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Abstract The watershed land uses in Mediterranean
wetlands are essential to understand the functioning of
aquatic communities. This study was designed to
assess 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 morpho-
metric and limnological features. Firstly, results from
a Principal Component Analysis allowed us to classify
wetlands in two categories: impacted and non-im-
pacted. Then, one-way Analysis of Variance was
performed to test differences in zooplankton species
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richness and a Permutational Analysis of Variance was
performed to test differences in zooplankton assem-
blages between categories. Lastly, a Non-metric
Multidimensional Scaling analysis 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 zoo-
plankton 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.

Keywords Agriculture - Pond - Catchment
management - Land use - Zooplankton - Conservation

Introduction

Wetlands are ecosystems with high environmental
values, constituting one of the major features of the
landscape in almost all parts of the world (Mitsch &
Gosselink, 2000). Perhaps for this ubiquity, from
ancient times men and wetlands have always been
faced; so anthropogenic pressures have had strong
impacts on these ecosystems (Naveh & Liberman,
1994). Among them, a reduction of their biodiversity,
an increase in the eutrophication, and a growing
demand of water supply have been worldwide
described (Brinson & Malvarez, 2002; Dudgeon
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et al., 2000). Land uses in wetland catchments are also
important factors to consider when evaluating the
effects on diversity and composition of their aquatic
communities (Rhazi et al., 2001; Dodson et al., 2005;
Parra et al., 2005; Angeler et al., 2008; Garcia-Mufioz
et al., 2010) since they might play an important role in
the viability of the populations, leading in some cases
to the extinction of organisms on a local and regional
scale.

In Mediterranean region, agricultural practices are
the most important human activity inducing a drastic
transformation of the landscape, with a great loss rate
and degradation of wetlands (Brinson & Malvarez,
2002; Gallego-Fernandez et al., 1999; Zacharias et al.,
2007; Casas et al., 2011). In this sense, Casado &
Montes (1995) denote that more than 60% of the
Spanish wetlands have disappeared in the last fifty
years. In spite of the recent acceptance of the
ecological importance of wetlands in delivering
ecosystem services (EPCN, 2008), this trend has not
yet been reversed. Therefore, wetlands are appropriate
ecosystems in which to study the land use practices
effects because they interact across spatiotemporal
hierarchies with the structure of the surrounding
terrestrial landscapes (Angeler et al., 2008; Van
Egeren et al., 2011). In this context, the source
ecosystem (watershed) affects the sink ecosystem
(wetland), so much as the increment of the edge/
volume ratio, making it more exposed to substances
exchange with the surrounding terrestrial landscapes
(Gergel, 2005; Moreno-Mateos et al., 2008; Moreno-
Mateos & Comin, 2010).

Lately, there exists an increasing interest to select
optimal indicators for straightforward monitoring and
assessment of wetlands (Angeler & Moreno, 2007).
Zooplankton is an important component of wetland
biodiversity, especially in Mediterranean region where
it frequently acts as a keystone community, whose
removal may engender dramatic changes in the struc-
ture and functioning of the aquatic ecosystem (De Leo &
Levin, 1997; Waterkeyn et al., 2010). Studies of
changes in zooplankton communities (species richness
and species composition) are, therefore, useful tools for
evaluating natural and anthropogenic wetland changes
(Lougheed & Chow-Fraser, 2002; Allen & Dodson,
2011; Dodson et al., 2005, 2009). Among the zooplank-
ton components, branchiopods and copepods are excel-
lent models to evaluate these changes (Angeler et al.,
2008). These invertebrates have passive dispersal
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capacities and are more adversely affected by anthro-
pogenic impacts because they are not able to keep away
from this stress situation by migrating to other wetlands
(Dodson et al., 2005). Therefore, these resident species
remain in dormant stages and their emergence from
wetland resting egg bank decreases as a result of
wetland degradation, with the subsequent impact on
wetland ecological integrity (Angeler & Garcia, 2005).
However, up to date, these consequences are just
beginning to be explored in Mediterranean wetlands,
although they have crucial outcomes for wetland
conservation and restoration (Angeler et al., 2007).

