011).
Land development is an especially concerning LULC change due to
its serious and largely irreversible impacts on natural habitats and
associated biodiversity (EEA, 2011; McKinney, 2002).

Spain is a Euro-Mediterranean country rich in biodiversity
(Araujo, Lobo, & Moreno, 2007; Médail & Quézel, 1999; Montes
Santos & Benayas, 2011) that expands across four biogeographic
regions: Alpine, Atlantic, Mediterranean, and Macaronesian (EEA,
2015). Its geological, geographic, climatic, and relief diversity
determines extraordinary biodiversity figures in the European context,
with 75% of all European vertebrate species and 50% of all endemic
plant species of the continent (Spanish Government, 2008). On the
other hand, Spain has experienced enormous socio-economic changes
in recent decades leading to intense LULC changes and landscape
transformation (Jiménez, 2012; Montes et al., 2011; Stellmes, Roder,
Udelhoven, & Hill, 2013). Residential, industrial, and infrastructural
development along the 1990s and, especially, early 2000s has
expanded the Countries' artificial areas hugely, with widespread
impact on territorial sustainability and wildlife (Garcia-Ayllon, 2015;
Jiménez, 2012; Torres, Jaeger, & Alonso, 2016). Actually, LULC
changes towards rural abandonment, agricultural intensification and
land development, especially along the coast, are the main pressures
leading to biodiversity loss in Spain (Custodio et al., 2016; de Andrés,
Barragan, & Garcia Sanabria, 2017; Montes et al., 2011; Rey Benayas,
Martins, Nicolau, & Schulz, 2007).

LULC change has been largely studied in Spain, across its whole
territory (Jiménez, 2012; Stellmes et al., 2013), inside and around PAs
(Hewitt, Pera, & Escobar, 2016; Martinez-Fernandez, Ruiz-Benito, &
Zavala, 2015; Rodriguez-Rodriguez & Martinez-Vega, 2018a), across
biogeographic regions (Martinez-Fernandez et al., 2015), and on
specific environments such as the coast (Jiménez, 2007, 2012;
Jiménez, Prieto, Riechmann, & Gomez, 2005). Recent studies have

delved into the influence of PA management, territorial regulations,
and biophysical characteristics on LULC changes in and around
Spanish PAs using semi-experimental designs (Martinez-Fernandez
et al., 2015; Rodriguez-Rodriguez & Martinez-Vega, 2017, 2018a,
2018b) in order to help to fill the gap in PA effectiveness studies based
on evidence (Juffe-Bignoli et al., 2014). In their comprehensive
studies Martinez- Fernandez et al. (2015) and Rodriguez-Rodriguez
and Martinez-Vega (2018a) shed light on a number of unresolved
issues to understand the influence of PAs of different legal,
managerial, and environmental contexts on land development.
However, the fact that country-wide censuses of PAs were used in an
environmentally diverse country such as Spain (Spanish Government,
2008) made it likely that the influence of relevant land development
factors such as climate (Barbero-Sierra, Marques, & Ruiz-Pérez,
2013; Jiménez et al., 2005) and proximity to the coast (Jiménez, 2007,
2012; Jiménez et al, 2005) was not sufficiently considered, thus
providing improvable results in terms of accuracy.

According to Jiménez (2007), coastal municipalities in Spain
experienced an average land development increase of 28% between
1987 and 2000. As a result of such processes, the density of residential
areas on the Spanish coast in more than 10-fold the density of those
areas inland, chiefly as a result of them being popular tourist
destinations (Instituto Nacional de Estadistica [INE], 2017). Jiménez
(2007) and Martinez-Fernandez et al. (2015) also showed differential
values of land development across Mediterranean and Atlantic
regions, largely different on climatic grounds (EEA, 2002; Spanish
Government, 2008). Between 1987 and 2000, residential population
on the Spanish Mediterranean coast increased by more than 7%,
whereas on the Atlantic coast, it decreased by 1.6%, the percentage of
artificial areas being nearly double in the Mediterranean (Jiménez,
2007). Tourism's total contribution to Spanish GDP accounted for
14.2% in 2016 and is forecasted to rise by nearly 2% per annum,
whereas the sector's total contribution to employment was 14.5% of
total employment that year, with similar increase forecasts (World
Travel and Tourism Council, 2017). Moreover, 91% of foreign
tourists' overnight stays in Spain occur on the coast (INE, 2017), which
makes coasts an essential asset to the Spanish economy. As a result,
Spanish coastal ecosystems are among the most threatened ones and
with worst recent environmental trends (Montes et al., 2011).
Therefore, assessing the effectiveness of coastal sustainability policies
is paramount if coastal biodiversity and socio-economic development
are to coexist.

