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The biotic response to the anthropogenic perturbation of the environment strongly depends on the state
of biota: virgin oceanic biota negatively feedbacks to the increase of the CO

2
 concentration in the environ,

ment, now absorbing carbon from the atmosphere at the rate of up to 5 GtC yr–1. This figure is obtained
from two independent data sources: 14C/12C ratio measurements in the oceanic dissolved organic carbon
and O

2
/N

2
 ratio measurements in the atmosphere. On the contrary, terrestrial biota strongly perturbed

by anthropogenic activities, emits carbon to the atmosphere adding to the anthropogenic perturbation of
the environment. The rate of carbon emission by terrestrial biota is found from the balance equation and
is about 4 GtC yr–1 which is consistent with the maximum direct modern estimates of carbon emissions
due to land use. Restoration of virgin boreal and tropical forests could stop the growth of atmospheric
carbon dioxide mass even if the present high rate of fossil fuel combustion remains the same.
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 Introduction

Biological processes impose strong impact
on the physical environment and this relation,
ship may feature both negative (stabilizing)
and positive (destabilizing) feedback. Possible
response of biota to environmental perturba,
tions has been so far considered either at the
level of a single organism deprived of its nat,
ural ecological background or as a reaction of
anthropogenically perturbed biological com,
munities (e.g. exploited forests and pastures)
[1,2]. Natural ecosystem, however, as a com,
plex strongly correlated community of spe,
cies, can have properties that cannot be pre,
dicted from studies of its isolated components
and that can be lost when the ecosystem is per,
turbed. Being less destroyed by anthropogen,
ic activities than terrestrial ecosystems, oce,
anic ecosystems represent a good object for
studying feedback loops between the natural
biota and the physical environment. If it
proves that virgin unperturbed biota repre,
sents a considerable stabilizing force in re,
spect to the growing atmospheric CO

2
 concen,

tration, then the task of conservation of vir,
gin ecosystems may become of vital impor,
tance in stopping the global change processes
of today.

Meanwhile possible role of oceanic biota has
been ignored in most global change stud,
ies [3,6]. It has been assumed that productivi,
ty of oceanic biota cannot increase with in,
creasing atmospheric CO

2
 concentration, as it

is limited by oceanic concentrations of nitro,
gen and phosphorus which now remain nearly
constant [7,8]. Yet there are two ways for ex,
cessive atmospheric СО

2
 to be absorbed by oce,

anic biota at constant concentrations of nitro,
gen and phosphorus. Firstly, phytoplankton
may increase production of extracellular hy,
drocarbon,type excretions containing neither
nitrogen nor phosphorus [9,10].

Total cellular production of the ocean re,
mains then unchanged, and the newly synthe,
sised dissolved organic matter will be charac,
terised by a higher carbon/nitrogen and car,
bon/phosphorus ratios as compared to the
preindustrial era. Secondly, it is possible to
increase the share of the dissolved organic
matter production in the remaining constant
net oceanic primary production reducing, ac,
cordingly, the share of cellular production.
Then the carbon/nitrogen and carbon/phos,
phorus ratios in the increased production of
the dissolved organic matter will remain at the
preindustrial level.
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We use two independent data sources to
evaluate the oceanic biotic sink of atmos,
pheric carbon. The data used include the
depth profile of 14C/12C ratio in the dissolved
organic carbon (DOC) in the ocean [11] and
recent data on atmospheric O

2
 concentration

change [6]. We find an oceanic biotic sink
approximately two times larger than the
known oceanic inorganic sink [6,12–14].
Oceanic biota is far less perturbed by anthro,
pogenic activities than terrestrial biota
which releases considerable СО

2
 amounts

adding to the anthropogenic perturbation of
the environment [9,10,15]. Our results sug,
gest that unperturbed ecosystems perform
a stabilising function buffering detrimental
environmental changes.

