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The Guadiana estuary (Iberian Peninsula, Europe) has low agriculture, industry and urban pressure, unlike other major Iberian
estuaries; however, this situation is about to change. The Alqueva dam was constructed at 150 km from the river mouth, creating
one of the biggest artificial lakes in Europe, which will support 110 000 ha of irrigation areas. Moreover, the estuarine margins
are suffering increased human pressure. The risks that the Alqueva dam will pose to the downstream ecosystems, mainly to the
estuary and adjacent coastal area, will be reviewed in this paper. Other issues are also analysed, as increased human
desertification in the Portuguese basin, real estate pressure and the impact of the construction of a public infrastructure in the
Portuguese lower estuary. Increased problems of sediment load reduction, water quality deterioration and shifts in the
downstream fish populations are expected due to higher river flow reduction. Irreversible changes to estuarine margins and
increased risk of pollution in the estuary will result from the multiple urban pressures. Lack of forest management and increased
risk of wildfires, leading to water quality degradation and increased soil erosion, are a result of human desertification in the upper
Portuguese basin. Multiple solutions to tackle these problems have to be considered. Creating the International Natural Park of
the Lower Guadiana would not be enough and tourism should not be regarded as the only way to develop such a poor region. An
ecohydrological approach of the basin should be implemented, to establish scientific based solutions to help solving conflicts and
testing scenarios. Ultimately, the creation of a Portuguese-Spanish Basin Management Council for the lower Guadiana, involving
those that are interested in the sustainable development of the Guadiana (local populations and associations, private stakeholders
(dam managers, tourism entrepreneurs, farmers), local and national authorities, ENGO’s and scientists) is essential to produce
ecological and sustainable management decisions.

Keywords: Guadiana basin, dam impacts, Ecohydrology, Alqueva dam, Guadiana estuary

Introduction

Estuaries are highly dynamic systems, where complex
interactions linking physical, chemical, geological and
biological components occur, according to tidal ampli-
tude, river flow, episodic events (e.g. floods), local (e.g.
rainfall, droughts) and large-scale atmospheric phenom-
ena (e.g. North-Atlantic Oscillation- NAO) and global
climate change (Steinetal. 2004, Struyfetal. 2004, Trigo
et al. 2004). Estuaries undergo intense anthropogenic
impact from urban, agricultural and industrial runoffs
along their path, but also from the disturbances that occur
in the entire basin (Saiz-Salinas 1997, Grousset et al.
1999, Cearreta et al. 2000, Suzumura et al. 2004), even if
located hundreds of kilometres apart. Indeed, damming
is one of such disturbances that cause meaningful dele-
terious changes to downstream ecosystems (Ly 1980,
Nixon 2004).

Inthe Guadianabasin (SW-Iberian Peninsula, Europe)
(Fig. 1) the main ecological constraints are damming,
water abstraction from aquifers and water pollution.
Even so, the estuary is one of the best preserved estuaries
ofthe Iberian Peninsula. Nevertheless, nowadaysithasto
deal with 7) the impact caused by one of the major Euro-
pean dams, the Alqueva dam, i7) the creation of 110 000
ha of irrigation areas until 2015 in the surroundings of
this dam and ii7) the destruction of vast natural areas
along the estuary margins to build tourist resorts.

One of the solutions to solve or prevent ecological con-
straints to the estuary should be based on an ecohydro-
logical approach of the ecosystem, i.e. studying the
functional inter-relations between hydrology and biota
at the catchment scale, in order to propose sustainable
water management practises (Zalewskietal. 1997). Suc-
cessful approaches were already achieved in worldwide

Article available at http://www.limnology-journal.org or http://dx.doi.org/10.1051/limn:2008012



http://www.limnology-journal.org
http://dx.doi.org/10.1051/limn:2008012

106 P. MORAIS )

’

Guadiana estuary (\\/‘/——w

Fig. 1. Geographical location of the Guadiana river basin, Alqueva dam and Guadiana estuary in the Iberian Peninsula (Europe).

freshwater aquatic ecosystems (Hickley et al. 2004,
Wagner-Lotkowska et al. 2004, Trepel & Kieckbusch
2005). Recently, the concept was extended to estuaries
and coastal areas (Wolanski et al. 2004); however the
concept is being applied in the Guadiana estuary for the
past 12 years (Chicharoetal. 2001, Wolanski et al. 2006).

This article will review the main ecological constraints
of the Guadiana basin and will focus on the current
threats that the Guadianaestuary and the adjacent coastal
area has to deal in the present and future (Fig. 2). The
impacts caused by damming to these ecosystems will be
described, namely those related with sediment load
reduction, water quantity and water quality decline and
with the impact on fish populations. Preventive and mit-
igation measures will also be suggested.

