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INTRODUCTION

Throughout history, big cities were built in close proximity to rivers and lakes since ancient as
well as modern communities have always depended on fresh water systems to survive, so
people started trying to control them. Control of streams and rivers has been vital to
technological innovation and human population growth. However, there have always been
concurrent negative tendencies of water demand growth. (Smith 1971, World Commission on
Dams - WCD 2000).

Nowadays it has been estimated that an average person spends 50 litres of water per day for
basic human water requirements, such as drinking, sanitation, bathing and food preparation.
Therefore, around 3800 km? of fresh water is withdrawn from the world’s lakes, rivers and
aquifers every year. The volume extracted has dubled from 50 years ago (World Commission
on Dams - WCD 2000).

After humans had found their way to tailor water for their basic needs, irrigation and creating
drinking water reservoirs, the next step was harnessing the power of moving water for
commerce and industry. This has resulted from population growth and lifestyle changes, which
have increased our demand for energy and its production, contributing to development of
storage hydropower plants. At that point, the influence they would have on the environment
was neglected. Changes in the natural flow regime caused by plant discharge have showed
negative tendencies and therefore require careful consideration.

1.1 HYDROPEAKING

1.1.1 What is hydropeaking

In order to meet peak electricity demand, some hydropower stations alter their discharge several
times a day. Those alterations in discharge are called hydropeaking. Hydropeaking is
sometimes defined just as a sudden increase in discharge of hypolimnic water from hydropower
plants, which raises water depth, water velocity and shear stress (Ward and Stanford, 1979;
Cushman, 1985; Bratrich et al., 2004; Bruno et al., 2013). Shear stress is defined as the force
of moving water against the channel bed.



Hydropeaking is a complex phenomenon because several variables are associated with sudden
changes in flow characteristics: bottom shear stress, depth, cross-section width, velocity,
amount and composition of suspended matter, water temperature and quality (Ward and
Stanford, 1979; Cushman, 1985; Moog, 1993; Webb and Walling, 1993; Fette et al., 2007,
Olden and Naiman, 2010; Bruno et al., 2013).

1.1.2 Changes in flow regimes

Streamflow quantity and timing are critical components of water supply, water quality, and
ecological integrity of river systems. Streamflow is the key driving variable for downstream
aquatic ecosystems. The natural flow regime depends on geomorphological, climatic and
environmental characteristics of a river. It is defined by five critical components: magnitude of
discharge, frequency of flow occurrence, duration of high or low flow conditions, flow timing
or predictability, and flow change rate (Poff et al. 1997). In case of naturally occurring floods
as well as in hydropeaking events, timing, duration and frequency are all critical for the survival
of stable communities of plants and animals living downstream. River flow patterns are
influenced by seasonal contrasts in rainfall or melt-water contributions. Storage hydropower
peaking plants can disrupt the whole flow regime by altering the hydrological characteristics of
downstream flow, including magnitude, duration, timing, rate of change (upramping and
downramping rate) as well as frequency of changes in flow (Céréghino and Lavandier, 1998,
Marty et al., 2009). They can influence seasonal and daily fluctuations to differ greatly from
natural flow levels (Poff, 1997; WCD, 2000).

1.1.3 Abiotic and biotic effects of hydropeaking

Hydropeaking causes physical and chemical changes in the receiving stream (Cushman, 1985).
These heavy fluctuations of the water level mostly alter the shoreline by rapid and repeating
flooding and drying of these zones (Cushman, 1985; Moog, 1993; Schmutz et al., 2013). This

often leads to stranding of animals.

Another occurrence connected to discharge from hydropower plants is thermopeaking.
Thermopeaking is the change of thermal conditions, most commonly caused by the release of

hypolimnic water from the bottom of reservoirs. It decreases water temperature in summer and
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increases it in winter (Hilsenhoff, 1971; Ward and Stanford, 1979; Raddum, 1985; Moog, 1993
Maiolini et al. 2007; Carolli et al., 2012; Bruno et al. 2013). Thermal wave usually occurs
shortly after the increase of discharge (Toffolon et al., 2010), which is an additional stressor for
river biota (Bruno et al., 2013).

There have been separate experiments on the effects of hydropeaking on macroinvertebrates,
as well as thermopeaking. Finally, the effects of hydro- and thermopeaking were observed
simultaneously, showing the greatest impact as a result. This combination is also the only one

in natural field situations, where hydropower plants are present (Bruno et al., 2013).

In addition, modified water qualities (temperature, oxygen and nutrients, loss of system
dynamics, and loss of the ability to maintain continuity of an ecosystem) result in ecologically
modified river systems. Modifying the ecosystem also changes the biochemical cycle in the

natural riverine system.

1.1.4 General effects on stream biota

Fluctuations in discharge and the corresponding potential changes in flow forces can have
dramatic effects on lotic organisms and community structure (Welcomme, 1985), especially

during spates.

Hydropeaking can affect macroinvertebrates directly by inducing faunal drift (Troelstrup and
Hergenrader, 1990). It also influences them indirectly by modifying available food resources
(Bohle, 1978; Anderson and Cummins, 1979; Moog and Janecek, 1991) and making changes
in species composition, density, biomass and migration patterns (Moog, 1993; Blinn et al.,
1995; Céréghino and Lavandier, 1998; Céréghino, 2002; Bruno et al., 2010).

1.2 DRIFT

Drift is the downstream transport of aquatic organisms in the current. It was discovered
accidentally by investigating the drift of terrestrial insects that had fallen into a stream
(Needham, 1928). Drifting is only a temporary event in the life of numerous members of
bottom fauna (Waters, 1972), but the cause and timing of drifting events differ. Even though it
is a normal everyday occurrence in lotic systems, it is usually connected to floods. Drift varies

daily as well as sesonally.



Invertebrate drift often exhibits a distinct diel periodicity (Tanaka, 1960; Miiller, 1963; Waters,
1972). From observations that many species exhibit drift periodicity throughout their life cycle,
it would seem most likely that foraging is the main factor in periodic behaviour. It is not certain
that circadian rhythms and some other external factors affect periodicity, but it seems likely that
endogenous locomotory rhythms are present to some degree. They are also connected to some
environmental agents like light intensity (Waters, 1972). Most of the animals found in drift are
active at night. Those nocturnal drifters show a distinctive pattern. The most common one
consists of two peaks: one just after sunset, and a smaller one just before sunrise (Miiller 1965).
This latter pattern was documented in Baetis, Simuliidae, Turbellaria and Chironomidae
(Waters, 1972; Cowell and Carew, 1976). Many species simply show an unorganized drift
increase at night, without a well-defined pattern (Brittain and Eikland, 1988). In the presence
of fish chemicals, some animals are active only at night, for example Rhyacophila, whereas no

periodicity was detected without the presence of fish chemicals (Huhta et al, 1999).

Regarding seasonal varieties, in temperate regions drift is usually the lowest in winter (McLay,
1968; Clifford, 1972a). In tropical and sub-tropical streams, annual variations are less apparent
or even non-existent (Hynes, 1975). In mountain regions, drift is similar during most months,

showing a slight increase towards the end of the rainy season (Turcotte and Harper, 1982).

In addition to daily and seasonal changes, different densities in drift have been documented
throughout a life cycle or different size classes of invertebrates (Waters, 1972; Statzner, 1984;
Cellot, 1989). Moreover, drift rate changes among taxa (Elliot, 1967 and 1971; Statzner and
Holm, 1982; Brittain and Eikland, 1988; Waringer, 1989; Oldmeadow et al., 2010). Particular
taxa, for example some Ephemeroptera, Plecoptera, Trichoptera, Chironomidae and Simuliidae,
due to their frequent drifting represent common drift features (Bishop and Hynes 1969; Brittain
and Eikeland 1988; Imbert and Perry, 2000).

Another division of drift is based on its cause, grouping it into behavioural or active, constant
or passive and catastrophic drift (Waters, 1972). Firstly, behavioural drift is the drift that occurs
at night, or some other consistent period of the day, resulting from a behaviour pattern
characteristic for certain species (Waters, 1972). It is a voluntary drift (Huhta, Muotka and
Tikkanen, 2000; Miyasaka and Nakano, 2001) and it happens indirectly as a result of animal
activity, such as avoiding predators (Miiller, 1974). Constant drift is defined as the continuous
stream of representatives of all species in low numbers and occurring at all times (Waters,

1972). It is also called background drift, and it happens due to accidental dislodgement from



the substrate. Catastrophic drift results from the physical disturbance of the bottom fauna,
usually by flood events and consequent bottom scouring, but also by other factors such as
drought, high temperature, anchor ice, pollution, and insecticides (Waters, 1972). It is
involuntary and accidental, with high and low discharge variations that are often caused by
man-made water regulations (Minshall and Winger, 1968; Gore, 1977). Gibbins et al. (2007)
argue that without information on the survival or fecundity of animals entrained and carried
downstream, it is not possible to say whether a given episode of drift is actually catastrophic
for invertebrate populations. Thus, defining catastrophic drift simply as a marked change from
the background rate, triggered by bed instability, does not deal with the ecological
consequences of displacement. Until the population consequences of drift are fully understood,
the term ‘mass drift’ is suggested to be used to describe large increases in drift associated with

periods of increased discharge (hydropeaking).

Furthermore, certain authors mention another classification with distributional drift as a method
of dispersal, distribution and an inherent part of the life cycle of numerous species (Miiller,
1973; Minshall and Petersen 1985; Moser and Minshall, 1996; Matthaei et al., 1997).

It is seldom possible to categorize drift precisely into all these types. There are numerous
classifications, as well as frequently contradicting views on how to divide and distinguish
different types of drift (Elliot, 1967; Bogatov, 1988; Poff et al., 1991; Gibbins et al., 2007).
Nevertheless, it is clear that macroinvertebrates drift not only naturally, but also as a result of
humans and man-made influences like hydropeaking.

1.3 HYDROPEAKING AND DRIFT

1.3.1 Adaptations and species-specific traits

A common anthropogenic cause of increased drift is hydropeaking. Hydropeaking does not
necessarily reduce species diversity (Moog, 1993; Céréghino, 2002) since some species are
adapted to high flow velocities. A trait is defined as a characteristic that reflects a specie’s
adaptation to its environment. (Menezes, 2010) Traits are usually divided into two categories:
biological traits (for example life cycle or physiological and behavioural characteristics such as
maximum body size, lifespan, feeding and reproductive strategies, mobility, etc.) and
ecological traits (related to habitat preferences, like pH and temperature tolerances, tolerance

to organic pollution, biogeographic distribution, etc.) (Menezes, 2010).



A clear example of morphological adaptation is Ephemerellidae and Heptageniidae with their
robust forms and flat or cylindrical body shapes (Moog, 1993; Céréghino, 2002). Another
example is Rhyacophila, which has claws to grab onto the sediment (Céréghino, 2002). A
representative case of biological adaptation is the high fecundity of stream invertebrates. For
example, mayflies have 500 to 3000 eggs (Brittain, 1982) and Baetis rhodani up to 4,500 eggs
(Elliott and Humpesch, 1980). Furthermore, there is an upstream movement of female imagoes
to lay eggs, compensating the downstream drift in aquatic stages, which is called the
colonization cycle (Miiller, 1954, 1982). Moreover, it has been reported that the drift of Baetis
nymphs decreases with increasing current velocities (Corkum et al., 1977; Bird and Hynes,
1981). This can be explained by finding protection from the current within the substrate
(Lehmkuhl and Andersen, 1972). Leptophlebiidae and Leuctridae (Moog, 1993) represent
another example of behavioural adaptation. Nymphs of the stonefly Peltoperla maria leave the
leaf packs and enter the inorganic substrate during increasing flows, which makes them less
vulnerable to catastrophic drift (Elwood and Cushman, 1975). This might also account for their

rapid recolonization after floods.

Although hydropeaking is caused by human influence, different macroinvertebrates have
developed various traits in order to adapt to the challenges of high flow velocity. Substrate

preference plays an important role in this adaptation as well.

