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“The study of the algal group known as the diatoms 
(Bacillariophyta) provides a valuable tool for 
assessing the quality of natural and polluted 
waters.

The diatoms are an integral constituent of the 
aquatic biota and the association of species 
living at any time at a given locality is the 
resultant of the physico-chemical conditions of 
the surrounding waters over a period of time. 

Each species in an association has its own 
particular ecological requirements. It is the 
knowledge of these specific requirements that 
enables the diatomologist to draw conclusions 
concerning the composition or quality of the 
water.”

Dr G.G. Cillié. 1976
Director, National Institute for Water Research CSIR (South Africa)



Historical perspectives
• Diatoms were discovered shortly after 

the invention of the microscope.

• First described as “…many pretty 
branches, compos’d of rectangular 
oblongs and exact squares”
(Tabellaria flocculosa).





The diversity and structure 
of the diatoms





CENTRIC DIATOM



Diatoms in Ecology
Cholnoky (1960) made the following statement:
“…it should be pointed out that changes in one or other of 

the factors which have been discussed here [pH, 
salinity and nutrient concentrations] need not 
necessarily bring about the death of one or other of the 
algal species so long as the changes remain within 
the limits occurring in nature. On the contrary, these 
changes will inhibit the multiplication of some of the 
species originally present, and encourage that of others, 
so that primarily the association, i.e. the percentage 
composition and not the flora as such, will be changed”. 

This quotation summarises the very assumption on which 
the value of diatom methods for biomonitoring is based. 



Biomonitoring
• Diatoms – should they form part of monitoring 

programs?

– Benthic or attached diatoms are used in these studies 
as they are not washed away so the effects of pollution 
may be seen in the population structure.

– These organisms are primary producers and actively 
integrate nutrients and other components of water 
quality.

– Individual species have specific water chemistry and 
habitat requirements (e.g. pH, nutrients, chloride 
concentration etc).

– Diatom assemblages are species rich and provide a 
redundancy of data.

– Diatoms have low dispersal barriers.



Biomonitoring (2)
• Diatoms – should they form part of monitoring 

programs? 

– Diatoms have one of the shortest generation times 
of all biological indicators (2 weeks) and may thus 
give a better short term reflection of water quality 
than macro-invertebrate indices.

– The taxonomy of the diatoms is well documented.

– Due to the nature of the cell walls diatoms are 
usually well preserved in the sediments and can be 
used to infer past environmental conditions.

– Taxa are cosmopolitan - results may be compared 
between countries and even continents.



Diatom assemblages are influenced by environmental factors
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Diatom Indices
• Within the last 2 decades diatom indices have 

gained considerable popularity worldwide as 
tools to provide an integrated reflection of water 
quality.

• The results generated from diatom indices can 
form the basis of management decisions 
regarding rivers and streams. 

• The design of software programmes such as 
OMNIDIA for the calculation of diatom indices 
has also facilitated the use of diatom based bio-
monitoring methods.



• Each diatom species used in the 
calculation/equation is assigned two values; 

– the first value reflects the tolerance or 
affinity of the diatom to a certain water 
quality (good or bad) while, 

– the second value indicates how strong (or 
weak) the relationship is. 

– These values are then weighted by the 
abundance of the diatoms in the sample .

How are diatom indices 
calculated?



Diatom index application
• Monitoring standard for shared EU waters.

• Used by American EPA (Rivers and 
wetlands).

• Used in Australia for monitoring urban 
waterways.

• Extensively used in the Far East to indicate 
ecosystem health.

• Used in South America as an indicator of 
water quality.



Milestones in index 
development and testing





The use of diatom-based 
indices in SA

• Diatoms have recently been 
investigated for use in the bio-
monitoring of several rivers, 
wetlands and catchments in South 
Africa.



Rationale

Installing an additional link in the 
biomonitoring/foodweb framework
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Rationale cont.
Monitoring Aquatic Ecosystems

Current monitoring techniques

Physico-Chemical 
analysis Invertebrates Habitat integrityFish
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Useful as indicators?
Diatoms assemblages 

reflect the following

WATER QUALITY 
parameters

Nutrients: PO4, 
NO3, NO2, NH4

Salinity pHOrganic pollution

Heavy metals 

Cell deformity



Study sites

c.

d.



Vaal and Wilge Rivers
• Aims: 

– Testing European diatom indices for use 
in South Africa.

– Testing the response of these indices 
over time (integrative capacity of the 
indices).

– Testing the response of these indices to 
“spikes” of water quality variables.

– Evaluation of the indices for inclusion in 
South African bio-monitoring programs.



Pearson correlation coefficients between average water chemistry variables 
and diatom indices at sites in the Vaal and Wilge Rivers as well as 

comparative correlation data from some European authors
Numerical values indicate significant correlations at p < 0.01 or higher

pH DIP EC DO2 Temp. Turb.

Taylor 2004 - Vaal SPI -0.29 -0.53 -0.52 .. .. ..