The Guadiana basin (SW-Iberian
Peninsula, Europe)

The Guadiana basin is the fourth largest in the Iberian
Peninsula and is shared by Portugal and Spain (Fig. 1).
The Guadiana river rises in Lagunas de Ruidera (Spain)
at an altitude of 1700 m and drains in the Atlantic Ocean,
near the city of Vila Real de Santo Anténio (Portugal). It
has an area of 66889 km?2; 55364 km?2in Spain and 11525
km? in Portugal. The river has a total length of 810 km,
550 km in Spain and 150 km in Portugal; the remaining

forms the border between these countries. The estuary
has its tidal limit in Mértola, 70 km away from the coast.
The estuary is mesotidal and tidal amplitudes range from
1.3to3.5m.Itoccupies anareaof 22 km?and has an aver-
age depth of 6.5 m. Annual average temperature varies
between 14 and 18 °C. Rainfall is very irregular between
years; 80% is concentrated during autumn and winter,
while summers are very dry. Average annual rainfall
ranges between 561 and 600 mm in the Portuguese basin,
but high variations are expected between years. River
flow has a clear variability between and within years,
since the majority of the basin is under the influence of
Mediterranean climate. During dry years the average
annual river flow oscillates between 8 and 63 m3s!;ina
regular year it averages between 170 and 190 m3 s! and
between 412 and 463 m3s7! in a humid year (Bettencourt
etal. 2003).

There are 1.92 million inhabitants in the entire basin,
88% of which are in Spain (Euronatura & [IDMA 2003).
Along the estuary, the human presence is sparse and it is
mainly located in Portugal. In the low estuary there are
two main population agglomerates, Vila Real de Santo
Anténio (Portugal) and Ayamonte (Spain), with an
approximate resident population of 13 880 and 17 500
inhabitants, respectively. Direct sources of pollution
result from the runoffs and the partly treated or untreated
sewages of these cities, of other small villages and of two
aquaculture enterprises. Diffusive pollution from agri-
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Fig. 2. Main impacts caused by damming and change of land use around the Guadiana estuary and their possible prevention and mitigation

measures.

culture, mainly of orange groves in mid estuarine Span-
ish margins, and from decommissioned mine runoffs in
upper estuarine regions also occurs. New tourist resorts
are planned for the middle estuary margins and one is
almost constructed; therefore they will have to be
included in the map of pollution sources. These infra-
structures raise huge expectations by the local popula-
tions, to improve the local economy, and great concern to
regional non-governmental environmental organiza-
tions.

There are three ecological constraints in the Guadiana
river basin. The first of them is the aquifers overexploi-
tation in the upper basin, which supports extensive irri-
gation areas. The second ecological constraint is the
non-point source pollution originated in these areas and
from industries, decommissioned mines, untreated sew-
ages, sewage treatment plants and landfills. The aquifer
overexploitation in the upper basin is trying to be miti-
gated with sustainable water use and with water transfer
from the Tagus basin; however thisled to the introduction
of non-native fish species in the Guadiana basin (Fornés
et al. 2000).

The third main ecological constraint of the Guadiana
basinis the intense damming. Initially, dams were essen-
tial to maintain water supply during the sporadic, but
sometimes long drought periods. The first dams of this
basin, and also of the Iberian Peninsula, were built by the

RomansinITA.D.Thesedams, Cornalvo and Proserpina,
had a total capacity of 10 hm3 and 4 hm?3, respectively.
Later, several others were built and until 1956, when the
Cijara dam (1670 hm3) was built, the total amount of
water stored in reservoirs was 115 hm3. In 1964, this
value increased to 3850 hm?, increasing slightly until
1988, when it raised again to 7540 hm? and to 8575 hm?
in 1990. Today, after the construction of the Alquevadam
in February 2002, 12730 hm? of water can be stored in the
1824 dams of the Guadiana basin. The average total flow
of the Guadiana is 4400 hm3 (Dias & Ferreira 2001),
however the major 86 dams retain ~150% of the average
annual rainfall (UNEP 2006).

The intense damming of the basin raises great concern
on water availability, mainly along the Portuguese-Span-
ish border (Brandao & Rodrigues 2000). The amount of
water drained to the Portuguese basin decreased by about
60% in the last 30 years and the quality is rather poor. Of
the total needs for irrigation and domestic water supply,
81% and 75% are consumed and generated in Spain,
respectively. The land use is predominantly rural and irri-
gation accounts for 93% of water consumption in Spain.
Here, non-sustainable agriculture practises cause con-
flicts between environmental sustainability and socio-
economic interests (Sanz 1999, Fornés et al. 2000).

