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Abstract Macrophyte responses to anthropogenic pres-
sures in two rivers of Central Spain were assessed to
check if simple metrics can exhibit a greater discrimina-
tory and explanatory power than complex indices at
small spatial scales. Field surveys were undertaken dur-
ing the summer of 2014 (Duraton River) and the spring
of 2015 (Tajuña River). Aquatic macrophytes were
sampled using a sampling square (45 × 45 cm). In the
middle Duraton River, macrophytes responded positive-
ly to the presence of a hydropower dam and a small
weir, with Myriophyllum spicatum and Potamogeton
pectinatus being relatively favored. Index of Macro-
phytes (IM) was better than Macroscopic Aquatic Veg-
etation Index (MAVI) and Fluvial Macrophyte Index
(FMI) in detecting these responses, showing positive
and significant correlations with total coverage, species
richness, and species diversity. In the upper Tajuña
River, macrophytes responded both negatively and pos-
itively to the occurrence of a trout farm effluent and a
small weir, with Leptodictyum riparium and Veronica
anagallis-aquatica being relatively favored. Although
IM,MAVI, and FMI detected both negative and positive
responses, correlations of IM with total coverage, spe-
cies richness, and species diversity were higher. Species
evenness was not sensitive enough to detect either pos-
itive or negative responses of aquatic macrophytes along
the study areas. Overall, traditional and simple metrics

(species composition, total coverage, species richness,
species diversity) exhibited a greater discriminatory and
explanatory power than more recent and complex indi-
ces (IM, MAVI, FMI) when assessing responses of
aquatic macrophytes to anthropogenic pressures at im-
pacted specific sites.
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Introduction

Aquatic macrophytes are an important biotic component
of rivers and streams (as well as of lakes, ponds, and
wetlands). They diminish the erosion of river and stream
beds, promote the sedimentation of suspended solids,
take up nutrients from the water and sediments, contrib-
ute to the water oxygenation via photosynthesis, en-
hance the spatial heterogeneity and habitat complexity,
and provide refuge, food resources, and breeding sites
for freshwater fauna (Wetzel 2001; Kohler and
Schneider 2003; Allan and Castillo 2007; Chambers
et al. 2008; Dibble and Thomaz 2009; Ceschin et al.
2015). Major environmental factors influencing the dis-
tribution and abundance of aquatic macrophytes in riv-
ers and streams are current velocity, flow regime, sub-
strate characteristics, light availability (being affected by
shading and water turbidity), and water quality (hard-
ness, ionic content, pH, nutrients) (Riis et al. 2000;
Bernez et al. 2004; Daniel et al. 2005, 2006; Franklin
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et al. 2008; Janauer et al. 2010; Steffen et al. 2014;
Szoszkiewicz et al. 2017). Although these environmen-
tal factors greatly depend upon river order/size and
catchment characteristics, they may also be affected by
disturbance events (e.g., extreme weather conditions)
and anthropogenic pressures (e.g., dams and weirs,
channelization and urbanization, point and nonpoint
pollution sources) that, accordingly, can affect aquatic
macrophytes of lotic ecosystems.

Wiegleb et al. (2014), after analyzing patterns in
dominance and growth forms of aquatic macrophytes
over a period of 21 years in relation to changes in water
chemistry, disturbance regime, and extreme weather
conditions in two reference streams in the north-west
German lowlands, concluded that the dynamics of riv-
erine vascular plants at the observation site scale might
be affected not only by physicochemical environmental
factors, but also by stochastic interactions between mac-
rophyte species and single disturbance events or weather
extremes. And more recently, Bolpagni et al. (2016),
after comparing riverine macrophyte diversity, cover
data, spatial and temporal dynamics, and indicator and
detector species with physical, chemical, and hydrolog-
ical variables at 30 different river sites over a 3-year
period (2009–2011), concluded that the presence of
man-made barriers (e.g., dams, weirs) along river eco-
systems can play an important role in structuring river-
ine macrophyte communities at small spatial scales be-
cause of their effects on fluvial hydro-geomorphology.
Other studies have indeed showed that river damming
can cause favorable effects on aquatic vegetation up-
stream and downstream from dams (Benitez-Mora and
Camargo 2014; Tombolini et al. 2014; Ceschin et al.
2015; Abati et al. 2016).

