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Figure 5. Box and whisker diagrams of conductivity, temperature, pH, oxygen, chlorophyll a, nitrates, and soluble reactive 
phosphorus for each mallada during the study period. The boundaries of the boxes indicate the 25th and 75th percentiles; the 
line inside each box is the median. Error bars indicate the 90th and 10th percentiles, with black dots being the extreme values.



201 

In respect to conductivity, coastal ponds tend to concentrate salts due to the influence of groundwater, 
which is usually brackish, and of marine spray (Reyes et al. 2006). However, a reduction in salinity 
from the first year of restoration until the end of the study was observed in recent malladas. The 
restoration works exposed layers of sediment containing an accumulation of salts, which possibly 
favoured a higher conductivity during the first hydroperiod, when compared to the older ponds. In our 
system, the progressive reduction of conductivity could be due to the leaching of the salts to deeper 
layers of the sediment. Two of the oldest lagoons (O4 and OP1) had higher conductivities than the 
rest, because of the presence of an old zone with high salinity in the bed of the temporary mallada 
O4 and the punctual input of marine water in the permanent mallada OP1 (near the beach) during sea 
storms.

Water level variations in both permanent and temporary wetlands are theoretically the result of the 
interaction of a complex set of processes such as precipitation, infiltration, evaporation, and plant 
transpiration (Mitsch & Gosselink 2007). The morphology of the basins, including their depth, has a 
significant influence on these variations. In our system, depth generally decreases with age, and this 
could also be related to the increase in vegetation cover over time, which favours a quicker silting 
of the basin. Increased coverage could also contribute to the drying of ponds by evapotranspiration 
and filtration since root systems alter and break impermeable silt strata, facilitating the loss of water 
to deeper layers (Mitsch & Gosselink 1993).

For other environmental variables, however, no clear patterns apparently derived from the age of 
restoration. In all malladas, the mean values of chlorophyll a in the water were around 5 μg L-1, which 
is the boundary between oligotrophy and mesotrophy (OECD 1982), although the permanent ponds 
had slightly higher mean concentrations (Figure 5). Regarding the dissolved nutrients, nitrates and 
phosphates were detected in all samples, but with very low concentrations and without a defined 
pattern related to the hydroregime or the age of the restoration of the ponds.

In order to explore the general patterns of the environmental characteristics in the set of ponds, 
we performed a principal component analysis (PCA). The first axis (CP1) explained 57% of the 
variance and appeared positively related to pH (Figure 6). It ordered the ponds according to the 
age of restoration, with the most recent lagoons located in the positive side of the axis, and the 
oldest ones in the negative side. The second axis (CP2) explained 17.8% of the variance. This axis 
ordered the lagoons according to their hydroperiod, and it clearly separates the permanent lagoons 
(on the positive side of the axis) from the temporary ones (on the negative side). This axis correlated 
positively with depth, pH, and chlorophyll a, and negatively with conductivity.

Other ordination analyses performed with samples from the temporary and permanent lagoons 
independently revealed similar patterns. On one hand, in the absence of the hydroperiod (permanence 
vs. temporality), these analyses also highlighted the importance of pH in relation to the age of 
restoration, with a lower value in older lagoons that were clearly isolated from recent and intermediate 
ones. On the other hand, our sites were also related to chlorophyll a and depth, with deeper ponds 
presenting lower values of chlorophyll a, which is probably related to the seasonal and interannual 
variations.

Based on these results, we can conclude that the heterogeneity in our pond system is highly 
determined by the age of restoration, or the number of years that have passed since the restoration. 
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Our goal was to unravel and quantify the main factors that explain the environmental differences 
between the age groups, since information on the abiotic context will help us to better understand 
the biotic framework in which we will focus in the rest of the chapter: the assemblage of zooplankton 
communities.