The impact caused by the construction of the Alqueva
dam in the upper Portuguese basin is now the focus of con-
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cern. The Alqueva dam, and the subsidiary Pedrégao dam,
will control the river flow before water reaches the estuary,
since they are the lastin the river main course. The Alqueva
dam is located approximately at 150 km from the river
mouth (Figs. 1, 2). It forms at its maximum capacity (152
m level) one of the biggest artificial lakes in Europe (Hell-
sten 2003), with an area of 250 km?2 (63 km? in Spain), a
perimeter of approximately 1000 km, a total capacity of
4150 hm? and an useful capacity of 3150 hm3. The objec-
tives of the Portuguese government with the construction
of the Alqueva dam, and of those that constitute the
Alqueva project, were to reinforce the capacity of hydro-
electric production, to develop tourism, to promote
regional employment, to organize intervention in environ-
mental and patrimony domains, to fight physical deserti-
fication and climate change, to modify the agriculture
model of south Portugal and to regularize river flow.

Damming and shifts on downstream
ecosystems

Dams were primarily built to supply men of freshwa-
ter, either for direct consumption or for agriculture.
Later, dams were also built to produce hydroelectric
power and to regulate river flow. In many regions, the
control of river flow allowed to regulate floods and hence
preventing or minimizing there catastrophic effects.
However, it often led to the loss of connectivity between
rivers and floodplains, which have meaningful negative
impacts on aquatic and terrestrial ecosystems, since
many plant and animal species can only complete their
life cycle if the natural contracting river flow regime is
maintained (Bunn & Arthington 2002). The lower Gua-
diana basin does not hold a floodplain like many rivers in
Europe (e.g. Danube- Central Europe; Loire- France;
Tagus-Portugal; Vistula- Poland), only the terminal 5 km
of therivervalley has abroader opening,accommodating
the extensive salt marshes on both sides of the estuary
(Boski et al. 2002). The connectivity between the mar-
gins and the Guadiana river/estuary is insufficiently
understood (Raposo 2004, R. Santos, Univ. Algarve,
unpublished data) and the management of river flow to
control eutrophication phenomena in the estuary started
just recently (Chicharo et al. 2006a, Morais 2007).
Therefore, this chapter will focus on the following con-
solidated topics: /) Water quantity and sediment load, ii)
Water quantity and water quality, iii) Water quantity and
fish populations.

Water quantity and sediment load

Damming causes a decline on the quantity of sediment
exported to downstream regions, originating deleterious

effects on coastal ecosystems, such as coastal erosion
and marine sedimentary deposition in the low estuary.
However, sediment deposition was also reported, in
April 2008, in the fluvial section of the estuary by the city
council of Mértola, which blamed the Alqueva dam for
this situation (Fig. 2).

Before intensively damming the Guadiana basin, ore
exploitation (late 19" and early 20" centuries) and the
“wheat campaign” (1938-1945), which occurred in the
upper Portuguese basin, increased the sediment trans-
ported to the coast. Afterwards, damming had an oppo-
site effect. These contrasting situations drastically
changed the area of a sand bank in the river mouth- the
O’Brill Bank (Dias et al. 2004). The O’Brill Bank
reached its maximum area, ~6 km?2 around 1910, when
mining was at its maximum. Mining needed huge
amounts of timber, causing deforestation and soil ero-
sion. However, around 1990, after intense basin dam-
ming and littoral drift interruption, the O’Brill Bank had
an area of 0.7 km?2, only 11.6% of the former maximum
arca (Gonzalez et al. 2001).

The Guadiana river mouth was highly dynamic until
the construction of two jetties (1972-1974) (Bettencourt
et al. 2003), that drastically changed the sediment
dynamics (Dias et al. 2004). The western jetty inter-
rupted the predominant eastward littoral drift (Loboetal.
2002), estimated in 180 000 m3.year! (Gonzélez et al.
2001). Nowadays, marine sediment deposition occurs in
the river mouth due to @) the cumulative effect of river
flow reduction, ») the inherent higher flood velocities, ¢)
the predominant W and SW coastal wave regime and d)
the hampering effect on flooding caused by intensive
damming (LNEC 2001).

Despite marine sediment accumulation in the river
mouth, there is a deficit of supply to the coast. Coastal
erosion started in the late 1950°s in the Spanish coast
(Dias & Ferreira2001). The sediment is retained in dams
and coastal jetties, which interrupts the predominant
eastwards littoral drift (Lobo et al. 2002). The Alqueva
dam s expected to amplify coastal erosion (Del Rio et al.
2002); however its harshness is unknown. Similar situa-
tions are already documented for other Portuguese (Dias
etal. 2000, Veloso-Gomes 2002) and worldwide coastal
areas (Ly 1980, Palanques et al. 1990, Barusseau et al.
1998, Chen & Zong 1998).

