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Abstract Dreissena polymorpha (zebra mussel) is a
freshwater bivalve mollusc and has been present for
more than one decade in Spain. The zebra mussel
causes serious ecological and socioeconomic impacts
in areas where they settle. Our research aims to
analyze its hydraulic habitat, developing physical
models for this species, which indicates its preference
and optimal microhabitat requirements. To get it, a
survey was completed in a lotic reach in the lower
Ebro River (Tarragona, Spain). Habitat suitability
curves for the variables include water velocity, depth,
Froude number, velocity/depth ratio, shear stress and
shear stress ratio (RSS). In addition, interactive effects
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between hydraulic parameters on habitat selection and
its use were studied and bivariate habitat models were
developed. A close relationship was observed between
the D. polymorpha presence and mean flow velocity
combined with depth, Froude number and RSS.
Suitable habitat requirements for Dreissena were
detected in areas with stable river beds under high
flows, and velocity below 1.2 m/s with a depth of less
than 5 m under regular flows. Information about zebra
mussel preferences may enhance the design of mon-
itoring programmes and the integrated control man-
agement of this invasive mussel.

Keywords Zebra mussel - Physical habitat -
Habitat suitability curves - Hydraulic
preference - Lotic reach

Introduction

The zebra mussel, Dreissena polymorpha (Pallas,
1771), is native to the Ponto-Caspian region and is
considered to be one of the most invasive aquatic
species in the world (Hallstan et al., 2010; Therriault &
Orlova, 2010; Naddafi et al., 2011). However, its rapid
dispersion is directly related to human activity
(Bidwell, 2010). In Europe, the geographical disper-
sion of D. polymorpha started at the end of the
eighteenth century, through the centre and north of this
continent. Nowadays, it is present in many countries
(Karatayev et al., 2006; Oscoz et al., 2010). The zebra
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mussel was detected in North America in 1986 in Lake
Erie before quickly spreading to several more eastern
regions (Hebert et al., 1989; Carlton, 2008).

In Spain, it was considered an invasive species
since 2001 and has quickly invaded the Ebro river
axis, starting in the lower reach (Palau et al., 2004;
Duran et al., 2010). Today, it is present in other
Spanish basins: Jacar, Segura and Guadalquivir
(MAGRAMA, 2012), and it has become an important
ecological and economic problem for Spanish rivers
(Rajagopal et al., 2009).

In the environments where they establish, zebra
mussels usually compete with native bivalves and
other benthic invertebrates, they alter the nutrient
cycle, considerably reducing the plankton supply and
increasing water clarity (Casagrandi et al., 2007). All
of this affects aquatic plant proliferation and also
disturbs the benthic structure and fish community
(Strayer & Malcom, 2006), although there is no
consensus on the actual effects in new areas where this
species has settled. In contrast, Dreissena also
increases habitat complexity and benthic organic
matter by biodeposition, which influence positively
in some taxa (Gergs & Rothhaupt, 2008). Further-
more, it causes significant economic damage to water
intakes and other structures (Rajagopal et al., 2009).

Abundance and distribution of bivalves is usually
related to physicochemical (pH, dissolved oxygen,
salinity, calcium concentration and temperature),
hydrodynamic (depth, current velocity, substrate and
suspended sediments) and biological parameters (pre-
dation or competition from other species, available
food and host abundance) (Strayer, 1999; Morales
et al., 2006; Navarro et al., 2006). Nevertheless, the
most important variables in the presence of inverte-
brates in river systems are the hydraulic ones (Gore
etal., 2001; Steuer et al., 2008; Allen & Vaugh, 2010).
These also strongly influence larval mortality and their
dispersal throughout the river (Horvath & Crane,
2010; Daraio et al., 2012). Consequently, bivalve
habitats can be characterized by simple hydraulic
indicators: flow velocity, depth, size and distribution
of the substrate (Claudie & Mackie, 1994; Ackerman,
1999) or complex ones: a combination of the previous
ones, such as shear stress, Reynolds number and
Froude number (Hardison & Layzer, 2001; Zigler
et al., 2008; Parasiewicz et al., 2012).

Scientific literature is focused on the invasive
characteristics of the zebra mussel, its biology and the
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ecological and economic problems caused by its
presence (Strayer & Malcom, 2006). However, there
are few references to microhabitat requirements for
this species (Palau et al., 2010) and virtually all of the
requirements are based on the substrate (Claudie &
Mackie, 1994; O’Neill, 1996) or refer to different
species of mussels (Hastie et al., 2000; Howard &
Cuffey, 2003; Gangloff & Femeniella, 2007). The
cosmopolitan character of the zebra mussel and its
little known requirements, possibly, determine this
situation.

