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Macrophytes as bioindicators 

Alexander Kohler1 and Susanne Schneider2

 

With 6 figures and 3 tables in the text  

 

Abstract: Submerged macrophytes respond to changes in the nutrient concentrations in their 

environment. In contrast to diatoms e.g., submerged macrophytes are capable of taking up 

nutrients from both the sediment pore water and the overlying water. Therefore, macrophytes 

can provide a more comprehensive assessment of river ecosystems. Two methods using 

submerged macrophytes to assess and monitor changes in the nutrient status of running waters 

are described. 

 

General Information 

At the first Hohenheim Workshop on Bioindikation (1995) the term “Bioindicator” was 

defined by ARNDT et al. (1996): “Bioindicators are organisms or communities of organisms, 

which react to environmental influences by alterations of their life functions and/or by their 

chemical composition. Thereby it is possible to draw conclusions concerning their 

environmental conditions.” 

This definition replaced a previous one, which was more constrained and more related to toxic 

substances: „Bioindicators are organisms or communities of organisms, which react to 
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pollution by alterations of their life functions and/or accumulate the noxious substance” 

(ARNDT et al. 1987). 

The new definition agrees more closely to one by ELLENBERG (in KOHLER 1978). In this more 

concise definition not only toxic effects but also aspects of habitat are included. In this sense 

the ecological groups of species sensu ELLENBERG (1996) and the indicator values of 

ELLENBERG et al. (1992) are representing bioindicators.  

Bioindicators, including aquatic macrophytes, can be used in three ways for the assessment of 

environmental factors and environmental impacts (ARNDT et al. 1987, KOHLER 1982). 

 

Indicators 

Indicator plants may be individual species, groups of species or communities, which provide 

information on the status of an ecosystem. 

 

Monitors 

Monitor plants allow for qualitative and quantitative assessments of toxic effect in an 

environment. Reaction indicators show an impact by visible symptoms and/or by other 

physiological reactions (e.g. activity of photosynthesis, respiration). Accumulation indicators 

accumulate toxic substances from the environment: passive monitors are collected from their 

natural habitat, active monitors are placed in the respective environment under investigation. 

 

Test species 
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test species are used under controlled environmental conditions in the laboratory to indicate 

the influence of toxic substances. 

This study focuses on macrophytic indicators of trophic conditions in different river reaches. 

The importance of macrophytes as trophic indicators for running waters of low and high 

carbonate content in river ecosystems which had been oligotrophic in the past was 

demonstrated by KOHLER et al. (1973, 1974, 1992, 1996) and MONSCHAU-DUDENHAUSEN 

(1982). Ecological indicator groups could be found on the basis of the distribution pattern of 

species and chemical analysis of the water in different river sections. A compilation of trophic 

indicator values of macrophyte species was done by SCHMEDTJE et al. (1998). (MELZER 1999) 

developed a macrophyte index based on indicator species groups for still waters. For running 

waters a macrophyte trophic index was presented by SCHMEDTJE & KOHMANN (1988) and 

SCHNEIDER (2000).  

Whether indication of trophic levels in the Danube and its larger tributaries is possible with 

macrophyte indicators is yet to be demonstrated. In running waters which were formerly 

oligotrophic and have suffered from anthropogenic enrichment floristic-ecological river zones 

could be detected with "calibrated" indicator groups. 

Eutrophication indicators are well established for rivers which had been oligotrophic in the 

past, but are now at more eutrophic levels, even those exhibiting a total loss of macrophytes. 

Soft waters, and hard waters, whether rivers or lakes are characterised by different species 

groups. When examining the trophic state of such water bodies this has to be taken into 

account. Moreover, the hydrological dynamics of rivers influence the species composition. 