The predicted sea-level raise will intensify coastal ero-
sion andrecession of deltasystems (Yangetal. 2001) and
will cause saltwater penetration into coastal aquifers and
estuaries, contaminating urban water supply and affect-
ing agriculture production (Gornitz 1991). To worsen
this scenario, the impact of global climate change must
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be considered; indeed it might reduce the current average
river discharge up to 60% (Santos & Miranda 2006).

Water quantity and water quality

The water reduction imposed by the Alqueva dam con-
struction, in addition to the impact of all the other dams in
the Guadiana basin, will have negative impacts on water
quality and on the biological communities of down-
stream areas (Fig. 2).

The water quality released from young reservoirs can
be rather poor, because water with depleted levels of oxy-
gen and high concentrations of hydrogen sulphide is
released. These water characteristics result from the
decomposition of organic matter in the submerged area
of the reservoir (McCully 1996). Clearing the vegetation
before submerging areservoir canreduce the problem. In
the Alqueva reservoir, the majority of the vegetation was
cleared, but not entirely due to time constraints. The
exact area that was not cleared is unknown. There is no
available data of the concentrations of dissolved oxygen
and hydrogen sulphide that is released from the Alqueva
reservoir, but the typical problems associated with these
parameters, such as prohibition for consuming water
fromreservoirs and fauna mortality downstream the dam
(McCully 1996), were not observed.

Phytoplankton dynamics have been studied in the
upper Guadiana estuary for the last decade (Rocha et al.
2002, Domingues et al. 2005). During the filling of the
Alqueva dam (2002-2003), nutrient and phytoplankton
dynamics changed drastically (Domingues et al. 2005).
Silicaconcentration increased significantly, however the
diatom spring bloom did not occur. Moreover, cyanobac-
teria abundance increased, not only during summer, as
common, but also in autumn and winter.

Long water residence time and water column stability
are two of the main leading forces of cyanobacteria
dynamics (Paerl 1996, Morais et al. 2003). The higher
incidence of cyanobacteria is also associated with
degraded ecosystems, mainly in periods of high water
and atmospheric temperatures (Hickel 1982, Douterelo
et al. 2004). Several cyanobacteria species synthesize
toxins (Carmichael 1994, Feuillade 1992), nuisance to
aquatic (Pizzolon 1996) and terrestrial communities
(Rodas & Costas 1999). Thus, if dams retain water and
diminish river flow, then this process will increase the
residence time of downstream water bodies. Water qual-
ity isstrongly dependent of the water quantity released by
dams. This will be critical in periods of consecutive years
of droughts, which is not unusual in the Guadiana basin
(INAG 2007). Indeed, a long drought period was expe-
rienced, in southern Portugal, from 1990 to 1993. The

drought, in combination with agricultural (high loads of
nitrates, phosphates and pesticides), industrial and urban
contamination, caused the blooming of an aquatic fern
(Azolla spp.), in vast areas of the Guadiana river. Local
and military authorities were involved in its harvest to
minimize aquatic eutrophication after the end of Azolla
spp. life cycle. Thisunique eventinstigated great concern
among local populations, inrespect to the ecological sta-
tus of the Guadiana river (Baioa 1997).

Water quantity and fish populations

Water retention in dams influences not only the fish
populations trapped by dams, but also stream fish popu-
lations, estuarine ichthyofauna and coastal communities
(Fig. 2). The most common impact affecting fish popu-
lations that is directly attributed to dams is the obstruc-
tion to fish migration (Zhong & Power 1996) and to the
successful reproduction of native fish as consequence of
the release of cold waters from dams (McCully 1996).
For example, the interruption of salmon migration in the
Columbia River caused the loss of 6.5 billion USD in
reveneu between 1960-1980, and the Colorado river is
now too cold for the successful reproduction of native
fish as far as 400 kilometres below the Hoover dam
(McCully 1996). In the Guadiana river, there is no study
on the impact of the release of cold waters on the suc-
cessful reproduction of fish, however this relationship
was established with native bivalves presentdownstream
of the Alqueva dam (J. Reis, Instituto de Conservacgao da
Natureza, personal communication). Dams also forces
fishes to find alternatively migration routes (Antonio et
al. 2007), but if a basin is intensively dammed, then there
areno alternatively spawning grounds and nursery areas,
which severely compromises the conservation status of
endemic fishes, like Anaecypris hispanica in the Guadi-
ana basin (Collares-Pereira et al. 1999). The possible
construction of more dams in the lower stretches of the
Guadiana basin will clearly compromise the integrity of
this species. Moreover, it is often accepted that dams are
genetic barriers, disabling gene flow between popula-
tions located upstream and downstream dams. This state-
ment can not be generalized, because it can be true for
some species (Neraas & Spruell 2001), but not for others
(Reidetal.2008), even for different species inhabit in the
same dam (Haponski et al. 2007).

