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The elosed matter cycles should be maintained by natural selectiom of
local ecoaystems of finite size. The extetence of local escaystems is
posaible provided that (1) the physical diffusion of biogenic fluwee
do not exceed bioproductivity and (2) there is a definite distribution
of biodestructivity over the body sises of heterotrophic organiems.
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The resources of biogenic elements being limited, the long existence of
life 1s possible only if biochemical matter cycles are closed ones, This
is provided for by correlation of organisms of various species and trophic
levels in the blocenoses. Every kind of intermal correlation in biological
systems, from cells in a multicellular organism to different species in
community, should be maintained by natural selection inside of an uncor-
related set (or population} of corresponding competitively interacting
Plosystems. Therefore the internally correlated biocenoses must interact
competitively, have a finite size and form local ecoéystems in their en-
vironment. The simplest example of a local ecosystem is lichens (Farrar
1976). Let us call by (1) physical stability the stability of an isolated
biosystem which is maintained be the correlative (“altruistic") interac-
tion of its different parts, and by (ii) biclogical etability the stabil-
ity of a set of different blosystems capable of replication, which is
maintained by their competitiie interactions,
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A local ecosystem, 1ike any single organism, is physically stable and
has a finite lifetime. On the contrary, like any animal or plant popula-
tion, the uncorrelated set of competitively interacting local ecosystems
is biologically stable and should have practically an infinite time of
existence.

The stability of the environmental chemical composition may be char-
acterized by a disbalance i

< = (Ph - PL)/PY (1)

where P; and P} are the total biota productivity and destructivity (bio-
gen X = C, Ny, P .., flux in the organic synthesis and disintegration
processes), respectively. The consumption and ejection of various bio-
genes takes place at fixed stoichiometric ratios Pé : P; : P; {Ivanov
1972). So, approximately, « does not depend on X. The mean biospheric net
productivity in carbon units is P; = 1.5 « 10 gC mZyr” {Writtaker

and Likens 1975), The mean global rate of carbon accumulation in the sedi-
mentary rocks is PE -PL=3.1 > 1072 gt n-2ypt (Ronov 1976). There-
fore the mean disbalance is x = 2 -10"4. The annually average disbalance
probably does not exceed 1073 in most natural regions (Ivanov 1975,

Kempe 1979).

The existence of local ecosystems means that there is a difference
a[x] > a[x| ;, of the concentration [X] inside and outside of a local eco-
system, where A[X] . /[X] = € is the relative sensitivity limit (resolu-
tion) of the biota. The biotic resolution ¢ should be of the order of the
disbalance k, £ v k, in the case of biologically stable matter dyc]es.
The diffusion fiux F, is approximately equal to (D » a[X]}/L and tends to
decrease the concentration difference A[X], where [ is the eddy or molec-
ular diffusivity, L is the size of the local ecosystem. The biota is cap-
able of maintaining concentration difference provided that the diffuston
Flux FX may be compensated by the flux of biochemical transport that equals
to the productivity (or destructivity), i.e. if

ot -
Fos Py =P, for a[X] > alx] ., (2}
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In the case of A[X] ~ [X], the biota is capable of maintaining the local
concentration inside of the ecosystem. Such biclogically locally accu-
mulated biogenes are C, N, P in soil. In the case of &[)(]mb1 < aX] << [X].
the b*ata 1s capable of maintaining the global concentration by means of
redistribution of biogen X content in organic M* and inorganic M~ active
global reserves provided that MY~ M. Such biclogically globally accu-
mulated matter are Cﬂz_iﬂ_the atmosphere, and fresh water in forest re-
gions. In the case of A[X] < ﬂ[xlmin‘ or M~ >> H*, the biotogically regu-
lation of the concentration X is impossible. Such biologically unaccu-
mglated biogens are 02 and N2 in the atmosphere, Only biolegically unac-
cumulated biogenes and physically unaccumulated sun 11ght may constitute .
a limiting factor for ecosystem productivity. '

The relations (2) are not valid in running waters {in their rest sys-
tems) and surface water of open ocean due to the laryge value of diffus-
ivity D in these Tocations (Ivanov 1975, Kempe 1979), The existence of
Tocal ecosystems in such biotopes should be maintained by biota that is
located in the regions with low diffusivity, i.e. by bentic fauna and
flora in the running waters and by heterotrophes inside and below the
main thermocliean in the open ocean.

