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Maps 10. The landscape as a connector for ecological pro-
cesses: cartography of the Ecological Connectivity Index 
(ECI), applied to the study area in 1954-56 and 1999-2004
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a critical phase and a signifi cant decline in biodiversity may ensue. 
Th ese results are closely related to the growing ecological fragmen-
tation revealed by the structural analysis carried out with classical 
metrics. It is apparent that the barriers inserted by cities and ur-
ban facilities segregate natural and agricultural spaces and that these 
fragments are becoming increasingly smaller and isolated from each 
other. Th ese residual spaces have started to lose the greater part of 
their ecological functions and are becoming the main cause of the 
regional and global loss of biodiversity.53 Th us, while the Barrier Ef-
fect Index (Figure 11) indicated a 28% impact on the whole area 
under study in 1956, by 2004 the index had climbed to 63%. Th is 
result is by itself clearly indicative of current trends and very much 
in line with fi ndings for metropolitan areas published elsewhere.54

Finally, as expected from the above results – a dramatic fall in ec-
ological functional areas and a considerable increase in the eff ects of 
anthropogenic barriers – the ecological connectivity between wood-
land, agricultural and pasture mosaics deteriorated signifi cantly dur-
ing the period 1954-2004 (Maps 10). Th us, while in 1954 85% 
of the area had an ECI>5, by 2004 barely 16% of the area had a 
comparable index (Figure 11). However, it should be noted that, 
since the study area lies between the pre-littoral mountain range and 
the plain, this part of the Metropolitan Region of Barcelona still 
maintains a signifi cant functional connectivity. Considerably lower 
values were obtained for the rest of the Vallès county, which today 
is completely fragmented by urban and peri-urban settlements, in-
dustrial sites, and transport facilities, and where the only remaining 
connectors are often just a few streams that suff er high rates of eco-
logical degradation.55 Th us, we can conclude that over the last 50 

53 D. Saunders, R.J. Hobbs, C.R. Margules, “Biological consequences of eco-
system fragmentation: a review”, in Conservation Biology, 5, 1991, pp.18-32.

54 R.T.T. Forman, L.E. Alexander, “Roads and their major ecological eff ects”, 
in Annual Review of Ecology and Systematics, 29, 1998, pp. 207-231; Trombulak, 
Frissell, “Review of Ecological Eff ects of Roads” cit., pp. 18-30; Forman, “Esti-
mate of the Area Aff ected” cit., pp. 31-35.

55 J. Marull, J.M. Mallarach, “La conectividad ecológica en el Área Metro-
politana de Barcelona”, Ecosistemas, 11, 2, 2002, http//www.aeet.org/ecosiste-
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Figure 11. The landscape as a connector for ecological 
processes: main results obtained in the study area com-
paring the 1954-56 with 1999-2004 state
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Source: made with GIS by María José Cordobilla, Emili del Pozo and Jac Cirera 
in Barcelona Regional, for the research project SEJ2006-15108-C02-01/GEOG, 
from the land-use covers taken from the historical sources cited in Maps 4, and 
the first aerial photograph made in 1956-57 by the US Air Force.10
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years the priority given to urban development in the metropolitan 
area of Barcelona has taken a heavy toll on the traditional agricul-
tural mosaics of the plain. For this reason, the conservation of spaces 
such as those under study here takes on even greater signifi cance.

Conclusions and further research proposals 

Th is study meets a two-fold aim. First, it has tested the possibilities 
furnished by historical cartographic sources and aerial photographs, 
combined with those provided by recently developed orthopho-
tomaps and orthocorrected satellite images, to analyse the changes 
in the structure and composition of the land matrix using GIS tools 
and methods devised in landscape ecology. Second, it has tested new 
parametric indices, including the Landscape Metrics Index and the 
Ecological Connectivity Index, to assess the effi  ciency of these his-
torical landscapes. Th e answer to the basic question – can the loss of 
landscape effi  ciency attributable to the degradation of the traditional 
Mediterranean agro-forestry mosaic be accounted for by means of 
new socio-ecological indices or landscape metrics? –  is affi  rmative.

Th is study has also carried out a preliminary test of the hypoth-
esis that much of the loss of landscape effi  ciency, associated with 
a change in the composition and structure of the ecological land-
scape, is historically linked to a deterioration in the energy yield 
of the agrarian systems, together with the social crisis suff ered by a 
rural world that has gradually lost control of the land. Here again 
the answer would seem to be affi  rmative, although further research 
and the development of improved methods are required. Our results 
actually show that the loss in energy yield went hand in hand with 
signifi cant anthropogenic modifi cations to landscape structure and 
composition, which in their turn increased land fragmentation and 
reduced the grain size of patches. An increase in heterogeneity as-
sociated with a larger number of less natural land-covers (urban and 
road) has also been confi rmed. Th e changes observed in the land 

mas/022/investigacion6.htm; Marull, Mallarach, “A GIS methodology” cit., pp. 
243-262.
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matrix seem to suggest that the likely impact on the ecological func-
tioning of the landscape will be particularly strong.

