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1.6.1 MACROPHYTES 

1.6.1.1 Ecological Relevance of Macrophytes in Rivers 

Most authors consider "macrophytes" as genuinely aquatic (hydrophytes) and 
amphibious plants (amphiphytes) and that in most cases species determination 
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needs no microscope (Westlake, 1974; Wetzel, 2001). This Covers large algae 
(e.g. Charophytes), bryophytes and vascular plants. In running water environ- 
ments, macrophytes contribute to the oxygen budget and to the autochthonous 
carbon pool. Roots, stems and leaves of macrophytes provide structural elements 
in an othenvise unstructured water column, thus enhancing spatial diversity in the 
aquatic ecosystem. Microbes, invertebrates and vertebrates (Jeppesen et al., 1998; 
Kornijow and Kairesalo, 1994) live on the surface of, and in spaces between, Organs 
of aquatic plants. Fish prey, and fish, use aquatic plant stands as a nursery, feed- 
ing ground, or seek shelter in dense vegetation (Lillie and Budd, 1992; Ombredane 
et al., 1995). The spatial functioning of macrophytes is influenced by the growth 
form of each species. The most simple scheme follows Sculthorpe (1967): emer- 
gents (helophytes), floating-leaved, free-floating (pleustophytes (Luther, 1949)) and 
submerged species. Submerged plants with small leaves and growing in dense stands, 
provide ample structure, whereas floating-leaved plants and pleustophytes provide 
little submerged surface, but Support animals such as amphibians and water birds. As 
a consequence, aquatic macrophytes are one of the essential ecological components 
wherever they occur in running waters. 

1.6.1.2 The role of river reach, catchment geology and river 
morphology on macrophyte development 

Springs are the sources of running waters. Wherever water collects in pools or small 
lakes before it Starts its run down the river, algae, bryophytes and even vascular plants 
grow. The limited nutnent load in spring ecosystems usually prevents the develop- 
ment of large plant mass. Few species are reported to grow in springs, e.g. macroalgae 
like Nitella species, oligotrophic Chara species, bryophytes like Cratoneuron com- 
mutaturn, Scapania undulata and Drepanocladus exannulatus, and vascular plants 
like Cardamine amara or Nasturtium oficinale. 

In the upper reach, where rivers are still small and often close to their natural eco- 
logical Status, two main parameters control the growth of macrophytes. The speed 
of water flow is often too fast andlor run-off too irregular to allow for the develop- 
ment of vascular plants in mountain rivers, but bryophytes (e.g. Scapania undulata, 
Marsupella emarginata (Lottausch et al., 1980)) inhabit the hard and stable Substrates 
found there. In the upper reach of lowland rivers, where bushes and trees grow next 
to the river, shading can prevent any macrophyte growth. Wherever the gradient 
decreases, or more light reaches the river, stands of vascular plants will develop. 

In the middle and lower reaches, rivers create a System of secondary channels, 
meanders and oxbows. In Situations where water flow is slow enough (for most vas- 
cular species < 0.8 m s-') and the width of the water body prevents heavy shading, 
macrophytes will become abundant. Downstream changes usually reflect an increase 
in species preferring higher trophic states (Kohler et al., 1971; Kohler and Zeltner 
1974; Holmes and Whitton, 1975, 1977a; Haslam, 1978,1987; Janauer, 1981). Suc- 
cessive surveys in the Same river (e.g. Fritz et al., 1994; Würzbach et al., 1977; 
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Kohler et al., 2000; Veit and Kohler, 2003) clearly showed recuperation effects 
following, e.g. enhanced sewage treatment and phosphorus stripping in river catch- 
ments, and successful regrowth of macrophytes after severe floods (Henry et al., 
1994; Janauer and Wychera, 2000). 

Water flow velocity is a dominant environmental pararneter. In the river com- 
dor of the Danube (original data, MIDCC database, 2003), PotamogetonJil~ormis 
and Potamogeton nodosus were associated with still water. Myriophyllum spicatum, 
Potamogeton pusillus and Potamogeton natans were indicative of water flow less 
than 30 cm s-' . Intermediate flow (30-65cm s-') was characterized by the occur- 
rence of Potamogeton pectinatus. For higher flow velocities, no statistically signifi- 
cant occurrence of vascular species was detected, but the absence of Ceratophyllum 
demersum and Potamogetonperjoliatus was significant (p = 0.05). In smaller rivers, 
Ranunculus species are often dominant in fast-flowing water. 