Figure 6. Ordination diagram of the Principal component analysis made with the limnological variables in 17 
malladas. Each symbol corresponds to the average position of all the samples of a pond in the studied period. 
The grey and empty symbols correspond to the permanent and temporary malladas, respectively. COND: 
conductivity; TEMP: temperature; CHLA: chlorophyll a and SRP: soluble reactive phosphorus.

3. The effect of restoration on the 
zooplankton of the “malladas”
The results on zooplankton come mainly from two studies: a preliminary one including eight malladas 
restored in 2003 and 1998, with samples taken in the hydrological cycle 2006–2007, and another one 
with 17 malladas (including the previous ones and others restored in 2007) that were studied during the 
2007–2011 period.

3.1. The zooplankton of the “malladas”: composition and 
dominant groups 
During the hydrological cycle 2006–2007, some malladas including temporary and permanent ones 
were studied three years after the project Life Duna. In that study, we took samples fortnightly and 
identified 100 species of zooplankton, among which rotifers dominated with 71 species, followed 
by cladocerans (15 species), copepods (13), and a species of anostracan (Antón-Pardo & Armengol 
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2010; Antón-Pardo et al. 2016). The accumulated species richness during that year had its highest 
values in the permanent freshwater pond IP (Table 1). Values of average density were around 200–300 
ind L-1 in most of the ponds, but they fluctuated greatly, with highest abundances due to juveniles of 
cyclopid copepods and to rotifers. This result coincides with the pattern of dominance that has been 
found in other shallow Mediterranean systems (Ortega-Mayagoitia et al. 2000, Rodrigo et al. 2003; 
Brucet et al. 2010). The species found during this period were generally cosmopolitan, frequent in 
the region and in this type of Mediterranean coastal systems with saltwater influence (e.g., Antón-
Pardo & Armengol 2012, 2014) and therefore subject to salinity fluctuations characteristic of these 
ecosystems (Badosa et al. 2005; Serrano & Fahd 2005).

 REFERENCE Abundance Mean Cumulative
  (Ind L-1) richness richness
 IP 211.8 ± 121.4 16.8 ± 4.7 62
 OP1 334.8 ± 174.6 12.4 ± 5.4 40
 O3 117.6 ± 94.7 14.8 ± 3.8 39
 I2 249.0 ± 377.7 6.6 ± 2.4 26
 O2 212.6 ± 465.9 7.9 ± 3.3 21
 I1 231.9 ± 300.5 7.1 ± 2.2 19
 O4 938.6 ± 865.1 7.3 ± 2.2 18
 O1 280.5 ± 249.7 12.3 ± 1.2 28

Table 1. Average values of density, mean richness and accumulated richness in 
the set of malladas studied in 2006–2007 and which were used as reference sys-
tems in other studies.

In terms of species composition, the genera of rotifers Lecane and Brachionus were the richest, 
while Hexarthra, Polyarthra, and Keratella had the highest densities. Cyclopids dominated among 
the copepods: the most abundant species was Acanthocyclops americanus, which was previously 
cited as present in the area by another name (A. robustus); and it is very abundant in the whole area 
(Soria & Alfonso 1993; Alfonso 1996; Oltra & Miracle 1992) and tolerates brackish and eutrophic 
waters (Dussart 1969; Miracle et al. 2013). There were also remarkable abundances of Diacyclops 
bisetosus, D. bicuspidatus, and Tropocyclops prasinus, which are also euryhaline (Dussart 1969; 
Alonso 1998). Only one mallada (O3) registered the presence of a species of calanoid copepod, the 
diaptomid Mixodiaptomus kupelweseri, which was previously cited as present in the area (Alfonso 
1996). As for Cladocera, D. magna was found at higher densities, which is understandable given 
its tolerance to high ranges of salinity (Boronat et al. 2001; Ortells et al. 2005). Conductivity tends 
to be negatively related to the diversity of cladocerans since most species of this group have little 
tolerance for this factor (Jeppesen et al. 1994; Moss 1994). Other species of cladocerans less tolerant 
to mineralization such as Ceriodaphnia quadrangula, Simocephalus vetulus, or Daphnia pulicaria 
(Alonso 1998; Boronat et al. 2001) were also found. The results of this work show that the permanent 
ponds and those with longer hydroperiod accumulated greater species richness during the study 
period, but it also emphasizes the importance of the restoration age on zooplankton, as well as the 
conductivity and the system’s productivity-related aspects (Antón-Pardo & Armengol 2010; Antón-
Pardo 2011; Antón-Pardo et al. 2016).
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Many studies have found that the duration of the hydroperiod (here correlated with depth) is the 
primary factor determining the structure and composition of the community in aquatic systems (e.g. 
Wellborn et al. 1996; Boix et al. 2001; Eitam et al. 2004). Generally, species richness is greater in 
permanent ponds (e.g., Collison et al. 1995; Alonso 1998; Spencer et al. 1999) or in temporary pools 
with longer hydroperiods (e.g. Fahd et al. 2000; Boix et al. 2001). However, comparing systems with 
different hydroperiods is complicated because of two reasons: first, the greater number of samples 
(the sampling effort) can influence the number of species found in the permanent systems or with 
longer hydroperiods; and second, the hydroperiod is often associated with variables that increase 
environmental heterogeneity (depth or aquatic vegetation) or with the abundance of Anatidae, which 
may act as dispersal vectors of zooplankton (Figuerola & Green 2002).