Thus, in this article, we wanted to expand and refine previous
findings by testing a number of research hypotheses: (a) Land
development pressure on the coast is greater than inland in Spain;
(b) land development pressure on the Mediterranean and
Macaronesian coasts is greater than on the Atlantic coast due to
better climate conditions; (c) PAs are an effective territorial policy
against land development regardless of the study zone: coastal or
inland; and (d) PA categories have different effectiveness against
land development according to their legal stringency and
management.



2. Materials and methods

2.1. Study zones

Our study zones included (a) the coastal zone
encompassing the 10-km inland from the sea line
(Instituto Geografico Nacional [IGN], 2015) extending
over 39,800 km2 where coastal influence is maximal. That
distance has been used in a number of LULC studies in
Spain (Chica-Ruiz et al., 2014; Jiménez, 2010, 2012;
Romano, 2011), and (b) the inland zone covering the area
lying 100 km from the sea line (281,200 km2), where
coastal influence was considered non-existent. We
included both Spanish archipelagos: the Balearic Islands,
in the Mediterranean Sea, and the Canary Islands, in the
Atlantic Ocean (Figure 1). We used official biogeographic
regions' cartography as a proxy for climatic conditions
across Spanish coastal areas, as biogeographic regions are
largely defined by climate (EEA, 2008). Climate- wise, all
north-western coastal PAs belong to the Atlantic
biogeographical region with mild temperatures and high
rainfall throughout the year, whereas the remainder of PAs
are in the Mediterranean region and the Macaronesian
region (the Canary Islands), both with Mediterranean
climate, characterised by high temperatures and low
precipitation during the summer leading to droughts.
Seasonal temperature contrast is, however, notably greater
in the Mediterranean region than in the Macaronesian
region except near the coast, where Mediterranean areas
have very similar climate conditions to Macaronesian
areas (EEA, 2008).

2.2. Studied networks

We assessed the effects of four PA networks with
clear legal and managerial characteristics across Spain:
NRs (IUCN's Management Category 1), NPs (IUCN's
Category V), SCIs (IUCN's Category V), and SPAs
(IUCN's Category IV; Atauri, Mugica, Gémez-Limon,
& de Lucio, 2008). NRs and NPs are nationally
designated PAs, NRs being reserves and NPs, multiple
use PAs (Spanish Government, 1989). SCls and SPAs
and Special Areas of Conservation make the European-
wide Natura 2000 network (European Economic
Community, 1992). According to the protection
framework by Rodriguez-Rodriguez, Rodriguez, and
Abdul Malak (2016), those PA categories represent a
gradient of protection: high legal stringency and active
management (NRs) > moderate legal stringency and
active management (NPs) > moderate legal stringency
and no active management (SCls and SPAs).

2.3. Methods

We operationally defined ‘land development’ as the
replacement of natural and seminatural LULCs with
artificial ones leading to complete or almost complete
land degradation as defined by the United Nations (United
Nations Convention to Combat Desertification, 1994).
LULCs were obtained from CLC data for 1987 and 2006

(IGN, 2016). We considered ‘artificial areas’ the
following environmentally unsustainable level 2 CLC
artificial subclasses: 1.1, urban fabric; 1.2, industrial,
commercial, and transport units; and 1.3, mine, dump, and
construction sites. Some CLC class 1 area (chiefly, many
existing transport infrastructures by 2006) did not appear
in the official Spanish CLC-2006 version (IGN, 2016), so
we created a new CLC-2006 class 1 layer that included all
CLC-1990 class 1 covers plus those ‘new’ class 1 covers
in CLC-2006, despite a slight excess of artificial covers
that might have been restored in that period. Our
definition of land development is similar to that of ‘land
take’ by the EEA (2018). It differs in the fact that we
excluded green urban areas, that is, CLC subclass 1.4:
‘artificial, non-agricultural vegetated areas,” as they
normally entail limited soil sealing, therefore causing
substantially less land degradation. They are thus more
biodiversity friendly and prone to ecological restoration
than the remainder LULCs in CLC subclass 1.

