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Abstract This paper describes a methedelegical precedure
for erganizing geeheritage infermatien, aimed at geecenser-
vatien and geeteurism planning and management in pre-
tected areas. This methed has been applied in a real-life
precess te declare the Covalagua and Las Tuerces sites as
pretected areas in the prevince ef Palencia, in Nerthern
Spain. Altheugh the emphasis is en geecenservatien, due
te the predeminantly karstic characteristics of the studied
landscape, the precess explains a ceurse eof actien fer the
inventery, assessment and diagnesis eof geelegical and gee-
merphelegical infermatien fer land use plaiming and man-
agement, including geeteurism previsien. The preparatien
of the regulatiens which derived frem that infermatien flew
is alse explained. The inventery included the classificatien,
mapping and descriptien of landferms. The assessment was
based en the interpretatien eof the infermatien in terms ef
geecenservation and geeteurism capacities and limitatiens,
and included a specific analysis ef the singularity and rep-
resentativeness of a bogaz (labyrinth karst) and a sinkhele
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field. The infermatien which came frem that evaluatien led te
the diagnesis, and te the setting of the planning, use and
management geals fer the gee-reseurces. These guidelines
were finally articulated as regulatiens. The precedure de-
scribed is innevative frem a methedelegical peint eof view,
as it attempts te cerrect the mest cemmen preblems feund in
this type of surveys: (a) the accumulatien ef a large quantity ef
gee-infermatien eof little use fer planning and management
purpeses and (b) the very limited relatienship between the
gee-infermatien included in the inventery and that included in
the evaluatien, diagnesis and regulatiens phases.

Keywords Geeheritage - Geemerphelegy - Geeteurism -
Pretected areas - Geesite - Karst - Categerization of landferms

Introduction

This paper prevides and explains a methedelegy which has
been develeped and used fer the geeteurism and geecenser-
vatien planning and management in a real-life preject, te
declare a pretected area—Covalagua and Las Tuerces,
Palencia prevince, Nerthern Spain. This study (Junta de
Castilla y Leén and GAMA 2010) was intended te define
specific measures which weuld ensure the censervatien ef
twe small karstic areas of censiderable geelegical and gee-
merphelegical impertance while develeping their geeteur-
ism petential. Geeheritage, gececenservatien and geeturism
were examined tegether te devise a system eof sustainable
land management.

This study ferms part ef a preject cemmissiened by the
regienal gevemment of Spain in which the pretected areas
subject te planning are included (Castilla y Leén) and was
preduced by an inter-disciplinary team. At the end eof the



precess, twe land areas were planned. The main aim was the
censervatien and sustainable management ef their natural
values and reseurces. Te de this, many guidelines and
regulatiens were established te manage their geelegical,
bietic and secieccenemic envirenment and were reflected
in a specific and well defined legal framewerk. In all of the
phases the geeheritage, gcecenservatien and geeteurism
played a leading rele, and they are the central feci ef this
article.

Pretected areas effer impertant advantages fer the cen-
servatien ef the geeheritage and the develepment of gee-
teurism (Brilha 2002; Hese 2012) since they generally
invelve pregrammes fer public use. What is meant by ‘pub-
lic use” of a pretected area is the whele set of pregrammes,
services, activities and facilities which are aimed at bringing
visiters cleser te the natural and cultural values of the area;
this is all carried eut in a secure, centrelled way which
guarantees the censervatien, understanding and appreciatien
of these values (Gémez-Limén et al. 2000). Evidently, in
natural areas where gee(merphe)legy is the main attractien,
geetourism will be ef special relevance aleng with its
pregrammes fer public use (Hese 2000), as in the case
described here.

In Spain, the main plamming and management legal acts
fer natural reseurces are the se-called Planes de @rdenacion
de los Recursos Naturales (P@ORN; Natural Reseurces Man-
agement Plan). This act defines the land use zening and
regulatien and must include the fellewing sectiens: (1)
delimitatien ef the land area included in the plan, (2) de-
scriptien and interpretatien ef its physical and bielegical
characteristics, (3) analysis of the state ef censervatien ef
the natural reseurces, (4) identificatien ef the general and
specific limitatiens te be established with respect te land
uses and activities and (5) applicatien of ene ef the existing
pretection categeries. The geeheritage, geecenservation and
geeteurism eof the pretected areas of Covalagua and Las
Tuerces have been censidered under this eutline, and the
essential centent is described in this paper.

The methedelegical backgreund te the explained pre-
cedure can be feund in a series of ‘classic’ studies en
‘land classificatien and evaluatien en a geemerphelegi-
cal basis’ (Amet and Grant 1981; Mess 1985; Zenneveld
1989; Gedfiey and Cleaves 1991; Mitchell 1991. The
guidelines invelved, used te date te establish capacities
and limitatiens ef the land areas in a wider sense, have
been adapted here te geecenservatien and geeteurism
(Hese 2000 and 2006; Dewling and Newseme 20006).
With that, this paper centributes te ether Spanish studies
fer incerperating geelegical and geemerphelegical infer-
matien as an integral part of land use planning (Cendrere
et al. 1992; Martin-Duque et al. 2003; Santes et al. 20006)
or fer pretected areas (Serrane and Genzalez Trueba
2005; Carcavilla et al. 2005 and 2007).

