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Introduction 

A general overview about the relevance of Mediterranean wetlands 

Wetlands are considered as one of the ecosystems with the highest environmental 

value, characterized by high production and habitat heterogeneity, which translates 

into great landscape and biological diversity (González-Bernáldez, 1989; Mitsch and 

Gosselink, 2000). Among wetlands, Mediterranean temporary ones represent 

unique repositories of biodiversity, which hold exclusive communities of aquatic 

organisms. Despite this importance, which at the political and social level has led to 

the existence of international conventions and programs for its protection and 

conservation (Ramsar Convention; World Program on Wetlands; IUCN Water 

Resources; Water Framework Directive) and, at the regional level, in the publication 

of the Andalusian Plan for Wetlands (VV.AA., 2004), its irreversible alteration and 

destruction has been a constant over time, and specially in recent decades (Casado 

and Montes, 1995; Guerrero et al., 2006). Therefore, the scarcity of water resources 

that characterizes the south of the Iberian Peninsula makes that the conservation of 

humid areas, which diversify the landscape and contribute to the generation of 

microclimates in strong contrast to the surrounding aridity, constitutes a primary 

task in the management of the natural environment.  

Traditionally, most attention has been focused on large temperate lakes, while 

Mediterranean wetlands have received much less consideration. Based on Cole et al. 

(2007) and Downing (2010), this is especially striking in view of: (i) recent 

inventories based on modern geographical and mathematical approaches have 

shown that small lakes and ponds dominate the areal extent of continental waters; 

(ii) several analyses have shown the disproportionately great intensity of many 

processes in small aquatic ecosystems, indicating that they play an unexpectedly 

major role in global cycles; (iii) in relation to carbon (C) cycle, it has been proved 

that inland waters and especially wetlands, are far from being neutral conduits of C 

from lands to the sea as they stored large amounts of C in their sediments and a 

major fraction of C is degassed to the atmosphere and (iv) small lakes and ponds are 

important to the maintenance of regional biodiversity and stability as they are 

characterized by greater species richness per unit than large lakes. Additionally, it 

is essential to consider that among all inland aquatic ecosystems, wetlands have 

unique characteristics (e.g. shallowness, high fluctuations in water level and anoxic 
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sediment) that make them a "hotspot" for biogeochemical processes (e.g. Hernández 

and Mitsch, 2006; White and Reddy, 2009). 

From ancient time, human society has realized that they depend on the natural 

world. However, the value of natural ecosystems has been ignored until their 

degradation has highlighted their importance (Daily, 1997). It is well known that 

natural ecosystems provide economical, ecological and social benefits essential for 

humans, the so called "ecosystem services" (Costanza et al., 1997). Aquatic 

ecosystems in particular, play a vital role in human existence and specifically, 

wetlands which are important, among others, for flood control, groundwater 

replenishment, shoreline stabilization and storm protection, sediment and nutrient 

retention and export, reservoirs of biodiversity and climate change mitigation and 

adaptation.  As Ramsar convention states, one problem has been the lack of hard 

economic data that prove the value of retaining intact ecosystems, but this is now 

changing. As an illustration, a recent study of the role of coastal wetlands in reducing 

the severity of impacts from hurricanes in the United States found that they 

provided storm protection services with an estimated value of US $23.2 billion per 

year. Accordingly, growing understanding of the economic benefits of wetlands is 

resulting in significant expenditure in some countries on wetland restoration and 

rehabilitation of lost or degraded hydrological and biological functions of wetlands. 

 

Worldwide main wetlands perturbances: eutrophication  

Among aquatic ecosystems, wetlands constitute highly dynamic and extremely 

fragile ecosystems, especially in the Mediterranean region. They are actually facing 

an increasing pressure derived from anthropogenic activities (agricultural, 

livestock, urban, industrial and tourist) that take place in the drainage basins of 

these ecosystems (Ortega et al., 2006). Amongst these human disturbances, cultural 

eutrophication has been recognized worldwide as a serious environmental issue for 

more than half a century and remains a major water quality issue. Livestock and 

agricultural discharges, which provide fertilizers, organic wastes and other residues 

rich in phosphates and nitrates are, in most cases, the main causes of the increase in 

the trophic state of anthropogenic origin in Mediterranean wetlands (Guerrero et 

al., 2005; 2006). 
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In the European Union, general concerns about water quality led to the Water 

