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ABSTRACT ALL 3 ABSTRACTS SHOULD ENTER ON THE FIRST PAGE
Water temperature is considered one of the most essential regulating parameters in aquatic ecosystems. Water quality and biocoenoses are highly affected by this factor. Because of the intensive interrelations with other physical and chemical parameters, water temperature has a high indicative value when considering the general condition of a river-ecosystem and the intensity of anthropogenic impacts. The measurement-system Te.M.P. allows broadly based surveys on water temperature with relatively little effort.


ZUSAMMENFASSUNG/RESUME/RESUMEN: Die Wassertemperatur als ein anwendbarer Parameter mit hohem Indikationswert für den allgemeinen Zustand eine Flussökosystems, dargelegt am Beispiel der in Oberösterreich.
Die Wassertemperatur ist in Gewässerökosystemen der wesentliche steuernde Parameter für vielfältige biologische Regelkreise. Sie hat großen Einfluss auf die Wasserqualität und die Biozönose von Flüssen und Bächen. Durch die intensiven Zusammenhänge mit vielen anderen Parametern, die chemische und physikalische Beschaffenheit des Wassers bestimmen, eignet sich die Wassertemperatur als Indikator für den Gesamtzustand eines Gewässers sowie. Das praxistaugliche Messystem Te.M.P., die Wassertemperatur kontinuierlich zu erheben. Times New Roman 11
REZUMAT: Temperatura apei ca parametru aplicabil cu mare valoare indicatoare pentru starea unui ecosistem de râu, exemplificat prin râul Trattnach din Austria superioară.
Temperatura apei este, în ecosistemele acvatice, parametrul esenţial ce condiţionează diversele circuite biologice de reglare. Are de multe ori o mare influenţă asţi alţi parametri determinanţi pentru componenţa chimică şi fizică a apei, temperatura apei se pretează ca indicator pentru starea generală a unui corp de apă, precum şi pentru intensitatea intervenţiilor antropogene. Sistemul practic de mă Te.M.P. oferă o posibilitate simplă de mânuire, ce permite măsurarea continuă a temperaturii apei. Times New Roman 11.

INTRODUCTION
Water temperature is a natural function of solar radiation, climate conditions, exchange processes with the environment and the hydrology of the river. Especially the inflow of spring- and ground-water, precipitation and the discharge are highly relevant for the temperature conditions in a river system (Jungwirth et al., 2003; Kromp-Kolb and Gerersdorfer, 2004; Frey et al., 2005). Please use this citations form in all the text
Under natural conditions the water temperature increases from cool spring-influenced head waters to warmer lower reaches in summer time. In winter time, however, the ground water is relatively warm compared to the surface water. Therefore upper reaches are referred to as winter-warm and summer-cold. Studies have also shown that there is a distinct connection between water temperature and fish regions (Kromp-Kolb and Gerersdorfer, 2003; Gumpinger and Scheder, 2008). The maximum morning temperatures correlate to a great extent with the borders of the fish regions. In the upper salmon reaches, the maximum morning water temperatures are fluctuating between 4 and 10 C. In the metarhithral zone the range lies between 10 and 16°C, in the hyporhithral zone between 16 and 20°C, and in the epipotamal zone the maximum morning temperatures can reach more than 21°C.

Even during a day, considerable fluctuations in water temperature can be observed. With increasing distance from the source an increase of the daily amplitudes can be detected. In the middle reaches the daily amplitudes can reach up to 10 C. Further downstream, the bigger water volumes lead to a decrease of daily amplitudes again (Jungwirth et al., 2003).

For the whole aquatic ecosystem the water temperature is one of the most constitutive regulating parameters. Temperature is decisive for the food supply, for the chemical and physical circumstances like the solubility of different gases or the water density, and for the tolerance of organisms towards diseases and parasites. Therefore, the species assemblage and the abundance of species are tightly linked with the water temperature (Jungwirth et al., 2003; Kromp-Kolb and Gerersdorfer, 2003; Frey et al., 2003).

