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Abstract

On the basis of the previous publications, our new data and the existing scientific literature, we have formulated some fundamental principles  that characterize the pivotal roles of the biodiversity of filter-feeders in ecosystems. Among those roles are: (1) the role of ecological repair of water quality, (2) the role of contributing to reliability and stability of the functioning of the ecosystem, (3)  the role of contributing to creation of habitat heterogeneity, (4) the role of contributing to acceleration of migration of chemical elements. It is an important feature of the biomachinery of filter-feeders that it removes from water various particles of  a very broad range of sizes. Another important principle is that the amount of the organic matter filtered out of water is larger than the amount assimilated so that a significant part of the removed material serves no useful function to the organism of the filter-feeder, but  serves a beneficial function to some other species and to the ecosystem as a whole. The new experiments by the author additionally demonstrated  a vulnerability of the filtration activity of filter feeders (e.g. bivalves and  rotifers) to  some   xenobiotics (tetradecyltrymethylammonium bromide, heavy metals and some others). The inhibition of the filtration activity of filter-feeders may lead to the situation previously described as that of an ecological bomb of the second type .

Introduction

Quantitative data on the filtering activity of various benthic filter- feeders have been obtained (e.g.,   Alimov, 1981; Gutelmaher, 1986; Newell 1988; Monakov 1998;  and many other authors).  A significant body of data on planktonic filter-feeders was produced  (e.g.,  Sushchenya,  1975; Zankai, 1979,  Starkweather & Bogdan,1980).We have found new evidence of the vulnerability of that activity of filter-feeders to some chemicals (Ostroumov, 1998, 2002 a,b; 2003a  ). In order to better understand the implications of those effects, it is worth analyzing the fundamental patterns in the   data on the filtration activity  of  aquatic organisms. 

The goal of this paper is to contribute to that analysis.

In the paper we address the following topics: 

1. Some examples of the filtering activity and clearance time in some water bodies; 

2. Diversity of  filter-feeders: its role  in reliability of the biomachinery involved in water filtration;

3. The concentration of particles: effects on filtration rates;

4. Production of pellets by filter-feeders. Role for the ecosystem;

5. Filter-feeders and regulation of the ecosystem;

6. Author's new experimental data on effects of chemicals on filter-feeders.

Examples of the filtering activity and clearance time in some water bodies

Among many examples of quantitative studies of various aquatic species, we mention here only a few examples. Thus, the filtration activity of   Eudiaptomus gracilis (copepod) in Lake Balaton  was  in winter 0.11 ml animal-1 day-1   and  in summer 1.44  ml animal-1 day-1  ;  their maximal activity was as high as 3.27  ml animal-1 day-1   (Zankai, 1979).  The filtration activity of Keratella cochlearis was 5-6 μl animal-1 h-1   (Starkweather & Bogdan, 1980). A higher activity (5-30 μl animal-1 h-1) was reported for Brachionus calyciflorus when they were  feeding in the laboratory on  ciliates (Coleps sp.)  (see: Ostroumov et al., 2003b). Some other examples are in Tables 1 and 2 below.

The filtration rate for a number of benthic organisms was as high as 4.7-10.2 l g-1 h-1 (dry body weight; see Dame et al., 2001).

In detailed studies it was shown that the filtration rate FR (l h-1) increased with increasing body weight W (dry weight of the soft parts) according to the equation (Sushchenya, 1975; Alimov, 1981;   Kryger &  Riisgård,  1988):

FR = a W b
The data for a and b  for many species were determined (e.g. Alimov, 1981;   Kryger &  Riisgård,  1988).Thus, the a value for Dreissena polymorpha was  6.82 (feeding on Chlorella vulgaris),  and for Sphaerium corneum, 2.14 (also feeding on Chlorella vulgaris  (Kryger &  Riisgård,  1988). As for b values, they are often within the range from   0.46  to  0.92 (Kryger &  Riisgård,  1988).

Studies by many authors have shown that the total filtering activity of benthic populations of bivalves (e.g.,  Unionidae, Dreissenidae)  is often within the range from    0.1 to  5 m3 m-2 day-1 (see:  Ostroumov, 2003a).

It is important that the filtering activity is so high that the total volume of many water bodies is filtered within a time period of from 1-2 days to some dozens of days. Even if only benthic filter-feeders are taken into account, that time period is from  one day to several dozens of days  (see Table 1). If only planktonic filter-feeders are considered, similar results were reported (Gutelmaher, 1986).

