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1. Introduction
Extinctions usually happen. They are part of the evolutionary processes. Like
individuals, species also have a lifespan, which means that they go extinct naturally
without any external forces over a period of time. It is called normal or background
extinction rate. When the level of extinction is much higher than the background
extinction rate, we talk about mass extinctions. Mass extinctions occur at different temporal and spatial scales. We consider both the local disappearances of
frog populations and the Late Cretaceous impact event as mass extinctions. Mass
extinctions may have different causes, but their dynamics and patterns are similar
in many respects. During the Earth’s history, several mass extinctions have extirpated species globally from time to time. These global mass extinctions usually
have some external causes as number one triggers, such as climate change, volcanic
outbursts, or impact events. We refer to the Earth’s largest mass extinctions during
the Phanerozoic as the “Big Five.”
By the twenty-first century, mankind has fallen into the mess of global problems
(into a global ecological crisis) which endanger not only its welfare, peace, and
development but its survival and mere existence as well. It is the time of uniting
and addressing the issues of common concern; however, mankind has reached this
era torn to 195 independent national states without having an authorized global
organization which would represent common interests of mankind efficiently.
Mankind forms a single family all over the world regarding its origin, and natural processes are basically global, since climate change, overpopulation, contamination of oceans, air pollution, and radioactivity do not know state borders. Science is
also a global international activity, the common treasure and work of mankind.
The report Our Common Future published in 1987 by the World Commission on
Environment and Development of the UNO defines sustainable development as
the “development that meets the needs of the present without compromising the
ability of future generations to meet their own needs” [1]. Sustainable society is a
global form of operation of mankind aimed at but not yet realized, which ensures
the survival of humanity, the long-lasting preservation of environmental and social
living conditions, the protection of human environment (climate, atmosphere,
water, soil, and biosphere), the operability of the biosphere and the protection
of its biodiversity, the operation of the economy, the reduction of social tensions
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(inequality, famine, extreme poverty, crime, riots, terrorism, aggression, wars),
the scientific and technological development as well as the rise of mankind, and
the preservation and development of our natural and cultural heritage long-term
(even through hundreds or thousands of years). The establishment of a sustainable
society depends on macro-level (law, political will, consensus, public support) and
micro-level conditions (affecting the everyday operation of individuals, families,
companies and small communities). When scientists make an effort in order to save
an endangered species [2, 3], they might not consider the complexity of the whole
problem, which would make the work necessary.
The sustainability of the human society is endangered by global problems of our
time, which are in close relationship with each other as well. Among global problems, overpopulation (global population explosion) has a central role, since more
people have a larger ecological footprint, consume more, pollute more, occupy more
space from natural ecosystems, and emit more carbon dioxide through their activities. Overpopulation directly intensifies global climate change, global biodiversity
crisis, deterioration of the global state of the environment, and urbanization and
reduces the extension of rain forests and natural habitats as well as the nonrenewable energy sources (fossil fuels, natural building materials, stock of water). At the
same time, increasing population results in higher population density as well; this
directly enhances aggression [4] and the risk of epidemics.
Global environmental crises appear at the macro-level (at the level of the society,
mankind, and politics); they relate to each other on a large scale, in an interaction network. Global overpopulation results in biodiversity crisis, this reduces the
climate regulation ability of the biosphere, and this results in climate change. At the
same time, overpopulation contributes directly to climate change through energy
consumption, combustion of fossil fuels, and the change of land use [5]. Climate
change results in significant transformation of the biosphere [6, 7]. Besides these,
overpopulation directly results in social crisis, increasing aggression, as well as epidemics. Biodiversity crisis (extinction of key species and the reduction of habitats)
and climate change induce each other in a positive feedback loop, since through the
biosphere, climate-regulating ecosystem services are weakened. Overpopulation
and social crisis are in a similar positive feedback loop, since it is proven that
poverty and hopelessness increase the number of offspring. People living in poverty
have nothing to distribute, nothing to base the future on; that is why many of them
change from K- to r-strategy, trusting that some of their offspring will survive.
Social crisis and public health crisis as well as social crisis and aggression (violence,
crime, terrorism, riots, and civil war) are in a similar feedback loop. These interactions are shown in Figure 1.