 Equilibrium DOC state in the ocean

Concentrations of radiocarbon vary at an
approximately constant gradient from the sur,
face (s) to depth L, L is less than 1 km, and
then at deeper levels (d) remain approximate,
ly constant down to the very seabed at depth
H, see Fig.1. We denote all the surface prein,
dustrial values by the additional “0” low in,
dex. Denoting the concentration of isotope νC
by the same symbol in italics (and indicating
additionally its localization in brackets in ei,
ther organic (+) or inorganic (–) reservoir, e.g.
νC(s

0
+) or νC(d–), we arrive at the following

equation of mass budget for carbon (either "+”
or "–”) in the oceanic column of unit area and
depth H:

H
d C d

dt
F

C d H
T

ν
ν

ν

ν
( ) ( )

= −                                    (1),

where νF is the influx to that reservoir column,
νT is the residence time for atoms of carbon
isotope νC in the reservoir. The mass of car,
bon in the oceanic column is assumed equal to
νC(d)H. Deviation of preindustrial concentra,
tion in the surface layer from its value at
depths biases the total mass of carbon by only
several per cent, see Fig. 1.

The influx channel to reservoirs of both the
organic and inorganic carbon is the same for
both 12C and 14C. However, 14C has an addition,

Fig.1. Profiles of the observed oceanic DOC (thick line)
and DIC (thin line) ∆14С [11]; s and d denote the surface
and deep waters respectively. Upper indices + and —
relate to DOC and DIC respectively. Low index “0” de,
notes the calculated equilibrium preindustrial state for
DOC and observed prebomb state for DIC.

al escape channel from each reservoir —the
decay channel. The residence time for 14C in
the reservoir is determined by the well,known
relationship for any two parallel channels:

14T–1= 12 T–1 +T
c

–1 or τ –1 = T–1+1,
 τ ≡ 14T/T

c
 , T≡ 12T/T

c
,      (2)

where T
c
= 8267⋅yrs is the average lifetime of

14C [16,17].

The influx νF in both organic and inorganic
reservoirs is proportional to surface water
concentration of inorganic carbon νC(s–):

νF
0
 = νC(s

0
–)v,                                                            (3)

Here v is the proportionality coefficient that
has the dimension of velocity. This coefficient
is the same for all carbon isotopes with the ac,
curacy of isotopic fractionation corrections,
which are of the order of several percent.

The equation dνC/dt = 0 had held for the
stationary equilibrium preindustrial steady
state, and the influxes νF

0
 into the reservoir

coincided with the escape fluxes from the res,
ervoir:

νF
0
 = νC(s

0
–)v =νC(d)H/νΤ                                  (4)

The fluxes ratio, 14F
0

±/12F
0

±, is proportion,
al to inorganic concentration ratio, 14C/12C =
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14R(s
0

–) in the (s
0

–) region. Certain chemical
reactions take place there, so that carbon is
channelled to both the organic and inorganic
reservoirs from the dissolved gas (CO

2
). We

have from (3), (4) for both the “+” and “–” res,
ervoirs:

14 14

14 14
0 0

( ) ( ) 1
( ) ( ) 1

R d C d
T R s C s
τ

− −

∆ += =
∆ +     (5)

14
14

14
0

14 14 12

( )( ) 1,
( )

( ) ( ) / ( )

R xx
R a

R x C x C x

∆ ≡ −

≡
  
,
                               (6)

where 14R(x) and 14R(a
0
)  are the 14C/12C ra,

tios for one and the same reservoir (+ or –) in
the observed region, x, and at the equilibrium
with the preindustrial atmosphere, a

0
,  respec,

tively [17].

To simplify our calculations we use the fol,
lowing notation below:

∆14C(x) ≡ ≡ ≡ ≡ ≡ ∆(x),   14R(x) ≡≡≡≡≡ R(x).                    (7)

Generating the ratio 14F
0
/12F

0
 in (3) and (4)

and using expressions (5) and (7) we obtain:

14
0

0

12
0

( ) ( )
1 ( )

( ) ( )
1 ( )

c

c

s dT
T s

s dTT
T d

τ
− ±±

±
−

− ±±
±

±

∆ − ∆≡ =
+ ∆

∆ − ∆≡ =
+ ∆

                           (8)

Using data of Druffel and Suess [18] for
∆(s

0
–), data of Druffel and Williams [11] for

∆(d–) and ∆(d+), and (8) we have:

∆(s
0

– ) =–0.05, ∆(d–) =–0.23; ∆(d+)=–0.53;