The total destructivity P~ 7s the sum of destructivities Pi of all
heterotrophic species i, which changes proporticnally to the net product-
ivity P* at small «, see (1): P~ =g Pi‘ The variable that does not de-
pend on productivity is the re1ativg destructivity ei of i-th species:

Bi = P£/P+. Let us define the body size 1 as_l = (m!p)us. where m and

p are the body mass and density, respectively. Let us introduce then the
densities per unit of relative size dx = 0.43 dl 1'1, X = lg(lf]o), of
{1) the number of species n and (ii) the relative destructivity of com-
munity B by the following equations:

gy
(I

de
n = (”‘“g i)/dx, B = B,)/dx

where the sumation is understood over specics whose body sizes are in the
“interval (x,x+dx). Then the average relative destructivity By of a species
of definite size 1 is

+

(3)

™
i

b
™
=
e

-
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Fig. 1. The density (N(z)) of the number of herbivore epeciee (ineluding
reducters) per unit of the relative body eigze interval (dx} tn the World
fauna and flora as the function of body eize (1); 1 = imfo)¥/3; 1, m and
o are the body size, the masa and the denaity, respectively; = = tg(l/iyl;

[continued on the next page}
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The destructivity of a given species does not correlate over regions
that have Tinear size r of the order of body size 1 (Gor¥kov 1981), The
number of these regions in the area of the local ecosystem (in the case
of a two dimensional feeding territory (Gorfkov 1982) is of the order of
Ny = L? + 172, Therefore the annua11yyaveraged fluctuation 4, = {BZ—EZ)
of mean relative destructivity, Bz = Byg * ri/LZ, v 1, of the entire

k=1
Tocal ecosystem fis
L] -i - -1
8, %8, NERg .| (4)
The annually averaged square of fluctuation & 2 _ {P” - P'}sz+2 of total

%2
destructivity according to eqn. (1) is (k - ¥}* and should be of order to

72 for the entire Jocal ecosystem. The relative destructivities Bé of
various herbivore species (including reducers! do not correlate, Therefore
their squares of fluctuations aiz = (B, - E;) are sunmed and then we have

X
s f M2, A% zals (5)
z
X min

rtds '
de = 0.43 di/1; Nix) =( £ £)/dx, where the sum 18 taken over those speciee
i which body stze are inxthe interval (z,x+dx).

The histogram K 18 the distribution of layd biota. The follawing tamo-
nomie groups (k) give the main contribution (Cielenko 1881): Ribonucleo—
proteinealee (1.8),(-1,4); Aetinomycetes, Bacteria (3.0-3.4),(0,20); Pro-
togoa (4.4-4.8),(1.7); Nematoda (4,3-4.5),(2.0}; Oligochaeta (3.6),(3.2,
3.9); Diplopoda (3.8),(3.6); Acari (4.0),(2.8); Insecta (5,9-6.2),(3.4);
Gastropoda (4.9),(4.2); Chelonia (2.3),(5.0); Mawmaiia (3.5)&(4.8), where

the firet braskets are (ly Wy piy= lg ¥, max?s where Ny = a:£ :n:m Ny (x} dr

te the total mumber of epecies in the tavomomic group %, Ny min TE Ny o
are their minimal ond maximal data as quoted in literature; the secmﬁ
brackets are the logarithms of sizes (xy), at vhioch the distribution N, (x)
have maxima ((Selenko 1981). The black region ineludes wncertainties ﬁe