Responses of macrophyte communities to anthropo-
genic pressures are usually assessed through changes in
species composition, species coverage, and species rich-
ness (Suárez et al. 2005; Szoszkiewicz et al. 2006;
Baattrup-Pedersen et al. 2008; Ceschin et al. 2010;
Dodkins et al. 2012; Benitez-Mora and Camargo
2014; Abati et al. 2016). In addition, several macrophyte
indices have been developed to assess the ecological/
trophic status of rivers and streams in European coun-
tries. For example, the Mean Trophic Rank (Holmes
et al. 1999) in the UK, the Trophic Index of Macro-
phytes (Schneider and Melzer 2003) in Germany, the
Macrophyte Biological Index for Rivers (Haury et al.
2006) in France, the Macrophyte Index for Rivers
(Szoszkiewicz et al. 2010) in Poland, the River

Macrophyte Index (Kuhar et al. 2011) in Slovenia, and
the Fluvial Macrophyte Index (Flor-Arnau et al. 2015)
in Spain. On the whole, since the European Water
Framework Directive was adopted in 2000 (Council of
the European Communities 2000), the use of biotic
indices based on aquatic macrophytes has expanded
through time (Thiebaut et al. 2002; Schaumburg et al.
2004; Meilinger et al. 2005; Willby et al. 2009;
Baattrup-Pedersen et al. 2013; Wiegleb et al. 2016).

The main aim of the present investigation was to
assess responses of aquatic macrophytes to anthropo-
genic pressures in two rivers of Central Spain, using
different metrics and indices and then comparing the
obtained results. The initial hypothesis to be checked is
that traditional and simple metrics (species composition,
species coverage, species richness, species evenness,
species diversity) can exhibit a greater discriminatory
and explanatory power than more recent and complex
indices (Index of Macrophytes, Macroscopic Aquatic
Vegetation Index, Fluvial Macrophyte Index) when
assessing anthropogenic pressures at small spatial
scales.

Materials and methods

Study areas and sampling sites

The first study area was located in the middle Duraton
River (Segovia Province, Duero River Basin), in the
vicinity of Burgomillodo Reservoir (Fig. 1), a deep-
release hydropower impoundment with a total capacity
of 15 hm3 and a maximum water depth of 40 m. To
reinforce the re-oxygenation of hypolimnial waters re-
leased by the dam, a concrete weir (about 1 m high) was
built about 150 m downstream from the dam. On the
other hand, an industrial effluent entered Duraton River
about 300 m downstream fromBurgomillodo Dam (Fig.
1), discharging relatively high amounts of fluoride (F−)
and suspended inorganic matter into the river.

Four sampling sites (D-1, D-2, D-3, and D-4) were
selected along the first study area (Fig. 1). D-1 was
placed upstream from Burgomillodo Dam, within the
limits of Natural Park BHoces Río Duratón.^ This sam-
pling site was used as a reference station. D-2 was
placed about 0.2 km downstream from Burgomillodo
Dam, subsequent to the small weir. D-3 and D-4 were
placed about 0.1 and 2.2 km downstream from the
industrial effluent, respectively. The river bottom was
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mainly composed of calcareous rocks (cobbles and peb-
bles) at all sampling sites, but with an apparent deposi-
tion of fine inorganic matter downstream from the in-
dustrial effluent.

The second study area was located in the upper Tajuña
River (Guadalajara Province), a limestone river within
the Tajo River Basin (Fig. 1). A flow-through trout (On-
corhynchus mykiss) farm was situated about 13 km
downstream from the river source. Wastewater treatment
involved simple sedimentation in a small settling pond
without the adding of chemicals. In addition, a man-made
weir (about 1 m high) was situated about 80 m down-
stream from the trout farm effluent to reinforce the sedi-
mentation of suspended solids on the river bottom.

Four sampling sites (T-1, T-2, T-3, and T-4) were
selected along the second study area (Fig. 1). T-1 was
placed upstream from the trout farm, being used as a
reference station. T-2, T-3, and T-4 were placed about
10, 100, and 1000 m downstream from the trout farm
effluent, respectively. The river bottom was basically
composed of calcareous rocks (cobbles and pebbles) at
T-1, T-3, and T-4, but it was covered by a relatively thick
layer of fine organic sediment at T-2.

These two study areas were selected because they
comprise different anthropogenic pressures (particularly

river damming and nutrient enrichment) that can be
found in many rivers around the world.

Water sampling and analyses

Field surveys were undertaken in the summer of 2014
(middle Duraton River) and the spring of 2015 (upper
Tajuña River). Current velocity, temperature, pH, con-
ductivity, and dissolved oxygenwere measured in situ at
all sampling sites, using specific meters in accordance
with standard methods (American Public Health
Association 1998; Wetzel and Likens 2000). Water
samples were also collected with clean polyethylene
containers to analyze in the laboratory turbidity and
fluoride (water samples from the middle Duraton River
owing to the water pollution caused by the industrial
effluent) and turbidity and inorganic nutrients (water
samples from the upper Tajuña River owing to the water
pollution caused by the trout farm effluent). Turbidity
was directly analyzed with a standard turbidimeter
(American Public Health Association 1998). To analyze
fluoride, water samples from D-1, D-2, D-3, and D-4
sampling sites were first filtered through pre-rinsed
0.45 μm cellulose acetate filters, and then water filtrates
were used to determine concentrations of fluoride ions