Mountain streams are characterised by the absence of trachaeophytes and the dominance of 

cryptogams, whereas lowland rivers are characterised by tracheophytic vegetation (TREMP & 

KOHLER 1995). These aspects show that macrophyte indicators are also influenced by type of 

river and nature of landscape. 
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Acidification of rivers has also been indicated with macrophytes using the occurrence of 

aquatic mosses and liverworts (TREMP & KOHLER 1993, KOHLER & TREMP 1996). 

Two strategies will be presented:  

- The assessment of trophic indicator plants and the development of floristic-ecological 

river zones in the Moosach river, a carbonate rich stream in a fen (Münchener Ebene, a 

geological basin to the south of the City Munich) (KOHLER et al. 1973, 1994, KOHLER & 

JANAUER 1995). 

- Development of a macrophyte-index for the trophic state of rivers (SCHNEIDER 2000). 

 

Floristic-ecological species groups and river zones 

Fig. 1 presents a scheme for the assessment of trophic levels in rivers: prior to the field survey 

landscape ecological factors which influence the water body must be evaluated. Field surveys, 

aerial photographs and maps are used for the location of urban centres, sewage treatment plant 

influences, aquaculture, power plants and impoundments, river regulation, landuse types in 

the adjacent land, all of which influence the composition of the macrophyte vegetation. A 

map is produced incorporating this information, which makes the selection of river reaches 

more straightforward. The river is divided into mapping sections of different lengths, based on 

uniformity of morphological characteristics, substrate conditions, flowing velocity and 

homogeneity of vegetation. A field protocol is produced for each river section. In addition to 

the information on the aquatic vegetation this protocol may include aspects of the structural 

composition of the water course, specifically those that are relevant for the distribution of the 

aquatic species (e.g. shade, flow velocity, turbidity, depth, substrate type, riparian vegetation, 

landuse types). The data assessment however is focused on the spatially defined assessment of 
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the running water macrophyte vegetation, including a complete species list for each defined 

survey unit. The amount/plant mass of each species is estimated using a five degree scale 

(Table 1).  

Data processing is started with a vegetation table, in which the assessment of each survey 

unit, including the estimates for each macrophyte species, is ordered in the natural spatial 

sequence (contiguous survey units along the full length of the surveyed river reach). From this 

database a cartographic representation of the quantity and distribution of the most important 

macrophyte species is created. This distribution graphic indicates the distribution pattern of 

species along the course of the river, which may reflect the trophic gradient (and other 

variable habitat factors, Fig. 2). However, these steps alone are not sufficient to evaluate the 

trophic indicator values of macrophyte species or species groups. It is necessary to have a 

physico-chemical analytical programme along the course of river. Prime attention is paid to 

pollution-indicating parameters of the water and sediment. The analytical programme is 

designed so that the location of the sampling points covers the gradient defining the 

macrophyte distribution in the range from the lowest to the highest polluted stretch. In the 

most favourable case analytical data from other sources involved in the regulation of rivers, 

can be used as a background for macrophyte surveys. 

To quantify the results of the macrophyte mapping and to enable a detailed comparison of 

individual species, parameters like range length and average quantity index can be calculated. 

A detailed description, including results in the river Moosach, is given in KOHLER & JANAUER 

(1995). 

The trophic parameters ammonium and reactive phosphate showed a clear gradient in the 

Moosach river. In relating the macrophyte distribution to individual pollution parameters by 

arranging the analytical results from the individual sampling stations in an increasing order of 
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these values, "ecological rows" indicate the ecological species groups of the macrophytes 

(Fig. 3). 

In the Moosach river four ecological species groups of different trophic rank were assayed by 

this method (KOHLER et al. 1973):  

- Species which are found only in the cleanest, sewage free sections of the headwaters: 

e.g. Potamogeton coloratus, Chara hispida, Juncus subnodulosus.  

- Species with greatest density in slightly eutrophic reaches (upper and middle reaches of 

the Moosach), which are absent from sections with higher nutrient levels: e.g. 

Groenlandia densa, Hippuris vulgaris, Potamogeton natans var. prolixus, 

Schoenoplectus lacustris. 