Study Area

The Covalagua (2,321 ha) and Las Tuerces (2,019 ha) nat-
ural sites are lecated in the NE of the prevince eof Palencia,
in Nerthern Spain (Fig. 1). Beth are feund within the gee-
legical—geemerphelegical setting of Las Loras, which is
fermed by ‘muela’ type reliefs (applicable te ‘perched’
synclines, er synclinal hills, between anticlinal valleys
called ‘cembes’). Las Loras ferm a hemegeneeus physie-
graphical demain ef structural landferms culminating at c.
1,150-1,200 m in Covalagua and 1,000-1,100 m in Las
Tuerces, while the main valley fleers are lecated at a height
of c. 900 m (Fig. 2).

The higher areas and slepes of Las Loras are predemi-
nantly underlain by carbenate recks (limestene, sandy lime-
stene and marls) while in the transitien te the valley fleers
they are predeminantly sand, gravel and cenglemerates.
Tewards the centre of the valleys, and berdering the whele
set of the perched synclines, Triassic shale and gypsum and
Jurassic marls, limestene and delestene eutcrep. Finally, all
these substrata are partly cevered by superficial Quaternary
fermatiens, mainly alluvial materials.

The Covalagua and Las Tuerces sites have beth eut-
standing geelegical and geemerphelegic value, because
of their structural cenfiguratien, but mestly because ef
their well and diverse develepment ef karstic landferms,
which have impertant landscape and ecelegical repercus-
siens. In Las Tuerces, different types of karren at varieus
stages of develepment can be feund, aleng with unique
karst cerriders. Alse, an eutstanding fluvie-karstic gerge
at La Horadada (which includes a remarkable castle-type
relief) and a platea-like valley (Recuevas Valley). In
Covalagua, there is an impressive sinkhele field, a spec-
tacular cave (called Los Franceses cave, prepared fer
teurist visits), and an exceptienal karstic spring with tufa
depesits, ameng ether impertant features. See Figs. 3
and 4. The value ef this rich natural capital has been
peinted eut in varieus inventeries eof the geeheritage,
geelegical and geemerphelegical, in this regien (Sanchez
Fabian 2005; Bascencilles et al. 2006; @rtega et al. 2008;
Fernandez-Martinez and Fuertes-Gutiérrez 2008; Fuertes-
Gutiérrez and Fernandez-Martinez 2010). @utstanding
selected examples eof the relatienships between these
karstic landferms and singular asseciated ecesystems
are: high biediverse nemeral vegetal species and cem-
munities celenise the interier of the karst cerriders; the
bettem ef the sinkheles of the Cevalagua sinkhele field
are filled with clayey depesits—residua eof the limestene
weathering—which held the enly truly seils ef the area,
which in turn suppert high biediverse grassland cemmu-
nities, and the limestene cliffs which edge the residual
platferms ef Las Loras are the habitat ef valuable birds
of prey, ameng ethers.



Fig. 1 Lecatien of the natural
arcas of Covalagua and Las
Tuerces, at the Nertheast of the
Palencia prevince (Castille and -
Leen Autenemeus Cemmmnity, =
Nerthern Spain). The small Lt
quadrangle represents the area |
of Fig. 2
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A preliminary analysis ef the areas under study was carried
eut by the GAMA envirenmental censultants (see the
Acknewledgements sectien for dewils) in 2008 (but was net
published), allewed a series of essential facters te be identified
when designing a management system te enceurage the
develepment of geeteurism. In fact, beth Cevalagua and Las
Tuerces already effer interesting develepment eppertunities
fer this type of teurism:

Beth landscapes are visited by a significant number of
peeple, because of their geemerphelegical values, with
Les Franceses cave (Fig. 4 (4.2)) currently receiving
areund 15,008 visiters/year.

Fig.2 Wigital clevations medel
of the Covalagua and Las
Tuerces arca, shewing the
tepegraphic framewerk of the
study area. Heights in meters
abeve sea level
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They already have seme existing teurist infrastructure,
including viewpein®, paths, parking areas, infermatien
panels and signpested trails.

Beth areas have geed read access.

Seme recreatienal facilities are already lecated there,
being specially pepular fer speleelegists and climbers
because ef the many karstic caves and reck cliffs, al-
theugh the number ef visiters is still relatively small
(nen-mass teurism, specific and cemplementary).