The high dependence of aquatic biocoenoses on the water temperature is due to the fact that nearly all the aquatic species are poikilothermic. The body temperature of fish ranges at about 0.1-1 C above the temperature of the surrounding aquatic environment (Beitinger et al., 2000). Survival, growth and reproduction of an individual are basically strongly regulated by the water temperature and, collaterally, by the interconnected water-parameters. Examples for processes regulated directly by the water temperature are the induction of migrations to spawning habitats or the time required for the development of eggs and fry. This indicates that different species and also different developmental stages of a species show diverse preferences and tolerances towards water temperature.

Therefore, aberrant temperature conditions have various, mainly negative effects on the aquatic fauna. Increasing temperatures result in an increased activity particularly in fish. They are not able to find enough nourishment to obtain their metabolism, and if temperatures exceed a certain threshold value, successful spawning or normal egg development is rendered impossible. The salmonid species are more severely affected than cyprinids. But it is particularly brown trout (Salmo trutta Linnaeus, 1758) and grayling (Thymallus thymallus Linnaeus, 1758) that sport fishers are most interested in. Hence, thermal pollution in lotic systems is not only of ecological, but also of economic interest.

The water temperature is influenced by a variety of natural factors, but human impacts outbalance natural impacts by far. The most common anthropogenic influences are linked to the intensification of the effects of natural energy flows, like changing the hydrologic regime by lowering the discharge, removing the alluvial vegetation or causing punctual impacts. In general, human impacts lead to an increased temperature, only in very few cases to a cooling.

A fundamental value concerning water temperature is the discharge and the volume of the waterbody, respectively. This variable affects the intensity of the diverse impacts on the water temperature decisively. At decreasing discharges the volume also decreases while the water surface-depending on the river-morphology - in most cases remains more or less the same. Therefore, during low flow situations the energy flow from the sun impinges on a similar surface, but on a much smaller volume. This leads to a more rapid warming in the daytime and a faster cooling at night. Particularly in residual flow reaches this phenomenon plays an important role.

Especially the relation between the solubility of oxygen and water temperature has far-reaching consequences. Increasing temperatures go along with a decrease of solute oxygen, but also with an increase of metabolic and other biological processes, which, again, causes a higher oxygen demand. The discrepancy between supply and demand that is caused by thermal loads can lead to threatening situations for aquatic ecosystems.

In the last centuries, people made considerable efforts to control brooks and rivers, for which intensive structural alterations were necessary. Watercourses were canalised and riparian areas were drained. The hydromorphological changes resulted in a wide spectrum of ecological problems. The collateral hydrological alterations are particularly relevant for the temperature regime. The canalisation of a streambed entails the homogenisation of water temperature along the whole cross section (Meier et al., 2004). Transverse control structures lead to a warming in the backwater; in residua flow reaches the small water volume is warmed up faster than at normal discharge in the daytime and cooled down more easily at night (Moosmann et al., 2005; Küttel et al., 2002; Frey, 2003; Meier et al., 2004). In backwater situations the length of the impoundment and the design of the outlet determine the intensity of changes in water temperature. In epilimnic outlets, where warm surface water is redischarged to the river, enormous warming effects can occur downstream of the impoundment. Vice versa, the river water is cooled down if water is fed back from deeper, hypolimnic layers. In such cases the fish fauna can convert from a bioconenosis dominated by cyprinids to a community with high proportions of salmonids in the tailwater.
The intensive use of rivers and their surrounding areas often comes along with a lack of riparian vegetation. Under natural conditions, the shade cast by the alluvial vegetation reduces the influence of the solar radiation und therefore avoids unnatural warming effects. The reduction or removal of the vegetation along rivers is considered one of the biggest anthropogenic interferences on the temperature regime (Moosmann et al., 2005). Particularly at small discharges the enlarged radiation due to clear-cuttings leads to a considerably negative impact.