Diversity of  filter-feeders and its role for reliability

The biodiversity of organisms that are involved in filter-feeding covers uni- and multicellular, planktonic and benthic, freshwater and marine organisms (Alimov, 1981; Krylova, 1997; Monakov,  1998;  Dame et al., 2001; Shuntov, 2001). Here we consider only invertebrates and mainly benthic organisms. However, in order to indicate the broad biodiversity involved, some examples of vertebrates could be mentioned: filter-feeding is a way of trophic activity of some fish (Clupeidae  and many others) and even birds (flamingo, Phoenicopteridae).

Filtration rate was measured for a number of taxons of invertebrates (Alimov, 1981;  Kryger & Riisgård, 1988; and others). Some examples for benthic filter-feeders are given in table 2 . It is interesting that for a number of taxons the filtering rate is as high as up to 10  l g-1 h-1 (dry weight of the filter-feeder).

Such filter-feeders as brachiopods are important but the quantitative data on their filtration rates are not available. They are important in both shallow habitats (e.g., Tythothyris rosimarginata,   5-25 m) and   deep bottom habitats – e.g., Pelagodiscus atlanticus (366-5530 m),   Multitentacula (Dentaria) amoena   (found at 5060 m),  Bathyneaera hadalis (2970-8430 m)  ( Krylova, 1997).

The diversity of organisms involved in water filtration makes the entire ecosystem activity in water filtration and seston removal more reliable. It is interesting to note that each of the two main parts of the aquatic ecosystem (the pelagic and benthic parts) has several taxons of filter-feeders; it is noteworthy that many of the benthic filter feeders (e.g. bivalves) produce larvae that constitute another element of pelagic filter-feeders. The various taxons of filter feeders may have different food requirement and complement each other. However their ecological niches partially overlap, which increases the reliability of the entire water filtering activity of aquatic biota en bloc.

The concentration of particles: effects on filtration rates

Studies of filtering activities at various concentrations of particles were performed (e.g., Schulman & Finenko, 1990; Monakov, 1998).  At relatively low concentration of particles, the dependence of the fitration rate on the concentration of particles is usually linear or almost linear. At the concentration of  particles above certain threshold, a non-linear dependence of the filtering rate on the concentration of particles was found in many cases (Schulman & Finenko,  1990).  One of many examples of studies of that type is illustrated by the data of Table 3.

In several studies it was shown that the higher  the concentration of suspended particles (the cells of algae, etc.), the lower is the filtration activity and (in relative terms) the grazing pressure on seston.

That pattern of the filtering activity and consumption activity was reported in many other cases. Among them are Mytilus galloprovincialis (feeding on Gymnodinium kowalevskii) (Shulman & Finenko, 1990), Brachionus calyciflorus (feeding on Langerheimia ciliata, Scenedesmus acuminatus), Daphnia magna, D. rosea, Diaphanosoma brachyurum and other filter-feeders (Sushchenya, 1975; Monakov, 1998).


It means that when for some reason the concentration of phytoplankton increases above certain threshold, the grazing pressure on it - at least in some cases - might not be increased proportionately, which means that some relative decrease of the control of the phytoplankton takes place. It might open the way for further growth of the phytoplankton. That pattern of cause and effect is an exemplification of the system of positive feedbacks. A detailed discussion of the role of positive feedbacks was given in  (Dame et al., 2001).

As a final result, the abovementioned might contribute to the local increase in the relative phytoplankton abundances in some parts of aquatic ecosystems. The relative increase in phytoplankton changes some other parameters of the local aquatic environment (transparency of water, amount of detritus etc.) so that the heterogeneity of the aquatic habitat increases.

The level of heterogeneity of the habitat is a very important parameter from the viewpoint of general ecology and it is necessary to take into consideration all possible mechanisms that contribute to its formation.