1.4 SUBSTRATE

1.4.1 Substrate preference of macroinvertebrates

Invertebrate density and taxonomic richness both increase as substrate size increases from sand
to cobbles (Minshall 1984; Jowett and Richardson 1990). Current velocity required to disturb
a substrate particle increases with particle diameter above the silt-sand range (Carson and
Griffiths 1987; Ashworth and Ferguson 1989). Hence, larger particles provide a more stable
habitat for invertebrates. Smaller interstitial spaces of gravel beds are expected to retain finer
paniculate organic matter (Parker 1989), which may account for the greatest abundance of
detrital-feeding oligochaetes. Simultaneously increased water turbulence and bed roughness are
expected to reduce the thickness of boundary layer. This is a low-velocity region that exists just
above stone surfaces (Smith 1975; Davis 1986). It increases the exchange of dissolved gases,
nutrients, and organic matter between bulk flow, stone surfaces and interstitial water

influencing invertebrates (Statzner 1981). Thus, at a given current velocity, coarser substrates



are expected to provide a more suitable habitat for invertebrates with high oxygen requirements,
such as some Plecoptera, Ephemeroptera, and Trichoptera (Nebeker 1972; Wiley and Kohler
1980).

On the one hand, areas of larger substrates have a greater bed stability and exchange of water
between the bed and water column, so it is expected that filter-feeding invertebrates will favour
these habitats. On the other hand, rougher substrates cause greater small-scale variability in
stone-surface current velocities (Davis 1986), whereas gravel-boulder-sized beds provide a
more complex three-dimensional habitat than silty, sandy or bedrock areas (Minshall 1984).
Both result in a greater range of microhabitats and more refuges from predation by other
invertebrates, fish (Brusven and Rose 1981), and from scouring during high flows (Williams
and Hynes 1974; Cowie 1980). Habitat diversity and the presence of refuges are expected to
contribute to greater taxonomic richness, invertebrate biomass and densities in rivers with
gravel when compared to cobble/boulder dominated beds (John M. Quinn and Christopher W.
Hickey 1990).

In a nutshell, different macroinvertebrates express their preferences of substrate size depending

on their feeding mode, water quality requirements, as well as biotic interactions.

1.4.2 Sediment roughness

Bed roughness develops due to stream surface relief at the base of a flowing fluid, exerting a
frictional effect on the flow in the stream. Bed roughness can be described as smooth or rough,
depending on whether sediment particles go through the viscous sublayer at the base of the flow
or not. Roughness generally increases with increasing particle size. Grain roughness refers to
the shear forces created by sediment particles at the flow boundary. Grain roughness can be the
dominant component of the bed roughness when streambeds consist of gravel or cobbles (Singh
etal, 2011).

Bed roughness influences properties of average flow, turbulence, flow resistance and bed
particle motion. In addition, the effect of bed roughness is one of the key problems in
understanding near-bed processes important for benthic organisms (Nikora et al, 1998).

Benthic macroinvertebrates use sheltered locations under rocks and in the interstitium to avoid
extreme hydraulic conditions (Lancaster and Hildrew, 1993; Boulton et al., 1998; Matthaei,
Peacock and Townsend, 1999) and predators (Hildrew and Townsend, 1977). Even though

substratum can provide refuge from hydraulic stress, near-bed flow forces still determine the



presence or absence of invertebrates in a specific hydraulic environment. They have to leave
refuge in order to feed, which makes them subjected to stronger hydraulic forces (Statzner,
1981).

Near-bed hydraulic parameters that are important for benthic macroinvertebrates can be
calculated from a combination of substratum roughness, mean velocity, depth and kinematic
viscosity. These parameters can also be measured directly from shear stress and velocity,
substrate particle size or heterogeneity. They are good predictors of benthic invertebrate
distribution (Statzner et al., 1988). Therefore, any hydrological change (like hydropeaking) that
leads to an increase in shear stress or other parameters, potentially reduces the availability of

suitable microhabitat for some species, but can also increase it for other species (Gore, 2001).

1.4.3 Shear stress and the channel bed

Various studies have shown that shear stress is one of the major factors that influence micro
distribution patterns of benthic invertebrates (Statzner et al., 1988; Peckarsky et al., 1990;
Lancaster and Hildrew, 1993; Mobes Hansen and Waringer, 1998). Energy required by
macroinvertebrates to withstand flow and resist detachment from the bed is more related to the

shearing forces of water than its velocity (Statzner and Borchardt, 1994).

Shear stress starts bed-load movement and sediment transport. When the drag force of flowing
water against a rock is greater than the gravitational force holding it in its place, the rock begins
to move. Lavelle and Mofjeld (1987) claim that the range of bed shear stresses for weak particle
motion is indefinitely wide, and that because of that there is a conceptual flaw in the assumption
that a definite threshold condition can be defined. It is true that the weaker the flow, the smaller
the number of bed particles that are moved by the flow, per unit time and per unit area of the
bed, but the lower limit for any particle motion is indefinite (Lavelle and Mofjeld, 1987; John
Southard, 2006). It has been observed that the critical shear stress for initiation of particle
movement on a rippled bed is greater than for that on a plane bed, although the mean velocity
of flow is lower This can be explained by the fact that ripples create form resistance, which

contributes to most of the measured average bottom shear stress (John Southard, 2006).

Bed characteristics depend on main flow variables like depth, velocity and sediment size. These
hydraulic variables are, however, in turn strongly dependent on bed configuration and its
roughness (Leo van Rijn, 2017). Coarse sediments can withstand higher shear stress than finer
sediments before being moved downstream. (Table 1).



Table 1. Critical shear stress by particle-size classification for determining approximate
condition for sediment mobility at 20 °C. (Modified from Berenbrock, C., & Tranmer, A.W.,
(2008). Simulation of flow, sediment transport, and sediment mobility of the Lower Coeur
d’Alene River, Idaho. U.S. Geological Survey Scientific Investigations Report 2008-5093,
43.).

Particl Critical bed

article Ranges of particle | shear stress
classification . :

diameters in mm
name
(N/m?)

Coarse cobble 128 — 256 112 - 223
Fine cobble 64 — 128 53.8 - 112
Very coarse gravel | 32 — 64 25.9-53.8
Coarse gravel 16 - 32 12.2-25.9

Both near-bottom flow forces, expressed as shear stress, and the physical characteristics of the
habitat, in terms of refugial space, are of great importance during periods of hydraulic
disturbance (Borchardt, 1993). Increased abundance of refugial space reduced the amount of
loss in populations of tested species and resulted in mitigated impacts of critical flow forces.

1.4.4 Hydropeaking induced drift depending on sediment roughness

By changing the water depth and velocity, hydropeaking changes the shear stress (Statzner et
all., 1988). Vertical changes in water velocity produce shear forces that are parallel to the bed.
These shear forces acting on the bed of a channel generate shear stress, which initiates bed load

movement.

Once the entrainment threshold for small material is reached, any larger material present is
being agitated while still not experiencing downstream motion (Schumm and Stevens, 1973;
Carling, Kelsey and Glaister, 1992; Garcia et al., 2007). This agitation may result in

invertebrates losing their hold and being thrown into the water column. In these circumstances,



drift may result from a combination of sediment transport (finer material) and agitation (larger

material).

Even though mass sediment movement is an obvious mechanism that could trigger catastrophic
drift, there are no published field data relating the rates of sediment loss from specific places
on the streambed to drift losses from these locations. It thus remains unclear precisely how
much sediment loss is needed before the drift becomes catastrophic, or whether the sheer

agitation of the sediment is sufficient to start it.

Borchardt (1993) states that in lowland rivers with little refugial space ‘catastrophic drift' events

caused by hydraulic disturbance can be expected before significant substrate movement begins.

In general, substrate roughness elements disrupt flow causing turbulence, eddy formation, and
lowered velocities. In some microhabitats, areas behind and between roughness elements can
experience a considerable reduction in velocities, depending upon both height and spacing of
the roughness elements. Additionally, roughness elements can cause an overall reduction in
shearing forces which may establish favorable microhabitats for organisms requiring velocity
refuges (Way, 1995). In rivers or streams with a bottom of coarse inorganic material, interstitial
spaces within the stream bed serve as important refugia during such critical hydraulic periods
(Schwoerbel,1964; Tilzer, 1968), even under sudden changes of discharge (Borchardt and
Statzner, 1990). However, in lowland running waters the stream bed often consists of fine
inorganic material with very narrow interstices within the substrata. Therefore, this habitat
offers little refugial space to most benthic macroinvertebrates while other habitat structures,

such as woody debris, fulfil this function (Borchardt, 1993).

1.5 KNOWLEDGE DEFICIENCIES AS THE RATIONALE FOR THIS THESIS

In the beginning of 20th century, research was focused more on the physics than biology of
stream invertebrates. Fluid mechanics along with technological innovations helped to integrate
all the above elements in stream ecology with the aim to stress that flow adaptations are much
more complicated than previously thought. Even though stream ecologists have been
addressing this issue for over a century now, they are still far from understanding how stream
invertebrates are adapted to the many different flow conditions they face during their life. The
near-bottom flows they withstand are extremely complex and create such diverse constraints
that the adaptation to all of them is physically impossible (Statzner and Holm, 1989; Statzner,
2008). Nevertheless, scientists are still trying to collect all the data they have on different
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adaptations and traits, and implement them to biomonitoring and environmental protection
(Poff et al., 2010; Menezes, 2010; Culp et al., 2011).

Despite the fact that we know how fish react to hydropeaking and what measures we can take
to protect them, it still has not been clarified how macroinvertebrates respond to it. Therefore,
a better understanding of changes in interconnected parameters is needed. Moreover, aiming to
protect macroinvertebrates first would prove to be a better approach, since it would shelter the
entire ecosystem (Gore, 2001). In order to explain community composition, it is very important
to understand how invertebrate species respond to near-bed hydraulic conditions. In the last few
decades, a lot of attention has been given to complex hydraulic interactions near substratum
and how they influence benthic invertebrates (Statzner et al., 1988; Quinn and Hickey, 1994;
Statzner and Borchardt, 1994; Collier et al., 1995; Lancaster and Mole, 1999). However,
roughness of substratum represents an area that still calls for more detailed research (Mérigoux
and Dolédec, 2004).

1.6 STUDY AIMS

The aim of this study was to test hydropeaking as a stressor and sediment roughness as the
factor that might influence the effects of the assessed stressor.

Research question 1: Is the hydropeaking-induced drift influenced by the different roughness
of the bottom?

Research question 2: Are there species-specific drift patterns related to bottom roughness?
Research question 3: Does bottom roughness affect size classes of drifted organisms?
Based on the literature research the following hypotheses have been proposed:

Hypothesis 1

Drift will be lower in coarse substrates because animals will find shelter easier there, and shear

stress will be lower.
Hypothesis 2

Drifted taxa will differ on different sediment types because they live on different substrata and

in diverse conditions, so they have developed different adaptations as well.

Hypothesis 3

11



We will find mostly smaller sizes of different taxa in the drift, because smaller specimens can
hide in the interstitium more easily. However, they are more numerous than larger specimens
are, so it is expected they could enter the drift purely by chance. Furthermore, they might drift

on purpose as a way of dispersal and colonization of new habitats.

12



2

MATERIALS AND METHODS

2.1 STUDY AREA

The experiments were conducted at a recently established facility called HyTEC
(Hydromorphological and Temperature Experimental Channels). The experimental facility is
located in Lunz am See in Lower Austria, approximately 600 m downstream of Lake Lunz
beside the stream Unterer Lunzer Seebach, which is a natural drain of the lake. HyTEC consists
of two large channels (40 m length, 6 m width) fed with nutrient-poor lake water taken at

different depths to vary water temperature (Fig. 1).