Furthermore, point source discharges are relevant for the thermal situation of a waterbody. Examples for such impacts are wastewater treatment plants, industrial effluents, as well as ponds and drainages. Precipitation on large sealed areas combined with a rapid run-off to the receiving rivers can also cause thermal peaks, especially in summer (Rossi, 2004).

All the mentioned human impacts are additionally superposed by the global climate change. Studies have already proven that the climate change goes along with the rising of water temperatures, a shift of the fish regions and changes in the biocoenoses, for example by the increased invasion of alien species. It is anticipated that thermophilic species and species with a broad tolerance range can benefit from the expected changes, while species which prefer cool temperatures will have to cope with a loss of adequate habitats. Those species, like most the salmonids are, will be forced to migrate to upstream regions in the future (Kromp-Kolb and Gerersdorfer, 2003; Hari and Güttinger, 2004).

Additionally to problems concerning temperature conditions, interruptions of the longitudinal continuum, the lack of suitable habitats or problems with the sediment transport often occur in anthropogenicall reshaped water bodies in Central Europe. Hence, the water temperature only reflects part of the whole situation. But the authors’ experiences have shown that measuring the water temperature is an appropriate way to get an idea of the general condition of a river and of the intensity of human impacts on such a system.
MATERIALS AND METHODS
The following study is based on the sampling of temperature data by means of a measurement system called Te.M.P. This measurement package was developed by the “Consultants in Aquatic Ecology and Engineering” in Wels (www.blattfisch.at) in cooperation with the Federal Secondary College of Engineering in Steyr. Te.M.P. works with data loggers provided by Maxim/Dallas, which can be programmed and read out by means of a software especially developed for that purpose. The sensors are combined with a battery and have the exact size of a coin cell. They are protected by means of water-tight aluminium or plastic casings (8 x 3.5 cm) (Fig. 1). The advantage of aluminium casings compared to those made of plastic is a better thermal conductivity and hence a more accurate measurement - on the other hand, the costs are higher for metal casings.
Figure 1: The main components of the Te.M.P.-System, a sensor combined with a battery,
a water-tight metal casing and a steel rope to fix the measurement unit. Times New Roman 11 single. Please use for all the figures this text format below them.
The measuring units - consisting of sensors and casings - are fixed in the watercourse using a steel rope that is tied to trees, roots or other immovable structures. Alternatively, they can be put into tubes that have been driven into the bedsediments. This fixing-method is advisable if vandalism or problems with floods are probable to occur. The data loggers can be programmed to measure the water temperature in intervals of minutes, hours or days. A precision of 0.5 C or 0.0625 C can be selected. To sum it up, the measurement system Te.M.P. is easy to apply, low-priced, and allows the sampling of a large amount of data.
The aim of the present study in the river Trattnach in Upper Austria was the collection of data showing the thermal development along the whole river length. The study focused on the different anthropogenic impacts along the river course. In the course of the project conception, morphological, hydrological and point source impacts were identified as sources of thermal pollution in the Trattnach River.

The following project design was chosen: 29 measurement units were installed, 26 of which were put directly into the Trattnach River, one into a small tributary and two into the Innbach River, which merges with the river Trattnach (Fig. 2). The sensors were programmed to measure the water temperature once an hour with a precision of 0.0625°C. The readout was performed by members of the local fishing club at regular intervals of several months. A total of 254.040 single datasets were recorded over the course of one year. After the first assessment cycle some data had to be excluded because of obviously incorrect measurement. It turned out that some units were washed ashore in the course of floods and were then measuring the air temperature instead of the water temperature. Only the comprehensible, correct data was edited in a database. In more than two years around 450.000 single temperature values were sampled using the method described.
The catchment area of the river Trattnach (Fig. 2) covers 196.4 km². The source is situated at an altitude of 620 m a.s.l. The brook flows through a hilly landscape until it merges with the river Innbach at an altitude of 290 m a.s.l., the latter being a direct tributary of the Danube River. The difference in altitude from the source to the mouth of the river Trattnach equals 330 m, its total length is 47 km.