The area has ether elements ef cultural interest, which
cemplement the ece-teurism. These include a pilgrim-
age at Las Tuerces site and seme ef the best Reman-
esque churches in Spain areund beth places.
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Fig.3 Pictures of seme of the mest sutstanding sites of the study area.
3.1, Las Tuerces labyrinthic karst; nete, between the twe reck masses, a
fermer phreatic tube-like cave, with reughly circular cress-sectien,
evelved te a superficial cerrider. 3.2, Spring and tufa depesit of
Covalagua; altheugh it can be barely seen, the centre of the image is
a large tufa barrier. 3.3, La Horadada fluvie-karstic canyen, a relevant
example of a limestenc canyen cut inte a cuesta (limestenc platf erm
with a general dip slepe te the East, te the right ef the image); the
canyen scarps held many learstic cavities and are subject te significant
reck falls. 3.4, La Horadada castle-like learst, alse called runiferm
karst, because of i% similarity with a mined building. 3.5, A sinkhele

Seme interesting interpretative initiatives have been
installed, with varieus geelegical itineraries, explanatery
panels and a geelegical ficld guide (Bascencilles et
al. 2006).

of the Covalagua sinkhele ficld; nete hew the sinkhele bettem helds a
grassland cemmunity; this cemmunity fits precisely with seils which
cenf erm cxactly with the clayey depesits-—residual ef the limestene
weathering—that fill the bettem ef the sinkhele. 3.6, the Valcabado
viewpeint, lecated at the Nerthern edge of the Lera de Valdivia
(Cevalagua); sustandingly, this edge is a sharp beundary between
the Euresiberian and Mediterranean phytegeegraphic regiens of the
Iberian peninsula. The trees belew the viewpeint fermn a beech ferest,
belenging te the fermer regien. Sce Fig. 4 for the lecatien ef this
pictures

As a result of the flew ef visiters te beth areas since the
mid-199@s; a limited teurist infrastructure has been the
develepment in the nearby villages. Newadays, the ten
nearest villages effer a tetal of 16 registered accemmedatien



Fig.4 Identificatien and
lecatien of seme of the geeosites
referred within the text at Las
Tuerces (a) and Covalagua (b)
natural areas. The beundary eof
the studied area, shewn by the
line, was delineated by the
regienal gevermment. a I, Las
Tuerces lerst cerrider (sece
picture 3.1 in Fig. 3); 2,
Recuevas valley; 3, La
Horadada fluvie-karstic canyen
(see picture 3.3 in Fig. 3); 4, L«
Horadada castle-like karst (see
picture 3.4 inFig.3). b I, geed
examples of cellapse sinkheles;
2, spring and tufa depesits of
Covalagua (sce picture 3.2 in
Fig. 3); 3, entrance te the Los
Franceses cave; 4, goed exam-
ples of se utien sinkheles (sec
picture 3.5 in Fig. 3); 5, Valca-
bado viewpeint, §, Ebre valley.
Picture 3.6 in Fig. 3 shews beth
the Talcabado viewpeint and the
Ebre valley, with the beech ferest
in i% valley slepes at this leca-
tien. Specifically, this everlayef
the erthephete with the Bigital
Elevation Medel allews the vi-
sualizatien of the sharp beundary
between the Euresiberian and
Mediemranean phytegeegraphic
regiens of the Iberian peninsula,
being this large ccesystem limit
the upper be undary ef the forest
(dark green colour around &)

venues with 115 beds and feur restaurants seating 203
diners. Altheugh this is currently the mest significant ece-
nemic activity in the area, and the enly secter which is
expanding, the fact is that it is scattered and the eccupatien
is irregular, being very seasenal. Therefere ether secters ef
the lecal ecenemy are net significantly affected by these
activities at present.

Methedelegy

The geeherimge, gcecenservatien and geeteurism studies
described belew were part of a natural reseurce planning
study aimed te declare a pretected area including the twe
sites (Covalagua and Las Tuerces, Nerthern Spain). But
rather than merely ene part ef the whele, the geemerphe-
legic traiw and significant geelegical heritage were the main
fecus ef the geeheritage interest in the P@RN. The whele
precess was fecused by the geelegical and geemerphelegical
infermatien, as reflected in the land zening and assessment,

LAS TUERCES

LORA DE LA VALDIVIA
(COVALAGUA)

primarily based en the geemerphelegy (Santes and Herrera
2018). Even the camlegue of habiwts and landscapes and the
land use structure was based en the geemerphelegy. A study
ef the geelegical heritage ef the arca was cardinal because
identifying the geesites and geemerphesites of significant
scientific, cultural, educatienal and geeteurism value was a
key facter in the final design ef the land management system.

The first methedelegical phase was a geelegical and
geemerphelegical inventery. The primal ebjective was te
summarise the geemerphelegical da and te previde initial
cartegraphy fer planning purpeses, in acerdance with the
planning ebjectives (with geecenservatien and geeteurism
being essential within them), ever a detailed cenventienal
cataleg ef gcelegical clemenw. The assesment and diagnes-
tic phases were develeped then, in accerdance with similar
ebjectives. As a result, legal planning and management
regulatiens, including geecenservatien and public use meas-
Ures were written.

Certain recurrentissues, eften detected in Natural Reseurces
Management Plans and ether similar decuments, were aveided,



¢.g. (a) larga ameunt ef useless infermatien fer planning and
management purpeses included in the final decument and (b)
the absence ef relatienship between the infermatien included in
the inventery and that included in the evaluatien, diagnesis and
regulatien phases, which dees net shews any causal relatien-
ship (see Figs. 5 and 6).