In this context, our main goal was to test the
hypothesis that zooplankton assemblages (bran-
chiopods and copepods) are strongly affected by the
catchment land uses in Mediterranean wetlands. For
that, we assess the relationship between wetland
limnological characteristics and their different catch-
ments land uses (olive groves, pasture, scrublands, and
forest) with zooplankton assemblages in a set of 24
wetlands.

Materials and methods
Study site

The Alto Guadalquivir region (14,020 kmz) is located
in the southern Iberian Peninsula (northeastern
Andalusia), with a Mediterranean continental climate
(AEMET, 2011). Agricultural practices are the main
anthropogenic pressure in this region. The major
proportion of soil is occupied by olive tree groves,
with a less percentage of pastures, scrubland, and
forest vegetation (Ortega et al., 2006). In this study, 24
wetlands were selected (Fig. 1) with different land
uses in their drainage basin and consequently distinct
degree of anthropogenic pressures. Many of them are
singular for housing important zooplankton fauna,
highlighting their value for regional biodiversity
(Gilbert et al., 2014). The above-mentioned wetland
selection represents an adequate example of the land
uses heterogeneity in the study area.

Data analysis
Data employed in this study were obtained from the

previous published data (Ortega et al., 2006;
Garcia-Mufioz et al., 2010; Gilbert et al.,
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Fig. 1 Geographical location of the Alto Guadalquivir region
and of the main rivers, cities, and study wetlands. Numbers
represent the study wetlands (see Table I for wetland

2014, 2015a) and topographic maps (scale
1:10,000). The information comprises 11 variables
related to wetland morphology, catchment charac-
teristics, and watershed land uses (see Table 1 for
more detailed information) and a zooplankton
species richness list (Gilbert et al., 2015a) from
which a presence—absence data matrix was con-
structed for further analysis (Table 2).

Firstly, the environmental data (Table 1) were
analyzed by applying a Principal Component Analysis
(PCA) using a correlation matrix, because the vari-
ables are measured in different scales (Borgognone

Guadalquivir

m UBEDA

identification). Gray zones correspond to forested areas, while
that white ones indicate agriculture areas. Please note that
forested areas are coincident mainly to the highest altitude areas

et al., 2001). PCA is an adequate linear technique that
allows us to discriminate wetlands in different cate-
gories (Quinn & Kenough, 2002). PCA was performed
with PC-ORD version 4.0 software (McCune &
Mefford, 1999).

Secondly, one-way Analysis of Variance
(ANOVA) was carried out to test statistically signif-
icant differences in zooplankton species richness
between the wetland categories previously obtained.
Zooplankton species richness was used as the depen-
dent variable and wetland category as the independent
variable in the analysis. Statistical analysis was

@ Springer



184 Hydrobiologia (2017) 799:181-191

Table 1 Wetlands variables used in the study

Wetlands Alt D WS/S M T Ht R o PT SF Ur N
1 Ardal 400  0.75 3640 1 3 3 10 0.00 0.00 18.20  0.00 11.56
2 Argamasilla 484 2.20 9.02 1 3 3 9 41.40 0.00 1.90 0.00 1693.43
3 Brujuelo 458 212 37.21 2 3 2 145.10 3.30 750 040  5956.20
4 Casillas 442 2.58 8.41 1 2 2 6 22.70 0.00 0.00  0.00 927.86
5 Castillo 780  1.80 29.50 1 3 3 15 9.85 4.96 2.89  0.00 435.23
6 Chinche 452 1.07 17.57 2 3 3 80.70 1.90 0.00 0.00 3310.40
7 Garciez 441  3.55 13.08 2 2 3 3 96.20 0.00 1.70 540  3933.25
8 Grande 368 3.50 5.32 1 2 1 8 121.90 0.00 0.00 0.00 4982.66
9 Hituelo 476  2.64 7.63 1 3 3 15 28.60 0.00 0.40  0.00 1169.28
10 Honda 446  3.16 8.71 3 3 3 5 83.60 0.70 1.90 0.00 3422.70
11 Mojones 493 1.22 22.23 1 1 0 2 98.51 1.52 0.00  0.00 4036.03
12 Naranjeros 508  4.56 20.37 1 2 3 6 101.80 3.20 030 0.60 4181.12
13 Navas 378 223 19.31 1 3 3 6 52.10 15.50 0.00 0.00  2225.77
14 Orcera 1270 1.73 169.80 1 3 3 8 0.00 0.00 84.90  0.00 53.91
15  Pedernoso 724 1.10 10.64 1 2 3 10 7.90 4.90 2.10  0.00 354.65
16 Perales 757 1.05 2.73 1 3 3 13 5.40 7.70 1.10  0.00 269.20
17 Prados del Moral 389 1.20 526 2 3 2 5 15.30 0.00 090  0.00 625.96
18  Quinta 289 3.15 919 2 3 3 11 51.50 19.20 0.10  0.00 222426
19  Ranal 340  0.81 18.23 1 1 0 4 182.90 12.20 0.00 0.00 7551.74
20  Rincén del Muerto 265 1.66 1045 3 3 2 5 39.20 4.50 0.00 020 1630.22
21 Santisteban 637  0.90 8.60 1 2 3 7 0.00  24.10 0.00 1.70 149.54
22 Siles 1280 234 230.77 1 3 3 7 0.00 4050 25950  0.00 416.09
23 Tobaruela 363 0.60 52.47 1 3 3 4 70.68 18.52 0.00  0.00 3003.96
24 Villardompardo 360  3.18 35.00 1 2 3 6 54.90 0.00 460 0.00 2246.96