Figure 2: Overview of the project region, localisation of the temperature measuring points
and selected aspects of special interest. Times New Roman 11 single. Please use for all the figures this text format below them.
The mean discharge is indicated with 2.3 m³/s at the water gauge at Bad Schallerbach, upstream of which 184 km² of the catchment are situated (Hydrografisches Zentralbüro, 2008).

Some specific problems can be identified for the type of river the Trattnach represents. It is one in a set of rivers that are situated in the foothills of the Alps and that are - under natural conditions - characterised by a moderate to gentle slope and a winding or meandering morphology. These facts result in slow velocities, diverse bank structures, a high diversity in width and depth and consequentially in large habitat diversity (Wimmer et al., 2007).

Due to their size and location, such rivers are impaired by a variety of human activities. Their potential floodplain provides optimal areas for agriculture and settlement. Hence, the Trattnach River has, like many others of its kind, been forced into a canalised riverbed and is dominated by massive control structures, particularly from the town Hofkirchen to the river mouth. Moreover, the riparian vegetation has been reduced to a minimum or even removed totally.

The fish fauna was especially focused on in this study. Haunschmid et al. (2006) have defined special Leitbilder for different characteristic river stretches in different Austrian bioregions. In the Trattnach River, the brown trout is considered a core species in the whole river reach. From the mouth of a tributary called Rottenbach Brook downstream, the Trattnach River is defined as hyporhithral with the grayling, the burbot (Lota lota Linnaeus, 1758), the stone loach (Barbatula barbatula Linnaeus, 1758), the common minnow (Phoxinus phoxinus Linnaeus, 1758), and the European bullhead (Cottus gobio Linnaeus, 1758) occurring as additional core species. Further important species in this river stretch are, for example, the barbell (Barbus barbus Linnaues, 1758) and the nase (Chondrostoma nasus Linnaeus, 1758) (Haunschmid et al., 2006).

RESULTS AND DISCUSSIONS
The study at hand focussed on a variety of different impact factors. One of them was the retention basin “Leithen”, as it was suspected to represent one of the main impacts on the temperature regime of the Trattnach River. This assumption was substantiated in the course of the project. The basin is not only used as a retention area during floods, but also as a swimming lake, and is therefore permanently connected to the river. The most significant temperature impacts normally occur between May and September, because at that time the water is warmed up intensively by solar radiation. In the basin, water temperatures of more than 29 C were measured in the summer of 2008. The study at hand focussed on a variety of different impact factors. One of them was the retention basin “Leithen”, as it was suspected to represent one of the main impacts on the temperature regime of the Trattnach River. This assumption was substantiated in the course of the project. The basin is not only used as a retention area during floods, but also as a swimming lake, and is therefore permanently connected to the river. The most significant temperature impacts normally occur between May and September, because at that time the water is warmed up intensively by solar radiation. In the basin, water temperatures of more than 29 C were measured in the summer of 2008. The problem is that just the particularly warm surface water is redischarged into the river, thus increasing its water temperature significantly. This influence can be observed over a distance of at least two kilometres. Further downstream, the thermal impact of the retention basin is mingled with effects of other human impacts.

In the summer of 2008, the warming averaged +1.8 K when comparing the mean daily temperatures up- and downstream of the basin (Fig. 3). The maximum difference reached more than +3 K. Compared to the hot and dry summer of 2008, the year 2009 was relatively cool and rainy in Austria. But still, enormous warming effects caused by the basin could be detected in the summer of 2009 (Fig. 4). From May to September, the temperatures downstream of the basin were higher than upstream by +1.38 K on average, the maximum difference of mean daily temperatures reached +2.5 K (Figs. 3 and 4).

