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Abstract 

This paper deals with the use of diatom indices in the assessment of streams in Estonia. The 
problem addressed is how rational it is to determine different types of streams or stream reaches 
based on diatom research. At the moment, there are five different typologies of running waters in 
Estonia, two of which are analyzed here. Diatom indices can be employed to assess the ecological 
quality of water but not the status or type of stream. The most promising diatom indices for such 
assessment are the Trophic Diatom Index, Watanabe Index, Descy Index, and Schiefele & 
Schreiner Index. 
 

Abbreviations 
 
CEC – Descy & Coste Diatom Index; Descy – Descy Index; COD – Chemical Oxygen Demand; 
EU – European Union; IBD – Biological Diatom Index; H´ – Shannon-Weaver Diversity Index; 
L-M – Leclercq & Maquet Index; SHE – Schiefele & Schreiner Index; SLA – Sládeček Index; 
SPI – Specific Pollution Sensitivity Index; Tax – number of taxa; TDI – Trophic Diatom Index; 
WAT – Watanabe Index; WFD – Water Framework Directive. 
 
                                                           
1 Results of this paper were presented on an 5th International Symposium “Use of Algae for Monitoring 
Rivers” Cracow, 2-6 September 2003, Poland. 
2 Corresponding author: sirje.vilbaste@zbi.ee 
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INTRODUCTION 
 

The implementation of the EU WFD requires that all surface water bodies 
achieve good quality by the year 2015. Therefore, the ecological status of the 
aquatic ecosystems in European countries has to be established against 
reference conditions (Directive 2000/60/EC). The legislation defines the 
reference conditions as perfect when there are no or only very slight deviations 
from an undisturbed situation. Considering this, a system of the criteria for the 
hydrochemical parameters of Estonian running waters was developed in 2001 
(Loigu and Leisk 2001). At that time it was not thought that establishing the 
elements of the hydrochemical quality of water required the typification of 
streams. However, it was later concluded that, despite the small area of Estonia 
(ca 45 000 km2), the biota of its running waters could not be regarded as one 
type. Thus, Timm (2003) and Olli et al. (2003) developed two new stream 
typologies which correspond to the requirements of the WFD. Unfortunately, 
the latter typology was based on the above typology by Loigu and Leisk (2001) 
and considered only stream size and the hydrochemistry of water. The former 
typology did not take into account the requirements regarding all the biological 
elements. Most problems arose when the ichthyofauna of the streams was 
analyzed. Therefore, another attempt was made to improve the already existing 
typologies (Järvekülg et al. 2003b). One more typology, based on the 
concentrations of total nitrogen, total phosphorus and organic matter (COD), is 
in development (Järvekülg et al. 2003a); however, it does not take into account 
any of the hydromorphological features of streams. 

It was demonstrated previously that water quality in Estonian streams is 
reflected by the epilithic diatom community (Vilbaste 2001). Nine of the diatom 
indices calculated with OMNIDIA (SPI, SLA, Descy, L-M, CEC, SHE, WAT, 
TDI, IBD) can potentially be employed to estimate the water quality of running 
waters (Vilbaste 2004). However, diatom indices have not yet been used 
officially in the monitoring of Estonian streams. 

The aim of the current work was to study the sensitivity of the diatom 
indices to different types of Estonian running waters in order to determine how 
rational it is to distinguish between different types based on diatom research. 
 
MATERIALS AND METHODS 
 
Epilithic diatoms were sampled within the framework of the Biota of Rivers 
project which is part of the Estonian State Monitoring Programme. In total, 139 
samples from 133 reaches of 21 watercourses were collected. Diatom frustules 
were cleaned with the hot acid combustion method and mounted using HYRAX 
as the medium. Diatom analyses were done using the latest version of 
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OMNIDIA software (Lecointe et al. 1993) to calculate the diatom indices 
according to the composition and structure of the diatom assemblages. For 
details see Vilbaste (2004).  

The two typologies of running waters, one by Timm (2003) and the other by 
Järvekülg et al. (2003b), which consider the requirements for stream biota, were 
compared (Table 1). The former takes into account stream size, bedrock type 
and flow velocity. The latter considers stream size and bedrock type (calcareous 
and siliceous waters together were treated separately from waters rich in humic 
substances), as well as two selected factors - 1) the natural hydromorphological 
character of the stream reach and 2) the temperature regime of the water. 
STATISTICA software was used to perform statistical analysis.  
 
RESULTS 
 

According to the nonparametric Kruskal-Wallis ANOVA median test 
(Table 2), the response of all the studied diatom indices to the criterion of 
stream size in both typologies was nonexistent or very weak (DESCY, CEC). 
The same applied to the flow velocity; Tax was the only index that relied on this 
criterion. Most of the studied indices were dependent on bedrock type 
(limestone or sandstone); however, four indices (TDI, DESCY, SHE, and 
WAT) were not affected by the character of the riverbed. Surprisingly, there 
was no significant difference in the index values of stream water on mineral and 
organic soils in the typology by Järvekülg et al. (2003b). The hydromorphology 
of the stream reach, like the flow velocity, played a minor role in the formation 
of epilithic diatom assemblages. Temperature regime, on the contrary, 
controlled the composition and structure of these assemblages in many cases 
(TAX, SPI, SLA, CEC, and IBD). 

