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Abstract: Four streams in the Guadiana watershed were followed up to assess
hydrogeomorphological and physicochemical characteristics, and to analyze its correlation with
land use/land cover (LULC), analyzing their possible influence in reservoir water quality and
possible influence in the reservoir water quality. The highest amounts of organic descriptors and
nutrients were quantified in streams with the major percentage of olive groves and vineyards and
urban land cover classes. Streams more influenced by agro-silvo-pastoral class presented better
water quality, as this type of LULC acts as a buffer of the contamination runoff. The results
highlighted that the hydrogeomorphology of the streams may influence the transfer of pollutants
loads to reservoirs. Hence, in intermittent streams characterized by coarse particles in the sediment,
high amounts of pollutants are accumulated when the flow ceases, and are further transported to
the reservoirs when the flow retakes. On the contrary, streams with sediments characterized by a
great percentage of fine particles and organic matter do not induce so much stress in reservoirs,
since these allow the adsorption of nutrients and trace elements, without their transfer to reservoirs.

Keywords: flow regime; hydrogeomorphology; water quality assessment; land use/land cover
(LULC); Guadiana watershed

1. Introduction

Degradation of ecosystems at different spatial and temporal scales occurs through multiple
stressors, resulting in a loss of biodiversity and in an impoverishment of ecosystem services [1].
Aquatic systems are among the most sensitive, exposed, and degraded habitats, due to societal
demands for food, drinking water, transport, power generation, and leisure activities [2,3]. Thus,
water scarcity, along with water quality problems, have become two of the most important threats
for the sustainability of aquatic ecosystems in semi-arid areas [4]. This situation becomes much more
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worrying in regions where the water scarcity is a serious problem, with the Mediterranean being one
of the most vulnerable regions to the increasing pressure on water resources [5,6].

To overcome water shortage problems, dams were constructed, and their water quality
assessment became crucial, not only to establish management actions to preserve their quality but
also to prioritize rehabilitation processes. This assessment should encompass the water spatial and
temporal variability and the identification of the main limnological factors that regulate the system,
as the most important stressors that induce the highest environmental and public health concerns [7-
11]. For a more efficient and integrative catchment management, it is also crucial to have knowledge
about the inputs to the water bodies, from point and non-point sources of pollution, including the
contribution from their tributaries [12-14]. Hence, developing studies in tributaries of reservoirs with
a great flow variability as in Mediterranean region, and significantly influenced by land use/land
cover (LULC), may contribute to identify the streams that strongly influence the water quality of
reservoirs along time, essential to implement and improve watershed management measures [15].

In fact, LULC patterns are one of the main factors affecting water quality and ecosystems balance
in a watershed [16]. As in many other regions, where the construction of dams induced an increment
of economic activities [17], LULC changes have occurred in Alentejo (Southern Portugal) after the
construction of the Alqueva Dam, mainly in the agricultural sector with the intensification of olive
groves and vineyards and modification of the agricultural practices [18].

Several studies have been developed at the Alqueva reservoir, to evaluate limnological factors,
biodiversity, point and non-point sources of pollution, and atmospheric processes, such as: (i) water
quality and spatial-temporal variability [8,19,20]; (ii) nutrients and eutrophication processes [21]; (iii)
biological communities and biodiversity [22-27]; (iv) quantification and risk assessment of hazardous
substances, such as pesticides and potential toxic metals [28-31]; (v) remote sensing-based prediction
of water quality and atmospheric processes [32,33]; and (vi) ecotoxicological assessment [34,35].

Currently, it is important to understand the linkage among tributaries and the Alqueva
reservoir, to understand the effect of temporary regimes and geomorphological characteristics in the
water quality of the reservoir, as well as the effect of LULC changes in the catchment, an understudied
aspect, since intermittent streams have only recently gained scientific attention.

Taking the above statements into consideration, the aims of this study were to: (1) characterize
the hydrogeomorphology of streams in the Guadiana watershed and LULC in the respective drainage
areas; (2) assess the spatial and temporal chemicals dynamics of water and sediment; (3) analyze the
correlations between water/sediments characteristics and LULC patterns; and (4) analyze the possible
influence of streams hydrogeomorphology, chemical characteristics and LULC at the drainage areas
in the water quality of the reservoir. To understand the relationship between landscape,
hydrogeomorphological characteristics, and water quality, further improving water contamination
estimations in catchments and providing tools to establish guidelines for land use/land cover (LULC)
planning.

2. Materials and Methods

2.1. Study Area

The Alqueva reservoir is located in the main course of Guadiana river, and is the most important
source of water supply for the populations of the Alentejo region (Southern Portugal), which is one
of the driest regions in Portugal, with a Mediterranean climate [32], and where the agriculture is one
of the most important economic activities [18].

The study was developed in four streams of the Guadiana watershed: Zebro (Zb; 38°14'15.5" N,
7°19'40.32" W); Alamos (Al; 38°24'50.46" N, 7°28'2.16" W); Amieira (Am; 38°16'58.80" N, 7°36'35.20"
W), and Lucefécit (Lf; 38°36'59.19" N, 7°23'31.65" W) (Figure 1). In the framework of the ALOP project
(observation, prediction, and alert systems in atmosphere and in water reservoirs of Alentejo), four
platforms previously installed in diverse limnetic areas of the reservoir were used to assess four areas
of the reservoir. These platforms consist in floating structures fixed to the bottom of the reservoir
with cables, used for sampling, to characterize the water quality, and where meteorological devices
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were installed. These streams were chosen considering their flow into the Alqueva reservoir towards
each platform: Zebro drains into the reservoir near the Montante platform; Alamos near Mourio
platform; Amieira near Alamos platform; and Lucefécit near Lucefécit platform (see Figure 1).

