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Introduction

Rivers, especially their near bank zones and backwaters,
are hot spots for biogeochemical processes (McClain et al.
2003) and represent functional retention areas, which are
important for the control and maintenance of river water
 quality. Especially during low flow periods the importance of
zones along banks for the aquatic productivity and therefore
for the carbon supply increases along regulated rivers such
as the Danube downstream of Vienna. These zones along
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banks provide essential flow reduced and shallow areas,
 important for zooplankton, juvenile fish and also the devel-
opment of phytoplankton and microphytobenthos (Hein et al.
2005, Schiemer et al. 2007), which provide the basis for
higher trophic levels. Studies from the Elbe show for  example
that the conditions in groin fields for planktonic primary
 production are much better than in the main channel. These
boundary areas provide the main source for oxygen, organic
matter and algal biomass for the whole river ecosystem
(Böhme 2006). In the Danube River downstream of Vienna
the formation of gravel structures along the riverbank allow
the occurrence of microphytobenthos and support an
 increased emergence, although stabilisation measures and
steep embankments have reduced these optimal growth
zones (Figure 1). Bank restoration and embankment removal
will improve the environmental conditions for microphyto-
benthos and therefore the basic supply for the riverine food
web. Anthropogenic changes in bank morphology are there-
fore reflected in the production potential and biomass
 development of benthic algae and can be used as an
 indicator for the quality of bank structures. Beside this
 indicative value, they have been identified together with
macrophytes as one of four biological quality elements for
the assessment of the ecological status of surface waters.

Hann (1995) investigaed the invertebrate association on
Ceratophyllum demersum, Potamogeton zosteriformis and
Chara vulgaris. Predominant were Cladocera, Copepoda,
 Rotifera, Chironomidae and Ostracoda. Most Cladocera
 preferred C. demersum and P. zosteriformis which was un-
ex pected because C. demersum and Ch. vulgaris are
 morphologically similar. Hann presumed that alelochemical
characteristics were the reason for that. Hydra was mostly
found on C. demersum and P. zosteriformis but it did not
 prefer any particular macrophyte species. 

Macrophyte morphology can have a certain influence on
invertebrate colonization (Dvořak 1996; Cheruvelil et al.
2000, 2002). Abundance of invertebrates is higher on plants
with dissected leaves (Rooke 1984). These plants have a
higher surface/biomass ratio and at the same time, they
 provide better shelter to invertebrates against predators and
periphyton as available food resource. Hence, Myriophyllum
spicatum L. is a suitable environment for brown hydra as
proven by the maximum of 169 organisms on just one plant.

Elliott et al. (1997) investigated the predation of hydra to
juvenile fishes in Opinicon Lake in Canada. Hydras were
 collected from M. spicatum where an average number of 63
organisms were found on about 20 cm long stems, which
corresponds to our results. The authors concluded that as M.
spicatum are more spread, the population of hydra is more

numerous and the number of juvenile fishes is decreasing.
They evidenced 26 % of larval mortality as many larvae died
by the poison of hydras although they could escape from their
stinging tentacles.

Hydras are certainly causing fish death especially of those
which spawn in littoral lake zones (Elliott et al. 1997). The
question how Hydra oligactis influences the fish population in
Lake Gornjogradsko in Osijek is open for future investigation.
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Therefore phytobenthos is also a key element for the imple-
mentation of the EC water framework directive (WFD).

In addition to their use for international ecological as-
sessment methods a better understanding of phytobenthic
control factors and their ecological requirements is essen-
tial. Several control factors for microphytobenthos are known,
but less on their impacts for these benthic algal communities
in large rivers and their adjacent aquatic areas. General fac-
tors are light availability, nutrient availability, temperature and
water velocity (Stevenson et al. 1996). In large rivers also
water level fluctuations modify the development of micro-
phytobenthos. Lowering of the water level causes desiccation
stress for phytobenthic communities and suppresses growth
and increases mortality. The impact of this environmental
condition depends on the community structure and the du-
ration of desiccation (Wetzel 2001). Turbulence has also an
effect on the development of phytobenthos communities: for
example ship induced waves are occurring frequently, but
short lasting and increase the turbulence and resuspension
of fine sediments at the habitat scale. 