Alt altitude (m); D maximum wetland depth (m); WS/S watershed surface area: wetland surface area—this variable reflects the
amount of runoff and flushing affecting each wetland; M water mineralization—according to Hammer’s classification (1978): (1)
freshwater and subsaline waters; (2) hyposaline and mesosaline waters; and (3) hypersaline waters; T water turbidity—(1) turbid
waters; (2) semi-transparent waters and (3) clear waters; Ht wetland vegetation heterogeneity—(0) without vegetation; (1) only with
shoreline vegetation; (2) only with submerged vegetation; (3) with shoreline and submerged vegetation; R cumulative zooplankton
species richness (Brachiopoda and Copepoda); O olive tree cultivation (ha); PT herbaceous crops or/and pasture (ha); SF scrubland
and forest (ha); Ur urban areas (ha); N Nutrient enrichment from the activities in watershed (O, PT, SF, and Ur). The unit represents
kg of nitrogen and phosphorus according to Johnes et al. (1996)

performed with Statistica version 7.0 (StatSoft, 2004). to examine patterns of wetland-by-species ordination
These univariate comparisons (ANOVA) were com- (Dodson et al., 2009). NMS is recommended for
plemented with a multivariate analysis on zooplankton presence—absence matrices with large number of zeros
communities using a Permutational Analysis of Vari- (>50%—McCune et al., 2002). Because NMS is
ance (PERMANOVA). This analysis was performed relatively insensitive to distortion from common or
with 9999 permutations on Jaccard index for pres- rare species, all species were included in the analysis
ence—absence matrix to test differences in the zoo- (McCune et al., 2002). NMS was run with Sgrensen
plankton assemblages between the different distance measure (PC-ORD version 4.0; McCune &
categories. Significant differences were inferred at a Mefford, 1999). Significance of the axes was deter-
a-level of 0.05. PERMANOVA was run with PAST mined using a Monte Carlo test. Lastly, scores of the
3.06 software. 24 wetlands along the first two PCA axes were

Finally, Non-metric Multidimensional Scaling correlated (Pearson correlation test) with the NMS
(NMS) was used as an appropriate indirect method axes of zooplankton ordination.
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Table 2 Crustacean diversity observed in this study

