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ABSTRACT

The Mediterranean coastal landscapes have sufiégadficant changes along the
last decades due to the agricultural intensificatind tourist development. Such changes
have modified the water flows and specifically thyarological regime of wetlands, as
has occurred in the Mar Menor (Southeast Spaing Mar Menor coastal lagoon and
associated wetlands present noticeable ecologimchbéadiversity values. However, the
land-use changes in the-watershed and the condechigmges in the water and nutrient
flows along the period<1980-2005 are threatenirmgdbnservation of these wetlands. A
dynamic model been developed to simulate the keyr@mmental and socio-economic
factors driving the export of nutrients to the Maenor lagoon and associated wetlands,
where some eutrophication processes have appeared.

In the present chapter the changes in the vegetalfaunistic assemblages are
analysed. (Vegetal communities are studied by mednsemote sensing techniques,
which have'provided information about the changearea and habitat composition of
the wetlands “along the considered period. This $temwvn that the habitats more
negatively affected by the hydrological changes #rese most threatened in the
international context and with a highest interestf the point of view of biodiversity
conservation. It has also been possible to vehiéydirect relationships between all these
changes at wetlands scale and the agriculturalggsaat the watershed scale.

Two faunistic communities especially sensitive hese ecosystemic changes have
also been studied: i) Wandering beetles and iijil8{waterbirds and steppe passerines).
Wandering beetles (Coleoptera) were studied witfalpitraps in 1984, 1992 and 2003
and steppe passeriforms with line transects inraéwears along the period. In both
communities evident changes have been observedaréileg beetles, the most
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halophilous species have been favoured, some of dspecially relevant due to its rarity
in the European context. The ratio Carabidae/Teoeidlae has shown to be a good
indicator of the hydrological changes of the wedanWaterbirds have shown dramatic
changes in their relative abundances within thedag with a long-term decline in the
most characteristic original species, increasegéneralist piscivores and a recent
appearance and rapid growth of the herbivores glilthe case of steppe passeriforms,
this community has been negatively affected, esfigcisome species like
Melanocorypha calandraThe familyAlaudidaehas lost importance to the benefit of the
families Turdidae and Fringillidae. These changes can be considered a loss of value i
relation with the original passeriform communitynce the wetland qualifies as a
Specially Protected Area under the EU’s Bird Dinext precisely on the basis of its
genuine steppe bird assemblage.

In conclusion the changes at wetlands scale cleeflect the hydrological
modifications at the watershed scale and have fiignt effects on the most
characteristic biodiversity of the wetlands of daharid systems.

INTRODUCTION

The importance of wetlands is increasingly recogphias systems, supporting an specific
and valuable biodiversity and as areas playingyarkée in essential ecological functions
such as the control of nutrient flows and the reahaf diffuse pollution at/the landscape
scale. This has promoted different protection amtbervation strategies which in the context
of arid landscapes, as those existing in SoutheaSigain have an especial importance due to
the singularity and key role of wetlands in suclid asystems. However, conventional
protection and conservation strategies usually aictake into-account the close dependency
of wetlands on the dynamics and management outbideprotected area and this may
interfere on the protection and conservation-goadsd use and management practices at
watershed scale affect the wetlands in many wagtoae of the most relevant ones is linked
to the water and nutrients flows entering intowlelands from the watershed. To what extent
do wetlands react to land use changes in the watdPs Can these changes be tracked in
different ecological compartments of the wetland3@;that changes draw a similar pattern?.
We have tried to answer someof> such questionyisigich complex of wetlands in a arid
landscape which have suffered important long-temnd luse changes: The Mar Menor lagoon
and associated wetlands.

The Mar Menor lagoon is. a hypersaline Mediterraneanstal lagoon located in
Southeast Spain. Ramsar Site since 1994, it islaigest water surface of the western
Mediterranean coast (135 km2 surface area and ah&®0volume), and a remarkable
biodiversity and scientific’ resource (EU Bird Spdlyi Protected Area and Barcelona
Convention’s Specially Protected Areas of Mediteean Importance since 2001. It is almost
closed by a sand bar.22 km long with a width vagyetween 100 and 1200 m., with a very
narrow connection with the open sea.

Associated to its internal shore there is a safeoastal wetlands, Marina del Carmoli,
Playa de la Hita and Saladar de lo Poyo (figurevhjch are protected at both national and
international level (Ramsar site and Site of Comityulmportance for the Natura-2000
Network) due to their natural and ecological inserd@ hey include several natural habitats of
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priority and community interest according to thebitats Directive. They are defined as
coastal crypto-wetlands (Vidal-Abarca et al. 2003).

Figure 1. Location of Mar Menor wetlands. PH: Pldgala Hita; MC: Marina del Carmoli; LP: Saladar
de Lo Poyo.

The Mar Menor watershed is a 1,200 km?2 plain shgimiclined towards the lagoon and
drained by several ephemeral watercourses  (rambldsrh flow into the lagoon after
episodic storm rainfall events. The area has atdagdnean arid climate, with warm winters,
an annual mean temperature about 17°C, annual ragdall of 330 mm and a high inter-
annual rainfall variation. Agriculture is’ the predimant land-use in the Mar Menor
watershed.

Urban changes, tourist development and especlalspread of irrigated lands favoured
by the opening of the Tagus-Segura water trangfes in 1979, have led to a significant
increase in the water and nutrient flows reachirggNar Menor lagoon-associated wetlands
complex. In the wetlands this has caused changehvane relevant at watershed scale, due
to the role of the active wetland area in the reahof nutrients from diffuse sources, and also
at wetland scale, due to the effects on biodivwertinderstanding the dynamics of change is
therefore important for conserving the biodiversifythe wetlands and for the sustainable
management of the Mar Menor lagoon and watershed.

Previous studies on Mar Menor wetlands have focesedonservation and management
(Robledano et al., 1987, 1991a, 1991b, Robledaddeateve, 1992; Ortega et al., 1992), on
restoration (Robledano, 1995) and on specific ®gach as heavy metals in Lo Poyo
wetland (Alvarez-Rogel et al, 2002b, 2004) andients (Alvarez-Rogel et al., 2002a, 20086,
2007a).
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In the present chapter the changes in the vegetiaanistic assemblages of Mar Menor
wetlands are studied to analyse their responsésetéand use and hydrological changes at
watershed scale, the implications in terms of biediity and conservation value and to assess
potential indicators in the analysed assemblagdhenfong-term watershed changes. It has
been studied the vegetal communities in the Mar dMewetlands and two faunistic
communities especially sensitive to the ecosysterhenges: wandering beetles and birds
(waterbirds and steppe passerines). These commesuhisive been studied at specific spatial
scales and study areas: vegetal communities wedéestin three wetlands associated to the
Mar Menor shore (Playa de la Hita, Marina del Cdfrand Saladar de Lo Poyo); wandering
beetles and steppe passerines were analysed iNldhea del Carmoli wetland whereas
waterbirds were surveyed in the whole Mar Menootag

L AND USE CHANGES AND THEIR EFFECTS ONHABITATS OF
CoOASTAL WETLANDS

Study Area and Methodology

Three Mar Menor wetlands, Playa de la Hita, Marieh Carmoli and Saladar de Lo
Poyo, have been studied to analyse the temporakpaiial changes in the area and’in the
internal composition of such wetlands from 1982691, by means of remote sensing, in
order to analyse their implications, especiallyragards the application. of the Habitats
Directive (92/43/CEE).

All studied wetlands present salt steppes, saltshes; reedbeds and sandy areas,
although with a different relative importance. Boling the typology of the Habitats
Directive (92/43/CEE), the sandy areas unit is lgosbmposed of the following habitats:
1210 “Annual vegetation of drift lines” and 2210iXéd beach dunes witrucianellion
maritima€. The salt steppe unit is 95% composed of therfyibiabitat 1510 “Mediterranean
salt steppeslLimonietalid, whereas the remaining 5% comprises habitat 1438lo-
nitrophilous scrubsRegano-Salsolet¢and 92D0 (Southern riparian galleries and thgket
Main species in salt steppe drggeum spartumSuaeda veraFrankenia corymbosand
Limonium caesiuin The salt marsh unit is-dominated by habitat 14@@diterranean and
thermo-Atlantic halophilous scrubSarcocornetea fruticogi although there are also small
patches of habitat 1410 (Mediterranean salt meadoMsain species in salt marsh are
Sarcocornia fruticosa Arthrocnemum. macrostachyumHalimione portulacoides and
Limonium cossonianuntrinally the reedbeds unit is dominatedRiyragmites australisAll
habitats are designated as being of Community datewith the exception of habitat 1510
(Mediterranean salt steppes), which is designasedfePriority Interest. Reedbeds are not
included in the Habitats Directive.

Remote sensing has been extensively used in wstlstndies and inventories (Noriega
and Lozano-Garcia, 2000), in the detection of wiatelies and vegetation in wetlands (Toyra
et al. 2001), in the elaboration of land use-langlec and vegetation maps (Cihler al,
1996; Michelsoret al, 2000; Hes®t al 2003; Wang y Tenhunen, 2004; Kumar Joshi et al.,
2006), including those of wetlands (Wang et alQ20in the detection of land use-land cover
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changes (Narumalamit al, 2004; Cakir et al., 2006; Mundia and Aniya, 20@6) in the
analysis of hydrological and land cover changeséatiands (McHugh et al., 2007).

Land cover maps for the three wetlands were oldabyephoto interpretation of aerial
photographs and supervised classification using whdely used maximum likelihood
algorithm (Michelson et al, 2000; Richards, 1995 ndsat images sensors TM and ETM+
covering five years of the period 1984 to 2001 (g€i®®84, 1992, 1995, 1997 and 2001) were
used. Each classification was carried out with invages (summer and winter) and the NDVI
(Normalised Difference Vegetation Index) for eastage. The images were processed with
GRASS (Geographic Resources Analysis Support Sysietm://grass.itc.it) an open GIS
system under Linux. The methodology was verified dogss-validation using a stratified
random sampling. Overall accuracy (percentage wipted pixels which are well classified
reaches 85% in Marina del Carmoli and Playa det@&hd 89% in Saladar de Lo Poyo.

The following land cover classes were identifiedati@io et. al., 2008): natural
vegetation (three units: salt steppe, salt marshreedbeds); agricultural fields, water bodies
(mainly portions of the Mar Menor lagoon); baregrd (inactive ponds in saltworks, river
beds in ephemeral channels) and infrastructurdmfusettlements, roads, rubbish tips). The
narrow strips of sandy areas are included in therast vegetal units. These maps have
allowed the tracking of the changes in the areaiarttle internal composition of wetlands
between 1984 and 2001. Data were analysed undesttiistical package R (The R
Foundation for Statistical Computing, 2005, httgwiv.r-project.org).

Field data on 2003 and 2004 of soil moisture amtootivity in 35 sample units of the
whole set of Mar Menor wetlands were also availalolé were used in this work.

Results and Discussion

Playa de la Hita Wetland

Figure 2 shows the land cover maps of Playa de ita Bbtained by supervised
classification of Landsat TM+ images between 1984 2001. In Playa de la Hita there was a
slight reduction in the area of natural vegetatitue to the construction of infrastructures
(table 1). Regarding its internal composition,/ thain changes among habitats are the
conversion of 29% of salt-steppe into saltmarsh t#edchange of 16% of salt marsh into
reedbed.

Table 1. Matrix of land use change in Playa de la ith wetland 1984-2001

2001
Land use/ Salt Salt L Infra- Water Total
1984 land cover (ha)| steppe| MarshReebed Crops | Structures| Bodies 1984
(ha)
Salt stepp 0.8¢ 1.65 | 0.0C 0.0¢ 3.0C 0.0C 5.57
Salt mars 0.15 13.9¢] 3.5C 0.0¢ 3.8¢ 0.0C 21.51
Reedbe 0.0C 0.1z | 2.31 0.0C 0.0C 0.2¢ 2.6¢
Crops 0.1z 1.1% | 0.0€ 0.0C 218 0.0C 3.51
Infrastructure 0.0€ 0.0C 0.13 0.0C 4.7¢ 0.0C 4.94
Water bodies 0.00 0.00 1.19 0.00 0.00 8.63 9.82
Total 2001 (ha)| 1.20 16.883 7.19 0.12 13.82 8.88
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Figure 2. Land cover maps of Playa de la Hita wekfxom 1984 to 2001 obtained by supervised
classification of LANDSAT TM+ images.
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Figure 3. Area of salt steppe, salt marsh and exedbPlaya de la Hita wetland from 1984 to 2001.