More negative impacts on ichthyofauna occurred in
southern Portuguese reservoirs, in Alentejo and Algarve.
In July 2005, 170 tonnes of fish had to be collected from
reservoirs during a drought period with the influence of a
heat wave, in order to avoid fish death in the reservoirs
and the consequent deterioration of water quality.
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The significant reduction of river flow decreases the
amount of sediments transported to the coast and hence
the extent of the estuarine plume, an important migration
cue for fish, either during their larval or adult stages.
Thus, the abundance of marine fishes that use the estuary
as a spawning ground or as a nursery area decreases
(Drinkwater & Frank 1994, Kingsford & Suthers 1994).
The reduction of river flow also causes the reduction of
freshwater fish habitat, namely of barbells- Barbus
comiza,Barbus microcephalus,Barbus sclateriand Bar-
bus steindachneri (Chicharo et al. 2006b). These species
are endemic to Iberian southern freshwater ecosystems
and classified as threatened (SNPRCN 1991). Other
brackish and freshwater species, such asallis shad (Alosa
alosa) and twaite shad (Alosa fallax), have a vulnerable
status, meaning that they will be in danger if the limiting
factors, over-fishing and general habitat destruction,
continue to exist (IUCN 2001).

Five fish species present in the streams of the lower
Guadiana are listed in the Annex II of Habitats Directive:
lamprey (Petromyzon marinus), several cyprinidae
(Rutilus alburnoides, Cobitis maroccana and A. hispan-
ica) and sturgeon (Acipenser sturio). As mentioned, A.
hispanicais an endemism of the Guadiana streams and is
in threat of extinction (Collares-Pereira & Cowx 2001).
The conservation status of A. hispanica changed drasti-
cally in few years, from abundant to threatened with
extinction (Collares-Pereira et al. 1999, Salgueiro et al.
2003). Damming and water abstraction for irrigation
explain this change, once it destroys or damages the hab-
itat, interferes with reproduction opportunities, may gen-
erate polluted effluents and facilitate the introduction of
non-native competitor species (Collares-Pereira et al.
2000). Acipenser sturio is extirpated from this basin;
since the early 1980’s that no sturgeon is caught (Almaca
& Elvira 2000).

Damming can also be the cause for coastal fisheries
decline. The most representative example was the con-
struction of the Aswan High Dam (Nile River- Egypt) in
1964. After its construction, the river flow reduction
caused a decline of more than 90% in the nutrients
exported to the coastal area, which led to the collapse of
coastal fisheries. Fisheries recovered in the mid 1980’s,
duetoatremendous increase of nutrient inputs fromagri-
culture fertilizers and sewage outfalls (Nixon 2003,
2004). Indeed, river flow was also the factor that better
explained the Guadiana coastal fisheries shifts; among
sea surface temperature, rainfall, upwelling, NAO, num-
beroflicensed fishing vessels and number of commercial
fishermen (Erzini 2005). In the years following signifi-
cant changes of river flow, the structure of coastal com-
munity also shifts. In dry years, the landings of

planktivorous fish, such as sardine and anchovy, are sig-
nificantly lower. Between years of high and low inflow,
sardinelandings decreased, in average, 69%, from 886 to
279 tonnes; while landings of carnivorous fish (e.g. white
sea-bream, axillary sea-bream, red sea-bream and
red-porgy) increased between 112% and 128% (Chi-
charo et al. 2003).

In the coastal area adjacent to the Ebre River (Spain),
anchovy landings were positively related with river flow
during its reproduction period (Lloret et al. 2004). In the
coastal area adjacent to the Gironde estuary (France),
river flow explained the shifts in anchovy larval condi-
tion and recruitment (Bergeron 2004). In the Guadiana
estuary, there was a one year time lag between meaning-
ful changes of river flow and an effect on fish captures
(Chicharoetal. 2003, Erzini2005). The same conclusion
was expressed for the Adriatic Sea (Marasovic 1990) and
Nile (Nixon, 2003, 2004). In the Adriatic sea, increasing
sardine captures were related to increasing productivity,
resulting of higher eutrophication originated by the Po
River (Italy) outflow. Indeed, river flow acts as a “coastal
fertilizer”.