Fig. 1 General diagram of the study areas, showing the location of sampling sites (D-1, D-2, D-3, and D-4) in the middle Duraton River
(Duero River Basin) and the location of sampling sites (T-1, T-2, T-3, and T-4) in the upper Tajuña River (Tajo River Basin)
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(F−) by the standard SPADNS colorimetric method
(American Public Health Association 1998). To analyze
inorganic nutrients, water samples from T-1, T-2, T-3,
and T-4 sampling sites were first filtered through pre-
rinsed 0.45 μm cellulose acetate filters, and then water
filtrates were used to determine concentrations of NH4-
N, NO3-N, and PO4-P by spectrophotometry (American
Public Health Association 1998).

Macrophyte sampling and analyses

Field surveys of aquatic macrophytes (excluding ripar-
ian helophytes) were also carried out in 2014 and 2015,
always after finishing the respective water sampling and
analyses. Species composition for the macrophyte com-
munity, along with the coverage (%) of each macro-
phyte species, was assessed at each sampling site by
performing five river transects and examining either
three (upper Tajuña River) or six (middle Duraton Riv-
er) sampling squares (45 × 45 cm) per transect (Hauer
and Lamberti 1996; Wetzel and Likens 2000). The
number of sampling squares per transect was arbitrarily
chosen, representing randomly chosen subsamples of
each river transect. The taxonomic identification of
aquatic macrophytes was conducted following
Cirujano and Medina (2002) and Casas et al. (2006).

Macrophyte metrics and indices

Following macrophyte sampling and analyses, abun-
dance and richness metrics were estimated for the whole
macrophyte community at each sampling site: abun-
dance is expressed as the cover percentage of all aquatic
macrophytes per river transect (i.e., total macrophyte
coverage); richness is expressed as the total number of
macrophyte species per river transect (i.e., species rich-
ness). Species evenness and species diversity were also
calculated using Camargo’s (1992, 1993, 1995) indices
of community structure, in which species evenness is
the complement of species dominance (species even-
ness = 1 – species dominance), and species diversity is
the resulting product of multiplying species richness by
species evenness (species diversity = species richness ×
species evenness). Lastly, the Index of Macrophytes
(Suárez et al. 2005), the Macroscopic Aquatic Vegeta-
tion Index (Moreno et al. 2006), and the more recent
Fluvial Macrophyte Index (Flor-Arnau et al. 2015) were
calculated. These three biotic indices based on aquatic
macrophytes have been developed to assess the effects

of organic pollution and nutrient enrichment on the
ecological/trophic status of rivers and streams in the
Iberian Peninsula.

The Index of Macrophytes (IM; Suárez et al. 2005) is
based on the differential sensitivity of a relatively small
number of key indicator genera of algae and angio-
sperms, plus two general taxonomic groups of bryo-
phytes (mosses and liverworts): IM can take values from
less than 3 (very bad ecological/trophic status) to more
than 30 (excellent ecological/trophic status). The Mac-
roscopic Aquatic Vegetation Index (MAVI; Moreno
et al. 2006) is based on the differential sensitivity of 50
taxa (36 genera of algae, 13 genera of angiosperms, and
1 genus of pteridophytes), plus two general taxonomic
groups of bryophytes (mosses and liverworts): MAVI
can exhibit values from less than 2.5 (very poor
ecological/trophic status) to more than 6 (excellent
ecological/trophic status). The Fluvial Macrophyte In-
dex (FMI; Flor-Arnau et al. 2015) is based on the
differential sensitivity of 124 taxa (50 species of angio-
sperms, 31 species/genera of algae, 30 species of
mosses, 8 species of liverworts, and 5 species of pteri-
dophytes): FMI can take values from less than 4.5 (very
poor ecological/trophic status) to more than 14 (excel-
lent ecological/trophic status).

Statistical analyses

Since parametric methods usually have more statistical
power than nonparametric methods to detect that the
null hypothesis is false (i.e., to avoid a type II error)
(Sokal and Rohlf 1995), t tests were performed to check
significant (P < 0.05) differences between mean values
of physicochemical and biological parameters (includ-
ing metrics and indices) at reference stations and mean
values of physicochemical and biological parameters at
impacted/polluted sampling sites. Besides, relationships
betweenmacrophytemetrics and indices along the study
areas were examined by Pearson’s correlation analyses.
Normality and homoscedasticity were assumed for
physicochemical and biological data (Sokal and Rohlf
1995).