Framework Directive (WFD). It provides a common framework to protect, manage 

and restore surface and groundwater in Europe, and it has prescribed as a legal 

requirement by 2027 that all water bodies must achieve "good status". Surface 

waters status is measured by both its ecological and chemical status assessed in the 

scale of "high", "good", "moderate", "poor" and "bad" based on the Ecological Quality 

Ratio, which is a ratio between the reference conditions and measured status of the 

biological quality conditions (Heiskanen, 2004; Willaarts et al., 2014). In the last 

report of European Commission about the implementation of WFD in Spain it was 

stated that although 43% of surface water bodies present "high" or "good" ecological 

status, a very high proportion (39.2 %) were classified as "moderate" to "bad" status 

���� �� ������ ������� ��� �������� ������ ������� ���� ����������� ��� ǲ�������̶� �������

representing 17 % of the total (EC, 2015). 

For combating eutrophication of inland waters, in general, and of wetlands more 

specifically, the evaluation of the trophic state is a prerequisite and essential step 

(Schindler, 2006). In this context, the use of biotic indices to characterize the trophic 

status and ecological integrity of wetlands is receiving increasing attention from the 

scientific community, existing a wide array of biotic indices. Different taxonomic 

groups have been proposed to construct these indices, such as macrophytes 

(Cirujano et al., 1992); birds (Furness and Greenwod, 1993); fish (Minns et al., 

1994); periphyton (McCormick and Stevenson, 1998); macroinvertebrates (Burton 

et al., 1999); among others. Most of these indices have, however, been developed in 

wetlands of temperate regions, and there is less information for the case of 

Mediterranean wetlands (Fano et al., 2003; Boix et al., 2005).  

 

Zooplankton: a key component of aquatic food webs 

Zooplankton is one of the main components of the biological communities of aquatic 

systems acting as a link between phytoplankton and secondary consumers and 

actively participating in nutrients recycling. Despite of being a fundamental 

component, it has not been considered as a biological element for the classification 

of ecological status in the WFD, being excluded from the list in Annex V. This fact has 

been considered as an error by various authors (Moss et al., 2003) since the viability 

of zooplankton as an indicator of water quality has been demonstrated in a large 
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number and variety of aquatic ecosystems (Gulati, 1983; 1990; Pontin and Langley, 

1993; Attayde and Bozelli, 1998; Duggan et al., 2001).  

In this context, several approaches have been carried out in recent years to assess 

the potential of using different zooplankton groups as indicators of ecological status, 

so that knowledge of the taxonomic composition of zooplankton and its relationship 

with variables of the trophic status of the system, allow its use as an indicator of its 

ecological status (Lougheed and Chow-Fraser, 2002; Bianchi et al., 2003; Boix et al., 

2005; Badosa et al., 2006; Boix et al., 2007; Haberman et al., 2007; Ejsmont-Karabin 

and Karabin, 2013; Haberman and Haldna, 2014). In fact, zooplankton presents a 

series of characteristics that make it an appropriate element for assessing water 

quality: (i) they are ubiquitous elements in lentic ecosystems (lakes, lagoons and 

wetlands), with an easy sampling (Boix et al., 2005) and (ii) the set of zooplankton 

species varies with changes in the trophic state (Whitman et al., 2004) and in 

response to gradients of disturbance (Stemberger and Lazorchak, 1994; Stemberger 

et al., 2001).  

Additionally, microcrustaceans such as Cladocera and Copepoda, displaying very 

different reproductive strategies, have been recently proposed as indicators of 

wetland hydroperiod (e.g. Serrano and Fahd, 2005; Sahuquillo and Miracle, 2013) 

and hence they can be used as a target group in monitoring the effects of land use 

and climate change (Seminara et al., 2008; Céréghino et al., 2014; Seminara et al., 

2016). 