Figure 1. Schematic view of the HYTEC experimental channels, Lunz am See, lower Austria;
(1.) experimental channels, (2.) mixing basins, (3.) measuring station, (4.) pipelines, (5.) intake
surface water, (6.) intake deep water, (7.) mesocosms, (A) flow homogenisation area, (B)

experiment area, (C) sediment, (D) exchangeable drift net.

One pipeline transports water from the depth of 10 meters and the other pipeline from the upper
layer of the lake at 0.75-meter depth. The water from these channels is discharged into the
stream Unterer Lunzer Seebach. Peak flows of up to 600 I/s can be produced several times a
day in order to mimic hydropeaking and extreme floods. Water temperature variations of

approximately 4-7°C between base flow and peak flow can be achieved. Time, duration and
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intensity of a peak can be controlled manually or automatically by programming a fixed
experimental setup. Furthermore, the amount of water taken from the upper or lower pipe can

be chosen, which allows controlling the temperature in the experiments to a certain extent.

To measure drift of macroinvertebrates, experimental boxes called mesocosms were installed
at the inflow of the flumes. Each mesocosm has a test area of 0.25 m?. An additional start-up
length of approximately 150 cm was installed to homogenize flow conditions (Fig. 1). At the
end of each mesocosm, a buffer of 50 cm was installed to lower the flow on the outlet. The
mesocosms were filled with sediments up to 15 cm. Three mesocosms were put in each channel.
An exchangeable drift net was installed at the end of the experimental unit to catch drifted

individuals.

2.2 SAMPLING OF DONOR POPULATIONS

Benthic invertebrates for the experiments were sampled from the nearby stream Bodingbach.
The sediment extracted from the stream Ybbs was first cleaned of specimens and used to fill
the mesocosms. This proved to be an advantage enabling a quick transport and storage of the

animals and the sediment.

The water temperature of the stream Bodingbach was measured 8.9°C and the water during the
experiments was measured to be between 8.6 and 9.3°C, so the animals did not have to deal
with major temperature changes when being inoculated into mesocosms. The stream is a
second-order stream (Strahler order) and it is 750 m to 1000 m above sea level. Its mean yearly

area precipitation is 1.765 mm (Hydrologischer Atlas Osterreichs, 2007).

For each mesocosm, four samples were taken with a 25x25 cm hand net, whereas two samples
were placed near the shore, and two in-stream. The samples were stored in buckets and carefully
transferred into the test zone of the mesocosms. It would have been too time-consuming to
count or sort the taxa in advance, and therefore the samples used for the experiments vary in

taxa abundances.

2.3 EXPERIMENTAL SETUP

Both experimental channels (with three mesocosms per channel) were used for each

experimental arrangement, whereas one channel served as the treatment and the other as the
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control channel. Each experimental arrangement was repeated twice and the control and the
treatment channel were exchanged randomly. This way 6 treatment and 6 control replicates
were gained for each experimental setup. The thing that varied in the arrangements was the
sediment composition and there were three different variations. The first one was a mixture of
akal (0.2 — 2 cm) and microlithal (2 — 6.3 cm), the second one had akal and microlithal, and the
last one was a mixture of microlithal and mesolithal (6.3 — 20 cm).
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35,0

30,0
25,0
20,0
10,0 I I
5,0 |_| I
0,0 L ~I
6.3 9

1.12 1.6 2.24 3.15 5.6
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p
-
o
=}
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grain size (cm)

OAkal_Micro B Micro_Akal B Meso_Micro

Figure 2. Grain size distribution

Table 2. Sediment mixtures used in the experiment, shown in percentages

Akal Microlithal Mesolithal type
SEDIMENT 1 39% 61% 0% Medium
SEDIMENT 2 0% 34% 66% Coarse
SEDIMENT 3 67% 33% 0% Fine

Each experiment consisted of six phases (Fig. 3). First the sampled animals were taken out of
the buckets and put into the mesocosms filled with sediement. After inoculation of the animals,
they were left for 60-minutes to adapt (AT) at a base flow of 2 L per mesocosm. That particular
discharge was chosen due to preliminary tests and observations. Preliminary tests also showed
that initial drift is high in the first 10 minutes and stabilizes after 20 minutes. After the
adaptation time, the base flow was elevated to 20 L/s for each mesocosm by an up ramping
phase (UR) with a water level rise of 1cm/min (total 5.6 min.). The peak flow lasted for 20

minutes. The drift net was changed after 10 minutes (P1) and then after 20 minutes (P2),
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followed by a down ramping phase (DR) of 5, 6 min where the base flow dropped from 20 L

to 2 L per mesocosm. After the discharge had returned to base flow, the experiment was

finished. The remaining (not drifted) animals were removed from the mesocosms by increasing

the discharge again, and by swirling the sediment to flush the animals out. The control channel

was always running with 6 L (2 L per mesocosm) and was fed with water from both the upper

and lower pipe, 50% of each. After each phase, the drift net was exchanged and the animals

were stored in separate, labelled containers with formalin, waiting to be identified in the

laboratory.
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Figure 3. Discharge [I/s] curve during the phases (AT: adaptation time, UR:

upramping, P: peak flow, DR: down ramping) at treatment and control settings
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2.4 LEVEL OF IDENTIFICATION OF MACROINVERTEBRATES

Due to the three different setups that were each conducted twice, with 6 treatment and 6 control
mesocosms containing 6 phases each, there were 216 samples all together in theend (3 x 2 x 6
x 6 = 216). The samples were isolated and the taxa identified. They were identified to genus,
or where possible to species level. Some taxa from the Diptera like Chironomidae, was
identified only to family level. In addition, Oligochaeta and Turbellaria were left at that higher
level of identification. The taxa were also categorized into four size classes (Table 3.) based on
data from prior experiments at the HyTEC facility. After that, the data was organized in Excel

for statistical analysis.

Table 3. Size classes of the macroinvertebrates

Size class A 0-2mm
Size class B 2-5mm
Size class C 5-8mm
Size class D 8+ mm

2.5 STATISTICAL ANALYSES

Since not all experimental units had the same number of macroinvertebrates, drift rates were
used for better comparison. The drift rate was calculated for each taxon by dividing the sum of
all the drifted individuals (sum UR, P1, P2 and DR) by the overall sum of all the individuals
that had participated in the experiment (sum UR, P1, P2, DR and REST). The drift rate was
calculated on taxon, genus, family and order level, as well as for the different size classes and
phases of the experiment. Since not all the animals were identified to species level, the overall
comparisons were done at family level drift rates. All the families that were not present in at
least three experimental units (mesocosms) and with the abundance >10 were excluded from
further analysis. Families Baetidae, Chironomidae, EImidae, Ephemerellidae, Heptageniidae,
Leptophlebiidae, Leuctridae and Nemouridae fulfilled those conditions. To determine whether
hydropeaking had influence on drift rate, Mann-Whitney U-test was used to compare control

and treatment in each sediment type. A Kruskal-Wallis test was used to determine differences
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in control or treatment samples in different sediments. Multiple comparisons of mean ranks for
all groups was used as a post-hoc test to determine between which sediments was the difference

more significant. Those tests were done in Statistica 13.1 software.

A general comparison of all the drifted and non-drifted individuals from all taxa combined
resulted in only one drift rate for control and one for treatment, drift rates for all six replicates
of control and treatment had to be calculated separately in order to be able to compare the drift

rates in Statistica.

RESULTS

3.1 INITIAL RESULTS

After the whole isolation and identification of the samples, the total number of individuals that
had participated in this experiment in all the phases (AT, UR, P1, P2, DR and REST) amounted
to 45,474 (23,332 in control, 22,142 in treatment). 29,013 macroinvertebrate individuals
(14,075 in control and 14,938 in treatment) participated in the analysis, because all the
individuals from phase AT (16,461) had been excluded. The purpose of this whole phase was
for the animals to adapt to the new environment (mesocosm) before the hydropeaking began.

In the end, a total of 12 orders, 54 families, 86 genera, and 107 taxa were found.

In all the units, Diptera, Ephemeroptera and Plecoptera were the most numerous orders (Fig.
4). The percentages of orders in control and treatment in one sediment are quite similar, whereas
the comparison of different sediment types shows distinct discrepancy. Therefore, to get more

accurate results, drift rates were used for the comparison instead of the absolute drift numbers.
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Figure 4. Macroinvertebrate assemblage composition in all 216 samples, from controls and

treatments in three different sediment types (1, 2, 3 — as described in Table 1)

3.2 DIFFERENCES BETWEEN CONTROL AND TREATMENT

3.2.1 General level

Firstly, to determine whether hydropeaking increased the drift in treatment, compared to control
that had only base flow, differences between these conditions were tested by making a general
comparison of all the drifted and non-drifted individuals from all taxa combined. (Fig. 5.) Test
results showed a significant difference (p = 0.000). The difference of drift rates in control and

treatment units is visible from Fig 6.
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Figure 6. Comparison of control and treatment based on drift rates calculated from six replicates

of each from the total of macroinvertebrate individuals

20



Drift rates from the six replicates were also tested for differences between control and treatment
in each sediment type. They were all significant; sediment 1 and 3 had the same p-value (p =
0.013), and sediment 2 had the lowest p-value (p = 0.005).

3.2.2 Effect of hydropeaking on drift of selected taxa

In addition to finding the differences at general level, we wanted to test if hydropeaking
increased drift of specific taxa in treatment units. For this, we did not use actual numbers of
drifted individuals but drift rates since the drift rates show a more accurate state of the effects

of hydropeaking.

3.2.2.1 Order level
First, the testing was done at order level, since most orders were present in all experimental
units in abundances over 10 so those orders were included in the analysis and therefore the

results should show a more exact picture of hydropeaking effects (Fig 7).

The only order that showed significant differences between control and treatment in every
sediment type was Diptera. Coleoptera and Crustacea had the significant p value in sediment 3

and Ephemeroptera in sediments 2 and 3. (Table 4).

Table 4. Mann-Whitney U Test results - comparing control and treatment in each sediment type

separately using order level drift rates

Order Sediment 1 Sediment2 Sediment 3
p-value p-value p-value
Coleoptera 0.936 0.378 0.016
Crustacea 0.936 0.689 0.037
Diptera 0.031 0.031 0.031
Ephemeroptera 0.298 0.008 0.045
Plecoptera 0.471 0.093 0.575
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Figure 7. Comparison of drift rates between control and treatment at order level

Table 5. Number of cases in which an order had a drift rate — maximumm possible 6 x 3 = 18

(participated in the analyses — see materials and methods)

Order Setting Number of cases

Control 14
Coleoptera

Treatment 18

Control 8
Crustacea

Treatment 10

Control 18
Diptera

Treatment 18

Control 17
Ephemeroptera

Treatment 18

Control 17
Plecoptera

Treatment 18

Control 11

Trichoptera
Treatment 15

To find out which genera are responsible for the differences in drift at order level, the relations

of macroinvertebrates in drifted fraction and non-drifted fraction were displayed in figure 8.
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The ones with abundance under 10 individuals have been left out. The displayed graphs show
that in order Coleoptera, genera from the family EImidae are the most abundant ones. In order
Diptera the most abundant one is definitely Chironomidae. Plecoptera has high numbers of
genus Leuctra and family Nemouridae. Order Ephemeroptera has the biggest abundance mainly
of genera Baetis and Serratella. In order Trichoptera the most abundant genus is Allogamus,
although the abundances in the entire order are not high.
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3.2.2.2 Family level

Secondly, the testing was done at family level, because it was expected that lower taxonomic
levels would show more specific hydropeaking effects. Macroinvertebrate families that did not
occur in at least three units in one sediment, with abundance per unit of under 10 individuals,
were excluded from further analysis. Finally, only 11 families were left over from the initial 54.
The drift rates of those families are shown in figure 9. to see the difference between control and

treatment.

The only family that showed a significant difference between control and treatment in all three
sediments was Chironomidae. Nemouridae had the significant difference in sediment 1,
Ephemerellidae and Leucride in sediment 2 and the families EImidae, Ephemerellidae and
Heptageniidae in sediment 3 (Table 6.). The other families from table 6 did not show a

significant difference between control and treatment in any of the sediment types.