Results

No significant (P > 0.05) differences between the refer-
ence station (D-1) and impacted/polluted sampling sites
(D-2, D-3, and D-4) were found for current velocity,
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temperature, pH, conductivity, and dissolved oxygen in
the first study area (Table 1). However, fluoride concen-
trations and turbidity levels significantly (P < 0.05) in-
creased downstream from the industrial effluent
(Table 1), with D-3 exhibiting the highest mean values
(0.6mg F− L−1 and 55.2 NTU). In the second study area,
no significant (P > 0.05) differences between the refer-
ence station (T-1) and impacted/polluted sampling sites
(T-2, T-3, and T-4) were found for temperature, pH, and
conductivity (Table 1). However, concentrations of in-
organic nutrients (ammonium, nitrate, and phosphate)
significantly (P < 0.05) increased downstream from the
trout farm effluent, whereas concentrations of dissolved
oxygen significantly (P < 0.05) decreased (Table 1). In
addition, turbidity was significantly (P < 0.05) higher at
T-2 than at T-1, whereas current velocity was signifi-
cantly (P < 0.05) lower (Table 1), this fact reinforcing
the sedimentation of suspended solids at T-2.

The aquatic moss Fontinalis antipyretica and the
angiosperm Potamogeton pectinatus were found at all
sampling sites along the first study area (Table 2), with
F. antipyretica being the most abundant macrophyte
species at D-1 (12.4%) and P. pectinatus being the most
abundant macrophyte species at D-2 (20.5%), D-3
(25.7%), and D-4 (22.4%). The aquatic moss
Platyhypnidium riparioides was found at D-1 (6.7%),
only, and the angiosperm Apium nodiflorum was found
at D-1 (4.9%) and D-2 (7.3%) (Table 2). The angio-
sperm Myriophyllum spicatum and the filamentous
green algae Cladophora sp. were found at D-2, D-3,
and D-4 (Table 2). However, while the mean cover
percentage of Cladophora sp. increased (from 3.4 to
12.0%) with increasing downstream distance from
Burgomillodo Dam, the mean cover percentage of
M. spicatum decreased (from 15.2 to 7.8%) (Table 2).

The angiosperm Lemna minor was found at all sam-
pling sites along the second study area (Table 2),
exhibiting its highest coverage at T-1 (10.6%). Howev-
er, the most abundant macrophyte species at the refer-
ence station (T-1) was A. nodiflorum (38.5%), with its
coverage significantly (P < 0.05) decreasing down-
stream from the trout farm effluent, particularly at T-2
and T-3 where it was absent (Table 2). Although the
aquatic moss Leptodictyum riparium also was absent at
T-2, its coverage was higher at T-3 (8.2%) and T-4
(16.8%) than at T-1 (3.9%) (Table 2). Cladophora sp.
was found at T-2 (6.7%) and T-3 (7.2%), being the
predominant macrophyte species at T-2 (Table 2). The
angiosperm Veronica anagallis-aquatica was found at

T-3 (16.5%) and T-4 (35.7%), being the most abundant
macrophyte species at these two sampling sites
(Table 2).

Mean values of total coverage, species richness, spe-
cies diversity, and IM significantly (P < 0.05) increased
downstream from Burgomillodo Dam, especially at D-2
(Table 3). Conversely, mean values of MAVI and FMI
significantly (P < 0.05) decreased downstream from
Burgomillodo Dam, particularly at D-4 (Table 3). No
significant (P > 0.05) differences between the reference
station (D-1) and impacted/polluted sampling sites (D-2,
D-3, and D-4) were found for mean values of species
evenness (Table 3). In the second study area, mean
values of total coverage, species richness, species diver-
sity, IM, and MAVI were significantly (P < 0.05) lower
at T-2 than at T-1, but with mean values of total cover-
age, species richness, species diversity, and FMI being
significantly (P < 0.05) higher at T-4 than at T-1, and
with total coverage being significantly (P < 0.05) lower
at T-3 than at T-1 (Table 3). No significant (P > 0.05)
differences between the reference station (T-1) and
impacted/polluted sampling sites (T-2, T-3, and T-4)
were found for mean values of species evenness
(Table 3).

In the first study area, total coverage, species rich-
ness, species diversity, and IM exhibited significant
(P < 0.05) and positive correlations between them
(Table 4), but nonsignificant (P > 0.05) and negative
correlations with species evenness, MAVI, and FMI
(Table 4). The correlation coefficient between MAVI
and FMI was significant (P < 0.05) and positive
(Table 4). In the second study area, total coverage,
species richness, species diversity, IM, MAVI, and
FMI exhibited significant (P < 0.05) and positive corre-
lations between them (Table 4). However, correlation
coefficients of IM with total coverage, species richness,
and species diversity were higher than those of MAVI
and FMI (Table 4). Correlations of species evenness
with the other macrophyte metrics and indices were
negative and significant (P < 0.05), excepting with MA-
VI (P > 0.05) (Table 4).