 

The sediment as an essential compartment of Mediterranean temporary 

wetlands 

Apart from external nutrient inputs, internal sources such as sediment release 

notably affect the trophic state of aquatic ecosystems. This water-sediment coupling 

is further enhanced in the case of Mediterranean temporary wetlands, where 

extreme fluctuations in the water level cause a fraction of the sediment to be subject 

to more or less prolonged drying periods. This aspect will significantly affect 

sedimentary physico-chemical properties and, therefore, its ability to retain or 

release phosphorus (P) into the water column. There is currently a controversy 

about the last effect of desiccation and subsequent reflooding of the sediment on the 

adsorption and desorption P capacity. Some studies have shown that desiccation of 
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the sediment leads to a substantial reduction in its affinity for phosphorus (Baldwin, 

1996), although an inverse effect of desiccation on phosphorus adsorption 

properties has also been described (Barrow and Shaw, 1980; De Groot and Fabre, 

1993). Undoubtedly, these contradictory results reflect the complexity of the 

biological, physical and chemical processes that occur during the drying of the 

sediment. Furthermore, the extension of the drying period and the initial 

composition of the sediment must play an essential role in the final result. 

Accordingly, it is essential to carry out ad hoc studies in the study sites for a better 

understanding of the final effect of recurrent dry and wet sedimentary conditions. 

Even more, the shallowness characterizing temporary wetlands is responsible, on 

the one hand, for the fact that a large part of the organic matter synthesized in the 

water column itself reaches the superficial sediment without having been 

completely mineralized, so that benthic metabolic activity plays a fundamental role 

in global metabolism of this type of systems (Relexans, 1996; de Vicente et al., 

2010a). On the other hand, this shallow character (high surface/volume ratio) 

determines a close water-sediment interaction that largely affect the chemical 

composition of the overlying water column (e.g. Ryding, 1985; Boström et al., 1988; 

de Vicente, 2004). So much so that a large part of the nutrients presents in the water 

column come from the sediment (internal load), evidencing that the restoration of 

eutrophic wetlands will require a drastic control of internal P load by adding 

chemical compounds that they adsorb P (e.g. Hupfer and Hilt, 2008). 

An additional consideration is that, apart from the typical indices used for evaluating 

trophic state which are mainly based on water quality (see for example Carlson, 

1977; Kratzer and Brezonik, 1981), in Mediterranean wetlands the use of the 

bioproduction number (BPN, Håkanson, 1984) may represent an appropriate 

indicator for wetlands, which are characterized by extremely large temporal 

variability (de Vicente et al., 2010b). While the application of indices based on water 

column parameters usually requires repeated seasonal monitoring to obtain the 

annual mean values, the reproducibility of the BPN method shows constant BPN 

values every time. Hence, only one sampling including the spatial heterogeneity of 

the surface sediment can provide a reasonable composite measure of trophic 

condition in a wetland (de Vicente et al., 2010b). 
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Study site: Alto Guadalquivir region 

Andalusia is characterized by having a large number of wetlands, these representing 

in number 17% of Spanish water bodies and 56% in surface area (González-Capitel, 

2003). The set of all of them is made up of a great variety of different ecological 

types, some of which stand out for being unique ecosystems within the context of 

the European Union (VV.AA., 2004). Most of them are endorheic countryside 

wetlands. This situation has led to a part of them having some type of protection 

(Natural Reserve, Natural Area, LIC, ZEPA, ZEC, Natural Parks and National Parks) 

both internationally, nationally and autonomically (Guerrero, 2009). 

The Alto Guadalquivir region is located at the northeast of Andalusia (Spain), 

encompassing almost the entire province of Jaén and the easternmost part of the 

province of Córdoba. To date, a total of 90 wetlands have been inventoried in this 

region (Ortega et al., 2003), the majority of these being seasonal wetlands, of varied 

size and geological origin. These wetlands, most of them lacking legal protection, 

show evident manifestations of the eutrophication process of their waters 

(Guerrero et al., 2005; 2006; Ortega et al., 2003; 2006). 

The Alto Guadalquivir is conditioned by three large geological units: Sierra Morena, 

the Betic mountain ranges, and the Guadalquivir depression. Most of the Andalusian 

wetlands are located in the last ones, mainly in the Guadalquivir depression. This 

situation determines that its presence is fundamentally linked to depressions of 

karst origin on materials from the Guadalquivir olitostroma with predominance of 

clay-evaporitic sediments from Trias Keuper (Rodríguez-Rodríguez, 2007). 