The influence of salinity on the structure of the pond community has also been widely studied 
(Williams 1999; Brock et al. 2005; Toumi et al. 2005; Waterkeyn et al. 2008) and, as in the malladas, 
its influence on the zooplankton assemblage is significant (e.g. Boronat et al. 2001; Frisch et al. 2006; 
Martinoy et al. 2006; Waterkeyn et al. 2008). Apart from the effects on species richness, which will be 
discussed in the next section, this variable had a positive effect on the abundance of zooplankton; 
the three most brackish ponds were those with the highest average abundance of zooplankton. 
The relationship between salinity and productivity has long been known, since brackish ponds are 
systems where nutrients are not usually limiting and where a few well-adapted species can develop 
significantly (Hammer 1986).

Finally, we note the presence of the Anostraca Tanymastix stagnalis, a rare species in the Iberian 
Peninsula (Boix 2002), which was only found in one mallada (O2) with one of the most irregular 
hydroperiods. Rueda-Sevilla et al. (2006) found three populations of this species in the same area: 
one population in O2 and the other populations in two malladas which are not included in this study. 
Although this species has been classified as a cold-water species, in this area it appears at higher 
temperature ranges. Large branchiopods like this may be more efficient competitors than smaller 
filterers such as cladocerans or rotifers (Waterkeyn et al. 2011), but being larger are also more 
susceptible to predation by fish and invertebrates (Bohonak & Whiteman 1999). Therefore, species 
of large branchiopods usually appear in temporary systems, where large predators (mainly fish) are 
absent (Schneider & Frost 1996). Experiments carried out with this species showed the importance 
of conductivity in the maintenance and development of its populations. This fact, together with their 
obligate sexuality and with the fact that their dispersal capacity may not be as high as that of other 
branchiopods, would explain the isolation of their populations (Olmo et al. 2015). 

3.2. The effect of restoration on zooplankton in permanent 
ponds

As already mentioned, the permanent malladas presented  higher zooplankton species richness, 
which in our case can be associated with several factors: (i) high habitat heterogeneity and 
environmental conditions related to a diversification of niches; (ii) the annual permanence of water, 
which facilitates assemblage succession; (iii) the temporal variety in the environmental conditions 
favouring different hatching stimuli; (iv) a constant water column that helps the establishment 
of waterfowl, which are significant dispersal vectors (e.g., Figuerola & Green, 2002); and (v) the 
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presence of fish populations and other predatory macroinvertebrates that imposes an intense 
predation pressure, preventing the dominance of a few species (e.g. Spencer et  al. 1999) and 
making competitive exclusion difficult. In addition, the expansion of the old basins (in area and 
depth) and the introduction of aquatic flora and fauna species carried out during the restoration may 
have helped to increase the effect of these factors. This is because, together with the introduced 
fish and plants, diverse species of zooplankton or its forms of resistance associated with the water 
and the sediment of the plants may have entered. This fact could contribute to the quick increase 
of the species richness in these permanent ponds.