Change of land use around the Guadiana
estuary

The Guadiana estuary has low agriculture, industry and
urban pressure, in comparison to the most important Ibe-
rian estuaries (Tagus, Douro, Guadalquivir and Ebre estu-
aries) (Solé et al. 2000, Silva et al. 2004, Ferreira et al.
2004, Ribaet al. 2004). Currently, this situation is about to
change, not only due to the activities that occur in the dis-
tant Alqueva dam and upstream areas, but also in the sur-
rounding estuarine areas. Here, the occurrence of forest
fires and destruction of vast natural areas are now the main
threats to the ecological balance of the estuary (Fig. 2).

In the upper Guadiana estuary, intense mining and
agriculture have caused water contamination and deteri-
oration (Bettencourt et al. 2003). Nowadays, ecosystem
degradation can result from the lack of land use and man-
agement, a consequence of demographic regression in
Portugal and Spain (Euronatura & IIDMA 2003). The
majority of the Portuguese Guadianariver basin overlaps
with some of the poorest regions of the European Union,
forcing the youngsters to find work in more prosperous
regions. The increase of local populations’ age and the
decrease of manpower committed to maintain forests in
proper conditions lead to an increase of the probability
for the occurrence of forest fires. Wildfires increase the
risk of soil nutrient depletion and erosion (Townsend &
Douglas 2000, Shakesby et al. 2003); consequently,
water quality decrease (Rab 1996, Townsend & Douglas
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2004), mainly in streams, small rivers and water reser-
voirs. Even so, wildfires’ negative impacts might be buff-
ered in bigger aquatic ecosystems (Cornish & Binns
1987), namely by the estuary.

In the middle estuary, the construction of an enormous
tourist resort in Spain (north of Ayamonte), and of others
that are approved for the Portuguese margin (near
Almada de Ouro and Castro Marim), will destroy vast
natural areas and dramatically change others. The con-
struction of the Spanish tourist resort is being finished
(Figs. 3, 4). It will host 20 000 inhabitants, lodged in
6 000 houses and in 3 luxury hotels, and equipped with 7
shopping centres, 2 golf courts and 1 marina, which
undoubtedly represents a tremendous change on land
and estuary use. It is located in a site without previous
human pressure, near the northern limit of the Natural
Reserve of Castro Marim and Vila Real de Santo
Anténio. Moreover, it is in the vicinity of an important
estuarine area forthe development of several residentand
migratory fish species, such as eels (Anguilla anguilla),
meagres (Argyrosomus regius), temperate basses
(Dicentrarchus spp.), gilt head sea breams (Sparus
aurata) and common soles (Solea vulgaris). The degree
of heavy metal contamination in the trophic web of the
Guadiana estuary is practically unknown (Ferreira
1994). In the sediment, a higher degree of trace metals
contamination are found near the marinas, shipyards and
water runoffs of Vila Real de Santo Anténio and Aya-
monte and from orange fields in the middle estuary. How-
ever, the worst cases of pollution are classified as low
polluted, in opposition to the adjacent heavy polluted
estuaries- Carreras, Piedras and Tinto-Odiel estuaries
(Ruiz 2001). But with these infrastructures the threat of
pollution increases, as well as its dissemination and bio-
accumulation along the food web.

In the low estuary, a sewage treatment plant, with ter-
tiary treatment, will be built outside Vila Real de Santo
Antoénio (Portugal) to fulfil the requirements of the resid-
ual water discharge legislation (Fig. 3). This station will
treat sewages that are currently discharged untreated to the
environment and replace several sewage treatment plants
with inappropriate functioning (Altura, Manta Rota and
Castro Marim) (PROCESL 2001). This is, undoubtedly,
an important environmental achievement, since it will
reduce the amount of organic matter, nutrients and micro-
bial pathogens to the environment; however it will be
located in Rato salt marsh. This salt marsh is 6 km from the
estuary mouth and at the entrance of two creeks, “Esteiro
da Carrasqueira” and “Esteiro da Leziria”, in the Natural
Reserve of Castro Marim and Vila Real de Santo Anténio,
an area of high terrestrial and estuarine biodiversity. This
Natural Reserve is classified as a Zone of Special Protec-

Fig. 3. Aerial photograph of the lower section of the Guadiana
estuary. Legend: 1- Vila Real de Santo Anténio; 2- Castro Marim;
3- Ayamonte; a- Rato saltmarsh; b- tourist resort; i- Carrasqueira
creek; ii- Leziria creek; *- possible location for water sewage
treatment  outflow.  Photograph  modified from http://
mapmachine.nationalgeographic.com

tion (PTZPE(0018), a humid area of international impor-
tance (RAMSAR site- 7PT010), an area of special
protection for birds (directive 79/409/EEC), a region
under the jurisdiction of Habitats Directive (92/43/EEC)
and inscribed in the Natura 2000 network (PTCONO0O013).
The construction of the sewage treatment plant will
destroy 12 haof the salt marsh. This areais a protected hab-
itat by the Annex I of Habitats Directive (habitats 1410,
1420 and 1430) and the impact on flora is meaningful and
irreversible. Rato saltmarsh has the most important area of
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Fig. 4. Photographs of a tourist resort that is being constructed in the Spanish lower Guadiana estuary. Fig. 4C was modified from Google Earth.