Especially relevant is the effect of geology on the concentration and ionic 

composition of the water, being responsible for a wide range of wetlands from 

freshwater to hypersaline.  

The orography of the region is responsible for most wetlands are located in areas of 

flat relief or in depressions in relation to the surrounding environment. According 

to the hydrology, it is possible to distinguish the next types: hypogenic or mixed 

hydrological regime, in which the contributions of water are produced by 

groundwater and surface runoff, having a permanent or semi-permanent character; 

and epigenics only with contributions of surface waters which lastly present the 

greatest seasonal and interannual variability. Additionally, the extreme temporal 
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variability characterizing Mediterranean climate is responsible for drastic water 

level fluctuations on an annual and inter-annual basis. These fluctuations have a 

profound influence on the abiotic and biotic variables (Coops et al., 2003).  

Lastly, an important aspect that characterize the wetlands of the Andalusian 

community is the great influence of anthropogenic perturbances, mainly due to the 

agriculture causing both direct and indirect effect, through changes in their drainage 

basin (Guerrero, 2009). In general, four causes of wetlands degradation and/ or 

disappearance have been identified: changes in the buckets, changes in the 

hydrological and hydroperiod regime, changes in water quality and changes in the 

structure of the communities. 
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General and specific objectives 

Wetlands of the Alto Guadalquivir region have been previously listed (Ortega et al., 

2003) and inventoried (Guerrero et al., 2006; Ortega et al., 2001; 2003; 2004; 2007; 

Ortega and Guerrero, 2003; 2007). Therefore, the next step is their evaluation, a 

process that tries to identify the state of stress that these ecosystems are suffering 

and how the biotic communities cope with it. In this context, the assessment of the 

trophic state is a useful and necessary tool for the diagnosis of the situation as a 

previous step for the proposal of management programs. For this purpose, both 

extensive (36 wetlands) and intensive (7 wetlands) samplings have been carried out 

in a set of wetlands selected based on widely different limnological characteristics. 

Specific objectives are as follows: 

1. To develop monitoring methods to evaluate zooplankton diversity (using as 

target groups copepods and branchiopods) based on extensive samplings in 

order to build models for the entire Mediterranean region (Chapter I). 

2. To identify priority areas for conservation using zooplankton assemblages 

and to measure the degree of nestedness to determine the best strategy for 

conservation of zooplankton diversity (Chapter II). 

3. To compare the ability of taxon- and size-based analyses of the zooplankton 

community to predict the influence of environmental variables (Chapter III). 

4. To test if zooplankton community is influenced by the seasonal 

environmental variability that characterize Mediterranean wetlands and if 

the community structure and composition reflect these environmental 

fluctuations (Chapter IV). 

5. To test the hypothesis that zooplankton assemblages (branchiopods and 

copepods) are strongly affected by the catchment land uses in Mediterranean 

wetlands by assessing the relationship between wetland limnological 

characteristics and their different catchments land uses (Chapter V). 

6. To estimate the trophic state by using a sediment-based index 

(bioproduction number, BPN) and to assess the effect of different land uses 

in the drainage basins of the Mediterranean wetlands on the BPN. 

Additionally, a comparison between BPN data and those obtained from the 

trophic state index (TSI) has been carried out (Chapter VI). 
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7. To determine the impact of sediment desiccation on nutrient dynamics in 

two selected Mediterranean wetlands. In particular, phosphate (PO43-) 

adsorption and desorption properties were assessed by using laboratory 

experiments. Additionally, the main physicochemical drivers of PO43- 

sorption were identified (Chapter VII).  
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Results and Discussion 

Mediterranean region is considered as one of the most important biodiversity 

hotspots in the world (Myers et al., 2000). In particular, the southern Iberian 

Peninsula is an area of special interest as it is located in one of the most arid zones 

of Europe and comprises a wide range of aquatic ecosystems, from freshwater to 

hypersaline ones (Sánchez-Fernández et al., 2004), which represents an important 

component of the landscape. The importance of this region for the zooplankton 

diversity is confirmed by the results obtained in this PhD. A total of 60 species 

