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ABSTRACT — Biodiversity changes in the aerobic biomass have been estimated (including the “anthrobiome”). These changes seem to be strongly
affected by the anthropic impact along a long-time span (starting from 2,060 AD to 12,060 BC). The aerobic biomass excluding Homo sapiens
shows a progressive and, perhaps, unstoppable decline, after the advent of Western industrial civilization. This preliminary work aims to highlight
how biodiversity should perhaps be studied, understood and used critically by adopting innovative approaches (e.g., using biomass) and without
preconceptions. Although our work is based on assumptions regarding some parameters that have been widely approximated, we believe it is
necessary to proceed with this exploratory analysis considering the dramatic decline in biodiversity worldwide.
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INTRODUCTION

Biodiversity—albeit in a symbolic and ante litteram form—
has been admired and respected since the dawn of human
history. From its veneration in Eastern spiritual traditions
(e.g., Hinduism, Buddhism), to the first conceptual
frameworks proposed by Aristotle, to the vivid allegories of
Lucretius and the mystical interpretations of St. Francis of
Assisi; from the early formal naming systems (e.g., Cesi,
1651), to Linnaeus’s foundational taxonomic system (1758),
and the evolutionary insights of Darwin (long before the
official publication in 1859) and Wallace (1858); through the
quantitative formulations influenced by thermodynamics and
information theory—Gini (1912), Shannon (1948), Wiener
(1948), Simpson (1949), Margalef (1957), Hill (1973),
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Whittaker (1972, 1977), and Patil and colleagues (Patil &
Taillie, 1976; Grassle et al., 1992); to the unconventional
but constructive critiques of Hurlbert (1971); the qualitative-
quantitative approaches of May (1975); and finally, its
establishment as a distinct scientific discipline, notably with
Wilson (1992) and many others (e.g., Alatalo, 1981; Barbault
et al., 1991; Colwell, 1979; Ganis, 1991; Magurran, 2004;
Odum, 1973; Pielou, 1975; AA.VV., 2000).

Biodiversity has since been embraced—though often more in
rhetoric than in practice, and not without risks of conceptual
distortion (Battisti & Contoli, 2011)—by international
political discourse (e.g., Barton, 1992).

The current crisis of biodiversity in the biosphere has
long been highlighted at various levels, especially at the
taxonomic level (e.g., Wilson, 1992; Gaston & Mound,
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1993). However, given the current, ongoing uncertainty
about the numerousness of taxa (in particular, species) and
the respective abundance of individuals, complete knowledge
of the biodiversity in the biosphere remains unknown (e.g.,
Mora et al., 2011; Caley et al., 2014; Hortal et al., 2015;
Guedes et al., 2025). An approach to ‘complex biodiversity’,
that is, an extended concept of biological diversity that
simultaneously takes into account the various conceptual
components (abundance, richness, diversity etc.), seems
ecasier by examining biomass, large eco-environmental units
and their respective dominant and characterizing taxa, as
they are at the core of the functional relationships within
and among ecosystems (Daly et al., 2018). This could allow
a more realistic approach than the strictly taxonomic one,
from an energetic and eco-functional point of view (see
Barnes et al., 2018; Allen et al., 2002).

It is important to distinguish between the concepts of
ecosystem and biome. An ecosystem is linked to a territorially
continuous biotope and characterized by a specific biotic
composition. A biome, by contrast, is defined primarily by
abiotic factors—such as macroclimate—which allows it to
include ecologically similar but geographically distant and
disconnected ecosystems (Clapham, 1973).

This broader view supports those (e.g., Ellis & Ramankutty,
2007) who define biomes as including human-modified
areas, where a single species—Homo sapiens—profoundly
alters biogeochemical cycles: from soil potential and
food production at all trophic levels to consumption,
elimination of trophic competitors, and the exploitation of
local biotic and abiotic resources. This leads to the concept
of the Anthrobiome (Couvet, 2019). The biomass from
Anthrobiomes, together with that from natural biomes, forms
an extended biomass, which can be studied in a diachronic
perspective across millennia.

Furthermore, the anthropogenic impact—recognized as
a major driver of ecological change—must be integrated
into analyses. This impact differs qualitatively between
the halobios (marine organisms), where human influence
is still mainly through extraction and pollution, and the
acrobios (terrestrial organisms), where humans have long
replaced natural ecosystems with anthroposystems based on
agriculture, livestock, and settlement (Machlis et al., 1997;
Likhacheva et al., 2019). In terrestrial systems, humans have
become a dominant ecological force and a major threat to
biodiversity (Battisti et al., 2016).

Such an analysis can now rely on robust time-resolved data
concerning human population trends since the Holocene,
the characteristics of major aerobios biomes, and the
distribution of biomass across biological organisms—
including Homo sapiens—despite the need for substantial
numerical approximations in these estimates (Wilkes et al.,
2025). Accordingly, we propose to examine biodiversity

through the lens of biomass distribution within the aerobios,
using diversity indices calculated on the biomass frequency
of eco-taxo-physiognomic groups within each biome, rather
than on individual abundance. In this framework, eco-
taxo-physiognomic groups are defined by dominant plant
physiognomies (e.g., conifers, deciduous broadleaf trees,
evergreen broadleaf trees, etc.).