Nevertheless, knowing about the physical habitat
preferences of bivalves can improve the programmes
that monitor and manage these species (Hastie et al.,
2000; Steuer et al., 2008; Zigler et al., 2008).
Nowadays, the management of this invasive mussel
in open environments is very complicated and requires
thorough information about its habitat in order to
attempt to eradicate it. In regulated rivers, the most
common non-biological fight techniques focus on
reducing water levels in reservoirs, causing controlled
flood events for bed removal or displacing water
volumes in reservoirs in order to reduce the recruit-
ment during periods with high larvae density (O’Neill,
1996; Palau & Cia, 2006; Duran et al., 2010).

One of the most common methods for analyzing the
physical habitat is based on the habitat suitability
criteria (HSC) (Bovee et al., 1998; Gore et al., 2001).
These biological models give uni- or multivariate
preference curves which can be referred to a wide
number of variables for each species and life stage
considered. This information is incorporated into
habitat simulation models (Bovee et al., 1998; Para-
siewicz & Dunbar, 2001) in order to evaluate changes
which occur in the physical habitat availability for the
considered species, as a result of any disturbance in the
hydraulic environment. Such disturbance could be
caused by either a natural or artificial cause, as the
application of controlled flood events (Batalla et al.,
2008).

This paper analyses the influence of several
hydraulic variables on zebra mussel distribution and
develops physical habitat models for this species in
lotic systems. These models might become a valid
method to better evaluate the effect of certain control
actions (i.e. flood events) and also to examine possible
changes in the spatial distribution of the species and to
see how hydraulic modification could affect the
aquatic environment.
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Materials and methods
Study area

This research was carried out in the lower Ebro River
(Fig. 1). The Ebro basin is located in the north-east of
Spain and it drains a total area of 85,534 km?, the
largest of the Iberian Peninsula. The selected area of
study was 7 km long, between the Flix hydroelectric
power plant and the Vinebre pier (Tarragona, Catalo-
nia) (UTM-HUSO 31T; 294512X, 4566716Y; 298762
X, 4560742Y). This area is subject to a strict
hydroelectric regulation by the nearby Mequinenza,
Riba-roja and Flix reservoirs. In the middle of the
study reach, the Asc6 nuclear power plant and its small
diversion 2-m-high dam are placed.

The flow regime is disturbed by hydroelectric
production, which is why the water level manifests
slight variations throughout the year. The minimum
flow is around 126 m>/s (Q°"), median flow (Q°*™) is
208 m>/s and the maximum annual flow is 1,000 m/s
(Q”™), which practically corresponds to the dominant
discharge. In this zone, the Ebro River has an average
width of about 300 m, the slope is less than 0.001 m/m
and maximum depth is around 9 m. The river bed
substrate is mainly made of gravel, measuring
40-75 mm. In some areas, there are macrophytes
close to both banks.

Selected variables for habitat models

Habitat models are usually based on physical param-
eters from hydraulic source (depth, flow velocity,
substrate and their combinations: shear stress, Froude
and others). These variables are directly related to the
abundance and distribution of mussels (Steuer et al.,
2008; Allen & Vaugh, 2010) and all of them are
associated to discharge, so they can easily be incor-
porated to flow management tools (Parasiewicz &
Dunbar, 2001).

In our case, the habitat description of the zebra
mussel was made taking into account the aforemen-
tioned criteria. Thus, the selected variables were:
mean column velocity v (m/s), depth d (m), velocity/
depth ratio v/d (s_l), Froude number Fr (dimension-
less), shear stress 7, (N/mz) and the ratio between the
shear stress and the critical stress RSS (dimensionless).
The substrate is undoubtedly an important variable in
the physical habitat of the zebra mussel. However, for
the dominant size range in the considered section
(45-70 mm), it is not discriminatory according to
research by Palau et al. (2010) in a nearby lentic zone.
Therefore, the substrate has not been used directly as a
test parameter.

v, d, v/d and Fr have been calculated for the median
discharge (Q°*™ = 208 m?/s), being the most habitual
flow in the regulated reach. 7ty and RSS evaluate the

Fig. 1 Location of study
area in the lower Ebro River

(Bcd)
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water tension that mussels have to resist and the
substrate stability during flood events which is why
they were estimated for Q™ = 1,000 m?/s. Given
that this is the maximum flow that the zebra mussel is
exposed to once a year and it corresponds to the
dominant discharge, so that this river area is very
regulated.