τ+=0.51, T+= 1.02; τ–=0.19, T–=0.23.    (9)

The surface equilibrium value ∆(s
0

+) is not
known. It may be calculated from the condi,
tion that the flux of carbon to oceanic depths
due to eddy diffusion was equal to influxes and
escape fluxes from the reservoir during the
preindustrial era:

14
14 14 14

0 0 14
( )[ ( ) ( )]D C d HF C s C d

L T

±
± ± ±

±= − =    (10)

Here D is eddy diffusivity and L is the depth
above which the gradient 14C concentration is
observed. The values D, L and H remains the
same for both the organic and inorganic car,
bon. So using (8) and (10) we have:

     (11)

Finally, we have from (11) and (9):

D(s
0

+) = – 0.49.                                              (12)

The surface equilibrium value ∆(s0
+) (12)

does not deviate considerably from the depth
value ∆(d+) (9). Therefore the residence time
of surface equilibrium DOC fraction is approx,
imately equal to the average DOC residence
time T + (9).

Modern oceanic DOC production

The modern value ∆(s0
+) = –0.18 for surface

DOC was found by Druffel and Williams [11].
Let us denote the increase (increment) of sur,
face DOC concentration during the whole in,
dustrial era as vc(s+). Then we have for ∆(s+) +
1 according to definitions (6) and (7):

    (13)

According to (12) during the preindustrial
era the equlibrium value ∆(s0

+) + 1 was equal to

 ∆(s0
+)+1=0.51.                                          (14)

The ratio of (13) and (14) is equal to

0

( ) 1 1.6.
( ) 1
s
s

+

+

∆ + =
∆ +    (15)

If in (13) we took zero values for concen,
tration increments of 12С and 14С, 12 c(s+)
=14 c(s+) = 0, then, evidently, the value of ∆(s+)
would be equal to the equilibrium preindus,
trial value, ∆(s+) = ∆(s0

+) =–0.49 (12), and
ratio (13) would be equal to unity. Bomb radi,
ocarbon had been increasing 14C concentration
in surface DIC during the eight years (1955–
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1963) of the most intensive atmospheric nu,
clear tests. The maximum relative increment
of 14C concentration in DIC never exceeded
10% [19], i.e. the average ratio (∆(s−) + 1)/
(∆(s0

−) + 1) ≤1.1. If the observed change in 14C
concentration had been due to bomb radiocar,
bon increment only and 12C mass in DOC re,
mained constant, ratio [∆(s+) + 1]/[∆(s0

+) + 1]
would have coincided with ratio [∆(s−) + 1]/
[∆(s0

−) + 1] and deviated from unity by the val,
ue of relative increment of surface DIC con,
centration, i.e. by less than 10% (Fig. 1).
Thus, bomb radiocarbon cannot be the cause
of the observed deviation (15).

The only possible explanation of the ob,
served value of deviation of ratio (15) from
unity is the assumption that during the indus,
trial era (the last 200 years) DOC was driven
away from the preindustrial equilibrium state
and an additional mass of DOC has accumu,
lated during this period. As the 14C lifetime
is of the order of ten thousand years (2), we
can consider DOC that accumulated during
the last 200 years as having zero age, i.e.
R(a

0
)≅  R(a). Then the industrial 14C and 12C

increments 14 c(s+) and 12 c(s+) will be related as
follows:

14 c(s+) = R(а
0
) 12 c(s+),                                          (16)

where R(a
0
) is equal to ratio in the preindus,

trial atmosphere, see (6). Relation (16) reflects
the evident fact that the 14C/12C ratio in the
DOC increment will be the same as in the at,
mosphere, because the new DOC comes from
DIC which is in equilibrium with atmospheric
СО

2
. Using definitions (6) and (7) and expres,

sion (12) we have:

14 С(s
0

+) ≡ R(s
0

+)12С(s
0

+),                                       (17)

∆(s0
+) = R(s0

+)/R(a0) – 1 = –0.49.