Production of pellets by filter-feeders. Role of the process for the ecosystem. Ecological taxation

The role of organic matter produced by filter-feeders as pellets and detritus is of so high an importance to the ecosystem that it can be viewed as a service done to ecosystem or a  type of ecological tax paid by filter-feeders. To evaluate the amount of the tax or to make the picture more visible, it makes sense to compare the amount of pellets excreted and the productivity of  populations of filter-feeders. That kind of comparison may be done by calculating the ratio F : P (F- excreted non-digested, non-assimilated organic material; P - productivity). It should be noted that the ratio gives only a rough  (and perhaps indirect) estimate of that what might be considered  the tax as the pellets are covered by a mucus layer. The mucus is a product of metabolism of invertebrates and some energy is spent on its synthesis. The formation of the mucus envelope for the pellets is another evidence of the special role of the function of pellet production. To pay the tax in an organized way, the organism sacrifices (or donates) valuable metabolic energy and effort to synthesize a special package for the material returned to the ecosystem. The mucus envelope contributes to better hydrodynamic attributes of the pellets so that they faster move downward to the deeper layers of water or to the bottom. The downward transfer of organic matter is important for the well-being and stability of the ecosystem. 

What is said above generates interest in calculating the ratio F:P. An example of the calculation is given in Table   4,   where the original data are part of the energy budget of the ecosystem of the central part of the Sea of Okhotsk in the summer time.

We may consider P (productivity) as an analogy of profit, and F might be viewed as an estimate of  what the organism returns to the community as a tax towards some stability of environment.

Another way of calculating an estimate of ecological tax is the ratio  F: (P + R), where P and R stands for productivity and respiration, respectively (Table 5). Again, we have to make some reservations and emphasize that this ratio is only a rough estimate as some metabolic energy was spent on the synthesis of the mucus envelope for the pellets.

Discussing  the  pellets, it is worth mentioning that the mucus that covers the pellets has several roles. It was shown that mucus binds various pollutants from water, including some metals (for discussion, see      Ostroumov 2001c).

As a result of pellet production, some amount of the material is deposited on the bottom. The amount of the biosediment formed was measured in a number of studies. Some examples are given in Table  6. 

Filter-feeders and regulation of the ecosystem

We would like to emphasize that another important role of filter-feeders in ecosystems is the regulation of abundance of some key players in the ecosystem including not only algae but also bacteria. By doing so, filter-feeders control an extremely active process of oxidation of organic matter in the ecosystem as the bacteria are sometimes the most active actors in performing the oxidation of organic matter in aquatic ecosystems (see, e.g., Table 7). Also, the table shows that filter-feeders themselves (zooplankton plus part of zoobenthos) are also an important part of the biomachinery for carbon oxidation in the ecosystem.

From the data of the Table 7, we clearly see the role of bacteria. Important are also the other organisms that help bacteria, e.g., by producing extracellular organic metabolites, recycling nutrients (excretion of various forms of nitrogen and phosphorus) that are available for bacteria. Moreover, the regulatory role of filter-feeders is also important towards some optimization of the rates of oxidation of organic molecules by bacteria and other small heterotrophic organisms.

Analyzing the role of filter-feeders in regulating the abundance of bacteria and therefore their oxidation activity, we should also underline another aspect of the influence of filter-feeders on heterotrophic bacteria. This aspect is   the production by filter-feeders of the pellets rich in organic matter that provide the  organic substrate for heterotrophic bacteria, and also provide the organic molecules that serve the function of electron acceptors for some anaerobic bacteria of sediments.

Author's new experimental data on the  effects of chemicals on filter-feeders
It is important to better understand the implications of water pollution, including some potential effects of pollutants on filter-feeders and their functional activities. We have studied the effects of some chemicals (surfactants and others) on the  filtering rate of invertebrates. The individual chemicals tested represented all three main classes of surfactants: anionic, cationic, non-ionic surfactants. The representatives of those that were tested were SDS, TDTMA, and Triton X-100, respectively.  Some inhibition was found (Ostroumov et al., 1997; Kartasheva & Ostroumov, 1998; Ostroumov, 1998;  2000a,b,c; 2002a,b; Ostroumov et al., 2003 b). Surfactant SDS inhibited the filtration activity of Mytilus edulis (Ostroumov et al., 1997). Surfactants TDTMA and SDS (both at 0.5 mg l-1) inhibited the filtration activity of Crassostrea gigas (Ostroumov, 2003a).  TDTMA (0.5 mg l –1) inhibited water filtration by rotifers (Kartasheva &  Ostroumov, 1998; Ostroumov et al., 2003b). Quantitative data on the effects of some chemicals on filter-feeders are presented in table 8. To measure the effect of the chemicals, we  used monitoring the amount of suspended matter that stayed in water after a certain period of filtration by invertebrates. As a result of the filtration, some suspended matter was removed from the water. If the filtration activity was inhibited by the chemical, the amount of the removed suspended matter was less than the amount of that removed in the control. Therefore the concentration of the non-removed suspended matter in water was higher in the system with the chemical tested than in the system with uninhibited activity of filter feeders. We calculated the ratio of the concentration of suspended matter in the system with the chemical inhibitor to that in the control system where the filtration activity was uninhibited. The ratio was presented in table 8. It is seen that both individual surfactants and the chemical products that are the mixtures of several chemicals including surfactants produced a significant effect on the filtration activity. The effect was concentration-dependent. Those data are in accord with previous studies by other authors who have found a similar inhibitory action of other chemicals or have used other organisms (e.g., Mitin, 1984; Widdows & Page 1993;  Stuijfzand et al., 1995;   Donkin et al., 1997).