Taxonomic Species
group .
Non-impacted wetlands Shared Impacted wetlands
Anomopoda Alona iberica Alonso & Pretus, Alona azorica Frenzel & Alonso, Alona elegans Kurz, 1875; Alona
1989; Ceriodaphnia pulchella G. 1988; Alona rectangula G. O. Sars, quadrangularis (Miiller, 1776);
O. Sars, 1862; Chydorus 1862; Ceriodaphnia dubia Richard, Alona salina Alonso, 1996;
sphaericus (Miiller, 1776); 1894; Ceriodaphnia laticaudata P. Bosmina longirostris (Miiller,
Daphnia curvirostris Eylman, E. Miiller,1867; Ceriodaphnia 1776); Ceriodaphnia reticulata
1887; Daphnia hispanica Glagolev  quadrangula (O. F. Miiller, 1785); (Jurine, 1820); Daphnia magna
& Alonso, 1990; Estateroporus Dunhevedia crassa King, 1853; Strauss, 1820; Daphnia
gauthieri Alonso, 1990; Leydigia Moina brachiata (Jurine, 1820); mediterranea Alonso, 1985;
acanthocercoides (S. Fischer, Moina micrura Kurz, 1875; Daphnia parvula Fordyce, 1901;
1854); Macrothrix laticornis Pleuroxus letourneuxi (Richard, Leydigia leydigii (Schodler, 1863);
(Jurine, 1820); Simocephalus 1888) Macrothrix hirsuticornis Norman
vetulus (O. F. Miiller, 1776); & Brady, 1867; Moina salina
Tretocephala ambigua (Lilljeborg, Daday, 1888; Pleuroxus aduncus
1900) (Jurine, 1820); Simocephalus
exspinosus (DeGreer, 1778)
Anostraca Branchipus schaefferi Fischer de Chirocephalus diaphanus Artemia sp. Leach, 1819
Waldheim, 1834; Tanymastix (Desmarest, 1823)
stagnalis (Linnaeus, 1758)
Ctenopoda Sida crystallina (Miiller, 1776)
Notostraca Triops cancriformis (Lamarck, 1801)
Calanoida Diaptomus cyaneus Gurney, 1909; Neolovenula alluaudi (Guerne & Arctodiaptomus salinus (Daday,
Hemidiaptomus roubaui (Richard, Richard, 1890) 1885); Arctodiaptomus wierzejskii
1888); Mixodiaptomus incrassatus (Richard, 1888); Copidodiaptomus
(G. O. Sars, 1903) numidicus (Gurney, 1909)
Cyclopoida Macrocyclops albidus (Jurine, 1820) Acanthocyclops vernalis (Fischer, Acanthocyclops sp.; Cyclops
1853); Cyclops sp. 2; Cyclops abyssorum G. O. Sars, 1863;
strenuus Fischer, 1851; Cyclops sp. 1; Diacyclops
Metacyclops minutus (Claus, 1863) bicuspidatus (Claus, 1857);
Megacyclops viridis (Jurine, 1820);
Metacyclops planus (Gurney,
1909); Microcyclops rubellus
(Lilljeborg, 1901)
Harpacticoida Canthocamptus microstaphylinus Cletocamptus retrogressus

Wolf, 1905; Canthocamptus
staphylinus (Jurine, 1820)

Schmankevitsch, 1875

Data were transformed using log;o (x + 1) for PCA
and ANOVA analysis to minimize the effects of the
measurement scale, and to satisfy the assumptions of
homoscedasticity and normality of the data.

Results

The results of PCA showed three axes that accounted
for 65.27% of the total variance among wetlands
(Table 3). The first PCA axis was negatively corre-
lated to altitude, scrubland and forest vegetation
area, and cathment:wetland ratio, and positively

related to olive tree cultivation area and nutrient
enrichment. The second PCA axis was negatively
correlated to water mineralization, wetland vegeta-
tion heterogeneity, and water turbidity. The third
PCA axis was negatively correlated to maximum
wetland depth and urban surface area. The ordination
of sampling sites with the two first PCA axes is
shown in Fig. 2. This scatterplot allows us to make
the following classification (see quadrants of PCA in
Fig. 2): (I) wetlands located in high altitudes,
without or with low agriculture pressure (or high
presence of scrubland and forest vegetation), low
external nutrient inputs, high catchment:wetland
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Table 3 Pearson correlation coefficients for the PCA ordina-
tion axes of environment and species

Axis 1 Axis 2 Axis 3
Eigenvalue 3.87 1.95 1.36
% Variance 35.22 17.72 12.33
Alt —0.794
D —0.654
(0] 0.909
PT
SF —0.820
Ur —0.363
N 0.835
M —0.624
Ht —0.742
T —0.734
WS/S —0.604

