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ABSTRACT
Effects on macroinvertebrate communities a year after the rehabilitation of an urban river (Tinto River, Portugal)

The Tinto River is a small urban watercourse in the Douro River basin (Portugal) that has been subject to various types of
environmental disturbances over the years, which has led to severe degradation of its ecological status. Between 2013 and
2017, several studies were carried out to characterize and monitor some environmental parameters and to identify sources of
environmental disturbances. From these studies, a set of actions and projects were undertaken in 2017-2019 to mitigate some
of the environmental problems and to rehabilitate the river and its riverside areas. Here, we compare some parameters related
to the river’s ecological state (naturalness of the channel and banks, physicochemical conditions and benthic macroinvertebrate
community) before the interventions and one year after the interventions at Tinto River. Conductivity, oxygen concentration
and biotic indices improved after one year, especially during the adverse hydrological conditions brought on by a very dry
summer and autumn with some flood episodes.
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RESUMO

Um ano sobre a reabilitagcdo de um rio urbano (rio Tinto, Portugal): efeito sobre as comunidades de macroinvertebrados
bentonicos

O rio Tinto é um pequeno curso de agua urbano da bacia do rio Douro (Portugal) que, ao longo dos anos, foi sujeito a varios
tipos de perturbagées ambientais, que conduziram a uma grande degradagdo do seu estado ecologico. Entre 2013 e 2017,
varios estudos foram realizados com o objetivo de caracterizar e monitorar alguns dos pardmetros relacionados ao seu estado
ecoldgico e detectar as principais fontes de perturbacdo ambiental. Os resultados obtidos nestes estudos levaram a realizagdo
entre 2017 e 2019 de um conjunto de agoes e projetos para eliminar as principais fontes de perturba¢do ambiental e promo-
ver a reabilitacdo do rio e das suas zonas ribeirinhas. No presente estudo, comparamos os resultados de alguns pardametros
relacionados com o estado ecologico (naturalidade do canal e margens, alguns parametros fisico-quimicos e comunidade de
macroinvertebrados bentonicos) do rio Tinto determinados antes das intervengoes e apos um ano das mesmas em alguns dos
sectores do rio que foram alvo das intervengées. E possivel verificar alguma melhoria em pelo menos alguns dos pardmetros
avaliados (condutividade, saturagdo de oxigénio e indices bidticos), mesmo considerando o curto tempo decorrido entre as
intervengdes e as condigdes hidrologicas adversas do ano corrente (um verdo muito seco e um outono com alguns episodios
de cheias).
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INTRODUCTION

The Tinto River (Fig. 1) has historically been a
development enabler but not without environmen-
tal costs to the majority of its urban watercourses
(Sheehan, 2001, Parrinello, 2014). The increase
in intensive human activities, characterized by
strong pressures to occupy banks, pollution,
channelization, damming, agriculture, discharge
of treated and untreated effluents and other fac-
tors, have led to changes in the hydrological and
aquatic physical habitat conditions (Vieira, 2009,
Jesus et al., 2020). These pressures contribute to
significant river degradation reflected in the re-
duced water quality and increased abiotic condi-
tions, with loss of biodiversity (Quinn & Hickey,
1990, Grim et al., 2000, Zhang et al., 2014).

The European Water Framework Directive
(2000/60/EEC of 22 December 2000, WFD) in
Portugal (transposed into Portuguese law by Law
No 58/2005 on 29 December, as amended by
Decree-Law no. 245/2009 on September 22, and
by Decree-Law no. 77/2006 on March 30, amend-
ed by Decree-Law no. 103/2010 on September
24) is a legal instrument for improving the eco-
logical quality of surface waters in all EU mem-
ber states and for reaching good ecological status.

The “ecological status” is based on sever-
al parameters (hydromorphological, physical,
chemical and biological) and tools (indices, met-
rics, techniques) to determine the overall health
of an ecosystem.

