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Abstract — Karst hydrology is dominated by limited surface runoff, which represented the main prob-
lem faced by man from the first historical phases of settlements. Man was however able to develop
techniques to collect the available water resources, and adapted his way of life to the karst environ-
ment, reaching a sustainable use of the water resources. In the last centuries attention paid by man to
the need of the environment has dramatically changed, with immediate negative consequences. Sev-
eral anthropogenic actions have caused heavy changes in the natural landscape, with effects as in-

creased erosion and flash floods.
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INTRODUCTION

Karst environments are among the most
fragile settings of the world, extremely
vulnerable to a number of degradation
events (Ford & Williams, 2007; Parise,
2010). Paying no attention to karst features
results in a poor land management, both at
the surface and underground, as repeatedly
observed on the occasion of the frequent
episodes of pollution which are at the ori-
gin of severe damage to the natural envi-
ronment and the karst ecosystems (Parise
& Pascali, 2003).

Considering karst aquifers, FAO
(the Food and Agriculture Organization of
the United Nations) forecasts that before
2025 at least 80% out of the demand of
drinkable water in the Mediterranean Basin
will be provided by karst aquifers. There
is, therefore, an urgent need to adequately
protect them by any pollution event likely
to affect water quality (White, 1988, 2002;
Bakalowicz, 2005). Protection of karst en-
vironments is a mandatory step to main-
tain, safeguard and transmit its extreme
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richness and biodiversity to the future gen-
erations (Parise & Gunn, 2007).
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Figure 1. Geological sketch of Apulia (modi-
fied after Pieri et al. 1997): 1) Bradanic
Trough sediments and terraced deposits (Plio-
cene-Pleistocene); 2) carbonate units of the
Apulian Foreland (Mesozoic-Cenozoic). The
three main karst areas of the region (Gargano,

Murge, and Salento) are shown.

In Italy, Apulia represents an im-
portant karst area. Its geologic features,
combined with geography (narrow and
elongated peninsula between two seas),
and morphology (low-relief, undeformed
foreland), make the region highly vulner-
able to landscape changes. Quarrying and
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agricultural practices are the human activi-
ties more dangerous to karst. As regards
agriculture, even old practices such as
clearing stones from the fields have
reached in recent years a heavy impact,
with disastrous effects on the landscape. In
this article, the attention is focused on the
Murge area (Fig. 1), one of the most sig-
nificant karst sector of the region.

LAND USE CHANGES IN THE
KARST OF MURGE (APULIA,
SOUTHERN ITALY)

Among the most peculiar characters of
karst is the presence at the outcrop of bare
rock (Fig. 2), or its coverage by thin layers
of residual materials. In those areas where
a greater amount of clays is present,
slightly-defined karst wvalleys, locally
called “/lame”, are formed. These originally
were the only sectors where it was possible
to perform agricultural practices (Parise et
al., 2003). Low relief of /ame makes them
very easy to be canceled from the land-

scape.

Figure 2. Murge karst landscape, with out-
cropping of bare rock.
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As concerns hydrology, lame repre-
sent most of what is left of the original sur-
face drainage network. They become reac-
tivated, that is interested by runoff, on the
occasion of the most significant rain-
storms, whilst appear to be dry most of the
year. Due to the carbonate setting, and the
exposure of bare rocks, there is generally
no real water flow system at the surface,
with water rapidly infiltrating underground
through the network of karst fissures and
conduits in the rock mass.

From a geomorphological stand-
point, the Apulian Murge are characterized
by typical karst surface landforms, mainly
dolines with poligonal shapes and diameter
generally variable from a few tens to some
hundreds of meters. They were presumably
originated during the Upper Tertiary under
wet-humid climatic conditions (Sauro,
1991; Parise, 2011). The present situation
derives from their partial dismantling by
erosion, which occurred in Pleistocene
time.

