Workshop on monitoring of biological quality elements for assessing typology & ecological status of lakes and rivers


PHYTOPLANKTON AND ZOOPLANKTON

In Denmark we are monitoring on both the phytoplankton and the zooplankton, because the zooplankton is one of the monitoring elements in the Danish national survey programme “NOVANA”, and because, if we exclude the zooplankton, there will be “a missing link” between the phytoplankton and the fish.

The overall classification is set up on the total amount of phosphorous in the lakes. 5 categories (0-25, 25-50, 50-100, 100-200 and >200) will match the 5 ecological classes in the WFD.

Empirical relations have shown that there will be large changes in the lake community, when the phosphorous amount get up to about 100 (g P l-1, but the changes will be minimal, when the concentration exceed 200 (g P l-1. As an example the relation between zooplankton and phytoplankton is showed in figure 1.
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Figure 1 (5.2)

PHYTOPLANKTON AS AN INDICATOR OF ECOLOGICAL QUALITY 

In Denmark we focus on the following indicators:

1) Species richness and diversity 

2) Species with problems: toxic species or invasive species

3) Phytoplankton biomass and species composition

SPECIES RICHNESS AND DIVERSITY

The amount of species will vary a lot among the lakes. Table 1 shows the variability in the number of species detected in the Danish lakes.

	Number of species
	Average
	Median
	Minimum
	Maximum

	Year

Summer (05.01. -10.01)
	101

88
	95

87
	31

24
	201

176


Table 1.

As shown in figure 2 the number of species will not be a good ecological indicator value, because the species number only will vary a little among the phosphorous gradient. The median value is 70-80 species in all the 5 phosphorous groups. 
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Figure 2  (5.20)

Typically about 10 species will contribute to the biomass (90 percent), and as shown above, the species list itself, is not a good indicator for classification. 

But – the species list, can be used in relation to species with “problems”.

TOXIC SPECIES OR INVASIVE SPECIES

In Denmark we are handling with 4 classes in which there are toxic species - Cyanophyceae, Dinophyceae, Prymnesiophyceae and Raphidophycea.
The Cyanophyceae is the class with the most numerous toxic species in our lakes, and occasionally blooms make trouble for the livestock and for people in “swimming lakes”.

Toxic Dinophyceae are only a problem in brackish lakes, where they can cause fish-kill.

“Fish-kill” is also related to Prymnesiophyceae, especially in brackish lakes.

Only one species can be labelled as invasive in Denmark, Gonyostomum semen, which is a Raphidophyceae, and it is only situated in a few lakes. The species can cause “skin injury”, when people are swimming in the lake.

Generally the frequency of the toxic algae increase with increasing nutrient level, but other factors can influence the formation of blooms. Especially the weather is important – calm wind and warm weather will favour the blue-green algae. 

The species richness can be used in the classification of the lakes resolved by the number of species of potentially toxic species.

PHYTOPLANKTON – SPECIES COMPOSITION


The composition of the phytoplankton community depends on both biotic and a-biotic factors, and in most types of lakes the nutrient level, and especially phosphorous, has a big influence on the species composition.
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Figure 3.  (5.21)

The golden-brown algae will only be important in the phytoplankton biomass in lakes with phosphorous concentration below 50 (g P l-1. The dinoflagellates are in general also most important in lakes with low nutrient concentration. But especially in deep lakes, when the nutrient concentration is low in the surface, the dinoflagellates can migrate to deeper parts of the lake, and uptake nutrients.

The diatoms are common in all classes of phosphorous concentration, but the species composition vary from the lowest class to the highest, and the biomass increase – but in general the biomass of diatoms is largest in the “middle-high” concentrations.

At high phosphorous concentration the blue-green algae and the green algae will exceed the relative biomass of the diatoms. The biomass of the blue-green algae increases by increasing phosphorous concentration, and the relative fraction will be considerable at 50-100 (g P l-1. The biomass of the green algae increases correspondingly by increasing phosphorous concentration. At phosphorous concentrations above 400 (g P l-1 the biomass of the green algae increase most of all, and their relative fraction will exceed the fraction of blue-green algae.

In excess of the nutrient level other factors are important for the composition and biomass of the phytoplankton.

These factors are: 

Depth: Important for Dinoflagellates and blue-green algae

Alkalinity: Important for different species in their capability to uptake nutrients

Water colour: Important in the competition between the different algae-groups. The different phytoplankton classes have different pigment composition and utilize different wavelengths of light. 

PHYTOPLANKTON BIOMASS

In both the deep and the shallow lakes the chlorophyll a content increase by increasing phosphorous concentration.
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Figure 4 (5.22)

There is a considerable variation in the chlorophyll-a concentration within each phosphorous group.

There is no difference between lakes with a low alkalinity and a high alkalinity. 

For 3 types of lakes it make sense (our data material) to describe the incidence of the phytoplankton along a phosphorous gradient. 

1. Shallow lakes with a high alkalinity and low colour value 

2. Shallow lakes with a low alkalinity and low colour value

3. Deep lakes with high alkalinity and low colour value

As we have seen before.