Within the European Water Framework Di-
rective, benthic invertebrates are widely used in
ecological quality assessments of surface waters
since they are reliable indicators of temporal
and spatial changes in aquatic habitats (Yoder &
Rankin, 1995, Concepcion et al., 2015) and water
quality (Resh and Rosenberg, 1993, Carter et al.,
2017). For this reason, they are commonly used to
monitor and assess river rehabilitation efficiency
(Peterson, 2015, Rubin et al., 2017).

To fulfil the EU’s directives, some severely im-
pacted areas must be rehabilitated (e.g., Ormerod,
2004, Al-Zankana et al., 2020), so the four munic-
ipalities of the Tinto River catchment, municipal
companies and nongovernmental organizations
promoted two monitoring programs (between
2013 and 2015 and between 2015 and 2017) to
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evaluate the ecological status of the river and to
identify its main sources of disturbance. These
activities revealed a very adverse ecological sta-
tus for the Tinto River (Fig. 2) with the following
main sources of ecosystem environmental prob-
lems: (1) a malfunction of a domestic wastewater
pumping station in Granja Creek, (2) urbanization
and bank degradation in the middle sector at the
4th kilometre, periodically polluted by Castanhei-
ra, and (3) discharges from two wastewater treat-
ment plants in the last sector of the river.

Two rehabilitation plans were set up (be-
tween September 2017 and May 2019) (Fig. 2)
aiming to

* improve the water quality of the Granja and
Castanheira Creeks for bank stabilization of the
Tinto River, construction of a green urban park
around the mouth of the Castanheira Creek, elim-
ination of some occasional discharges on the
Tinto River, construction of an outfall to divert
effluents from the WWTPs and stabilise the river
banks via construction of a pedestrian path along
the river and enlargement of the Porto oriental ur-
ban park.

Understanding the effectiveness of river reha-
bilitation techniques is essential for guiding the
planning and design of future rehabilitation pro-
jects (Roni & Quimby, 2005). The need for ef-
fective monitoring to achieve this was recognized
(Roni & Beechie, 2013). These actions are still
rare (Palmer et al., 2010, Kail et al., 2012), al-
though the strong and long-term positive ecolog-
ical effects of hydromorphological rehabilitation
are evident, particularly for macroinvertebrates
(Palmer et al., 2010, Kail et al., 2012).

It is necessary to monitor rehabilitation mea-
sures to evaluate their effectiveness so that the
process is continuous and can be extended to in-
clude different aspects of the river. In this case,
the study of benthic macroinvertebrate communi-
ties is particularly important, as they are the main
biotic community present in the river (Jesus et al.,
2020) and their characteristics and importance al-
low for the assessment of the quality of aquatic
ecosystems. Therefore, the main objective of this
study is to evaluate the effectiveness of the Tinto
River rehabilitation activities in terms of water
chemical quality and benthic macroinvertebrate
community composition.
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METHODOLOGY
Study area

The Tinto River is a small northern Portuguese
river (INAG, 2008b) approximately 11.4 km long.
The river’s spring is located at 200 m a.s.l. in Va-
longo and flows into the right bank of the Douro
River estuary (Porto) passing through the munic-
ipalities of Maia and Gondomar (Fig. 1) (Pinho
et al., 2009) with a watershed area of 23.5 km?Z.
The river is highly degraded mainly by bank uti-
lization and discharges from two WWTPs (Mei-
ral at Rio Tinto and Freixo at Porto), resulting in
a significant increase in water pollution (Vieira,
2009, Jesus et al., 2020) in terms of nutrients,
BOD (Biochemical Oxygen Demand) and organ-
ic matter (Jesus et al., 2020), and a high degree of
degradation of its hydromorphological conditions
(artificial margins, channelling, culverts, absence
of riparian vegetation).