In the Murge highplain a high
number of mostly vertical caves are pre-
sent, showing deep shafts, generally con-
trolled in their development by tectonics.
Many caves have been lost in the last dec-
ades, due to intense quarrying activity, and
diffuse stone clearing and crushing prac-
tices (Giglio et al., 1996; Canora et al.,
2008). Several accesses to karst caves have
been clogged with the material deriving
from stone clearing in the surrounding
fields, whilst other caves have been de-
stroyed by quarry advancement (Formicola
et al,, 2010). Damage to karst is still on go-
ing, without any concern for the karst eco-
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Figure 3. Rural architetture in Apulia: trulli (left), a 1ypi’a countryside house, and dry-stone walls

(right).
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Stone clearing had always been a
diffuse practice in many territories of
southern Italy, aimed at obtaining wider
areas for agriculture. In the past, it was
performed manually by farmers, and the
resulting material was used to build the
typical rural houses or the dry-stone walls
(Fig. 3). The latter, a fundamental element
of the Apulian countryside, had many
functions. They were the boundaries of
fields and properties, at the same time
helping in controlling the movements of
the flocks; dry-stone walls were also used
to terrace, functional to reduce or stop the
erosion, and to provide greater stability to
the slope. Further, they had a crucial func-
tion in collecting the rainfall, in territories
characterized by medium-low amounts of
precipitation. The concave shape of their
transversal profile was able to collect at the
site a certain amount of water (Fig. 4).
Dry-stone walls acted as condenser of at-
mospheric vapor, collecting daily water
that, once transferred to the soil, contrib-
uted to feed bush and plants in its prox-
imities. Further, condensation water within
the dry-stone walls was not affected by
evaporation, because of the temperature
increase during the day.

In the last decades the use of mod-
ern machineries and technologies to clear
the fields from stones greatly increased,
even thanks to disputable codes from the
European Community, addressed to land
use changes, and which were applied in
Apulia without taking into consideration
the peculiarities of karst environments.
Many hectares of land have been exten-
sively cleared, large amounts of rock ex-
tracted from the soil, crushed and dissemi-
nated to create a new “soil”. In many
cases, once produced the land use change,
pieces of land were eventually abandoned,
without harvesting the fields. Wide sectors
of Murge have thus lost the original land-
scape, whilst great volumes of rocks have
been dumped into caves, or accumulated
around swallow holes, creating serious
danger to cavers.
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Figure 4. Transversal profile of a dry-stone
wall (modified after Cantelli, 1994).

In addition to destruction of caves,
the main negative effect of stone clearing
is the loss of the epikarst (Williams, 1983,
2008). Even though epikarst is generally
quite thin, it provides a vital function for
karst ecosystems, governing water infiltra-
tion underground, and its absorption as
well. Destroying epikarst, the removal of
the individual soil particles by wind, rain,
and runoff is strongly favored, even in very
low slopes. This is at the origin of increase
in the erosional rate, and may promote a
tendency toward desertification, as already
registered in many Mediterranean coun-
tries (Yair, 1983; Rejec Brancelj, 1998;
Sharma, 1998; Frumkin, 1999; Manzano &
Navar, 2000).

The remnants of the original sur-
face hydrologic karst system are also lost
as a further effect of destruction of the epi-
karst. As previously mentioned, this sys-
tem (mostly consisting of /ame), is very
shallow and easy to be disturbed by an-
thropogenic changes to the landscape.
Among the main consequences, develop-
ment of erosional processes, even on low
slopes, and floods had to be registered with
an increasing frequency in the last twenty
years (Parise, 2003; Andriani & Walsh,
2009).

CONCLUSIONS

The low-relief karst of Apulia has been
deeply changed in the last decades as a
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consequence of intense human activities
which developed without taking into ac-
count the peculiarities of the karst setting.
Differently than in the past, when man was
able to understand the local environment
through observations and direct experi-
ence, and to reach a sustainable develop-
ment, we are at present destroying large
sectors of the natural karst landscape,
spoiling the resources therein contained.
Unfortunately, such practices are not lim-
ited to Apulia, but widespread in many
karst areas of the Mediterranean Basin.
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