(branchiopods and copepods) were recorded in the Alto Guadalquivir region, 

belonging to seven orders (Gilbert et al., 2015a; Chapter 1). Twenty-two of the 

recorded species were copepods (7 Calanoida, 12 Cyclopoida and 3 Harpacticoida), 

and 38 were branchiopods (4 Anostraca, 1 Ctenopoda, 32 Anomopoda and 1 

Notostraca). A large number (37%) of rare species (present in only one wetland) 

were found (15 branchiopods and 7 copepods) while only 11% of the total species 

(4 branchiopods and 3 copepods species) were common (i.e., present in more than 

20% of wetlands). Species richness was related to wetland typology, with the largest 

number of species observed in temporary freshwaters-subsaline-hyposaline (TFSH 

= 51 species; 4±2 species per sample), followed by mesosaline-hypersaline (MH = 

16 species; 3±1 species per sample) wetlands and by permanent freshwater-

subsaline-hyposaline (PFSH = 12 species; 3±1 species per sample) wetlands. We 

have found that rare species are mainly present in temporary wetlands, the most 

vulnerable to hydrological changes. Hence, temporary wetlands represent unique 

sites deserving conservation and accordingly they must be considered for future 

conservative legislation. 

Attending to the conservation criteria, a set of Mediterranean wetlands has been 

studied in order to identify priority areas for conservation by using zooplankton 

assemblages (Gilbert et al., 2014a; Chapter 2). In particular, the degree of 

nestedness was measured to identify the best strategy for conservation of 

zooplankton diversity. Two different but complementary approaches were used: 

cluster analysis and parsimony analysis of endemicity (PAE), with a presenceȂ

absence data matrix, in order to group wetlands as a function of zooplankton 

composition. To select conservation areas, four different criteria were used: (i) 

species richness; (ii) exclusive species occurrences; (iii) the number of wetlands in 
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which species appeared and (iv) phylogenetic diversity. The results showed the 

existence of three different zones (subgroups of wetlands) that included 98% of the 

total species and 41% of the studied wetlands. These results confirm that 

zooplankton assemblages are essential for making wetland conservation decisions 

and for the identification of areas with connectivity (fluxes of species) in which 

efforts should be more intense to preserve their biodiversity. 

Intrinsic ecological characteristics of Mediterranean wetlands make them excellent 

sites for studying biodiversity, specially for zooplankton diversity. We compared the 

ability of taxon- and size-based analyses of the zooplankton community to predict 

the influence of environmental variables (Gilbert et al., 2017a; Chapter 3). Our 

results comparing body size and taxonomic composition for rapid assessment of the 

influence of the environmental variables on zooplankton assemblages in temporary 

wetlands indicates that twelve species, eight were negatively and 4 were positively 

correlated with factors indicative of eutrophication. These results are consistent 

with the biology of these species described by Margalef (1953), Armengol (1978), 

and Alonso (1996) for the Iberian Peninsula. In the same way three coarse taxa, 

large cladocerans (LC), calanoida copepods (C) and cyclopoida copepods (CY) are 

affected by eutrophication. The positive relationship of LC and CY with factors 

related to eutrophication has been also previously reported in the literature. Last, 

three size classes are also affected by eutrophication. A shift in the body-size 

distribution toward smaller individuals as eutrophication progresses is in 

accordance with the general pattern of reduced size in stressed communities 

described by Kerr (1974).  

Additionally, we could also state that zooplankton composition is also linked to the 

number of days of water inundation and turbidity, but also with other 

environmental variables (Gilbert et al., submitted; Chapter 4), that clearly affect to 

the appearance of different species in temporary wetlands during the hydroperiod, 

from the flooding to the desiccation period. In this sense, the initial stages after the 

flooding event are dominated by the copepods Tropocyclops prasinus and 

Arctodiaptomus wierzejskii. These species appear in sites with high values of 

turbidity and low percentages of macrophytes. On the other hand, the copepods 

Diaptomus cyaneus, Macrocyclops albidus and by the cladocerans Chydorus 

sphaericus, Simocephalus vetulus are typical from sites with an increase of the flood 
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period, macrophytes coverage and reduction of turbidity. In the same way, the 

cladocerans Daphnia magna, Ceriodaphnia dubia, Pleuroxus aduncus and the 

copepod Acanthocyclops venustus are typical from wetlands with higher depths, 

while the anostraca Chirocephalus diapahanus, the cladocerans Pleuroxus 

letourneuxi, Macrothrix hirsuticornis and the copepod Cyclops insignis are 

characteristics from wetlands with high nutrient concentrations. 