Table 6. Mann-Whitney U Test results - comparing control and treatment in each sediment type

separately using family level drift rates

Sediment1 Sediment2 Sediment 3
Family

p-value p-value p-value
Baetidae 0.575 0.810 0.093
Chironomidae 0.031 0.031 0.031
Elmidae 0.689 0.200 0.020
Ephemerellidae 0.936 0.013 0.045
Heptageniidae 0.093 0.128 0.045
Leptophlebiidae 0.936 0.378 0.378
Leuctirdae 0.689 0.020 0.873
Nemouridae 0.031 0.298 0.128
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Figure 9. Comparison of control and treatment drift rates of selected families

Table 7. Number of cases in which a family had a drift rate (participated in the analyses — see

materials and methods)

Family setting Number of cases
. Control 16
Baetidae
Treatment 18
. . Control 18
Chironomidae
Treatment 18
. Control 14
Elmidae
Treatment 18
. Control 16
Ephemerellidae
Treatment 18
. Control 15
Heptageniidae
Treatment 17
Control 9
Leptophlebiidae
Treatment 11
. Control 16
Leuctridae
Treatment 18
. Control 13
Nemouridae
Treatment 9
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3.3 DIFFERENCES BETWEEN SEDIMENTS

3.3.1 General level

Since some taxa have different preferences to sediment types and different adaptations to
staying in those sediments (not drifting away), differences in drift rates were expected on
different sediments. As there were three different substrate compositions tested, in order to
determine which sediment would show higher or lower drift rates for each taxon, their drift
rates were tested separately in order to find out if there were any differences among controls as
well as in treatments in those sediment types. If any differences occurred, this could show some

new taxa sediment preferences or confirm some already reported.

The comparison of drift rates from six replicates indeed showed a significant difference when
comparing controls in different sediment types (p = 0.028), whereas the treatments in different
sediment types had borderline significant difference (p = 0.051). The post-hoc test showed a
significant difference between sediments 1 and 3 in control (p = 0.033) and all the other p values

were not significant. The graphical display of the drift rate differences is shown in Fig. 11.
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Figure 10. Comparison of drifted and non-drifted ratio of total abundance numbers in each of
the sediment types in control and in treatment
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3.3.2 Effect on selected taxa

To determine if the same differences as at general level would be found at lower taxonomic
levels, drift rates were tested in control on different sediment types as well as the treatment on
those sediments. The tests were made on order and family level for the same reasons already
stated in 4.2.1

3.3.2.1 Order level
Diptera had significant differences between sediment types in control and treatment, as well as

Coleoptera and Plecoptera. Ephemeroptera had a p-value under 0.05 when testing the
differences between controls (Table 8). The post-hoc test revealed that in control, the difference
between sediments 1 and 2 was the significant one in Coleoptera and between 1 and 3 in
Diptera. The treatments show a significant difference between sediment 2 and 3 in Coleoptera,

Plecoptera- For Diptera the difference is significant again between sediments 1 and 3 (Table 8).
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Table 8. Kruskal-Wallis test and post hoc test — comparing differences in drift rates on order level between sediments for control and treatment

separately
Control
Kruskal-
_ Post-hoc
Wallis
Order
p-value 1-2 2-3 1-3
Coleoptera 0.028 0.026 0.237 1.000
Crustacea 0.587 1.000 1.000 1.000
Diptera 0.001 0.155 0.223 0.001
Ephemeroptera | 0.047 0.060 0.175 1.000
Plecoptera 0.045 0.198 0.052 0.198
Trichoptera 0.583 1.000 0.991 1.000

Treatment
Kruskal-
) Post-hoc
Wallis
Order
p-value 1-2 2-3 1-3
Coleoptera 0.029 0.838 0.024 0.351
Crustacea 0.088 1.000 0.136 0.351
Diptera 0.015 0.198 0.913 0.012
Ephemeroptera | 0.150 0.991 0.155 0.991
Plecoptera 0.025 1.000 0.045 0.069
Trichoptera 0.346 1.000 1.000 0.456
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3.3.2.2 Family level
When testing the difference in control between sediment types, Ephemerellidae had a p-value

<0.05 and Nemouridae was borderline. Elmidae, Ephemerellidae and Nemouridae had a
significant difference in treatments between different sediments. All the other combinations of
families and sediment types had a p-value larger than 0.05 (Table 9). The post-hoc test shows
that in control, the significant difference in Ephemerellidae was between sediments 1 and 2 and
in Chironomidae between sediments 1 and 3. In treatment the significant difference between
sediments 2 and 3 was in Elmidae and Nemouridae and between sediments 1 and 3 in
Chironomidae (Table 9).
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Table 9. Kruskal-Wallis test and post hoc test — comparing differences in drift rates on family level between sediments for control and treatment

separately
Control
Kruskal-
_ Post-hoc
_ Wallis
Family
p-value 1-2 2-3 1-3
Baetidae 0.777 1.000 1.000 1.000
Chironomidae 0.001 0.155 0.223 0.001
Elmidae 0.129 0.136 1.000 0.641
Ephemerellidae 0.007 0.005 0.351 0.351
Heptageniidae 0.762 1.000 1.000 1.000
Leptophlebiidae 1.000 1.000 1.000 1.000
Leuctridae 0.521 1.000 0.768 1.000
Nemouridae 1.000 0.120 0.136

Treatment
Kruskal-
_ Post-hoc
_ Wallis
Family

p-value 1-2 2-3 1-3
Baetidae 0.291 1.000 0.351 1.000
Chironomidae 0.015 0.198 0.913 0.012
Elmidae 0.045 0.838 0.039 0.479
Ephemerellidae 0.032 0.069 0.069 1.000
Heptageniidae 0.483 1.000 0.703 1.000
Leptophlebiidae 0.291 1.000 1.000 0.838
Leuctridae 0.153 0.370 1.000 0.223
Nemouridae 0.005 0.069 0.006 1.000
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Figure 12. Relationships of control and treatment in different sediment types in each of the 11 families that had
participated in statistical analysis: a) Baetidae b) Chironomidae c) EImidae d) Ephemerellidae e) Heptageniidae

f) Leptophlebiidae
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35



a) b)

100% 100%
0% 90%
80% 80%
0% 70%
0% 60%
S0% 50%
0% 40%
0% 30%
121

20% 20%
10% 18 10% > 31

20 28 -

1 2 3 1 2 3

0%

ELMIDAE ELMIDAE
BDRIFT ENO DRIFT WDRIFT ®NO DRIFT
) d)
100% 100%
90% 90%
80% 80%
70% 70%
60% 60%
50% 50%
40% 40%
30% 30%
20% 20%
227
10% iy 10% 223
97
0% * 0% =
1 2 3 1 2 3
CHIRONOMIDAE CHIRONOMIDAE
EDRIET @NO DRIFT EDRIFT ENO DRIFT

36



100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

BAETIDAE

1 2 3 1 2 3 1 2 3 1 2 3

BAETIDAE

1 2 3 1 2 3
EPHEMERELLIDAE HEPTAGENIIDAE

EDRIFT ©ONO DRIFT

EPHEMERELLIDAE HEPTAGENIIDAE
EDRIFT ONO DRIFT

LEPTOPHLEBIIDAE

LEPTOPHLEBIIDAE

37



9)

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0 25 3 / &3
1 2 3 1 2 3

X

()

LEUCTRIDAE NEMOURIDAE
EDRIFT ONO DRIFT

h)

100%
90%
80%
70%
60%
50%
40%
30%
20%
10% =
10
0 . 0
1 2 3 1 2 3

X

()

LEUCTRIDAE NEMOURIDAE
mDRIFT ONO DRIFT
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3.4 EFFECT OF HYDROPEAKING ON SIZE CLASSES IN DRIFT

3.4.1 Differences between control and treatment

To see if hydropeaking had any effect on size classes of a taxon in drift. drift rates of different
size classes at order level were tested, since lower taxonomic levels were not abundant enough.
Those drift rates are shown in Fig 15 and table 9 show that none of the differences between
control and treatment in any size class are significant. Moreover, even in some orders, the
abundance of certain size classes was too small in some experimental units, and therefore they
are not shown in Figure 14 (a, b). Only a few differences between control and treatment in each
sediment were significant: Coleoptera in size class B in the sediment type 3, Diptera in size
class B in all sediment types as well as in size class C in sediment 1 and 3, and finally

Ephemeroptera in size class C in sediment type 3 (Table 11).
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0,4
0,35
0,3
0,25
0,2 [
0,15 [

0,1

) X %

0,05

mii :

Control Treatment

Figure 15. Comparison of control and treatment drift rates on order level size classes of total

macroinvertebrate individuals A=0-2cm;B=2-5cm; C=5-8cm; D=8+cm)
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Table 10. Mann-Whitney U Test — comparing control and treatment units on drift rates of total
abundance of each size class of macroinvertebrates A=0-2cm;B=2-5cm;C=5-8cm;
D=8+cm)

Size class p-value
A 0.318
B 0.270
C 0.103
D 0.563
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Table 11. Mann-Whitney U Test results - comparing control and treatment in each sediment

type separately using order level drift rates of each size class

Sediment Sediment Sediment
Order 1 2 3
p-value  p-value  p-value
Coleoptera a 0.936 0.927 0.200
Coleoptera b 0.810 0.927 0.020
Coleopterac 0.936 0.689 0.936
Coleopterad 0.689 0.337 0.936

Crustacea a 0.689 0.173 0.689
Crustacea b 1.000 0.810 0.066
Crustacea c 1.000 0.936 0.689
Crustacea d 0.689 0.936 0.689
Diptera a 0.873 0.298 0.378
Diptera b 0.031 0.045 0.013
Dipterac 0.008 0.078 0.031
Diptera d 0.378 0.689 0.378

Ephemeroptera a 0.936 0.093 0.093
Ephemeroptera b 0.230 0.093 0.173
Ephemeroptera c 0.873 0.093 0.008
Ephemeroptera d 0.378 0.378 0.378

Plecoptera a 0.689 0.689 0.128
Plecoptera b 0.337 0.575 0.575
Plecoptera c 0.173 0.378 0.689
Plecoptera d 0,810 1.000 0.689

Trichoptera a 0.936 0.378 0.936
Trichoptera b 1.000 1.000 0.262
Trichoptera c 0.378 0.173 1.000
Trichopterad 0.749 0.689 0.631
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3.4.2 Differences between sediments

When testing the differences between sediments, Coleoptera in size class A, Diptera in size
class B, Ephemeroptera in size class A and Trichoptera in size class C were significantly
different in control units. Diptera and Plecoptera in size classes B were significant in treatment
units along with Coleoptera size class B and Ephemeroptera and Plecoptera size class A, which

were borderline significant (Table 12).

The post-hoc test showed that in control the difference between sediment 1 and 2 was
significant in Coleoptera and Ephemeroptera in size class A and between sediment 1 and 3 in
Dipera B. In treatment, the difference between size class 1 and 3 was significant in Diptera and

Plecoptera of the size class B (Table 12).