Inventery Phase

The first step was te identify the geelegical characteristics
and features ef the arca, te be able te analyze their value and
petential in terms ef geeteurism and se plan their manage-
ment apprepriately. The inventery was based en the classi-
ficatien, mapping and descriptien ef hemegenceus land
areas. At this stage the landferms (including lithelegy, te-
pegtaphy and gcemerphelegical precesses) were censidered
te previde the best synthesis eof the land. This meant that
rather than using a geemerphelegical classificatien and
mapping erganised by genetic criteria (i.e. attempting te
explain the erigin ef the different landferms), the classifica-
tien was based en ccelegical and landscape criteria: i.e.
prieritising the shape ef the landferms, independently ef
hew they were fermed, and the characteristics ef these
which dictate hew they sheuld be ‘managed’. In this case,
the land classificatien was intended te guarantee a hemege-
neeus respense te the landferms in terms of planning, public
use and management as a pretected natural area.

Te de this, a three-level classificatien was designed. The
basic mapping element was the geemerphelegical unit (35
units), represented by land pelygens cevering the tetal
‘planning area’ (Table 1; Fig. 7). The geemerphelegical
greups include a certain number of related geemerphelegi-
cal uniw te previde a landscape centext. Three geemerphe-
legical greups were identified: [, uplands of Las Leras; II,

Fig. S Organising of the
geelegical and
geemerphelegical infermatien
aimed at the planning ef natural
reseurces in pretected areas.
Maedified frem Wamingten
(2004)

Sl 1 of information aimed to geoconservation

slepes and valleys; and III, alluvial plains (Table 2; Fig. 8).
Finally, the geemerphelegical features of interest (16 fea-
tures) characterise the units where they are feund, previd-
ing an additienal level ef infermatien (Table 3; Fig. 9).
These features are net unit-specific, and any element (e.g.
a sinkhele) may be feund in different unis. Seme micre-
landferms were alse defined, being a feurth (nen-mappa-
ble) level, which refer te the mest characteristic features
of karstic micremerphelegics ic. the types of karren
(Table 4).

The criterien fer identifying and defining the geemer-
phelegical units and features ef interest was based en a
classificatien ef exekarstic landferms,; altheugh the rep-
resenmtien methed varied. In a cenventienal geemerphe-
legical appreach, the landferms are represented by
symbels and celeurs, ef limited use fer planning (e.g.
many land areas are left ‘blank’). The appreach used in
Covalagua and Las Tuerces represents greups and units
by pelygens and features ef interest by pelygens and
peints. This means that the map is directly intended fer
planning and management purpeses and it is alse cem-
patible with the spatial dat structure ef a vecter based
Geegraphical Infermatien System.

In accerdance with the main ebjective of these maps and
the inherent difficulties ef any landferm classificatien (since
seme landferms tend te ovelve gradually inte ethers), the
limits and criteria fer unit differentiatien were set precisely
fiem a planning viewpeint fer public use and essentially
geetewrism, being cach unit hemegenceus in terms ef its
behavieur and respense. The distinctien, fer example, be-
tween geemerphelegical units 2 and 3 uses ‘walkability er
nen-walkability efkarst cerriders’ as a criterien. This example
is very interesting in methedelegical terms, because a strictly
geemerphelegical classificatien weuld net differentiate
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between these twe uni%. The inventery appreach is therefere
‘diciated’ by the main geals ef planning, censervatien and
geetewrism, which was a requisite and ebjective of this Nat-
ural Reseurces Management Plan (Fig. 16).

Finally, a brief descriptien of the geelegical greups, units
and features was included. [t was censidered necessary te
highlight these remarkable characteristics including geecen-
servatien useful fer planning; fer example, weathering of
the limestene at this site preduces cellapse sinks when
expesed near the surface.

Assessment Phase

The geemerphelegical greups, uniw and features were later
interpreted and assessed in the fellewing terms: (1) their
petential within the centext of a pretected area (special char-
acteristics, scientific, educatienal, visual, recreatienal er gee-
teurism interest) and (2) their limitatiens (tisks inherent in the
active gesmerphelegical precesses; ¢.g. subsidence er reck
falls), er gee-ccelegical precess vulnerability. Their level of
preservatien was alse assessed, as this facter significantly
affected their planning and management.

The study included a specific analysis en the singidarity
and representativeness (Welfert 1995; Carcavilla et al.
2007) of the mest characteristic landscapes ef beth areas;
these are the labyrinth karst (begaz) ef Las Tuerces and
the sinkhele ficld of Cevalagua. This analysis was based
en a cempilatien ef ether examples of karstic landscapes
in Spain (Fig. 11), drawn up frem a bibliegraphic anal-
ysis and threugh direct censultatien with specialists in
karstic geemerphelegy in Spain. This censultatien was car-
ried eut threugh an ad hec survey that asked te identify
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begaces and sinkhele ficlds threugh Spain and Castilla y
Leen. Fer that, there were included deseriptiens of Covalagua
and Las Tuerces sites fer cemparative perpuses. Seventeen
specialists were censulted, and everyene respended te the
survey. The specialist selectien was based en their recent
research en Spanish karstic sites.