Official census data boundaries of all PAs belonging
to the four categories (N = 2,369) were downloaded from
the Spanish Ministry of Environment's website (Spanish
Government, 2015) and unioned in a single protected
polygon (PP) layer, in order to determine legal overlaps
among the four PA categories and the initial designation
date of each area (PP) exactly. PPs have been used in a
number of recent assessments on PA effectiveness for
being a more discriminating and valid approach than
traditional approaches that assessed PAs' official
boundaries regardless of total or partial legal overlaps
(Rodriguez-Rodriguez, Rodriguez, Blanco, & Abdul
Malak, 2016; Rodriguez-Rodriguez & Martinez-Vega,
2018a, 2018b). In the case of legal overlap, the oldest
designation category was assigned to each PP, for being
the initial date of the site's protection. Then, the complete
PA layer was clipped against the two study zones (inland
and coastal), and PPs equal to or bigger than 100 ha that
were designated between 1987 (t1) and 2000 (t2) in both
zones were retained. We obtained 724 PPs in total, 511 in
the inland zone and 213 in the coastal zone. We made sure
that each PP had been designated ‘after’ the LULC data
(satellite images) in their area were taken (after t1), and at
least 3 years ‘before’ the first available comparison time
(t2) to allow enough time for the PA to show some
effectiveness. We used a before—after control-impact
research design (Smith, 2002) whereby we compared land
development figures inside PAs (cases) and in ‘control’
areas ‘before’ and ‘after’ the ‘impact’ we aimed to
measure: PA's protection determined by each PP's
designation date. Then, l-and 5-km buffer areas
surrounding each PP were created as ‘controls’ and
assigned to that PP's designation category. Buffer areas
smaller than 100 ha were also discarded due to CLC's
relatively broad spatial resolution and to minimise
boundary alignment errors.
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We assessed land development using two models: (a)
an original model and (b) a biophysically enhanced model
(BEM). To create the original model, we deleted the areas
affected by additional territorial regulations limiting land
development that confer additional protection from the
assessed areas, following methodological
recommendations (Rodriguez-Rodriguez & Martinez-
Vega, 2018a). We produced a legal ‘exclusion layer’
including public hydraulic domain areas (Spanish
Government, 2001), public coastal domain areas (Spanish
Government, 1988), and other PAs designated until 2008
(Spanish Government, 2007; only for controls), from
cases (PPs) and/or controls (Appendix A). We did an
initial appraisal of the biophysical similarity between
cases and controls of the same network for each study
zone in order to estimate the validity of case—control
comparisons, as previously suggested (Andam, Ferraro,
Pfaff, Sanchez- Azofeifa, & Robalino, 2008; Mas, 2005).
For this, we considered the following five biophysical
covariates: altitude, slope, distance to main cities,
distance to major transport infrastructures, and degree of
initial treeless cover (Appendix B). All those variables
have been shown to affect LULC changes (Andam et al.,
2008; Rodriguez-Rodriguez & Martinez-Vega, 2018a).

I Nature Reserve
Il Nature Park
Il Site of Community Importance
[ Special Protection Area

- Albor

5km buffers
Atlantic region
Macaronesian region ‘
Mediterranean region

For biophysical similarity calculations, we used a
similarity index based on the normalised Manhattan
similarity coefficient (Cha, 2007), according to the
following formula:

Y 1X; = X';| /Range (Xi)

SX,X")=1-
*x,X") -

where Xi is the median value of group X for variable i;
Range is the amplitude of measurement Xi in the study
area; and K is the number of variables used to assess
groups X and X'. The Manhattan similarity coefficient
ranges between 0 (complete difference between
compared group values) and 1 (complete similarity).

In order to increase validity of comparisons of the
original model, we created a BEM by making cases and
controls of each PA network biophysically similar
according to the aforementioned covariates. To validly
compare cases and controls, we made the ranges of the
five covariates equivalent between cases and controls of
each PA network and study zone by excluding covariates'
values of controls (or cases) that were outside the ranges



of their cases (or controls; e.g. greater slope; lesser
altitude). Thus, we finally compared PPs and buffer areas
within the same ranges of altitude, slope, distance to cities
and infrastructures, and degree of treeless cover.
‘Altitude’ was excluded from the BEM due to its high
correlation (>0.8) with “slope” in both study zones
(Appendix C). Once covariate homogenous PPs and
buffers were produced for each PA network, we
calculated the biophysical similarity of the resulting cases
and controls (S) as shown above. We then compared
case—control similarity results between the original model
and the BEM to check whether the latter had enhanced the
validity of case—control comparisons. For this, a global
similarity index was computed for the original model and
the BEM by averaging S for the four remaining covariates
(Appendix C).

Absolute artificial area increase (AAI) and relative
artificial area increase (RAI) were computed for each PP

_ (ARTX(tZ) —ARTX(tl))

2
AREAx x10

AAIX

_ (ARTX(tz) —ARTX(tl)) X

2
ARTX(tl) 1 0

RAIxX

where ARTX) is the sum of artificial areas in PP or
buffer network x around 1987 (in hectare), ARTX) is
that sum around 2006, and AREAX is the total area of the
PP or buffer network x. Finally, land development results
on the coastal zone were disaggregated by biogeographic
region: Atlantic and Mediterranean, as proxies of climate.
Figure 2 summarises the methods used in the study. All
GIS calculations were done using Arc-GIS 10.3
(Environmental Systems Resource Institute, 2014) and
QGIS (2017) 2.18.7. Statistical calculations were
performed in SPSS and Microsoft Excel.
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FIGURE 2 Methodological outline of the study. NRs: nature reserves; NPs: nature parks; SCIs: sites of community
importance; SPAs: special protection areas; BACI: before-after control-impact; CLC: CORINE Land Cover; LULC: land
use—land cover; AAI: absolute artificial area increase; RAI: relative artificial area increase