primary salt marsh of the natural reserve and the more
diverse bird population (Dias 1999). In fact, the Portu-
guese Society for the Study of Birds and BirdLife Interna-
tional, two important NGO’s, recognized that this Natural
Reserveisextremely important for several nidifying birds,
winter migrants and in obligatory passage. This salt marsh
area is vital for several steppe species, such as thick-knees
(Burhinus oedicnemus), calandra lark (Melanocorypha
calandra), little bustard (Tetrax tetrax), and to lesser
short-toed lark (Calandrella rufescens). This species has
in this area the only nesting location in Portugal (Leitao
2003). The salt marsh is also a nesting place for two birds
of prey, western marsh-harrier (Circus aeruginosus) and
Montagu's harrier (Circus pygargus) (Leitdo 2003). The
intertidal areas adjacent to the sewage treatment plant are
feeding grounds for nine limnic species, ruddy turnstone
(Arenaria interpres), dunlin (Calidris alpina), curlew
sandpiper (Calidris  ferruginea), Kentish plover
(Charadrius alexandrinus), common ringed plover
(Charadrius hiaticula), black-tailed godwit (Limosa
limosa), grey plover (Pluvialis squatarola), little tern
(Sterna albifrons) and common redshank (Tringa teta-
nus); some of which are included in the Annex I of Bird
Directive (Dias 1999, Dias et al. 2003). The sewage treat-
ment plant will impact a vital estuarine area for the repro-
duction and growth of ichthyofauna, during their larval

(Faria et al. 2006), juvenile and adult life stages (Bexiga
2002, Chicharo et al. 2006b). Some of the species have
high economical value, like black sea bream (Spondylio-
soma cantharus), gilt-head seabream (Sparus aurata), sea
breams (Diplodus spp.), temperate basses (Dicentrarchus
spp.) and Senegal sole (Solea senegalensis). The sewage
outflow will be located 250 m off “Esteiro da Car-
rasqueira” creek (Fig. 3), in order to protect these creeks of
singular ecological sensibility, of great importance to
aquatic life and to salt production. This way, the pollutants
released into the estuary will be transported to distant
places from the creeks during the flood (PROCESL 2001).
Nevertheless, this estuarine area and the areas upstream
are extremely important for ichthyofauna. Food chain
contamination and bioaccumulation (Polprasert 1982)
should have been considered, since sewage treatment
plants can be a major point source of heavy metal contam-
ination on aquatic ecosystems and biota (Al-Jundi 2000).
Therefore, redirecting the sewage treatment outflow to the
estuary does not eliminate the threats to creeks’ biota.

Prevention and mitigation

The preventive and mitigation measures that scientists
propose can only be effectively achieved if the knowl-
edge that they possess is clearly transmitted to the
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Fig. 5. Proposed inputs to the decision-making process of a Portuguese-Spanish basin management council for the lower Guadiana.

non-scientific community interested in the sustainable
development of the Guadiana, e.g. local populations and
associations, private stakeholders (dam managers, tour-
ism entrepreneurs, farmers), local and national authori-
ties, ENGO’s (Environmental non-governmental
organizations) and other scientists (Fig. 5). The creation
of aPortuguese-Spanish Basin Management Council for
the lower Guadiana, bringing together the mentioned
partners, would be essential to produce ecological and
sustainable management decisions. A connection with
local and national media would be crucial to raise the
aware of populations to the local environmental issues.

The problems caused by the reduction of sediment
transported to the coast can only be solved with expen-
sive engineering works, namely beach nourishment and
ultimately shoreline protection. The inhibition of floods
results in marine sedimentary deposition in the river
mouth, solved only with dredging.

Inbasins where river flow is greatly controlled by dams,
the natural river flow is drastically altered. In these places,
there is a time lag between maximum rainfall and maxi-
mum river discharge. This delay can sometimes compro-
mise the recruitment of estuarine fish species; this way
mimicking natural river flow regime could help prevent-
ing some negative impacts on fish populations (Loneragan
& Bunn 1999) and shifts on the natural patterns of other
biological communities. It is in this sense that “ecological
flows” should be avoided for long periods.