The analysis ef the infermatien shewed that there were
few samples ef laberinth karst in Spain, making Las Tuerces
a significant feature in the natienal listing. Las Tuerces is
alse a very geed sample of enc ef the mest typical karst
landscapes. This makes it beth singular and representative.

Sinkhele ficlds are mere cemmenly feund than labyrinth
karsts, beth in Spain and werldwide. Cevalagua has a tetal
387 sinkheles ever an arca ef 10.1 kmz, which means a
density eof 38.3 sinkholcs/kmz, which in certain secters is
even higher (53.1 sinkholcs/lcnz). This sinkhele cencentra-
tien, ene eof the highest in Spain, makes this an area of
censiderable natural value.

Diagnestic Phase

Accerding te the previeus interpretatien and assessment
phases; the relevant infermatien was selected fer natural re-
seurce and publicuse planning, including geeteurism. In ether
werds, in this phase the generic and specific geecenservatien
and geeteurism management measures were develeped.

The first cenclusien ef the diagnesis was that beth
Covalagua and Leas Tuerces sheuld be declared pretected
areas, because they represent twe ef the best examples of
karstic landferms at the Nerth-Central regien ef Spain. In
peint ef fact, new envirenmental legislatien in Spain adve-
cates the pretectien ef ‘Karstic systems in carbenates and



Table 1 Geemerphelegical classificatien efthe inventery

Ceéde Name Geemerphelegical terminelegy Lecal name
Internatienal Spanish
1 Recky pavements with Limestene, pavement, karrenfeld Pavimentes Lapiaz eswuctural
karren surfaces and kluftkarren
2 Narrew cerrider karst Kluftkarren, giant grikelands, Callejenes, cerrederes and zanjenes
(nen-walkable) begaz, cerriders karst, labyrinth (Ibeream.) megalapiaces macrelapiaces
3 Walkable cerrider karst karst and bex valleys lapiaces gigantes ciudades encantadas
4 Walkable slepe cerrider karst
5 @val cerrider karst and
clesed depressiens
6 Castle-like karst with Ruiniferm karst and castle-like karst Karst miniferme
cerriders
7 Flat surfaces with karst Karst tewers Torres
tewers
] Aligned cavern (cellapse) Aligned sinkhele field Campes de delinas alineadas Tercas
sinkhele fields with
angular karren
9 Aligned finnel (selutien) Heyas, Heyes, Hegas
sinkhele field and Heyal
10 Slepe valleys and small
alluvial plains en uplands
11 Small razerbacks en uplands Razerback Crestas
12 Karren and seils en cuestas ~ Helhkarren Kavernesekarren Campes de lapiaz tubular and derses Lanchar Lastras
backs de cuesta
13 Seils develeped en cuesta Cuesta frents Frentes de cuesta
frents
14 Recky scarps en cuesta
frents
15 Karstic platea Platea Bepresienes cerradas, cen paredes verticales Recuevas
16 Valley bettems en marls Subsequent valleys Valles erteclinales (subsecuentes)
i/ Small knebs en limestene Hill and kneb Pequeiias mesas
uplands
18 Tilled fields @n marls en
uplands
19 Bry valleys Bry valley Valle sece Valseca and Callejo
20 Tilled dry valleys Valseca
2 Small valleys Valles cataclinales (censecuentes) Vallejo and Vallejuele
22 Hillslepes en marls Hillslepes en marls Laderas sebre margas Cuestas
23 Limestene cliffs Cliff and alceves Cantiles and certades Rempizenes
24 Hegbacks and razerbacks Hegback and razerbacks Crestas and crestenes
25 Fall headwalls Headwall (fall) Cicatices de arranque de desprendimientes
26 Scree slepes Talus slepe and scree slepe Canchales
27 Debris en slepes Celluvium Celuvien Cuestas
28 Fleedplains Fleedplain Llanura de inundacién La Vega
29 Fluvial terraces Terraces
30 Tilled karren and seil
surfaces en uplands
31 Terraced slepes en marls Terraced slepes Laderas aterrazadas
32 Small quarries en Quarry
celluvium
33 Speil heaps of eld lignite Speil heaps and waste dumps
mines
34 Limestene quarries Quarry
35 Silica sand quarries

Geemerphelegical units
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Fig. 7 Geesmerphelegical mapping ef the inventery. Geem erphelegical units. UTM ceerdinaks, zenc 30. Upper, ‘Leora’ of Las Tuerces; below,

‘Lora’ of Valdivia (Covalagua)

evaperites in the [berian Peninsula and Balearic Islands’ as
enc ef the 28 Spanish geelegical settings of higest interna-
tienal relevance (Carcavilla et al. 2089) and Cevalagua and
Las Tuerces represent excellent examples of of such systems.

In beth cases, their valuable geemerphelegical heritage is
the result of a spatial cenvergence of euntanding karstic fea-
tures. At Covalagua: sinkhele ficld; the Covalagua spring and
tufa depesiwn; the Les Franceses cave; a rich and varied karren
typelegy; and the Valcabade viewpeint. At Las Tuerces: its
labyrinth karst; the fluvie-karstic gerge of La Heradada, a
relevant example of a limestene canyen with significant reck
falls en iw valley slepes and many karstic cavities en the scarp

face; a castle-like relief within the gerge of Lo Heradada; the
Recuevas valley; and alse with a wide range efkarren. It is, in
fact, the everall greuping ef these individual features and their
inter-relatienships which makes these twe areas natural sites ef
especial impertance.