Discussion

Responses of the riverine macrophyte community to
anthropogenic pressures in the first study area (middle
Duraton River) should be considered as positive owing
to significant increases in total coverage, species
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richness, and species diversity at D-2, D-3, and D-4 with
regard to the reference station D-1 (Table 3). Recent
studies focusing on riverine macrophyte communities
in other dammed rivers and streams (Benitez-Mora and
Camargo 2014; Abati et al. 2016) have reported that
species coverage and species richness increased down-
stream from dams as a likely consequence of higher
river-bed width (increasing light availability), reduced
river-flow force (increasing substrate stability), and/or
increased nutrient concentrations. Because previous
studies (Gonzalo and Camargo 2013) found no signifi-
cant difference between sampling sites, upstream and
downstream from Burgomillodo Reservoir, regarding
inorganic nutrients, the most probable cause of the ob-
served changes in the riverine macrophyte community
downstream from Burgomillodo Dam would be higher

river-bed width, positively affecting light availability
and also substrate stability. In addition, the impounded
area between Burgomillodo Dam and the concrete weir
(built to reinforce the re-oxygenation of hypolimnial
waters released by the dam) would be a source of
aquatic macrophytes for downstream sampling sites
since it was inhabited by a great amount of hydrophytes
(P. pectinatus and M. spicatum, primarily).

Significant increases in total coverage, species rich-
ness, and species diversity however were lower at D-3
and D-4 than at D-2 because of the water pollution
caused by the industrial effluent at downstream sam-
pling sites (Table 1), although Cladophora sp.,
F. antipyretica, and P. pectinatus apparently tolerated
relatively well the increased fluoride concentrations and
turbidity levels at D-3 and D-4 (Table 2). Previous

Table 1 Mean (n = 3–12) values (± SD) of water physicochemical
parameters along the study areas (the middle Duraton River and
the upper Tajuña River). Asterisks indicate significant differences

(P < 0.05) between the reference stations (D-1 and T-1) and their
respective impacted sampling sites (D-2, D-3, and D-4 and T-2,
T-3, and T-4). (–) = not analyzed

D-1 D-2 D-3 D-4 T-1 T-2 T-3 T-4

Current velocity (cm s−1) 35.8 ± 6.2 31.6 ± 8.5 33.2 ± 7.8 28.4 ± 9.1 22.8 ± 4.1 16.5 ± 2.7* 21.7 ± 4.5 21.9 ± 3.3

Temperature (°C) 16.9 ± 0.7 16.5 ± 0.3 16.7 ± 0.4 17.1 ± 0.6 13.7 ± 1.0 13.2 ± 0.8 13.2 ± 0.9 13.4 ± 1.1

pH 8.2 ± 0.1 8.0 ± 0.2 8.2 ± 0.2 8.1 ± 0.3 8.2 ± 0.2 8.1 ± 0.3 8.2 ± 0.1 8.2 ± 0.2

Conductivity (μS cm−1) 415 ± 26.3 408 ± 18.7 422 ± 16.1 431 ± 23.5 684 ± 20.7 699 ± 22.3 697 ± 24.1 720 ± 25.9

Dissolved oxygen (mg O2 L
−1) 9.1 ± 0.5 8.9 ± 0.5 9.0 ± 0.6 9.3 ± 0.8 9.8 ± 0.5 6.0 ± 0.3* 7.4 ± 0.5* 8.6 ± 0.4*

Turbidity (NTU) 4.6 ± 1.7 3.3 ± 0.9 55.2 ± 11.8* 20.5 ± 6.1* 0.9 ± 0.4 2.6 ± 0.5* 1.2 ± 0.4 1.0 ± 0.3

Fluoride (mg F− L−1) 0.1 ± 0.0 0.1 ± 0.0 0.6 ± 0.2* 0.4 ± 0.2* – – – –

Nitrate (mg NO3-N L−1) – – – – 1.4 ± 0.2 2.2 ± 0.3* 2.5 ± 0.3* 3.1 ± 0.5*

Ammonium (μg NH4-N L−1) – – – – 53.3 ± 15.3 240 ± 60.0* 177 ± 56.9* 110 ± 36.1*

Phosphate (μg PO4-P L−1) – – – – 60.0 ± 10.0 153 ± 40.4* 107 ± 20.8* 83.3 ± 5.8*

Table 2 Mean (n = 5) values (± SD) of cover percentage (%) for
macrophyte species along the study areas (the middle Duraton
River and the upper Tajuña River). Asterisks indicate significant

differences (P < 0.05) between the reference stations (D-1 and T-1)
and their respective impacted sampling sites (D-2, D-3, and D-4
and T-2, T-3, and T-4)