In the centre of the main stem of large rivers, high flow velocities ahd moving 
sediment material prevent macrophyte growth. Near to the banks, the flow is lower, 
but plants rarely grow in water deeper than 1.5 m. This phenomenon is caused 
by shading due to either inorganic suspended material or phytoplankton growth 
(Westlake, 1975). However, permanent stands of plants even without roots, like 
Ceratophyllum demersum, were found in the main stem of the Danube in sheltered 
habitats, e.g. behind groynes (Janauer and Stetak, 2003). 

Catchrnent geology is a prime factor in determining the occurrence of macro- 
phyte species (Zander et al., 1992; Grasmück et al., 1993; Thiebaut et al., 1995). 
Bryophytes like Hygrohypnum ochraceum, Nardia compressa and Marsupella 
emarginata, amphiphytic Juncus species, and hydrophytic Myriophyllum alterniflo- 
rum, Potamogetonpolygonijolius, and Ranunculuspeltatus are indicators of silicate 
rock areas with acidic water (Kohler and Tremp, 1996). In many cases, acidic rivers 
are also low in nutrient content and the occurrence of a specific species may indicate 
a combination of environrnental factors. Bogs and mires tint streams and nvers with 
humic substances. The growth of submerged macrophytes is then suppressed, but 
species with floating leaves like water lilies, or spreading out from the bank like 
Menyanthes trvoliata, dominate the river. Typical species for rivers in regions dom- 
inated by calcareous rock are, e.g. Charophytes, Fontinalis antipyretica, Cinclidotus 
fontinaloides, Callitriche obtusangula and Potamogeton coloratus. 

Substrate is another important factor. Rocks and hard, immobile substrates 
(rip-rap) are most closely associated with bryophytes, no matter what the ele- 
vation above sea level is for a certain location. Typical species on gravel are 
Potamogeton perjoliatus and P crispus, but Najas marina is never found there. Pure 
sand forms the basis of many Cyperus stands, but is never found below P lucens and 
Rpectinatus. The latter species is predominantly associated with fine inorganic sed- 
iments, together with Phragmites australis and Typha angustifolia (original data, 
MIDCC project). It is clear that all classification of sediment type based on field 
surveys is only accurate to the extent that the surveyor's eye determines the essen- 
tial fraction. In many cases, small volumes between large stones or gravel contain 
fine sediment in which the plants actually root. Useiül collections of physical and 
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chemical habitat factors are the compilations by Haslam (1 978,1987) and the concise 
review by Bayerisches Landesamt ( 1 998). 

1.6.1.3 Regional distribution and abundance 

The remarkable study of running water vegetation in EC states by Haslam (1987) 
is still a valuable source of basic information. Three main reasons for diminished 
aquatic plant growth were listed: highlands, where the water flow has high force, pol- 
lution and river straightening in regions with low or medium elevation above sea level 
throughout Europe. Ceratophyllurn demersum, Elodea canadensis, Myriophyllum 
spicatum, Nuphar lutea and Sparganium emersum were found in more eutrophic 
habitats, and Potamogeton crispus in semi-eutrophic reaches. Potamogeton pecti- 
natus was concentrated in polluted areas. Callitriche hamulata and Myriophyllum 
alternlfIorum were frequent in oligotrophic and dystrophic habitats. This general 
picture is still valid for most regions in Europa, but as only Western European coun- 
tries were included different patterns of dominance and habitat preference should be 
expected in other regions. 

The Atlantic Zone can be characterized by examples from the United Kingdom and 
North-Western France. In the River Tweed System (UK), the upper reach was domi- 
nated by Hygrohypnum ochraceum, Scapania undulata, Myriophyllum alterniJorum 
and Ranunculus aquatilis agg. In the lower reach, Potamogeton lucens, P pegolia- 
tus, l? pusillus, P pectinatus, RanunculusJEuitans and Zannichellia palustris were 
found. Following the course of the Tweed and its tributary, Teviot, the dominance of 
bryophytes decreased, and that of vascular species increased with distance from the 
source. However, bryophytes like Eurhynchium riparioides or Hygroamblystegium 
fluviatile, as well as vascular plants like Elodea canadensis, Potamogeton crispus or 
Ranunculuspenicillatus, occurred throughout the whole length of the river (Holmes 
and Whitton, 1975). The importance of bryophytes within the macrophyte assem- 
blage is also mirrored by other rivers in this region (Holmes and Whitton, 1977b, 
1977c; Haslam, 1978). 