Furthermore, and to understand the role of human activities on the structure and 

functioning of the aquatic communities, specifically on the zooplankton community, 

we study the relationship between watershed land uses, wetland characteristics and 

zooplankton assemblages (branchiopods and copepods) in 24 Mediterranean 

wetlands of the southern Iberian Peninsula, which greatly differ in both wetland 

land uses (olive groves, pasture, scrublands, and forest) and in their morphometric 

and limnological features (Gilbert et al., 2017b; Chapter 5). Firstly, results from a 

Principal Component Analysis (PCA) allowed us to classify wetlands in two 

categories: impacted and non-impacted. Then, one-way analysis of variance 

(ANOVA) was performed to test differences in zooplankton species richness and a 

permutational analysis of variance (PERMANOVA) was performed to test 

differences in zooplankton assemblages between categories. Lastly, a non-metric 

multidimensional scaling analysis (NMDS) was chosen for the lake-by-species 

ordination. The results support the hypothesis that zooplankton richness and 

composition were negatively affected by watershed land uses, mainly agriculture 

practices. Moreover, species zooplankton assemblages were clearly linked to the 

two different wetlands categories. The present study puts forward the important 

role of zooplankton community for testing land use effects in Mediterranean 

wetlands. Consequently, the monitoring of zooplankton assemblages might be a 

very useful and less cost-effective management tool to improve our capacity for 

understanding the effects of watershed land uses on Mediterranean wetlands under 

future global change. We are agreeing with many authors who suggest that 

zooplankton could be considered as a biological quality element (BQE) in the 

European Water Framework Directive (WFD; 2000/60/EC) to determine the 

quality status of water bodies. 

Next, and considering that one of the most direct effect of the increment of human 

activities on wetland watershed is the eutrophication of aquatic ecosystems, trophic 
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state evaluation was carried out (Gilbert et al., 2015b; Chapter 6).  At this point, it 

is worth to note that trophic state assessment is essential for the conservation, the 

management and the application of possible future restoration measures. To 

estimate the effect of different land use in the drainage basin of the Mediterranean 

wetlands, we use a sediment-base index such as the bioproduction number (BPN). 

For this, we selected seven wetlands with different areal extension of agricultural 

land in their catchment area. The data obtained from BPN were compared with 

those obtained from the trophic state index (TSI). The results showed that there is 

a discrepancy between TSI-TP, TSI-Chla and BPN values in our wetlands, and that 

the application of the BPN for estimating trophic state in Mediterranean wetlands 

has clear limitations when the organic matter content in surface sediments is low. 

This occurs in wetlands with a great proportion of drainage area covered by 

intensive agricultural uses, which causes high soil losses by accelerated erosion. As 

a conclusion, not only high organic matter content, as it has been stated in previous 

literature, but also low organic matter content limits the validity of BPN. 

Finally, and based on the drastic influence of eutrophication on zooplankton 

community, we evaluated the effect that climate change exerts on Mediterranean 

wetlands. In this sense, sediment desiccation is expected to drastically affect 

nutrient cycling in Mediterranean wetlands as global climate change models predict 

that many areas will become significantly drier than they currently are (Gilbert et 

al., 2014b; Chapter 7). In this study, we selected two Mediterranean wetlands that 

clearly differ in their water chemical composition (Honda and Hituelo wetlands) in 

order to determine the impact of sediment desiccation on phosphate (PO4͵Ϋ) 

adsorption and desorption properties. A decrease in PO4͵�Ϋ sorption properties was 

observed in transects from the littoral zone to dry land in both lakes concomitantly 

with a reduction in organic matter content, revealing a critical role of organic matter 

for sequestering P in the lake sediment. Our experiments designed to determine if 

drying events would lead to an enhanced P release upon re-wetting have shown 

that, simulating natural conditions of re-flooding (that is without adding sodium 

azide), PO4͵Ϋ concentrations were notably higher in the overlying water than those 

initially measured in the lake water. These results highlight the impact of drying 

sediment and the subsequent re-wetting on increasing P concentrations in lake 

water and accordingly, affecting to lake trophic state. Finally, we aimed on 
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determining the overall effect of biotic versus abiotic activity on P release patterns 

observed upon re-wetting. Our results have evidenced that while in Honda, biotic 

processes upon re-wetting are crucial for increasing P retention in the sediment; P 

exchange across sediment and water upon dry sediment rewetting is basically 

mediated by abiotic processes in Hituelo. 
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Conclusions 