Taking into account all changes, salt steppe inl20@d lost 78% of its area in 1984;
saltmarsh had also lost area, although in a ledsgree (22%), whereas reedbed had
increased by 167%. These trends of change areafipenarked since 1995 (figure 3).
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In overall, all these changes constitutes a lossbfe from the Habitats Directive point
of view, since it represents a significant losad®riority Interest habitat (salt steppe) and a
loss in a Community Interest habitat (salt marstthe benefit of reedbed, not included in the
Directive.

Saladar de Lo Poyo Wetland
Figure 4 shows the land cover maps of Lo Poyo Bél#&hd 2001.
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Figure 4. Land cover maps of Saladar de Lo Poytawetin 1984 and 2001 obtained by supervised
classification of LANDSAT TM+ images.

From 1984 to 2001 there is a slight increase intoked ‘area of the Saladar de Lo Poyo
wetland due to the increase in reedbed. The twdtdtalpresent in Saladar de lo Poyo
wetland (salt marsh and reedbed) shift in relatigeiinance between 1984 and 2001 (table
2): salt marsh occupies in 1984 a 63 % of totaiththarea, whereas in 2001 66% of total
habitats area is occupied by reedbed. These tafratmnge, similarly to the case of Playa de
la Hita, also points to a loss of value from thevltits Directive point of view.

Table 2. Matrix of land use change in Saladar de L&oyo wetland 1984-2001

2001

1984 | Land use/ Salt | Reedbd Bare Infrastructure Water Total
Land cover marsh|_d ground | Crops| s bodies | 1984 (ha
Salt mars 14.1¢ | > 7.0€ 11.81 6.6¢ 6.1¢ 0.0C 45.9¢
Reedbe 1.94 11.5¢ 2.2F 6.8¢ 3.8¢ 0.0C 26.5(
Bare groun 7.0€ 7.31 13056 20.5¢ 5.1¢ 3.62 174.3:
Crops 5.0C 28.1:2 12.0¢ 139.2%F | 26.0C 0.0C 210.4¢
Infrastructure-| 0.3€ 0.6¢ 5.3¢ 6.44 15.7¢ 0.0C 28.6:
Water bodies 0.00 0.00 3.38 0.00 0.00 237.50 376/88
Total2001 (ha) 28.56| 54.75 165.44 179.81 57.00 377.13

Marina del Carmoli Wetland

Figure 5 shows the land cover maps of Marina dei©H between 1984 and 2001. Total
wetland area increased by 12% between 1984 and &@1the habitat composition suffered
a dramatic change. Marina del Carmoli was basiealiglt steppe of 237 ha in 1981 (table 3)
whereas in 2001 this habitat had lost half of ii#idal area and salt marsh and reedbed,
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practically absent in 1984, occupy a significarteagion (82 and 64 ha, respectively). Again,
these trends of change implies a loss of value tl@Habitats Directive point of view.
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Figure 5. Land cover maps in Marina del Carmolilavet from 1984 to 2001 obtained by supervised
classification of LANDSAT TM+ images.

The pattern of change of the Marina del Carmoliitagd along time (figure 6) suggest
two different periods. Between 1984 and 1995 theie significant loss of salt steppe to the
benefit of salt marsh. Between 1995 and. 2001 tka af salt steppe is stabilised whereas
there is a reduction of salt marsh associateddteadily increase in reedbed. Therefore, the
conversion of part of the initial ‘salt steppe inéedbed, shown in table 1, is mediated by an
intermediate stage as salt marsh.

Table 3. Matrix of land use change in Marina del Camoli wetland 1984-2001

2001

1984 Land use/ Salt Salt Bare Infrastru¢ Water | Total
Land cover steppe| marsh Reedbef ground| Crops| tures bodies | 1984
Salt stepp 91.7¢ 49.7¢| 23.1: 10.1¢ 41.9¢ 20.44 0.0C 237.2:
Salt mars 0.0C 2.03 0.0C 0.0C 0.0C 0.0C 0.0C 2.03
Reedbe 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C
Bare groun 18.0( 12.28| 29.6: 10.7¢ 11.0¢ 20.2¢ 0.1¢ 102.1:
Crops 9.62 17.28| 10.4¢ 5.2t 38.31 | 8.5C 0.0C 89.31
Infrastructure | 2.81 0.2F 0.94 9.0¢€ 6.0€ 52.31 0.7% 72.1¢
Water bodies 0.00 0.0Q 0.00 131 0.00 5.44 295.4402.13
Total 2001 (hap 122.19| 81.56| 64.13 36.56 97.37 106.94 296.38

The relative changes between

salt steppe, salthnaauds reedbed might be explained by
the interaction between the soil moisture and cotidty gradients, as show data taken on
2003 and 2004 in the Rambla del Miedo area, onhefephemeral channels entering into
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Marina del Carmoli (figure 7). The regression mod%zladj,: 0.78; p<0.001) shows that
conductivity presents a quadratic response torsoikture: at low values of soil moisture,
conductivity increases with higher water contertilincertain threshold, around 30% of soil
moisture, above which conductivity decreases dsrsmsture increases.
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Figure 6. Area of salt steppe, salt marsh and mtdbMarina del Carmoli wetland from 1984 to 2001.
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Figure 7. Data and regression model of soil moéstaspect to conductivity in the Rambla del Miedo
area, in Marina del Carmoali.



10 Angel Esteve, M. Francisca Carrefio, Francisco Rialnie et al.

Figure 8 shows the spatial expression of this cempglradient along a transect crossing
Marina del Carmoli in direction NW-SE, with thedfirand last samples located in the
boundaries of the wetland. Samples with lower \&loiesoil moisture, located far from the
Miedo and Miranda ephemeral channels, presentipwgibrrelation between soil moisture
and conductivity, whereas the samples located dimssich watercourses, with higher soll
moisture, presents a negative correlation betwetm\ariables.
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Figure 8. Soil moisture and conductivity alongangect crossing the Miedo and Miranda ephemeral
channels, in Marina del Carmoli. Location of MigdliE) and Miranda (MIR) ephemeral channels are
indicated.

In synthesis, the initial increase in the watemBoaffecting Marina del Carmoli may
have favoured higher soil moisture and therefog@éai conductivity, what might have caused
the increase in salt marsh-at'the expense of tps. At a later stage beginning around
1995, greater water inputs would have caused aedserin conductivity and allowed the
extension of reedbed, as shown in figure 6. To fiicess may have also contributed,
although. with ‘'secondary importance, the inputs dfan wastewater into the ephemeral
channels reaching ‘Marina del Carmoli and some alémp works in the watercourses,
which favour the’spread of reedbed (Carrefial, 2008).

Although conductivity and soil moisture data bef2®®3 are not available, we have used
the 2003-2004 data and the area occupied by editahbetween 1984 and 2001, obtained
from the correspondent land cover maps, to estith@ehange along time of these variables
in Marina del Carmoli. Figure 2 shows the charasation of the habitats in the wetlands
(Playa de la Hita, Saladar de Lo Poyo and Marina&demoli) in terms of soil moisture and
conductivity, respectively. The salt marsh presets highest values of conductivity
although the ranges of the three habitats part@mligrlap. On the contrary, salt steppe, salt
marsh and reedbed are clearly differentiated atogmadient of increasing soil moisture.

Figure 10 presents a different illustration of gwplained process. It has been calculated
the weighted average of cuantile 25 of conductisityl soil moisture in Marina del Carmoli
for each year, using the value of this parametehénsalt steppe, salt marsh and reedbed in
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2003-2004 (figure 9) and the relative proportioreath habitat in Marina del Carmoli from
1984 to 2001, derived from the correspondent laokeic maps. Results show a pattern
coherent with the complex gradient between soilstoog and conductivity shown in figures
7 and 8. As shown in figure 10, the estimated qlea®b of soil moisture and conductivity in

Marina del Carmoli increases from 1984 to 1995rafthich the further increase in soll

moisture is accompanied by a decrease in condtyctiperiod in which the expansion of

reedbed takes place.

In synthesis, the increase in agricultural draisalgas caused important changes in the
wetlands associated to the Mar Menor lagoon, bottotal area and internal composition.
There is an increase in 35 ha in natural vegetdait steppe, salt ' marsh and reedbeds),
which occurred in Marina del Carmoli” and SaladaLd Poyo, whereas in Playa de la Hita

there was a slight reduction in the area of natuegetation due-to the construction of
infrastructures.
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Figure 9. Ranges'of conductivity (left) and soilistare (right) of habitats in the Mar Menor wetland
Boxes represent the cuantiles 25, 50 (median) &nd 7
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Figure 10. Estimated change in conductivity andireoisture in Marina del Carmoli wetland between
1984 and 2003 (see text for details).
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Regarding the internal composition, the habitatshwhigher requirements of soil
moisture (salt marsh and reedbeds) have doubledgaadrupled their area, respectively,
while the salt steppe has decreased to a half. ekpansion of reedbed associated with
shallower soil water conditions, has also been ntedoin other studies in the Marina del
Carmoli wetland (Alvarez-Rogel et al., 2007b).

The net loss of salt steppe is very relevant, sinisethe habitat with the highest interest
from the Habitats Directive point of view (Prioritpterest). Moreover, salt steppe.is a rare
habitat with a total area in Spain of only 12.9% &f which no more than 37% presents a
good conservation state (Esteve and Calvo. 200@tefore, any reduction in the area of this
habitat constitutes a significant loss, especialking into account that in Murcia province,
where the Mar Menor is located, the conservatiatesif this priority habitatis well over the
average in Spain, with 83% of salt steppes in gomuservation status (Esteve and Calvo,
2000).

It has been calculated an index to quantify thengha in overall value of wetlands from
the Habitats Directive point of view along the peril984-2001, as weighted average taking
into account the area of each habitat and assighsgalues 2,1 and 0 to the Priority habitat
(salt steppe), Community interest habitat (saltsijpand rest, respectively. Figure 11 shows
the sustained decrease (reduction in the indexndr@8%) in the overall value of the
wetlands from the Habitats Directive point of view.

Land use changes at watershed scale are the prif@meigr explaining the described
changes in the habitats of Mar Menor wetlands. &pansion of irrigated lands (Martinez et
al.. 2005; Velasco et al.. 2006; Carrefio et al082Mas doubled the irrigation water volume,
causing the consequent increase in the drainages flpart of which reach the Mar Menor
wetlands. This has been confirmed by the rise itemables in the aquifers of the watershed
(ITGE. 1994; Garcia Lazaro. 1995).

e
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Figure 11. Value of the Mar Menor wetlands from pizént of view of the Habitats Directive from
1984 to 2001, using the priority index (see textdetails).
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These changes have increased the levels of groteidvlaoding periods and soil water
content in the wetlands, as reported in other féldlies (Alvarez-Rogel et al.. 2007b).

The role of the agricultural drainage coming frdme watershed on the changes in the
wetlands is supported by the close relationshipvben the sum of salt marsh and reedbeds in
the wetlands and the area of irrigated lands invihtershed (Martinez and Esteve, 2002).
Both variables show a similar pattern (Figure I®aracterised by sigmoid growth, which
begins to slow down in 1991 in the case of irrigdends and five years later in the case of
salt marsh plus reedbeds. The regression anakgsigebn both variables (figure 13) reaches a
high significance g, = 0.917;p = 0.01).
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Figure 12. Temporal pattern of irrigated lands iarNWienor watershed and area of habitats in the Mar
Menor wetlands.
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Figure 13. Regression model of the area of salsimand reedbed in the Mar Menor wetlands respect
to the area of irrigated lands in the watershed.
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When considering a five year time lag the relatigmssubstantially improvestaq. =
0.945;p < 0.001), what might be interpreted as the tinte rfequired by the surface and
subsurface drainage flows to reach the wetlandogrithie habitats to respond to the increase
in such water inputs.

It should be noted that the increase in the to&tlamd area does not appear to be a good
indicator of the hydrological changes that havestaklace in the watershed, since local
conditions, in particular the spread of infrastuues like in Playa de la Hita, may limit the
overall expansion of the wetland. On the contrtrg,changes in the internal composition of
each wetland towards more hygrophilous vegetateems to be a good indicator. of-the
hydrological changes at watershed scale, sinceethee no physical limitations to its
expansion inside the wetland.

In synthesis, the long-term land use changes inwttershed, in particular the spread of
irrigated lands and its effects on the hydrologidghamics, have important effects on-the
Mar Menor wetlands, of which the area occupied &ly marsh and reedbeds constitutes a
good indicator. These changes implies a loss afevéiiom the Habitats Directive point of
view. In the next section we try to analyse whetfemistic assemblages, in particular
wandering beetles, steppe passerines and waterbielslso affected by the changes in the
water regime of the watershed.