In the Bretagne (France), Haury (1996) recorded more vascular species, e.g. 
Ranunculus hederaceus, than bryophytes in the upstream parts of Kernec Brook. 
However, several bryophytes (e.g. Leptodicqum riparium) were found next to 
Ranunculuspseudojluitans in the lower reach. Studies on the relationship of species 
to environmental factors show the importance of bryophytes as Part of macrophyte 
cornrnunities in Western France (Haury et al., 1995; Ombredane et al., 1995, Haury, 
1996). 

In Sweden, the rivers Kävlinge and Björka were studied by Kohler et al. (2000). 
The slightly eutrophic Kävlinge River was dominated by Potamogeton perfoliatus 
in its upper reach, while further down its course Potamogeton pectinatus, several 
Potamogeton hybrids and Ceratophyllurn demersum reached high abundance, and 
near the mouth Myriophyllum spicatum and Zostera marina dominated the species 
pattern. Potamogeton lucens, Nymphaea alba and Sagittaria sagittfolia were among 
the most widespread species. As a characteristic of many northern European rivers, 
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46 % out of 65 aquatic species were of amphiphytic character. In the eutrophic 
Björka River, amphiphytes dominated (56% of all species) and were most abun- 
dant throughout the whole river. With little variation, Lemnids, Elodea canadensis 
and Nuphar lutea were dominant among the hydrophytes. Very few truly aquatic 
bryophytes were found. In the humic River Bräkne (Kohler et al., 1996) 57% of 
all species were amphiphytes, and the floating leaved species Nuphar lutea and 
Npphaea alba dominated the submerged Myriophyllum alternlflorum. Similar to 
the macrophyte assemblages in England and Western France, bryophyte species 
were as numerous as the vascular macrophytes, and Fontinalis antipyretica showed 
medium to high abundance throughout the whole river course. 

The head waters of the Portuguese River Divor were characterized by the vas- 
cular aquatic species Callitriche stagnalis, Zannichellia palustris and Potamogeton 
pectinatus. In the middle course, Utricularia australis, Myriophyllum spicatum and 
Ceratophyllum demersum occurred, but fringing herbs and helophytes .became in- 
creasingly dominant. In the lower reach, Myriophyllum aquaticum prevailed between 
emergent species. Bryophytes represented only 3 % of the listed species (Ferreira, 
1994). Quite similar assemblages of macrophytes were found in other Iberian rivers 
and in drainage channels (Ferreira et al., 1998a,b). 

The Danube River crosses Europe from West to East over a course of over 2800 km 
and its catchrnent is highly complex. The Alps, the Carpathians and the Balkan 
Mountains dominate much of its run-off regime in the upper and middle part where 
constrained reaches arid wide fluvial plains alternate, until the river reaches the 
lowlands of Romania, Moldavia and the Ukraine. Hydropower regimes dominate 
most of theriver in Germany and Austria. In the head water streams Breg and Brigach, 
which form the Danube, several bryophytes and Callitriche hamulata dominate the 
upper parts. In the lower reach of the Brigach, Fontinalis antipyretica is the only 
bryophyte, but vascular plants occur with high abundance. In the Breg, bryophytes, as 
well as vascular species, are less abundant. In the Danube, bryophytes are confined to 
theupper reach (Germany, Austria). In the middle and lowerreaches, vascular species 
reach high abundance in sheltered habitats, even in the main channel. Floodplain 
water bodies and the canals in the Danube delta rival for the maximum in species 
richness and abundance (Janauer, 2003b). 

1.6i1.4 Macrophytes in flood plain water bodies 

Fluvial corridors in Europe clearly reflect the human impact since the mid-19th 
Century: the larger rivers are confined to a regulated main channel and former side 
channels and meanders are oxbows and relict waters with reduced, or missing, per- 
manent connection with the main stem today. Several studies (Rhone (Bornette and 
Amoros, 1991; Bornette et al., 1994, 1998), Rhine (Buchwald et al., 1995; Robach 
et al., 1997, Fritz et al., 1998; Greulich and Tremolikres, 2002), Danube (Janauer, 
2003a; Sarbu, 2003; Janauer and Stetak, 2003; Otahelova and Valachovic, 2003; 
Janauer et al., 2003; Rath et al., 2003)) have dealt with macrophytes in floodplain 
waters. In general, an increase in species richness was detected where the direct 
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