 Using relations (13), (16) and (17) we ob,
tain for the 12c(s+)/12C(s0

+) ratio:

12 12 0
0

( ) ( )( ) / ( ) 1.7
( )

s sc s C s
s

+ +
+ +

+

∆ − ∆= =
∆ ,    (18)

More than 90% of the total atmospheric car,
bon increment has entered the atmosphere dur,

ing this century, i.e. time period of the order of
100 years. Bomb radiocarbon had been entering
atmosphere during time period less than 10
years, i. e. less than 10% of the total period of
DOC mass increase. Due to bomb radiocarbon
emissions oceanic 14C concentration increased by
less than 10%, (Fig. 1). Consequently, the con,
tribution of bomb radiocarbon into (18) is less
than 1%.

The total relative increment of DOC mass is
about one tenth of value (18), i.e. about 17%.
Indeed, the total relative increment of DOC con,
centration above 800 m is about 1/2 of surface
relative increment of DOC concentration, see
(Fig.1). The average oceanic depth is about 4 km.
So for total oceanic relative increment we have:
γ =1.7 (1/2)(0.8/4) = 0.17.

Note that we can found only relative DOC in,
crement by such approach. In order to find the
absolute mass of DOC increment we have to
know the total oceanic DOC mass.

The traditional estimate of DOC mass, M
T

DOC,
is equal to 700 GtC [4,20]. The maximum pub,
lished estimate of DOC mass equals 2000 GtC
[21,22]. To take into account the uncertainty in
determination of the true DOC mass value, we
enter coefficient Z, which is equal to the ratio of
the true DOC mass to MDOC its traditional esti,
mate M

T
DOC

 
. Then the absolute increment of

DOC mass mDOC added to the preindustrial equi,
librium value MDOCcan be written as follows:

120 ;

1.

DOC DOC

DOC

DOC
T

m M GtC Z
MZ
M

γ= = ⋅

≡ ≥  (19)

The relative increment of DOC mass, γ, does
not exceed 20%. Thus, with an accuracy of
20%, we can put in (19) the preindustrial DOC
mass equal to its modern value.

The rate of change of DOC mass, S+ ≡
dMDOC /dt, depends on the known atmospher,
ic increment of carbon mass, m

a
(t) = M

a
(t)

— М
а0

 (М
а0

 — carbon mass in the preindus,
trial atmosphere), and is proportional to this
increment when its relative value is small, i.e.
when m

a
(t)/M

a0
 << 1 [4,23]. So we can write:
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S+ = dMDOC/dt = k
s
+m

a
(t).                                 (20)

Here k
s
+ is the constant proportionality co,

efficient. Using the data for m
a
(t) [24] and in,

tegrating equation (20) over time t at constant
k

s
+ we find

            (21)

k 
s
+= 0.013⋅yr–1⋅Z                                       (22)

The modern rate of DOC accumulation,
dMDOC /dt,  can be obtained from (20) using the
modern observed value of atmospheric carbon
increment m

а
(1995) ≅ 170 GtC, which is about

28% of equilibrium preindustrial atmospher,
ic carbon mass [4]. Assuming that coefficient
(22) remains constant at relatively small mod,
ern atmospheric carbon increment we have:

S+≡ dMDOC/dt = k
s
+m

a
(1995)

≅  2.3 GtC/yr⋅Z.                                                   (23)

The total mass of particulate organic car,
bon (РОС) is of the order of several per cent
of the total DOC mass [11,25]. The possible
rate of РОС mass change due to change of
РОС production, sinking or destruction is in
any case negligibly small as compared with
the obtained rate of DOC mass change (23).

Dissolved inorganic carbon
change in the ocean

 The rate of change of DIC mass, S– = dMD=

IC/dt, should be proportional to the atmospher,
ic increment of carbon mass. So similarly to
(20) we have:

S– = dMDIC/dt = k
s
–m

a
(t).                                 (24)

Taking dMDIC/dt = 2.0 GtC/yr [13,14] and
m

a
(t) = 130 GtC/yr [24] averaged for the years

1970,1990 we have:

    (25)

Similarly to (25) we can retrieve the mod,
ern figure for the rate of inorganic carbon
change in the ocean, dMDIC/dt:

S– ≡ dMDIC/dt = k
s
–m

a
(1995) =

2.6 GtC/yr                                                             (26)

Global carbon and oxygen budget

According to the law of matter conservation
we can represent the global budget for at,
mospheric carbon as