CHANGES IN WANDERING BEETLE ASSEMBLAGES

Introduction

In this section we analyse if the described chairgédse Mar Menor watershed have also
modified the beetles community of the wetlandgarticular in Marina del Carmoli.

Carabidae and Tenebrionidae beetles are well krfamilies that have frequently been
used in ecological studies (Dajoz.-2002). Beetlethe former family are known to show
measurable responses to environmental disturbamtelegradation (Desender et d1994;
Brandmayr et al 2000; Rainio and-Niemela. 2003), thus complyinthwhe definition of an
ecological indicator as described by Niemi and Maé&ld (2004). Beetles are therefore
widely used in studies on habitat conservation éEgnd Luff. 2002). Tillage, pesticide
treatments, harvesting and other agricultural prestcan cause disturbances (Cole et al.,
2002; Holland, 2002; Lévei and Sunderland, 1996reé8® et al 2005) and significant
changes in beetle assemblages (Belaoussoft,20413). However, little attention has been
paid to changes in the assemblages of wetlandeeadjdo cultivated areas as a result of
fluctuations in water tables related to agricultureanagement practices. Fuellhaas (2000)
demonstrated that a rise in the water table leithéorecolonisation of wetlands by carabids
with good dispersal capabilities. Similar resultera reported by Frambs (1990) in North-
European wetlands.

Tenebrionid beetles have also been used as enwrgahbioindicators (De los Santos,
1983), particularly in arid environments such assthcommonly found in the Mediterranean
Basin. The loss of these species in arid Mediteaarsystems has been related to processes
of environmental degradation (Cartagena and Gal&62). Some species with a wide
ecological tolerance are able to colonise perighgetland habitats with varying degrees of
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soil moisture (Bujalance et.all987; Giménez and Esteve, 1994). The combined suiidy
beetles of both families may therefore be usef@gsess changes caused by variations in the
water table and soil salinity. To this end, De 8mntos (1983) proposed an index based on
the Carabidae/Tenebrionidae ratio to evaluate fifiecte of climatic factors on beetle
assemblages in Mediterranean areas. In this workhawe studied the Carabidae and
Tenebrionidae families to analyse their responsechtanges in the water and salinity
conditions of the wetlands.

Study Area and Methodology

In year 2003 the wandering beetles assemblagesnirsites located in the set of Mar
Menor wetlands and peripheral areas were samplidpitfall traps. Four sites, located'in the
Marina del Carmoli, were also sampled in 1984 \lign same methodology, what allows a
long-term survey in this wetland and an assessofetfie changes in the beetles community
along this period.

Three sampling sites were located in the innerspafrthe wetland (W1. W2 and W3).
while another another site (P1) was located inphenial areas close to the wetland (figure
14). This last site showed no marked vegetatiomgds during the study. period (1984-2003)
and so no significant changes in beetle assemblagiessexpected-in this peripheral site.

The survey also included data of soil moisture 'andductivity in" 2003 in the four
sampling sites. Table 4 summarises the plant coriti@sinsoil moisture and conductivity in
the sampled years and sites.

In each year the sampling period lasted six morftbsy 1, April to 30 September since,
according to Esteve (1987) and Giménez (1999)pérmd of maximum activity of most of
these species in wetland areas corresponds t@smthsummer.

Classified remote images

Salt steppe Bare ground
Salt marsh Crops
Reedbed Infrastructure

Figure 14. Location of the sampling sites in Mariegh Carmoli wetland. W1. W2. W3: wetland sites;
P1: peripheral site.
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Table 4. Details of the sampling sites of the Maridel Carmoli wetland (SE Spain). W=
Sites deeply located in the wetland; P= peripheralite

Site | 1984 2003 Soil moisture 2003 (%)  Soil conduitgti2003 (dS/m)
W-1 |salt marsh | salt marsh 29.78 7.28

W-2 | salt steppe| reedbeds] 38.22 5.16

W-3 | cultivated | salt marsh 24.13 6.88

P-1 | sands sands 3.15 0.16

This has also been found to be the case in ottetlebgiudies in arid systems (Yaacobi‘et
al.. 2007). Previous sampling campaigns in the sheaved that any loss of information with
regards to composition and abundance of Tenebaenahd Carabidae in the Mar Menor
wetlands is negligible. The traps consisted of tiddsottles of 1 litre capacity and 10 em
mouth diameter, filled with a saturated solutioN@ifCl. In each sampling site there were two
rows of five traps each. Traps were emptied evergays (i.e., four times per year).

Beetles were identified to species level. The iteras and abundance data were used to
calculate the species abundance per site and Repulation abundance is described through
a capture-effort index consisting of the numbercaptures of each species per 10 active
pitfalls during the six months sampling period. Walculated the logarithm of
Carabidae/Tenebrionidae ratio and also the norethiZarabidae/Tenebrionidae ratio. which
takes values between -1 and +1 (Paeloal, in press), depending on the relative
predominance of tenebrionidae or carabidae, reispbct

Wandering beetles were classified as halobiontéophdes and other preferences,
according to their adaptation to and toleranceattf and water in the soil (Serramb al,
2002). Briefly, halobionts are defined as spedigised to salty soils that are rarely found in
other environments. Halophiles are defined as thbseto live in sites with a widely ranging
salt content and thus must have efficient physioklgnechanisms to maintain their water
balance. The third group is made. up of species witterogeneous preferences
(psammophiles, xerophiles, ripicoles) that are Wsu@und at the periphery of saline
habitats. This classification allows the resporfseoonmunities to changes in the soil water
content and salinity to be characterised.

Results and Discussion

At all wetland sites there’'was an increase in thendance of carabids and a decrease in
tenebrionids (Figure 15), resulting in an increeséhe normalised C/T ratio between 1984
and 2003 (Table 5). Peripheral site remained urgddnThe peak value corresponded to W2
in 2003, which also had the highest soil moisture.

This long-term change might be explained by thé mwiisture changes caused by the
modifications in the water regime at watershedescas discussed in the precedent section.
Figure 3 shows the close relationship between sailsisture and logarithm of
Carabidae/Tenebrionidae ratio using data fromehesampling sites of the set of Mar Menor
wetlands and peripheral areas.
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Figure 15. Abundance of carabids and tenebriomidkse wetland sites of Marina del Carmoli (W1, W2
and W3) in 1984 and 2003.

Table 5. Normalised ratio of carabidae respect tognebrionidae (C/T) in each site of
Marina del Carmoli in 1984 and 2003. P1: peripherasite; W1. W2. W3: wetland sites

Sampling site 1984 2003
P1 -0.9479 -0.9743
w1 -0.8148 0.801
W2 -0.9953 0.99446
w3 -0.9605 0.66145
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Figure 16. Logarithm of the Carabidae/Tenebrioniddi® and soils moisture in the ten sampling sites
of the set of Mar Menor wetlands and peripherahare

The effects of agricultural management practices camabid assemblages through
changes in the soil moisture content have beerdrmteEyre et'al(1986). On the contrary,
tenebrionid beetles were not favoured by an ineréassoil moisture, as these beetles are
better adapted to more arid environments and ldghr®isture seems to be a limiting factor
(Bujalance et a] 1987; De los Santos, 1983; De los Santos, 2002)s, a decrease in
abundance of tenebrionid beetles could be a goedrigéor of changes in the hydrological
conditions of the wetland. Main tenebrionid speeiese Tentyria laevisPimelia baeticeand
Zophosis punctata

Along with the change in the ‘Carabidae/Tenebriamidatio there is a change in the
composition of carabids. The assemblage of 1984 demsinated by xerophiles such as
Orthomus barbarusDixus sphaerocephaltsnd Ditomus tricuspidatuswhereas halobionts
remained only in specific sites(W21). On the cantréhe assemblage of 2003 was dominated
by halobionts and halophiles species, which seamiset favoured by the increase in the
groundwater level, flooding period and soil moistim the wetland sites in 2003, along with
associated increased soil surface salinity (Fidie

The predominance of this type of species has bésereed in littoral areas of saline
lagoons (Rueda. 1990) and in small-scale gradletsd to the micro-relief of coastal dunes
Georges. 1999), which allow the presence of halopkispecies in the intermediate levels
susceptible to flooding. The halobiontic speciesengassified by Rueda (1990) as halophilic
species adapted to floods and show medium to lody l®ize, functional wings and high
dispersal power. According to Den Boer (1987), ¢helsaracteristics are typical of species
inhabiting unstable habitats. In contrast, spetlies make up the 1984 assemblages were
typical of more stable habitats.

Halobionts and halophiles dominated the assembiag2003 with species such as
Megacephala euphraticé&carites procerus eurytu€ylindera paludosaPogonus chalceus
and Anisodactylus virensThese last three species were absent in 1B®facephala
euphraticaand Scarites procerus eurytysigure 18) are the most singular carabid species
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from a biogeographical point of view, as good extmpof the Turano Mediterranean
distribution pattern (Serraret al 2002).

1984 2003
W1
W2
W3
M Halobionts
E Halophiles
L] Others
(xerophiles,
P1 —_— psammophiles,
lapidicoles...)

Figure 17. Proportion of halobionts; halophiles gmuups with other environmental preferences in the
sampling sites of Marina del Carmoli in 1984 -an6830

1cm

Figure 18. Left: Scarites procerus eurytus; Rifegacephala euphratica.
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These two species expand their distribution ananfoltiply by twenty their abundances
respect to 1984 (Table 6), as a response to thedse in soil moisture. Figure 19 shows the
response model 6&;0.93) ofMegacephala euphraticéo soil moisture and conductivity.
The usual available habitat fdtegacephalavaries from more xerophitic salt marshes with
20% soil moisture and 18 dS/m conductivity to mbranid salt marshes with 35% soil
moisture and 7 dS/m conductivity.

In the peripheral site the situation was more stabk xerophiles predominated from
1984 to 2003 and tenebrionid beetles, particuladye species such &entyria laevis
Zophosis punctatandGonocephalum rusticufGiménez, 1999), increased in/abundance.

In synthesis, these results suggest that long-termas in the groundwater table and soil
moisture conditions in the wetland are well reféetin the changes in species composition at
different taxonomic scales: proportion between feni(Carabidae and Tenebrionidae) and
the proportion between biological types within deaminant family under-wetter conditions
(halobionts and halophiles respect to groups wiitleroenvironmental preferences).

Table 6. Number of sampling sites with presence dlegacephala euphraticand Scarites
procerus eurytusaand average abundance of individuals per effort i (10 pitfall traps)
in Marina del Carmoli

1984 2003
NS AA NS AV
Megacephala euphratica 2 0.75 2 14.80
Scarites procerus eurytes 1 0.25 3 6.50

NS: Number of sampling sites; AV: Average abundasfdgedividuals per effort unit.

Megacephala (Ind./Unit)

Figure 19. Response model of Megacephala euphtat®ail moisture and conductivity.
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CHANGES IN BIRD POPULATIONS AND COMMUNITIES

Introduction

Surveys of bird populations and communities havenbearried out in the Mar Menor
lagoon and its associated wetlands since the &8ty/of the past century. Previous pioneer
studies (Guirao, 1859; Zamorano, 1932) recognise #% a rich area in terms of
ornithological diversity. Monitoring effort, howerehas been quite heterogeneous and still in
recent years varies greatly in space and time. ltong-series of biological data are scarce,
with the exception of wintering waterbird censusdman the framework of the International
Waterbird Census (IWC) scheme, and more recenthypbemented by breeding waterbird
population surveys. Tipically terrestrial or palirst bird communities (e.g. steppe and
reedbed passerines) have been studied much lessiirgly, and good long-term records are
scarce or totally lacking. In this part of the ctespve focus on the two communities'with-the
best series of data, when searching for biologimditators of landscape and environmental
change in the wetland complex: steppe birds anénatls. As mentioned above, the latter
have been surveyed through January census, mdéeesocontinuously since (1972 (Martinez
et al., 2005; Robledano et al., 2008). For the &rrwe have been able to reconstruct a series
of data extending from 1984 to 2008, through thegitation of several surveys undergone
in the same wetland area (Marina del Carmoli) &y dlwn authors and other researchers
(Hernandez, 1995; Torralva et al., 2003; Robledzrad., 2006).

Study Area and Methodology

Steppe Passeriform Birds

The area surveyed is the Marina del Carmoli-wetlatebcribed elsewhere in this
chapter. Census of passerines along line-transetie salt steppe and salt marsh, were used
to track changes in the terrestrial bird-commusitié the wetland. We used IKA values
(birds/km) recorded in six years of transect sangplispread along a period of 24 years):
1984, 1989, 1995, 1997, 2003 NS 2008. Dryland igéere sampled only in 1984. Seasonal
averages (summer: April-September; winter: Octdareh) have been calculated when
more than one transect census was available.