The Froude number is established as: Fr =v (g
d)° where v and d are mean water velocity and depth
(m) and g is the acceleration given the gravity
(9.81 m2/s). The shear stress is defined as: 19 = 7y d
S, where 7 is the specific mass of water (9,780 N/m? at
20°C), d is the water depth (m) and S is the hydraulic
slope (m/m). The shear stress ratio was calculated
according to criteria by Morales et al. (2006) where
RSS = 1¢/7, and 1. corresponds to critical shear stress
which causes the movement of a particle. Moreover, 1.
depends on the characteristics of the bed material,
armouring and flow velocity. Its value was determined
according to the Shields diagram (1936). When the
RSS > 1 it means that substrate is moved at a given
flow rate. However, these values can only be consid-
ered a point of reference since the accurate measure-
ment of the hydraulic slope is very complex and small
variations in its determination can significantly affect
the final result.

Data collection

Physical habitat models to be developed need both
hydraulic and biological information. These data were
achieved by sampling the study area and using a
hydraulic simulation model.

Field data were taken along 24 transects, with
sampling points every 25-50 m. First, the study
section was stratified in three lower reaches (Fig. 1)
according to their hydrogeomorphological character-
istics, to diversify sampling area. Transects were set
up by alternating fast and slow mesohabitats. The
presence/absence of the zebra mussel, the substrate
type, depth and flow velocity were registered at each
point. Samples were collected by divers during
summer 2010. In order to carry out this complicated
work, the flowing discharge was decreased to 158 m/s
at the Mequinenza—Ribarroja—Flix system of reservoirs.

The width was taken with a measuring tape
(£10 cm): in which the depth and mean column
velocity were measured with an OTT ADC flow meter
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(£0.01 m and £0.01 m/s, respectively). Altogether,
112 sampling points and 65 zebra mussel colonies
were detected. All of them were recorded by GPS
(SETTOP AL 102 MOVIL model).

On the other hand, we used a hydraulic model to
simulate the desired discharge conditions—median
0°"™ and dominant Q”" flow—to obtain the six
selected variables. The software employed in model-
ling was River 2D (Steffler & Blackburn, 2002). It is a
two-dimensional depth averaged finite element hydro-
dynamic model. To run this software, we implemented
a digital terrain model made from a topographical
study, performed by the Forest Sciences Center of
Catalonia (Vericat et al., 2007). The model is based on
bathymetry, which is conducted with a Lowrance echo
sounder LCX-15ci (£0.1 m) and a GPS SETTOP
AL102 MOVIL model. Previous field sample data
provided a basis for adjusting bed roughness and to
calibrate the model. The relation between simulated
and measured velocity at 158 m’/s was high
(r2> 0.82; P value < 0.01) and even more in the case
of depth (¥ > 0.94; P value < 0.01). Other depth
checks at 254 and 612 m>/s showed similar results.

Data analyses

Data have been processed in two different ways. First,
the relationships between variables and their influence
on mussel distribution were analyzed using statistical
procedures: scatter plot, principal component analysis
(PCA) and logistic regression. Second, physical
habitat models (preference curves) for the zebra
mussel were developed.

Physical habitat analyses were made by following
the standard procedures established by Bovee et al.
(1998) and applied to mussels by other scientists
(Hastie et al., 2000; Palau et al., 2010). Hence, the
preference index was calculated using the forage ratio
(HSC category III): the ratio between habitat use and
availability. Afterwards, a normalization process was
applied, considering 0 as the minimum (null habitat)
and 1 as the maximum value (optimal habitat). Before
applying this kind of model, it is necessary to demon-
strate that the distribution of the sampled variables
(velocity and depth) be representative of the hydraulic
variability in the complete section (Bovee et al., 1998).

Habitat availability for each hydraulic parameter
was extracted from the hydrodynamic model using the
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given flows. Habitat use was determined in the same
way, considering only the sampling points with the
mussel presence. No data were weighed by density or
number of individuals in the colony, since it is a
species with a complex spatial distribution. Thus,
given the sessile characteristic, its presence can be
considered as an indicator of use.