To illustrate the effect of the restoration on the zooplankton of permanent systems, we will present 
two examples that were studied in detail: the case of the permanent pond Mata del Fang (PI), 
restored in 2003, and the case of the new pond created in the old mallada del Canyar (RP).

1. Mallada de la Mata del Fang (IP): This pond was not completely silted during the development 
of the area in the 60’s, leaving a small channel-shaped lagoon with an area of about 300 m2 and 
a depth of 1 m that was used to provide water to the urbanization works. A study of this pond 
carried out in 1987 along a year (Soria & Alfonso 1993) found a high density of emergent vegetation 
and low water quality. The dissolved oxygen was low (4.7 ± 2.4 mg L-1) and the concentration of 
chlorophyll a was 27.7 ± 10.7 μg L-1, so the pond was described as mesotrophic (OECD 1982). As 
part of the project Life Duna (in 2003), the area of the basin was increased (up to 4000 m2), and 
the basin was excavated to an approximate depth of 2 m. Different species of macrophytes (Chara 
hispida, Potamogeton pectinatus, and Zannichellia peltata), as well as specimens of the endemic 
fish above-mentioned, were introduced. In the post-restoration years (2006 to 2009), there were 
significant changes in both environmental variables and aquatic communities (Antón-Pardo et al. 
2013). In addition to the development of submerged vegetation, there was a significant colonization 
of helophytes, mainly of Phragmites, Typha, Juncus, and Scirpus genera. As a consequence of 
the new submerged vegetation and the increase in depth, there was an increase in dissolved 
oxygen levels. Moreover, between three and six years after restoration, the mean concentration 
of chlorophyll a decreased to values below 5 μg L-1, so the pond entered a state of oligotrophy 
(OECD 1982). As for zooplankton, the richness of all groups increased substantially, which implied 
important changes in the structure of the communities (Antón-Pardo 2011; Antón-Pardo et al. 
2011). Between February 1987 and January 1988 (Alfonso 1996), a total of 14 species of rotifers 
were found, with a clear dominance of Keratella tropica. Only two species of crustaceans were 
observed, the cladoceran Daphnia magna at very low densities and the copepod Tropocyclops 
prasinus, whose juveniles (mainly nauplii) reached the maximum densities. In the years after the 
restoration, the mallada held 78 species of zooplankton, with 60 species of rotifers in total, 5 
copepods, and 13 species of cladocerans (Antón-Pardo et al. 2013). The increase in species of 
this latter group is particularly relevant for the system functioning, since its greater efficiency in 
phytoplankton filtration (as compared to rotifers and nauplii microfilters) helps in the processes of 
water clarification and facilitates the existence of clear phases in shallow habitats (Scheffer et al. 
1993).

2. Mallada del Canyar (RP): In this case, the pond was excavated in an area where there was no 
previous basin. The excavation took place in the summer of 2007 as part of the project Life Enebro. 
The final dimensions of the pond were approximately 5900 m2 in area and maximum 1.5 m in depth. 
Unlike the restored temporary systems, in this case, the excavation reached the groundwater table, 
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so the pond had water before the autumn rains (Figure 7). Endemic fish and submerged vegetation 
were also introduced, similar in composition to that detailed in the description of mallada IP. 
Gradually from its first filling (October 2007), the pond had a significant colonization of helophytes 
(similar species to IP) in the basin and its rim (Antón-Garrido et al. 2013; Calero et al. 2015). There 
was a quick development of submerged vegetation with the colonization and establishment of new 
species of macrophytes belonging to genera Nitella and Utricularia, which eventually developed 
large submerged beds (Calero et al. 2015). This mallada was sampled after filling for four hydrologic 
years: nutrient and conductivity values increased over time, while oxygen values decreased after 
the second year and chlorophyll a was generally low in the same period. 