Line transects had a length of 0,5-1 km dependmthe year, with the outer limit of the
counting strip usually set at 40 m, on both sidethe transect. When a narrower sampling
strip was used, the results have been correctefénto similar surface areas. Data for 2003
(Torralva et al. 2003), given in birds per hectdnaye also been made comparable by
referring them to an equal surface of that covdrgdhe transects. On the other hand, by
expressing the results of all surveys in birds/H) Wwe were also able to compare local
densities with those recorded elsewhere, and ok titzeir temporal variation as an index of
change in ornithological value.

Sampling was carried out by one or two observers fellowed a pre-established route
at a more or less constant speed (approximateiy/B)k always during the first four hours of
daylight. The Marina del Carmoli (salt steppe anll marsh) keeps a network of ancient
paths, closed to vehicles and scarcely used byspréates, but distinguishable enough to
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facilitate the bird surveys. We believe that tregfnentation or edge effects caused by these
paths are minimal due to their partial colonisation vegetation. Although we cannot
determine the exact sampling places during allsthidly period, we are confident (and most
researchers involved in sampling have confirmed #@t the routes followed are
representative of the average conditions of thesaial phase of the Carmoli wetland. Part
of the variation, however, can be attributable bseyver or methodological bias, and the
results have to be interpreted cautiously.

Sampling effort ranged between a single seasonakeguper year (1984) to 10-11
surveys per season (1995), and on average appobagiheonthly surveys (5,3-5,6
surveys/season). The final series consists appeiglgn of a survey every five years. We
used several indices of abundance to relate changessserine populations and taxocenoses
to habitat and landscape variables. We summedkiAs bf the most important families in
terms of abundance and habitat specificity. We atsoputed total community abundance,
species richness and diversity (Shannon-Wienerx)nda order to detect changes in the
conservation value of avifauna, we also computelicés of conservation: status, adapted
from de procedure used by Pons et al. (2003) ankeththe species according to their
inclusion in Birds in Europe SPEC cathegories (Bednternational, 2004), IUCN Spanish
Red Data Book (Madrofio et al., 2004) and AnnexthefEU Bird’'s Directive. These values
were multiplied by the abundance index (IKA) logiamically transformed (Pons et al, 2003;
Paquet et al, 2006). Separate analyses were padoon summer and winter community
abundance matrices.

Abundance, richness, diversity and conservatiotustindices were related through
simple linear regression with four predictor val&sbdescribing changes in the structure of
vegetation and landscape characteristics, in tatated with the land-use changes in the
watershed and the consequent changes in the wates fnto the Marina del Carmoli
wetland. These variables were the area of salpstegalt marsh, reedbed and crops in a3 km
square window containing the wetland, as, descriggatier in this chapter. Mean IKA of
passerine species and families and the communmitgtstal indices for 1984, 89, 95, 97 and
2003 were regressed on habitat variables for 198495, 97 and 2001 (data not available
thereafter). Although data points are not exadtiyncident, we consider them representative
of consecutive stages‘in the wetland ecosystemanmithpproximately 5 year spacing.

Waterbirds

The study area for waterbirds is the whole Mar Memater mass (figure 1), a 135 km
coastal lagoon located in the southeast of thadbdPeninsula, with a mean depth of 4 m.
We have used- the results of the January waterbinduses co-ordinated occasionally by the
Regional Environmental Authority and most frequgntby amateur environmental
organisations (especially before 1995, and from0260wards), the results of which have
been compiled by Hernandez and Robledano (1991itia et al. (2005) and Hernandez et
al. (2006). The Mar Menor lagoon has the best @meramong the wetlands of Murcia
Region, with 25 censuses between 1972 and 2008¢gmsus available for 1974, 1976, 1980-
82, 1998, 2000-01 and 2003). Birds are censusedighra standardised boat route that has
remained approximately constant between years. Msrdounted of each species are pooled
and reported together for the whole lagoon. We doon the five most abundant waterbird
species (Great Crested GreBediceps cristatysBlack-necked Grebfodiceps nigricollis
Great CormorantPhalacrocorax carbp Red Breasted Mergansédergus serratorand
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Common Coofulica atra), also characterised by a strong feeding assoni#ti the lagoon.
With the exception oPhalacrocorax carbpwhich can fly daily to carry out part of its
feeding activity in nearby water surfaces (irrigatiponds and the sea), the individuals of
these species spend all or a great proportioneif time budget inside the lagoon, and their
feeding occurs typically in the water column andthes. Individually or at the family level,
they represent different foraging strategies, fepacialist piscivores to generalist herbivores.
Annual abundance (total number of each speciekdnlanuary census) was converted into
biomass using constant weight values obtained freiterature (Cramp, 1977). The percent
contribution of each species, familiy or guild (fitre Coot these were coincident) to total
waterbird biomass was used to illustrate long-tetranges in the trophic structure of the
community. We interpreted these changes on the basie estimated nitrogen load reaching
the lagoon the previous years, and two biotic e total adult jellyfish present in the
lagoon, based on visual estimates and annual toggdtured by boats committed to their
removal, and the annual catch of the two main fpkcies exploited by the local fleet
(Atherina boyeriandEngraulis encrasicholysas a surrogate index of fish productivity.

Results and Discussion

Response of the Steppe Bird Communities to Hab@aanges in the Carmoli Wetland

Our compilation of terrestrial bird surveys showsardatic changes in abundance and
community structure, with important implicationg fine conservation valuetand function of
this habitat for birds. In summer, total commurétyundance declined during the 24 year
period of study (I%dj,:-O.G; n=6; p<0.05), but species richness and Shradiversity index
increased. Diversity values, in any event, werdailly and on average lower that those
reported in the literature for the same or siméeras (Hernandez, 199%)audidaewas the
only family showing an overall significant decliméth year (F@ad,-.:—0.81; p <0.01), while
there was an increase in the proportional abundah€eingillidae, Turdidaeand Sylviidae
(Figure 20).

In winter, a similar pattern emerges for most fasiland structural indices, except that
total community abundance appears more stable ligiitlg increasing), and the overall
contribution of other families, mainlyMotacillidae _and Emberizidae is greater (as
corresponds to a richer community). Shannon H’rigtthess significantly increase with year
(Rzadj,:0.97 and 0.72; p<0.001 and 0.05, respectivelyp dberall decline oAlaudidaeis
less pronounced than in summer yet also signifieatifadj.=-0.77; p<0.05), and there is a
remarkable transient increaseroingillidae in 1995-97.

Using data coming from so many different sourcesydver, raises the problem of bias
induced by observer, date, sampling effort, anderotbources of variation that can be
confounded with true changes in-population or comityparameters (Devictat al, 2007).
But it is quite improbable that all or most of tbhanges detected simply reflect these
methodological factors. Strip transects are comsiladequate to track within-site changes in
the relative abundance of wintering grassland biedsl comparable to area searches in
producing density estimates (Roberts and Schnél)6R The general concordance of
summer and winter patterns, in the species andémases affected, and in the magnitude of
the changes, suggests that sampling bias is ndtimgathe main picture of bird community
changes in any season.
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Figure 20. Changes in the relative-abundance ofnihia families (expressed as % of total IKA), total
community abundance and structural parametersegbalsserine bird community (left, summer; right,

winter).

The habitat variables most related with bird vasrai{Table 7) also suggest that summer
and winter communities are affected by similar cdieal changes, driven by the pressures
exerted on the steppe area by irrigation at thershed scale. Many species did not respond
individually to habitat variables, but representatispecies and families that can be

considered habitat specialists did so. Figuresn2il?22 show some examples.
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Table 7. Response of some representative specied gamilies to habitat variables

LINEAR REGRESSION (sign, adjusted Bnd significance level)
BIRD VARIABLES STEP SALT REED CULT
Summer community
CALA |Melanocorypha calandra 0,99%** -0,76* -0,72*
COGU | Galerida cristata 0,72* -0,69*
CUTO | Sylvia conspicillata 0,76*
TACO | Saxicola torquata 0,94**
TECO | Calandrella brachydactlyla 0,80*
TRIG | Miliaria calandra 0,76*
VERD | Chiloris chloris 0,61(p=0,07)
ALAU |Total Alaudidae 0,76* -0,5 (p=0,11)
TURD | Total Turdidae -0,61(p=0,08) 0,75*
FRIN | Total Fringillidae -0,49 (p=0,11), 0,85*
TOTC | Total community 0,75* -0,73*
RDBO | Spanish Red Book Index 0,70*
Winter community
ALRE | Lanius excubitor/meridionalis -0,93** 0,79*
BUIT | Cisticola juncidis 0,67 (p=0,05
CALA |Melanocorypha calandra 0,63 (p=0,06 -0,44 (p3P,1
COLT | Phoenicurus ochruros 0,68 (p=0,0b)
ESPA | Emberiza schoeniclus 0,46 (p=0,11)
ESTO | Sturnus unicolor 0,46 (p=0,12
GOCO | Passer domesticus 0,38 (p=0,15)
JILG Carduelis carduelis 0,46.(p=0,11
MICO | Turdus merula 0,46-(p=0,12)
MOCO | Phylloscopus collybita 0,46/(p=0,12) 0,46 (p=0,12)
PETI Erithacus rubecula 0,46 (p=0,12
PECH | Luscinia svecica 0,46 (p=0,12
PICO | Fringilla coelebs 0,46 (p=0,12)
TACO | Saxicola torquata 0,70*
TECO | Calandrella brachydactlyla 0,59 (p=0,07) \ <0,58(0%)
ZOCO | Turdus philomelos 0,46 (p=0,12
ALAU |Total Alaudidae 0,66 (p=0,05) 0,48 (p=0)11
TURD | Total Turdidae -0,94* 0,88*
HSHA | Shannon H' -0,75* 0,52 (p=0,10)
BDIR | Birds Directive Index 0,84* -0,69*
DESCRIPTOR VARIABLES PEARSON CORRELATION COEFFICIENTS
STEP | Area of salt steppe
SALT | Area of salt marsh -0,92*
REED | Area of reedbed NS NS
CULT | Area of crops NS NS NS

Correlations among variables are also shown. Malgirsignificative but biologically meaningful
relationships are also included. Bird variables mean IKAs of species or families except for
structural or conservation indices. Significanogels: p<0,05 = *; p<0,01 = **; p<0,001 = ***
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Figure 21. Response of some representative spaicfamilies of the summer community to habitat
variables. Melanocorypha calandra, Galerida cest@alandrella rufescens and total Alaudidae are
plotted against the area of salt steppe; Calamdbeichydactyla against irrigated lands and total
Fringillidae against the area of salt marsh.

The indicator value of bird species, families andides, regarding changes induced by
agricultural influences, is illustrated by an eambgative response éflaudidae particularly
of Calandra LarkNlelanocorypha calandieand Crested Lark3alerida cristatd in summer,
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andM. calandraand Short-toed LarCalandrella brachydactylin winter, to the loss of salt
steppe in the habitat mosaic. Some species chasactike intermediate phases of change (by
mid 1990’s), when the loss of steppe habitat ibiksed and the development of salt marsh
reaches its maximum, as described in the previectsos). This is the case Bfingillidae in
both season$Sylviidae although favoured in general terms by the devakt of salt marsh,
show different responses depending on the spegwdh, Spectacled Warbler Sglvia
conspicillatg peaking in the early stages of change (1989), bativVarbler §. undata
during the middle ones (1994-97), and SardinianbéarS. melanocephaldowards the late
ones (2003), probably illustrating species-spedifabitat preferences. At the end of the
period, wintering species of partial palustrine relater like Reed BuntingEfmberiza
schoenicluy as well as somé&urdidaetend to increase in an apparent response to thialpar
invasion of salt marsh by reedbeds. In other wdHarthese' species characterise the
transitional (mixed) habitats located between thedrbelt of lagoons and the salt marsh
vegetation of immediate terrestrial areas (Peir6p62. The Lesser Short-toed Lark
(Calandrella rufescensshows also a pattern of intermediate increase mbeus (peaking
between 1989-97). Its apparent indifference to” hapitat variable can be due to the
particular preferences of this species in<termsc@ferage and vertical structure of the
vegetationC. rufescenss common in coastal steppe areas with a good septation of salt
marsh and low vegetation cover (Cramp, 1988; Tieller al, 1999; Torralveet al., 2003).
Hernandez (1995) added to its preferences a wesserciation with perennial grasses (e. g.
Lygeum spartuma dominant species in the salt steppe), and ggrowith intermediate
heights of these two types of vegetation (salteand salt marsh).