Two indices (TDI and SHE) did not respond to any criteria used in either 
typology. Additionally, DESCY, SHE and WAT were also not sensitive to any 
criteria of the typology by Timm (2003), nor did L-M respond to any criterion 
of the typology by Järvekülg et al. (2003b) (Table 2). 
 
DISCUSSION 
 

The WFD offers two options regarding the classification of running waters - 
system A and system B. Both of the studied typologies are based on system B 
as it is a more flexible classification variant that allows for the possibility of 
taking local conditions into account. Estonia belongs to the Baltic ecoregion. 
There is no need for longitude or altitude differentiation with Estonian running 
waters – all streams are situated on lowlands at an altitude of 0-200 m above sea 
level. Stream size is described by the size of its catchment area. Both typologies 
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use five size classes, and differentiation between the classes is made on quite a 
similar basis (Table 2). Timm (2003) distinguishes between streams running on 
limestone bedrock and those running on sandstone bedrock. Waters where the 
impact of natural organic matter (humic substances) is evident are noted, but 
they are not treated within the typology. The mean flow velocity is used as a 
selected factor, and two types of stream reaches are distinguished on the basis of 
it - slowly running waters and fast running waters (Table 1). 

In the typology by Järvekülg et al. (2003b), waters on limestone 
(calcareous) and sandstone (siliceous) bedrock are treated together under 
mineral waters, and separately from waters that are rich in humic substances 
from the influence of peatland organic waters. The cut-off between these 
different types is COD = 35 mgO l-1 (Järvekülg et al. 2003a). Waters on 
limestone and sandstone are examined jointly, as there are no significant 
dissimilarities in the average values of the hydrochemical composition between 
either type. Alkalinity was 3.29 mg-eq l-1 and 3.75 mg-eq l-1, CaΧΧ 
concentration was 62.3 mg l-1 and 62.7 mg l-1 and pH was 7.90 and 7.93 for the 
calcareous and the siliceous areas, respectively (Olli et al. 2003). It appears that 
the COD value used is insufficient for separating natural mineral and organic 
waters as the analyses showed no significant differences between values of 
diatom indices (Table 2). The benthic diatom assemblages in mire-fed stream 
reaches are different compared with those in mineral waters (Vilbaste and Truu 
2003). Thus, at least some of the diatom indices should respond to the 
differences in organic and mineral waters. For this reason, another criterion 
should be chosen for categorizing these waters, e.g., water colour.  

The main hydromorphological conditions of the stream reach and the 
temperature regime of the water are two selected factors in the typology by 
Järvekülg et al. (2003b) (Table 1). The stream reaches are divided into rhitral 
(rapids) and potamal reaches consistent with hydromorphological 
characteristics. According to the summer maximum temperature of the water, 
three groups (cold, temperate, and warm) of stream reaches are distinguished. 

Diatom indices respond differently to the selected criteria of the studied 
typologies. In the present study, the size of the watercourse and flow velocity 
did not affect significantly any of the studied indices, while bedrock type and 
water temperature sometimes played a noteworthy role (Table 2). Although 
stream size is an important factor in the formation of benthic diatom 
assemblages (Vilbaste and Truu 2003 and references therein), the diatom 
indices were not notably dependent on it (Table 2). Some indices (SLA, L-M, 
CEC) were quite sensitive to the character of the riverbed; however, at the same 
time, they did not respond to the concentration of organic matter in the water. 
The hydromorphology of a stream site is an essential ecological factor for the 
stream biota. The whole of the benthic diatom flora is very different in the soft 
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bottom pools (with a viable motile epipelic component) and on the rapids (with 
the prevalence of attached species) of the same stream. However, the variability 
of the epilithic diatom communities occurring on stones both in pools and on 
rapids is not very high, as species of attached diatoms prevailed in both cases 
and the number of sporadic taxa is considerably lower compared with the soft 
bottom communities (Vilbaste 2001). 

Some diatom indices were sensitive to water temperature (Table 2). As a 
rule, temperature in spring-fed streams is at its minimum upstream, increases 
along the watercourse and reaches its maximum downstream. Water 
temperature is proxy to stream size for such type of streams. Conversely, in this 
study the diatom indices did not respond to stream size (Table 2). They 
expressed the quality of stream water irrespective of how large the stream was. 
It is possible to assess the ecological quality of water in the case of running 
waters by means of benthic diatoms. However, changes in hydrology and 
channel structure are not necessarily seen in the composition and structure of 
the benthic diatom assemblages (Eloranta and Soininen 2002). TDI and SHE, 
which are indifferent to all criteria in the studied typologies, as well as DESCY 
and WAT, which depended weakly only on one criterion, are the most 
promising diatom indices for the assessment of ecological quality of water in 
Estonia.  
 
CONCLUSION 
 

The ecological quality of water, but not the status or type of stream, can be 
assessed by means of diatom indices. Four diatom indices, TDI, SHE, DESCY, 
and WAT, are recommended for such assessment. 
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