It should be noted that the response of some species to specific pollutants may have a complex (e.g., bi-phasic) character and we have to be careful when interpreting our experiments. We have to avoid oversimplification of the situation when a pollutant affects aquatic organisms as it is known that some concentrations of toxicants might produce a stimulation of biological functions. We do not extend our conclusions on all types and all concentrations of pollutants and xenobiotics. However at least in case of surfactants we definitely observed the inhibition of the filtering activity both in marine and freshwater organisms. 

It is interesting that the filtering activity can be inhibited not only by the man-made chemicals, but also by some natural ecological chemoeffectors (kairomones). Thus, the filtration activity of Ceriodaphnia cf. dubia was inhibited by kairomones exuded by eastern rainbowfish Melanotaenia duboulayi at fish densities 0.125 fish l-1 or higher, when the fish were placed in culture water for one hour (Rose et al., 2003).

All in all, the data shows that the filtering activity is a labile and vulnerable process.

From facts to some principles and  general conclusions

The material above leads to formulation of some conclusions on fundamental features of filter-feeders. The logic of thoughts that start with facts and lead toward fundamental conclusions is presented in Table 9.  Each line of the table starts with a summary of factual data in the left cell of the line. The factual data are commented in the middle cell of each line, which pave the way for the short formulation of a more general principle in the right cell of each line.

The analysis given above provides some basis for a new vision of the risk of man-made disturbances in biota and ecosystems. This vision was formulated by us in the papers (Ostroumov, 2000a,   2003 b) and is summarized in Table 10.

According to the approach presented in the table and discussed in more detail in (Ostroumov, 2003 b), the man-made inhibition of the water filtration rate is a significant disturbance to the ecosystem. The inhibition of the filtration activity of filter-feeders may lead to the situation previously described as that of ecological bomb of the second type (Ostroumov, 1999).

Conclusions

The studies of filter-feeders help to elucidate some important aspects of ecosystem stability and regulation, which are among the priorities in ecology (Ostroumov et al., 2003 a).

1. The filter-feeders perform some functions that are important services to ecosystem and are characterized by the following:

(a) Filter feeders participate in the large-scale repair of water quality;

(b) Filter feeders contribute to the reliability of the mechanism and stability of ecosystem;

(c) Filter feeders may potentially contribute to creating habitat heterogeneity;

(d) Filter feeders by removing seston and excreting pellets are involved in 'ecological taxation': filter-feeders pay some ecological tax to the ecosystem;

(e) Filter feeders contribute to acceleration (biocatalysis) of migration of elements; 

(f) Filter feeders contribute to the regulation of the metabolism of ecosystem.

2. Using several species of filter-feeders as a model system for studies, we have shown that the filtration rate may be inhibited by some xenobiotics and pollutants.

3. On the basis of our studies of various chemicals and organisms, we predict that new examples of pollutants and xenobiotics that inhibit the filtration activity of aquatic organisms will be found in future.
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Table 1.  Examples of the  impact of fiter-feeders on the water column: clearance time.