When testing for differences between sediment types in control and treatment of each size class

the p-value was not signifficant (p = 0.367 for all), even though Fig. 16 suggests otherwise.
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separately

Control
Kruskal-
Post-hoc
Wallis
Order
p-value 1-2 2-3 1-3
Coleoptera a 0.022 0.028 1.000 0.105
Coleoptera b 0.581 0.913 1.000 1.000
Coleoptera c 1.000 1.000 1.000 1.000
Coleoptera d 0.368 1.000 1.000 1.000
Crustacea a 0.368 1.000 1.000 1.000
Crustacea b 0.586 1.000 1.000 1.000
Crustacea ¢ 0.368 1.000 1.000 1.000
Crustacea d 1.000 1.000 1.000 1.000
Diptera a 0.076 1.000 0.390 0.080
Diptera b 0.002 0.155 0.314 0.001
Diptera c 0.840 1.000 1.000 1.000
Dipterad 1.000 1.000 1.000 1.000
Ephemeropteraa | 0.007 0.005 0.351 0.351
Ephemeroptera b 0.473 1.000 0.803 0.951
Ephemeropterac | 0.272 0.479 1.000 1.000
Ephemeropterad 0.120 1.000 0.991 0.991
Plecoptera a 0.120 1.000 0.991 0.991
Plecoptera b 0.113 1.000 0.120 0.529
Plecoptera c 0.291 1.000 1.000 0.838
Plecoptera d 0.586 1.000 1.000 1.000
Trichoptera a 1.000 1.000 1.000 1.000
Trichoptera b 0.986 1.000 1.000 1.000
Trichoptera c 0.035 1.000 0.433 0.433
Trichoptera d 0.954 1.000 1.000 1.000

Table 12. Kruskal-Wallis test and post hoc test - comparing differences in drift rates on order level for each size class between sediments for control and treatment

Treatment
Kruskal-
) Post-hoc
Wallis
Order
p-value 1-2 2-3 1-3
Coleoptera a 0.071 0.086 0.266 1.000
Coleoptera b 1.000 0.052 0.390
Coleoptera c 0.368 1.000 1.000 1.000
Coleoptera d 1.000 1.000 1.000 1.000
Crustacea a 0.368 1.000 1.000 1.000
Crustacea b 0.070 1.000 0.433 0.155
Crustacea ¢ 0.986 1.000 1.000 1.000
Crustacea d 0.588 1.000 1.000 1.000
Diptera a 0.130 0.136 1.000 0.735
Diptera b 0.016 0.281 0.703 0.012
Diptera c 0.716 1.000 1.000 1.000
Dipterad 0.694 1.000 1.000 1.000
Ephemeroptera a 0.080 0.136 1.000
Ephemeropterab | 0.423 1.000 0.768 0.768
Ephemeroptera c 0.222 1.000 0.583 0.314
Ephemeropterad | 0.291 1.000 1.000 0.838
Plecoptera a 1.000 0.175 0.237
Plecoptera b 0.031 1.000 0.105 0.045
Plecoptera c 0.967 1.000 1.000 1.000
Plecoptera d 0.804 1.000 1.000 1.000
Trichoptera a 0.119 0.991 0.991 1.000
Trichoptera b 0.205 1.000 0.703 0.641
Trichoptera c 0.668 1.000 1.000 1.000
Trichoptera d 0.528 0.838 1.000 1.000
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Figure 16. Ratio of drifted and non-drifted individuals of different size classes on different
sediment types: a) control b) treatment
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4

DISCUSSION

4.1 INITIAL RESULTS
Despite the fact that four samples were taken from several locations on the river Bodingbach

for each experimental unit, it seems that the sampling locations were not similar enough. The
assumption was that those locations would have a similar taxa composition and abundance since
two samples were taken near the shore, and two in-stream so if the microhabitat was similar so
should the taxa. However, this did not prove to be the case. That was also the reason why the
abundances were transformed into drift rate to begin with, in order to make the data comparable.
Nevertheless, the macroinvertebrate distribution in experimental units must have affected the

results but it still remains unknown to which proportion.

4.2 DIFFERENCES BETWEEN CONTROL AND TREATMENT BOTH TOGETHER AND
IN DIFFERENT SEDIMENT TYPES

4.2.1 General level

Since control and treatment samples showed a significant difference in drift rates within every

sediment type, it could be that the hydropeaking increases the drift rates regardless of sediment

type.

Expectations that the treatments would differ on different sediment types and the controls would
not because there was no hydropeaking were not proved. There was no need for an increased
drift in controls, no matter what the sediment type was, since there was no hydropeaking. The
controls have a lower p-value so their difference among sediment types is higher than among
treatments. Significant difference between medium and fine substrate in control might indicate

a habitat preference of drifted animals since no increased flow could have made them drift.
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4.2.2 Effects on selected taxa

Within order Coleoptera, the family Elmidae with all of its genera was the only one abundant
enough to account for the differences in sediment types. Since both order and family only
showed a significant difference in sediment with fine particles, we would assume they prefer
finer substrate particles. Nevertheless, the differences in order were significant in both control
and treatment. It is consequently rather difficult to estimate the impact of hydropeaking. Order
Diptera with family Chironomidae displayed the same differences. The order as well as the
family showed a significant difference in all sediment types, as well as in control and treatment

alike. Therefore, we would connect all the differences to the family itself.

Crustacea only had two families, Asselidae and Gammaridae. Since Asselidae were the most
abundant in coarse substrate and Gammaridae in fine substrate, the assumption is Gammaridae
were the ones that made the differences shown in order Crustacea. Gammarid crustaceans
commonly occur in small stream benthos, and are often observed to exhibit high drift rates
along with stream insects. It has been assumed that they swim upstream to compensate for drift.
They have been observed to undertake significant up-stream movements after being displaced
by floods (Minekley, 1964; Waters, 1972). Since Crustacea show a significant difference only
on sediment type 3., the assumption is they prefer habitats with lower particle sizes. This is also
supported by Rees’s findings (1972), namely that in the field Gammarus the preferred substrates
are those with a particle size of 1.6-3.2 cm. It should also be considered that neither Asselidae
nor Gammaridae had had high enough abundances in every experimental unit so it could have
altered the Crustacea results.

Ephemeroptera larvae are found in a variety of locations including lakes, wetlands, streams,
and rivers, but they are most common and diverse in lotic habitats (Bouchard, 2004).
Ephemeroptera was the most abundant order, but it did not have any significant differences
between sediments in treatment. Interestingly enough, in control they did. Since they did not
show a significant difference in sediment with medium particles, this sediment could suit them

so much that they do not even feel the effects of hydropeaking.

Plecoptera exhibited differences between sediment types in treatment as well as in control, so
we cannot conclude that hydropeaking had increased the drift, sice they also drifted a lot in
control with base flow. None of the sediment types showed a significant difference between
control and treatment, which is not a surprise considering their usual habitats are rocky, stony

or gravel substrata. Leuctridae and Nemouridae were the most abundant families in that order.
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Trichoptera exploit a diversity of microhabitats thanks to the many ways silk is used to construct
retreats, nets, and cases. Their silk probably accounts for the success of the order as a whole
(Mackay and Wiggins 1979, Wiggins 1996). Even though not all members have this adaptation

to increased flow, it might explain why they had no significant differences in any of the analysis.

Some families are known to be good swimmers like Baetidae (Hefti et al. 1989, Weninger
1968), so the hydropeaking flow might not have been strong enough to make them drift more.
Baetis, the most frequent genus in the family Baetidae in this experiment, is usually very
abundant in drift. They are also very good swimmers and they have a streamlined body (Poff,
2006), so they might not have entered the drift in higher numbers when the hydropeaking

occurred. Therefore, they showed no significant difference in any of the analyses.

Family Chironomidae is described as the most susceptible of all drifting invertebrate groups to
spate (Anderson and Lehmkuhl 1968; Jones 1951; Richardson 1928), since the larvae, once
dislodged and in the water column, are incapable of a rapid return to the substrate (Elliott 1971b;
Elliott and Bagenal1972). Expectations that they would be present in drift in high numbers were
confirmed. Poff (2006) claims they are abundant, if not dominant in drift samples. Even though
they form a large proportion of the drift, their numbers are usually small in comparison with
the numbers left in sediments (Davies, 1976), which corresponds to the number of not drifted
Chironomides in this experiment. Nevertheless, drift is usually not a big problem for the
Chironomidae, because larvae compensate for downstream drift by means of non-random
positive directed behaviour against a current called rheotaxis (Bishop and Hynes 1969b; Elliot
1971c).

Members of the family EImidae are usually common in drift, maybe because they cannot swim.
Moreover, they are not streamlined and are smaller than 9mm in size (Poff, 2006). Adults can
be found crawling on stones and wooden debris in the riffle zones of freshwater streams. Some
occur in the depositional zones of streams, on softer sediments, and some are amphibious and
feed along the streams banks. Larvae are strictly aquatic, but otherwise share the same habitats
as adult ones. (Brown, 1991; McCafferty, 1983; White and Brigham, 1996). This might explain
why they drifted more in sediment with fine particles; which might not have been fine enough
for EImidae, especially combined with increased flow. The significant difference in treatment

units proves that hydropeaking caused the increased drift of the family.

Even though family Ephemerellidae is found in all sizes of flowing streams on different types

of substrates where there is reduced flow, the only sediment they did not show significant
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difference on was the substrate with medium size particles. Therefore, we could conclude that
the mixture of sediment particles did not suit the family members, possibly due to the fact they

are often found on leaf packs, and the smaller particles might not have held the leaves in place.

Some Heptageniidae larvae are poor swimmers, so they should have been present in drift in
greater numbers in hydropeaking treatments. However, they have an adaptation to high flow
with their flattened bodies, which allow them to cling to rocks (Macadam, 2004). Mayflies of
the family Heptageniidae are widespread in streams with abundant firm substrate, often found
on cobbles, submersed vegetation or logs and leaf packs. Since they only showed a significant
difference on finer substrate, the assumption would be that this sediment type does not suite
them because it is not firm enough, or that in this experiment something yet unknown had made

them drift more on this sediment mixture with increased flow.

Leptophlebiidae larvae occur in a variety of habitats including lakes, ponds, and swift and slow
flowing streams alike. They are found on rocks and gravel, leaf packs, and submerged roots
(Bouchard, 2004). Since they did not show a significant difference in any of the sediment types,
or even when comparing control and treatment units, we assume they tolerate a wide range of
particle substrate sizes, or have developed some very effective adaptations to hydropeaking
(Bouchard, 2004).

Leuctridae are vulnerable to dislodgement. A relative abundance decrease occurs in patches of
high mean flow while their typical microhabitats are low-flow microenvironments. They have
a gill- less, long thin body shape, which makes them well adapted to life in interstitial spaces
between stones, where they feed on fine particles of detritus and algae (Lancaster and Waldron,
2001). They probably rarely encounter high shear stress (Lancaster and Belyea, 2006).
Nevertheless, they showed a significant difference only on coarser substrate. Since they tend to
hide from increased flow in the substrate, we assume the interstitium in treatment units of that
sediment type was accidentally clogged with algae or fine sediment from the lake, which made

them drift more on that sediment.

Nemouridae are most frequently encountered in leaf packs and in riparian debris in fast water
with a coarse substrate (Key to Aquatic Macroinvertebrates in Utah, n.d.) so the fact that they
showed a significant difference in medium sized substrate could be explained by that sediment
being too fine for them. They also displayed a significant difference when comparing treatments
between sediment types, so the conclusion would be that the hydropeaking made them drift

differently on different substrates even though they live in fast waters.
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4.3 EFFECT OF HYDROPEAKING ON SIZE CLASSES IN DRIFT

It was not able to detect clear effects of hydropeaking on size classes in drift. Animals in some
size classes were just not abundant enough even at order level, which could have altered the
final results. Some species never outgrow some size classes, so they do not occur in other size
classes like for example Caenidae that grow up to 8mm, so they do not occur in size class D
(Bouchard, 2004). Some belong to a different size class only during some seasons (life cycles)
and therefore not all size classes of a taxon were present when sampled. Not all size classes of
an order were present in the same abundance. That is why it would be hard to make any
assumptions and draw any conclusions from the results of the size class analysis, even though
there have been reports from the field that specific size distributions in relationship to flow are

caused more or less directly by flow forces (Statzner 1981, 1989; Statzner and Bittner 1983).