A+F+B+S=0, S=S–+S+.                                     (27)

The budget terms are annual averaged rates
of carbon content change in the main global
carbon reservoirs A — atmosphere, F — fossil
fuel, В — terrestrial biota, S — ocean. The
oceanic term S has the inorganic component
S– (which describes change in DIC mass) and
the organic term S + (which describes change
in DOC mass due to activity of the oceanic bio,
ta). Sinks of carbon will enter (27) as positive
values, sources of carbon as negative values.
The corresponding oxygen changes can be rep,
resented in a similar equation of the global
budget for atmospheric oxygen (low index O):

A
O
 + F

O
 + В

O
 + S

O
 = 0,  S

O
 = S

O
 –+ S

O
+.                   (28)

Processes like fossil fuel burning or de,
struction of biomatter are accompanied by
binding of atmospheric oxygen and thus rep,
resent sources of atmospheric carbon but sinks
of atmospheric oxygen. Therefore terms in
(28) will have opposite signs as compared to
the corresponding terms in (27).

The observed negative change in atmos,
pheric oxygen A

O
 is known from measure,

ments of atmospheric О
2
 /N

2
 ratio  changes [6].

The remaining terms in (28) are connected to
the corresponding terms in (27) through stoi,
chiometric coefficients α = О

2
/СО

2
. For burn,

ing of fossil fuels α = α
F
 = 1.38 ± 0.04 [6]. For

synthesis and destruction of organic matter by
terrestrial biota α = α

B
 = 1.10 ± 0.05 [6]. For

oceanic biota α = α
S+

 = 1.30 ± 0.03 (Redfield
ratio) [15,26]. Oceanic uptake of carbon in in,
organic form is assumed to have no considera,
ble effect on atmospheric oxygen concentra,
tion [6], so α

S
– = 0. Thus eq. (28) may be re,

written as

A
O
·(α

F
F/F

O
) – α

F
F – α

B
B – α

S+
S+ =0,    (29)
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Fig. 2. Changes in the atmospheric О
2
 concentration ver,

sus changes in СО
2
 concentrations in the main global car,

bon reservoirs. A — atmosphere, F — fossil fuel, В —
terrestrial biota, S+ — oceanic biota (organic carbon),
S– — ocean (inorganic carbon). О

2
 
ref

 is a fixed reference
О

2
 concentration [27]. For carbon 1 ppm = 2.1 GtC. Vec,

tors and their projections on both axes connect data for
July 1991 and July 1994. Slope of vector A is determined
by the observed atmospheric CO

2
 and О

2
 changes [6]. Oth,

er slopes are stoichiometric O
2
 /СО

2
 ratios for processes

in different reservoirs, see eqs. (28) and (29). Balances
of the vector projections on СО

2
 and O

2
 axes are given

below and to the right of the closed diagram (low index
«O» stands for oxygen). Vectors S

1
+ and B

1
+ are found in

this paper solving (31), (32) at S
1

– =2.6 GtC yr–1 (26), see
(34). Vectors S

2
+ and S

2
– are found in this paper solving

(31)–(32) at В = —1.1 GtC yr~1. Vectors В
3
 and S

3
– are

found by Keeling et al. [6] under the assumption that
the oceanic biota plays no role in the budget (solution of
system (31)–(32) at S

3
+ = 0), see also Table.

Fig. 3. Changes in organic carbon mass due to biotic impact
in the ocean (S+) and on land (B) versus changes in inorganic
carbon mass in the ocean (S~), see eqs. (31)–(32).

where atmospheric term A
O
 is multiplied by

transforming coefficient (α
F
F/F

O
) which

turns units of oxygen change measurements
(ppm⋅yr–1) into units of carbon change meas,
urements (GtC ⋅yr–1), (Fig. 2).