The positive response @alandrella brachydactylgin summer) to the area of irrigated
crops is somewhat unexpected-since this speciesually favoured by dryland, unploughed
agricultural habitats (De Juana and Sudarez, 2004)ur study area it was more abundant in
the peripheral dryland fields surveyed in 1984 lffds/km in summer and 14 in winter) that
in the Carmoli wetland(in any year (8 and 1,784ikdh as maximum values, respectively, in
the same season). An_explanation for this is thiéicpéar nature of irrigated agriculture in
this area. Due to the low quality of water, the sEmuent salinisation of soils, and the use of
short crop cycles, the fields surrounding the wetlatay uncultivated for long periods, which
favours the ‘presence of many typical steppe spdciddurcia RegiorC. brachydactylas a
typical species-of ‘uncultivated agricultural fieldernandez (1995). In summer these fields
seem to be playing a similar positive effect tot thtiributed by Brotont al. (2005) to
improved pastures around French steppes. The abhcedaf Corn Bunting Niliaria
calandrg, a species of European concern (Birdlife Inteomatl, 2004), is also positively
related with the area of crops around the wetldihe. recent breeding of Collared Pratincole
(Glareola pratincold in these areas, made possible through agreemeamtsdyelandowners
and conservation organisations, is an example ettological potential of these areas, that
should be also a priority conservation target. inter C. brachydactylasseems to depend
more on the salt steppe habitat.

It is not possible nor realistic, owever, to trydarplain most variation in all species or
groups solely on the basis of local habitat changgternal factors, illustrated by population
trends at higher geographical scales, can alsaaiexghe numerical changes of some bird
species, particularly those showing cyclical phaskeincrease and decline in abundance.
Unfortunately, the Spanish bird monitoring prograimet could illustrate these patterns (Del
Moral et al, 2008) cover only the most recent part of our wfuetiod.
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Figure 22. Response of some representative spafdiles winter community to habitat variables.
Alaudidae species and total-abundance are repegsagainst the area of salt steppe and total Taedid
against the area of salt marsh.

Among the conservation indices, those based on S&tiCon the Spanish Red Data
Book show an overall decrease in the summer comgn(although with a partial recovery in
recent years), and fluctuant trends with even sgaie at the end of the period. The Birds
Directive index decreases both in summer and wifiigure 23). The latter trend is the only
significant one (I%dj.:—O.SS; p<0.05). In both seasons, the declineérinds Directive index
parallels that of the Annex | species present, maméelanocorypha calandraand
Calandrella brachydactylan summer, and these same species Bigia undatan winter.
Apart from these, the general loss of conservat@noe in summer is due to the decline in
species of open spaces and mosaic habitats Milkiaria calandra and Lanius senator
(SPEC3). Among “winner” species adding conservatiatue we can remarEmberiza
schoeniclu@ndCarduelis cannabin&n winter. In overall, besides increasing speciglsiness
and diversity, the change towards less steppic itond represents a small gain in
conservation value. The species that benefit frdns tthange are usually the less
representative of the original conditions and oftearginal to the region.

Although high values of species richness and dityeese often set as general targets in
protected area management, the use of more specifiservation indices allow a best
evaluation of performance against particular objest Our indices describe different
trajectories depending on season and on the legacientific value involved in the
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calculation. The Birds Directive based index is ¢tidy one that shows a marked decline both
in summer and winter, while those based on SPECIAGMN Red Book categories exhibit
ups and downs, or even improve along the periduhbftat change. But, considering the legal
status of the study area, the greater concerndHeuput on the former. The Carmoli wetland
has been declared as a Bird SPA (Special Proteétiea) under 79/409-EC Directive, and
the loss in conservation value for Annex | spedeglies that this function has not been
achieved.

Among other criteria, this SPA was declared in 2601he basis of one steppe passerine
bird (Calandrella rufescensexceeding the population threshold establishetieaEuropean
level (Viada, 1998). The effectiveness of protettamuld be questioned on the basis of its
recent population decline. Our estimates of summopulation density for this species are 20
birds/10 hectares at the start of the study, riging4 and 47.5 birds/10 ha in 1989 and 1997,
which probably represent the highest densitiesheflberian Peninsula (Hernandez y Pela,
1987; Suareet al, 2002; Samprieto and Pelayo, 2003).
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Figure 23. Changes in the indices used to assesotiservation value of the study area (upper graph
summer; lower graph, winter).
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This transient positive effect can be attributedh® expansion of salt marsh vegetation
which stabilises by 1997. In the long term, however abundance is lowered to values
between 5.5-8.75 birds/10 ha, still high but nearlyorder of magnitude lower than the peak
values (on which the evaluation against the SP#&riai is based).

Dynamics of Waterbird Communities in the Mar Menor Lagoon

Of the five species studied, all but the Red Bemhdtlerganser have increased in
numbers along most of the period of study. The tgetdfluctuations and highest counts
correspond to the Black-necked Grebe. The trertdenGreat Crested Grebe is parallel to that
of its congeneric species, but less fluctuant. @oamts seem to have grown more steadily.
Coot display also a marked increase, but startibgr Ithan these three piscivorous: species.
Figure 24 summarises the general progression okrbiad biomass/ and the relative
contribution of each species. Despite the gapbeastart and the end of the period, there are
recognisable periods characterised by the dominahparticular species. The Red Breasted
Merganser is the dominant piscivorous during mdsthe decade of 1970's. The Great
Cormorant dominates most years since then, repiegeca. 50% of the biomass except
between 1988 and 1996, when other piscivores, dimfuthe two Grebes, dominate.
Herbivores (Coot) join the community in 1992 anditttontribution rises'to more than 30%
in 2005. The biomass of Red Breasted Merganser rateshange markedly in the long term,
although its relative contribution decreases grigl@om more than 90% to less than 15%).
In terms of feeding guild numbers, the compositibithe waterbird community has changed
from a 100% of piscivores until 1991, to nearly 50%herbivores in 2005. When expressed
as biomass, the contribution of herbivores-is diyglower (under 40%).

The development of intensive agriculture and reagide tourism during the last three
decades have become the main pressures drivingpemental change in the Mar Menor
Lagoon. Total waterbird biomass has increased rti@e 4-fold during this period, which
supports the increase in carrying capacity as asjilee explanation (Ysebaert, 2000; Van
Eerdenret al, 2005; Roomeset al.,2006). The positive response of bird biomass tionesed
nutrient loads into the Mar,Menor lagoon (Martiretzal, 2005) is in accordance with this
explanation, as does the lack of a general relstiipnwith biogeographical population trends
(F. Robledanet al;'in prep.). Local trends of bird numbers diffes@markedly from those
observed in other nearby sites or regions, in sgpeeies with opposite rather than divergent
trends. This is the case of the Coot, which dedliskarply as a breeder in the Valencia
region during-the-period 1984-2004, and especfeti;n 1991 onwards in the winter census,
falling from more than 14,000 birds to less tha®0R, (GOmezt al, 2006; compare this with
the 10-fold increase in the Mar Menor between 1838@ 2005). The carrying capacity of the
lagoon for this phytophagous species seems to haga during the second half of this
period, opposite to what happened in a number pamtly more suitable wetlands in the
Valencia region. This is not surprising since,hirit preferred sections within the Mar Menor
lagoon, Coot attains higher densities than in bhslickoastal wetlands of southeastern Spain
with denseRuppiameadows (Robledarei al, 2008).

Nutrient load appears as the first determinant afevbird biomass in three out of five
species, with the dynamics of a fourth one (Greatr@rant) primarily governed by external
factors (see e.g. Van Eerden and Gregersen, 1986; Bobmmelet al, 2003) but also
favoured by local eutrophication. On the other hd®ed Breasted Merganser seems to have
been indifferent (tolerant) to nutrient loading itgr most of the study period, although
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negatively affected in the long term (Martineizal, 2005). The trends of Great Cormorant
and Red Breasted Merganser in the Mar Menor magshthose of their Spanish populations
(Martinezet al, 2005), and consequently they could be considesegdoorer indicators of
lagoon condition.
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Figure 24. Contribution of the five species studi@the total biomass (kg) of the waterbird comnyni
of the Mar Menor Lagoon (only years with data fthtlee species altogether are shown).

The question remains about through which mechanartrephication improves feeding
conditions for waterbirds. Some authors (e. g. Nigsy, 1992) argue against a direct
relationship between eutrophication-and higher sgary production. But at a general scale,
the changes in waterbird numbers have been commelated to the fertilisation of coastal
waters, with increases and declines interpretetherbasis of processes of nutrient addition
and removal (see references in Robledatal, 2008). Nutrient loads cause increased
nutrient concentration that stimulates phytoplanktoroduction and thereby increases
chlorophyll concentration and light attenuationd€h, 2001). The effect of nutrient loads on
fish biomass is also’ usually positive (Van Rijn areh Eerden, 2003; Pérez-Ruzafaal,
2007).

Of course, factors other than agricultural nitrodead can also explain changes in
waterbird abundance. Phosphorus loads from urbaageecan have an important role in the
eutrophication process. The general increase idygtovity can also respond to climatic
factors. Changes in the salinity of the lagoon alao account for some changes in waterbird
populations. Long term variation in several otheromorphologic and hydrographic
parameters, through its influence on fish commundynposition and abundance (PEREZ-
RUZAFA et al, 2007), can also influence waterbird numbers. théra(outside and in the
wintering places) and disturbance are factors tizat also affect waterbird populations
(Davidson and Rothwell, 1993; Ronk#éal, 2005; O’Connelkt al, 2007) and hence census
results. It is also possible that variations in thiater pattern of occurrence of the species
explain apparent interannual changes (Rooeteh, 2006).



32 Angel Esteve, M. Francisca Carrefio, Francisco Rialnie et al.

Aggregated variables (familiy, guild or total wdiied biomass) seem to respond more
markedly than individual species’ abundances tesgmutrient enrichment. An aggregated
approach can also be applied to the temporal sequainyears, trying to identify phases of
relative stability and sharp changes in the lageanlogical status. Within the general
increase in waterbird biomass that starts by mBDX) we can distinguish four main phases
plus a short one of rapid change (Figure 25): Phassd 2 correspond to a period of more or
less homogeneous nutrient loading, the first panvinich (1972-79) still shows high fish
catches that dramatically drop at its end (probahlg to overfishing); the second phase
(1980-87) shows a first positive response of gdisenaiscivores, mainly Great'Cormorant,
which dominates the community with Red Breasted gdeser. It follows a :period of
gradually increasing nutrient loads extending apipnately from 1988 to 1995 (Phase 3),
during which the relative biomass Bbdicipedidag(vs that of Cormorant plus Merganser)
increases markedly. This is followed by a shortgeh@d 996-98) with low fish-catches; higher
nutrient loads and an incipient jellyfish developin¢Phase 4), coincident with a fall in
Podicipedidaebiomass. From 1999 onwards, there is some recayMeBodicipedidaebut
their relative contribution to total biomass is kEned due to the darge increase of Cormorant
and the also increasing share of herbivores (Cdbik last period (Phase 5) is characterised
by further increases in nutrient loads, but alscabgreater abundance of jellyfish that can
exert some control on eutrophication. In fact thieran apparent recovery of fish catches that
can be related to such control, which in turn cohtl responsible for the recovery of
piscivores after 1998. Towards the end of the spehod, the continued increase in nutrient
loads and the decline of jellyfish numbers couldsirate -a new shift, in this case towards
conditions more favourable for herbivores. Eutroption causes a marked deterioration of
seagrass and macroalgal communities, a situatiparaptly not beneficial for herbivores
(Noordhuiset al, 2002), but it also can-promote a shift towardséased abundance of
opportunistic macroalgae (Krause-Jensnal, 2008), a source of food for generalist
herbivores like Coot (Perroet al, 1997). The proliferation of such algae is a pmeeon
already observed in some stretches of the lagoorekhe.

Surprisingly, four out of five waterbird speciesriease in numbers along a period of
fisheries decline, and only one of them is typicalbn-piscivorous (Coot). However, it is
possible that the piscivorous waterbirds selededift prey types or size classes than those
commercially exploited (Liordos and Goutner, 20@vhjch in the long term seem negatively
affected by eutrophication. But the decrease ih fiield can also be a consequence of
overfishing, leading \to-a dominance of small fishthe community due to the selective
extraction of larger ones (Van Rijn and Van Eerd3). This larger biomass of small fish
is known to create good feeding conditions for mmetike the Great Crested Grebe and the
Great Cormorant (Gwiazda, 1997; Swmiital, 1997; Van Rijn and Van Eerden, 2003). Other
species can survive entirely on prey other thah, flike Black-necked Grebe, a typical
invertebrate-feeder (Jehl, 2001).

