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Abstract

The diversity of fluvial ecosystems allows the detection of various changes in the
natural equilibrium. These changes can be related to variations in the
composition of the fluvial forest, to the chemical or physical quality of the water,
or to alterations of the habitat template. The aim of this study was to understand
the resilience of the ecosystem to the degradation of the habitat, resulting from
the construction of a highway in a regional protected area. This resilience was
measured in terms of the reestablishment of macrobenthic communities. Located
at the Estoraos River (sub-watershed of the Lima River, NW Portugal), a set of
three sampling stations upstream and downstream from the construction site
were monitored for a period of one year, and the invertebrate communities were
characterized as well as their ecological and biological traits, and the changes
that occurred were classified. The observations made clearly mark the moment of
the beginning of the construction process, and from the trait analysis we could
discriminate between different types of pressures, namely an increment on
sediment loads, and riverbed deterioration. This impact also affected the trophic
relations and the food preferences of the invertebrate communities. From the
analysis it is apparent that the fact that the construction was done in late winter
contributed to the reestablishment of the invertebrate communities, since
construction didn't affect their sensitive reproduction period. This fact permitted
full recolonization of the construction site in a period of four months, re-
establishing the community at the same diversity levels as the reference sites. All
these aspects are in agreement with the components being analysed, but they lack
information from the longer time series and more ecological components are
needed to classify the resilience capacity of this type of ecosystem.
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1 Introduction

During the last century humanization processes and landscape change have
increased, resulting in considerable spatial diversity. This poses a
methodological challenge when assessing ecosystem vulnerability and resilience,
with regard to changes in land use and land cover [1]. In this sense, these
changes can lead to an increase in the magnitude and scale of environmental
impacts, and enhance the importance and complexity of the evaluation processes.

Land-use practices play a major role in the health and dynamics of aquatic
ecosystems [29, 33-35]. Rivers are important vectors of stability, for landscape
evolution and management, functioning as dispersal corridors for both fauna and
flora. In this capacity rivers act as buffers against intense environmental impacts,
favoring the recolonization of impaired areas downstream. This downstream
recolonization is achieved by active locomotion processes (e.g. drift) [2], which
are important ecological phenomenon in running waters [3] for understanding
the colonization cycle [4], and evaluating the potential impact of certain actions.
In this context discrete events can play a specific role in structuring most
ecological communities, particularly stream benthic communities [5]. One of the
most common approaches is to track human-induced change by the abundances
of indicator taxa [12], and many studies have been conducted to relate different
types of disturbance with species traits and community shaping [7]. In this
context, the ecological functions of streams can be described by a multitude of
general biological traits that reflect the adaptation of species or communities to
environmental conditions [8—10, 30].

Community traits can act as indicators of environmental change [14-16],
mapping the variations of the ecosystems and their functions. From the analysis
of community traits it is possible to predict the health and fitness of an
ecosystem, by measuring the environmental impact of human actions.

Managers and scientists conducting field assessments of environmental
impacts must isolate the effect being studied from the “noise” caused by natural
spatial and temporal variation.

In this sense, society has agreed many times about the objectives of
ecosystem management, but narrowly defined ecosystem management is
unlikely to succeed [11], and methodological measures must be implemented.

2 Methodology

We have studied a set of three sampling stations located along a small watershed
(River Estordos Watershed) in the NW of Portugal, fig. 1. The watershed is
characterized by a great heterogeneity of natural and human conditions [17],
leading to diversified land use of the rural landscape. The construction of a major
road can then be translated as severe humanization, conditioning the ecological
processes in the area.

Collections were taken four times from each of the sampling stations over a
period of one year, matching the events that occurred before and after the
construction took place. This allowed us to point out the differences between the
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stations over time, fig. 2. The samples were collected using a kicknet sampler,
sampling all the representative habitats within the site area.