In order to check the validity of the preference
curves developed, it should be demonstrated that there
is no relationship between habitat availability and use,
which means that there is a predilection for a particular
habitat and a selective use of resources (Bovee et al.,
1998). Frequently, that is considered a secondary
approach without discussion in many papers.

Results
Variables and mussel distribution relationships

The scatter-plot analysis (Fig. 2) described the values
of dataset (the presence/absence of mussel) according
to the hydraulic variables confronted in pairs. From
this observation, there is a strong correlation between
the variable Fr with v/d and v on one hand, and depth

d with 73 and RSS, on the other (Table 1). The
associated analysis (Table 2) showed that the mussel
presence focuses on the value of the variables under
the average. The v/d indicator did not present a
significant relationship with the presence/absence of
individuals.

The PCA showed two main axes which explained
94.86% of the variability of the dataset (Fig. 3;
Table 2). The first factor (F1, eigenvalue 3.295) was
related with the variables v, Fr and v/P. The second
factor (F2, eigenvalue 2.397) included the parameters
d, 1o and RSS. Based upon the sample values in the first
two factorial axis, a class organization by Ward’s
cluster procedure method and squared Euclidean
distances were carried out. As a result, we distin-
guished three types of microhabitat use (Table 3). The
first group (C1) was characterized by a high density of
D. polymorpha (81.4% of the points of this class show
its presence) and values of v and d under average. In
the second group (C2) individual presence of this
species was found, but in a lower quantity than the
previous class (47.62%), according to areas with high
velocities and low depths. Finally, the third group (C3)
corresponds to locations with a low presence of the
zebra mussel and it is associated to areas with high

Fig. 2 Scatter plot of the zebra mussel presence or absence
according to six variables: (a) mean water column velocity,
(b) depth, (c) Froude number, (d) velocity/depth ratio at 208 m’/

s, (e) shear stress and (f) shear stress ratio at 1000 m>/s. The
cross symbol means the zebra mussel presence and the square
represents the absence
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Table 1 Correlation matrix between all variables and the first two factors of the PCA (F1, F2)

d vld Fr RSS T0 F1 F2
v 0.3337 0.4243 0.8646 0.3663 0.3278 0.26 —0.92
d —0.4931 NS 0.9596 0.9337 0.97 —0.10
vld 0.8121 —0.4342 —0.4240 —0.59 —0.78
Fr NS NS —0.18 —0.98
RSS 0.9875 0.98 —0.15
o 0.97 —0.13

NS not significant, v mean water column velocity (m/s), d depth (m), v/d velocity/depth ratio (s, Fr Froude number (dimensionless)
at 208 m>/s, RSS shear stress ratio (dimensionless), 7, shear stress (N/mz) at 1,000 m*/s

Table 2 Average value of the study variables and summary results of the one-way ANOVA, depending on the presence/absence of

mussels

v d vld Fr RSS To
Mean value 0.655 2.393 0.334 0.1425 0.237 21.605
F value 47.70 14.82 0.64 NS 19.48 17.17 14.16
Absence 0.906 2.986 0.321 0.176 0.275 25.107
Presence 0.474% 1.965% 0.352 0.118* 0.208* 19.072%

NS not significant, v mean water column velocity (m/s), d depth (m), v/d velocity/depth ratio (s~ 1, Fr Froude number (dimensionless)
at 208 m>/s, RSS shear stress ratio (dimensionless), 7, shear stress (N/mz) at 1,000 m%/s

* Values lower than average

Fig. 3 Plot of variables on Factor 2 - 39.94 %
the two first PCA axes
(factor 1 and 2), Class 1 *
representing 94.86% of the : -
variation, and the three types 1.5 Class 3 ..
of microhabitat use .
detected: class 1, 2 and 3 . Presences’
0.0 oo Tt b
' i .
i = Absence . . a) Velocity
e . . b) Depth
151, d Y . c¢) Froude number
cl @ . . d) Velocity/Depth ratio
e) Shear stress
Class 2 f)RSS
-3.0
-2.5 0.0 25 5.0 Factor 1-54.92 %

v and d. The weakest relationship between the factors
and the presence of the zebra mussel correspond to the
ratio v/d (similar values in C1 and C3).