With the increase and expansion of the irrigation system in the area, there has been a growth of
intensive crops in a region traditionally occupied by agro-forestry systems (Montado), where urban
areas have very little expression. The agricultural occupation in the irrigation perimeters of Alqueva
has been diversifying, with olive groves as the predominant cultivation. Peanut is the second crop
with the greatest expression in terms of farmers’ bet. The production of almonds, corn, tomatoes,
onions, garlic, melons, watermelons, and fruit trees (stone fruit, citrus fruits, table grapes, walnuts,
among others), are also found in the irrigated areas of Alqueva, alongside the traditional cultivation
of vines, cereals and fodder ((Empresa de Desenvolvimento e Infra-estruturas do Alqueva, S.A.
(EDIA): https://www.edia.pt, last accessed on 3 September 2020)).
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Figure 1. Map of the study area located in Alentejo region, with the municipalities that embrace
Alqueva reservoir represented in the land cover zoomed map. The stream sampling sites from north
to south are: Lucefécit—Lf; Alamos— Al; Amieira— Am; and Zebro—Zb).

The studied streams are small and shallow watercourses, belong to the small drainage area rivers
in Southern Portugal (S1 <100 km?) according to the Water Framework Directive river typology [36],
and are located in sites with siliceous lithology, with the studied reaches mainly characterized by:
bank-full channel width ranging from 1-5 m in Alamos and Amieira to 5-10 m in Lucefécit and Zebro;
the mean channel width from <1 m in Alamos to 1-5 m in the other sites, and channel depth ranging
from <0.25 m to 0.5 m in Alamos, <0.25 m to 1 m in Amieira, 0.25 m to 1 m in Zebro, and only in
Lucefécit the depth exceeded 1 m after a flooding in March 2018, whilst in the other sampling
campaigns was between <0.25 m to 0.5 m. The riparian vegetation is continuous in Amieira stream,
semi-continuous in Lucefécit and Alamos and scattered in Zebro stream; furthermore, there is no
shadow in the channel in Zebro and in Alamos, opposite to Lucefécit where more than 60% of the
stretch is shadowed and in Amieira with a shadow between 30-60%. Amieira and Alamos are typical
Mediterranean intermittent watercourses that dry or stop flowing during part of the year (only small
isolated pools are present in summer, namely in July and September), whilst Zebro has no flow
during summer and Lucefécit maintains flow during all the year, despite a substantial reduction
during the summer. The main characteristics observed in each stream are summarized in Table S1.
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The four studied streams are subject to some anthropogenic impacts, both in the banks and in the
channels, such as small bridges in Zebro and Alamos and upstream of Lucefécit sampling stretch,
cattle raising in Amieira, Zebro, and Alamos, wastewater treatment plants upstream the sampling
sites in Zebro and Alamos and intensive agriculture in the banks of Lucefécit sampling stretch. A
detailed analysis of the LULC in each of the four tributaries is presented in Section 2.2.

The Mediterranean climate is characterized by dry and hot summers and temperate and wet
winters, with concentrated rainfalls [37]. During the year of 2017, the onsite meteorological station
[38] provided an annual average temperature of 17.8 °C, ranging from a minimum temperature of
-1.8 °C in January to a maximum of 45.2 °C in August, with an annual precipitation of 327.8 mm. As
for the year of 2018, the climate was characterized by an average temperature of 16.3 °C ranging from
-1.8 °C in February to 44.7 °C in August, with an annual precipitation of 665.8 mm. Meteorological
drought monitoring is performed by the Portuguese Institute for the Sea and Atmosphere (IPMA),
using the Palmer Drought Severity Index (PDSI). The South of Portugal was considered in severe
drought conditions, from April 2017 on, registering the highest temperatures observed in the last 80
years, and with the smallest precipitation values [39], whereas the year of 2018 was considered
normal by IPMA regarding air temperature and rainfall, with the severe drought situation ending in
March 2018. Furthermore, the precipitation was concentrated in storms, which may cause streams to
flood.

2.2. LULC Characterization

The basis for the LULC analysis carried out for the area of study was the CORINE Land Cover
(CLC) inventory produced in 2018 using satellite imagery (Sentinel-2 and Landsat-8 for gap filling),
available from Copernicus Land Monitoring Service (https://land.copernicus.eu/pan-
european/corine-land-cover/). The CLC inventory uses a minimum mapping unit of 25 ha for area
phenomena and a minimum width of 100 m for linear phenomena and distinguishes 44 land cover
classes (https://www.eea.europa.eu/publications/COR0-landcover). The analysis showed that 24 out
of the 44 CLC classes are present in the area of study. These 24 classes were merged to yield six
broader categories describing typical LULC in the region: urban/industrial; agriculture and pasture;
olive groves, vineyards and orchards; agro-silvo-pastoral (Montado); forest and natural vegetation;
water. Table S2 summarizes the integration of CLC classes into the adopted categories. The agro-
silvo-pastoral class corresponds to a very typical landscape of southern Portugal termed Montado,
characterized as a multifunctional agro-silvo-pastoral ecosystem, with varying densities of trees
(mainly cork and/or holm oaks). The Montado system encompasses more than one CLC class due to
its particularities [40], as indicated in Table S2.