Only statically significant values are shown (the critical value
is 0.352, for 23 df., P < 0.05)

ratio, low mineralized, transparent waters, and high
habitat heterogeneity; (II) wetlands with low alti-
tudes, with high agricultural pressures (more than
70% of olive tree cultivation or low presence of
scrubland and forest vegetation), high external
nutrient inputs, low catchment:wetland ratio, low
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Fig. 2 PCA ordination diagram showing the environmental
variables (arrows) described in Table 1 and the position of all
samples in the plane of the first two axes. Symbols indicate
wetlands categories: non-impacted wetlands (gray squares) and
impacted wetlands (black squares)
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mineralized, transparent waters, and high habitat
heterogeneity; (III) wetlands with the same charac-
teristic that those located in the first group, but with
high mineralized and turbid waters and low habitat
heterogeneity (there are no wetlands in this quad-
rant); and (IV) wetlands with the same characteristic
that those located in the second group, but with high
mineralized and turbid waters and low habitat
heterogeneity. According to this classification, we
established two wetland categories: non-impacted
wetlands, those included in the first quadrant of the
PCA (Ardal, Castillo, Orcera, Pedernoso, Perales,
Santisteban and Siles), and impacted wetlands,
included in the second and fourth quadrants of the
PCA (rest of wetlands).

With those categories, we have performed an
ANOVA that showed the existence of significant
differences in the number of zooplankton species
between them (ANOVA: F(; 13 = 4,91, P < 0.05),
with a highest zooplankton richness in non-impacted
wetlands. The results of PERMANOVA revealed that
zooplankton species assemblages that appeared in
non-impacted wetlands are significantly different from
impacted wetlands (F;, 3 = 1.689, P < 0.05).

The results obtained from NMS analysis revealed
that a solution of three axes was the optimal dimen-
sionality with a final stress value of 16.32, signifi-
cantly lower than stress value for Monte Carlo
simulation (P < 0.05). Figure 3 shows the ordination
diagram of the two first axes of the NMS analysis, with
zooplankton species and wetlands. Table 4 shows the
most highly correlated species with each NMS axis.
The first axis represents a transition from species of
impacted sites (Metacyclops minutus) to less impacted
sites (Simocephalus exspinosus, Ceriodaphnia quad-
rangula, and Ceriodaphnia dubia). The second axis
represents a change from late successional species
(Daphnia magna and Bosmina longirostris) to pioneer
species (Chirocephalus diaphanus, Simocephalus
vetulus, and Metacyclops minutus). Finally, the third
axis represents a shift from species of less mineralized
waters (Ceriodaphnia laticaudata, Simocephalus
vetulus, and Neolovenula alluaudi) to saline species
(Cletocamptus retrogressus and Arctodiaptomus sal-
inus). In addition, the first two PCA were significantly
correlated (P < 0.05) with NMS axes: the first PCA
axis was correlated with the two first NMS axes, while
the second PCA axis was correlated with the third
NMS axis.
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Discussion

Previous studies have assessed the effects of water-
shed land uses on the water quality, wetlands conser-
vation, and biotic communities in the Mediterranean
region (Angeler & Alvarez—Cobelas, 2005; Ortega
et al., 2006; Garcia-Muifoz et al., 2010; Gilbert et al.,
2015b). However, up to date, scarce studies focussed
on the effects on zooplankton community (Angeler
et al., 2008). Our data reveal that zooplankton
community is a good tool for testing land uses effects
on wetlands located in Mediterranean areas, where
agricultural activities have the greatest impact at the
landscape level. The variables used in this study are
not necessarily the only variables that explain the
zooplankton community composition, but are essen-
tial to understand the functioning and complexity of
biotic structure and the effect of human impacts on
them.

Mediterranean wetlands are typically characterized
by a higher catchment:wetland ratio (watershed
surface area:wetland surface area—WS/S) than the
temperate lakes, which implies a stronger interaction
between the aquatic system and surrounding terres-
trial habitat (Alvarez-Cobelas et al., 2005; Declerck
et al., 2006; Van Egeren et al., 2011), and conse-
quently a stronger influence of land uses on wetlands
and on their aquatic communities (Trigal et al., 2007;
Angeler et al., 2008). In the present study, the olive
orchards are the main land use affecting biodiversity
by (i) recurrent tillage in their catchment increasing
soil erosion (Calero et al., 2013), and therefore
increasing lake water turbidity; (ii) increasing

