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Introduction

The ecological conveniences of the aquatic ecosystems is closely connected with peculiarities of the production process, which provide the different life forms of the aquatic vegetation, inhabiting in pelaguial and benthal of the marine and freshwater basins. The external surface of the unicellular and multicellular algae, as well as flowering macrophytes, executes the role of the phytocontour, through which the exchanging processes between autotrophic link and aquatic environment is realized. The dimensions, form, peculiarities of the morphological construction of the aquatic plants, as well as the integral magnitude of the vegetation communities surface, are very important for the operative estimation, monitoring, short-term and long-term prediction of the ecological situation of the aquatic ecosystems (Minicheva, 1998).

The complex of the indexes, based on the parameters of the surface, was used as the main instrument of the information reception in the new for hydrobiology direction - morpho-functional ecology of the seaweeds (Chaylov and others, 1978; Chaylov, 1983; Minicheva, 1998а).

For measurement of the main index of the morpho-functional parameters complex - a specific surface of the macroalgae thallus, the method of the direct surface measurement were developed (Firsov, 1979), and also the method of the specific surface calculation, on the basis of the allometric dependencies (Minicheva, 1992). More than 15 years ago, methodical recommendations on define of the complex of the indexes, connected with the seaweeds surface were published, in which the methods of direct and calculation manners of the define of the indexes for multicellular forms of the benthos vegetation are used (Minicheva, 1987). 

The further development of the seaweeds morpho-functional ecology direction, has revealed the need of the use of the surface estimation parameters methods, developed on the benthos macroalgae, for other aquatic vegetation life forms. This required the developments of the new methods of the morpho-functional indexes calculation for unicellular plankton and benthos algae, as well as for flowering macrophytes, which in shallow ecosystems with multicellular algae, can play the important role in the production process. The possibility at the same time estimation in the uniform measurement all the components of the aquatic ecosystem autotrophic link, despite the difference in the life forms, dimensions, occupied biotops and systematic belonging, opens the possibility of the holistic estimation of the production block, which peculiarities of the operation form the base of the ecological material and energy transformation.

The task of that Methodical recommendation is to give the unfolded algorithms of the morpho-functional indexes calculation, for the main life forms of the aquatic vegetation including unicellular and multicellular algae of the plankton and benthos, as well as the flowering macrophytes.

The proposed indexes can be used for resolving of the complex of the applied problems connected with the expert estimation of the production process intensities, trophic status defines (the degree of local or global anthropogenetic eutrofication) of the aquatic ecosystems and saprobionte class of the aquatic environmemt, for the predictions of the expected changes in the floristic community composition, for the perspective resource species define, as well as for the number of other problems connected with the ecological management of the different marine and freshwater ecosystems (Minicheva, 1998). 

The Methodical recommendations are oriented for the specialists of the algologists, aquatic botanists, hydrobiologists and ecologists.

The methods of the morpho-functional complex indexes define for unicellular forms

In this part the modified approaches of the surface area and the cell volume calculation are given, and also the methods of the whole morpho-functional indexes calculation for unicellular phytoplankton algae (Table 1). But the methods of the specific surface group indexes calculation do not have a principle differences, for unicellular algae plankton and benthos. At the surface group indexes factors calculation the algorithms of the methods take into consideration the planktonic community inhabitation peculiarities, and the total algological surface calculation for different hierarchical levels is brought to the m3 of water column. In the case with the unicellular benthos algae communities, the surface indexes can be calculated on the bottom area unit. The calculation principle for the benthos vegetation community surface indexes is presented in the part of the given Methodical recommendation: "The methods of the morpho-functional complex indexes define for multicellular forms".
The unicellular algae specific surface indexes

Specific surface of the cell (S/W)c
The unicellular algae volume and surface area calculation
The starting indexes at the unicellular algae specific surface calculation are the surface area (Sc) and the mass (Wc) of the cell. In the phytoplankton samples processing practice, the cell mass Wc (mg) is calculated indirectly, with the use of accounting cell volume of (Vc) (mkm3) and specific weight (ρ), which equals to the unit: Vc●ρ=Wc (Nesterova D.A., 1988). 

At the unicellular algae volume calculation Vc, the method or "true volume" is used (Kiseleva I.A., 1956). The form the cell is "closing" to the corresponding geometric figure, or complex of the figures, which volume is calculated on the cell linear parameters bases.

The cell surface area calculation Sc is produced by the similar methods. On the grounds of the linear parameters, Sc is calculated on the surface area formula of the geometric figure, corresponding to the form of the unicellular algae. In the case of the cell form "closing" to the complex of the geometric figures the lateral surfaces formulas are used.