For the 1991–1994 time period the annual
averaged rate of fossil fuel burning F, the rate
of atmospheric oxygen depletion due to fossil
fuel burning F

O
 and the observed rates of car,

bon accumulation and oxygen depletion in the
atmosphere A and A

O
 are as follows [6]*):

F = (–5.9±0.3) GtC⋅yr–1,

F
O
=(4.0±0.2) ppm⋅yr–1,

A = (2.2±0.2) GtC⋅yr–1,                              (30)

A
O
=(–2.9±1.3) ppm⋅yr–1

(Keeling et al. [6] used per meg•yr–1 as
units of О

2
 change measurements. For oxygen

1 ppm = 4.8 per meg, [27]). Uncertainty rang,
es represent estimated standard errors. Tak,
ing these values and solving eqs. (27) and (29)
for S+ and В we have (Fig. 3):

S+ = –9.4 GtC⋅yr–1 + 5.5S–,                               (31)

В =13.1 GtC⋅yr–1 + 6.5S–.                                    (32)

Relative uncertainties of all figures in (31)
and (32) are about 10%. Excluding S– from
(31)–(32) yields relation between the rates of
changes in mass of organic carbon on land (B)
and in the ocean (S+):

В =2.0 GtC⋅yr–1– 1.2 S+.                                      (33)

We will now take in turn the available esti,
mates for S+, B, S– as the starting points and
discuss possible solutions of system (31)–(32).

* We are indebted to M. Heimann for providing us with
corrected figures.
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Firstly, if we consider S– = 2.6 GtC⋅yr–1

(26), point с in Fig. 3, to be a good estimate
for the modern rate of oceanic carbon uptake
in inorganic form, we get for decrease of or,
ganic carbon mass on land and increase of it in
the ocean, respectively:

B= –3.8 GtC⋅yr–1 and S+= 4.9 GtC⋅yr–1.    (34)

The former figure in (34) is about two times
larger than the modern estimate of tropical
terrestrial biotic carbon source [1,12], but is
consistent with earlier estimates for the rate
of decrease of the terrestrial organic carbon
stock [28]. The latter figure in (34) corre,
sponds to the following Z in (23), k

S
+, in (22)

and total DOC mass in (19):

Z =2.1; k
S

+= 0.028⋅уr–1; MDOC = 1500 GtC, (35)

which is close to the upper estimates of total
DOC mass (about 2000 GtC [21,22]). Though
one of the authors [21] has retracted this val,
ue [22], our result can be thought of as point,
ing to the reliability of these maximum esti,
mates of the total DOC mass.

Secondly, according to the available land
use and forest statistics terrestrial biota as a
whole represents a source of carbon at 1.1

GtC⋅yr–1 (release of carbon dioxide due to land
use at 1.6 GtC⋅yr–1 (in tropics mostly) and ac,
cumulation of organic carbon due to regrowth
of temperate latitude forests at 0.5 GtC⋅yr–1)
[1,6,12]. If we take В = —1.1 GtC⋅yr–1 as a re,
liable estimate (point b in Fig. 3), solving (31)–
(32) yields S+ = 2.6 GtC⋅yr–1 and S– = 2.2
GtC⋅yr–1 for the rates of oceanic uptake of car,
bon in organic and inorganic form, respective,
ly (Fig. 2). These figures agree within uncer,
tainty ranges with independent estimates of
S += (2.3±1.0) GtC⋅yr–1 (23) and S– = (2.6 ± 1.0)
GtC⋅yr–1 (26) obtained from 14C/12C and 13C/12C
measurements under the assumption that the
rate of oceanic carbon uptake grows with time
proportionally to the increase of atmospheric
СО

2
 concentration as compared to the prein,

dustrial state (Table).

Uncertainty of the 14C/12C estimates is
mostly determined by the uncertainty of the
estimates of the total mass of DOC in the ocean
(23). The traditional estimate of total DOC
mass is 700 GtC [4,8] which now corresponds
to S+ = 2.3 GtC⋅yr–1. Our result, S+ = 2.6
GtC⋅yr–1, corresponds to total DOC mass equal
to 790 GtC, which falls within uncertainty
ranges of traditional DOC mass estimates [4,8].