3. RESULTS

3.1. Case—control similarity

In the original model, S was greater than 0.82 for all
pair-wise comparisons except between NRs and their 5-
km buffers inland (S = 0.75) and on the coast, where
similarity was the lowest (S = 0.65; Appendix C).
Biophysical similarity change in the BEM was
inconsistent. S generally increased in the BEM for both
controls in the inland zone, but it mostly decreased for 1-
and 5-km controls in the coastal zone (Appendix C).
Thus, here, we present the results of the original model.
PA effectiveness results of the BEM can be consulted in
Appendix D.

3.2. | PA effectiveness

Table 1 shows AAI and RAI values of the original
model for each PP and buffer network by study zone,
whereas Table 2 shows land development values on the
Spanish coasts. According to both of them, our initial
hypotheses can be validated:

TABLE 1 Land development results of the original model

1. PAs are an effective territorial policy against land
development.

This hypothesis is largely supported by evidence.
AAI and RAI values were smaller in PAs than in buffer
areas in both zones, except inland SPAs' RAI and coastal
SCIs' RAI that were greater than their control areas.

2. PA categories have different effectiveness against
land development according to legal stringency and
management.

This hypothesis is supported by evidence. NRs were
the most effective PA category in both study areas,
whereas SPAs and SCIs were the least effective
categories in inland areas and coastal areas, respectively.

3. Land development pressure on the coast is greater
than inland.

This hypothesis is largely supported by evidence.
AAI was nearly three times greater on the coast outside
PAs and 1.33 times greater inside coastal PAs. However,
RAI values were systematically greater inland.

INLAND ZONE
Protected | AAI RAI Total New 1KM | 1KM Total 1km New 5KM | 5KM Total 5km | New
Area network artificial AAl buffer area artifici AAI RAI buffer area | artificial
Network area area (ha) (ha) al area (ha) area in 5km
(ha) in 1km buffer (ha)
buffer
(ha)
NRs 0 0 9,254 0 044 0 1,499 6.66 050 92.82 10,797 53.89
NPs | 022 | 4496 | 561,367 | 123784 | 447 | 79.08 | 59,235 | 2648 | 353 | 67.35 | 380,266 | 13426.88
SCls 0.04 3236 3,487,177 1273.77 0.70  50.15 1,910,642 13456 0.67 54.58 9,321,780 62369.4
SPAs | 026 | 81.95 | 1624293 | 419327 | 141 | 69.33 | 406383 | 5714 | 153 | 7439 | 2,033,625 | 31206.26
ALLPAs 0.12 56.79 5,682,091 6704.87 0.92 56.80 2,377,759 21,824 091 60.75 11,746,468  107056.43
COASTAL ZONE
Protected ~AAlI  RAI Total New 1KM  1KM Total New 5KM  5KM Total New
Area network artificial AAl RAI 1km buffer artificia ~ AAl RAI 5km buffer artificial
Network area area (ha) area l area in area area in 5km
(ha) (ha) 1km (ha) buffer (ha)
buffer
(ha)
NRs ) |0 | 531 o | 467 | 80.26 | 635 | 30 | 253 | 67.73 | 6,104 | 154
NPs 0.15 16.48 99,783 149 263 29.39 53,378 1,402 2.68 32.00 266,206 7,139
SCls | 020 | 3887 | 361,491 | 735 | 196 | 2503 | 279229 | 5488 | 233 | 3305 | 1,341,370 | 31,328
SPAs 0.09 22.58 193,751 172 547 7475 55,592 3,043 414  62.88 338,165 14,000
ALLPAs | 016 | 2966 | 656,713 | 1,056 | 256 | 3234 | 388833 | 9964 | 269 | 3770 | 1,951,845 | 52,621




TABLE 2 Land development results in the coastal zone by biogeographic region

ZONE TOTAL AREA ARTIFICIAL ARTIFICIAL NEW ARTIFICIAL  RAl AAl
(ha.) AREA 1990 (ha.) AREA 2006 (ha)  AREA (ha.)

Protected Areas -
A 50,942 460 640 180 39.13 0.35
Protected Areas - 494,028 3,397 4,246 849 24.99 0.17
Mediterranean
FITIEBET ATEE - 129,040 63 153 89 141.07 0.07
Macaronesian
1Km Buffer -
e 298,829 4,187 5,194 1,008 24.06 0.34
A 2 - 946,014 28,734 36,706 7,972 27.74 0.84
Mediterranean
AT =g 208,562 2,605 4,515 1,909 73.28 0.91
Macaronesian
5Km Buffer -
J 3,617,539 18,931 23,803 4872 25.74 0.13
e 12,579,362 122510 163,450 40,941 33.42 0.33
Mediterranean
S i 5,002,219 19,097 31,672 12,574 65.84 0.25
Macaronesian

4. Land development pressure on the Mediterranean 2007; Martinez-Fernandez et al., 2015) with some

and Macaronesian coasts is greater than on the Atlantic
coast.