Sampling

To verify the effectiveness of the river rehabili-
tation measures, our study compared the values

of some ecological quality parameters collected
after the implementation of the measures and the
average of the values obtained during the last
two-years of the monitoring period (2015-2017).
Sampling was performed during the same periods
under similar climatic and hydrological condi-
tions at five sampling sites along the river in the
areas where the rehabilitation river works were
implemented (Figs. 1 and 2):

Site A, downstream of the first intervention area
and approximately 4 km from the source of the riv-
er; Site B, approximately 7 km from the source of
the river, downstream of the area of the Tinto River
urban park and at the beginning of the pedestrian
path, along the last 7.5 km of the Tinto River; Sites
C, D and E, approximately 8, 10 and 11 km from
the river source, in an area where the construction
of an emissary for diverting the discharges of the
two WWTPs occurred, along with the rehabilita-
tion of the river banks and the construction of a
pedestrian path along the river banks.

The benthic macroinvertebrate samples were
collected with a hand net with a 0.250 mm mesh
by mesohabitat, following the official Portuguese
sampling protocols (INAG, 2008a), and fixed in
4 % buffered formaldehyde. The invertebrate or-

Douroriver

Figure 1. Sampling sites at Tinto River (Portugal). Pontos de amostragem no rio Tinto.
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Figure 2. Tinto River profile with sampling sites, quality sectors (2015/17 monitoring results) and restoration areas (Portugal). Perfil
do rio Tinto com localizagdo dos pontos de amostragem, calssificacdo da qualidade (monitorizagdo e 2015/17) e localizagdo as areas

de reabilitacdo.

Table 1. Abiotic parameters analyzed on the sampling points of the Tinto River, their methods, units and bibliography references.
Parametros abioticos analisados nos pontos de amostragem do rio Tinto, metodologias, unidades e referéncias bibliogrdficas.

Parameter Method Units Bibliographic reference
Width and Depth In loco, with a meter m

- - (Jesus, 2002)
Water velocity In loco with a flow meter m/s
Flow In lab, calculated through the with, depth and water velocity data ~ m®/s (Platts et al., 1983)
Canopy In loco, by visual observation of area of the river with shadow
Macrophytes In loco, by visual observation of covered area of the river bed % (Jesus, 2002)

In loco, by visual observation of the proportion of each substrate

Substrate component: mud, silt, gravel, pebbles and blocks
Conductivity In loco, with an electrometric, using a portable apparatus uS/cm
pH In loco, with an electrometric, using a portable apparatus Sosrceeﬁien
Oxygen saturation E In loco, with an electrometric, using a portable apparatus % 02

ganisms were preserved in 70 % alcohol after be-
ing sorted and identified to the family level, except
for Oligochaeta (INAG, 2009). When the number
of organisms was greater than 300 per sample,
subsampling was performed (INAG, 2008a).
Physical and chemical water characteristics
(conductivity, pH and oxygen saturation), flow,
depth and width, macrophyte cover, canopy cover
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and sediment grain size were additional character-
istics measured at the sites (see details in Table 1).

Data analysis
Two indices were calculated based on the hy-

dromorphological parameters of the Tinto River:
QBR (“Calidad del Bosque de Ribera” of Munné
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Table 2. Biological water Quality and metrics calculated with the benthic macroinvertebrate data, and bibliography references. Indices
de qualidade biologica da agua e métricas calculados com base nos dados de macroinvertebrados e referéncias bibliogrdficas.

Index/metrics Definition Bibliographic reference

IBMWP Iberian Bio-Monitoring Working Party Index (Alba Tercedor et al., 2002)

RQE Ecological quality ratio (INAG, 2009)

Abundance Total number of organisms (INAG, 2009)

Richness Total number of taxa (INAG, 2009)

Diversity Shannon diversity Index (INAG, 2009)

Equitability Pielou equitability Index (INAG, 2009)

EPT families Total number of Ephemeroptera, Plecoptera and Trichoptera families (INAG, 2009)

Diptera families Total number of Diptera families (INAG, 2009)

% Trichoptera Percent of Trichoptera larvae (EPA, 1999)

% CHIRONOMIDAE Percent of CHIRONOMIDAE larvae (EPA, 1999)

% clingers Percent qf insec? larvae having fixed retreats or adaptations for attachment to (EPA, 1999)
surfaces in flowing water

% rheophiles Percent of insect larvae having preferences for water with velocity under 0,3 m/s (EPA, 1999)

% branchial and cutaneous ~ Percent of insect larvae having branchial and/or cutaneous respiration (EPA, 1999)

et al., 1998), successfully used in the Iberian Pen-
insula for assessment of the conservation state of
river banks, and a visual evaluation index of habi-
tat (AVH) for high-gradient rivers (EPA, 1999),
applied in many countries to assess the state of
riverbeds considering their structure and capaci-
ty to accommodate aquatic life (Barbour, 1997).
The values were compared with the water quality
classes proposed by Casatti et al. (2006).