	System
	Organisms


	Per what period of time the total volume of water is filtered
	References

	A Sphagnum bog-pond, the areas of high biomass of sponges  31.8 g m-2
	Spongilla lacustris (sponge)
	less than 24 h
	Frost (1978)

	Lake Tuakitoto (New Zealand)
	Hyridella menziesi 

(bivalve)
	32 h
	Ogilvie & Mitchell, (1995)

	Kцnigshafen   

7.2 ·106 m3
	among dominants Mytilus edulis, Crassostrea virginica
	0.9-2.8 d
	Asmus & Asmus (1991)

	North Inlet (South Carolina, USA)

22 ·106 m3
	among dominants 

C. virginica
	0.8-6.1 d
	Dame et al. (1980); 

	South San Francisco Bay

2500·106 m3
	among dominants Potamocorbula amurensis
	0.6 d
	Cloern (1982)

	Narragansett Bay

2724·106 m3
	among dominants Mercenaria mercenaria
	32.1 d
	Pilson (1985)

	Oosterschelde

2740·106 m3
	among dominants M.edulis, Cerastoderma edule 
	3.7 d
	Smaal et al. (1986)

	Chesapeake Bay

27 300·106 m3
	among dominants Crassostrea virginica
	87.5 d
	Newell (1988)

	Marina da Gama

0.025·106 m3
	-
	1.1 d
	Davies et al. (1989)

	Kertinge Nor, Denmark

11 000·106 m3
	among dominants Ciona intestinalis (ascidian)
	0.8-5 d
	Petersen & Riisgård (1992)

	Bay of Brest, France

1480·106 m3
	multiple species
	2.8-6 d
	Hily (1991)


Table 2 .  Some examples of diversity of taxons of benthic organisms involved in removing seston from water. 

	Organisms
	Biomass or another quantitative parameter used
	Filtration (Removal) rate
	Reference

	Polichaeta,

Sabellidae;
	per 1 g of biomass (dry body weight);
	0.5-1.8 l g-1 h-1   (sabellids remove particles 3-8 μm)


	Dame et al., 2001)

	Polichaeta,

Sabellidae; Sabella spallanzanii
	per 1 g of biomass (ash-free dry weight; AFDW)
	1  l g-1 h-1   
	Dame et al., 2001

	Polichaeta , Serpulidae: 
	per 1 g of biomass (dry body weight) 
	4.7-10.2  l g-1 h-1

(they remove particles 2-12 μm)
	Dame et al., 2001

	Spongia (Porifera) Thenea abyssorum
	per 1 g of biomass (ash-free dry weight; AFDW);  in nature the  biomass  is up to 1524 mg AFDW m-2 (Norwegian-Greenland Sea, depth 2020-2630 m)

	up to 12  l g-1 h-1
	(Witte et al., 1997:

	 (sponge,) Spongilla lacustris
	 per 1 g of dry weight 
	2 ml g –1 sec-1
	(Frost ,  1980)

	Ascidia, Ascidiella aspersa
	 per 1 g of ash free dry weight, AFDW
	2.7      l g-1 h-1
	Dame et al., 2001

	Bryozoa, Plumatella fungosa
	 per 1 g of dry weight


	2.2   l g-1 h-1
	Monakov,  1998)

	
	
	
	

	Cirripedia, Balanus crenatus
	per 1 g of  AFDW


	2  l g-1 h-1
	Dame et al., 2001

	Mollusca, Ostrea edulis
	 per 1 g of AFDW)
	up to 8.8 l g-1 h-1
	Dame et al., 2001

	Decapoda, Porcellana longicornis
	per 1 animal (crab)
	0.1-0.27  l crab-1 h-1  
	(Achituv & Pedrotti, 1999)

	Echinodermata,

Ophiuroidea,

Ophiothrix fragilis;
	per 1 g  of

AFDW
	10.4  l g-1 h-1
	Dame et al., 2001

	Corals, Alcyonium digitatum
	per 1 g of biomass 
	0.16 mg C g-1 h-1 (the suspension filtered: the culture of diatoms Skeletonema costatum)
	(Migne & Davoult, 2002)

	Brachiopoda, Laqueus californianus  
	up to 3000 animals m-2; depth: 2-1600 m
	no data
	Krylova, 1997;  

	Brachiopoda, Diestothyris frontalis
	  up to 900 animals m-2;  depth 0-435 m,
	no data
	Krylova, 1997;  


Table 3

Effect of the increase in concentration of algae (Chlorella  vulgaris) on the filtration rate and the amount consumed (C, % ) by rotifers Brachionus calyciflorus.  [Calculated by the  author on the basis of the data presented  in Monakov (1998)].

