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INCREASE IN TOTAL GLOBAL BIOMASS OVER TIME

Michael J. Benton, Department of Geology, The University, Newcastle upon
Tyne, England, U. K., NE1 7RU.

Received September 27, 1978; March 22, 1979
ABSTRACT. It has been proposed recently that,global biomass has not
increased significantly in the last 3.3 x 107 years. However, several Tines
of evidence suggest that biomass has increased considerably several times in
the evolution of life and an alternative explanation is given for lines of

geochemical evidence that apparently contradict this conclusion.
* * *

Van Valen (1976: 190-1) reviews some evidence relating to levels of
organic carbon in Precambrian rocks and concludes that any increase in
primary productivity in the Precambrian "was negligible even on a time scale
of many million years". The amount of primary productivity determines the
total biomass of plants and animals present at a particular time, and Van
Valen's conclusion is equivalent, therefore, to saying that biomass levels
have remained constant throughout and since the middle Precambrian ("an
approximate constancy in available worldwide trophic energy since at least
the Precambrian"). The e§1de§ce apparently in favour of this conclusion
derives from studies of C ratios and carbon cycling rates. However,
these geochemical data have been wrongly interpreted, and biological evidence
(evolution of aerobes, effects of changes in early earth atmosphere
composition, introduction of terrestrial life) seem to contradict this
conclusion. In this paper, these lines of evidence for and against Van
Valen's conclusion are reviewed. The intuitive assumption that biomass has
increased (whether or not the total number of species has increased)
appears to be supported by the greater weight of evidence and an explanation
is offered for the evidence that seems to oppose this assumption.

EVIDENCE GIVEN FOR CONSTANT BIOMASS OVER TIME

Many studies of carbon isotopes in rocks of all ages have been made
(e.g. Oehler et al., 1972; Eichmann and Schidlowski, 1975; Schidlowski et al.,
1975 Dimroth and Kimberley, 1976; Goodwin et al., 1976; Veizer and Hoefs,
{g Galimov, 1977) 13 DpEing gqgtosynthesis, plants select 12¢ in preference
C and the ratio '°C: is lower in organic carbon than in
1norgan1c carbon (Garrels and Mackenz1e3 1971; Faure, 1977). The conclusion
from these studies seems to be that C in limestones and dolomites has
remained constant for some 3.3 x 109 years and this could be used as evidence
for constancy of trophic energy through time (e.g. Van Valen, 1976). However,
since they are proportions, they do not indicate the total relative amounts
of either organic or inorganic carbon at any one time in the earth's history,
and merely suggest that photosynthesis of the present kind has been the
dominant mechanism for primary prod¥§t1on through time. It should be noted,
also, that some authorities find C values that increase with time in
Precambrian to Recent kerogens (Degens, 1969), in Palaeozoic sediments
(Welte et al., 1975), and in mudstones (Jackson et al. 19{? But probably
none of these apparent time trends is significant sin ce C values seem to
correlate with relative continental area and tectonic state, if anything
(Galimov, 1977).
* * * * X %
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Junge et al. (1975) present a mathematical model for the operation of
the terrestrial carogn cycle that offers an explanation for the approximate
constancy of the C values of marine carbonates in terms of constant
phosg?gte levels (the limiting nutrient for plants). The constancy over time

C values fits well the dynamic steady state model of the carbon/oxygen
cycle proposed by Garrels et al. (1976), who also show that, theoretically,
a doubling of photosynthesis (or biomass) does not increase the organic
carbon buried in the long term.

" A second suggested line of evidence for the constancy of trophic energy
through time is derived from the conclusion, based on studies of carbon
cycling, that the present-day "annual oxidation of fossil organic carbon
exposed to weathering must be about equal to the new carbon buried" (Garrels
and Perry, i974). Van Valen (1976) interprets this "to mean that there has
been an approximately steady state in the rate of deposition of reduced
carbon for at least much of the Phanerozoic" and that net photosynthesis and
the efficiency of trophic energy use have remained roughly constant
worldwide. This may be true for the Phanerozoic, but Garrels et al. (1976)
propose that, when atmospheric 02 levels were low, the organic carbon
fraction buried was much higher than its present level of 0.1%. Thus,
constant levels of organic carbon in ancient rocks indicate that the rate of
photosynthesis (and total biomass) could have been much lower than today
since relatively more of the organic carbon produced was buried.

EVIDENCE FOR INCREASING GLOBAL BIOMASS OVER TIME

On the other hand, several lines of evidence suggest a real increase in
available trophic energy with time. Certain authors have drawn this
conclusion, probably without justification, from measurements of amounts of
organic carbon over time. For example, Ronov and Migdisov (1970) and Ronov
(1971) found a rise in the average content of organic matter in sedimentary
rocks from 0.3 wt.% in the later Precambrian to about 0.8 or 0.9 wt.% today.
The organic matter in sedimentary rocks is composed of kerogen (95%), whose
heterogeneity and complexity may mask trends in Corg content (Jackson et al.
1978), producing irregular variations with time in $13¢C for kerogen
(Leventha1 et al., 1975), and an extractable fraction that gives more
standardised values Jackson (1973, 1975) has shown that the concentration
of this benzene/ethanol extractable "humic matter" (diagenetically altered
algal pigments and Tlipids) in sedimentary rocks has tended to increase with
geological time.

However, it should be noted that these authors have based their
conclusions on relatively small numbers of samples. In a study of 800 shale
samples from the Canad1an sh1e1d, Cameron and Jonasson (1972) obtained
values for averag organ1c carbon content ranging from 0.10 - 7.6% (means:
0.74 fgr 2.5 x .a. and 1.61 for 1.8 x 109 y.a. - a marked increase in
7 x 10% years, of what significance?). Amounts of organic carbon vary
enormously in rocks of the same age, and thus ratios of organic carbon,
unless averaged worldwide, or measured in rocks deposited in identical
conditions (impossible to establish), cannot offer information on biomass.
Also, amounts of organic carbon may vary owing to diagenetic effects (Nagy
et al., 1974).