Dam managers can control or mitigate eutrophication
phenomena in the downstream areas of the Alqueva dam
by setting flow pulses. Thus, secondary production
would be promoted and primary producers’ biomass
controlled. This is achieved when the magnitude and
periodicity of hydraulic flushing and nutrient loading are
large (Maier et al. 2001, Roelke et al. 2003). Even so, the
intensity and length of hydraulic flushing have to be site
specific and should take into account the impact on estu-
arine fish populations. The conservation status of fresh-
water fishes, as well as native bivalves, is threatened by
theillegal water abstraction from streams, mainly during
summer. Therefore, this practise should continue to be
prevented by the local authorities.

The questions regarding ecosystem balance can only
be answered with robust ecosystem modelling, only
achieved afteralonglasting ecohydrological approachto
the ecosystem. Such questions could be /) “Will the Gua-
diana coastal fisheries decrease sharply as happened in
the coastal area of the Nile, after the construction of the
Aswan High dam?”, i7) “What will be the impact of the
110 000 ha of Alqueva irrigation complex on the water
quality of aquifers and in all the downstream areas,
mainly during periods of reduced river flow?”” and iii)
“Will the nutrients used in the Alqueva irrigation com-
plex be the trigger that stimulate an increment in coastal
productivity and inherently on coastal fisheries?”. One of
the major benefits of an ecohydrological approach is that
it allows weighting the benefits and risks of the multiple
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water uses (e.g. damming, irrigation, human consump-
tion, electrical production).

If phytotechnology solutions would be implemented
in the Alqueva irrigation complex it would be possible 7)
to augment resilience and capacity of natural systems to
absorb impacts, ii) to prevent and control pollutant
release and environment degradation, or even iii) to
remediate and restore degraded ecosystems and contam-
inated sites (Zalewski & Wagner-Lotkowska2004). This
is possible because riparian wetlands, and also salt-
marshes, help to regulate hydrology, sedimentation,
nutrient status and sequestrate pollutants.

The occurrence of forest fires is part of a complex
socio-economical context as previously described. The
preventive measures of forest management proposed by
a local association of forest owners- CUMEADAS
(Association of Forest Owners of Cumeadas of Lower
Guadiana), should be broadly implemented. There goals
are a) to protect the forest by implementing a global man-
agement plan, b) to prevent and fight forest fires and to
recover suchareas, ¢) todevelop and promote sustainable
agriculture practices in an area that now faces severe
problems of desertification, d) to recover ancient but
effective agriculture procedures, e) to develop rural tour-
ism and f) to promote environmental education among
the local populations.

Finally, the destruction of vast natural areas around the
Guadiana estuary is of great concern to ENGO’s (e.g.
Almargem), as some of these areas are inscribed in
Natura 2000 network (site PTCONO0036). One of their
proposals is to create a Biosphere Reserve or the Inter-
national Natural Park of the Lower Guadiana, in order to
resist/stop the development of massive tourism projects,
as occur in the littoral areas of southern Portugal and
Spain. It would also serve to compensate the loss of bio-
logical diversity that the construction of the Alqueva dam
forced.

Sometimes, it is difficult to make a compromise
between effective nature conservation and economical
improvement of such a poor area. Positive impacts in
local economy should be achieved with sustainable and
rational growth of human activities in the area, including
tourism. Tourism is regarded as the solution to achieve
economic development in southern Portugal. However,
the achievement of economically viable tourism in this
region has to be ecologically sensitive and culturally
appropriate (Wall 1997). Therefore, nature protection
and understanding the worth of the high natural patri-
mony that characterize the lower Guadiana would not be
neglected nor forgotten.

Conclusions

The conflicts and constraints on the use of Guadiana
water and land exist along its entire path, posing multiple
management difficulties. To achieve a social develop-
ment of the lower Guadiana basin, with sustainable envi-
ronmental decisions, is a tremendous endeavour. It has to
rely on solid scientific input, on the commitment of basin
managers, on the determination of local and regional
authorities, on the active involvement of ENGO’s, on the
awareness of populations and will of private entrepre-
neurs, which could be enhanced by a Portuguese-Span-
ish basin management council.

The creation of the International Natural Park of the
Lower Guadiana would not resolve the conflict “nature
protection” versus “water demand and dam impacts”,
even though it would be needed to avoid the destruction
of vast natural areas of great ecological relevance. But it
could allow achieving the sustainable development of
such a poor region with environmental sensitive tourism
projects.

Ahuge step-forward for a balanced basin management
would result from the implementation of a multidisci-
plinary study of the Guadiana basin. The scientifically
based proposals would help solving conflicts and testing
management scenarios; but, for that, long lasting moni-
toring programs and an ecohydrological approach are
compulsory.
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