We applied two water biological quality in-
dices, IBMWP (Alba-Tercedor et al., 2002) and
RQE (“Ratio Qualidade Ecoldgica™), derived
from the proposed multimetric index for the rivers
of North Portugal - IPtIN (INAG, 2009).

The macroinvertebrate community was evalu-
ated based on its taxonomic composition and as-
pects related to the ecology and biological traits
of the organisms. The organisms were grouped by
respiratory physiology, feeding type, preference
for habitat and mobility, and preferences for the
current speed regime (Table S1, Supplementary in-
formation, available at http://www.limnetica.net/
en/limnetica) (Jesus, 2002; Jesus, 2008). The use
of multivariate analysis of taxonomic and trait
compositions (Table 2) allows different types of
community responses to be examined.

The environmental parameters (hydromorpho-
logical and physicochemical) and macroinverte-
brate metrics were subjected to principal compo-
nent analysis (PCA) after data standardization.

To assess rehabilitation effects on the func-
tional parameters and structures of benthic macro-
invertebrate communities, a nonmultidimension-
al scaling analysis (n-MDS) was performed. The
n-MDS was based on a similarity matrix cal-
culated by the Euclidean distance between the
percentage distribution of the organisms of each
macroinvertebrate sample in their taxa in each
ecological trait considered.

To validate the differences between the two
clusters of samples (2015/17 and 2020), an ANO-
SIM analysis was performed. A SIMPER analy-
sis was also carried out to assess the similarities
within each theoretical cluster of samples (clus-
ters: 2015/17 and 2020) as well as the dissimi-
larities between the two clusters to determine the
groups of organisms that are responsible for dis-
criminating the difference between the two clus-
ters. PCA was performed using STATISTICA 6.0,
and the n-MDS, ANOSIM and SIMPER analyses
were applied using PRIMER 5.2.2.

RESULTS
Environmental parameters

The analysis of the composition of the substrate
(Fig. 3) shows that there was a predominance of
the coarsest grain size sediments in the riverbed
and that there were no great differences between

Limnetica, 41(2): 377-392 (2022)
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Figure 3. Substrate composition in each sampling site. Composi¢do do substrato em cada ponto de amostragem.
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Figure 4. Principal components analysis (PCA) based on the mean values of the environmental parameters: left) sample ordination
of all sampling sites in the space formed by the two first factors; right) correlation circle of the hydromorphological parameters with
the two first factors. Andlise em componentes principais (PCA) baseada nos valores médios dos pardametros ambientais: esquerda)
ordenagdo dos pontos de amostragem no espago formado pelos dois primeiros fatores, direita) circulo de correlagdo dos parametros

hidro-morfologicos com os dois primeiros fatores.

the evaluation carried out in 2015/2017 and 2020
or between the various sampling points. However,
it should be noted that an increasing percentage of
smaller diameter materials moved from upstream
to downstream (more evident at sites D and E).
The ordination of environmental parameters
(sampling sites/dates) along the first two PCA axes
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(62 % of the variability) (Fig. 4, Table S2, Sup-
plementary information, available at http://www.
limnetica.net/en/limnetica) shows that the 2015/
2017 samples were dispersed across the first two
axes with apparent differentiation between sam-
ples collected at sites A and B from the samples
collected at sites C, D and E, as well as the values
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Table 3. Values of environmental parameters. Valores dos pardmetros ambientais.