The adopted classification considering the six classes was applied to the region comprising the
five Portuguese municipalities surrounding Alqueva reservoir (Alandroal, Moura, Mourao, Portel,
and Reguengos de Monsaraz). The resulting land cover map is presented in Figure 1, showing that
Montado landscape dominates the region, with significant parts of the area also occupied by olive
groves, vineyards and orchards, as well as, agriculture and pasture.

ASTER Global Digital Elevation Model (GDEM) V002 (ASTER GDEM is a product of NASA and
METI) data were used to obtain the area of drainage basins associated to each of the sampling (outlet)
points. The DEM data were obtained from the Land Processes Distributed Active Archive Center (LP
DAAC: https://gdex.cr.usgs.gov/gdex/) in a grid of 1 arc-second (approximately 30-m at the equator).
The drainage basins of stream sampling points represent the appropriate areas to analyze and relate
land cover to water quality, since these collect and drain off surface and ground water, as well as
precipitation into the control point. The altitudes in the four drainage basins range between 141 and
416 m above mean sea level (a.m.s.1). The drainage basins delineated from DEM data are represented
by the dotted black lines in Figure 1.

2.3. Sampling

Water and sediment samples were collected at the four selected streams (Lucefécit-Lf; Alamos-
Al; Amieira-Am; and Zebro-Zb). The study comprised 12 sampling campaigns, from January 2017 to
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November 2018: in January (Jn), March (Mr), May (M), July (J1), September (Sp), and November (Nv).
The intermittency nature (with highly irregular flowing regime) of these streams in Mediterranean
areas, justified the temporal evaluation proposal. In these regions, the stream discharges may range
from zero (dry phase) to high discharge rates (flooding period). This river flow regime has
implications in the water quality and makes the streams very sensitive to anthropogenic pressures
[19].

In general, the sampling occurred in flowing conditions, except at Amieira in July and September
2017 and 2018 and at Alamos in July and September 2018 (dry phase), collected in an isolated pool
upstream of the regular sampling sites. Sampling at each site included: (i) 2 L of surface water in
polyethylene bottles, for the analysis of physicochemical parameters; and (ii) 5 L of surface sediments
(<10 cm) on plastic bags. The samples were transported to the laboratory at 4 °C, conserved and stored
until the analysis following the requisites for each parameter [41,42].

2.4. Water Characterization

Water temperature (T; °C), pH, electrical conductivity (EC; uS cm), and dissolved oxygen (DO;
%) were measured in situ using a multiparametric YSI 6820 MPS probe ©® (Alemanha, Portugal).

The water parameters analyzed were the following: biochemical oxygen demand (BODs; mg L;
respirometric method), chemical oxygen demand (COD; mg L-'; dichromate technique), total
phosphorus (ITP; mg L-; molecular absorption spectrometry), Kjeldahl nitrogen (KN; mg L7;
molecular absorption spectrometry), nitrate (NOs; mg L; Ionic chromatography), nitrite (NOz; mg
L-; ionic chromatography), ammonium (NHs; mg L-1; molecular absorption spectrometry), chlorides
(CL; mg L; ionic chromatography), and sulfates (SOs; mg L; Ionic chromatography) [41].

Total nitrogen (TN) was determined, using the following Equation (1) [41]:

TN (mg L) = 0.226 x [NO3; mg L-1] + 0.304 x [NOz mg L-1] + [KN; mg L-1] 1)

2.5. Sediment Characterization

As for the sediments, the pH (pHpore-water) and the electrical conductivity (ECpore-water; uS cm™)
were analyzed in pore-water samples [42].

Sediment grain-size distribution was determined following the method E196 of the Portuguese
Laboratory of Civil Engineering [43]. The chemical parameters determined were: organic matter
content (OM; %; calcination at 500 °C; [42]); total nitrogen (TN; %; Kjeldahl method; [41]); total
phosphorus (TP; %; molecular absorption spectrometry with molybdovanadate phosphoric acid;
[41]).

Potentially hazardous trace elements contents (Cd, Cr, Cu, Ni, Pb, and Zn) were determined
according to International Organization for Standardization (ISO) 11466 [44]. Flame atomic
absorption spectrometry (FAAS) was used in the analysis, by a Varian equipment (SpectrAA 220FS,
220Z and 110Z, Palo Alto, CA, USA).

Quality Control

The quality of the analytical data was guaranteed through the implementation of laboratory
quality assurance, as the use of standard operating procedures, calibration with standards, analysis
of blanks and of replicates (three independent replicates per sample).

For the validation of the analytical procedures of the potentially hazardous trace elements
quantification, a geological certified reference material, Buffalo Lake sediment (SRM 2704), was
analyzed to validate the aqua regia extraction procedure. The assessment among reference material
and the samples presented a mean relative error <10%, for all the elements analyzed (Cd, Cr, Cu, Ni,
Pb, and Zn).
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2.6. Statistical Treatment of Data

Water and sediments data were assessed by descriptive statistics (mean + standard deviation)
and multivariate statistical analysis (principal component analysis/factor analysis and cluster
analysis), based on two matrixes, one for water (48 samples x 13 environmental parameters), and
another for sediments (48 samples x 12 environmental parameters). Data were normalized (log x; x =
mean value) prior to multivariate statistical analyses, avoiding misclassification due to differences in
data dimensionality [45].