D-1 D-2 D-3 D-4 T-1 T-2 T-3 T-4

Cladophora sp. 0.0 ± 0.0 3.4 ± 5.5 5.2 ± 6.4 12.0 ± 8.3* 0.0 ± 0.0 6.7 ± 7.8* 7.2 ± 6.6* 0.0 ± 0.0

Fontinalis antipyretica 12.4 ± 11.7 13.8 ± 3.2 15.9 ± 4.3 10.2 ± 6.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

Platyhypnidium riparioides 6.7 ± 9.2 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

Leptodictyum riparium 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 3.9 ± 5.6 0.0 ± 0.0 8.2 ± 8.4 16.8 ± 8.9*

Apium nodiflorum 4.9 ± 4.1 7.3 ± 4.5 0.0 ± 0.0* 0.0 ± 0.0* 38.5 ± 9.2 0.0 ± 0.0* 0.0 ± 0.0* 9.4 ± 6.7*

Myriophyllum spicatum 0.0 ± 0.0 15.2 ± 5.9* 11.5 ± 4.2* 7.8 ± 3.9* 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

Potamogeton pectinatus 10.7 ± 3.8 20.5 ± 6.3* 25.7 ± 5.8* 22.4 ± 7.2* 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

Lemna minor 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 10.6 ± 7.7 4.8 ± 6.5 4.4 ± 6.3 5.2 ± 5.4

Veronica anagallis-aquatica 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 16.5 ± 6.0* 35.7 ± 11.2*
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studies have already showed that Cladophora sp. and
P. pectinatusmay be relatively tolerant to anthropogenic
pressures in lotic ecosystems, exhibiting low scores (i.e.,
low sensitivity) within macrophyte indices (Suárez et al.
2005; Haury et al. 2006; Moreno et al. 2006; Willby
et al. 2009; Kuhar et al. 2011; Baattrup-Pedersen et al.
2013; Flor-Arnau et al. 2015). F. antipyreticamight also
be considered as a tolerant macrophyte species to an-
thropogenic pressures since numerous studies have
showed that this aquatic moss has wide ecological
ranges, showing great ability to accumulate high
amounts of trace elements and, accordingly, being
often used as an indicator species for the biomon-
itoring of river pollution (Tipping et al. 2008;
Ceschin et al. 2012; Gonzalo and Camargo 2013;
Gecheva and Yurukova 2014; Debén et al. 2015).
IM, MAVI, and FMI however give relatively high
scores (i.e., high sensitivity) to this aquatic moss
(Suárez et al. 2005; Moreno et al. 2006; Flor-
Arnau et al. 2015).

In spite of the detected positive responses of aquatic
macrophytes to anthropogenic pressures in the middle
Duraton River, MAVI and FMI significantly decreased
their values downstream from Burgomillodo Dam, par-
ticularly at D-4 (Table 3), exhibiting negative (but non-
significant) correlations with total coverage, species
richness, and species diversity along the first study area
(Table 4). This finding is a little surprising since these
two macrophyte indices have been basically developed
to assess the effects of organic pollution and nutrient
enrichment on the ecological/trophic status of rivers and
streams (Moreno et al. 2006; Flor-Arnau et al. 2015),
being (in theory) much less affected by other anthropo-
genic pressures. In contrast, IM significantly increased
its values downstream from Burgomillodo Dam, partic-
ularly at D-2 (Table 3), exhibiting positive and signifi-
cant correlations with total coverage, species richness,
and species diversity along the first study area (Table 4).

Contradictory behaviors of macrophyte indices
confronting the same anthropogenic pressures are not

Table 3 Mean (n = 5) values (± SD) of macrophyte metrics and
indices along the study areas (the middle Duraton River and the
upper Tajuña River). Asterisks indicate significant differences
(P < 0.05) between the reference stations (D-1 and T-1) and their

respective impacted sampling sites (D-2, D-3, and D-4 and T-2,
T-3, and T-4). IM, Index of Macrophytes; MAVI, Macroscopic
Aquatic Vegetation Index; FMI, Fluvial Macrophyte Index

D-1 D-2 D-3 D-4 T-1 T-2 T-3 T-4

Total coverage (%) 34.7 ± 10.3 60.2 ± 11.9* 58.3 ± 9.5* 52.4 ± 13.2* 53.0 ± 6.5 11.5 ± 8.7* 36.3 ± 5.8* 67.1 ± 8.4*