4.4 EXPERIMENT IMPERFECTIONS
There is an infinite number of factors and possible problems that need to be considered when

conducting any experiment. They cannot all be addressed. This experiment certainly had some
imperfections. However, it showed some shortcomings that could be prevented in future
experiments, like higher abundance per experimental unit as well as more experimental units
to get more confident results. Another improvement would be a more homogenous sampling in
order for the data to be more comparable. The algae that came with the water from the lake
could also have been a factor that increased or decreased the drift by clogging the interstitium
or by tangling individuals. This could be solved using bars or nets that would stop the strings
of algae before they reach the mesocosms. Due to all these reasons, it is hard to draw definite
conclusions. Nevertheless, our experiments have shown some results with significant

differences so those can be a starting point for new experiments.
To summarise:

Research question 1: Is the hydropeaking-induced drift influenced by the different roughness
of the bottom? Hypothesis that the drift will be lower in coarse substrates because animals will

find shelter easier there, and the shear stress will be lower proved to be true.

Research question 2: Are there species-specific drift patterns related to bottom roughness?
Hypothesis that the drifted taxa will differ on different sediment types because they live on
different substrata and in diverse conditions, so they have developed different adaptations as

well, also proved to be true. To what extent and the reasons why still have to be explained.
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Research question 3: Does bottom roughness affect size classes of drifted organisms?
Hypothesis that we will find mostly smaller sizes of different taxa in the drift, because smaller
specimens can hide in the interstitium more easily. However, the fact that they are more
numerous than larger specimens, it is expected they could enter the drift purely by chance, was
also taken into consideration. Furthermore, the fact that they might drift on purpose as a way of
dispersal and colonization of new habitats was also considered. This hypothesis could not be
confirmed or rejected because only a few orders showed a significant difference in some size

classes.
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5

CONCLUSION

Significant differences have been found between control and treatment experimental
units when testing total drift numbers, which shows that hydropeaking increases drift
regardless of sediment type.

Significant differences have also been found between control and treatment units in
different sediment types, which shows that substrate roughness affects drift rates.
Some taxa exhibited significant differences in drift rates on different sediment types but
the reasons for those differences are still not determined.

The differences between sediment types when testing different size classes have not
been found neither in control nor treatment units.

Other factors were tested in similar experiments in this facility. Some of them, like
temperature, showed a greater impact on drift. Therefore, we would conclude that the
sediment type has a minor effect on the drift in comparison with other factors. More
studies are required in order to test the connections between sediment types and

increased drift resulting from hydropeaking.

52



6 REFERENCES

Anderson, N. & Cummins, K. (2016). Influences of Diet on the Life Histories of Aquatic Insects -
Journal of the Fisheries Research Board of Canada. Journal Of The Fisheries Board Of

Canada. Retrieved from http://www.nrcresearchpress.com/doi/abs/10.1139/f79-052

Anderson, N. H., & Lehmkuhl, D. M. (1968). Catastrophic drift of insects in a woodland

stream. Ecology, 49(2), 198-206.

Ashworth, P. J., & Ferguson, R. I. (1989). Size selective entrainment of bed load in gravel bed

streams. Water Resources Research, 25(4), 627-634.

Berenbrock, C., & Tranmer, A.\W., (2008). Simulation of flow, sediment transport, and sediment

mobility of the Lower Coeur d’Alene River, Idaho. U.S. Geological Survey Scientific

Investigations Report 2008-5093, 43.

Bird, G. & Hynes, H. (1981). Movement of immature aquatic insects in a lotic habitat.

Hydrobiologia, 77(2), 103-112. Retrieved from http://dx.doi.org/10.1007/bf00008868

Bishop, J. E., & Hynes, H. B. N. (1969). Downstream drift of the invertebrate fauna in a stream

ecosystem. Archiv fur Hydrobiologie, 66, 56-90.

Bishop, J. E., & Hynes, H. B. N. (1969). Upstream movements of the benthic invertebrates in the

Speed River, Ontario. Journal of the Fisheries Board of Canada, 26(2), 279-298.

Blinn, W., Shannon, J., Stevens, L., & Carder, J. (1995). Consequences of Fluctuating Discharge
for Lotic Communities. Journal Of The North American Benthological Society, 14(2), 233-

248. Retrieved from http://dx.doi.org/10.2307/1467776

53



Bogatov, V. V. (1988). Classification of Stream Benthos Drif. Hydrobiological Journal, 24(l), 29-

33

Bohle, H. W. (1978). Relation Between Food-Supply, Drift and Microdistribution Of Larvae Of
Baetis-Rhodani-Investigations In A Stream Model. Archiv fur Hydrobiologie, 84(4), 500-

525.

Borchardt, D. (1993). Effects of flow and refugia on drift loss of benthic macroinvertebrates:
implications for habitat restoration in lowland streams. Freshwater Biology, 29(2), 221-

2217.

Borchardt, D., & Statzner, B. (1990). Ecological impact of urban stormwater runoff studied in
experimental flumes: population loss by drift and availability of refugial space. Aquatic

Sciences-Research Across Boundaries, 52(4), 299-314.

Bosco Imbert, J., & Perry, J. A. (2000). Drift and benthic invertebrate responses to stepwise and

abrupt increases in non-scouring flow. Hydrobiologia, 436(1), 191-208.

Bouchard, R.W., Jr. (2004). Chapter 4 ephemeroptera (Mayflies). Guide to Aquatic
Macroinvertebrates of the Upper Midwest: identification manual for students, citizen
monitors, and aquatic resource professionals. 47-61, Water Resources Research Center,

University of Minnesota, St. Paul, MN.

Boulton A., Findlay S., Marmonier P., Stanley E. & Valett H. (1998). The functional significance
of the hyporheic zone in streams and rivers. Annual Review of Ecology and Systematics, 29,

59-81.

Bratrich, C., Truffer, B., Jorde, K., Markard, J., Meier, W., Peter, A., ... Wehrli, B. (2004). Green
hydropower: a new assessment procedure for river management. River Research and

Applications, 20(7), 865-882. Retrieved from http://doi.org/10.1002/rra.788

54



Brittain, J. E. (1982). Biology of mayflies. Annual review of entomology, 27(1), 119-147.

Brittain, J. E., & Eikeland, T. J. (1988). Invertebrate drift - A review. Hydrobiologia, 166 (1), 77—

93.

Brittain, J. E., & Eikeland, T. J. (1988). Invertebrate drift - a review. Hydrobiologia, 166(1), 77-

93.

Brown, H. P. (1991). EImidae (Dryopoidea). In Stehr, F.W. (Eds.), Immature Insects, (2nd ed., pp.

404-407). Dubuque, lowa, U.S.A., Kendall/Hunt Publishing Co

Bruno, M. C., Maiolini, B., Carolli, M., & Silveri, L. (2010). Short time-scale impacts of
hydropeaking on benthic invertebrates in an Alpine stream (Trentino, Italy). Limnologica-

Ecology and Management of Inland Waters, 40(4), 281-290.

Bruno, M. C., Siviglia, A., Carolli, M. & Maiolini, B. (2013). Multiple drift responses of benthic
invertebrates to interacting hydropeaking and thermopeaking waves. Ecohydrology, 6(4),

511-522. Retrieved from http://doi.org/10.1002/ec0.1275

Brusven, M. A., & Rose, S. T. (1981). Influence of substrate composition and suspended sediment
on insect predation by the torrent sculpin, Cottus rhotheus. Canadian Journal of Fisheries

and Aquatic Sciences, 38(11), 1444-1448.

Carling, P. A., Kelsey, A., & Glaister, M. S. (1992). Effect of bed roughness, particle shape and

orientation on initial motion criteria. Dynamics of gravel-bed rivers, 24-39.

Carolli, M., Bruno, M. C., Siviglia, A. & Maiolini, B. (2012). Responses of benthic invertebrates
to abrupt changes of temperature in flume simulations. River Research and Applications,

28(6), 678-691. Retrieved from http://doi.org/10.1002/rra

Carson, M. A., & Griffiths, G. A. (1987). Bedload transport in gravel channels. Journal of
Hydrology (New Zealand), 1-151.

55



Cellot, B. (1989). Macroinvertebrate movements in a large European river. Freshwater Biology,

22(1), 45-55. Retrieved from http://dx.doi.org/10.1111/].1365-2427.1989.tb01082.x

Céréghino, R., & Lavandier, P. (1998). Influence of hypolimnetic hydropeaking on the distribution
and population dynamics of Ephemeroptera in a mountain stream. Freshwater Biology,
40(2), 385-399. Retrieved from http://onlinelibrary.wiley.com/doi/10.1046/).1365-

2427.1998.00353.x/full

Céréghino, R., Cugny, P., & Lavandier, P. (2002). Influence of intermittent hydropeaking on the
longitudinal zonation patterns of benthic invertebrates in a mountain stream. International
Review of Hydrobiology, 87, 47-60. Retrieved from
http://onlinelibrary.wiley.com/doi/10.1002/1522-2632(200201)87:1%3C47::AlD-

IROH47%3E3.0.CO;2-9/abstract

Clifford, H. F. (1972). Drift of invertebrates in an intermittent stream draining marshy terrain of

west-central Alberta. Canadian journal of Zoology, 50(7), 985-991.

Collier K.J., Croker G.F., Hickey C.W., Quinn J.M. & Smith D.R. (1995). Effects of hydraulic
conditions and larval size on the microdistribution of Hydrobiosidae (Trichoptera) in two
New Zealand rivers. New Zealand Journal of Marine and Freshwater Research, 29, 439—

451.

Corkum, L. D., & Pointing, P. J. (1979). Nymphal development of Baetis vagans McDunnough
(Ephemeroptera: Baetidae) and drift habits of large nymphs. Canadian Journal of

Zoology, 57(12), 2348-2354.

Cowell, B. C., & Carew, W. C. (1976). Seasonal and diel periodicity in the drift of aquatic insects

in a subtropical Florida stream. Freshwater Biology, 6(6), 587-594.

56



Cowie, B. (1980). Community dynamics of the bethnic fauna in a West Coast stream ecosystem.

Ph.D. Thesis. University of Canterbury

Culp, J. M., Armanini, D. G., Dunbar, M. J., Orlofske, J. M., LeRoy Poff, N., Pollard, A. I., Hose,
G. C. (2011). Incorporating traits in aquatic biomonitoring to enhance causal diagnosis and

prediction. Integrated Environmental Assessment and Management, 7(2), 187-197.

Cushman, R. M. (1985). Review of Ecological Effects of Rapidly Varying Flows Downstream
from Hydroelectric Facilities. North American Journal of Fisheries Management, 5, 330-

330.

Davies, B. R. (1976). The dispersal of Chironomidae larvae: a review. Journal of the

Entomological Society of Southern Africa, 39(1), 39-62.

Davis, J. A. (1986). Boundary layers, flow microenvironments and stream benthos. In Limnology

in Australia (pp. 293-312). Netherlands: Springer.

Dudley Williams, D., & Hynes, H. B. N. (1974). The occurrence of benthos deep in the substratum

of a stream. Freshwater biology, 4(3), 233-256.
Elliott, J. (1967). Invertebrate drift in a Dartmoor stream. Arch. Hydrobiology, 63, 202-37.

Elliott, J. (1971). The distances travelled by drifting invertebrates in a Lake District stream.

Oecologia, 6(4), 350-379. Retrieved from http://dx.doi.org/10.1007/bf00389109

Elliott, J. M. & U. H. Humpesch, (1980). Eggs of Ephemeroptera. 90 Ann. Rep. Freshwat. Biol.

Assoc, 48, 41-52.

Elliott, J. M. (1971). Upstream movements of benthic invertebrates in a Lake District stream. J.

Anim. Ecol. 40, 235-52.

57



Elliott, J. M., & Bagenal, T. B. (1972). The effects of electrofishing on the invertebrates of a Lake

District stream. Oecologia, 9(1), 1-11.

Elwood, J. W., & Cushman, R. M. (1975). Life history and ecology of Peltoperla maria (Plecoptera:
Peltoperlidae) in a small spring-fed stream. Verh. Internat. Verein. Limnol.(United

States), 19.