Many scholars suggest that we are undergoing a global mass extinction. It is
usually referred to it as the sixth mass extinction after the “Big Five.” It is debated
whether the global mass extinction is approaching [8], it has just begun [9], or it is
in a more advanced stage [10]. The current extinction rates are about 1000 times the
background extinction rate according to a recent study [8]. Three hundred twentytwo terrestrial vertebrate species have become extinct since 1500 [11]. Ceballos,
et al. [10] studied 177 mammals, and they found that they have lost at least 30%
of their geographical ranges and more than 40% of the species have experienced a
range shrinkage above 80%. Fifteen to thirty-seven percent of species are going to
extinct based on mid-range climate change scenarios for 2050 [12].
The current/approaching mass extinction is different from the past mass
extinctions, because a single species initiates the biotic crisis. Global population is
increasing exponentially mainly because of the economic models based on growth
and medical improvements. As a result, the human population is now over 7 billion.
Not only the number of people causes environmental issues. Thanks to technical
2
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Figure 1.
Interaction network of global crisis phenomena and their relationships with individual crises. Black arrows
mean macro-level connections, whereas blue arrows mean direct threats in individuals’ life.

improvements and overconsumption, the humans’ environmental footprint is
continuously increasing, and as a result, it is not sustainable anymore [13]. The
Earth has become too small for us. Direct anthropogenic effects (hunting, habitat
destruction, pollution) are lowering the diversity and the abundance levels globally.
Anthropogenic climate change as an indirect human effect poses challenges to the
wildlife. Climatic changes are so rapid that plants and animals may not be able to
adapt in the future, and eventually they will collapse. Climate change and direct
human effects do not act independently but synergistically reinforcing each other’s
effects.
We consider the biosphere as an industry providing services for us. We are
exploiting the Earth because of our economic thinking. We put ourselves right in
the middle of the ecosystem and subordinate everything to our service. The problem is that the biosphere does not work as an industry and, beyond a certain point,
it cannot be reproduced. As a result of increasing human pressure, we are reaching
the tipping point of a global collapse. However, we cannot predict this tipping
point, and we do not know much about the phenomena prior to collapses.
About 200 species extinct every day which is a rate of extinction comparable
with past global mass extinctions. According to Newbold et al. [14], the level of
natural biodiversity is so low on two-thirds of the world’s land surface that it might
already jeopardize normal ecosystem functioning and human well-being. We have
only a rough estimation for the global number of species which is above 10 million,
but we know only 15% of them [15]. Biodiversity loss is also an estimated number.
Despite the possible inaccuracies of estimations, researchers agree that global
biodiversity loss is significant. However, biodiversity loss cannot tell us how far we
are from a possible collapse. The diversity levels before the big mass extinctions did
not predict the points of the collapses, either.
High diversity is the sign of a healthy ecosystem; hence, its significant decline
indicates an ecological crisis. A great diversity drop preceded the big mass extinctions; however, changes in diversity do not always show the severity of the ecological problem and a more advanced stage of a collapse. Diversity may remain constant
before extinctions. This happened during the Early Jurassic (Toarcian) mass extinction according to Harries and Little [16]. Diversity does not necessarily have a nadir
3
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at the extinction boundary, for example, when mass extinction occur before the
low point of the environmental perturbation or in case of delayed extinction when
survivors and opportunistic invaders compose a transient mixed biota. Sometimes,
the diversity remains constant during dominance shift when the collapse of the
dominant elements does not cause significant structural changes in the ecosystem.
It may also happen that the diversity level is still high but important ecosystem
elements are already missing; hence, collapse is much closer than the hypothetical
point suggested by biodiversity levels. Therefore, diversity values cannot necessarily
tell how far we are from a collapse, and mass extinction can happen even in case of
higher diversity. Spatial scales and taxonomical levels also affect diversity changes.
Towards lower levels and scales, diversity loss is usually greater, though this rule is
not set in stone.
The lowest diversity levels are usually at the beginning of the recovery phase
[17, 18]. Diversity starts to increase rapidly but gradually after a short gap following a dominance shift [19], except when environmental perturbation is prolonged.
For example, after the Late Permian mass extinction, a series of volcanic bursts
delayed the recovery for 10 million years [20]. However, a sharp diversity increase
after the extinction does not always reflect the level of recovery, but a short-lived
opportunist blooms [21]. The environment has a great role both in mass extinctions and recoveries, especially at global level. However, at local spatial scales,
biotic factors may be as important as environmental factors.