	Level of the concentration of algae,

No.
	Biomass of algae


	Consumption of algae per day by one animal

	
	mg l-1
A
	A as % of that at  level 1
	% of the weight of the animal, B
	B as % of that at level 1 

	1
	38
	100
	31
	100

	2
	75
	197
	37
	119

	3
	150
	397
	72
	232

	4
	300
	789
	59
	190

	5
	450
	1184
	64
	206


Table  4. The ratio F: P in some groups of  organisms  . The ecosystem of the Sea of Okhotsk. Units: cal m-2 d-1

Calculated by the author on the basis of the data on P and F from the work by Sorokin  et al. 1997.

	Organisms
	Productivity

P
	Excreted non-digested, non-assimilated organic material

F
	F : P (%)

	Microzooplankton
	1200
	1000
	83.33

	Zooplankton (non-predatory)
	1800
	4000
	222.22

	Zooplankton (predatory)
	500
	600
	120.00

	Zoobenthos
	600
	1600
	266.67

	Fish
	150
	250
	166.67

	Mammals and birds
	2
	15
	750.00


 Table  5.  The ratio F : (P+R)  in some filter feeders  (calculated  by the author per 1 unit of energy spent on the sum of productivity and respiration)

	Organisms
	P+R (production+

respiration)
	F
	F : (P+R), %
	References for the data on P, R, and F

	Mytilus

galloprovincialis
2 g (wet weight with shells); natural seston
	4.8-51, average 25

% of calories of filtered matter
	75%
	300
	Shulman & Finenko, 1990



	M.galloprovincialis
10 g (wet weight with shells)
	10-63, average 31
	69%
	222.58
	

	M.galloprovincialis
30 g (wet weight with shells)
	15.4-90, average 41
	59%
	143.90
	

	Appendicularia
	2.9 kcal  m-2 d-1
	1.9 kcal  m-2 d-1
	65.52
	Vinogradov & Shushkina, 1987 



	Doliolidae
	0.8 kcal  m-2 d-1
	0.53 kcal  m-2 d-1
	66.25
	

	Calanoida (small)
	1.5 kcal  m-2 d-1
	0.94 kcal  m-2 d-1
	62.67
	

	Calanoida (large)
	5.7 kcal  m-2 d-1
	3.8 kcal  m-2 d-1
	66.67
	


Note: Vinogradov & Shushkina, 1987 – the region of the upwelling (Peru, 2 miles from the seashore)

Table  6.  Results of the ecological tax.. Biosediments formation

	System 
	Organisms
	Amount
	Comments
	References

	Rocky shores
	Mytilus edulis 
	11.9 kg m-2 y-1
(dry weight), of which faeces 9.2 kg, pseudofaeces 2.7
	-
	Tsuchiya

 (1980)

	Norwegian-Greenland Sea,

depth 2020-2630 m
	sponge Thenea abyssorum, biomass up to 1524 mg AFDW m-2
	0.6-2.2 mg C m-2 d-1
	The poriferan community possibly adds up to 10% to the vertical particle flux
	Witte et al. 1997

	
	Thenea abyssorum
	up to 0.7 g C m-2 y-1
	-
	author's estimate based on the data 

(Witte et al. 1997)

	Baltic coastal ecosystem
	M.edulis
	1092 g m-2 y-1 dry weight
	Sedimentation was 3521 g m-2 y-1 dry weight
	Kautsky & Evans, 1987

	Marine/

estuarine
	M.edulis
	60 g m-2 h-1
	-
	Widdows et al., 1998

	Netherlands
	bivalves
	25 g m-2 h-1
	-
	Smaal et al., 1986 

	Marine/

estuarine
	M. chilensis
	18 g m-2 h-1
	-
	Jaramillo et al., 1992 


Table 7. Contribution of various aquatic organisms to oxidation of organic matter in the ecosystem of central part of the Sea of Okhotsk (the period of time: the summer minimum of phytoplankton, the end of July -  beginning  of August) (Sorokin et al., 1997).

	organisms
	Respiration (% of the total respiration of the community)

	macrophytes
	0.3

	phytoplankton
	8.9

	bacteria
	55.6

	microzooplankton
	7.7

	zooplankton (non-predatory)
	12.2

	zooplankton (predatory)
	4.45

	zoobenthos
	8.3

	fish
	2.5

	mammals and birds
	0.05


Table 8. Some chemicals that have an adverse effect on the filtering activity of the filter-feeders. As a result, the amount of suspended matter removed from the water by the filter feeders decreased.  Therefore the amount of suspended matter left in the water was more than that in control. (Ostroumov 2003 a, with additions)