The biomass of the blue-green algae and the green algae will increase with increasing phosphorous level, and the green algae will succeed within the highest phosphorous concentrations. 

The Diatoms will do the same, and the yellow-brown algae have an opposite response. 

The response of the Dinoflagellates is not unambiguous, because other factors than the phosphorous level is important – for example, stability of the water.

In the type 2 lakes the data material are too little when the phosphorous concentrations exceed 100 (g P l-1, because the lakes with a low alkalinity typically is situated in areas with a little phosphorous load. 

The response of blue-green algae, green algae and Dinoflagellates are as in the type 1 lakes. The Diatoms and the yellow-brown algae are lesser important, which can be related to the silicon uptake. The Diatoms are nearly missing and the yellow-brown algae have a lower biomass.

A comparison of the type 1 and the type 3 lakes shows us, that there is a difference in the phytoplankton communities. 

The response of the blue-green and the green algae are alike, but the biomass is lower in the deep lakes than in the shallow lakes. There can be to reasons: The risk of sinking is higher in the deep lakes and in the deep lakes they cannot utilise the regenerated nutrients from the sediment. The Diatoms shows the same response in the deep lakes as in the shallow lakes, but with lower biomass. The Biomass of the Dinoflagellates is higher in the deep lakes, but the response is not unambiguous. The yellow-brown algae as an indication of good ecological status are identical in the deep and the shallow lakes, but the biomass is lower in the deep lakes than in the shallow lakes.
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Figure 5 (5.23)
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Figure 6 (5.24)
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Figure 7 (5.25)

	Phytoplankton as an ecological indicator

Both the phytoplankton biomass and the –composition will change along a phosphorous gradient. 

As well as the total biomass (chlorophyll-a or bio-volume) and the biomass of the individual phytoplankton classes can be used as indicators. The dinoflagellates do not show an unambiguous response, and cannot be used in the classification system.

The number of species is nearly the same along a phosphorous gradient, and cannot be used as an indicator, except for the toxic species. 




ZOOPLANKON AS AN INDICATOR FOR ECOLOGICAL QUALITY 

 We focus on:

1) Number of species and species diversity

2) Biomass and relative distribution

3) Zooplankton:phytoplankton relationship

NUMBER OF SPECIES AND SPECIES DIVERSITY

In Danish lakes the number of species will be lowest in lakes with low alkalinity. In lakes with alkalinity >0,2 meq l-1 there is a tendency to lower species number at phosphorous concentrations about 50-100 (g P l-1, where the cause presumably is the declining of the submersed plants.

The species number can be a good indicator especially in the shift from good to moderate status.

The species diversity will only change a little along a phosphorous gradient, and is not a good indicator for ecological quality.

[image: image8.png]Antal

250

X
Totafstor (g P 1

100200

>200





Figure 8 (5.27)

BIOMASS AND RELATIVE DISTRIUTION

The biomass and the composition will change along a phosphorous gradient. The total biomass of zooplankton will increase and so will the biomass of the small species of Cladocera and the cyclopoide copepods. There are no clear changes in the biomass of Daphnia, calanoide copepoda or rotifers.    
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Figure 9 (5.28)

In the two lowest phosphorous groups the Daphnia fraction is nearly 50 percent, and the fraction of calanoide copepods is 15-20 percent. With increasing phosphorous concentration the biomass fraction of both groups will decline. The biomass fraction of the small Cladocera and cyclopoide copepods will increase. The fraction of the rotifers is approximately constant, and is not a good indicator for ecological quality. 
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Figure 19 (5.29)

The individual average weight of Daphnia and small Cladocera decline with increasing phosphorous concentrations. The individual weight of the cyclopoid copepods increase.
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Figure 10 (5.30)

ZOOPLANKTON:PHYTOPLANKTON RELATIONSHIP

The relationship between zooplankton and phytoplankton will change at phosphorous concentrations under 100 (g P l-1, and is especially good when you have to separate the 3 best classes – high, good, moderate.

The changes in the relationship between zooplankton and phytoplankton, at higher phosphorous level, are the cause of increasing biomass of zooplankton eating fish. 

So – the zooplankton:phytoplankton relationship decrease with increasing biomass of zooplankton eating fish.

There are some characteristic differences between alkaline, deep and shallow lakes.
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Figure 11. (5.31)

The zooplankton biomass increase, when the phosphorous concentration increases, in both lake types.

· Increasing biomass of Daphnia and calanoide copepods

· Unchanged biomass of small Cladocera, rotifers and cyclopoide copepods 

	ZOOPLANTON AS ECOLOGICAL INDICATOR

The zooplankton is a good ecological indicator because it responds changes in the nutrient level and changes in the fish population.

The total biomass of zooplankton seems to be a good indicator, especially in shallow lakes.

The biomass of the cyclopoide copepods, and small species of Cladocera seems to be good indicators as well in shallow lakes.

The biomass of calanoide copepods and Daphnia is more suitable for deep lakes.

The individual seize can only by used for Cladocera and only in shallow lakes.

For copepods the average weight cannot be used.
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