The diagnesis alse indicated that the cembinatien ef
these twe natural areas effered enermeus pessibilities fer
premetien and educatien, and hence fer geeteurism (Hese
2008 and 2012). Currently, it receives theusands ef visiters
(petentially as true geeteuris® in the future) per year inter-
ested in seme of these facew. Altheugh gquality geelegical
infermatien and interpretative material intended fer the



Table 2 Geemerphelegical

classificatien ef the inventery Cede Name Geemerphelegical terminelegy Lecal names
Inkernatienal Spanish

1 Uplands (Las Mesa and synclinal ~ Sinclinal celgade, mesa and mnela  Pdrames and Leras
Leras) uplands

11 Slepes and Cuestas, hegbacks,  Valles y depresiencs erteclinales
valleys razerbacks, (ebsecuentkes), cuestas y valles

ridges and valleys and crestas y valles
111 Alluvial plains  Aluvial plain Llanwra fluvial Vegas

Geemerphelegical greups

general public already exists, it needs te be cempleted
(increasing the centents en geemerphelegy) and impreved
(the texw sheuld be mere simple and appealing fer the
visiters). The current infrastructure including paths, walk-
ways, viewpeints, a teuristic cave and infermatien panels
prevides an excellent feundatien fer setting up ether in-
terprewative facilities. Geemerphelegical features are net
sufficiently develeped and sheuld be further expleited,
supperted by karstic landscapes. In additien, it sheuld be
cembined with ether bielegical and archacelegical fea-
tures, whenever it was pessible. The areas of Covalagua
and Las Tuerces ceuld alse be used te develep a whele
suite of interpremtive material for Las Leras, a structural
geelegic landscape system ef undeniable heritage value
frem many peink ef view.

Teurism linked te the geelegical and geemerphelegical
attractiens, that is geeteurism (Hese 2000, 2011, 2012),
ceuld be censidered as the lecal ccenemic activity with
the highest petential fer grewth in this area and its
Ig4as g

Fig.8 Geemerphelegical 4o

mapping ef the inventery.
Geemerphelegical greups.
UTM ceerdinates, zenc 30
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immediate hinterland. There are ne dawm recerds of geeteu-
rists fer the arca, duc te the lack ef geeteurism visiter
surveys, altheugh anecdeml evidence suggesw that there
enly seems te be significant visiter activity in the summer
time as has been indicated in karstic regiens in seuth-east
Spain (Hese 2087). The majer exceptien is fer climbing and
related activities in the karstic Recuevas valley that eccur
threugheut the year. Les Franceses cave, en the ether hand,
receives 15,0008 visits/year (knewn because the visiters have
te buy tickets), which are channelled inte ether peints ef
interest in the area (Cevalagua spring, Valcabade view-
peint). The censiderable lecal teurist petential of Covalagua
and Las Tuerces will be reinferced as they are te be declared
natural pretected areas, but the structural weaknesses are
evident, as this teurist activity is clesely linked te specific
reseurces, with censiderable pulling pewer but which enly
generate shert visis. The shert visits are largely made by
emigrants whe ceme back te spend their summer helidays in
the lecal villages.
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Table 3 Geemerphelegical classificatien ef the inventery

Cede Name (geemerphelegical  Lecal name

terminelegy)

A Sinkheles (fannel type and Heyas, Heyes, Hegas and Heyal
selutien)

Sinkheles (cavern type and Tercas
cellapse)

Uvalas

v ]

Small karst pewers Torres
Sinks

Caves

Natural bridges and arches

Alceves

Cerrider karst

Tufa Teba
Springs
Reckfalls
Gullied slepes

Manantiales

Active channels

Ephemeral channels

Ve ZxbE AT O dE W@

Abandened channels

Geemerphelegical elements ef interest

Regulatien Phase

Once the phases abeve were cempleted, the planning and
management measures wetre defined, te guarantee the appre-
priate censervatien ef the natural values of the area, and alse
te ensure cempatibility with the measures te maximise its
petential fer public use and lecal develepment, including
geetourism.

This phase was cairied eut at twe levels: (1) the gee-
legical team established measures referring te the geeleg-
ical and geemerphelegical elements, and the specialists
respensible fer ether theme-based studies (such as bieleg-
ical er cultural) did the same. In ether werds, the special-
ist teams defined their ewn measures, which were then
cempared and discussed by the team as a whele in varieus
jeint meetings; (2) in these meetings, ether management
measures were adepted in relatien te the natural and
cultural reseurces as a whele, based en the cenclusiens
of the secie-ccenemic study. These jeint decisiens referred
specifically te: (a) land zening, (b) regulating uses and
activities and (c) defining censervatien measures. In this
phase, the lecal autherity respensible fer the future man-
agement ef these natural areas played an impertant rele,
thus ensuring that the prepesal was alse apprepriate te its
aims and actien capacity.