	Measurement

No.
	Chemical (described in the text)


	Concentraton of the chemical, 

mg l-1
	Organism


	Effect of the chemical (the ratio of   the concentration of suspended matter in the system with the chemical to that in the control), %
	Reference



	1. 
	TDTMA
	0.5
	Crassostrea  gigas
	344.2
	New data

	2. 
	SD1 (L)
	20
	C.gigas
	261.7
	New data

	3. 
	LD2 (F)
	2
	M.galloprovincialis, 
	218.8
	Ostroumov, 2001b 

	4. 
	LD2 (F)
	2
	C.gigas
	1790.0
	New data

	5. 
	SD2 (I)
	10
	M.galloprovincialis
	157.8
	Ostroumov, 2002c 

	6. 
	SD3 (D)  
	30
	C.gigas
	5800.0
	Ostroumov, 2002c 

	7. 
	Triton X-100
	1
	M.edulis
	236.2
	Ostroumov et al., 1998

	8. 
	Triton X-100
	4
	M.edulis
	1505.6
	

	9. 
	SDS
	1
	M.edulis
	271.1
	Ostroumov et al., 1997

	10. 
	SDS
	4
	M.edulis
	1473.2
	

	11. 
	SD4 (OMO)
	50
	Unio tumidus
	186.7
	Ostroumov, 2001a 


Abbreviations: LD1 (E) liquid detergent E; LD2 (F)  liquid detergent Fairy;  SD1 (L) synthetic detergent Lanza; SD2 (I) synthetic detergent IXI; SD3 (D )synthetic detergent   Deni; SD4 (OMO) synthetic detergent OMO.

Table 9.    Some features of water-filtering biomachinery

	№
	Features (facts)
	Comment / Consequences
	Fundamental Principles (in short)

	1
	Significant amount of water filtered per unit of biomass of animals or per unit of area or per unit of time
	Significant contribution to the ecological repair of water quality


	Large-scale repair of water quality

	2
	Parallel functioning of several taxons of filter-feeders 
	Increase in reliability of the biomachinery of water filtration
	Contribution to the reliability of the mechanism and stability of ecosystem

	3
	The higher the concentration of particles, the lower the filtration rate and relative grazing pressure 
	Positive feedbacks that in turn may lead to the increase in heterogeneity of parts of the water column 
	Potential contribution to creating habitat heterogeneity

	4
	The amount of suspension that is being filtered out of water is usually more than needed for metabolism 
	A significant amount of the formerly suspended matter  is finally packed, ejected and/or excreted as pellets 
	Ecological taxation: filter-feeders pay ecological tax to the ecosystem

	5
	Filter-feeders produce pellets
	The pellets gravitate towards the bottom or the lower layers of the water column
	Acceleration (biocatalysis) of migration of elements 

	6
	Filter feeders remove bacteria (inter alia)
	Regulatory effect (control) on bacteria (the latter may perform over 50% of the total metabolism of the ecosystem) 
	Contribution to the regulation of the metabolism of ecosystem


Table 10 . The level–block approach to the analysis of ecological hazards of  anthropogenic effects on the biota .  After Ostroumov , 2003 b ,  with some modifications.

	No.
	Disturbance level
	Examples of disturbances and their consequences (some of them may be assigned to different levels)

	1
	Individual  responses
	Toxic effects on individual species (increased mortality, decreased fertility, ontogenetic disturbances, diseases, etc.), changes in morphological and physiological variability, and behavioral changes



	2
	Aggregated (summarized) responses of a group of organisms
	Changes in primary productivity, aggregated parameters of biomass, water chlorophyll, and dissolved O2 concentrations



	3
	Ecosystem stability and integrity
	Rearrangements and/or weakening of plankton–benthos connections (coupling); rearrangements and/or weakening of links in the food web;  changes in the level of bacterial destruction; decrease in the filtration rates and elimination of  suspended particles (seston) from water; decrease in water self-purification;  decrease in some regulatory effects because of the loss, migration, or trophic inertness of organisms belonging to higher trophic levels

	4
	Ecosystem contribution to biospheric processes
	Changes in C flows (e.g., sedimentation of pellets formed by filter-feeding organisms) and N flows (e.g., nitrogen fixation), as well as in flows and cycles of other elements, including S and P; changes in energy (heat etc.) flows
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