This dramatic warming has a huge influence on the whole river. It can be assumed that the whole biocoenosis is affected and its assemblage disturbed.
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Figure 3: Water temperature situation at the retention basin “Leithen”,

mean daily temperatures 2008; (A) natural reach upstream of the retention basin,

(B) directly in the retention basin, (C) downstream of the basin. Times New Roman 11 single. Please use for all the figures this text format below them. All the figures have to have such a thin black frame around like this figure.
The wastewater treatment plant “Wallern” is dimensioned for 65.000 population equivalents. Currently 6.2-6.5 Mio m³ of sewage water per year are discharged into the Trattnach River (Anderwald and Nenning, 2003).
To what extent sewage water impairs the river depends on its ratio to the discharge in the riverbed (Frey et al., 2003). The ratio in wastewater treatment plant “Wallern” averages 1:10. The temperature of sewage water is supposed to lie between 10 C and 20 C throughout the year (Huber and Glasner, 2005). This fact results in different seasonal effects on the water temperature of the Trattnach River downstream of the plant. While the clarified water is warmer than the river water from September to April, the measurements have shown that it is cooler in the summer months. In the summer of 2008 (May-August) the discharge of the plant was colder than the river water by an average of -1.6 K. The maximum difference equalled -5.975 K. Over the course of the rest of the year the mean difference between the warmer water of the wastewater treatment plant and the cooler water of the Trattnach River accounted for +2.9 K (max. +6.863 K). If the temperatures of the river water recorded at the measuring points upstream and averaged -0.12 K, during the rest of the year 2008 +0.33 K (Fig. 5).
Figure 4: Water temperature situation at the retention basin “Leithen”,

mean daily temperatures 2009; (A) natural reach upstream of the retention basin,

(B) directly in the retention basin, (C) downstream of the retention basin. Times New Roman 11 single. If there is a composite image, many images in the picture use A, B, C, .....
These warming and cooling tendencies are overlaid by the influences of precipitation and show distinctive seasonal effects. In summer, warm surface run-off is fed into the waste water treatment plant by means of a combined sewer system. Data has shown that the cooling effect of the plant discharge in summer is correlating negatively with the precipitation. The clarified sewage water is warmed up and has nearly the same temperature as the river water in the case of a rainfall. In spring, the water in the wastewater treatment plant is also warmed up by precipitation. In autumn and winter, however, rainfall leads to a cooling of the water from the sewage plant in comparison to the river water. It can be assumed that the intensity of the influence of the precipitation correlates with the sealing of the soil surface. In urban areas warmer run-off is drained to sewage plants and transported to the receiving rivers.

To sum it up, the wastewater treatment plant “Wallern” causes a cooling of the river water in summer when there is no rain. If there is precipitation, however, the water is warmed up a bit. In all other seasons the influence of the plant tends to result in a warming. Especially the warming during the winter is supposed to have negative physiological effects on fish, particularly on salmonids, as their activities are naturally reduced at that time.
Figure 5: Water temperature situation at the wastewater treatment plant “Wallern”,
mean daily temperatures 2008.

Figure 6: Water temperature development over the river length, mean daily temperatures 2008;

(A) measuring point in a relatively natural reach upstream of the retention basin (42 km upstream of the confluence), (B) measuring point downstream of the retention basin, about 1.1 km downstream of point A, (C) measuring point 19.4 km upstream of the confluence,

(D) measuring point at the confluence.

Apart from the mentioned local impacts, there are further general problems along the whole river system. The massive river draining, the intensive use of the potential floodplain and the lack of riverine vegetation are likewise responsible for changes in the temperature regime of the Trattnach River. Over the whole course a successive warming can be detected especially in the warm seasons. The water temperature increased, for example, in August 2008 by an average of +4.52 K within a river stretch of 42 km (Fig. 6). At the same time in 2009 the warming equaled +4.39 K on average (Fig. 7). In the after noon hours, even much higher singular short-time warming could be observed.