Interaction among variables (F. Robledagtoal., in prep.) suggests that some biotic
components might have effects on the relationsbivéen waterbirds and trophic variables.
Particularly, jellyfish seem to modify the responslewaterbirds to nutrient enrichment.
Jellyfish populations are the main top-down agenthie Mar Menor lagoon, controlling the
effects of the eutrophication process through tvezimanisms: the direct use of nutrients by
endosymbiotic zooxanthella, and the direct predatio plankton (Pérez Ruzafa and Aragon,
2003; Rodrigueet al, 2005).
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Figure 25. Simplified representation of the maias#s identified by the response of terrestrial
passerines and waterbirds to habitat and envirotahesriables. Species or families are represenyed
areas proportional to their contribution to totaivanunity abundance (passerines) or biomass
(waterbirds), and environmental variables by cuieareas. Values are averages of summer and
winter IKAs (passerines) and of January censusdch period (waterbirds). Taxa represented are
(from bottom to top): Waterbirds: Coot, Great Coramd, Podicipedidae and Red Breasted Merganser;
Passerines: Alaudidae, Sylviidae, Turdidae, Friidgie and others.

Jellyfish play a role of sink for organic mattey, taking up and storing nutrients, and
typically disrupt the trophic web at the level afcendary consumers. By feeding on
organisms that serve as prey of large consumegddilge crustaceans and fish larvae, they
also reduce their feeding opportunities (Gili analgés, 2005). Increasing anthropogenic
nutrient loads- favours jellyfish, acting synergiatly with overfishing to result in a
degradation of the ecosystem, characterised byfbbaigae and jellyfish blooms (Vasas
al., 2007).

Summarising, long-term negative effects are onlypaapnt for the Red Breasted
Merganser, which seems to prefer low to moderatalyrophic conditions. The two
Podicipedidaeincrease in moderately eutrophic conditions andpktheir contribution to
waterbird biomass along most of the study perio@ept during the short phase of higher
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enrichment when jellyfish are still unable to ale eutrophication (Pérez Ruzagt al,
2002). However, we think that further nutrient dibati, particularly in the absence of this
top-down control (jellyfish numbers have been logdeto a minimum during the last removal
campaigns), can lead the system to conditions fl@asurable for most piscivores. The
feeding activity of great crested grebes in eutioplaters has been shown to be limited by
factors like underwater visibility (Van Eerdet al, 2003). The Great Cormorant, also, has
been proposed as an indicator of waters of inteiatedurbidity, above (or below) which, it
feeds less efficiently (Van Rijn and Van EerdenD20 Present favourable conditions for
herbivores can also deteriorate in the long ternthé system shifts to a phytoplankton-
dominated state (Noordhugs$ al, 2002; Garcia-Pintadet al, 2007).

CONCLUSION

We can conclude, answering the questions startiigy ¢hapter, that wetlands have
effectively reacted in a strong manner to the lasel changes in the watershed and associated
alterations of the water and nutrient flows. Moreg\the changes can be tracked in different
biological communities, in particular the vegetatassemblages, the carabid and tenebrionid
communities, steppe passerines and waterbirdssltoben shown that the effects on steppe
passerines are mediated by the changes in theabegetassemblages, as shown by the
regression models between the steppe passerineshanarea occupied by each type of
habitat along time. Some trends constitute a commaitern of change in all studied
communities, especially the reduction ~of the elememore specifically linked to arid
characteristics, like the area of salt steppe agliite abundance of tenebrionids and steppe
passerine birds such Ataudidae

In each assemblage it has been identified some igoarhtors, not defined at the species
level, of the observed long-term_changes. Regartlingregetation assemblages, the overall
increase in the total wetland area seems to bemipdicator of the increase in water input at
watershed scale, whereas the increase in the Hhyipop vegetation (salt marsh plud
reedbeds), observed overall and in each partiemtdtand, constitutes a good indicator of
such water changes. A very significant relationsigs found between the temporal trend of
the area of irrigated-lands in the watershed wifiva years time lag and the area of salt
marsh plus reedbeds in the wetlands. In the casandering beetles, long-term trends in the
groundwater table ‘and soil moisture conditions hie tvetland are well reflected in the
changes in _species composition at different taxaa@vales: proportion between families
(Carabidae and Tenebrionidae, as expressed by alabidae/Tenebrionidae ratio) and the
proportion ‘between biological types within the doamt family under wetter conditions
(halobionts and halophiles respect to groups withero environmental preferences). In
particular, the C/T ratio, which does not requieritification of taxons to the species level,
only to the family level, seems to be a very gaudidator of the soil moisture to explain both
spatial patterns and long-term changes. The vdltermestrial birds as indicators of land use
changes is illustrated by their integrative, matige response to the habitat changes. The
main phases, defined by the relative proportionsalfitats, are associated with numerical
changes in species, families and assemblages. ricase the decrease in abundance of
Alaudidaein the wetland seems to be a good indicator of ltmel use changes in the
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watershed. Specifidlaudidae species seems to explain in more detail the nattiguch
changes. Waterbird lagoonal species, although bdeimer conservation scores (none of the
species studied qualify for SPA designation), emeag an equally valuable tool in the
surveillance of agricultural (and urban) nutriempacts on the lagoon. The warning role of
waterbirds about changes in nutrient status in ébophication process of the lagoon
(suggested as early as mid 1980'’s), could also baea played by steppe passerines with
regard to habitat changes in the peripheral wetlgadident by mid 1990’s, and dramatic at
the start of this century), had their populationsedd monitored more continuously.
Multispecies assessments of protected areas araluable tool, not only for its own
management, but for the investigation of human ttgpan biodiversity at'a wide array of
scales (Devictor et al., 2007).

Regarding the biodiversity and conservation vatliéerent trends have been‘identified.
In the case of the vegetation communities, theth&bfavoured by the increase in irrigated
lands and the water changes in the watershed ase tless valuable from the Habitats
Directive perspective. The habitat showing the égjhincrease is reedbeds, which is not
included in the Directive, followed by the salt miar desighated as Community Interest, at
the expense of a substantial reduction in saltpstepf Priority Interest due to its singularity
and level of threat. This is relevant since it isage habitat in-Spain and the conservation
status of salt steppe in Murcia is well over therage in Spain. In the case of wandering
beetles, the changes in the water regime have iteshéhe most singular carabid species
from a biogeographical point of viewylegacephala euphraticand Scarites procerus
eurytus good examples of the Turano-Mediterranean digiobh pattern. In the case of
steppe passerines, the Birds Directive based iigdiwe only one that shows a marked decline
both in summer and winter, while those based on(SBRd IUCN Red Book categories
exhibit ups and downs, or even improve along th@ogeof habitat change. However, the
Carmoli wetland has been declared as-a Bird SPAc{8IpProtection Area) under the Birds
Directive, hence, the loss’in conservation valuélafina del Carmoli according to the Bird
Directive based index- implies that the protectianction for this natural site has not been
achieved.

The original landscape and habitat setting of aehsedine, oligotrophic lake fringed by
steppe habitats; has been gradually modified tosvidre present scenario of a Mediterranean-
like water. mass with-incipient eutrophication syomps, surrounded by expanding salt marsh
and reedbed communities. The Mar Menor wetlandsparticular Marina del Carmoli,
exemplifies the deterioration of a steppe areauidinchydrological changes in the watershed,
without direct habitat reclamation. The need to aggnagricultural impacts at the watershed
scale emerges here as a critical biodiversity is@iomlogical changes induced by excess
drainage water and nutrient loading into the Mambfelagoon and its peripheral wetlands
have modified its biota, causing a loss of ecolagintegrity and conservation value. The
observed trends, which will probably continue ia fbture unless action is taken in the whole
area of influence, question the effectiveness efpitotection measures given to the area and
highlight the urgent need to apply management mieasoutside the protected area for an
effective conservation the Mar Menor lagoon anaeissed wetlands.



36 Angel Esteve, M. Francisca Carrefio, Francisco Rialnie et al.

ACKNOLEDGEMENTS

The research has been partially supported by thepEan project DITTY. Development
of Information Technology Tools for the ManagemehEuropean Southern lagoons under
the influence of river-basin runoff (EVK3-CT-20024B4). support which is acknowledged.
The research has also been partially supportethdogdientific projecEstado ecolégico de
los humedales mediterraneos semidridos: propuestadicadores para su evaluaci¢gGL
2006-08134), funded by the Ministry of Science dfdlucation. whose support is also
acknowledged. We also thank Asociacion de Natuealisdel Sureste (ANSE) for
coordinating, and many anonymous ornithologistsctorying out waterbird censuses in the
Mar Menor during the years without public suppartthis scheme. Vicente Hernandez Gil
kindly provided the results of passerine bird sysvearried out within-his-Ph.D. research in
the Marina del Carmoli. Passerine data for 199%v8ie gathered as a part of the wetland
monitoring scheme financed by Project LIFE/197312310: “Conservacion de humedales y
otros ecosistemas caracteristicos de zonas &ridas”

REFERENCES

Alvarez-Rogel, J., Jiménez-Céarceles, F.J., Barb@sa., Egea. C., Ortiz. R., Alarcon. A.,
Delgado. M. J. and Martinez. F. (2002a). Prelimyrdata on the role of a coastal salt
marsh in the retention of nitrates (and phosphataeshled from intensive agricultural
zones in the Campo de Cartagena (Murcia. SE Spair). Faz Cano, R. Ortiz Silla and
A. R. Mermut (Eds.)Final Proc: Inter. Symp. on Sustainable Use and &fgmment of
Soils in Arid and Semiarid Regio(#69-472). Cartagena.

Alvarez-Rogel. J., Jiménez-Céarceles. F.J., BarbOsa., Egea. C., Ortiz. R., Alarcon. A.,
Delgado. M. J. and Martinez. F. (2002b). Quantifisaof Zn and Pb in the top soil and
aerial biomass in'a salt marsh polluted by metalemwastes in SE Spain. In: A. Faz
Cano, R. Ortiz Silla-and’A. R. Mermut (Ed€5jnal Proc. Inter. Symp. on Sustainable
Use and Management of Soils in Arid and Semiargidtes(473-476). Cartagena.

Alvarez-Rogel.J., Jiménez-Carceles. F.J. and Bieslas. C. (2006). Phosphorus and
nitrogen content’in the water of a coastal wetlemthe Mar Menor lagoon (SE Spain):
relationships ‘with effluents from urban and agmerdl areas.Water, Air, and Soil
polluted 173, 21-38. DOI: 10.1007/s11270-006-9020-6.

Alvarez-Rogel. J., Jiménez-Carceles. F.J. and Bliealds. C. (2007a). Phosphorus retention
in a coastal salt marsh in SE Spdihe Science of Total Environme8t8, 71-74.

Alvarez-Rogel. J., Jiménez-Carceles. F.J., Rocd. dhd Ortiz. R. (2007b). Changes in soils
and vegetation in a Mediterranean coastal salt manpacted by human activities.
Estuarine Coastal and Shelf Sciencés, 510-526.

Alvarez-Rogel. J., Ramos Aparicio. J., Delgado dtae M. J. and Arnaldos Lozano. R.
(2004). Metals in soils and above-ground biomagdanits from a salt marsh polluted by
mine wastes in the coast of the Mar Menor lagodh.Sapin.Fresenius Envirnmental
Bulletin, 13, 274-278.



Dynamics of Coastal Wetlands and Land Use ChamgéeiWatershed 37

Belaoussoff. S., Kevan. P. G., Murphy. S. and SemniC. (2003). Assessing tillage
disturbance on assemblages of ground beetles (@eleo Carabidae) by using a range
of ecological indicesBiodiversity Conservatiori,2, 851- 882.

BirdLife International. (2004).Birds in Europe. Population Estimates, Trends and
Conservation Statu€ambridge, Birdlife Conservation Series, 12.

Brandmayr. P., Lovei. G. L., Zetto-Brandmayr. Tas@le. A. and Vigna Taglianti. A. (Eds.).
(2000).Natural history and applied ecology of carabid betSofia. . Pensoft.

Brotons, L., Wolff, A., Paulus, G. and Martin, 2005). Effect of adjacent agricultural habitat
on the distribution of passerines in natural geass$s$.Biological Conservation124 (3),
407-414.

Bujalance. J. L., Cardenas A. M. and Bach C. (198Mg relationship between local and
regional diversityEcology 78, 70-80.