Therefore we identified three main control factors for the
development and production of benthic algae in near bank
zones:
– water level fluctuation
– fine sediment accumulation
– light availability

The aim of our study was to show how light limitations
and risk of desiccation impact the development of benthic
algae in the Danube River. We expected close to the water
surface a better light availability, but also a higher risk of
 desiccation and fine sediment accumulation, while deeper
areas are expected to be primarily light limited. More stable
conditions result in a higher biomass development and a
 better light availability in shallow areas induces a positive
 effect on the productivity.

Phytobenthos depth distribution and fine 
sediment accumulation 

Within a pre-impact monitoring program in the frame of
the “Integrated River Engineering project” (IREP, Schabuss &
Schiemer 2007) the depth distribution of phytobenthos and
short term desiccation tolerance was investigated. An in-situ
experiment consisting of the incubation of racks with artifi-
cial substrata (etched glass slides) exposed for a maximum
of one month was conducted. Sampling took place in the
free-flowing Danube section of the Austrian Alluvial Zone
 National Park at five dates in August / September 2006. Sets
of etched glass plates were exposed along a water level
 gradient (MW ± 1.5m) to investigate the development of the
community (Figure 2). Algal biomass, primary production and
fine sediment accumulation were regularly measured.

The depth distribution of phytobenthos (average deve -
lopment time about one month) shows increasing chlorophyll
a concentration to a depth of 61.6 cm with a maximum
 biomass of 16.0 ± 2.3 g/cm². With increasing depth the
phytobenthos biomass decreased to a fourth of the maxi-
mum biomass (Figure 3). Reasons for this pattern are as
 follows: Close to the water surface water level fluctuations
such as wave action represent high physical stress and
 decreases phytobenthos biomass. Short term desiccation
stress, which can be caused by daily water level fluctuations,
also suppresses phytobenthos development.  At a water
depth of 33.8 cm the risk of desiccation is low, but a high
 inorganic fine sediment accumulation (53.9 ± 31.4 mg/cm²)
controls and reduces the light availability. At a water depth of
61.6 cm the highest phytobenthos biomass was measured.
Daily water level fluctuations and desiccation play no signi -
ficant role and also the fine sediment accumulation is lower.
In this depth zone optimum growth conditions were observed. 

Figure 2: Exposition of sets of etched glass plates along a
water level gradient. The water level gradient included
mean water conditions ± 1.5m. The construction was 3m
long and was exposed at mean flow conditions. This 
construction included a total of 7 depth levels. The orange
arrow indicates the water level fluctuations

Figure 1: Bank zone along the Danube near Hainburg. 
The front of the picture shows a shallow area with coarse 
gravel and characteristic phytobenthos development. In the
back a steep embankment for bank stabilization is seen
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Considering the specific primary production (production
related to biomass) it is notable that near the water surface
the phytobenthic community has a higher specific primary
production than the community in the optimal growth zone
(Table 1). This indicates a high regeneration potential close
to the water surface.

Figure 3: Mean phytobenthos biomass
development and inorganic fine sedi-
ment accumulation (one month average
and standard deviation). Highest bio-
mass was found in a depth of 61.6 cm.
Inorganic fine sediment accumulation
decreases with depth

Table 1: Chlorophyll a content and specific primary production of two selected
depth levels

Mean water depth Chlorophyll a Mean Specific primary production
(cm) ± standard deviation Mean ± standard deviation
4.1 2.4 ± 2.2 μg/cm² 17.3 ± 13.9 O2/Chla/h
61.6 16.0 ± 2.3 μg/cm² 3.8 ± 0.8 O2/Chla/h

Summary and future aspects

Benthic algae provide an important nutrient source for
higher trophic levels and support also the self purification
 potential in fluvial landscapes. These algal communities are
confronted with various physical pressures such as wave
 action and long- and short-term desiccation stress. At longer
dehydration periods a large part of the algae dies, or cysts for
survival are generated. During these phases benthic algae
play no significant role for the riverine production. Therefore
measurements to determine the effects of short term desic-
cation stress on benthic algae are essential to obtain basic
knowledge about the efficiency and development strategy as
well as the sensitivity of this community to environmental
changes. Bank reconstructions which create a close to nature
morphology with various shallow and deep areas, can have
positive effects on the production potential. A higher spatial
distribution of microphytobenthos will be provided and result
in a better and guaranteed supply for the food web at
 different hydrological conditions (low to mean flow). The

 understanding of the regulating processes for benthic algae
will therefore provide a scientific basis for management
 decisions in the future, such as bank restoration measures
and backwater reconnections in terms of combined effects of
hydromorphological changes and is indicative to the effects
of increased water level variability. 
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