Although this approach shows some weaknesses due to the
high degree of approximation related to the coarse-grained
method, we think that the general patterns may be objectively
credible. We think also that this type of analyses is urgent
due to the strong impact of Homo sapiens in the biosphere.

METHODS

Data base

Biomass data, expressed in gigatonnes of carbon (Gt C),
were sourced from Bar-On et al. (2018). The time span
analyzed extends over the past 10,000 years—starting
from the onset of a more stable macroclimate and the rise
of agriculture and livestock, which triggered the ongoing
expansion of Homo sapiens. The projection extends 55
years into the future (UN, 2019), with a forecasted global
population of approximately 10 billion individuals (1010).
For clarity in graphical representation, time is expressed as
Log(12,060 — years), spanning from 12,060 BCE to 2,060
CE. The analysis focuses on several major biomes for which
consistent and reliable data are available (Lieth, 1975; Loidi
et al, 2022).

The following parameters have been considered over time:
the number of individuals of Homo sapiens; its average
individual biomass, assumed as 50 kg per capita, with
approximation (Walpole et al., 2012); the current biomass of
the main eco-taxo-physiognomic groups, i.e., the main plant
physiognomies (Bar-On et al., 2018; Trost, 2022).

We obtained the numerical proportions of biomass between
the aforementioned groups from Lieth (1975) and the human
biomass or “anthrobiome” as the product of the population
in a given year and the weight of a single individual of Homo
sapiens (Groombridge, 1992). We proposed an indicative
evaluation of biodiversity across different biomes, based on
the biomass of eco-taxo-physiognomic groups. Given the
impossibility of quantifying the biomass of every taxonomic
component within each biome, we focused on identifying
the dominant taxa in terms of biomass, considering only
tree species. A total of 104 species was selected as a
reference: specifically, 104 species for tropical rainforest,
103 for seasonal rainforest, 102 for temperate, seasonal,
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and evergreen sclerophyllous scrub, and 101 for Taiga.
In addition, we included herbaceous plants sensu lato in
the “prairie” biome (104 species), lichen symbioses in the
Tundra (101 species), and various plant species that occur
predominantly in isolated, scattered, and individual forms
in the “semi-desert” biome (101 species), following the
approach outlined in the seminal work by Cazzolla Gatti
et al. (2022). Finally, we obtained the Taxonomic diversity
(TAX D; Cazzolla Gatti et al. 2022).

Before 1975 and after 2018, the values were tentatively
estimated to the dates 10,000 (approximately, the beginning of

agriculture and livestock farming), 7,000, 5,000, 3,000 B. C. and
1500 (end of the Middle Ages), 1800 (“industrial revolution™),
1950 (“‘green revolution”) B. C., as well as to 2055 (Homo
sapiens with 1010 presumed individuals; UN, 2019).

Starting from the data of Bar-On et al. (2018), we calculated
(1) the biomass and the relative frequencies of the various
biomes and (ii) biomass of ‘anthrobioma’. From these biomass
values, we obtained: the total biomass for aerobios (including
anthrobioma; BIOM; from Bar-On et al., 2018); the fraction
of Homo sapiens biomass (on the total aerobios biomass;
H BIO; calculated as the number of individual humans

Table 1. Data of biomass and diversity along the time span considered. Biomass is expressed in gigatonnes of Carbon (GT of C). Time considered,
log-transformed, started from the present up to ten millennia ago. The biomes considered are from Lieth (1975). Acronyms: BIOM: total biomass
for aerobios (Bar-On et al., 2018); H BIO: Fraction of Homo sapiens Biomass (calculated as the number of individual humans multiplied by 50
kg: Walpole et al., 2012); TAX D: Taxonomic diversity (Cazzolla Gatti et al. 2022); BIO D: Biomic diversity (Magurran, 2004). Biome acronyms:
ANT: Anthrobioma; PLU: pluvial/tropical forests; PLU S: seasonal pluvial/tropical forests; TEM: temperate sensu lato; TEM S: seasonal
temperate; SCL: sclerophilous forests; TAI: taiga; PRA: prairies; TUN: tundra; DES: semi-desertic biome.

Year 10000 B.C. 7000 B.C. 5000 B.C. 3000 B.C. ~ 1500A.D. 1800A.D. 1950A.D. 1975A.D. 2018A.D. 2055A.D.
LOGY 5919 6.043 6.151 6.296 7.252 7.585 7.921 8.022 8.377 9.3
BIOM 589 588 587 586 585 584 577 567 541 474
H BIO 0.0006 0.0006 0.0006 0.0006 0.0006 0.0061 0.0071 0.0151 0.0043 0.022
TAX D 0.999 0.999 0.999 0.999 0.999 0.994 0.993 0.985 0.997 0.978
BIO D 0.681 0.681 0.681 0.674 0.674 0.695 0.707 0.721 0.36 0
PLU 312 312 312 312 312 288 279 267 231 163
PLU S 72 72 72 72 72 71 70 68 66 48
TEM 33 32 31 30 29 28 27 26 25 23
TEM S 37 37 37 37 37 37 37 36 35 33
SCL 5 5 5 5 5 5 5 5 5 5
TAI 43 43 43 43 43 43 43 42 41 39
PRA 101 101 101 101 101 101 100 98 95 84
TUN 5 5 5 5 5 5 5 5 5 5
DES 5 5 5 5 5 5 5 5 5 5