Cakir. H. I, Khorram. S. and Nelson. S. A. C.,@8p Corespondence analysis for detecting
land cover chang&emote Sensing of Environmel@2, 306-317.

Carrefio, M.F., Esteve. M.A., Martinez. J., Palazdi. and Pardo. M.T. (2008). Habitat
changes in coastal wetlands associated to hydoalbgihanges in the watershed.
Estuarine. Coastal and Shelf Scient@, 475-483.

Cartagena. M.C. and Galante. E. (2002). Loss ofidheisland tenebrionid beetles and
conservation management recommendatidmstnal of Insect Conservatipf, 73-81.

Cihlar, J., Ly, H. and Xiao, Q. (1996). Land Co®assification with AVHRR Multichannel
Composites in Northern Environmen®emote Sensing of Environmes, 36-51.

Cole. L. J., McCracken. D. I., Dennis. P., Dowiies,, Griffin. A. L., Foster. G. N., Murphy.
K. J. and Waterhouse. T. (2002). Relationships eetwagricultural management and
ecological groups of ground beetles (Coleopterarakiidae) on Scottish farmland.
Agriculture. Ecosystems and Environmeg, 323-336.

Cloern, J.E. (2001). Our evolving.conceptual maafethe coastal eutrophication problem.
Mar. Ecol. Prog. Ser.210, 223-253.

Cramp, S. (Ed.). (1977)The birds of the western Palearctic. Vol. 1: Ogirio Ducks.
London, Oxford University Press.

Cramp, S. (Ed.). (1988).he birds of the western Palearctic. Vol. 5: Tyr&hgcatchers to
ThrushesLondon, Oxford University Press.

Dajoz. R. (2002)Les Coléoptéres Carabidés et Ténébrionidés. EomlegiBiologie.Paris,
Tec et Doc Lavoisier.

Davidson, N..and Rothwell, P. (Eds.). (1993). Dis&uince to waterfowl on estuarié§ader
Study Group Bulleting8 (Special Issue).

De Juana, E. and Suarez, F. (2004). Terrera Comalan@rella brachydactyla. In: A.
Madrofio, C. Gonzéalez and J. C. Atienza (Edsibro Rojo de las Aves de Espafia.
Madrid, Direccién General para la Biodiversidad-$iéilife.

De los Santos. A. (1983Biologia y ecologia de dos comunidades mediterrgnga
coledpteros de superficiBhD Thesis. Murcia, University of Murcia.

De los Santos. A., de Nicolas. J.P. and Ferref2602). Habitat selection and assemblage
structure of darkling beetles (Col. Tenebrionidalng environmental gradients on the
island of Tenerife (Canary Islandgpurnal of Arid Environment&?2, 63-85.

Del Moral, J.C., Escandell, V., Molina, B., Bermejd. and Palomino, D. (Eds.). (2008).
Programas de seguimiento de SEO/Birdlife en 260&drid, SEO/Birdlife.



38 Angel Esteve, M. Francisca Carrefio, Francisco Rialnie et al.

Den Boer. P. J. (1987). On the turnover of cargdmgulations in changing environments.
Acta Phytopathology et Entomologica Hungar22, 71-83.

Desender. K., Dufréne. M. and Maelfait. J. P. (39%4ng term dynamics of carabid beetles
in Belgium: a preliminary analysis on the influerafechanging climate and land use by
means of a database covering more than a centuri. Desender et al. (EdsGarabid
beetles: ecology and evolutiodnordrecht, Kluwer Academic Publishers.

Devictor, V., Godet, L., Julliard, R., Couvet, DhdaJiguet, F. (2007). Can common species
benefit from protected area8iological Conservation]39(1-2), 29-36.

Esteve, M. A. (1987).Evaluacion ecoldgica. comunidades animales y ordéma del
territorio: aplicacion al area del Mar Menor (SE Rafia). PhD Thesis. Murcia,
University of Murcia.

Esteve, M. A. and Calvo, J. F. (2000). Conservaciéra naturaleza y biodiversidad en la
Region de Murcia. In J. F. Calvo, M. A. Esteve d@ndL6pez Bermudez (Coords.),
Biodiversidad. Contribucion a su conocimiento y semacion en la Region de Murcia
(193-214). Murcia, Servicio de Publicaciones dgtéversidad de Murcia.

Eyre, M. D., Rushton, S. P., Luff, M. L., Ball, S., Foster. G. and Topping: C. J. (198&)e
use of invertebrate community data in environmensalsessmentAgricultural
Environment Research Group, University of Newcasgtien Tyne.

Eyre, M. D., Luff, M. L. (2002). The use of grourmetles (Coleoptera: Carabidae) in
conservation assessments of exposed riverine sedimeitats in Scotland and northern
EnglandJournal of Insect Conservatioi, 25—38.

Frambs, H. (1990). Changes in carabid beetle ptpofon a regenerating. excavated peat
bog in North-west Germany. In: N. E. Stork (Edhhe role of ground beetles in
ecological and environmental studi@b7-169). Intercept, Andover.

Fuellhaas, U. (2000). Restoration of degraded, fassiand-effects of long-term inundation
and water logging on ground beetle ‘populations €Qutera. Carabidae). In: P.,
Brandmayr, G. L. Lovei, T. Zetto Brandmayr, A. Clasand A. Vigna Taglianti (Eds.),
Natural History and Applied Ecology of Carabid Bes{289-294). Sofia, Pensoft.

Garcia Lazaro, U. (1995Fstudio de posibilidades de instalacion de plamtasalinizadoras
con aguas subterraneas de los acuiferos del CarapBatitagena (Murcia)Federacion
de Cooperativas Agrarias de la Regién de Murcia.chu

Garcia Pintado J., Martinez Mena, M., Barbera G Afhadalejo J. and Castillo V. (2007).
Anthropogenic nutrient' sources and loads from aidadnean catchment into a coastal
lagoon: Mar Menor, Spailscience of the Total EnvironmeB¥,3, 220-239.

Georges, A.<(1999).. Ground beetles (Coleopteraral@idae) of old littoral grasslands -
Species assemblages and indicator spediesales de la Societe Entomologique de
France,35 (SUPPL.), 255-258.

Gili, J. M. and Pages, F. (2004). Jellyfish bloofsll. Soc. Hist. Nat. Baleay18, 16-22.
http://www.recercaenaccio.cat/agaur_reac/AppJasaurees/documents/070712-gili-
pags-2005-44237.pdf (accessed on 5/05/2006).

Jiménez, A. and Esteve. M. A. (1994). Estructupaeisl y ambiental de las comunidades de
tenebridnidos de la comarca del Mar Menor (SE dmia).Studia. Oecological0-11,
409-419.

Jiménez, A. (1999)Patrones, modelos y procesos en las comunidadésnéeriénidos de
ecosistemas mediterraneos semiarid®isD Thesis. Murcia, University of Murcia.



Dynamics of Coastal Wetlands and Land Use ChamgéeiWatershed 39

GoOmez, J. A, Dies, J. |. and Vilalta, M. (Eds20Q6).Las aves acuaticas de la Comunitat
Valenciana. Censos y evolucion de las poblacioh®84-2004)Generalitat Valenciana,
Conselleria de Territori i Habitatge, Valencia.

Guirao, A. (1859). Catalogo Metddico de las Aveseaslladas en una gran parte de la
provincia de MurciaBoletin de la Real Academia de Ciencias de MadFjd.-50.

Gwiazda, R. (1997). Foraging ecology of the Greas@d Grebe (Podiceps cristatus L.) at a
mesotrophic-eutrophic reservoitydrobiologig 353: 39-43.

Hernandez, F. and Pela, E. (1987). Sobre comurgdddeaves esteparias en planicies del
valle medio del Ebrd. Int. Simp. Aves Esteparias, Le@pain) 379-393.

Hernandez, A. J., Fernandez-Caro A. and lbafiez .J(2006). Censo Invernal 2005 de
acuaticas de la Region de Murcia. El NaturalistgitBi, Asociacion de Naturalistas del
Sureste, Murcia. www.asociacionanse.org/naturadigjal (accessed on 28/02/2008).

Hernandez, V. (1995)Ecologia de las estepas de la Region de MurciaruEstra y
dindmica de sus comunidades orniticBsiadernos de Ecologia y Medio Ambiente, 4.
Universidad de Murcia.

Hernandez, V. and Robledano, F. (1991). Censosnalas de aves acuaticas en la Region de
Murcia, SE de Espafia (1972-199@hales de Biologia (Biologia Animal)7(6), 71-83.
Hess, L., Melack, J. M., Novo, E. M. L. M., Barbp§a C. F. and Gastil, M. (2003). Dual-
season mapping of wetland inundation and vegetdtorthe central Amazon basin.

Remote Sensing of Environme8it, 404-428.

Holland. J. M. (Ed.). (2002)he agroecology of carabid beetlésmdover, Intercept.

ITGE. (1994).Las aguas subterraneas del Campo de Cartagena (&)uBecretaria General
de la Energia y Recursos Minerales. Murcia.

Jehl, J. R. Jr. (2001). The abundance of /the’ EafBdatk-necked) Grebe as a recent
phenomenonWaterbirds,24(2), 245-49.

Krause-Jensen, D., Sagert, S., Schubert, (H and@astC. (2008). Empirical relationships
linking distribution and abundance -of marine vetijetato eutrophicationEcological
Indicators 8, 515-529.

Kumar Joshi, P. K., Roy, P. S., Singh, S:, Agravfal,and Yadav, D. (2006). Vegetation
cover mapping in India using multi-temporal IRS Widrield Sensor (WIiFS) data.
Remote Sensing of Environmet@3, 190-202.

Liordos, V. and Goutner, V. (2007). Spatial PatseshWinter Diet of the Great Cormorant in
Coastal Wetlands of Greed#aterbirds,30(1), 103-111.

Lovei, G. L, and Sunderland, K. D. (1996). Ecologgd behaviour of ground beetles
(Coleoptera: Carabidagjnnual Review of Entomolog§l, 231-256.

Madrofio, A., Gonzalez, C. and Atienza, J.C. (Ed2D04). Libro Rojo de las Aves de
EspafiaMadrid, Direccion General para la Biodiversidad-Ziiéillife.

Martinez. J. and Esteve. M. A. (2002). El regadib@ampo de Cartagena y la exportacion
de fertilizantes agricolas al Mar Menor. In J. Ntaz and M. A. Esteve (EdsAgua,
regadio y sostenibilidad en el Sudeste ibé(i28-150). Bilbao, Bakeaz.

Martinez-Fernandez. J., Esteve-Selma. M. A., RaledAymerich. F., Pardo-Saez. M. T.
and Carrefio-Fructuoso. M. F. (2005). Aquatic badshioindicators of trophic changes
and ecosystem deterioration in the Mar Menor lag(®f Spain)Hidrobiologia, 550,
221-235.

McHugh. O. V., McHugh. A. N., Eloundou-Enyegue. . and Steenhuis. T.S. (2007).
Integrated qualitative assessment of wetland hgdioal and land cover changes in a



40 Angel Esteve, M. Francisca Carrefio, Francisco Rialnie et al.

data scarce dry Ethiopian highland watershexhd Degradation and Developmein
press). www.interscience.wiley.com DOI:10.1002808

Michelson. D. B., Lilieberg. B. M. and Pilesjo. 2000). Comparison of Algorithms for
Classifying Swedish Landcover Using Landsat TM &RS_1 SAR DataRemote
Sensing of Environment]l, 1-15.

Mundia. C. N. and Aniya. M. (2006). Dynamics ofdaise/cover changes and degradation of
Nairobi City, KenyaLand Degradation and Developmef, 97-108.

Nienhuis, P. H. (1992). Eutropication, water mamaget, and the functioning of Dutch
estuaries and coastal lagooBstuaries 15(4), 538-548.

Niemi. G. J. and McDonald. M. E. (2004). Applicatioof ecological indicators. Annual
Review of EcologyEvolution and Systematic35, 89-111.

Noordhuis, R., Van der Molen, D. T. and Van der BeM. S. (2002). Response of
herbivorous water-birds to the return of Chara aké Veluwemeer, The Netherlands.
Aquatic Botany72, 349-367.

Noriega. J. and Lozano-Garcia. D.F., (2000). Spéhliiering of radar data (RADARSAT) for
wetlands (Brackish marshes) classificatiBemote Sensing of Environmer, 143-151.
Narumalani, S., Mishra, D. R. and Rothwell, R. @@4). Change detection and landscape
metrics for inferring anthropogenic processes mdheater EFMO are&emote sensing

of Environment91, 478-489.