Seme of the cenclusiens reached which are mest relevant
te gececenservatien and geeteurism are shewn belew. It
sheuld be neted that ene of the main advances of this preject

is that these cenclusiens are reflected in the efficially
appreved regulatien and are therefere mandatery. Hence, they
sheuld be actiened in the future.

Land Planning and Geoconservation Measures

The infermatien cellected and generated led te the prepara-
tien of land planning and geecenservatien guidelines. The
efficial guidelines for the envirenmental pretectien ef beth
natural areas describe: (1) the characteristics censidered of
value of each area and (2) the specific ebjectives te preserve
the integrity of the fermatiens and their active geelegical and
gcomerphelegical precesses, and te beest their heritage,
interpretative, educatienal and scientific values—all essential
undeprinnings eof gesteurism previsien.

As an integrated censervatien measure, the declaration of
a single Pretected Landscape Area (PLA) was prepesed,
cemprising beth the Covalagua and Las Tuerces natural
areas, which actually teek effect in 2011. The pretected area
tetals 4,340 ha, divided inte twe sub-areas, with a pretected
peripheral buffer zene. The main aim ef this PLA is te
‘preserve and pretect its natural values, habitats, flera, fauna,
landferms and landscapes, te preserve its geediversity and
biediversity and maintain and/er eptimise the dynamic and
structure of its ecesystems’ (Junta de Castilla y Leén and
GAMA 2010).

The presence of singular geelegical features and their
inherent fragility was essential alse when defining a land
zening, linked with different regulatiens fer the pretectien
and public use fer each zene.

@ther regulations were develeped te address the pretectien
of the dynamics ef the karstic precesses that have shaped this
landscape and are still currently active. Te guarantee the
maintenance ef the active precesses invelved, ensuring that
water infiltratien inte the karstic sinkheles is net interrupted,
te maintain the natural resurgence rthythms ef the springs
(which in tum affects the develepment of the tufa depesits)
and aveiding any alteratien ef the hydrelegical cycle.

Te warrant the apprepriate censervatien ef the natural
values of these areas, the regulatery measures stipulate alse
that prejects prepesed fer this area that are subject te Envi-
renmental Impact Assessment must ebtain a faveurable
repert frem the relevant Natural Area Autherity.

Te sum up, the eutceme of the phases described abeve was
te establish guidelines for the censervatien eof the geelegical
and geemerphelegical precesses and assets, including pre-
pesals te: (1) prevent any mining, censtructien and earth
meving activities which might alter the velume, prefile er
ether natural er landscape characteristics; (2) pretect the active
geelegical precesses within the natural areas, especially the
karstic precesses, where these eccur en karren surfaces or en
ether features, aveiding any activity which might interrupt er
disturb these precesses; (3) beest the educatienal petential and
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public use efthe geelegical and geemerphelegical reseurces of
the natural areas, installing signpesting; (4) swblish specific
guidelines fer restering areas affected by public werks er
private facilities; (5) premete systematic study and inventery
ef existing caves within the natural areas and ensuring an use
cempatible with their censervatien; (6) enceurage a wider

underswanding and scientific premetien of the geemerphelegi-
cal features and precesses, and the develepment ef the petential
interpremtienal, educatienal and public use cempatible with
censervatien as already eutlined; and (7) devise an apprepriate
medel] te develep the educatienal and interprewmtive petential,
guaranteeing the censervatien ef landferms and precesses.

Table 4 Geemerphelegical : . .
classificatien of the inventery Karren terminelegy in Spanish

Internatienal kamren Geemerphelegical unit which
terminelegy charackrise

Micredelinas and tinajitas

Lapiaz en estrias
Lapiaz redendeade

Lapiaz en surces

Kamenitzas, selutien basins, 2, 3,4 and 5
selutien pits and pans

Lapiaz tubular, cavernese and perferade  Helhkamren Kavemeseleuren 1 and 10

Lapiaz structural
Karstic surficial micrelandfenns.

Karrentypes

Rillealearen

Rundkarren

Rinnenlerren g

K uftlerren 1; alse 2 a 5, but at a Jandscape
scale




Fig. 10 Differences between the units ‘nen-walleble cermrider karst
with narrew bex valleys’ (gcemerphelegical unit2, upper image) and
‘walkable cerrider karst (gcemerphelegical unit 3, lower image). The
lateer shews the access te the bex valleys frem the gcomerphelegical
unit 7 (‘flat surfaces with scattered tewers’)

These guidelines, especially (3), (6) and (7), are clearly alse
apprepriate fer susminable geeteurism previsien as widely
premeted in Eurepe (Hese 2000, 2011, 2012).