(1) A total of 60 species (branchiopods and copepods) were recorded in the Alto 

Guadalquivir region, belonging to seven orders. Twenty-two of the recorded 

species were copepods (7 Calanoida, 12 Cyclopoida and 3 Harpacticoida), and 

38 were branchiopods (4 Anostraca, 1 Ctenopoda, 32 Anomopoda and 1 

Notostraca). 

(2) A large number (37%) of rare species (present in only one wetland) were found 

(15 branchiopods and 7 copepods species), while only 11% of the total species 

number (4 branchiopods and 3 copepods species) were common (present in 

more than 20% of the wetlands). 

(3) Species richness was related to wetland typology, with the largest number of 

species observed in temporary freshwater-subsaline-hyposaline wetlands, 

followed by mesosaline-hyposaline wetlands and by permanent freshwater-

subsaline-hyposaline wetlands. We have found that rare species are mainly 

present in temporary wetlands, the most vulnerable to hydrological changes; 

hence, these types of wetlands represent unique sites deserving conservation. 

(4) Zooplankton assemblages are essential for making wetland conservation 

decisions and for the identification of areas with connectivity (fluxes of species) 

in which efforts should be more intense to preserve their biodiversity. The 

conservation proposal made in our study area included 98% of the total species 

and 41.4% of the studied wetlands. 

(5) Zooplankton assemblages differ in species composition, coarse-level-taxa, and 

body-size composition among wetlands, and thus, reflect the extreme 

variability among Mediterranean wetlands and their key role for the 

maintenance of regional biodiversity. 

(6) Our results suggest that body size might be better than taxonomic composition 

for rapid assessment of the influence of the environmental variables on 

zooplankton assemblages in temporary wetlands. This is important due to 

species identification requires laborious analytical procedures and human and 

financial resources, whereas body-size approaches could be cost-effective tools 

for monitoring Mediterranean wetlands.  
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(7) Zooplankton composition is linked to environmental variables, that clearly 

affect to the appearance of different species in temporary wetlands along the 

hydroperiod, from the flooding to the desiccation period. 

(8) Zooplankton richness and composition were negatively affected by watershed 

land uses, mainly agriculture practices. Consequently, the monitoring of 

zooplankton assemblages might be a very useful and less cost-effective 

management tool to improve our capacity for understanding the effects of 

watershed land uses on Mediterranean wetlands under future global change. 

We are agreeing with many authors who suggest that zooplankton could be 

considered as a biological quality element (BQE) in the European Water 

Framework Directive (WFD; 2000/60/EC) to determine the quality status of 

water bodies. 

(9) Eutrophication is a key process in wetlands and determines zooplankton 

composition and community structure. Our results indicate that 12 species, 3 

coarse taxa (large cladocerans, calanoida and cyclopoida), and 3 size classes (S1: 

<1 mm, S2: 1Ȃ2.5 mm, and S3: 2.5Ȃ10 mm) are affected by eutrophication. Eight 

of the 12 species were negatively and 4 were positively correlated with factors 

indicative of eutrophication. 

(10) For estimating trophic state in Mediterranean wetlands, our results indicate 

that the application of the bioproduction number (BPN) has clear limitations 

when the organic matter content in surface sediments is low. It frequently 

occurs in wetlands with a great proportion of drainage area covered by 

intensive agricultural uses, causing high soil losses by accelerated erosion. As a 

conclusion, not only high organic matter content as it has been stated in 

previous literature, but also low organic matter content limit the validity of BPN. 

(11) Considering the relevant role of sediment biogeochemistry in temporary 

Mediterranean wetlands, finally, the impact of sediment desiccation on 

phosphorus (P) cycle was achieved. Our results highlight the impact of drying 

sediment and the subsequent re-wetting on increasing P concentrations in lake 

water and accordingly, affecting to lake trophic state. 
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