AVH OBR (ﬂg/ws) Macl(";lz)hytes C&zll;(:)py p Co(l:ldsl;z:li]\)rity 0, Sa;f;:r)ation
Winter 15/17 124 0.2755 2.5 0.0 721 338.00 72.80
o _Summer 15/17 135 . 0.1542 10.0 0.0 698 358.50 53.20
Winter 20 115 0.2911 5.0 00  7.90 326.00 67.50
Summer 20 119 0.0834 50.0 00 773 338.00 77.50
Winter 15/17 122 0.4775 10.0 50 759 333.50 79.10
g Summer 15/17 130 - 0.1738 10.0 50 721 344.50 67.60
Winter 20 96 0.5653 0.0 0.0  8.00 347.00 70.20
Summer 20 101 . 0.4459 10.0 0.0 761 352.00 71.60
Winter 15/17 1.0298 2.5 125 729 396.50 70.75
o Summer 15/17 0.7450 10.0 150 697 376.00 67.70
Winter 20 0.9005 2.0 200 8.10 348.00 68.60
Summer 20 0.4896 45.0 200 7.56 379.00 70.10
Winter 15/17 1.5193 25 25  7.64 378.50 74.80
[, _Summer 15/17 02778 75 250 725 463.00 70.70
Winter 20 118 1.0170 5.0 150 7.90 370.00 73.50
Summer 20 130 0.3320 15.0 250 742 385.00 76.50
E Winter 1517 116 55  1.6151 25 575 7.65 406.00 73.85

M- Very good; - Good,

of QBR and AVH (Table 3) at the first two sites.

The environmental conditions in 2020 seem to
show greater homogeneity between the sampling
sitesthatpresentlow conductivity (from330puS/cm
to 640 puS/cm in 2015/17 and from 320 pS/cm
to 400 uS/cm in 2020), higher oxygen saturation
(from 40 % to 75 % in 2015/17 and from 67.5 %
to 80 % in 2020) and lower values of QBR and
AVH (Table 3).

The hydromorphological quality was higher
in 2015/17 than in 2020. In terms of the QBR,
which evaluates a quality more related to the ri-
parian vegetation, the values ranged from medi-
um, poor and very poor to poor/very poor, with
an increase in the latter classification. In terms
of AVH, which analyses the general state of the
channel, the values ranged from medium and
good quality to a quality between medium and

- Medium; M- Bad; B- Very bad;

poor. These changes were more evident at the
last 3 sampling sites. (Table 3)

Benthic macroinvertebrate communities

The analysis of the taxonomic composition of the
samples considered (Fig. 5) indicates that the taxa
present in 2020 belong to practically the same
taxa as in 2015/17 but with a predominance of
Ephemeroptera with respect to Diptera and An-
nelida. Additionally, in 2020, some specimens of
Trichoptera appear (Figs. 5 and 8).

The analysis of the PCA (Fig. 6) shows that
there is an apparent separation between the sam-
ples collected in 2015/17 and 2020, consider-
ing the first two factors of the PCA (variability
of 69.97 %). The samples collected in 2015/17
present a higher percentage of Diptera and lower

Limnetica, 41(2): 377-392 (2022)
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values of EPT and diversity, as well as a greater
number of organisms (Fig. 6 and Table S2). In
contrast, the samples collected in 2020 have a
greater positive correlation with the diversity and
number of rates, as well as the values of water
quality indices, and are dominated by organisms
with gills and/or skin respiration, collectors and
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rheophiles (Table S2).

The analysis of the results obtained with the
two biological water quality indices shows that
there was an improvement tendency in the bio-
logical quality (Table 4).

In terms of IBMWP, the values ranged from
poor (3 values) and very poor (7 values) to me-
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Table 4. Values of the biological water quality indexes. Valores
para os indices de qualidade biologica da agua.

Site A Site B Site C Site D Site E

Winter15/17
Summer15/17
Winter 20
Summer 20
Winter 15/17
Summer 15/17

EQN Winter 20
Summer 20

IBMWP
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dium (1 value), poor (8 values and very poor
(1 value). In terms of EQN, the values ranged
from poor (4 values) and very poor (6 values) to
poor (9 values) and very poor (1 value).