In the table 2 the 57 volume calculation formulas are brought, of the full and lateral surface area for 20 geometric figures, using at Vc and Sc calculation of the unicellular algae.
Table 1
Phytoplankton morpho-functional indexes*
	Organization 

levels
	Specific surface indexes
	Surface indexes

	Cell
	Specific surface of the cell

(S/W)c
	-

	Uniform-sized cell group
	Specific surface of the uniform-sized cell group 

(S/W)uni.c.gr
	-

	Population
	Population specific surface 

(S/W)p
	Population surface index
SIp

	Community
	Community specific surface
(S/W)cm
	Community surface index
SIcm

	Region floristic grouping**
	Floristic grouping specific surface
(S/W)fg
	Phytoplankton surface index
SIphp

	Taxonomic section**
	Taxonomic section specific surface
(S/W)ts
	Taxonomic section surface index 
SIts


*The semantic define of the index ref. in the methodical recommendation text.
** The "region floristic grouping" and the "taxonomic section" are not the organization hierarchical levels of the unicellular algae in the direct sense and are given in the below order only for comfort and according to the general logic of the morpho-functional complex indexes calculation.
Table2

The volume calculation standard formulas of the unicellular algae full and lateral surface area.
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Surface area calculation of the "flatted" figures of rotation

For the volume and surface area calculation of the unicellular algae four figures of rotation are used: ball, cylinder, cone and ellipsoid. At the "flatting" figures of rotation (the cylinder, cone and ellipsoid) gain the third "significant" linear parameter, shaping up the figure with elliptical base (the elliptical cylinder, elliptical cone) or section ("flatted" ellipsoid), typical for the number of the unicellular algae of the plankton and benthos. 

Only for the elliptical cylinder the surface area is calculated on the known geometric formula (refer to tab. 2). For the surface area and volume calculation of the "flatted" ellipsoid and elliptical cone the following methods are offered.

Method of the "flatted" ellipsoid surface area and volume calculation

As a result of the slashing of the ellipsoid by the planes of the symmetry the figures are formed, the lateral surface area and volume of which is a half surface area and volume of the ellipsoid. Introducing the factor K=0,5, the surface of the ellipsoid takes the type of four different configurations, submitted for fig.1. An ellipse lies in their base, and a circle in special case. Derived from ellipsoid configurations №1 and №2 (refer to fig. 1) are the flatted and extended paraboloid of rotation. The configurations №3 and №4 (refer to fig. 1) - the elliptical paraboloid segments, which height (the parameter b) is possible to enlarge, "supplementing" the lateral surface of the elliptical cylinder with the corresponding to linear parameter (c and a).

A free 
configuration combination №3, №4 and the lateral surface of the cylinder with elliptical base describes the surface of the "flatted" elliptical cells of the phytoplankton of the different form (fig. 2).

The configuration №1 and №2 are combined on the same way that allows to calculate the surface and volume of the figures of rotation "incorrect" forms. The configurations brought on fig.1, are the lateral (unclosed) surfaces. Bring them to the full form is possible, by complementing with the ellipse or around.

	Ellipsoid  а = в ≠ с
	By ху planes
	By хz planes

	Flatted - а = в > с 
	№1 Flatted paraboloid of rotation  
	№3 Elliptical paraboloid segment 

 а = в 

	Extended - а = в < с 
	№2 Extended  paraboloid of rotation
	№4  Elliptical paraboloid segment а = в 


The fig.1. The surface configurations, corresponding surface areas of the ellipsoid at factor 0,5.
	Configuration №4 2 

+ cylinder lateral surface with elliptic base

(а≠ в≠с)
	                                                                                    а

                                                                                        в

                            ellipse                       ellipse
                                      с

	Configuration №3 

+ cylinder lateral surface with elliptic base 
+ configuration №4

(а≠ в≠с≠d)
	                                                                    а

                                                                                               в 

                                                                                       d
                            ellipse

                                                c

	Configuration №3 · 2

+ cylinder lateral surface with elliptic base 

(а≠ в≠с)
	                                                                               а

                                                                                  в

                          ellipse                        ellipse

                                        с


The fig. 2. The examples of elliptical paraboloid segments combinations and the cylinder with elliptical base.
Method of the elliptical cone surface area and volume calculation.

The canonical ellipse equation describing it in decart coordinate has a following type: 
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, where a=const and b=const - ellipse semiaxises , x and y - the distances from axises Y and X to any point, lying on the base ellipse  [x=a if b=0, y=b if a=0] (the fig. 3).
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The fig. 3 Measured (a, b, h) parameters used at elliptical cone surface area calculation. 