As temperature changes always have an outcome on the biocoenosis, the connection to the fish fauna was of high relevance for the present project. The anthropogenic warming shows the most intensive effects in spring and summer. Therefore, especially those species that spawn in spring, like grayling, nase or barbell, are highly negatively affected. Apart from the adverse temperature conditions they have to cope with further problems like the lack of appropriate spawning habitats, discontinuities along their migration routes or problems with fine sediments.
Figure 7: Water temperature development over the whole river length, mean daily temperatures 2009; (A) measuring point in a relatively natural reach upstream of the retention basin (42 km upstream of the confluence), (B) measuring point downstream of the retention basin, about 1.1 km downstream of point A, (C) measuring point 19.4 km upstream of the confluence.
As mentioned above, particularly salmonids were brought into focus in the course of the study at hand, because they are massively negatively influenced by an increase of the water temperature. The grayling has to cope with problems almost over the whole river length. Especially in the middle and lower reaches, the rapid temperature increase in spring leads to an only small time fence in which spawning is possible; after March, the water temperature exceeds the grayling’s optimum temperature for spawning. Therefore, its reproduction is assumed to be massively constrained in the Trattnach River. Surveys on the fish fauna have verified this assumption (Siligato and Gumpinger, 2004).

The brown trout is considered a core species over the whole course of the Trattnach River. However, in the lower reaches it takes a back seat compared to other species. The massive warming tendencies in the middle and lower reaches, caused by the morphological reshape of the river bed, result in serious problems for this species. In these reaches, thus, the stocking with salmonids turns out to be only possible with an adverse cost-benefit ratio and high loss rates. As salmonids, the naturally predominant fish family in the Trattnach River, cannot cope with the increased water temperature, a shift in the species assemblage was detected in the course of a survey (Siligato and Gumpinger, 2004) and affirmed by informal information from local fishermen.

In summary, the anthropogenic warming of the river Trattnach causes a permanent stress situation for the fish fauna which in turn results in a higher sensibility towards other negative environmental impacts. Eventually, sensitive species are replaced by tolerant ones (Tab. 1 ).
Table 1: The Total Dissolved Solids (TDS), nutrient content and toxicants (mg dm-3) in the Balkhash Lake, with standard deviation, summer 2004. Please use only this table format.
	Variable
	Whole

Balkhash
	Western

Balkhash
	Eastern

Balkhash

	TDS
	2,286.0 ± 236.0
	1,080.3 ± 83.4
	3,436.8 ± 286.7

	NH4
	0.102 ± 0.017
	0.103 ± 0.013
	0.102 ± 0.033

	NO3
	0.945 ± 0.244
	1.379 ± 0.410
	0.492 ± 0.226

	NO2
	0.042 ± 0.011
	0.060 ± 0.013
	0.024 ± 0.016

	P-PO4
	0.017 ± 0.004
	0.011 ± 0.003
	0.023 ± 0.007

	Zn
	0.028 ± 0.009
	0.039 ± 0.018
	0.017 ± 0.002

	Cu
	0.018 ± 0.003
	0.022 ± 0.005
	0.013 ± 0.002

	Cd
	0.0036 ± 0.0002
	0.0028 ± 0.0002
	0.0044 ± 0.0002

	Pb
	0.034 ± 0.003
	0.021 ± 0.002
	0.047 ± 0.004

	Ni
	0.039 ± 0.001
	0.037 ± 0.002
	0.042 ± 0.002

	Co
	0.013 ± 0.001
	0.010 ± 0.0005
	0.017 ± 0.001


CONCLUSIONS Times New Roman 11 single
Our rivers are exposed to a wide range of different human impacts. These impacts have different consequences which interact and mingle in the aquatic ecosystem. Therefore it is difficult to identify and separate different causes (Küttel et al., 2002).
But it is scientifically approved that the water temperature is one of the most important abiotic parameters in an aquatic ecosystem. Nearly all chemical and biological processes are directly or indirectly controlled by it. Hence, the measurement of the water temperature allows an overview of the general status of a river-system.

This conclusion could be substantiated in the course of several different projects, for example in the river Trattnach in Upper Austria. In that river, the most important thermal impacts could be identified by means of constant temperature measurement. The data is used as a basis for projects that will aim to improve the situation.
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