The analysis of the composition of the ben-
thic macroinvertebrate communities taking into
account the taxonomic classification of the or-
ganisms, their biological traits, ecology and sen-
sitivity to pollution (according to the classifica-
tion made by IBMWP) carried out through the
distribution in space of the various samples gen-
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Figure 7. Sample ordination made by the n-MDS technique with Euclidean distances between samples using taxa (A) and functional
groups (B - breathing groups; C — feeding groups; D habitat/locomotion preferences; E — flow preferences; F — IBMWP scores) and
average abundance (by SIMPER analysis) of each taxa in each group of samples (b). Ordenacdo das amostras através da andalise
n-MDS usando as distancias euclideanas entre os taxa (a) e abundancia média (através da analise SIMPER) de cada taxa em cada

grupo de amostras (b).
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erated by the analysis of n-MDS (Fig. 7), shows
that, in most of the situations analysed, there is a
good separation between the samples analysed in
the two groups considered a priori (2015/17 and
2020). The difference between the two groups was
more significant when looking at the composition
of the various samples collected considering the
method of feeding for the organisms (ANOSIM
test Rglobal = 0.816). In the distribution of the
samples considering aspects such as the respira-
tory physiology of the organisms, their type of
locomotion and their sensitivity to pollution, the
separation of the two groups considered is not as
significant (ANOSIM test Rglobal approximately
0.6) due to the greater proximity of the samples
collected at sampling point E in June 2020 with
samples collected in the 2015/17 period.

In the analysis of the taxonomic composition
of the samples (ANOSIM test Rglobal of 0.542
and 0.515, respectively) and taking into account
the preference of the organisms for different flow
regimes, this separation is even less evident.
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The results of the SIMPER analysis show a
separation of the 2 groups of samples (Fig. 8): 1)
Samples collected in 2015/17 have a greater num-
ber of organisms belonging to Diptera, Annelida,
and Platyhelminthes, organisms with gills and
skin respiration and some special types of respi-
ration, and shredders, limnivores and collectors,
which live buried in the substrate, or climbers
with greater adaptive plasticity to different flow
regimes and with less sensitivity to organic pol-
lution; i) Samples collected in 2020 have a pre-
dominance of Ephemeroptera and Diptera, organ-
isms with branchial or branchia and cutaneous
respiration, collectors, swimmers, rheophiles and
organisms with greater sensitivity to pollution.

DISCUSSION

One year after the conclusion of the first phase
of the rehabilitation works (Jesus et al., 2020),
it was possible to detect some differences in the
river, not only from simple observations but also
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in terms of some of the parameters related to its
ecological status.

Effect of river rehabilitation on environmental
parameters

Even though the area surrounding the river
seemed visually much cleaner and more beau-
tiful, the analysis of the riparian corridor and
habitat quality had worsened, especially at points
D and E, which is evident from the analysis of
the two hydromorphological quality indices cal-
culated and the hydromorphological parameters
(Tables 3 and 4). This may be due to the nature
of the interventions as well as the short time that
elapsed from the conclusion of the work to the
date of this study.

The work carried out on the last 4 kilometres
(sampling sites D and E) of the river included the
digging of ditches on the riverbanks for the instal-
lation of an outfall, which led to the removal of
most of the pre-existing vegetation. To overcome
this disturbance, rigid structures (stone walls)
and/or seminatural structures were installed
(green braid), and new vegetation was planted to
stabilize the banks. This vegetation is currently in
the growth and rooting phase.