- Species which occur in more eutrophic reaches, but are absent from reaches without 

trophic impact: e.g. Ranunculus fluitans (inkl. Hybriden), Callitriche obtusangula, 

Zannichellia palustris, Potamogeton crispus. 

- Species which are frequent in all reaches: e.g. Berula erecta, Ranunculus trichophyllus, 

Fontinalis antipyretica. 

With the help of these species groups, four floristic-ecological river zones were differentiated 

(KOHLER et al. 1971, HABER & KOHLER 1972), which mirror the trophic gradient in this 

running water system (Fig. 4). 

Zone A: characterised by Potamogeton coloratus-group (no trophic impact). 

Zone B: characterised by the euryecous Berula erecta-group, and by the absence of the 

Potamogeton coloratus- and Ranunculus fluitans-group (little trophic impact). 
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Zone C: characterised by the co-occurrence of Groenlandia densa-, Ranunculus fluitans- and 

Berula erecta-group (slight trophic impact). 

Zone D: absence of Groenlandia densa-group, dominance of Ranunculus fluitans- and Berula 

erecta-group (medium to high trophic impact). 

Long-term investigations between 1970 and 1996 showed that a change in trophic conditions 

was followed by a change in the distribution pattern of aquatic macrophytes and due to that 

fact, a change of the floristic-ecological river zones (WÜRZBACH et al. 1997) (Fig. 4). 

 

1.3.3 The TIM: a tool for indicating the trophic state of running waters  

In contrast to diatoms e.g., submerged macrophytes are capable of taking up nutrients from 

both the sediment pore water and the overlying water (DENNY 1972, CARIGNAN & KALFF 

1980). Therefore, macrophytes can provide a more comprehensive assessment of river 

ecosystems. 

To investigate the indicator values of as many species as possible, numerous samples of the 

overlying water and the sediment within macrophyte stands were taken at 113 sampling sites 

in running waters throughout Bavaria, Germany. At every sampling site the phosphorus 

concentration of both the water body and the sediment pore water within macrophyte stands 

was determined. Phosphorus normally represents the limiting factor for the growth of aquatic 

plants in Bavarian running waters. 

To develop the Trophic Index of Macrophytes (TIM), the concentrations of soluble reactive 

phosphorus (SRP) of both the water body and the sediment pore water were used. Based on 

the SRP-concentrations of these two compartments a so-called “PSW-value” was calculated 

for each macrophyte patch sampled (for details see SCHNEIDER 2000). It represents a relative 
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measure for the amount of phosphorus actually used by the macrophytes at the sampling site. 

Thereafter, the PSW-values were classified into trophic categories. The classified PSW-values 

were used for setting up a histogram for every species which shows the frequency of its 

occurrence in the trophic categories (Fig. 5). To describe the trophic range of the species a 20-

point-distribution was used (Table 3; see also FRIEDRICH 1990). The allocation of 20 points in 

the trophic classes was undertaken according to the normal curve of distribution calculated 

from the histogram (see e.g. Fig. 5). 

Based on the 20-point-distribution for every species an indicator value was calculated by 

weighted averaging. Weighting factors were deduced from the so-called “tolerance” of the 

species (see also FRIEDRICH 1990). Indicator values and weighting factors were calculated for 

a total of 49 species of submerged macrophytes (Table 3). 

The term used for calculating the TIM corresponds with the formula used for the 

determination of the saprobic index according to ZELINKA & MARVAN (1961).  
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TIM = Trophic Index of Macrophytes 

IVa = indicator value of species a 

Wa = weighting factor of species a 

Qa = quantity of species a in the river section (see Table 1) 

 

In the formula used for calculating the TIM the plant-quantity Q is used, because the 

relationship between the five degrees of estimation and the actual quantity of the submerged 

macrophytes can be described best by a function y = x3 (MELZER 1988, KOHLER & JANAUER 

1995) (Table 1). For graphical representation the values of the TIM were subdivided into 
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seven categories of trophy. The classification of the values of the TIM into trophic categories 

was conducted as follows (Table 2). 