Species richness 2.6 ± 0.5 4.2 ± 0.8* 3.4 ± 0.5* 3.6 ± 0.5* 2.2 ± 0.6 1.0 ± 0.7* 2.6 ± 0.5 3.2 ± 0.8*

Species evenness 0.81 ± 0.05 0.82 ± 0.06 0.83 ± 0.05 0.86 ± 0.07 0.79 ± 0.11 0.78 ± 0.43 0.84 ± 0.07 0.78 ± 0.10

Species diversity 2.1 ± 0.4 3.4 ± 0.6* 2.8 ± 0.4* 3.1 ± 0.4* 1.7 ± 0.6 0.8 ± 0.7* 2.2 ± 0.5 2.5 ± 0.6*

IM 14.3 ± 2.2 23.0 ± 2.5* 19.8 ± 1.1* 17.6 ± 4.8 9.6 ± 5.4 2.0 ± 1.4* 12.0 ± 3.9 16.2 ± 6.0

MAVI 4.5 ± 0.3 4.2 ± 0.2* 4.2 ± 0.2* 3.8 ± 0.6* 3.8 ± 0.6 1.6 ± 0.9* 4.4 ± 0.7 4.2 ± 0.6

FMI 10.2 ± 0.4 9.5 ± 0.5* 10.0 ± 0.5 9.2 ± 1.0* 6.7 ± 2.1 4.5 ± 3.0 8.4 ± 1.5 8.7 ± 0.2*

Table 4 Pearson’s correlation coefficients (n = 20) between
macrophyte metrics and indices along the first study area (the
middle Duraton River; lower left part of the table) and along the
second study area (the upper Tajuña River; higher right part of the

table). Significant (P < 0.05) coefficients are indicated by asterisk.
IM, Index of Macrophytes; MAVI, Macroscopic Aquatic
Vegetation Index; FMI, Fluvial Macrophyte Index

Total coverage Species richness Species evenness Species diversity IM MAVI FMI

Total coverage 1.000 0.748* − 0.664* 0.668* 0.733* 0.652* 0.530*

Species richness 0.895* 1.000 − 0.699* 0.950* 0.863* 0.637* 0.658*

Species evenness − 0.254 − 0.209 1.000 − 0.484* − 0.538* − 0.421 − 0.544*
Species diversity 0.812* 0.940* 0.131 1.000 0.845* 0.774* 0.645*

IM 0.893* 0.889* − 0.188 0.836* 1.000 0.840* 0.807*

MAVI − 0.306 − 0.409 0.026 − 0.409 − 0.036 1.000 0.732*

FMI − 0.328 − 0.428 0.005 − 0.425 − 0.113 0.871* 1.000
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unusual owing to differences in macrophyte scores,
sophistication degree, and calculation methodology
(Suárez et al. 2005; Moreno et al. 2006; Fabris et al.
2009; Birk and Willby 2010; Kuhar et al. 2011; Demars
et al. 2012; Flor-Arnau et al. 2015; Wiegleb et al. 2016).
Concerning species evenness, the absence of signif-
icant differences between impacted/polluted sam-
pling sites (D-2, D-3, and D-4) and the reference
station (D-1) (Table 3) clearly indicates a lower
discriminatory power of species evenness to assess
anthropogenic pressures at small spatial scales. Ab-
ati et al. (2016) however found that the species
evenness of macrophyte assemblages in mountain
streams tended to decrease downstream from dams
because of the differential effect of stream regulation
on the relative abundances of macrophyte species.

Responses of the riverine macrophyte community to
anthropogenic pressures in the second study area (upper
Tajuña River) should be considered as negative owing
to significant decreases in total coverage, species rich-
ness, and species diversity at T-2 with regard to the
reference station T-1 (Table 3). These decreases mainly
were a consequence of the absence of A. nodiflorum at
T-2 (Table 2). Besides, responses of the riverine macro-
phyte community to anthropogenic pressures in the
second study area can also be considered as positive
because of significant increases in total coverage, spe-
cies richness, and species diversity at T-4 with reference
to T-1 (Table 3). These increases were a clear conse-
quence of the increased abundances of V. anagallis-
aquatica and L. riparium at T-4 (Table 2).

The main causes of the observed changes in the
riverine macrophyte community downstream from the
trout farm effluent would be the deposition of suspended
solids on the river bottom, particularly at T-2 where it
was covered by a relatively thick layer of organic sedi-
ment, and the increased concentrations of nitrate, am-
monium, and phosphate (Table 1). Physicochemical
alterations downstream from trout farm effluents often
involve increases in nutrient and turbidity levels and
deposition of suspended solids (Boaventura et al.
1997; Pulatsu et al. 2004; Bartoli et al. 2007; Ruiz-
Zarzuela et al. 2009; Guilpart et al. 2012; Lalonde
et al. 2015). In addition, other studies have showed that
substrate characteristics and concentrations of inorganic
nutrients are major environmental factors affecting riv-
erine macrophyte communities (Barendregt and Bio
2003; Daniel et al. 2005, 2006; Baattrup-Pedersen
et al. 2008; Steffen et al. 2014; Szoszkiewicz et al.