Fette, M., Weber, C., Peter, A., & Wehrli, B. (2007). Hydropower production and river
rehabilitation: a case study on an alpine river. Environmental Modeling &

Assessment, 12(4), 257-267.

Garcia, C., Cohen, H., Reid, 1., Rovira, A., Ubeda, X., & Laronne, J. B. (2007). Processes of
initiation of motion leading to bedload transport in gravel bed rivers. Geophysical research

letters, 34(6).

Gibbins, C., Vericat, D., & Batalla, R. J. (2007). When is stream invertebrate drift catastrophic?
The role of hydraulics and sediment transport in initiating drift during flood events.
Freshwater Biology, 52(12), 2369-2384. Retrieved from http://doi.org/10.1111/j.1365-

2427.2007.01858.x

Gore, J. (1977). Reservoir manipulations and benthic macroinvertebrates in a Prairie River.

Hydrobiologia, 55(2), 113-123. Retrieved from http://dx.doi.org/10.1007/bf00021052

Gore, J. A, Layzer, J. B., & Mead, J. C.-M. P. (2001). Macroinvertebrate instream flow studies
after 20 years: A role in stream management and restoration. Regulated Rivers-Research &

Management, 17(4-5), 527-542. Retrieved from http://doi.org/10.1002/rrr.650

Hefti, D. & Tomka, 1. (1989). Comparative morphological and electrophoretic studies on Afronurus
zebratus (Hagen, 1864) comb. n. and other European Heptageniidae (Ephemeroptera),

including a key to the European genera of Heptageniidae. Aquatic Insects, 11, 115-124

58



Hildrew A.G. & Townsend C.R. (1977). The influence of substrate on the functional response of
Plectrocnemia conspersa (Curtis) larvae (Trichoptera: Polycentropodidae). Oecologia, 31,

21-26.

Hilsenhoff, W. (1971). Changes in the Downstream Insect and Amphipod Fauna Caused by an
Impoundment with a Hypolimnion Drain. Annals Of The Entomological Society Of

America, 64(3), 743-746. Retrieved from http://dx.doi.org/10.1093/aesa/64.3.743

Huhta, A., Muotka, T. & Tikkanen, P. (2000). Nocturnal drift of mayfly nymphs as a post-contact
antipredator mechanism. Freshwater Biology, 45(1), 33-42. Retrieved from

http://dx.doi.org/10.1046/].1365-2427.2000.00615.x

Huhta, A., Muotka, T., Juntunen, A. & Yrjo, M. (1999). Behavioural interactions i stream food
webs: the case of drift-feeding fish, Predatory Invertebrates And Grazing Mayflies, 68,

917-927.

Hydrologischer Atlas Osterreichs. (2007) dig HAO - Version 3.0.0., Institut fiir Wasserwirtschaft,

Hydrologie und konstruktiven Wasserbau (IWHW), Universitit fiir Bodenkultur (BOKU)

Hynes, J. D. (1975). Annual cycles of macro invertebrates of a river in southern Ghana. Freshwater

Biology, 5(1), 71-83.
Jones, J. E. (1951). An ecological study of the River Towy. The Journal of Animal Ecology, 68-86.

Jowett, I. G., & Richardson, J. (1990). Microhabitat preferences of benthic invertebrates in a New
Zealand river and the development of in stream flow habitat models for Deleatidium

spp. New Zealand journal of marine and freshwater research, 24(1), 19-30.

Lancaster J. & Mole A. (1999). Interactive effects of nearbed flow and substratum texture on the

microdistribution of lotic macroinvertebrates. Archiv fur Hydrobiologie, 146, 83-100.

59



Lancaster, J., & Belyea, L. R. (2006). Defining the limits to local density: alternative views of

abundance—environment relationships. Freshwater Biology, 51(4), 783-796.

Lancaster, J., & Hildrew, A. G. (1993). Flow refugia and the microdistribution of lotic

macroinvertebrates. Journal of the North American Benthological Society, 385-393.

Lancaster, J., & Waldron, S. (2001). Stable isotope values of lotic invertebrates: sources of
variation, experimental design, and statistical interpretation. Limnology and

Oceanography, 46(3), 723-730.

Lavelle, J. W., & Mofjeld, H. O. (1987). Do critical stresses for incipient motion and erosion really

exist?. Journal of Hydraulic Engineering, 113(3), 370-385.

Lehmkuhl, D. M., & Anderson, N. H. (1972). Microdistribution and Density as Factors Affecting

the Downstream Drift of Mayfiles. Ecology, 661-667

Macadam, C. R. (2004). The Ephemeroptera Of Clackmannanshire. Naturalist Papers, 27, 69.

Mackay, R. J., & Wiggins, G. B. (1979). Ecological diversity in Trichoptera. Annual review of

entomology, 24(1), 185-208.

Maiolini, B., & Bruno, M. C. (2007). The river continuum concept revisited: Lessons from the Alps,
in The Water Balance of the Alps, Alp. Space Man Environ., vol. 3, pp. 67 — 76, Innsbruck

Univ. Press, Innsbruck, Austria

Marty, J., Smokorowski, K., & Power, M. (2009). The influence of fluctuating ramping rates on

the food web of boreal rivers. River research and Applications, 25(8), 962-974.

Matthaei C., Peacock K. & Townsend C. (1999) Patchy surface stone movement during disturbance
in a New Zealand stream and its potential significance for the fauna. Limnology and

Oceanography, 44, 1091-1102.

60



Matthaei, C., Uehlinger, U. R. S., & Frutiger, A. (1997). Response of benthic invertebrates to
natural versus experimental disturbance in a Swiss prealpine river. Freshwater

Biology, 37(1), 61-77.

McCafferty, W. P. (1983). Aquatic entomology: the fishermen's and ecologists' illustrated guide to

insects and their relatives. Jones & Bartlett Learning.

McLay, C. L. (1968). A study of drift in the Kakanui River, New Zealand. Marine and Freshwater

Research, 19(2), 139-150.

Menezes, S., Baird, D. J., & Soares, A. M. V. M. (2010). Beyond taxonomy: A review of
macroinvertebrate trait-based community descriptors as tools for freshwater biomonitoring.
Journal of Applied Ecology, 47(4), 711-719. Retrieved from http://doi.org/10.1111/].1365-

2664.2010.01819.x

M¢érigoux, S., & Dolédec, S. (2004). Hydraulic requirements of stream communities: A case study
on invertebrates. Freshwater  Biology, 49(5), 600-613. Retrieved from

http://doi.org/10.1111/j.1365-2427.2004.01214.x

Minckley, W. L. (1964). Upstream movements of Gammarus (Amphipoda) in Doe Run, Meade

County, Kentucky. Ecology, 45(1), 195-197.

Minshall, G. W. (1984). Aquatic insect-substratum relationships. In V. H. Resh and D. M.
Rosenberg (eds.), The ecology of aquatic insects (pp. 358-400). New York: Praeger

Publishers.

Minshall, G. W., & Winger, P. V. (1968). The effect of reduction in stream flow on invertebrate

drift. Ecology, 49(3), 580-582.

Minshall, G. W., Petersen Jr, R. C., & Nimz, C. F. (1985). Species richness in streams of different

size from the same drainage basin. The American Naturalist, 125(1), 16-38.

61



Miyasaka, H. & Nakano, S. (2001). Drift dispersal of mayfly nymphs in the presence of chemical
and visual cues from diurnal drift- and nocturnal benthic-foraging fishes. Freshwater
Biology, 46(9), 1229-1237. Retrieved from http://dx.doi.org/10.1046/].1365-

2427.2001.00745.x

Mobes-Hansen, B., & Waringer, J. A. (1998). The influence of hydraulic stress on
microdistribution patterns of zoobenthos in a sandstone brook (Weidlingbach, Lower

Austria). International Review of Hydrobiology, 83(56), 381-396.

Moog, O. (1993). Quantification of daily peak hydropower effects on aquatic fauna and manage-
ment to minimize environmental impacts, Regulated Rivers: Research and Management, 8,

5-14.

Moog, O., & Janecek, B. F. U. (1991). River flow, substrate type and Hydrurus density as major
determinants of macroinvertebrate abundance, composition and distribution. Internationale
Vereinigung fuer Theoretische und Angewandte Limnologie. Verhandlungen

IVTLAP,24(3), 1888-1896.

Moser, D. C., & Minshall, G. W. (1996). Effects of localized disturbance on macroinvertebrate
community structure in relation to mode of colonization and season. American Midland

Naturalist, 92-101.

Miiller, K. (1965). Field experiments on periodicity of freshwater invertebrates. In Aschoff, J.

(Eds.), Circadian Clocks, (pp. 314-17). Amsterdam: North-Holland
Miiller, K. (1973). Life cycles of stream insects. Aquilo ser. zool, 14, 105-112.

Miiller, K. (1974). Stream drift as a chronobiological phenomenon in running water

ecosystems. Annual review of ecology and systematics, 5(1), 309-323.

62



Miiller, K. (1982). The colonization cycle of freshwater insects. Oecologia, 52(2), 202-207.

Retrieved from http://dx.doi.org/10.1007/bf00363837

Miiller, K., (1954). Investigations on the organic drift in North Swedish streams. Inst. Freshwater

Res. Drottningholm, 34, 133-148.

Miiller, K., (1963). Diurnal rhythm in organic drift of Gammarus pulex. Nature, 198, 806-807.

Nebeker, A. V. (1972). Effect of low oxygen concentration on survival and emergence of aquatic

insects. Transactions of the American Fisheries Society, 101(4), 675-679.

Needham, P. (1928). A Net For the Capture of Stream Drift Organisms. Ecology, 9(3), 339-342.

Retrieved from http://dx.doi.org/10.2307/1932372

Nikora, V. I, Goring, D. G., & Biggs, B. J. (1998). On gravel bed roughness

characterization. Water Resources Research, 34(3), 517-527.

Olden, J. D., & Naiman, R. J. (2010). Incorporating thermal regimes into environmental flows
assessments:  modifying dam operations to restore freshwater ecosystem

integrity. Freshwater Biology, 55(1), 86-107.

Oldmeadow, D. F., Lancaster, J., & Rice, S. P. (2010). Drift and settlement of stream insects in a

complex hydraulic environment. Freshwater Biology, 55(5), 1020-1035.

Parker, M. S. (1989). Effect of substrate composition on detritus accumulation and
macroinvertebrate distribution in a southern Nevada desert stream. The Southwestern

Naturalist, 181-187.

Peckarsky, B. L., Horn, S. C. & Statzner, B. (1990). Stonefly predation along a hydraulic gradient:

a field test of the harsh - benign hypothesis. Freshwater Biology, 24(1), 181-191.

63



Petts, G., Armitage, P., & Castella, E. (1993). Physical habitat changes and macroinvertebrate
response to river regulation: the River Rede, UK. River Research and Applications, 8(12),

167-178.

Poff, N. L., & Ward, J. V. (1991). Drift responses of benthic invertebrates to experimental
streamflow variation in a hydrologically stable stream. Canadian Journal of Fisheries and

Aquatic Sciences, 48(10), 1926-1936.

Poff, N. L., Allan, J. D., Bain, M. B., Karr, J. R., Prestegaard, K. L., Richter, B. D., Stromberg, J.
C. (1997). The Natural Flow Regime: A paradigm for river conservation and restoration,

BioScience, 47(11), 769-784. Retrieved from http://doi.org/10.2307/1313099

Poff, N. L., Olden, J. D., Vieira, N. K., Finn, D. S., Simmons, M. P., & Kondratieff, B. C. (2006).
Functional trait niches of North American lotic insects: traits-based ecological applications
in light of phylogenetic relationships. Journal of the North American Benthological

Society, 25(4), 730-755.