BDI -0.47 -0.43 -0.64 .. .. 0.29

Kwandrans et al. (1998) - Poland SPI
No data 
available -0.51 -0.75 0.62 No data 

available

Prygiel & Coste (1993a) - France SPI 0.15 0.54 0.17 0.38 0.36 ..

Prygiel & Coste (1998) - France SPI 0.17 0.64 0.56 0.62

BDI 0.15 0.62 0.61 0.62

No data 
available

RESULTS



Vaal and Wilge Rivers cont.

• Main conclusions:

– Diatom indices developed in Europe and 
elsewhere were useful to indicate changes 
in water quality.

– Diatoms reflect the integrated water quality 
of a (broad slow flowing) river for up to six 
weeks.

– Diatoms communities change in response to 
average water quality conditions, rather than 
in response to “spikes”.



Participation in the State of the 
Rivers Report for the Crocodile 

(west) and Marico River 
Catchment

• Diatom samples collected concurrently with 
other components of the ‘Ecostatus’
monitoring program.

• Diatom index scores were used to support 
the assessment of water quality.



Matrix of Pearson correlation coefficients between measured environmental variables and diatom index scores 
generated for sites in the Crocodile West and Marico WMA. Numerical values indicate significant correlations at 

p < 0.05, n = 50 (casewise deletion of missing data).

SPI SLA DES LMI SHE WAT TDI EPI ROT GDI CEC BDI APDI

Temperature .. .. .. .. .. .. .. .. .. .. .. .. ..

EC mS/m -0.48 -0.54 .. -0.53 -0.52 -0.40 0.66 -0.56 -0.55 -0.55 -0.52 -0.60 -0.53

pH -0.4 -0.25 .. -0.36 -0.31 .. 0.31 -0.30 -0.29 -0.55 -0.42 -0.49 -0.34

PO4-P -0.44 -0.41 -0.50 -0.48 -0.45 -0.45 0.28 -0.55 -0.49 -0.28 -0.45 -0.30 -0.49

NO3+ NO2-N -0.50 -0.59 -0.34 -0.51 -0.59 -0.49 0.55 -0.55 -0.63 -0.23 -0.45 -0.40 -0.50

NH4-N -0.51 -0.39 -0.48 -0.40 -0.39 .. 0.18 -0.27 -0.28 -0.25 -0.39 -0.28 -0.29

Total 
Alkalinity -0.34 -0.42 -0.04 -0.37 -0.40 -0.18 0.59 -0.39 -0.40 -0.42 -0.38 -0.42 -0.33

Na+ -0.67 -0.69 -0.35 -0.69 -0.68 -0.52 0.75 -0.76 -0.66 -0.60 -0.70 -0.71 -0.68

Mg2+ -0.50 -0.57 -0.15 -0.52 -0.57 -0.36 0.72 -0.54 -0.55 -0.50 -0.52 -0.55 -0.50

SiO2-S .. .. .. .. .. .. .. .. .. .. .. .. ..

SO4
2- -0.69 -0.73 -0.28 -0.68 -0.70 -0.49 0.83 -0.75 -0.66 -0.64 -0.71 -0.74 -0.67

Cl- -0.70 -0.70 -0.36 -0.71 -0.68 -0.54 0.77 -0.79 -0.67 -0.64 -0.73 -0.73 -0.70

K+ -0.53 -0.54 -0.31 -0.57 -0.52 -0.46 0.59 -0.60 -0.55 -0.49 -0.57 -0.60 -0.57

Ca+ -0.42 -0.48 -0.15 -0.44 -0.45 -0.29 0.59 -0.48 -0.45 -0.42 -0.45 -0.45 -0.43

RESULTS





The need for further development and 
testing of diatom indices

Endemic species are not taken into account 
in European indices.

Achnanthes standerii Cholnoky

Scale bars = 5 µm

Scale bars = 2 µm

Scale bar = 10 µm

Navigiolum adamantiforme (Archibald) 
Taylor & Lange-Bertalot

All scale bars = 2 µm



Development of tools
• Initiation of the Diatom Assessment Protocol 

(DAP) for rivers and streams by Bill Harding 
of DHEC, funded by the WRC.

• Phase I (completed 2004) explored the 
South African Diatom Collection and 
examined the use of historical diatom data 
for inferring water quality.

• Phase II (completed 2006) provided a set of 
tools for potential users of diatom-based 
monitoring methods.



Products of DAP Phase II (WRC K5/1588)



Example pages from the ‘Illustrated Guide…’







Phase III: Where to from now?

• Test diatom indices in different climatic 
regions of South Africa.

• Develop capacity in all aspects of diatom 
studies over the next 4 years including 
sampling, lab preparation, identification and 
taxonomy. 

• Develop a unique South African Diatom 
Index (SADI), scheduled for the end of 
2009…?

• Incorporate into ECOSTATUS toolkit



ECOSTATUS
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Other projects
• Examining the use of diatoms for 

indicating water quality in urban 
canals. 

• Using diatoms as indicators of water 
quality in wetlands.

• Use of historical records for 
‘Reference Condition’ determinations.



Thank you for your kind attention!

www.dhec.co.za
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