Spearman’s rank coefficient correlations between variables were performed (since most of the
data failed the Shapiro-Wilk normality test), and the Spearman coefficient (R) was used to evaluate
the statistical strength of the correlations, obtained by the potential linear relationship between the
classes of land cover and the environmental variables.

Principal component analysis/factor analysis (PCA/FA) and cluster analysis (CA) were applied
to: (1) identify the main parameters that explain the variability of the stream water quality; (2) group
the streams according to their water quality; (3) group the streams according to the land cover; and
(4) identify the streams that may have the greatest influence on the Alqueva reservoir water quality.

The CA groups the most similar samples, using the Euclidean distance between samples as a
measurement of similarity [46]. The linkage distance is obtained through the following Equation (2):

Dlink/Dmax (Dlink: linkage distance for an individual case; Dmax: maximum
linkage distance).

)

All statistical analyses were performed with the STATISTICA 7.0 (Software ™ Inc., Palo Alto,
CA, USA, 2004).

3. Results

3.1. LULC Description

The LULC patterns were analyzed in the drainage areas delimited for each of the stream
sampling sites, corresponding to the following areas: Alamos—89.0 km?, Amieira—50.8 km?,
Lucefécit—117.2 km?, and Zebro—46.8 km? from which we calculated the percentages of LULC
classes. Figure 2 shows the percentages obtained for each class within the considered catchments.
Notice that the agro-silvo-pastoral class dominates in three of the four drainage areas (Alamos,
Amieira, and Lucefécit with 43%, 73%, and 67%, respectively), which reflects the prevalence of this
type of landscape in the region. In Lucefécit stream, agriculture and pasture class follows with 28%,
whereas in Alamos and Amieira, the olive groves, vineyards, and orchards is the second class with
33% and 17%, respectively. Furthermore, while Alamos presents also a fairly significant amount of
agriculture and pasture (22%), in Amieira this class is barely 8%. In Zebro drainage basin, the olive
groves, vineyards, and orchards is the leading class (42%), followed by agriculture and pasture (31%).
It is important to refer that Lucefécit drainage area is the only one including industrial activities
(extractive and food processing, among others).
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Figure 2. Percentages of the land use/land cover (LULC) classes in the selected drainage areas.
3.2. Stream Water Characterization

3.2.1. In Situ Parameters

Water quality varied markedly among streams, influenced by different LULC classes and by the
temporal variability (Figures 3 and 4). Relatively to the results for the in situ parameters (Figure 3),
the water pH presented low variability in all the streams with values always between the limits
proposed for the good ecological status (GES) for small rivers of Southern Portugal (6 < pH <9; [47]).
The temperature changed markedly among seasons with values in the wet period from 6.5 to 15 °C
and in the dry period from 17 to 34 °C, with the highest values registered at Amieira in 2018, when
the stream was in its dry phase. The dissolved oxygen (DO), also showed a great temporal variability,
with saturation percentages exceeding the limits for the good ecological status (60-120%; [47]) at
Amieira, in January and July 2017 (DO = 181%), at Alamos in January 2017 (DO =125%), and at Zebro
in July 2017 (DO =171%). In general, the DO variations are related with seasonal changes and rainfall
patterns, being the higher values observed during the wet season [7,8,48], which may explain the
high levels detected in January, characterized by low water temperature. The electric conductivity
(EC) was the parameter that presented the major variability among streams, with the highest values
(>1000 uS cm-1) detected at Zebro and Alamos. In the present study, the EC was correlated with the
LULC of olive groves, vineyards and orchards (R = 0.42; p <0.05; Table S3), which dominates at Zebro
stream (42%) and is the second one at Alamos (33%), followed in both drainage areas by the
agriculture and pasture class, occupying 31% and 22%, respectively (see Figure 2).
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Figure 3. Parameters measured in situ, in each stream (Zb: Zebro; Am: Amieira; Al: Alamos: Lf:
Lucefécit), during the 12 campaigns of the study (Jn_17: January 2017; Mr_2017: March 2017; M_2017:
May 2017: J1_2017: July 2017: Sp_2017: September 2017; Nv_2017: November 2017; Jn_18: January
2018; Mr_2018: March 2018; M_2018: May 2018: J1_2018: July 2018: Sp_2018: September 2018; Nv_2018:
November 2018).

3.2.2. Nutrients and Organic Descriptors

Spearman rank coefficient (Table S3) showed positive correlations among T and EC, BODs, COD
TP, NOs and NHjy, indicating that these parameters were the major source of temporal variability in
the streams.

Regarding the organic descriptor BODs (Figure 4), the concentrations were above the limit for
the good ecological status (BODs < 6 mg L; [36]) at Zebro and Alamos, during most of the study. The
results obtained seem to be linked with LULC, once the presence of BODs at watercourses is
correlated with the increment of olive groves, vineyards, and orchards area (R =0.40; p < 0.05), impact
more evident during the dry period. Further, the positive correlations between BODs and TP (R =
0.41; p <0.05), TN (R =0.48; p < 0.05), and NHas (R = 0.59; p < 0.05) indicate similar sources of pollution,
also supported by the linkage obtained between these parameters and the LULC class of olive groves,
vineyards and orchards (Table S3). All streams presented concentrations of COD greater than 20 mg
L1, limit value established for water bodies in risk [49]. In fact, concentrations of BODs and COD,
above 5 mg L and 20 mg L, respectively, indicate a high organic load, which may be responsible
for the degradation of ecological conditions.