2017): nutrient enrichment usually enhances macro-
phyte coverage, whereas fine organic sediments tend
to decrease the abundance and diversity of aquatic
macrophytes.

Both negative and positive responses of the riverine
macrophyte community to the trout farm effluent in the
upper Tajuña River were relatively well detected by IM,
MAVI, and FMI, exhibiting lower values at T-2 than at
T-1 and higher values at T-4 than at T-1 (Table 3).
Furthermore, these three macrophyte indices exhibited
positive and significant correlations with total coverage,
species richness, and species diversity along the second
study area (Table 4), although correlation coefficients of
IM were higher than those of MAVI and FMI. Never-
theless, the behavior of IM,MAVI, and FMI appeared to
be unreasonable regarding the main reason for their
development: to assess the effects of organic pollution
and nutrient enrichment on the ecological/trophic status
of rivers and streams (Suárez et al. 2005; Moreno et al.
2006; Flor-Arnau et al. 2015). Because significant in-
creases in the concentration of inorganic nutrients (ni-
trate, ammonium, and phosphate) downstream from the
trout farm effluent occurred not only at T-2, but also at
T-3 and T-4 (Table 1), values of IM, MAVI, and FMI at
the reference station (T-1) should be higher not only
than their respective values at T-2 (Table 3), but also
than their respective values at T-3 and T-4. In conse-
quence, lower values of IM, MAVI, and FMI at T-2 than
at T-1 were surely due to the great alteration of substrate
characteristics at T-2 by the deposition of suspended
solids, whereas higher values of IM, MAVI, and FMI
at T-4 than at T-1 were surely due to the particular score
systems of these macrophyte indices. Actually, while
A. nodiflorum and V. anagallis-aquatica exhibit the
same middle score within IM (Suárez et al. 2005) and
MAVI (Moreno et al. 2006), FMI gives A. nodiflorum
the half of the score for V. anagallis-aquatica (Flor-
Arnau et al. 2015). Furthermore, L. riparium exhibits
higher scores than A. nodiflorum and V. anagallis-
aquaticawithin IM, MAVI, and FMI, but certain studies
(Ceschin et al. 2012; Gecheva et al. 2017) have reported
that freshwater eutrophication can favor this aquatic
moss.

Conclusions

Taking into account the obtained results and their sub-
sequent discussion, the following conclusions may be

173 Page 8 of 11 Environ Monit Assess (2018) 190: 173



supported: (1) downstream responses of the riverine
macrophyte community to anthropogenic pressures
in the middle Duraton River may be regarded as
positive owing to significant increases in total cov-
erage, species richness, and species diversity, al-
though these positive responses declined to some
extent downstream from the industrial effluent; (2)
IM was the best macrophyte index in detecting pos-
itive responses of aquatic macrophytes along the
first study area, with MAVI and FMI being less
suitable; (3) downstream responses of the riverine
macrophyte community to anthropogenic pressures
in the upper Tajuña River may be regarded as neg-
ative owing to significant decreases in total cover-
age, species richness, and species diversity at the
nearest downstream sampling site, but also as posi-
tive because of significant increases in total cover-
age, species richness, and species diversity at the
farthest downstream sampling site; (4) IM was the
best macrophyte index in detecting positive and
negative responses of aquatic macrophytes along
the second study area, with MAVI and FMI being
less suitable; (5) species evenness was not sensitive
enough to detect either positive or negative re-
sponses of aquatic macrophytes along the study
areas.

Overall, traditional and simple metrics (species com-
position, species coverage, species richness, species
diversity) exhibited greater discriminatory and explana-
tory power than more recent and complex indices (IM,
MAVI, FMI) when assessing macrophyte responses to
anthropogenic pressures at impacted specific sites (i.e.,
at small spatial scales). Moreover, because the present
study has showed that IM, MAVI, and FMI may be
significantly affected not only by organic pollution and
nutrient enrichment, but also by other anthropogenic
pressures (dam, small weirs, industrial effluent), thereby
increasing the difficulty and uncertainties for the proper
interpretation of their behavior, the ecological/trophic
status of rivers and streams should not be directly deter-
mined according to the numerical value of these macro-
phyte indices, at least at impacted specific sites. These
conclusions and recommendations agree in general with
those of other related studies (Demars et al. 2012;
Demars 2013; Bolpagni et al. 2016; Wiegleb et al.
2016).
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