As a measure for the accuracy of the indication the so-called rate of scatter is used (FRIEDRICH 

1990). Its determination corresponds with a calculation of the weighted standard deviation of 

the indicator values of the species present in a river section. 
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SC = rate of scatter 

IVa = indicator value of species a 

TIM = Trophic Index of Macrophytes 

Wa = weighting factor of species a 

Qa = quantity of species a in the river section  

If the rate of scatter exceeds the value of 0.2, a reliable calculation of the TIM is not possible. 

The value of 0.2 was set because it corresponds with approximately half of the range of each 

trophic category (see Table 2). 

According to our experience, the following requirements are needed in order to obtain a 

reliable assessment of the trophic state of a river section using the TIM.  

• The macrophyte mapping has to be carried out as described in the method above (see 

1.3.2).  

• The macrophyte mapping has to take place during the main vegetation period (in 

Bavaria this is during July and August). 

• In the respective river section at least two indicator species must occur.  
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• In the respective river section the sum of quantities of the occurring indicator species 

must be ≥ 43 (that means for example that one “common” indicator species and two 

“infrequent” indicator species occur (see table 1). 

• The rate of scatter must be ≤ 0.2. 

• Until now a reliable calculation of the TIM can only be carried out in Bavaria. No 

suitable data are available that would allow trials of the TIM from elsewhere as yet. 

An implementation of the TIM in other countries, especially in a “Large River”, has 

not yet been carried out but would be most valuable. 

If one of the above requirements is not fulfilled, the TIM must be denoted as “tentative”.  

In contrast to earlier works, the PSW-value represents a combination of the phosphorus 

concentrations in the sediment and the overlying water. Therefore, the macrophyte index TIM 

assesses the trophic situation of the whole water body (in the sense of an ecosystem). The 

question as to why eutrophic species occur in apparently oligotrophic water bodies is 

answered by the substantial importance of the sediment nutrients to the nutrition of 

submerged macrophytes. 

The indicator values of the 49 species of submerged macrophytes, for which a 20-point-

distribution was developed, range from 1.05-3.20. Therefore, an indication of the polytrophic 

category by submerged macrophytes is impossible. Within the polytrophic category a 

depopulation of submerged macrophytes is normally observed (MELZER 1988). 

In the following a brief exemplary implementation of the TIM in the stream Rotbach is given. 

The macrophyte mapping, which is the basis for the calculation of the TIM, is published in 

SCHORER et al. (2001). 
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After a mesotrophic spring region the stream Rotbach is characterised as oligotrophic up to 

section eight (Fig. 6). Because the spring section shows an enhanced SRP-concentration in the 

sediment pore water compared to the following sections (ca. 40 µg P/l, compared to 10 µg P/l 

in the sections 2 to 8)(for detailed results see SCHNEIDER 2000) and also, to a smaller extent, 

in the overlying water (5.3 µg P/l compared to 2.3 µg P/l), the classification of the spring 

section as mesotrophic appears to be reasonable. In the sections 2 to 8 diffuse inflow of 

groundwater causes an extensive charophyte growth and thus a decline of the TIM to an 

oligotrophic state. In section nine, where the stream Rotbach reaches the village Aumühle, the 

TIM rises to a value of about 2.25. In section 12 the stream Rotbach flows into a fish farm. 

The average SRP-concentrations increase to a value of about 15 µg P/l. Far more important is 

the elevation of the SRP-concentration of the sediment pore water to a value of about 350 µg 

P/l, a multiple of the concentrations measured upstream. The macrophyte index TIM parallels 

this rise by increasing to a value of about 2.6. 