The total nitrogen (TN) presented the highest concentrations at Zebro (0.69-29.89 mg L) and
Alamos (0.66-21.60 mg L-1), without a pronounced temporal pattern, probably related with the
hydrogeomorphology and LULC (Figures 2 and 4). Results highlighted by the positive correlation
observed between TN and olive groves, vineyards and orchards class (R = 0.32; p < 0.05) and by the
negative correlation with the class of agro-silvo-pastoral (R = —0.43; p < 0.05). Indeed, the Amieira
stream, with a predominance of agro-silvo-pastoral class (73%), is the stream with the best water
quality, during the flowing phase. Relative to NHs, this parameter reached concentrations higher
than 1 mg L at Zebro (limit for the good ecological status; [36]). These results were influenced by
the temporal factor (higher amounts in the dry period with low flow), and by the LULC (olive groves,
vineyards and orchards class), and supported through the correlation between NHs and this class of
LULC (R =0.46; p <0.05). Furthermore, the correlation between NH4 and urban/industrial LULC (R =
0.49; p < 0.05), also indicates the influence of this class in the increment of nutrients in streams. Total
phosphorus (TP) presented always values higher than 1 mg L, being responsible for the failure to
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comply with the good ecological status of the streams, both in the wet and dry periods (0.13 mg L;
[47]). The results showed that the increase of TP at streams was correlated with olive groves,
vineyards and orchards LULC (R = 0.56; p < 0.05).

GESs6mgl! =

BOO (mgL”)
conimgL’y

N (mg L")

GES<25mg L

20t

NO, (mgL™")
NH,(mgL")

Am » A u

Figure 4. Spatial and temporal variation of the organic descriptors and nutrients in the water samples
during the period of the study. The mark across the box represents the mean, and the bottom and top
of the box show the standard deviation. Whenever possible, recommended guide levels for the good
ecological status (GES) were represented [47].

3.2.3. The Effect of LULC and Hydrogeomorphology on the Water Quality

PCA was conducted using pooled data from the four streams, allowing the identification of two
principal components (PCs) as important factors to explain 45% of the total variance of the water
samples. Figure 5 shows the combined plot of scores and loadings on PC1 versus PC2. The PC1
represented the influence of LULC classes (urban/industrial; olive groves, vineyards and orchards,
and agro-silvo-pastoral (Montado)) on the physico-chemical composition of water explaining 29% of
the variance. This PC was highly associated with TN, NHs, and CI (negative participation) and
moderately associated with NO:z (negative participation). Hence, this PC is explained considering the
nutrient discharges at streams under the influence of LULC classes of olive groves, vineyards, and
orchards and urban/industrial (also negatively correlated with the PC). Further, the PC1 presented a
positive correlation with flow characteristics (R = 0.35; p <0.05), grouped in four classes (see Table S1:
no flow, low flow, moderate flow, very fast flow). The LULC that explained PC2 was agriculture and
pasture class, representing 16% of the variance with a strong negative participation of TP and a
moderate participation of NOs (positive) and BODs (negative). Moreover, this PC presented a positive
correlation with flow characteristics (R = 0.52; p < 0.001). The positive correlation of both PC with the
flow indicate the importance of this parameter in the transport of nutrients along the streams and
downstream to reservoirs.
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Figure 5 also evidences the four statistically significant groups obtained through the cluster
analysis (Dlink/Dmax) x 100 < 50. The samples that presented the best water quality were represented
at the positive quadrant of PC1 and at the negative quadrant of PC2, integrating all samples from
Amieira stream (Cluster 1), with high influence of the LULC Montado Class. Cluster 2 is represented
in the positive quadrant of both PCs, integrating samples only from Lufecécit stream, with high
concentrations of NOs from agriculture and pasture activities. Cluster 3 represents the samples more
influenced by agriculture and pasture activities, integrating samples from Alamos and Lucefécit
streams. The negative quadrant of both PCs, displayed the samples with the worst water quality,
grouped at Cluster 4, and belonging to the Zebro stream. These samples presented high amounts of
organic descriptors and nutrients, explained by the action of olive grove and vineyards and
urban/industrial classes at the streams.
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Figure 5. Scores of the water samples of streams, on the bidimensional plan defined by the first two
principle components (PC) and parameters that most influence the explanation of each PC. In the
figure are displayed the statistically significant clusters obtained with the Euclidean distance of
(Dlink/Dmax) = 100 < 50.

3.3. Sediment Characterization

3.3.1. Physico-Chemical Parameters

Relatively to sediment grain size, important characteristic that controls the natural and
anthropogenic components in the water-sediment systems [50], the results showed that the streams
are mostly constituted by coarse particles-sand (Table 1). In general, the predominance of this
granulometric fraction induces higher levels of percolation with lower adsorption potential for
nutrients and trace elements [51]. The pHpore-water values ranged from 6.5 to 7.9, being Zebro the stream
with the highest pHpore-water values (Table 1). The ECpore-water, presented high variability, ranging from
44 t0 1820 us cm™, with the highest values observed at Zebro (Table 1). The results evidence a positive
correlation between ECpore-water and olive groves, vineyards and orchards class (R = 0.46; p <0.05; Table
54), as already observed in the water column. The link between LULC and ECpore-water values is
consistent with other studies that reported positive correlations between this parameter and intensive
agriculture activities and urban classes [7,52]. Further, streams surficial sediments were characterized
as inorganic, with mean percentages of organic matter (OM) contents less than 6 [53].
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Table 1. Sediments main physicochemical characteristics (mean (min—-max); n = 12), in the studied
streams: Lucefécit (Lf), Alamos (Al), Amieira (Am), and Zebro (Zb).