This hypothesis is moderately supported by evidence
(Table 2). There was differential land development
pressure inside and around PAs depending on the coastal
zone. The AAIs of Mediterranean and Macaronesian
buffer areas were substantially greater than those of the
Atlantic region. RAIs were greater too. However, AAl in
Atlantic PAs was five times greater than in Macaronesian
PAs and twice as large as AAIl in Mediterranean PAs. The
proportion of PA categories was similar in the Atlantic
and Mediterranean coastal zones. So was the proportion
of wetland area, around 14%. However, the proportion of
legally overlapping PAs was substantially higher in the
Mediterranean zone compared with the Atlantic zone
(74.5% vs. 47.3%). Of the 52.7% non-overlapping area in
Atlantic PAs, 82% corresponded to SCls and 18% to NPs.
In contrast, all Atlantic SPAs and 99.6% of Mediterranean
SPAs overlapped with other legal categories assessed
here.

4. DISCUSSION

PAs reduced land development inland and on coastal
areas of Spain between 1987 and 2006. NRs and SPAs
were especially effective in coastal areas, whereas SPAs
were just moderately effective inland. The high
effectiveness of Spanish NRs to prevent land
development has been previously stated as resulting from
high legal and managerial protection and legal overlaps
(Rodriguez-Rodriguez & Martinez-Vega, 2018a). The
very different performance of coastal and inland SPAs is
probably influenced by the larger proportion of legal
overlap in coastal SPAs and/or the types of ecosystems
that SPAs protect in both zones. In Spanish inland areas,
many SPAs have an agrarian character (Aradjo et al.,

biophysical characteristics that make them more prone to
land development than other PA categories, such as
greater initial percentage of treeless cover (Rodriguez-
Rodriguez & Martinez-Vega, 2018a). In turn, coastal
SPAs likely include a large proportion of wetland area,
unsuitable to land development, and may overlap with
other legal PA categories more easily. For instance, in
Andalusia, southern Spain, all the regional 25 Ramsar
sites are SPAs (20 of them), and/or other nationally
designated PAs (all of them), additionally increasing
protection and reducing land development pressure in
these biologically important wetlands (Andalusian
Government, 2016).

Land development pressure on the coast was clear and
generally greater than inland, underpinning previous
claims in Spain (de Andrés et al., 2017; Jiménez, 2012;
Jiménez et al., 2005; Pons & Rullan, 2014) and abroad
(Burak, Dogan, & Gazioglu, 2004; Creel, 2003; Iglesias-
Campos, Meiner, Bowen, & Onwona Ansong, 2015;
Zhang & Song, 2003). It was similarly intense in 1- and
5-km buffers around PAs, both inland and on the coast,
although land development buffer values on the coast
nearly doubled those inland. This trend suggests PA
isolation and connectivity issues on the Spanish coast,
particularly for SPAs and NRs, the categories with the
highest AAI values in proximal buffer areas (Capdepon,
2016). Parallel issues arise in the United States where
Radeloff et al. (2010) point to increasing isolation of Pas
by new urban uses around the Country's PAs that may
compromise  ecological  connectivity if  recent
developmental trends continue (Wade & Theobald,
2010).

Coastal PAs also experienced a 25% greater AAI than
inland Pas confirming that land development has been a
serious pressure to Spanish coastal PAs despite legal
protection (Greenpeace, 2018). Coastal development



mostly affected SClIs and, to a lesser extent, NPs. Land
development was particularly intense on the
Macaronesian and Mediterranean coasts, more than
doubling land development figures on the Atlantic coast
outside PAs, similar to previous claims (Jiménez, 2007).
Tolerance with or even promotion of massive
development proposals by competent local authorities,
which obtain substantial income through housing permits
and taxes, and insufficient supervision by regional
authorities have resulted in overdevelopment of the
Spanish Mediterranean coast (Jiménez et al., 2005). In
other Mediterranean countries such as Italy, rapid coastal
urbanisation is similarly eased by administrative
fragmentation, low landscape legislation effectiveness,
and weakness of sanctions to illegal developments (Falco,
2017). In contrast, biodiversity conservation guides land
development along coastal areas in other countries to a
large extent (Najafinasab, Karbassi, & Ghoddousi, 2015).
In city-states such as Singapore, a system of PAs and
corridors seeks to preserve biodiversity and ensure
ecological connectivity in a rapidly increasing
urbanisation context (Tan, 2006).