Figure 7. (a) Detail of the excavation work in the permanent mallada PR in summer 2007 (before the autumn rains). Note that the 
water table is exceeded in depth; (b) the same mallada in the autumn of 2008.

Many species of zooplankton quickly colonized this newly created mallada. Figure 8 shows the species 
richness accumulated in this pond during the four years of the study, indicating a high richness already 
from the first sampling (12 species of rotifers and one of cladoceran), and a progressive increase in the 
number of species until the slope softened two years after its creation. After four years, the accumulated 
species richness reached 80 species, mostly rotifers (61 species), followed by cladocerans (13 species) 
and, finally, copepods (six species). The most abundant group was the rotifers, especially in the first 
months, with abundances above 1000 ind L-1. The most abundant species of this assemblage were 
Anuraeopsis fissa, Polyarthra dolichoptera, K. tropica, Hexarthra oxyuris, and Trichocerca pusilla. The 
cladocerans showed lower and more constant abundances during the whole period (maximum of 29 
ind L-1). In the later years of the study, copepods were more relevant, due to the juvenile stages, whose 
average densities increased from 103 ind L-1 to 406 ind L-1 from the first to the last year of the study, 
respectively.
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Figure 8. Top: Cumulative richness of rotifers, copepods, and cladocerans of the mallada RP from 
September 2007 to March 2011 in bimonthly intervals. Bottom: Zooplankton density of the three 
main groups of zooplankton during the same period.

3.3. The effect of restoration on zooplankton in temporary 
ponds  
Most of the lagoons we have studied are temporary, so in this section, we will discuss some noticeable 
aspects of the zooplankton of this type of systems undergoing restoration, such as early colonization, 
egg bank, and ecological succession.

1. Early colonization: The six temporary malladas recently restored by the project Life Enebro (R1 
to R6, Figure 1) were sampled 15 days after the first rainfall at the end of September 2007, which 
was quite abundant, so the lagoons filled quickly. We could thus document the colonization of the 
main zooplankton groups from the beginning. Furthermore, we had the opportunity to compare these 
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pioneer communities with those from a set of eight malladas restored in 1998 and 2003, which we 
have considered as reference and which have been described in more detail in section 3.1.

In the first sampling performed after the restoration, 30 species in total were identified in the six 
recently restored malladas: 24 rotifers, four copepods, and two cladocerans (Figure 9). In the recent 
malladas, the richness value had a wide range: from five species in R6 to 19 in R1. But for two species 
of rotifers of the genus Cephalodella, the rest had already appeared in the reference malladas during 
the previous hydroperiod (2006-2007). Out of 100 species previously reported, 28% were detected 
in the first filling of the recent malladas (31% of the 71 species of rotifers, 14% of the 15 species of 
cladocerans, 27% of the 13 species of copepods, and the only species of anostracan was not found). 
In some of them, high densities were reached, with rotifers dominating in richness and abundance: 
some species, such as H. fennica, P. dolichoptera, and B. angularis, had densities of more than 150 
ind L-1. In contrast, malladas with low richness also showed low densities (R5 and R6). 

Figure 9. Proportion of the different zooplankton groups in the first sam-
pling of newly created ponds (R1–R6) carried out in October 2007. The 
location of the graphs shows the relative position of each mallada, and its 
size is proportional to the zooplankton density.