Lf Al Am Zb
PHpore-water 7.5 (6.9-7.9) 7.5 (6.8-7.9) 7.3 (6.5-7.9) 7.6 (6.6-7.9)
ECporewater (s cm™) 712 (429-929) 916 (115-1259) 532 (44-791) 1217 (233-1820)
OM (%) 5.7(1.6-39.0) 1.2 (0.6-3.6) 3.42(1.4-12.1) 4.6 (1.4-5.9)
Granulometric Fractions

Sand (%) 58.76 64.83 90.06 87.89

Silt (%) 31.01 25.27 2.77 4.27

Clay (%) 10.15 8.63 7.85 8.60

Relatively to the nutrients, the sediments presented TN concentrations always under the severe
effect level (SEL) of 0.48% (Figure 6), according to the Ontario sediment quality guidelines [54]. In
contrast, the concentrations of TP, despite its high variability, surpassed the SEL value, 0.2%, in most
of the samples. This scenario is similar to what occurred in the water samples and in the reservoir [8],
indicating that the load of TP is very high in the catchment.

3.3.2. Potentially Toxic Metals

The results displayed a high variability without a temporal and a spatial pattern (Figure 6),
which together with the correlations observed among potentially toxic metals and LULC classes
namely urban/industrial and olive groves, vineyards, and orchards (Table S4), support
anthropogenic actions as the main sources of these elements into the streams sediments. The
potentially toxic metals that surpassed the Canadian interim freshwater sediment quality guideline
(ISQG) were Cu, Ni, and Cd, elements that may be able to induce continuously toxic effects to aquatic
organisms. Copper is correlated with the urban/industrial class (R = 0.37; p < 0.05). Lucefécit stream
presented the highest concentrations of Cu, generally higher than the ISQG (35.7 mg kg'; [55]). Nickel
was the trace element that showed less variability over time, surpassing the sediment quality
guideline (SQG; 15.9 mg kg'; [56]), except at Alamos. The highest concentrations for this element was
observed at Lucefécit (10.1-96.4 mg kg!). Cadmium showed concentrations higher than the ISQG
(0.6 mg kg'; [55]), in Amieira and Zebro during the dry-phase and in Lucefécit during the whole
study.
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Figure 6. Variability of the nutrients and potential toxic trace elements at sediments. The mark across
the box represents the mean, and the bottom and top of the box show the standard deviation. Guide
levels were from: Severe Effect Level (SEL) Ontario Sediment Quality Guidelines [54]; Canadian
Interim Freshwater Sediment Quality Guideline (ISQG) for the Protection of Aquatic Life [55];

Sediment Quality Guideline (SQG;

[56]).

3.3.3. The Effect of Textural Properties and LULC on the Sediments Quality

Principal component analysis/factor analysis of sediments samples allowed us to obtain two
principal components explaining about 52% of the total variance of the data. Figure 7 shows the
combined plot of scores and loadings on PC1 versus PC2, and the three statistically significant groups
obtained through the cluster analysis (Dlink/Dmax) x 100 < 50. The PC1 (28%) represented the
influence of physical proprieties namely grain size on the composition of sediments. The sediments
parameters most influenced by this explanatory factor were Ni and Cu (with loadings > 0.75),
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followed by the Pb and TN (with loadings among 0.75-0.50), all of these parameters with a positive
participation in the PC1. PC2 was characterized by LULC classes explaining 23% of the variance and
highly correlated with TP (positive participation). As for the three statistically significant clusters, the
samples located in the positive quadrant of both PCs were grouped in Cluster 1, integrating samples
from Zebro, most influenced by olive groves, vineyards and orchards and with high amounts of TP.
The Cluster 2 grouped the samples from Amieira and Alamos, most constituted by sand particles,
with low capacity of adsorption and higher rates of pollutant load transfer to the reservoir. The
samples displayed in the positive quadrant of PC1 and negative quadrant of PC2, represent the
samples that presented higher percentages of fine particles (silt and clay) and higher concentrations
of Ni, Cu, and Pb, and TN, integrating Lucefécit samples (Cluster 3).
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Figure 7. Scores of the sediments samples of streams, on the bidimensional plan defined by the first
two principle components (PC) and parameters that most influence the explanation of each PC. At
the figure are represented the statistically significant clusters obtained with the Euclidean distance of
(Dlink/Dmax) = 100 < 50.

4, Discussion

4.1. LULC and Hydrogeomorphology Influence on the Physico-Chemical Characteristics of the Tributaries

Relatively to the in situ parameters, the results showed high seasonal variability of temperature
with similar spatial patterns, indicating that this parameter is more influenced by climate conditions
such as air temperature, than by other anthropogenic or natural stressors as reported elsewhere [57].
The other parameter that showed high fluctuation and, in this case, not only seasonal but also spatial
was the EC, being Zebro the stream that presented the highest values, during the dry season. The
results showed a high influence of LULC in this parameter, being in agreement with other studies
that reported the agriculture and urban/industrial classes as the main LULC responsible for the
increase of this parameter in the water of streams [7,12,58]. Further, the increase of ion concentrations,
which results in the increase of EC during dry seasons, may be justified by low flows, decrease of
runoff, and high evaporation rates, causing the water volume reduction in permanent hydrologic
regimes, and water cessation in temporary [59].