NMS 1

nutrients runoff (Dodson & Lille, 2001); (iii) reduc-
ing habitat heterogeneity (Garcia-Mufioz et al.,
2010); and (iv) the impairment of wetland by
increasing agrochemicals runoff, that once they reach
aquatic ecosystems may cause direct toxic effects on
zooplankton taxa (Parra et al., 2005; Del Arco et al.,
2015, 2016). Other land uses such as herbaceous
crops or/and pasture, scrubland and forest have much
less adverse impacts on zooplankton communities.
This idea is in concordance with the results of Jones
et al. (2004), Dodson et al. (2007), and Angeler et al.
(2008), who found that the runoff processes associ-
ated to land uses occurring in the watershed are the
main contributors to the impairment of wetland
ecological integrity. In this case, impacted wetlands
tend to be located at lower altitudes where agricul-
tural practices have been traditionally developed
(Alfonso et al., 2010). By contrast, non-impacted
wetlands are located at higher altitudes where natural
vegetation is still preserved. Therefore, these differ-
ences in landscape context imply the amplification of
the aforementioned effects. In this sense, significant
differences have been observed on zooplankton
species richness between non-impacted and impacted
wetlands. Therefore, as suggested by others authors,
the taxonomic richness could be used as a good
community variable to evaluate their ecological
integrity (Della Bella & Mancini, 2009). This result
is also in agreement with other authors’ insights who
found that wetlands in agricultural landscapes had
lower species richness compared to wetlands with
less agricultural impacts (Dodson & Lille, 2001;
Hoffmann & Dodson, 2005; Dodson et al., 2005).
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Table 4 Correlation coefficients of zooplankton species with
NMS axes

NMS1 NMS2 NMS3

Alona quadrangularis 0.364
Alona rectangula —0.376
Arctodiaptomus salinus —0.736
Arctodiaptomus wierzejskii —0.375
Artemia sp. —0.446
Bosmina longirostris 0.489

—0.428 —0.399

—0.453

Ceriodaphnia laticaudata 0.501
—0.455 —0.501

—0.734

Canthocamptus staphylinus

Ceriodaphnia dubia

Ceriodaphnia quadrangula
Chirocephalus diaphanus
Chydorus sphaericus —0.423
Cletocamptus retrogressus —0.772
—0.508

—0.393

Daphnia magna 0.898

Cyclops sp. 2
Daphnia hispanica
Daphnia mediterranea —0.570
—0.356
—0.404
Estatheroporus gauthieri 0.414
—0.399

Macrothrix laticornis 0.389

Diaptomus cyaneus —0.401

Dunhevedia crassa

Macrothrix hirsuticornis

Megacyclops viridis 0.367
Metacyclops minutus 0.368 —0.601

—0.435

Moina micrura 0.361
Moina salina —0.446
Neolovenula alluaudi 0.422

—0.360

Mixodiatomus incrassatus

Pleuroxus letourneuxi
Simocephalus exspinosus —0.496

Simocephalus vetulus —0.653 0.427
PCA1 0.42 0.61

PCA2 0.43

Only statically significant r values are presented (the critical
value is 0.352, for 23 df.). The table also includes correlation
between PCA environmental variables and NMS axes