To better understand the differences that occurred, we used a set of diversity
measures (e.g. Simpson’s diversity index) as well as “between sites” metrics and
similarity coefficients [20, 31, 32]. This process has the objective of indicating
the relationships present in the field but also of evaluating these methods for
future use in rapid bio-assessment of construction impaired sites.
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Figure 1: Geographic location of the surveyed field stations.
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Figure 2: Relations between the different scales of analysis, and the chain of

events.
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For a more specific analysis, we used the methods presented by Tachet and
other authors [18, 19, 21, 22] to analyze species traits using fussy analysis. This
analysis allows us to establish the relationships between habitat loss and
community adaptations. These relationships between habitat and biological
communities [8, 26—-28] have been referred to by Scarsbrook and Townsend [25]
as a filtering effect that is reflected at community level.

3 Results

From the analysis of the invertebrate communities, it is also possible to observe a
clear break, regarding Tenais station, of the diversity as well as richness levels
between November and April, fig. 3. This difference appears to be related to the
impacts produced by the construction of the highway, because when the
construction process stopped, both values rose to a more stable level.

Further analysis of species traits, fig. 4, has also revealed that while the
construction site was active, the community changed, becoming more adapted to
the resulting conditions of stress.
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Figure 3: Representation of (a) diversity (Simpson’s diversity index) and (b)
richness (total number of taxa) measures.

In this sense, the community changes appear reflected not only on the loss of
taxa, but also on community characteristics. Community characteristics related to
sediment loads (e.g. food [preference for fine sediment or detritus]) or habitat
homogenization (e.g. substrate preferendum [preference for sand or silt]) were
incremented.

Due to the seasonal timing of construction and the ensuing and rapid
reestablishment of the river conditions the colonization process was effective,
even though there was a break between April and July, fig. 5.

This break in the recolonization process could be the result of a small dam
located between Calvério and Estordos. In winter the dam is open, allowing the
passage (drift) of invertebrate fauna. In summer, the floodgates are closed for
entertainment purposes (e.g. fluvial beach), and the flow is very limited.
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Figure 4: An example of traits evaluation by frequency analysis: respiration.
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Figure 5: Similarity analysis regarding the comparison of the taxa composition.
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The resulting bottleneck effect increases the homogenization of the
downstream communities. In this case homogenization processes result in highly
correlated loss of taxa between Estordos and Tenais.

4 Discussion

Human impact on rivers and fluvial ecosystems is increasing, reducing their
ecological function almost to the river channel only. In this sense, rivers are
corridors that connect many different ecosystems (e.g. inland waters — sea
waters; land ecosystem — water ecosystem) and their functions must be
protected.

The construction of a major road as well as other heavy constructions, implies
severe impacts on habitats and consequently on the stability of biotic
communities. These impacts can be reduced by managing the construction time
frame and the opening of “ecological windows” that minimize community
losses.

In many ways, the importance of environmental impact evaluation and
management is clear, but the need for a priori studies is often neglected. This
study has demonstrated that the disturbance of ecosystems can be identified at
various levels and can be related to a broad spectrum of potential sources of
impact. In this sense, is important to not only predict the environmental impact
of a certain action, but also to monitor the environmental changes and their
reflections on the ecosystem.

The stability and resilience of the aquatic communities is also affected when
major disturbing events take place. In this case, after the construction of the road,
the resilience of the community seemed to be sufficient to reestablish stability in
a short period of time. Although this was the case, our observations indicate that
the events that occurred after the construction, greatly contributed to the loss of
stability and equilibrium in the invertebrate communities.

In this context, the differences in summer between Calvario and the
remaining stations can only be explained by an increment of abiotic pressure,
resulting from man's misuse of rivers and fluvial ecosystems. Many studies have
pointed the ecological consequences of constructions that covering rivers and
riverbeds [6, 13, 23, 24], but can a small, almost temporary dam result in a
significant community loss?

In this case it seams that the observed loss of taxa, though it increased
through the construction of the highway, it was related to the dam’s regulation
process during summer. The resulting habitat loss, as well as the interruption of
drift processes, had severe consequences to both fauna and flora communities,
resulting in poorer and more unstable ecosystems. As we stated earlier, this kind
of impact can and should be predicted, since it is a way to propose measures that
mitigate effects and adjust construction procedures accordingly.
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