In contrast to the comparatively low land
development around them, PAs on the Atlantic coast
doubled land development figures of PAs on the
Mediterranean coast and experienced five times more
land development than Macaronesian PAs. Greater
environmental and landscape quality of Atlantic PAs is
likely to have driven holiday home construction by high-
income tourists at discomfort with mass tourism and high
facility concentration typical of the Spanish
Mediterranean coast (Garcia-Ayllon, 2015; Rico-
Amords, Olcina-Cantos, & Sauri, 2009). Other explaining
factors being similar, the substantially lower degree of
legal overlap in Atlantic PAs, most of which
corresponded to legally lenient, unmanaged SCIs in the
assessed period, may additionally explain this finding.
Previous studies did not find a correlation between the
number of legal overlaps and land development in
Spanish PAs but did find differences in effectiveness in
particular PA categories with and without legal overlaps
(Rodriguez-Rodriguez & Martinez-Vega, 2018a), which
suggests some influence of this variable on land
development at PA category level in Spain. The greatest
relative effectiveness of coastal Macaronesian PAs is
encouraging to long-term coastal conservation in a small
biogeographic region that is rich in endemic biodiversity
(Santamarta, Naranjo, & Arraiza, 2014) and especially
important in the Canary Islands, where over 75% of the
species of conservation concern are in unfavourable or
unknown conservation status (Prieto, 2016) and where
ecosystem services are deteriorating (Montes et al.,
2011).

Legal reinforcement in two target areas emerges as a
priority of this analysis. On the one hand, legal upgrading
of single-designation Atlantic coastal PAs and/or addition
of further legal designations to them. On the other,
severely restricting further development on the Spanish
Macaronesian and Mediterranean coasts by promoting

more environmentally friendly and still socio-
economically sustainable LULCs that may include new
PAs and other protected zones of environmental and
cultural value (Rodriguez-Rodriguez, 2012). Tourism is
heavily driven by climatic conditions and available
services (Hadwen, Arthington, Boon, Taylor, & Fellows,
2011; Hein, Metzger, & Moreno, 2009; Roca, Riera,
Villares, Fragell, & Junyent, 2008). Notwithstanding land
development pressure on Atlantic PAs, this coast has so
far ridden out the land development issues of the
Mediterranean coast by being naturally protected against
residential development by its rainy climate (Spanish
Government, 2008) that substantially reduces its
attractiveness as a tourist destination (Collet, 2010).
Jiménez (2012) showed that the amount of artificial area
in the 10-km stripe from the Mediterranean coastline of
Spain more than doubled that of the (north) Atlantic coast,
at 13.5% and 5.8%, respectively, in 2006, with RAIs of
21.3% versus 9.3% in the 1987-2000 period. By 2000,
the Mediterranean global biodiversity hotspot was the
second one with the greatest urban area, and artificial
LULC increase prospects were as large as 160% by 2030
(Seto, Guneralp, & Hutyra, 2012). Long-lasting
attractiveness of Spain as a tourist destination and current
instability in a number of competing countries around the
Mediterranean Sea are driving increasing tourist numbers
in the country (INE, 2018; Tourspain, 2018; Vera & Ivars,
2009) and rising space, water, and energy demands on its
already heavily pressured Mediterranean coastal
ecosystems (Bramwell, 2004; Jiménez, 2012; Montes et
al., 2011). Exhaustion of natural areas, isolation of
existing PAs, and saturation of coastal destinations are
likely outcomes of the continuation of recent trends
(Jurado, Dantas, & da Silva, 2009; Martin-Lopez, Garcia-
Llorente, Palomo, & Montes, 2011; Palomo, Martin-
Lopez, Potschin, Haines-Young, & Montes, 2013; Roca
etal., 2008).

There was no consistent pattern of developmental
pressure across proximal and distant buffers, in contrast
to what was shown by Rodriguez-Rodriguez and
Martinez-Vega (2018a). Proximal SPA and NR buffers
on coastal zones experienced the greatest AAI values,
which suggests strong pressures around these areas, many
of them coastal wetlands (Capdep6n, 2016). Inland, the
greatest AAI occurred around NPs, many of them peri-
urban sites in Spain (Rodriguez-Rodriguez & Martinez-
Vega, 2018a).

Biophysical similarity between cases and controls
assessed by S was high but lower than in other previous
assessments (Rodriguez-Rodriguez & Martinez-Vega,
2018b), suggesting that improvements to validity and
uncertainty of results could be attained. The lowest
similarity between cases and controls was obtained for
NRs, many of them wetland ecosystems in Spain, which
poses increased difficulty at finding similar surrounding
controls. Even though we tried to follow best practice at
assessing the environmental effects of PAs in terms of
consideration of relevant covariates such as additional
territorial regulations, biophysical constraints to
development, geographic location and climate, our



covariate control technique used for the BEM did not
render consistent results and should be improved. Further
splitting PA samples according to relevant biophysical
covariates might result in a simple, consistent, and highly
valid case—control comparison option, as we sought here,
but this point deserves further study.