The lateral surface area of the elliptical cone is calculated as the surface integral the type I The full surface area of the given figure is calculated on formula:
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where a and b - semiaxises of the base ellipse , h - a height of the cone,


[image: image53.wmf]2

2

2

1

a

h

+

=

a

, 
[image: image54.wmf]2

2

2

1

b

h

+

=

b


(The volume of the elliptical cone is calculated  on formula V=
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πabh).

The most exact correspondence of the cell  form and "approximate" to it figure, is reached by the free combination of the maximum number of the corresponding geometric figures (the fig. 4 ).
	Type
	Surface and volume calculation

	Peridinium sp.
	The cone with elliptical base

(the parameters - a, h, b; the lateral surface) + cylinder with elliptical base (the parameters - a, h1, b; the lateral surface) + 0,5 ellipsoids, configuration №3 (the parameters - a, h = a, b; lateral surface)



	Exuviaella sp.
	0,5 ellipsoids, configuration №4 · 2 (the parameters - a, h = b, b; the lateral surface) =the full ellipsoid surface + cylinder with elliptical base (the parameters - a, h1, b; lateral surface)

	Diploneis sp.
	The сylinder with elliptical base · 2 

(the parameters - a1=a/4, h1, c; full surface) + parallelepiped 

(parameters a, b, c, lateral surface)

	Nitzschia sp.
	Cone · 2

(the parameters - R, h; the lateral surface) + cylinder · 2 

(the parameters - R1, h1; lateral surface)




The fig. 4. The examples of the free figure combination at the unicellular algae volume and surface area calculation.
The cell specific surface calculation

The cell specific surface index characterizes the relation of the cell surface area to its volume (S/V)c (mkm-1), or mass (S/W)c (mkm2·mg-1) (at condition Vc·ρ= Wc where ρ=1).

1. The methods of the cell specific surface (S/W)c calculation:
1.1 Using the geometric formulas (refer to tabl. 1) and parameters of the linear sizes of the cell to calculate the value of the volume (Vc) and surface area (Sc) of the cell.

1.2 On the grounds of equality (Vc·ρ=Wc, where ρ=1) correlate the cell surface with its mass: (S/W)c (mkm2·mg-1) =Sc/Wc=Sc/Vc.
1.3 Convert dimensionality to specific surface of the cell in m2·kg-1:

(S/W)c(m2·kg-1) = Sc/Wc(mkm2·mg-1)·1000.

The specific surface of the uniform-sized cells group (S/W)uni.c.gr.
Counting the number of the unicellular algae in the sample, the cells of one type with the same form and linear size are uniting, forming uniform-sized cells groups. The index (S/W)uni.c.gr corresponds in terms of quantity to (S/W)c, incoming into given group. As the groups of the uniform-sized cells are marked out during the sampling processing, rather then at the specific surface calculation, in practice (S/W)uni.c.gr is calculated on the similar to the calculation methods (S/W)c .

2. The methods of the uniform-sized cells group specific surface calculation (S/W)uni.c.gr:

2.1 Mark out the uniform-sized cells group in the sample.

2.2 Calculate the specific surface of the cell, incoming into given uniform-sized algae group (refer to. 1.1-1.3).

2.3 Calculate the specific surface of the uniform-sized cells group on formula:

(S/W)uni.c.gr=(
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(S/W)c)/n,

where i - a number of the uniform-sized cells of one species in the sample.

Specific surface of the population (S/W)p
The (S/W)p index is the average value, calculated for the whole value part of the uniform-sized cells groups specific surface, fixed in the given population species.

For validity level estimation of the population specific surface define the average accuracy define index is used (Cs). Cs is calculated on the following formula Cs =M/x·100, where x - an average S/W value population, M - a representation mistake (Lakin G.F., 1990).

3. The methods of the unicellular algae population specific surface (S/W)p calculation:

3.1 To calculate the (S/W)uni.c.gr values (refer to. 2.1-2.3), fixed for investigative species of the unicellular algae.

3.2 To calculate the specific surface of the population on formula:

(S/W)p=(
[image: image57.wmf]å
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(S/W)uni.c.gr)/n,
where i- a number of the uniform-sized cells groups, fixed for given phytoplankton population.
Specific surface of the community (S/W)сm
The (S/W)сm index characterizes the average value, calculated for the whole value part of the specific surface of the different species cells, fixed in the sample.