These six malladas are not connected and thus, main dispersal vectors for zooplankton arrival relies 
on wind and animals (humans included). A large number of waterfowl (mainly Anatidae) was detected 
in some of the ponds right after the first filling. As dispersion is apparently not a limiting factor for 
the arrival of zooplankton (Antón-Pardo et al. 2016), these new malladas act as sinks of immigrants 
arriving from older neighbouring malladas, which in turn serve as a source of the regional species 
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pool, as suggested by several studies (Caley & Schluter 1997; Leibold et al. 2004; Vanschoenwinkel et 
al. 2007). Data show that the colonization of zooplankton occurred very quickly in the restored ponds, 
indicating their good dispersive abilities, according to other studies (Louette & De Meester 2004; 
Frisch & Green 2007; Badosa et al. 2010). The results evidenced the colonizing capacity of organisms 
with shorter development times and quick response to hatching such as rotifers (Brendonck & De 
Meester 2003; Frisch et al. 2012; Lopes et al. 2014). Likewise, they benefitted from the absence of 
their direct competitors, the cladocerans, which were only detected in two ponds and at very low 
density. Despite their high regional diversity (15 species in 2006–2007), cladocerans have longer 
generation times, so it would take them longer to colonize new waterbodies (Jenkins & Buikema 
1998). 

Bearing in mind that the natural recolonization of restored aquatic systems is strongly influenced 
by a propagule bank in the previous basin (Olmo et al. 2012), we cannot discard the recruitment 
from a remnant eggs bank before restoration, although the maintenance of this egg bank was not 
taken into consideration during excavation works. Moreover, the early appearance of adult copepods 
(including ovigerous females) in active communities could also be indicating that the egg bank before 
restoration was not completely withdrawn. According to Frisch & Green (2007), the cyclopids can 
colonize and become dominant in a few hours after the rehydration of their anhydrobiotic resistance 
forms. Other indicator of this remnant egg bank would be the results obtained from genetic analysis 
of D. magna, which revealed that some recent malladas had a high clonal richness, comparable to the 
reference malladas and far superior to that expected after reproduction among the colonizing clones 
after a growing season (Ortells et al. 2012).

2. Egg bank: A short period after the restoration should be sufficient for a pond to accumulate a 
large number of species, aided by the high dispersal rate and recruitment from the egg bank (Louette 
et al. 2006; Badosa et al. 2010). The start of the hydroperiod represents the moment of greater 
recruitment of species (Olmo et al. 2012) that configures the communities thereafter (Boix et al. 2004). 
In these early stages, residents are mainly recruited from the bank of resting eggs accumulated in the 
sediment of the basins. 

The accumulation of these resistance forms increases with time (in quantity and diversity), and it 
represents an archive of the local biodiversity of each pond (Hairston 1996; Caceres 1998). For this 
reason, the abundance and diversity of the egg bank should have a considerable impact on the 
structure and dynamics of the communities in this type of pond (Marcus et al. 1994; Hairston 1996; 
Caceres 1998). It is thus expected that the age of restoration—especially in this case, where the 
sediment was removed from the lagoon—acts as a limiting factor of richness in the recently restored 
malladas in comparison to older ones with a more developed resting egg bank.

In addition to the study of active communities in the water column, the analysis of egg banks is a useful 
tool for studying the diversity of zooplankton communities (Vandekerkhove et al. 2004) as it integrates 
spatial and temporal scales (Brendonck & De Meester 2003). In this sense, hatching experiments with 
the viable egg bank are useful for comparing pond communities with different characteristics (Frisch 
et al. 2009). In September 2010 we took sediment samples from three temporary malladas of different 
restoration ages (R1, I1, and O2). Using samples of homogenized sediment from each pond, we carried 
out an ex situ experiment of hatching in aquaria for a month (October-November 2010, at the same 
time as the ponds flooded). The number of hatching species was 13, 15, and 18 in R1, I1, and O2, 