38 ContoLt AMANTE L., Barristi C., FANELLI G.

580- ® T oy A
560

540
520
500+
480
460+

44p- BIOM = -18.24x2+245.5x+230.5
azg4 R*=0.98; F = 210.43, p<0.001

BIOM

400 T T T T T T T T T
50 55 60 65 70 75 80 85 9.0 95

LOGY

TAX D = -0.002x2+0.024x+0.925
R2 = 0.787; F = 12.898, p=0.004 -

1 | 1 1 ! 1 L L} L]
50 55 60 65 70 75 80 35 90 95
LOGY

H BIO = 0.002x>- 0.024x+0.075
o0254 R%2=10.79; F = 12.898, p=0.004
0.020

0.015

HEIO

0.010

0.005

0.000 1 — 1
50 55 60 65 7.0 7.5 80 85 90 95

LOGY

0.8
0.7
0.6
0.5
0.4
0.3
0.2
017 BIO D = -0.133x2+1.835x+5.564
0.04 R? = 0.91; F = 34.169, p<0.001

-0.1

BIOD

L) 1 1 1 I 1 L] ] L]
50 55 60 65 70 75 30 85 9.0 95
LOG Y

Figure 1. Trends along the time range studied (log y=log years after 12.060 B.C.; see Methods for details) with equations of polynomial
regression, order 2. A: total biomass for aerobios (including anthrobioma; BIOM); B: Fraction of Homo sapiens Biomass (on the total aerobios
Biomass; H BIO); C: Taxonomic diversity (TAX D); D: Biomic diversity (BIO D).

multiplied by 50 kg: Walpole et al., 2012). Moreover, from
the biomass values for each biome (including anthrobiome),
we obtained the relative frequency (fr) of biomass for each
biome. After, we calculated the Simpson diversity index as
D=1-Zfr? (Magurran, 2004; see also Patil & Taillie, 1976;
Ganis, 1991; Contoli Amante & Luiselli, 2015). The Simpson
index has also been calculated on the biomass of the biomes
(included the anthrobiome) divided by the number of species,
obtaining an estimate of the average biomass per species of
the arboreal layer (or more in general of the dominant species;
Bar-On et al, 2018; biomic diversity: BIO D; Magurran,
2004). The trend over time of the overall aerobic biomass and
of diversity index was therefore verified.

We correlated BIOM, H BIO, TAX D, and BIO D to the
range studied (log y=log years after 12.060 B.C, performing
equations of polynomial regression, order 2 and using the
PAST 4.01 software (Hammer et al. 2001). Alpha was set
to 0.05 level.

RESULTS AND DISCUSSION

Trend in all the values of biomass (including anthropic
biomass or ‘anthrobiome’) and of the Simpson diversity
index have been reported in Table 1 and Fig. 1.

We observed a progressive decline of the total biomass (Fig.
1A) largely due to the decline in biomass of the aerobios,
while anthropic biomass increased progressively (Fig 1B).
The taxonomic biodiversity (i.e., the numerousness of species,
Fig. 1C) has always been very high in the temporal range
considered (approximately 107 species). However, over time,
the biodiversity shows, after an initial stability, a progressive
decline, due to the growing role of the biome dominated by a
single species (Homo sapiens) towards the others.

The biomic biodiversity (Fig 1D) after a very slight initial
decline, shows an increase, as expected, given the growing
weight of the anthrobiome, initially quantitatively negligible
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and today tendentially hegemonic over the others. The future
forecast (2055) is that of a rapid collapse, if the current
trends were to be confirmed. Our data support evidence yet
provided by other authors (Pereira et al., 2010, Segan et
al., 2016) with implication for cascade effects also on our
species (Undheim & Ahmad, 2024).

Our preliminary data indicate a decline in total biomass,
which appears to contrast with the progressive increase
in anthropic biomass. This reflects a clear anthropogenic
pressure on the aerobios—and thus on the biosphere as a
whole. The onset of this decline seems to coincide with the
historical phase spanning from the discovery of the Americas
to the beginning of the Euro-Western Industrial Revolution

This preliminary work aims to emphasize the need to study,
interpret, and apply the concept of biodiversity critically
and without preconceptions—as an essential tool for
understanding biological reality. While our analysis is based
on certain assumptions and approximate parameters subject
to a degree of uncertainty (see Ladle, 2009), we consider this
exploratory approach necessary given the alarming global
decline in biodiversity.
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FOREWORD

This work was born from an idea of Longino Contoli, who
recently passed away (2024). To him, friend and Magister, we
dedicate our effort to make it public. The language and style of
the work may seem outdated, but we wanted to keep it because
it is characteristic of this researcher trained in the 70s when the
way of writing articles was different from today. We wanted to
interpret the original content as closely as possible.
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