The BODs, COD, and TP were the parameters that most negative influenced the water quality,
being the responsible for Zebro and Alamos not achieving the good ecological status, mainly during
the dry seasons. The results point to the great influence of LULC classes in the concentrations of



Water 2020, 12, 2665 14 of 20

nutrients and organic descriptors in water, the urban/industrial and olive groves, vineyards, and
orchard classes being the most polluting. Several studies already reported this linkage in different
climate and LULC scenarios, as in rural-urban regions with a humid-subtropical climate (rural-urban
fringe, Georgia Piedmont, USA; [7]), or in bare land and natural forest areas with tropical climate and
intensive rainfall (Natural Forest of Cérdoba Province, Argentine; [12]). Furthermore, Shi et al. [60],
already stated that the urban class of LULC is the one with a major influence on the raise of the
nitrogen and phosphorus forms in streams, via runoff, during and after precipitations events.
Furthermore, Du et al. [61], in a study about the correlation of nutrients concentrations and LULC,
identified the increment of intensive agriculture and population density as the major factor
responsible for the raise of nitrogen and phosphorus in streams. Additionally, Ongley et al. [62]
reported that intensive agriculture contributes with about 50% of the total contamination load to the
streams, due to the inputs of inorganic fertilizers, organic manure, and pesticides. In addition to land
uses, the hydrological regimes, very influenced by temporal conditions, also act in the concentrations
of these parameters in water, being the temporary regimes (as occur in Zebro and Alamos) more
sensitive to these anthropogenic conditions. Opposite, the results obtained in Amieira (stream with
the best water quality) showed that, despite its temporary regime, the great percentage of agro-silvo-
pastoral LULC may be a buffer to stop the runoff of contamination load. The results are in line with
others that identified the forest and the riparian vegetation as the most important classes for the
maintenance and improvement of the quality of water in streams, acting as a buffer to the pollution
processes at the water body, and decreasing the soil erosion [63].

The assessment of sediment characteristics is essential for the whole analysis of the water
quality, and for the evaluation of pollutant load transfer into a reservoir, being crucial in the
establishment of management actions to preserve the aquatic environment. Hence, the sediments
results reveled a great spatial and seasonal variability, being the granulometry and the LULC
conditions, the great responsible for the concentrations of nutrients and potentially toxic metals
observed. The streams sediments were mostly constituted by sand particles, as already observed in
the upper part of Alqueva reservoir, near the border with Spain [8,28]. In general, the sediments
presented low organic matter contents (OM; %) when compared with previous studies conducted in
the Guadiana River Watershed [64,65]. The values detected in the present study were like those found
at the upper part of Alqueva reservoir [8]. The presence of OM is one of the main factors responsible
for the adsorption/accumulation of chemical elements to the sediments, which is corroborated by the
positive correlations obtained with TP, TN, Ni, Cu, Pb, Cr, Zn, a fact that was also reported for
sediments from the Alqueva reservoir [8]. In fact, Lucefécit presented the highest amounts of
potentially toxic metals, which could be justified by the highest percentages of fine particles (silt =
31% and clay = 10%) and OM contents (3.6-39.3%). On the other hand, Lucefécit drainage area is
distinguished from the others because the urban/industrial land cover class is not limited to urban
pollution but includes also industrial activities that may be related with the higher trace elements
contamination. On the contrary, and despite the fact that Zebro presented highest contamination
levels in the water column, the characteristics of its sediments, with a high percentage of coarse
materials (87.89% sand), and low organic matter percentages, do not facilitate the adsorption of
nutrients and hazardous substances onto the sediments. Relatively to the potentially toxic metals the
results showed that the sediments were contaminated with Cu, Ni, and Cd. Nickel surpassed its ISQG
in at most of the streams, followed by Cd and Cu. At previous studies at the Guadiana Watershed,
including at Alqueva reservoir, reported that Cd was the most widespread element in the sediments
and Cu was the element responsible for the polluted status of the sediments collected in the reservoir
areas of Lucefécit and Alamos. Both elements have as main pollution sources the wastewaters
discharge, road traffic and agriculture activities. Furthermore, Ni was the trace element less
influenced by anthropic actions, with less variability and its concentrations being justified mainly by
the geological characteristics of the basin [31,66].

The importance of LULC, hydrological regimes, and granulometric proprieties was highlighted
in the multivariate analysis, showing classes as urban/industrial and olive groves, vineyards, and
orchards, fine particles of sediments, and flow (temporary regime) the main explicative factors of the
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presence of nutrients, organic descriptors, and potentially toxic metals in the Guadiana streams.
Analysis and remarks already reported in different studies, such as at the Dan River Watershed, at
China [61], at the Altamaha, and Savannah River watersheds, at State of Georgia [7], and at the Siriri
River basin, Brazil [67].