In three mapping sections the TIM must be denoted as “tentative”. In sections 11 and 13 due 

to heavy shading the species observed occur only “infrequent”. Therefore, the sum of 

quantities does not exceed the value required (see above). Section 2 is dominated by Mentha 

aquatica (IV = 2.00) and Juncus subnodulosus (IV = 1.13). As the indicator values of these 

species differ substantially, the rate of scatter exceeds the value of 0.2. With respect to the 

adjacent river stretches, the value of 1.3 seems reasonable in spite of the fact that the TIM of 

this mapping section must be denoted as “tentative”. 

Summarising the results, the TIM parallels the variations in the SRP-concentration of the 

sediment pore water. They also show a slightly enhanced phosphorus load in the spring 

region, very low concentrations in the sections 2 to 8, an increase near the village Aumühle, 

and a further increase following the inflow of the stream into the fish farm (see also 
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SCHNEIDER 2000, SCHORER et al. 2001). The Trophic Index of Macrophytes (TIM) is a useful 

means to detect differences in the phosphorus loading of a water body. 
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Figures 

Fig. 1. Work scheme for the investigation of indicator plants and floristic ecological river 

zones in running waters 

Fig. 2. Distribution of macrophytes in the river Moosach (for graphical representation the 

estimation of plant mass is reduced to a five degree scale: “very rare” and 

“infrequent” are combined to “rare”, “frequent” and “abundant” are combined to 

“frequent”) 

Fig. 3. ecological row (river Moosach) according to increasing NH4-concentrations in the 

water body (for legend see Fig. 2) 

Fig. 4. Floristic ecological river zones in the river Moosach 1970 and 1996. 

Fig. 5. Histogram and resulting 20-point-distribution for the trophic characterization of 

Ranunculus fluitans (for numerical values and abbreviations of the trophic categories 

see table 2) 

Fig. 6. TIM (Trophic Index of Macrophytes) in the stream Rotbach 
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Tables 

Table 1. Relationship between the five-degree-scale and the quantity of submerged 

macrophytes 

Table 2. Classification of the PSW-value into trophic categories 

Table 3. Indicator values, weighting factor and 20-points-distribution of submerged 

macrophytes (IV = indicator value, W = weighting factor, o = oligotrophic, m = 

mesotrophic, eu = eutrophic, p = polytrophic)  
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Landscape-ecological examinations 
along running waters 

1. 

2. Division of running waters into 
exactly localizeable examination 

sections 

3. Investigation of the vegetation in the 
examination sections: estimation of 

species quantity 

4. Investigation of physico-
chemical loading factors at 

selected locations of the waters

5. Tabular and cartographical  
depiction 

6. Quantitative evaluation of the 
vegetation examination of the 
waters (range length, average 

quantity index etc.) 

7. 
Investigation of ecological species groups by means of ecological series: 

indicator plants for loads (eutrophication) 

8. Classification and cartographical depiction of floristic ecological river zones 

 
Fig.1 Kohler & Schneider
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Fig.2 Kohler & Schneider
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Fig.3 Kohler & Schneider 
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Fig. 4 Kohler & Schneider
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Fig. 5 Kohler & Schneider
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five-degree-scale meaning plant quantity Q 
1 very rare 1 
2 infrequent 8 
3 common 27 
4 frequent 64 
5 abundant 125 

 

 
table 1. Kohler & Schneider
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value of the TIM difference trophic state 

1,00 ≤ TIM < 1,45 0,45 oligotrophic (1) 
1,45 ≤ TIM < 1,87 0,42 oligo-mesotrophic (1.5) 
1,87 ≤ TIM < 2,25 0,38 mesotrophic (2) 
2,25 ≤ TIM < 2,63 0,38 meso-eutrophic (2.5) 
2,63 ≤ TIM < 3,05 0,42 eutrophic (3) 
3,05 ≤ TIM < 3,50 0,45 eu-polytrophic (3.5) 
3,50 ≤ TIM ≤ 4,00 0,50 polytrophic (4) 