to the differences between Ny iy and N . The dashed part of the histo-
gram approximately takee into acecount t%em%ngi {4.8),(1.0} and the insect
larvas. It 18 asaumed that the distribution of thickness of hyphae of Fungi
ig Gaussian in the x scale with o = 0.5 [xmin = ofmucort, ap = 2.8 {(dehlial
(Bilaj 1978)| and that the larvae simes at x < 3.4 change from 1/3 to 1,
where 1 is the aize of adult ingects (Cobben 1988}, The histogram M is the
diatribution of mammale (Iislenko 1881), The histogram ¢ is the distribution
of pelagic ocean biota (the main part of necton ave the carmivore species),
Linee I, II, II, ave the soaling approrimation. The slopes of lines are

N' = 0.96 for I,N' = -1.6 for IT and IT,.
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1t would be natural to assume that all sizes give comparable contributions
to the total fluctuation &, of the entire local ecoesystem and density of
the fluctuation A does not depend on the sfze and according to (5) is of
.y "} = -
?r?er of x LI where I L 6. Thus we obtain from eqn.
3) - (5)

_ AL
B 2 TRy P

A

= (6)
In the scaling approximation

Tg{z/z,)) = 2'19(1/1 ), .z = By Bya b (7)

we obtain from (6) for A' = O the following connections between the slopes
8, Bi and n':

Bi =-1-n'/2, B =-1+n'/2 (8}

According to biogeographic data, the areas of various species do not de-
pend on the body sizes (Cislenke 1981). Therefore the distribution n of
species in an average local ecosystem should be similar to the distribu-
tion N of species in the World fauna and flora (CUislenko 1981) (Fig. 1},
and hence n' = N',

The relations (8) agree with empirical data, In the size interval
0 < x < 3.4 the slope N' = 0.96, (Fig. 1), and, hence, 8' = -0.52, which
agrees with the empirical 8' = =0.5 (Giliarov 1944, Gor¥kov 1981). For
3.4 < x < 6.2 (including mammals) the slope N' = -1.6, (Fig. 1), and,
hence, S' = -0,2. According to Damuth {1981) the slope P' 0 for mammals
of the Hur1d But his data do not take into account possib]e changes of
productivity pt. The maximum P and mean Pt land productivity relates
as P aij+ = 4 (Wnhittaker and L1kens 1975). So in the mamma1ian sizes
range 4.2 < x < 6.2 we have 0 <« P+ < 0,3, and therefore 0 < 81 Pi - p¥
< ~0.3, which agree with the prediction Sz = =0,2. In the open dcean N' =0,
and hence B' = BZ = -1, inside the sizes range 1.5 < x < 4.0, {Fig. 1),
which agree with empirical data (Cejtlin 1981),

The relation (6} may be used to estimate the size L of Jocal ecosystems.
For lichens we have: 1 ~ 107° mn=1,8=1,avc/x ~ 10", and there-
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fore L~ 0.1 m In all Tocal ecosystems we have (Whittaker and Likens
1975, Gor¥kov 1981) B~ 1, n~ 10 at 1 < 1072 - 1074 m, and hence

L~ (0.1-1} m, for large mammals at Pt = P;am the values are 8, = 3-10'4.
n = 1 (Damuth 1981) and from {6) we have that L ~ 10 m. Thus the local
ecosystems size do not exceed the size of Targe plants and are much
smaller then the size of feeding territories of large animals, which
must have according to (6} a very small relative destructivity.

The fluctuation b, of the total primary productivity of entire eco-
system also shoutd be limited by the value of order of k. The higher plant
has a maximal radius of correlation between teafs and roots of order of
plant size LI n Lon 1 m. But the mean radius of correlation between gif—
ferent parts of plant may be of the order of leaf thickness 11 10T m
Therefore the fluctuation by of higher plant may be of order of Nz'} o
" Lflj v K, where NJ = L211'2.
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