Although it is difficult to assign each taxon with
different wetland categories, the obtained results show
the existence of different species pools in each
category (33.33% for non-impacted and 43.33% for
impacted wetlands), with only 23.33% of shared
species, which suggests that communities from the
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two categories are different from each other (see
Table 2). This result is in disagreement with other
authors who found a homogenization of biota with
human pressures; in other words, the species compo-
sition in impacted sites is a subset of species found in
non-impacted wetlands (Dodson & Lille, 2001;
Lougheed et al., 2008). A likely explanation could
be the idiosyncrasy of Mediterranean wetlands that are
mainly temporary wetlands where the egg bank plays
an important role in the zooplankton biodiversity
(Angeler, 2007; Angeler et al., 2008). In this sense, a
previous study reveals the existence of connectivity
among the studied wetlands (Gilbert et al., 2014).
Therefore, the continuous dispersal of individuals
inside each wetland category increases the differences
in the zooplankton community composition between
categories. In this sense, there are some bibliographic
evidences (Dodson et al., 2005; Angeler et al., 2008;
Frisch et al., 2009) that found that in an agricultural
landscape the viable propagule bank is less diverse and
smaller than in natural regions. Moreover, taxa in seed
bank reduced their emergence from wetland soil as
result of wetland degradation (Angeler et al., 2007),
contributing to these differences in zooplankton
assemblages among wetland categories. These com-
munities differ, as it is shown by the NMS analysis, in
a transition between species of agricultural impacted
sites, to less agricultural impacted sites, with S.
exspinosus and C. quadrangula as typical species in
the second one. This agrees with Dodson & Lille
(2001) who found that S. vetulus (a congeneric species
of S. exspinosus) and C. quadrangula are species that
normally appear in non-agriculture impacted wet-
lands. On the other hand, the transition of wetland
watershed alteration observed in the first axis of the
PCA analysis is also correlated in the NMS analysis
with a change of late successional species to pioneer
species, since nutrients is a factor that appears to affect
pioneering species assemblages (Ruhi et al., 2009). A
more dynamic vision of the PCA results could also
consider that it is possible a transition of wetlands
between the two identified groups: impacted and non-
impacted. In this way, the application of restoration
and management policies in the catchment area of
wetlands as Tobaruela could propitiate in a future re-
evaluation the change from impacted to non- or less
impacted wetlands. Accordingly, the percentage of
agricultural land use could be a good indicator to
establish quickly the position of a wetland in this
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continuous gradient, and to take the decision on which
wetlands are appropriate to apply restoration and/or
management actions.

Finally, it is important to consider that aquatic
communities from Mediterranean wetlands are
affected not only by human impacts (agriculture or
urban development), but also by other features such as
age of ponds, wetland surface area, or hydroperiod
(Bagella et al., 2010). The two last one are closely
correlated with global climate change involving an
amplification of the water level fluctuation pattern,
with minor water permanence and a reduction in the
surface area of wetlands (AlvaIeZ—Cobelas et al.,
2005). These changes affect the species composition
with a possible increase of the extinction rates and an
important loss of biodiversity (McCarty, 2001). The
knowledge of the species composition and diversity
that support these systems is crucial for implementing
management policies and efficient conservation strate-
gies that might mitigate future effects of global
climate change (Angeler, 2007).

Conclusion

Our results support the idea that agriculture in the
watershed promotes drastic changes in wetland zoo-
plankton community. 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
(REFRESH project, 2010; Haberman & Haldna, 2014;
Van Hoey et al., 2010; Jeppesen et al., 2011; Van den
Broeck et al., 2015; Alfonso et al., 2016) who suggest
that zooplankton could be considered as a biological
quality element (BQE) in the European Water Frame-
work Directive (WFD; 2000/60/EC) to determine the
quality status of water bodies.

The results also highlight the need for replacing the
traditional agriculture strategies by other options more
respectful with wetlands and zooplankton species
inhabiting in them. It is necessary the integration of
conservation science and conservation policy to
reduce the negative effects of socio-economic devel-
opment (Pullin et al., 2009; Fuentes-Rodriguez et al.,
2013). In this sense, the implementation of agricultural
policies that promote environmental-friendly

practices, such as organic agriculture, and the use of
vegetated buffer zones around the wetlands (Angeler
et al., 2008) should be the main future tendencies in
the Mediterranean region. The social agents respon-
sible for the conservation policies should understand
that all these strategies are used for an effective
wetland management that includes a restoration at
landscape scale rather than an approach to an individ-
ual wetland scale (Angeler et al., 2010). In our study
area, a reference state might be established attending
to changes in agricultures practices, taking into
account a most respectful soil management in the
olive orchards that allow the presence of vegetation
under the canopy of trees (reduction of erosive
processes). In the same way, it is also interesting to
stimulate the heterogeneity of land use in the water-
shed, with the presence of natural hedges and the
reduction of toxic substances used in these agricultural
practices. Moreover, and considering that Mediter-
ranean region in the future climate change scenario
will likely be a zone with strong limitations of
freshwater, a reduction in the use of this resource
should also be considered by, for instance, limiting the
current increasing tendency of irrigated croplands and
therefore the consequent increase exploitation of the
groundwater sources.
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