table 2. Kohler & Schneider
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species IV W o o-m m m-eu eu eu-p p
Chara aspera  Detharding ex Willdenow 1,10 8 17 2 1
Chara contraria  A. Braun ex Kützing 1,70 4 4 6 8 2
Chara delicatula  Agardh 1,58 4 5 8 6 1
Chara globularis  Thuillier 2,03 4 2 4 7 5 2
Chara hispida  (Linne) Hartmann 1,05 16 18 2
Chara intermedia  A. Braun 1,15 8 14 6
Chara vulgaris  Vaillant 2,23 2 1 4 5 5 5
Acorus calamus  Linne 3,20 2 2 3 5 5 5
Berula erecta  (Hudson) Coville 2,65 4 1 3 8 5 3
Butomus umbellatus  Linne 2,98 4 1 4 10 5
Callitriche cophocarpa  Sendtner 2,50 4 1 6 6 6 1
Callitriche hamulata  Kützing ex Koch 1,80 2 5 5 5 3 2
Callitriche obtusangula  Le Gall 2,50 4 2 5 6 5 2
Ceratophyllum demersum  Linne 3,18 8 1 12 6 1
Elodea canadensis  Richard-Michaux 2,55 2 1 2 3 6 5 2 1
Elodea nuttallii  (Planchon) St. John 2,75 4 3 7 7 3
Glyceria maxima  (Hartmann) Holmberg 3,00 2 1 3 3 5 4 4
Groenlandia densa  (Linne) Fourreau 1,83 4 4 5 6 4 1
Hippuris vulgaris  Linne 1,48 4 8 8 2 1 1
Juncus subnodulosus  Schrank 1,13 8 15 5
Mentha aquatica  Linne 2,00 2 3 4 6 4 3
Myriophyllum alterniflorum  De Candolle 1,55 4 8 6 3 2 1
Myriophyllum spicatum  Linne 2,83 4 1 2 5 8 3 1
Nasturtium officinale  R. Brown 2,25 4 1 3 5 7 4
Nuphar lutea  (Linne) Smith 3,15 4 1 2 8 8 1
Potamogeton alpinus  Balbis 1,55 4 5 9 5 1
Potamogeton berchtoldii  Fieber 2,40 2 1 2 4 7 5 1
Potamogeton coloratus  Hornemann 1,05 16 18 2
Potamogeton crispus  Linne 2,88 4 1 2 4 8 4 1
Potamogeton filiformis  Persoon 1,70 2 6 6 4 2 2
Potamogeton friesii  Ruprecht 2,68 4 4 7 7 2
Potamogeton lucens  Linne 2,65 4 1 3 6 9 1
Potamogeton natans  Linne 2,00 4 2 4 8 4 2
Potamogeton nodosus  Poiret 3,10 8 3 10 7
Potamogeton pectinatus  Linne 2,88 4 1 2 4 8 4 1
Potamogeton perfoliatus  Linne 2,38 4 3 5 7 4 1
Potamogeton polygonifolius  Pourret 1,13 8 15 5
Potamogeton pusillus  Linne 2,40 4 3 5 6 5 1
Ranunculus aquatilis  Linne 2,53 4 6 7 7
Ranunculus circinatus  Sibthorp 2,25 4 3 7 7 3
Ranunculus fluitans  Lamarck 3,00 8 4 12 4
Ranunculus trichophyllus  Chaix 2,70 2 1 2 4 5 5 3 1
Sagittaria sagittifolia  Linne 2,98 4 1 4 10 5
Sparganium emersum  Rehmann 2,78 2 1 3 6 5 4 1
Sparganium erectum  Linne em. Reichenbach 3,00 2 1 2 2 8 5 2
Sparganium minimum  Wallroth 1,40 8 8 8 4
Veronica anagallis-aquatica  Linne 2,58 4 2 4 6 5 3
Veronica beccabunga  Linne 2,40 4 1 1 5 7 6
Zannichellia palustris  Linne 2,93 1 1 2 3 4 8 3 1

20-point-distribution

 

 
table 3. Kohler & Schneider


	References
	Figures
	Tables