210 

respectively. All the aquaria reached some stabilization in the accumulated richness between days 14 
and 18 of the experiment. No hatching of copepods was observed, but the ostracods were common 
to all of them. The rotifers, with quick response to hatching, were the dominant group in richness: 
seven species were common to the three ponds, against a single species of cladoceran, D. magna. 
Finally, in all cases, benthic species dominated over the four planktonic species (A. fissa, H. fennica, 
D. magna, and T. stagnalis). In contrast, the number of exclusive species increased with the age of 
restoration: three, five, and eight in R1, I1, and O2, respectively. Among these particular species, the 
anostracan T. stagnalis only hatched in the aquaria with sediment from O2, the only pond that had 
an active population of this branchiopod. Also, a delay in hatching time (sensu Vandekerkhove et al. 
2004) was detected associated with the age of the mallada. This observation is in line with several 
studies that suggest that egg bank age influences hatching rate, since older eggs do not hatch as 
easily as new ones (Hairston et al. 1995; Weider et al. 1997) due to a progressive degradation of 
photosensitive components that induce hatching (De Meester et al. 1998, Nielsen et al. 2015). An 
additional reason for the hatching delay in the oldest mallada could be a temporary adjustment due to 
the competitive pressure exerted by the branchiopod T. stagnalis. This group may even competitively 
exclude cladocerans, rotifers, and copepods, which would hatch in later stages of filling when the 
branchiopods disappear from the water column (De Meester et al. 2016).

3. Ecological succession: Ecological succession is related to the temporal changes that occur in the 
communities. In this case, to evaluate the effects of the restoration on succession in the zooplankton 
community, we selected a recently restored mallada (R1) and compared it with two older ones (I1 
and O2), restored respectively in 2004 and 1998. We have considered them as reference systems 
with which to compare the data of the new one. The three malladas were sampled monthly during 
four hydrological cycles: from the first filling of R1 in the autumn of 2007 to drying in the spring of 
2011. Furthermore, they are all temporary, and during the study period, they presented a similar 
hydroperiod (Figure 4), with longer water permanence phases in the first years and more ephemeral 
water in the last year. Thus, differences in the zooplankton community due to the hydroperiod are 
minimized. As previously described, the new malladas presented slightly different environmental 
conditions than the older ones. R1 had higher values of conductivity, oxygen concentration, and 
depth. Regarding species richness per sample, the largest differences were observed in the oldest 
mallada O2 (17.6 ± 3.7) compared to the most recent ones (I1: 10.9 ± 3.4, R1: 10.5 ± 4.2). The 
species accumulation curves (Figure 10) showed in R1 and I1 a significant increase in the first year, 
while the slope softened in recent years. On the other hand, in O2 the substantial increase in the 
number of species occurred in both the first and second years. In this way, O2 is the mallada with 
the highest number of accumulated species (60 species), as compared to 43 of I1 and 52 of R1 
(Figure 10). Regarding the composition of the zooplankton community in the new mallada, the first 
year it was dominated by rotifers and juveniles of copepods, typical pioneer organisms (Firsch & 
Green 2007; Badosa et al. 2010). However, from the second year onwards, although juveniles of 
copepods continued to dominate, cladoceran abundance increased considerably, achieving a similar 
proportion as in the older ponds (Figure 11). These results showed an increase in the complexity of 
the zooplankton community in R1, which would gradually resemble that of the older malladas. This 
increase in diversity in R1 could also be favoured by vegetation development (which enhances the 
availability of microhabitats) and by a change in environmental variables (Olmo et al. 2016). Other 
studies indicate that species richness is higher in older aquatic habitats, due to greater accumulation 
of resting eggs in the sediment (Badosa et al. 2010; Miguel-Chinchilla et al. 2014), as in O2. However, 
the most recent mallada is set in an intermediate position. This mallada was quickly colonized by 
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different species immediately after filling, and probably the greater range of variation in environmental 
conditions (mainly variations in conductivity and chlorophyll) would have allowed the presence of a 
larger number of species than in I1, with a more stable environment. To sum up, the restoration in R1 
produced an immediate and quick transition to similar conditions to the ones in older malladas. While 
greater differences were observed in the zooplankton communities in the first year, from the second 
year on, the R1 mallada showed more similarities with the reference malladas and a more complex 
community.

Figure 10. Accumulated richness of zooplankton in three malladas with different restoration ages: R1 
(recent), I1 (intermediate), and O2 (old) during four hydrological cycles between 2007 and 2011. The line 
indicates the continuity in the inundation period. 