5.  CONCLUSIONS

PAs reduced land development differentially in Spain
inland and on the coast in the 1987-2006 period. NRs
were the most effective PA category in both zones,
whereas Natura 2000 SPAs and SCIs were the least
effective categories inland and on the coast, respectively.
Even if reducing land development when compared with
controls, the fact that all PA categories except NRs
experienced some land development in the assessed
period is worrisome to long-term biodiversity
conservation in Spain. Land development was a greater
pressure on the coast than inland in the assessed period.
Land development figures on the Macaronesian and
Mediterranean coasts were greater than those of the
Atlantic coast, most likely as a result of more benign
climate conditions attracting larger number of residents
and visitors (Jiménez, 2007; INE, 2018). However,
Atlantic coastal PAs were ineffective to reduce land
development, with similar or greater AAI and RAI values
than their controls. Greater proportion of single
designation SCIs may help to explain this surprising and
concerning finding. Thus, legal improvements in coastal
Atlantic Pas and around coastal Macaronesian and
Mediterranean PAs arise as priorities of this assessment.
Biophysical similarity between cases and control was
high but could be improved. A different covariate control
technique should be used in future studies.
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APPENDIX A
Legal exclusion layer

The exclusion layer used to exclude areas where land
development if legally restricted in Spain from the spatial
analysis was created by merging the following partial
digital layers:

1. Coastal public domain: A 100-m inland buffer from the
Spanish coastline (Instituto Geografico Nacional
[IGN], 2015) was created.

2. Public hydraulic domain: A 100-m buffer along both
sides of main rivers and around dams, lakes, and
lagoons was created from the National Cartographic
Base 1:500,000 (IGN, 2012a) by selecting classes 01,
02, 03 (over 25 km long, level 1, 2, or 3 rivers), 06,07,
08, or 09 (dams, lakes, and lagoons).

3. All existing protected areas (PAs) designated until
December 31,2006, including biosphere reserves
(MAGRAMA, 2015). This date was selected to exclude
all possible effect of PA coverage, whichever their
designation category, on buffers until the assessment
date. This layer was only excluded from buffer areas,
not from cases.

Resulting protected polygons (PPs) and buffer polygons
smaller than 100 ha were deleted from each case and
buffer layer to avoid alignment and overlap errors. Other
important areas where land development is limited by
territorial legislation such as cattle pathways or public
utility forest could not be added to the legal exclusion
layer because of data incompleteness or inconsistency for
the whole country.
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APPENDIX B

Biophysical similarity analysis

We analysed the environmental characteristics of
each PA and PP network for five biophysical covariates
that are thought to influence land use—land cover change:
‘degree of initial treeless cover,” ‘altitude,’slope,’
‘distance to main cities,” and ‘distance to main
transportinfrastructures.’

The degree of initial treeless cover layer was
produced by merging the following CORINE Land
Cover-1990 subclasses that are completely or mostly
treeless: 211, 212, 213, 221, 222, 231, 241,242, 243, 321,
322, 331, 332, 333, and 334 (European Environment
Agency, 1995). Then, the percentage of each PP's area
covered by those subclasses was computed. The altitude
layer was created by interpolating altitude isolines for
Spain (IGN, 2011) to raster format at 1-km? resolution to
create a 31-class, 100-m discrete altitude model for the
whole terrestrial territory of the Country. A discrete, 1-
km? resolution raster slope map (in degrees) was created
from a digital elevation model for Spain (IGN, 2012b).
Distances of PPs' boundaries and buffers' boundaries to
main transport infrastructures (CORINE Land Cover-
1990 subclass 122) and to major cities in 1991 were
calculated using the Near function in Arc-GIS
(Environmental Systems Resource Institute, 2014). For
this, the main infrastructure layer was decomposed to
their forming points. Centroids of the cities having more
than 50,000 inhabitants according to the 1991 national
population census (Instituto Nacional de Estadistica,
2016) were calculated from the Spanish main city
polygon areas (IGN, 2012a) using the ‘Feature to point’
(inside unchecked) Arc-GIS tool (Environmental Systems
Resource Institute, 2014).