Contrary to what happened with the parame-
ters related to the quality of the habitat, it appears
that an improvement in the physical-chemical
quality of the water throughout the entire water-
course had occurred, which is evidenced by the
reduction in the conductivity values and by the
increased saturation of dissolved oxygen (Table
3 and Fig. 4) related to a probable reduction in
the concentration of organic matter (Giicker et
al., 2006, Ladrera & Prat, 2013). These may be
linked not only to the elimination of effluent dis-
charges from the WWTPs that reduced organic
and nutrient loads on the local scale but also to
some interventions that were carried out on the
riverbed (as indicated by Mrozinska et al., 2018)
as cut-off channels (bypass), semipalisades, and
single groynes that enhanced nutrient retention
and transformation processes through temporary
storage, assimilation, adsorption, or permanent
removal through coupled nitrification and deni-
trification and by the oxygenation of water. Sim-
ilar measures have been described by Newcomer

Johnson et al. (2016).

For a better evaluation of the impact of river
rehabilitation on the physical-chemical qualities
of the water, it would be important to carry out an
evaluation of more parameters, such as the con-
centration of nutrients (nitrates, nitrites, ammo-
nium and phosphates) and the amount of DOM,
as well as an extended evaluation over time (as
was recommended by Weber, 2017). This was
not done since the main objective of the work
was to evaluate mainly the effects of the rehabil-
itation of the river on the benthic macroinverte-
brate communities.

Effect of river rehabilitation on benthic mac-
roinvertebrate communities

The benthic macroinvertebrate communities
present in the Tinto River before the rehabili-
tation process were typical river communities
subject to a high degree of environmental degra-
dation. The communities had a great abundance
of organisms and low taxonomic richness, which
explains the relatively low values of diversity
and equitability. They were dominated by the
presence of Annelida and Diptera, organisms
that have very low sensitivity to pollution overall
(Jesus et al., 2020).

One year after the rehabilitation of the river,
the results show that there was a change in the
taxonomic composition of the communities that
were now dominated by Ephemeroptera and Dip-
tera (Fig. 5). As expected, there was a reduction
in the abundance of organisms but an increase in
taxonomic richness, which had an effect on their
taxonomic diversity (Fig. 4C), which was high-
er than that in the samples collected in 2015/17
(Miller et al., 2010, Kail et al., 2012).

These changes are also reflected in the func-
tional structure of the communities, which became
dominated by organisms that are more sensitive
to pollution as they depend more on the concen-
tration of oxygen dissolved in the water (with
branchial breathing or branchial and cutaneous
breathing, e.g., the Diptera of the Chironomidae
family). In samples collected in 2020, there was
a lower proportion of sprawlers, probably due to
the reduction in benthic food available and an in-
crease in active swimmers (Merritt et al., 2002),
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collectors and organisms with a preference for
rheophile conditions (Figs. 7 and 8). According to
Merritt et al. (2002), the increased proportion of
scrapers and filtering collectors in the 2020 sam-
ples may suggest a higher stability of the habitat,
which seems to be contradictory to the results ob-
tained with the AVH but can be explained by the
decrease in the proportion of shredders (potential-
ly reflecting the CPOM/FPOM ratio).

The analysis of the results indicates that there
were still some external factors that keep the eco-
logical status of the river at a poor level. This may
explain some similarities of the results obtained
at sampling site E in the summer of 2020 with
those of previous campaigns (Figs. 7 and 8).

This situation could be because this is a point
very close to the mouth of the river where there
is a cumulative effect of some instances of peri-
odic organic pollution phenomena that occur and
persist in the summer months, which becomes
more evident when the water flow river is lower
(Table 3).

Despite this fact, all changes in the macroin-
vertebrate communities seem to indicate that
the biological quality of the water had improved
slightly (Table 4).

One year seems insufficient for a complete
change in the composition of the macroinverte-
brate communities, as other authors have recent-
ly described (Al-Zankana et al., 2020). The as-
sumption underlying most rehabilitation projects
(Lepori et al., 2006, Miller et al., 2010, Roni et
al., 2000) that physical rehabilitation (which gen-
erally means an increase in habitat heterogeneity)
leads to increases in biodiversity and population
density can somehow explain the results obtained.
This assumption is sometimes called the “field of
dreams” hypothesis (i.e., if you build it, they will
come), which has been the core paradigm in most
projects. This idea is founded on the observed
positive relationship between greater (natural)
riverbed physical diversity and taxon richness.
In-stream mechanisms thought to underpin this
relationship include increased space, food, and
refugia (Palmer et al., 2010).