O'Connell, M. J., Ward, R. M., Onoufriou, C., Wilfi, |. J., Harris, G., Jones, R., Yallop, M.
L. and Brown, A. F. (2007). Integrating multi-scad@ata to model the relationship
between food resources, waterbird distribution dmonan activities in freshwater
systems: preliminary findings and potential uskeis, 149 (suppl. 1), 65-72.

Ortega. M., Gomez. R., Suarez. M. L., Vidal-Abamk.R:, Calvo. J. F., Palazon. J. A. and
Ramirez-Diaz. L. (1992). Hydrochemical charactdiimaand typification of ponds in a
semi-arid region of Southeastern Spain.”In R.D. @&sband M.L. Bothwell (Eds.),
Aquatic ecosystems in semi-arid regions: Impliagatidor resource managemen,. NHRI
Symposium Series 7, Environment Candd&-126) Saskatchewan, Saskatoon.

Pardo, M. T., Esteve, M .A., Giménez, A., Martiternandez, J., Carrefio, M. F., Serrano, J.
and Mifano, J. Assessment. of the hydrological aiens on wandering beetle
assemblages (coleoptera: Carabidae and Tenebrnidacoastal wetlands of arid
mediterranean systemspurnal of Arid Environment§n press).

Peiro, I. G. (2006).Estudios ornitoldgicos aplicados a la gestion délbitat de los
Passeriformes del carrizal en el Parque NaturalEld-ondo (Alicante, SE de Espafia).
Tesis Doctoral, Murcia, Universidad de Murcia.

Pérez Ruzafa, A. and Aragén, R. (2003). Implicaesode la gestion y el uso de las aguas
subterraneas en el funcionamiento de la red trdfécana laguna costera. In: J.M. Fornés
and R. Llamas (Eds.Conflictos entre el desarrollo de las aguas suldeeas y la
conservacion de los humedales: litoral mediterran(@d5-245). Madrid. Ediciones
Mundi-Prensa.

Pérez Ruzafa, A., Gilabert, J., Gutiérrez, J.Min&edez, A.l.,, Marcos, C. and Sabah, S.
(2002). Evidence of a planktonic food web respotsechanges in nutrient input
dynamics in the Mar Menor coastal lagoon, Spididrobiologia 475/476, 359-369.

Pérez Ruzafa, A., Mompean, M.C. and Marcos, C. {R0OBydrographic, geomorphologic
and fish assemblage relationships in coastal lagétrobiologig 577(1), 107-125.



Dynamics of Coastal Wetlands and Land Use ChamgéeiWatershed 41

Perrow M. R., Schutten J. H., Howes J. R., HolzerMadgwick F. J. and Jowitt A. J. D.
(1997). Interactions between coot (Fulica atra) smdmerged macrophytes: the role of
birds in the restoration processydrobiologia 342-343, 241-255.

Pons, P., Lambert, B., Rigolot, E., and Prodon, (B003). The effects of grassland
management using fire on habitat occupancy andeceason of birds in a mosaic
landscapeBiodiversity and Conservatioi2(9), 1843-1860.

Rainio, J. and Niemeld, J. (2003). Ground beetBxdepptera: Carabidae) (as bioindicators.
Biodiversity and Conservatiot2, 487-506.

Richards, J. A. (1995)Remote Sensing Digital Image Analysis. An"Intradact(2nd
edition). Berlin, Springer-Verlag.

Robledano, F. (1995). Bases para la conservacidmudedales en el area-del’Mar Menor
(Murcia. SE de Espafia): criterios para la regem@mag restauracion. In: C. Montes, G.
Oliver, F. Molina and J. Cobos (EdsBases Ecoldgicas para la restauracién de
Humedales en la Cuenca Mediterrdnéa51-262). Sevilla,Consejeria de Medio
Ambiente. Junta de Andalucia.

Robledano, F., Calvo, J. F., Esteve, M. A., Mas,Palazon, J. A..and Ramirez-Diaz, L.
(1987). Tipologia, conservacion y gestion de lasagohiumedas del sureste espafiol.
Limnética 3(2), 311-320.

Robledano, F., Calvo, J. F., Esteve, M. A., MasPalazon, J. A., Suarez, M. L., Torres, A,
Vidal-Abarca, M. R. and Ramirez-Diaz, L. (1991a)stiglios ecoldgicos de los
humedales costeros del sudeste espafiol: I.-Ini@ntaipificacion. Anales de Biologia
17(6), 153-163.

Robledano, F., Calvo, J. F., Esteve, M.A., MasPdlazon, J. A., Suarez, M. L., Torres, A.,
Vidal-Abarca, M. R., Ramirez-Diaz, L. (1991b). Edins ecologicos de los humedales
costeros del sudeste espafiol. Il. Evolucion hisadrsituacion actual y perspectivas de
conservacionAnales de Biologial7 (6), 165-176.

Robledano, F. and Esteve, M. A. (1992). Consemmatind management of wetlands in
Murcia Region (SE'Spain). The Mar Menor Lagoon.Nh:Finlayson, T. Hollis and T.
Davis (Eds.)Managing) Mediterranean Wetlands and their birds tioe year 2000 and
beyond(240-242) Slimbridge, IWRB Special Publication.

Robledano; F.; Esteve;, M.A., Hernandez Gil, V. BtaGago, J.C., Pardo, M.T., Martinez, J.
and. Carrefio, “M.F. (2006). Cambios en la actividaglicala y respuesta de las
comunidades de passeriformes en los humedales aeMdnor (Murcia, SE Espafia).
Congreso |bérico de Ornitologi&lche (Alicante, Spain).

Robledano, F., Pagan, I. and Calvo, J. F. (200&teYdirds and nutrient enrichment in Mar
Menor Lagoon, a shallow coastal lake in southegstirsS Lakes and Reservoirs:
Research and Managemeh8, 23-35.

Rodriguez, S., Martinez, J., Carrefio, M. F., PaktloT., Mifiano, J., Esteve, M. A., Mas, J.
and Jiménez, F. (2005). Report on Lagoon Modelimlylar Menor Site. Univ. Murcia.
http://www.dittyproject.org/Public%5CAnnexes%5CUMB%report19.pdf.

Ronka M.T.H., Saari C.L.V., Lehikoinen E.A., Suomel. and Hakkila K. (2005).
Environmental changes and population trends ofdimgewaterfowl in northern Baltic
SeaAnnales Zoologici Fennic§42, 587-602.

Roomen, M. van, Koffijberg, K., Noordhuis, R. andidaat, L. (2006). Long-term waterbird
monitoring in The Netherlands: a tool for policydamanagement. In: G.C. Boere, C.A.



42 Angel Esteve, M. Francisca Carrefio, Francisco Rialnie et al.

Galbraith and D.A. Stroud (EdsYaterbirds around the worl63-470). Edinburgh,
UK, The Stationery Office.

Rueda, F. (1990)Biologia y ecologia de los carabidos de las orilides lagunas salinas
espafiolasPhD Thesis. Madrid, Universidad Auténoma de Madri

Sampietro, F.J. and Pelayo, E. (2003). Terrerasmeiia Calandrella rufescens. In: R. Marti
and J.C. del Moral (EdsAtlas de las Aves reproductoras de Esp@w-371). Madrid,
Direccion General de Conservacion de la Naturaiz@edad Espariola de Ornitologia.

Serrano, J., Lencina, J. L., Andujar, A., Ruancaihd Andujar, C. (2002). The carabid fauna
of the saltmarsh of Cordovilla (Albacete. SE Spéinyecta. Coleoptera). In: J.. Szyszko,
P. J. Boer and T. den Bauer (edsldw to protect or what we know about carabid bestle
(213-224). WarsawVarsaw Agricultural University Press.

Serrano, J., Ruiz, C., Andujar, C. and Lencinal,.J(2005). Land use and ground beetle
assemblages in the National Park of Cabafierosr&epain (Coleoptera: Carabidae).
In: G. Lovei and S. Toft (Eds.)European Carabidology (Proceedings of the™11
European Carabidologists’s Meeting) DIAS ReportnPRroduction. No. 14(275-289)
Danish Institute Agricultural Sciences.

Smit, H., Van der Velde, G., Smits, R. and Coops(3997). Ecosystem responses in the
Rhine-Meuse Delta Turing two decades alter ' enctbsamd stops towards estuary
restorationEstuaries,20(3), 504-520.

Suarez, F., Garza, V. and Morales, M.B. (2002).itaalise of two sibling species, the Short-
Toed Calandrella brachydactyla and the Lesser Sremtl C. rufescens Larks, in
mainland SpainArdeolg 49(2), 259-272.

Telleria, J. L., Asensio, B., Diaz, M. (199%ves ibéricas. Volumen Il. Passeriformes.
Madrid, José Manuel Reyero.

Torralva, M., Vargas, M., Jiménez, R., Arcas, J.Glarcia, A., Robles, M. and Caballero, A.
(2003).Andlisis de la viabhilidad de la comunidad ornitoiéa In: Estudio de la Fauna
del Mar Menor y directrices para su manejo y coraerdon. Vol. Il. Technical
Document. Consejeria (de Agricultura, Agua y Medimbfente. Murcia, Comunidad
Auténoma de la Regién de’'Murcia.

Toyra. J., Pietroniro. A, and Martz. L.W. (2001)ulisensor hydrologic assessment of a
freshwater wetlandRemote Sensing of Environmert, 162-173.

Van Bommel, S., Réling, N.G., van Wieren, S.E. @&uassow, H. (2003). Social causes of the
cormorant revival in the Netherland3ormorant Research Bulleti®, 16-25.

Van Eerden, M.R. and Gregersen, J. (1995). Long-tghanges in the northwest population
of Cormorants Phalacrocorax carbo sinensidea 83 (1), 61-79.

Van Eerden, M. R. and Piersma, T. and Lindeboon{2603). Competitive food exploitation
of smelt Osmerus eperlanus by great crested gfebéiseps cristatus and perch Perca
fluviatilis at Lake ljsselmeer, The Netherlan@®cologia 93, 463-474.

Van Eerden, M. R, Drent, R. H., Stahl, J. and BakRi. P. (2005). Connecting seas: western
Palearctic continental flyway for water birds iretherspective of changing land use and
climate.Global Change Biologyl1, 894-908.

Van Rijn, S. and Van Eerden M. R. (2003). Cormaantthe ljsselmeer area: competidor or
indicator?Cormorant Research Bulleti®, 31-32.

Vasas, V., Lancelot, C., Rousseau, V. and Jorda(Rd®7). Eutrophication and overfishing
in temperate nearshore pelagic food webs: a netwerspective.Marine Ecology
Progress Series336, 1-14.



Dynamics of Coastal Wetlands and Land Use ChamgéeiWatershed 43

Velasco. J., Lloret. L., Millan. A. Barahona. J.éllan. P. and Sanchez-Fernandez. D. (2006).
Nutrient and particulate inputs into the Mar Metegoon (SE Spain) from an intensive
agricultural watershed. Watekir and Soil Pollution 176, 37-56.

Viada, C. (Ed.). (1998)reas Importantes para las Aves en Espiidedition).Monografia
n° 5 Madrid, SEO/Birdlife.

Vidal-Abarca. M. R., Esteve Selma. M. A. and Sudkkmso. M. L. (2003)Los Humedales
de la Region de Murcia: Humedales y Ramblas de égidh de Murcia.Murcia,
Consejeria de Agricultura. Agua y Medio Ambiente.

Wang. Q. and Tenhunen. J. D. (2004). Vegetationpingpwith multitemporal NDVI in
North Eastern China Transect (NECTnternational Journal of- Applied Earth
Observation and Geoinformatip6, 17-31.

Wang. C., Menenti. M., Stoll. M. P., Belluco. E.daMarani. M. (2007). Mapping mixed
vegetation communities in salt marshes using agbspectral dataRemote Sensing of
Environment107, 559-570.

Yaacobi. G., Ziv. Y. and Rosenzweig. M.L. (2007jfeEts of interactive scale-dependent
variables on beetle diversity patterns in a semdi-agricultural landscapd.andscape
Ecology 22, 687-703.

Ysebaert, T., Meininger, P.L., Meire, P., Devos, Berrevoets, C.M., Strucker, R.C.W. and
Kuijken, E. (2000). Waterbird communities along-#stuarine salinity gradient of the
Schelde estuary, NW-Eurofgiodiversity and Conservatio® (9), 1275-1296.

Zamorano Ruiz, M. (1932). Notas ;sobre algunas éspede los antiguos 6rdenes de
Palmipedas y Zancudas, que frecuentan el Mar M@viarcia). Cartagena, Libreria
Melero.