What exactly though are these effects likely to be? The presence of 
strong links between a landscape’s structure and the way it functions 
is today widely accepted, although landscape ecology is not find-
ing it easy to describe this phenomenon in mathematical terms.56 
Several authors have indicated that an increase in the fragmentation 
and a decrease in the grain size of landscape units can have a negative 
effect on their capacity to host specialised species (i.e., inner-patch 
specialist species) and complex ecological processes.57 The use of the 
new socio-ecological indices reported here would appear to reinforce 
this thesis. In fact, our results, obtained by applying indices of po-
tential relation, contact heterogeneity, and ecological integrity, show 
a general loss of the functional capacity of the region under analysis 
as a habitat over the period of study. Likewise, the connective capac-
ity of the region has also been affected by these changes, as shown by 
the fall in the number of functional ecological areas, the increase in 
the anthropogenic barrier effect, and the sharp decrease in the Eco-
logical Connectivity Index. Generally speaking, landscapes tend to 
become more suitable for opportunistic edge species that do not re-
quire special ecological conditions, and thus become a fertile ground 
for intrusive exotic species.58 The end result is, therefore, a simplifi-
cation in the quality and quantity of the landscape as an ecosystem. 
This loss of ecological functioning in these ill-structured landscapes 
becomes apparent as they lose their capability to host and connect 
complex ecological processes.

Any attempt at a more precise assessment of this cause-effect rela-
tionship, i.e., that which exists between the loss of energy efficiency 
and changes in the landscape structure and functioning, lies beyond 
the scope of this present study. The historical link between both 
processes requires a more complex exploration and the incorpora-

56 Forman, Gordon, Landscape Ecology cit.; Li, Wu, “Use and misuse” cit., pp. 
389-399.

57 Forman, “Some general principles” cit., pp. 133-142.
58 Guirado, Paisatges forestals fragmentats cit.
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tion of other relevant factors. As a rule, causal nexus in open histori-
cal processes are particularly diffi  cult to establish, and cannot be un-
derstood in a purely deterministic way.59 In this context, we believe 
our results confi rm our starting hypothesis that changes in energy 
systems have had signifi cant eff ects on agricultural and livestock 
land-uses in the cultural landscape under study, which in turn have 
led to signifi cant ecological degradation, linked at the same time 
to other societal transformations in lifestyle and the urban occupa-
tion of the landscape. However, further exploration of this complex 
historical link is required, an exploration based on more empirical 
case studies and better socio-ecological and agency-based models. A 
GIS landscape account of the Human Appropriation of Net Primary 
Production (HANPP) would appear to constitute a potential bridge 
between the energy and material fl ows of social metabolism, on the 
one hand, and the structure, naturalness, and heterogeneity of land-
use patterns, on the other.60 Nevertheless, other methods should 
be adopted, such as a GIS spatial account of human-driven energy 
fl ows in a given area, in order to correlate them statistically with eco-
landscape indicators in the corresponding landscape units. 

Any socio-ecological assessment of this open historical link in 
energy and land uses must take into consideration the distinction 
between the driving forces that change the context in which human 
agents behave, and the ruling decisions taken by the agents involved 
in the established decision-making procedures. Th e prevailing socio-
economic and political model is responsible not only for the spec-
tacular urban growth that has taken place in most Mediterranean 
metropolitan areas over the last fi fty years, but also for the contem-
porary crisis faced by traditional agrarian landscapes.61 Both proc-

59 I. Prigogine, I. Stengers, Order out of Chaos: Man’s New Dialogue with Nature, 
Bantam, New York 1984; I. Prigogine, Th e End of Certainty: Time, Chaos and the 
New Laws of Nature, Free Press, New York 1997; D. Little, “Explaining Large-Scale 
Historical Change”, in Philosophy of the Social Sciences, 30, 2000, pp. 89-112.

60 Wrbka et. al., “Linking pattern and process” cit., pp. 289-306.
61 M. Kasanko, , J.I. Barredo, C. Lavalle, N. McCormick, L. Demicheli, V. 

Sagris, A. Brezger, “Are European cities becoming dispersed? A comparative 
analysis of 15 European urban areas”, in Landscape and Urban Planning, 77, 1, 
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esses have led to a conceptual devaluation of landscape understood 
as a system, so that today landscapes are regarded as little more than 
extensions of land available for any use, or to fall into disuse, regard-
less of ecological impact.62 This loss of value has led to a general lack 
of concern as regards landscape management, barely offset by public 
policy issues. However, our society is coming under increasing pres-
sure to weigh up the medium and long-term socio-ecological effects 
of the absence of sustainable land-use management. In this context 
of socio-ecological awareness, there can be no excuse for not seeking 
to recover the virtue of landscape efficiency. 

We believe that such a change is possible, precisely because the 
cause-effect relationship between the socio-economic system and 
land-use management has always been historical. Through the weav-
ing of trends that lead to multiple situations of path-dependency, 
history matters. Nevertheless, historical trends are not ruled by fate. 
If a causal relationship is historical and not deterministic, then it is 
intrinsically liable to modification. Understanding its genesis helps 
to identify the key conditions to change its course. We trust that 
studies such as the present one will help in this task, providing ap-
propriate criteria and useful instruments that may restore the effi-
ciency of our landscapes.

2, pp. 111-130; Farina, “The Cultural Landscape” cit., pp. 313-320; Agnoletti, 
The Conservation of Cultural Landscapes cit.; Parrotta et al., Cultural Heritage cit.

62 J. Marull, “La vulnerabilidad del territorio en la región metropolitana de 
Barcelona. Parámetros e instrumentos de análisis”, in El territorio como sistema. 
Conceptos y herramientas de ordenación, R. Folch (ed.), CUIMP/Diputació de 
Barcelona, Barcelona 2003