Despite the aforementioned results, this study
shows that there was a positive evolution, mainly
with the benthic communities, which can be ex-
plained by the small size of the watercourse and
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the fact that the two areas of intervention made
up more than half of the river, contrary to what
happens in most projects which generally have
small areas of intervention in comparison to the
total catchment size, often not exceeding a few
kilometres of the river length. If not removed
or mitigated, environmental stressors acting at
larger spatial scales, such as water quality stres-
sors, and catchment land use and flow altera-
tions, often have an overriding influence on the
recovery processes in these small, restored sec-
tions (Feld et al., 2011, Verdonschot et al., 2013;
Wahl et al., 2013).

Although in most rehabilitation projects, the
diversity of habitats, including microhabitats, in-
creases considerably, this does not automatically
result in a strong positive response in macroin-
vertebrate assemblages (Jdhnig & Lorenz, 2008,
Louhi et al., 2011). In this study, the opposite ap-
peared to happen because the quality of the habi-
tat seemed to have worsened and there was an
improvement inthe communities ofbenthic macro-
investments. This can be partially explained
by the fact that the problems this river present-
ed were mostly caused by the discharges of the
wastewater treatment plants that contributed to
the higher concentration of organic matter in the
water (Jesus et al., 2020).

Relationship between environmental parame-
ters and the biota

The relationship between an ecological metric and
environmental variables may inform the source of
stress or response experienced by an ecological
indicator (Allan, 2004). These relationships seem
to be demonstrated between benthic macroinver-
tebrate communities and physicochemical varia-
bles in this work, as in many other studies (Dud-
geon, 2012, Kim et al.,2017), making us believe
that the reduction in water pollution (reduction
of the organic matter and nutrient concentration
reflected, in part, by the conductivity values and
the increase in the oxygen saturation) at the catch-
ment scale are possible causes for the apparent
rehabilitation success.

While land use and the quality of riparian
vegetation do not seem to be in line with the bi-
otic metrics (e.g., family richness or abundance
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of Ephemeroptera, Plecoptera, and Trichoptera,
see Figs. 4 and 7), instream factors may be si-
multaneously related to other metrics (e.g., ben-
thic invertebrate feeding types, Theodoropoulos
et al. (2015).

Understanding the relationship between envi-
ronmental parameters and biotic communities is
one of the major problems for this kind of eco-
logical study (Tockner et al., 2010) because it is
difficult to predict the effects of multiple stressors
derived from different land-use patterns at various
spatial scales on benthic invertebrate assemblages.

This study demonstrated the significant poten-
tial of urban, artificial rehabilitation measures to
improve the diversity of aquatic invertebrates, in-
cluding species of high conservation value (Figs.
6, 7 and Table 4) (Weber et al., 2017).

CONCLUSIONS

After comparing the data, it is possible to con-
clude that in general, there is an improvement in
the Tinto River ecological status despite the short
time that has elapsed since the implementation of
rehabilitation measures. There is homogenisation
of habitat quality - only the last few km’s (points
C, D and E) show a decrease in habitat quality,
which may be explained by the short time elapsed
since the interventions around the river for the
WWTP’s outfall construction. There is an appar-
ent improvement in the physical-chemical quality
with a decrease in conductivity values at points
C, D and E and an increase in the percentage of
oxygen saturation in the water.

These results indicate that there has been a
transformation in the benthic communities, with
an increase in groups of organisms with sensitiv-
ity to pollution, such as organisms with branchi-
al breathing, and an increase in organisms with a
preference for more oxygenated and running wa-
ter, and a decrease in the percentage of Diptera and
Annelida, all showing a reduction in the environ-
mental stress of the river due to water pollution.

In addition, there are some features that in-
dicate an improvement in the ecological quali-
ty, such as a decrease in water turbidity and the
amount of organic matter in the substrates, as
well as the first observations of the presence of
some fish since 2013.
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