Table

Available estimates of budget terms and different presentations of the global carbon budget as a
whole (GtC yr–1). All data are rates of carbon release (negative values) and uptake (positive values)
averaged over time periods indicated in the table. Uncertainty ranges represent 90% confidence
intervals as in refs. [1,6]

Sources of data Ref. [29],
1980–1989

Ref. [6],
1991–1994

This paper,
1991–1994

INORGANIC CARBON (IC):

Observed change in the
atmosphere A

3.3 ± 0.2 2.2 ± 0.1 2.2 ± 0.1
(ref. 6)

Fossil fuel burning and
cement roduction F

−5.5 ± 0.5 –5.9 ± 0.5 −5.9 ± 0.5
(ref. 6)

Change in the ocean S– 2.0 ± 0.8 1.7 ± 0.9 2.6 ± 1.0 (eq. 26)

ORGANIC CARBON (OC): OC = − IC = − (A + F + S–)

Oceanic biota S+ 0 0 4.9 ± 2.1 (eq. 34)

Terrestrial biota B
B = OC − S+

0.2 ± 0.5 2.0 ±  0.9 −3.8 ± 1.9 (eq. 34)

tropical zone Bt −1.6 ± 1.0 −1.6 ± 1.0
(ref. 29)

boreal zone Bb 0.5 ± 0.5 0.5 ± 0.5
(ref. 29)

remainder Br

Br  = B  − Bt − Bb

1.3 ± 1.5 3.1 ± 1.5 0
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Fig. 4. The global change and virgin biota. The global
carbon cycle change: a — for modern biosphere; b — for
totally unperturbed land+ocean biota; с — for totally
man perturbed land+ocean biota; d — for stopping of
the global environmental change. Shaded area is the vir,
gin biota, blank area is the perturbed biota. Figures near
arrows are the carbon fluxes in GtC yr–1. Figures in shad,
ed and blank areas are net primary productions in
GtC⋅ yr,1.

Thirdly, if we assume that oceanic biota
does not react to the increasing atmospheric
СО

2
 concentration at all (S+ = 0, point a in Fig.

3), we arrive at the result obtained by Keeling
et al. [6] They found a global oceanic inorgan,
ic sink S– = 1.7 GtC⋅yr–1 and a global terrestri,
al biotic sink В = 2.0 GtC⋅yr–1 (Fig. 2). The
former estimate obtained for the 1991,1994
time period appears to be less than the estimate
2.0 GtC⋅yr–1, which was obtained from 13C/12C
ratio measurements for an earlier 1970–1990

time period [12,14] and which increases up to
2.6 GtC⋅yr–1 if the time growth of this rate is
taken into account (Table, see also [30]).

Modern data on land use [1,6,12] tell that
exploited lands (tropics mostly) represent a
source of carbon at 1.6 GtC⋅yr–1. If the global
biota as a whole represents a sink at В = 2.0
GtC⋅yr–1 then the remaining part of terrestri,
al biota should remove from the atmosphere
3.6 GtC⋅yr–1, i.e. about two thirds of what is
released from burning of fossil fuels. Among
terrestrial ecosystems there are no possible
candidates that could ensure such a powerful
sink of carbon [1,5,31] (according to forest
statistics, ecosystems of boreal forests which
represent most part of the temperate latitude
biota in the Northern hemisphere remove at
best (0.5± 0.5) GtC⋅yr–1).

Conclusions

Summing up, the existence of a substantial
oceanic biotic sink comparable by the order of
magnitude with the modern fossil fuel source
does not contradict any available data on ma,
jor factors determining the global carbon cy,
cle. The unperturbed oceanic biota has thus
stabilising influence upon Earth’s changing
environment. On the contrary, terrestrial bi,
ota has probably lost the stabilising ability
being substantially destroyed by anthropogen,
ic activities and is now adding significantly to
the detrimental environmental perturbations.
Our results suggest that stabilising negative
feedback loops between the physical environ,
ment and the natural biota constitute an es,
sential feature of the biota,environment inter,
relationship.

The net primary production of the ocean is
about 40 GtC⋅yr–1 and constitute about 40%
of the net primary production of the whole bio,
sphere which is about 100 GtC⋅yr–1 [4,23].
Anthropogenically perturbed land areas now
amount to 60% of the total land surface area
[4,23]. The areas of land wilderness constitute
40% of that area [4,23]. Thus the net primary
production of the land wilderness and per,
turbed land area is about 20% and 40% of the
net primary production of the whole bio,
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