4.2. Influence of the Tributaries on the Water Quality of Reservoirs

The influence of the transfer of nutrients, organic descriptors and potentially toxic metals from
tributaries to the downstream reservoir was assessed. In general, results agree with what was
previously observed in the Alqueva reservoir [8], evidencing a similar chemical pattern for some of
the parameters assessed, and supporting the possible influence of these tributaries on the water
quality of the reservoir. Relatively to nutrients, previous studies in the Alqueva reservoir, reported
TN concentrations lower than the observed in the tributaries, but also suggestive of the stand-up of
the nitrogen content in the watershed [8,20]. Similar results were also observed for NOs and NHs,
which have been increasing over time [8,19,20]. TP is the nutrient that is causing the highest stress in
the Guadiana catchment, and that may be transported into the reservoir from the tributaries. This
statement is supported by: (1) the high amount of TP in the water and sediments of the streams; (2)
the high variability of the observed TP concentrations; and (3) the opposite trend of the TP
concentrations among tributaries and the respective Alqueva areas [8]; unpublished results.
Furthermore, and regarding the speed up of the eutrophication process that was reported for the
Alqueva reservoir [8,19], most of the tributaries presented high pollution rates with concentrations
of TN > 1.5 mg L! and TP > 0.075 mg L, values established by Dodds et al. [68] to characterize
eutrophic waters.

Among the potentially toxic elements analyzed in the studied streams, Cd probably was the
mostly transferred element to the Alqueva reservoir, due to its characteristics, namely the great
bioavailability, being the most mobile metal, and its high anthropic enrichment factor (EF) at the
Guadiana watershed [31].

Further, the results indicate that the contamination load at Zebro and Alamos may be a possible
source of contamination for Montante and Mourdo areas (extents of the Alqueva reservoir where
those streams directly drain). In fact, the tributaries that may be exerting the greatest pressure in the
reservoir were Zebro and Alamos, due to their LULC, with the increment of nutrients, organic
descriptors and potentially toxic metals, which are concentrated during the dry phase and further
transferred to the reservoir in the beginning of the rainfall period, with the flow resumption. This
process was facilitated by the granulometric proprieties (mostly constituted by coarse materials) and
by the low OM contents, important factors for the low capacity to adsorb the elements in the
sediments of streams, stimulating the pollutants loads transfer.

Henceforth, in addition to temporal and LULC scales, it is important to assess the
hydrogeomorphological characteristics of streams for a better understanding of the possible pollution
loads that may be transferred to the watercourses or reservoirs downstream. In fact, streams with an
intermittent flow regime (increasingly important in the Mediterranean region), influence the water
quality downstream depending on their flow characteristics and on the textural characteristics of
their sediments. The intermittent regime promotes the accumulation of organic matter and nutrients
on the stream bed (in the dry-phase), with the transfer of higher amounts of pollutant loads
downstream, during a specific temporal period (wet period). Additionally, for an integrative
analysis, the sediments textural properties must be evaluated. In fact, when stream sediments are
mostly constituted by sand, the pollutants are not easily adsorbed and, most of them are probably
transferred. Contrariwise, streams presenting sediments mostly constituted by fine particles, with
high organic matter contents, easily adsorb nutrients and potentially toxic trace elements, avoiding
their transfer downstream.

5. Conclusions

Stream water characteristics in the Guadiana River catchment displayed significant spatial and
temporal variability. The results showed temporal differences in the linkage among LULC and water
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quality, pointing to the importance of several spatial and temporal scales to understand the impacts
of anthropic actions on catchment ecosystem services.

The water quality of the streams was significantly influenced by seasonality and LULC, which
was more obvious during the wet period. The study highlighted that the agro-silvo-pastoral land
cover (Montado), a class characteristic of the Mediterranean region, has an important positive effect
on water quality, acting as a buffer to the contamination of the streams. Contrariwise, the intensive
agricultural and urban LULC areas may contribute to the decline of water quality.

Results pointed to the sensitivity of intermittent regimes to loads of pollutants, being movers for
its transfer to downstream reservoirs. So, it is urgent to stop the increase of agriculture intensification
in the Guadiana watershed, due to the impairment of these ecosystems and to the increment of
pollution sources for the reservoirs.

The results highlight that the comprehension of the relationship between water quality, LULC,
together with hydrogeomorphology conditions are essential tools for the improvement of the
scientific knowledge about the main stressors at the Mediterranean region and the role of temporary
regimes at its catchments. These results may be useful for a better and more specific management
plan of the Guadiana watershed, which may be included in the next version of the River Basin
Management Plan in 2021.

The increase, in the region, of temporary streams and its high sensitivity to pollution, makes
urgent the development LULC policies to protect these ecosystems and improve its ecological status.
Hence, policies that stop the intensification of agriculture activities, and encourage the creation of
more areas of Montado, may be one of the best options for the preservation of this type of aquatic
ecosystems.

Supplementary Materials: www.mdpi.com/2073-4441/12/10/2665/s1. Table S1. Main characteristics observed:
flow conditions, dominant macrophytes, bank width, channel width, water depth. Legend for dates: the letters
represent the month (Jn: January; Mr: March; M: May; JI: July; Sp: September; Nv: November); the numbers
indicate the year of observations and sampling (17:2017; 18:2018); Table S2. Adopted land cover categories and
CORINE Land Cover (CLS) inventory classes present in the study area that integrates each broader category;
Table S3. Spearman on ranks correlation coefficients between land cover classes and water physicochemical
parameters in the four tributary studies (marked correlations in bold are significant at: p <0.05; n = 32); Table S4.
Spearman on ranks coefficients between land cover classes and sediments physicochemical parameters and
potentially toxic metals in the four tributaries assessed (marked coefficients in bold are significant at: p < 0.05; n
=34).
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