Poff, N. L., Pyne, M. 1., Bledsoe, B. P., Cuhaciyan, C. C., & Carlisle, D. M. (2010). Developing
linkages between species traits and multiscaled environmental variation to explore
vulnerability of stream benthic communities to climate change. Journal of the North
American Benthological Society, 29(4), 1441-1458. Retrieved from

http://doi.org/10.1899/10-030.1

Quinn J.M. & Hickey C.W. (1994). Hydraulic parameters and benthic invertebrate distributions in

two gravelbed New Zealand rivers. Freshwater Biology, 32, 489-500.

Quinn, J. M., & Hickey, C. W. (1990). Magnitude of effects of substrate particle size, recent
flooding, and catchment development on benthic invertebrates in 88 New Zealand

rivers. New Zealand journal of marine and freshwater research, 24(3), 411-427.

64



Raddum, G. (1985). Effects of winter warm reservoir release on benthic stream invertebrates.

Hydrobiologia, 122(2), 105-111. Retrieved from http://dx.doi.org/10.1007/bf00032096

Rees, C. P. (1972). The distribution of the amphipod Gammarus pseudolimnaeus Bousfield as
influenced by oxygen concentration, substratum, and current velocity. Transactions of the

American Microscopical Society, 514-529.

Richardson, R. E. (1928). The bottom fauna of the middle Illinois River, 1913-1925: its
distribution, abundance, valuation, and index value in the study of stream pollution. Illinois

Natural History Survey Bulletin, 17(12), 387-473

Schmutz, S., Bakken, T. H., Friedrich, T., Greimel, F., Harby, A., Jungwirth, M., ... & Zeiringer,
B. (2015). Response of fish communities to hydrological and morphological alterations in

hydropeaking rivers of Austria. River research and applications, 31(8), 919-930.

Schumm, S. A., & Stevens, M. A. (1973). Abrasion in place: a mechanism for rounding and size

reduction of coarse sediments in rivers. Geology, 1(1), 37-40.

Schwoerbel, J. (1964). Die Bedeutung des Hyporheals fiir die benthische Lebensgemeinschaft der

FlieBgewisser. Verh. Internat. Verein. Limnol, 15, 215-226.

Singh, Vijay P, Singh, Pratap, & Haritashya, Umesh K., (2011). Encyclopedia of Snow, Ice and

Glaciers. Retrieved from http://ecommons.udayton.edu/oeo fac pub/7

Smith, J. D. (1975). Turbulent Structure of the Surface Boundary Layer in an Ice-Covered Ocean.

Washington: Univ Seattle Dept Of Oceanography.

Smith, N. (1971). A History of Dams. London: Peter Davies.

Southard, J. (2006). Introduction to Fluid Motions, Sediment Transport, and Current-Generated

Sedimentary Structures. Retrieved from https://ocw.mit.edu.

65


http://ecommons.udayton.edu/geo_fac_pub/7

Statzner B, Gore J. A. & Resh V.H. (1988). Hydraulic stream ecology: observed patterns and

potential applications. Journal of the North American Benthological Society, 7, 307—360.

Statzner B. (1981). The relation between ‘‘hydraulic stress‘‘ and microdistribution of benthic
macroinvertebrates in a lowland running water system, the Schierenseebrooks (North

Germany). Archiv fur Hydrobiologie, 91, 192-218.

Statzner, B. & Bittner, A. (1983). Nature and Causes of Migrations of Gammar Us Fossarum Koch
(Amphipoda)-a Field Study Using a Light Intensifier for the Detection of Nocturnal

Activities. Crustaceana, 44(3), 271-291.

Statzner, B. & Borchardt, D. (1994). Longitudinal patterns and processes along streams: modelling
ecological responses to physical gradients. Aquatic ecology: scale, pattern and process,

113-140.

Statzner, B. & Holm, T. (1982). Morphological adaptations of benthic invertebrates to stream flow
? An old question studied by means of a new technique (Laser Doppler Anemometry).

Oecologia, 53(3), 290-292.

Statzner, B. & Holm, T. F. (1989). Morphological adaptation of shape to flow: microcurrents
around lotic macroinvertebrates with known Reynolds numbers at quasi-natural flow

conditions. Oecologia, 78, 145-157.

Statzner, B. (2008). How views about flow adaptations of benthic stream invertebrates changed

over the last century. International Review of Hydrobiology, 93(45), 593-605.

Statzner, B., Dejoux, C. & Elouard, J. M. (1984). Field experiments on the relationship between
drift and benthic densities of aquatic insects in tropical streams (lvory Coast). Revue

d'hydrobiologie tropicale, 17(4), 319-334.

66



Tanaka, H. (1960). On the daily change of the drifting of benthic animals in stream, especially on
the types of daily change observed in taxonomic groups of insects. Bull. Freshwat. Fish.

Res. Lab., Tokyo, 9, 13-24.

Tilzer, V. M. (1968). Zur Okologie und Besiedlung des hochalpinen hyporheischen Interstitials im

Arlberggebiet (Osterreich). Arch. Hydrobiol, 65(3), 253-308.

Toffolon, M., Siviglia, A., & Zolezzi, G. (2010). Thermal wave dynamics in rivers affected by

hydropeaking. Water Resources Research, 46(8).

Troelstrup, N. H., & Hergenrader, G. L. (1990). Effect of hydropower peaking flow fluctuations
on community structure and feeding guilds of invertebrates colonizing artificial substrates

in a large impounded river. Hydrobiologia, 199(3), 217-228.

Turcotte, P., & Harper, P. P. (1982). Drift patterns in a high Andean stream. Hydrobiologia, 89(2),

141-151.

Van Rijn, L. (2017). Bedforms and roughness. Retrieved from

http://www.coastalwiki.org/wiki/Bedforms_and_roughness

Ward, J. V., & Stanford, J. A. (1979). Ecological factors controlling stream zoobenthos with
emphasis on thermal modification of regulated streams. In The ecology of regulated

streams (pp. 35-55). Springer US.

Waringer, J. A. (1989). Life cycle, horizontal microdistribution and current resistance of
Allogamus auricollis Trichoptera: Limnephilidae in an Austrian mountain brook.

Freshwater Biology, 22(2), 177-188.

Waters, F. T. (1972). The drift of stream insects. Annual Review of Entomology, 17(7630), 253—
272. Retrieved from

http://www.annualreviews.org/doi/pdf/10.1146/annurev.en.17.010172.001345

67



Way, C. M., Burky, A. J.,, Bingham, C. R., & Miller, A. C. (1995). Substrate roughness, velocity
refuges, and macroinvertebrate abundance on artificial substrates in the lower Mississippi

River. Journal of the North American Benthological Society, 14(4), 510-518.

WCD. (2000). Dams and Development: A new framework for decision-making. Current opinion in
obstetrics & gynecology (Vol.23). Retrieved from

http://doi.org/10.1097/GCO.0b013e3283432017

Webb, B. W., & Walling, D. E. (1993). Temporal variability in the impact of river regulation on

thermal regime and some biological implications. Freshwater Biology, 29(1), 167-182.

Welcomme, R. L. (1985). River fisheries, FAO Fish. Tech. Pap., 262, 1-330.

Weninger, G. (1968). Vergleichende Drift-Untersuchungen an niederdsterreichischen
Fliessgewassern (Flysch-, Gneis-, Kalkformation). Schweizerische Zeitschrift  fiir

Hydrologie, 30(1), 138-185.

White, D. S., Brigham, W. U., & Doyen, J. T. (1996). Aquatic coleoptera. An introduction to the

aquatic insects of North America, 3, 399-473.

Wiggins, G. B. (1996). Trichoptera families. An introduction to the aquatic insects of North

America, 309-349.

Wiley, M. J., & Kohler, S. L. (1980). Positioning changes of mayfly nymphs due to behavioral

regulation of oxygen consumption. Canadian Journal of Zoology, 58(4), 618-622.

68



7

CURRICULUM VITAE
PERSONAL INFORMATION Una Hadziomerovié¢
@ 86h, Sestinski dol, 10000 Zagreb (Croatia)
& +38599 853 7255
™ uhadziom@hotmail.com , uhadziom@gmail.com
9
Sex Female | Date of birth 10/02/1992 | Nationality Croatian
WORK EXPERIENCE m
26/05/2017-Present Guest relation and guest experience agent
EX-ALTO, Zagreb (Hrvatska)
Zavrtnica 17/1, 10000 Zagreb (Croatia)
http://www.ex-alto.hr/?lang=en
Business or sector experiential marketing & tourism services
15/06/2015-01/09/2015 Tourist entertainer
15/07/2014-01/09/2014 EX-ALTO
04/07/2013-01/09/2013 Zavrtnica 17/1, 10000 Zagreb (Croatia)
01/07/2012-01/09/2012 http://www.ex-alto.hr/?lang=en
06/07/2011-20/08/2011 Business or sector experiential marketing & tourism services
23/07/2010-01/09/2010
2010—Present Promotor, Moderator, Hostess
EX-ALTO
Zavrtnica 17/1, 10000 Zagreb (Croatia)
http://www.ex-alto.hr/?lang=en
Business or sector experiential marketing & tourism services
EDUCATION AND TRAINING ]
2014—Present Obtaining Master’s degree in Biology (ECOLOGY AND NATURE
PRESERVATION, MODULE FRESH WATER)
Faculty of Science of the University of Zagreb — Department of Biology
Horvatovac 102A, 10000 Zagreb (Croatia)
https://www.pmf.unizg.hr/en
15/02/2016-15/07/2016 Erasmus plus internship

BOKU (Universitét fiir Bodenkultur Wien) - Department flir Wasser-Atmosphére-

69



2014

2013

20102014

20062010

PERSONAL SKILLS

Mother tongue(s)

Other language(s)

English

German

Spanish

Umwelt (WAU) -Institut fiir Hydrobiologie, Gewéssermanagement (IHG) —
(Department of Water - Atmosphere - Environment (WAU) - Institute of

Hydrobiology and Aquatic Ecosystem Management (IHG)) Gregor-
Mendel-Straf3e 33
1180 Bec (Austrija)

Tel. +43/1/47654 - 0

Erasmus  student  exchange —  summer  semester
UPM (Universidad Politehnica de Madrid) — ETSI Agronomos
Campus Ciudad Universitaria
Avenida Complutense 3
28040 Madrid, Spain
91 336 56 00

http://lwww.upm.es/internacional

Internship — summer semester
Faculty of Science of the University of Zagreb - Division of
Zoology

univ.bacc.biol. (Bachelor degree in Biology)
Faculty of Science of the University of Zagreb — Department of Biology

Horvatovac 102A, 10000 Zagreb (Croatia)
https://www.pmf.unizg.hr/en

High School Il. gimnazija

4, Krizaniéeva, 10000 Zagreb (Croatia)

http://www.gimnazija-druga-zg.skole.hr/

||
Croatian
UNDERSTANDING SPEAKING WRITING
L . Spoken Spoken
Listening Reading interaction production
C2 C2 C1 Cl1 C1
Cl1 C1 B2 B2 B2
DSD B2/C1
A2 A2 A2 A2 A2

Programa de lenguas para la inernacionalizacion, nivel A2 del MCERL

Levels: A1/A2: Basic user - B1/B2: Independent user - C1/C2: Proficient user
Common European Framework of Reference for Languages

70



Communication skills

Computer skills

Other skills

ADDITIONAL
INFORMATION

Conferences

Memberships

References

good communication skills gained through seven years working as a touristic
entertainer (teamwork, moderation, promotion)

Microsoft Office™

DNA extraction
electrophoresis

PCR

phase contrast microscopy
epifluorescence microscopy

dance
aqua-aerobics

ICEB (International Conference on Evolution and Behaviour) 27. —29.11.2015

ISCES’15 (International Student Conference on Environmental Sciences)
13.-15.11.2016

ICEB (International Conference on Evolution and Behaviour) 17. - 19.10. 2014

Aegee (Association desEtatsGénéraux desEtudiants de 1’Europe)

= EX-ALTO, Zavrtnica 17/1 10000 Zagreb, Croatia
= Njivice Hotels and Camp Resort http://www.njiviceresort.com/en/

71