Each of the five biophysical layers (distance to main
cities, altitude, slope, initial degree of artificial covers,
and initial degree of treeless covers) was intersected with
the PP layer and with their respective 1- and 5-km buffer
areas. For each PA and PP network, an analysis of the
percentage of the total network area represented by each
rank of each of the covariates was calculated in each study
zone (e.g., the area of the nature reserve network covered
by each 100 m, discrete altitude range inland and on the
coast). Then, buffer area values outside the range of
values of each covariate for each specific PA (PP or
buffer) network were excluded for not being
representative of that network in each study zone. Then,
those values were excluded for the same PA networks
between study zones (i.e., different range values of
altitude between nature reserve cases and controls inland
and on the coast), in order to increase validity of within-
zone and interzone comparisons. In the cases of distance
to main cities and degree of initial treeless cover, entire
polygon buffers were excluded if meeting any exclusion
criterion. In the cases of altitude and slope, average
(mean) values were computed for each individual PP and
control and excluded if they were outside the
cases'ranges. All five partial environmental exclusion
layers (for PPs and controls) were merged in a
‘biophysical exclusion layer,” which was later on
extracted from the PP, 1- and 5-km buffer layers to create
control areas that were environmentally similar to their
respective networks. Finally, resulting PPs and buffer
polygons smaller than 100 ha were deleted from each case
and buffer layer to avoid alignment and overlap errors and
produce results for the biophysically similar model.



APPENDIX C

Biophysical similarity results (median covariate values)

Original model

650 1150 800 094 098 700 500 400 098 097 500 400 400 099 099 600 3.00 400 097 0.98

7231 7936 7725 044 046 1845 3020 4253 094 089 6396 6494 67.93 1.00 098 36.663 46.050 43.262 0.96 0.97

_ 083 0.75 0.89  0.87 0.92  0.90 0.89  0.90

_000 000 000 100 100 300 300 300 100 1.00 500 400 400 099 099 600 300 400 0097

27.79 2824 2535 0.52 0.49 30.33 3552 36.67 0.98 097 31.93 29.68 2755 0.99 0.98 29.525 32.237 26.631 0.99 0.99

0.83 0.65 0.89 0.88 0.92 0.91 0.88 0.90

Note: NRs: nature reserves; NPs: nature parks; SCls: sites community importance; SPAs: special protection areas; S: similarity index



Biophysically enhanced model

6.50 11.00 8.00 0.95 098 7.00 500 400 0.98 097 500 4.00 4.00 0.99 099 500 3.00 4.00 098

651 79.36 7412 0.85 0.90 18.45 29.23 40.26 0.95 0.90 63.96 64.94 67.89 1.00 096 36.66 45.55 39.55 0.96 0.99

0.93 0.92 0.96 0.93 0.91 1.00 0.88 0.95

0.00 0.00 0.00 1.00 1.00 3.00 300 3.00 0.98 098 500 4.00 4.00 0.99 099 6.00 3.00 4.00 097 0.98

27.79 1341 2535 0.36 0.4 2466 3552 3041 0.9 0.9 31.07 29.29 36.67 0.9 0.9 22.92 3211 26.63

0.72

Note: NRs: nature reserves; NPs: nature parks; SCIs: sites community importance; SPAs: special protection areas; S: similarity index



APPENDIX D

Land development results of the biophysically enhanced model

Protected Area AAI RAI Total New artificial 1km 1km Total New artificial 5km 5km Total New artificial
Network network area area (ha) AAI RAI 1km buffer area in 1km AAI RAI 5km buffer area in 5km
(ha) area buffer (ha) area buffer (ha)
(ha) (ha)
INLAND ZONE
NRs 0 0 8,753 0 0 0 0 0 0 0 0 0
NPs | 0.02 13.49 474291 | 85 0.14 2108 | 21578 | 31 | 016 | 1848 | 35044 | 55
SCls 0.04 33.36 2,771,585 1,201 0.24 39.04 1,021,831 2,466 0.43 63.45 4,175,398 17,821
SPAs | 026 83.57 1,550,345 | 4,009 0.22 3629 | 324111 | 731 | 086 | 8459 | 1386349 | 11876
Y 011 5893 43804973 5,385 024 3808 1,367,520 3,208 053 7013 5596791 29,753
COASTAL ZONE
NRs 0 | o0 0 0 | o | o | 0o | 0o | o o | 0o | 0
NPs 0 0 23,588 0 0.20 37.63 5,554 11 0 0 0 0
SCls | 016 | 2365 212,912 344 | 115 | 5489 | 111,881 | 1,283 | 088 | 3520 | 424,092 | 3,750
SPAs 0.04 11.60 135,802 66 1.54 57.53 16,589 256 124  61.26 73,122 906
ALLPAs | 011 | 1940 | 373,460 411 | 116 | 5513 | 134,024 | 1550 | 094 3838 | 497,214 | 4,655

Note: AAI: absolute artificial area increase; RAI: relative artificial area increase; NRs: nature reserves; NPs: nature parks; SCIs: sites community importance; SPAs: special protection areas;

PAs: protected areas.