The logistic regression was performed with all the
hydraulic parameters, according to the variable selec-
tion criteria ‘stepwise’. Of these, velocity and depth
were the best predictors to explain the presence of the
zebra mussel. Thus, the logistic model built had a high
significance: Wald (?) statistical value of 15.97 with
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two degrees of liberty and a P value of 0.0003 for
testing the global null hypothesis (Hp): f = 0. The
final result is:

P
1n<1P> =3.0140 — 2.6391 x v—0.3316 x d

(1)

where modelled probability is the presence of the zebra
mussel (P = 1), vis the velocity (m/s) and d is the depth
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Table 3 Summary results of the one-way ANOVA for the study variables, depending on the three resulting classes after cluster

procedure

v d vid Fr RSS To
F value 56.78 91.63 73.29 92.75 87.59 85.35
Cl1 0.305a* 1.638a* 0.219a* 0.079a* 0.186a* 16.806a*
C2 0.890b 1.850a* 0.530b 0.212¢ 0.208a* 18.716a*
C3 0.846b 4.442b 0.212a* 0.134b* 0.361b 33.741b

Mean values are shown. Different letters indicate significant differences (HSD-Tukey test, o = 0.05)

* Values lower than average

(m). The area under the ROC curve was 0.7395 and it
indicated that the logistic regression model had a high
level of discrimination capacity. These results also
showed that velocity has a more significant influence
than depth in the settlement of this species. High
probability of the Dreissena presence (P > 0.85) was
reached at depth values <4 m and velocities between 0.0
and 1.0 m/s. Any velocities more than 2.0 m/s predicted
a nearly zero probability to find mussels.

Physical habitat models

Previously to develop HSC, a bivariate analysis of
velocity and depth distributions using the Pearson Chi
square test was performed to prove that these sample
data were representative of the hydraulic variability in
the whole section. The validity of the preceding
assumption was proven, which allowed the mussel
sample to be applied in habitat model development.

Another check was accomplished between habitat
availability and use (KS test, P value < 0.05) for each
study variable before elaborating univariate prefer-
ence curves (Fig.4). In all cases except depth
(Fig. 4b), certain variable ranges were detected. This
feature means that the zebra mussel could live at any
depth of water, and this variable, by itself did not
provide attractive qualities for the bivalve.

The velocity preference showed its maximum rate
for values between 0.3 and 0.8 m/s for median flow
(Fig. 4a). The predilection for velocity values above
1.2 m/s was virtually null. The habitat models for the
variables velocity/depth ratio and Froude number also
had a predilection to low intervals, <0.9 and <0.3 sfl,
respectively (Fig. 4c, d). Something different was
appreciated with shear stress and RSS for the high
discharge (Fig. 4e, f), with a maximum preference to

intermediate values, avoiding low water movement
areas and unstable gravel beds.

Since the logistic regression indicated the important
significance of the variables v and d in mussel
distribution, it was performed a joint analysis of
preference, after proving the independent relationship
between habitat use and availability for both variables
(x* of Pearson test), which validates its applicability.
The bivariate physical habitat model (Fig. 5), sug-
gested no preference for any range of depth values
when velocity is above 1.4 m/s. Suitable requirements
for Dreissena were presented when the velocity was
<1.2 m/s and with <5 m of water. Any velocities
oscillating between 0.2 and 0.6 m/s and depths of
2-4 m showed maximum preference.

Discussion

The parameters to determine the mussel presence are
related to interactions between velocity, depth and
substrate (Hastie et al., 2000; Gangloff & Femeniella,
2007). Numerous studies have currently demonstrated
that the presence of mussels in lotic systems is more
related to complex hydraulic variables, based on a
combination of the previous parameters (Hardison &
Layzer, 2001; Howard & Cuffey, 2003; Allen &
Vaugh, 2010). The results obtained in this research
corroborate that trend, although velocity, by itself, is
an important parameter. In general, v, Fr, 19 and RSS
predict the zebra mussel distribution in a successful
and independent way. Dreissena is selective to
different values of the previous variables, whereas
d and v/d are indicators of lower quality. However, the
combination of two simple variables (v and d) most
precisely explains the distribution of Dreissena. The
optimal values for median discharge focus on
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RSS (dimensionless)

and shear stress (N/m?) (e), shear stress ratio (dimensionless)
(f) at 1,000 m®/s. The suitability index has a value of 1 for
optimal habitat and 0 for unsuitable conditions
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Fig. 5 Bivariate physical
habitat preference model for
velocity (m/s) and depth (m)

Praterence \'nder

velocities of 0.2-0.6 m/s and depths ranging from 2
to 4 m. Almost all the specimens live in areas with
<1.2 m/s and <5 m. This numerical information is
conditioned by flow and it should be considered in
management decisions. Some recent models analyze
the temporal variability of complex hydraulics as an
interesting predictor of the mussel presence (Para-
siewicz et al., 2012).