The apparent temporal increase in organic carbon was provisionally
ascribed to a possible increase in biological productivity (Jackson, 1975;
Jackson and Moore, 1976; McKirdy, 1974). Other suggested explanatibns
include increase in rates of accumulation of organic matter in sediments
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(Jackson and Moore, 1976; McKirdy, 1974), the evolution of marine metazoans
that produced fecal pellets that were rapidly buried and preserved organic
carbon (Bordovskiy, 1965), and post-depositional Toss of humic matter in
more recent sediments. However, Jackson (1977) suggests that post-
depositional alteration of "humic" matter at Teast is minimal and that
variations in the chemical properties of the organic matter depend on
evolutionary changes in the nature of the biological source material. This
geochemical evidence may indicate increased productivity with time and the
early history of 1ife tends to support this conclusion.

The first 1ife probably consisted of anaerobes and Cioud (1974, 1976)
suggests that the development of photosynthesis and the consequent production
of excess oxygen caused problems for them. Since they probably did not have
oxidising enzymes, oxygen had to be disposed of in some way, possibly by
external combination with ferrous iron. Thus, iron in solution may have
imposed a limitation on biomass increase, although some doubts have been
expressed regarding Cloud's model (Garrels et al., 1973; Baur, 1978). When
oxidising enzymes evolved (approx. 2 x 109 y.a.J, oxygen could be released
freely and, freed from their dependence on externai oxygen depressors, the
biomass of 1ife could increase rapidly. Aercbhic respiration also permitted
the development of Metazoa, possibly 6.8 x 108 years ago (Cloud, 1974, 1976),
which coincides with a rise in organic carbon recorded by several authors
(Bordovskiy, 1965; Ronov and Migdisov, 19703 Jackson, 1973, 1975; Eichmann
and Schidlowski, 1975; Veizer and Hoefs, 1976). Margulis et al. (1976)
suggest that Metazoa developed late because of the complexity of the mitotic-
meiotic system and the length of time it took to evolve. Aerobic respiration
is more efficient than anaerobic, the complete aerobic cycle producing about
20 times as much energy as the anaerobic from an identical starting mass of
glucose (Nason and Dehaan, 1973). The first aerobes could develop a
considerably greater biomass than anaerobes and this had profound effects on
the atmosphere.

The early earth atmosphere was rich in C0, and poor in 0, (Cloud, 1974,
1976+ Margulis et al., 19764 Smith, 1976). COp decregsed and free 05
probably began to accumulate in the atmosphere 2 x 107 years ago (Cloud,
1974, 1976). The 0, was released and carbon may have been passed to
carbonate sediments and taken up by the increased biomass of aerobes,

Degens (1969) postulates a higher molecular COp content of Precambrian and
early Palaeozoic seas than at Tlater periods, and this is also consistent
with an increase in global productivity since then.

Tge development of a protective ozone screen (possibly well before
7 x 10° years ago (Marqulis et al., 1976)), consequent on the release of free
07, and the evolution of 1ife that could cope with free 0p, and had other
adaptations for protection and support, may have enabled an expansion of life
into shallow waters and on to land in the Precambrian. Jackson (1973, 1975)
and Jackson et al. (1978), working from differences in the isotopic mass of
Tand-derived and marine ogganic carbon, suggest that algae colonised the land
between 1.05 and 1.3 x 107 years ago. The development of terrestrial life
both in this early form and, more extensively, also in the early Palaeozoic,
must have produced increases in global biomass.

EXPLANATION OF THE APPARENT EVIDENCE FOR CONSTANT BIOMASS
Various lines of evidence suggest that global biomass has increased,

several times at least, with decreasing geological age. However, certain
geochemical data could be interpreted as indicating that levels of organic
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carbon have remained constant for 3 x 109 years. Assuming that the rate of
incorporation of organic carbon into sediments has remained approximately
constant, it should, however, be noted that by far the largest volume of
sedimentary rocks has been formed in seawater (Garrels and Mackenzie, 1971).
It has been estimated (Bolin, 1970) that Tand plants fix 3 to 2/3 of the
carbon fixed annually in the sea. Some carbon fixed by land plants is lost
to the oceans via streams and groundwater runoff and some is buried on land
(less than 1% (Garrels and Perry; 1974)), but most is recycled through
terrestrial decomposers and oxidised i#nto atmospheric CO,. Thus the biomass
on land has less chance of being detected in a future segimentary rock.
Although respiratory CO» from land 1life would be available to marine algae
for photosynthesis, the amount of atmospheric CO, that dissolves approximately
equals the amount emitted from seawater (Bolin, %970). Thus, available
trophic energy in the sea may have remained constant for any given surface
area for 3 x 109 years, or rates of biological carbon cycling may have
accelerated with an increased biomass, but worldwide trophic energy must have
increased because of the additional land 1ife. The amount of carbon stored
in sediments does not depend solely on biomass, but also on its distribution
over different environments.

It seems most likely that total global biomass has increased over time,
although presumably fluctuating widely. Biomass increase is limited by rates
of geochemical cycling and by the efficiency of energy uptake. Today, only
a very small percentage of solar energy reaching the earth is harnessed by
green plants (about 5% (Pianka, 1974)). An even smaller percentage may have
been utilised 3 x 107 years ago because of the less efficient energy
conversion by a smaller biomass of anaerobes and because of the absence of
terrestrial life.
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