4. The methods of the unicellular algae community specific surface (S/W)сm calculation: 

4.1 To calculate the (S/W)uni.c.gr values (refer to. 2.1-2.3) for all groups of uniform-sized cells, met in sample.

4.2 Using standard methods (Nesterova D.A., 1988), get the values of the number of the cells in the uniform-sized cells groups (Nuni.c.gr), met in sample.

4.3 To calculate the total number of the cells in the sample (Nсm)

4.4 To calculate the community specific surface on formula:

(S/W)сm=(
[image: image58.wmf]å
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((S/W)uni.c.gr·Nuni.c.gr))/Nсm,
where i - a number of the groups of the uniform-sized cells in the sample (community).

Specific surface of the floristic grouping (S/W)fg
The (S/W)fg index is an average value, calculated for value part of the specific surface community, noted in investigative basin or on the investigative  part the area of water.

5. The methods of the unicellular algae floristic grouping specific surface (S/W)fg calculation:

5.1 To group all the values (S/W)сm (refer to. 2.1-2.3), fixed for given basin or the investigative part the area of water.
5.2 To calculate the specific surface of the floristic grouping on formula: 

(S/W)fg=(
[image: image59.wmf]å
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(S/W)сm)/n;

where i - a number of the samples, fixed for the basin or the investigative  part the area of water.

Specific surface of the taxonomic section (S/W)ts
The (S/W)ts index is an average value, calculated for the value part of the specific surface of the uniform-sized cells groups, forming species populations, referring to given section.

6. The methods of the specific surface of the unicellular algae taxonomic section (S/W)ts calculation:

6.1 To group the values (S/W)uni.c.gr (refer to. 2.1-2.3), fixed for given taxonomic section of the unicellular algae.

6.2 To calculate the specific surface of the taxonomic section on formula:

(S/W)ts=(
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(S/W)uni.c.gr)/n;

where i - a number of the uniform-sized cells groups forming the taxonomic section.

Surface indexes of the planktonic algae

The surface indexes of the planktonic algae characterize the total surface area of the certain phytoplankton cells group referred to the determined volume of the water column, and are non-dimensional value (m-1). 

The surface index of the population SIP
The surface index of the population SIP of the planktonic algae characterizes the average total surface met in the cells sample of the certain species (population), referred to m3 water column.
7. The methods of the phytoplankton population surface index SIP calculation:

7.1 To calculate the values (S/Wuni.c.gr (refer to. 2.1-2.3), fixed in the sample for given phytoplankton species (refer to. 3.1).

7.2 Using standard methods (Nesterova D.A., 1988), calculate the biomass of the sample (of the community) (Bcm) in the dimensionality kg·m-3. 

Bcm (kg·m-3)= Bc (mg·m-3)/1000000

7.3 On the grounds of the values Nuni.c.gr, Nсm, and Bcm to calculate the index to surfaces to populations (m-1) on formula:

SIP=
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=

n

i

1

((((S/W)uni.c.gr·Nuini.c.gr)/Nсm)·Всm);
where i - a number of the groups of the uniform-sized cells of the given species in the sample.

The surface index of the community SIcm
The surface index of the community SIcm characterizes the total area to surfaces of the cells, met in sample, referred to m3 of the water column.

8. The methods of the phytoplankton community surfaces index SIcm calculation:

8.1 To calculate the specific surface of the phytoplankton community (refer to. 4.1-4.4).

8.2 Using standard methods, calculate the total biomass of the cells in sample (Вcm).
8.3 To calculate the surface index of the community on formula:

SIcm=(S/W)cm·Вcm
The phytoplankton surface index SIphp
The phytoplankton surface index SIphp characterizes the total surface of the cells met in the given basin or on the investigative ecosystem area, referred to m3 water column.

9. The methods of the phytoplankton surface index SIphp calculation:

9.1 To calculate the SIcm values (refer to. 8.1-8.3) for all samples, got for given basin or investigative water area.

9.2 To calculate the phytoplankton surface index on formula:

SIphp =(
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=
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SIcm)/n
where i - an number of  the SIcm values, fixed for the basin or water column. 
The surface index of the taxonomic section SIts
The surface index of the taxonomic section SIts characterizes the total surface met in sample of the cells of the given taxonomic section, referred to m3 of the water column.

10. The methods of the phytoplankton taxonomic section surface index SIts calculation:

10.1 To calculate the SIp values (refer to. 7.1-7.3), populations met in the sample, referring to one taxonomic section. 

10.2 To calculate the taxonomic section surface index on formula:

SIts=
[image: image63.wmf]å

=

n

i

1

SIp
where i - a populations number met in the sample, referring to the given taxonomic section.
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