Measures in Relation te Public Use

The efficial declaratien ef this PLA establishes as main
ebjectives te: ‘facilitate and premete the lnewledge and
enjeyment ef the natural and cultural values ef these Natural
Areas, frem an educatienal, scientific, recreatienal and teur-
istic peint ef view and enceurage their public use, centrelled
te ensure a scrupuleus respect fer these values which this
declaratien attempts te pretect’ (Junta de Castilla y Leén
and GAMA 2818). [t alse identifies centributing te the
secieccenemic develepment ef the lecal villages based en
the suswinable use ef natural reseurces as a management
ebjective for these areas. Given the impertance efthe lecal gee
(merphe)legy, gceteuriam emerges as enc ef the euwtanding
features which ceuld enceurage public use.

Te this end, the regulatery decument identifies 15 guide-
lines intended te enceurage public use, many ef them linked
te geelegy (it has te be neted that this study aims at integral
management ef the natural envirenment, net enly ef the
gcelegical herimge). Ameng these, a public use within an
educatienal and interpretatienal framewerk is enceuraged,
which will beest new and suswinable ecenemic initiatives,
such as geeteurism, linked te leisure and spare time activi-
ties. This will invelve creating the necessary infrastructures
te facilitate and eptimise public visits, including infermatien
and visiter centres, paths and guided trails. Actien will alse
be undertaken te reduce visiter impact en the mest cem-
menly used areas. This will invelve attempting te centrel
visiter access and traffic with apprepriately marked trails,
beesting the circuits with lewest impact and passively dis-
suading the use ef areas ef highest fragility er least security.
The educatienal, recreatienal and sperting facilities were
planned depending en the relative capacity ef different
areas, channelling visiters inte less fragile areas and enceur-
aging activities with lew envirenmental impact.

The design of this infrastructure will nete the capacity
and limiwtiens ef the geelegical and geemerphelegical set-
tings (based en the cenclusiens frem the diagnestic phase).
This means that the plans fer public use will necessarily
include specific censervatien measures (given the high val-
ue and fragility ef seme ef the landferms), and leisure and
public use premetienal measures. As a result, this study
includes a dewmiled prepesal fer visiter and interpretative
material fer beth secters. The prepesal fer Las Tuerces karst
cerrider is shewn in Fig. 12.

Discussien and Cenclusiens

Making geecenservatien and geeteurism cempatible
requires legal mechanisms which allew planning and man-
agement measures te be established fer the activity areas. If
these are net put inte place, all the werk dene might well be
in vain; this is because there is ne legal basis te prevent
activities which may lead te deterieratien ef the geeheritage
in questien. The regulatery framewerk effered by pretected
areas ensures that this cannet eccur. The werking methed-
elegy used in the Natural Reseurces Management Plan fer
Covalagua and Las Tuerces in Nerthern Spain attempted te
selve the usual preblems with censervatien ef geelegical
and geemerphelegical heritage (Carcavilla et al. 2087) and
te ensure the cempatibility ef this censervatien with gee-
teurism. The central feature of this cempatibility between
censervatien and teurism, including geeteurism, in the pre-
tected areas is the regulatery framewerk and public use
pregrammes.

Te meet the censervatien and geeteurism ebjectives, the
rele of geelegical and geemerphelegical infermatien in the



Fig. 11 Cempilatien of
Spanish sites of begaz en
carbenatic recls (in red,
including Las Tuerces) and
cempilatien of geed examples
of sinkhele ficlds en carbenatic
recls in Spain (in green,
including the sinkhele ficld of
Covalagua)

declaratien, land use planning and management ef the
Ceovalagua and Las Tuerces pretected area was essential
beth te structure the rest of the ecelegical and landscape based
infermatien fer these areas, and alse te establish a significant
prepertien efthe directives and regulatiens fer their public use.
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Geelegy and geemerphelegy tumed eut in fact te be essential
features when creating a land planning and management teel.
This methedelegical medel ceuld well be applicable te ether
land areas with similar geemerphelegical characteristics te
explain the dynamic and cenfiguratien ef their ecesystems
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Fig.12 Prepesal of lecatien ef paths and lecatien ef interpretative makrial fer visiters and geeteurists at the pretected arca of Las Tuerces



and landscapes, as is frequent in many pretected areas en a
glebal level, including karstic, granitic, velcanic, glaciated er
desert landscapes, ameng ethers.

In this centext, the methedelegy develeped in the Cova-
lagua and Las Tuerces Plan includes new cencepts and
methedelegics designed te selve the mest usual preblems
feund in decuments of this type, including: (a) the accumu-
latien of a large quantity ef infermatien which is ef ne use
fer land planning purpeses and (b) the minimal relatienship
between the infermatien included in inventeries and the
evaluatien, diagnestic and regulatery phases. Fer the fer-
mer, it is commen that large ameunts ef infermatien that de
net have any link with land use planning purpeses ‘fill’ the
reperts. Fer the latter, even when an apprepriate inventery is
made, it is cemmen that the infermatien ef the inventery
decs net ‘flew’ inte the subsequent phases of planning. This
is cemmen because, usually, the peeple invelved in the
inventery phases neither are the same than these in charge
of writing the evaluatien, diagnestic and regulatery phases,
ner they have an apprepriate cemmunicatien. @verall, the
study herein presented prevides a methedelegy useful te
ether landscape planners and geecenservatienists faced with
the requirement te research and publish evidence based
decumentatien fer statutery censervatien purpeses.
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