Velocity is generally considered one of the most
relevant variables in any physical habitat study for
aquatic organisms. For mussels, low velocities can
cause problems for feeding because of their filtering
condition (Ackerman, 1999). The same author also
established that high velocity values could interfere in
the mussel’s active filtration. Thus, our univariate
model reflects the maximum preference for values
under 0.4 m/s according to Palau et al. (2010). Values
higher than 1.2 m/s show zero preference of Dreis-
sena. Claudie & Mackie (1994) and O’Neill (1996)
also established practically no possibilities of settle-
ment for values above 1.5 m/s.

The univariate physical habitat model relates to the
depth which does not solely constitute a limiting factor
for the Dreissena distribution. The zebra mussel is able
to occupy a wide range of depth values in the study

area. Similar features were observed in a nearby lentic
ecosystem by Palau et al. (2010). Depth, amongst
other parameters (velocity and shear stress), has a
higher incidence in the presence of D. polymorpha.
Palau et al. (2004) and Navarro et al. (2006) also
explain that factors such as temperature, oxygen and
food availability have a direct influence on depth and
settlement of this species in the lower Ebro basin
TeServoirs.

Some of the preceding variables are associated with
mussel distribution for low flows (Fr, v), so they
ensure the nutrient transport, oxygen and waste
products. Under high flows, other parameters (7o,
RSS) influence on the mussel’s presence, which can
affect bed stability and hydraulic refuge (Steuer et al.,
2008; Zigler et al., 2008). D. polymorpha showed a
clear preference for all these variables and is present in
areas where there are low values of them.

Complex hydraulic variables should be easily
measurable and they also must have a high hydraulic
and biological coherence. The v/d ratio achieves the
majority of the previous criterions, but it provides
lower quality information than Fr, very similar to it
but with a greater robustness. Given that, v/d could be
considered as a dispensable parameter in future
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research. On the other hand, shear stress can be
evaluated by different procedures (Morales et al.,
2006). All of them are based on difficult field
measurement parameters: roughness, particle size
and slope; and submerged vegetation and armouring
are rarely considered in bed mobility. Therefore, the
numerical values provided by shear stress must be
considered as indicative features and one should be
cautious when comparing results.

Strayer (1999), Morales et al. (2006) and Allen &
Vaugh (2010) establish that bed stability at flood
events is the most important factor in mussel distri-
bution. This feature is quantified by RSS. In our case,
all mussel colonies were located in stable substrate
areas for annual floods (RSS < 1). On the other hand,
when shear stress values (1) are increased or reduced,
within a range (5-60 N/mz), the presence of mussels
decline. This behaviour was previously described by
other authors (e.g.: Strayer, 1999; Gangloff & Femen-
iella, 2007). Therefore, zebra mussel colonies are
related to stable substrates during flood events and to a
minimum velocity (7o > 0) which ensures its position
maintenance and the development of biological func-
tions in regular flows. Steuer et al. (2008) found
similar relationships with unionids.

One of the most decisive steps in the life cycle of
the zebra mussel is the pelagic larval stage, before the
pediveligers stage, when they settle and attach to the
substrate using their byssal threads to metamorphose
into the adult form. Hence, an important consideration
to complement habitat models and to better know the
Dreissena distribution is to understand how hydrody-
namic forces affect larval mortality (Horvath & Crane,
2010) and dispersal along the river (Daraio et al.,
2012).

Physical habitat preference data of any species are
essential information in order to perform consider-
ations on its management, recovery and control. In the
case of endangered mussels, habitat knowledge is
required to enhance and restore many river systems
(Hastie et al., 2000; Steuer et al., 2008; Zigler et al.,
2008; Parasiewicz et al., 2012). For the zebra mussel,
as it is considered to be an invasive species, habitat
requirements are necessary to conduct control actions
(i.e. flood events and flow regulation) and also to
evaluate possible changes in the spatial distribution of
this bivalve. The physical habitat models developed
help to do it and they are easily included in simulations
models, used in the management of regulated rivers

@ Springer

and environmental assessment of any hydraulic pro-
ject (Bovee et al., 1998; Parasiewicz & Dunbar 2001).
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