Figure 11. Relative abundance (bars) and average density (dots) of the main zooplankton groups in three 
malladas with different restoration ages: R1 (recent), I1 (intermediate), and O2 (old), during four hydrologic 
cycles (1–4) between 2007 and 2011.
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4. General conclusions
Restored aquatic habitats provide a unique opportunity to understand the resilience of their 
communities and the ecological succession (De Meester et al. 2005). The different restoration 
projects that were carried out in La Devesa de El Saler produced a mosaic of aquatic ecosystems 
that had been restored at various times and therefore, with different ages. This opportunity helped 
to monitor the environmental and zooplankton conditions in these ponds, especially those that 
were restored in 2007, since colonization and succession were studied from the moment of the 
restoration of the habitats. On the other hand, zooplanktonic organisms, with short life cycles and 
quick responses to environmental variations, can be appropriate indicators to evaluate the success 
of the restoration (e. g. Jenkins 2003; Williams et al. 2008; Antón-Pardo et al. 2013).

Regarding the environmental factors, the successive restorations have shown, on the one hand, 
the high velocity of change, and on the other, a clear pattern that was related to a rapid colonization 
by helophytes, a reduction of conductivity, a decrease of depth by clogging, and an increase of 
the quantity of organic matter in the sediment, which was accompanied by a decrease in dissolved 
oxygen and pH. The levels of nutrients and chlorophyll fluctuated, but remained low.

Concerning zooplankton communities, initially, the new habitats were colonized by species 
with high rates of dispersal and growth (mainly rotifers) which mostly were already present in the 
regional reservoir of species. This may indicate that colonization and establishment of species 
occurred from older habitats; but, given the rapidity of colonization in some cases, we cannot 
rule out the presence of a residual egg bank that remained viable in the sediment in spite of the 
silting and the restoration, and that in these new environmental conditions, eggs hatched again 
and recolonized the waterbodies. The results also highlight the importance of the hydroperiod 
on species richness. The richness was greater in the permanent systems than in the temporary 
ones. In the temporary systems, richness was higher in longer hydroperiods, although, in the case 
of permanent systems, this great richness may have been affected by the introduction of species 
associated with repopulation with fish and macrophytes. Other factors such as conductivity and 
those related to system productivity were also important in structuring zooplankton communities. 
Finally, the age of restoration strongly reflects in the zooplankton communities, since it had a 
great importance in the ordination of the communities. Moreover, total richness, especially 
richness of microcrustaceans and in particular of cladocerans, was strongly influenced by the age 
of restoration. These parameters could therefore be good indicators to evaluate the success in 
restoration. In spite of the small difference in the age of restoration among the ponds, the study of 
the hatching of the zooplankton egg bank helped us to distinguish the age of the ponds based on 
the richness, the number of exclusive species, and the moment of hatching.

A remarkable aspect of our study is the rapidity with which the new waterbodies, both permanent 
and temporary, have been transformed and colonised. This shows that in these systems, where 
there is a good dispersal of zooplankton, in a few years (though few years are equivalent to several 
generations of zooplankton), the communities of the new ponds become similar to the old ones, 
which can be considered reference sites in the absence of unaltered systems. 

These studies show that the removal of sediment (as a form of restoration) from the silted ponds, 
either naturally or artificially, has improved the characteristics of the systems and their functionality, 
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enabling a rapid colonization by zooplankton (and by the whole aquatic community). Changes 
in environmental variables and vegetation occurred rapidly, but in these shallow systems, given 
the abundance of emergent vegetation, the processes of clogging accelerate and in a few 
years (approximately 10–15) ponds lose depth and hydroperiod length. At present, new partial 
interventions that remove part of the sediment (leaving some as a source of propagules) and of the 
helophytes in some areas of the lagoon would allow them to maintain a high heterogeneity, greater 
biodiversity, and better limnological functioning.
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