In summary, diversity is an important indicator of ecological crisis, but it
does not necessarily give reliable information on the advancement of a collapse.
Because of the complexity of ecosystems, diversity does not always reflect the
severity of a crisis.
Past mass extinctions and the recent ecological and biodiversity crisis must
have some similarities, common points which can take use closer to understanding
collapses. Hence, we should compare and combine our knowledge on recent biotic
crisis and collapses with that of past mass extinctions.
The Late Ordovician mass extinction, about 445 million years ago, wiped out
57% of marine genera and 60–70% of marine species [22]. Two pulses of extinctions caused the massive loss of species. The Late Ordovician mass extinction is the
only “big” which is explained by purely climatic reasons. The first wave of extinction was caused by glaciation and the second one by subsequent global warming.
Glaciation exterminated warm-loving taxa with both small and large ranges. The
tropical realm suffered the greatest loss. The global warming event mainly caused
the extinction of wide-ranging, cosmopolitan, cold-loving taxa [23]. The Late
Ordovician marine mass extinction probably started with no delay right at the
beginning of environmental changes [24]. The pertained high temperature after the
mass extinction, however, was likely to hinder the recovery at a global scale [23].
This does not mean that quick recoveries could not happen regionally [25]. The
Late Ordovician mass extinction, which was the second largest, did not necessarily
caused huge structural changes in the ecosystems [26, 27]. It must be noted that
Erwin [27] debates the large magnitude of the Late Ordovician event.
The Late Devonian mass extinction began about 380 million years ago. 50% of
the genera and at least 70% of species were lost [28]. It includes two events with
different dynamics. The Kellwasser event showed the gradual turnover of the
marine realm because of the gradual environmental changes presumably caused
by tectonic movements [29]. It was not followed by great structural changes, and
some researchers do not even consider it as a real mass extinction. The second
event was larger and more destructive. The Hangenberg event resulted in a sudden
faunal change. It affected all major vertebrate groups. Both the ecology and the
environment were lost and caused the restructuring of the vertebrate ecosystems
4
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worldwide [29]. The recovery was probably delayed [27], and the fauna was very
cosmopolitan at the beginning [30]. The cause of the second event is debated, but
it must have been sudden and of large magnitude. Perhaps, the most likely reason
for the Late Devonian crisis was the Siberian trap volcanism. De Vleeschouwer et al.
[31] suggest that the Late Devonian events were astronomically forced.
The Late Permian event was the most devastating of all mass extinctions
about 252 million years ago. More than 80% of genera and 90–95% of species
died out [22]. It was probably triggered by a long series of volcanic outbursts of
the Siberian Traps [32]. The environmental consequences were severe anoxia
and acidification in the oceans, elimination of the ozone layer, and a prolonged
greenhouse effect [33, 34]. In the terrestrial ecosystems, the physical environment deteriorated: the erosion increased, the sediments and soils altered [32].
The authors suggest that the Late Permian mass extinction was not sudden and
simultaneous [30, 35]. In the oceans, it was relatively faster. On the landmasses,
plants and herbivores extinct later in time [32]. The recovery was considerably
delayed: it took about 10 million years because of the constant environmental
perturbation. However, it could be quicker locally in case of more favorable
environmental conditions, for example, in well-oxygenated marine environment
or under locally favorable climate [36, 37]. The recovery was selective in terms
of geographic location, as well. Higher altitudes, perhaps, recovered earlier than
the tropical realm also because of quicker environmental improvements [36, 38].
After the mass extinction, the marine community reorganized to a large extent,
probably, because of the loss of dominant elements [27, 32].
The Late Triassic mass extinction happened about 201 million years ago and
extirpated 48% of genera and 70–75% of species [22]. It was triggered by the
sudden volcanism of the Pangaean Atlantic rifting. The volcanic outburst caused
significant geochemical changes: it elevated atmospheric CO2, SO2, and PAH levels.
The marine and terrestrial ecosystems collapsed immediately and simultaneously
[39]. The Late Triassic event was quick and not as massive as the previous mass
extinctions at genus level. The major elements of the ecosystem structures were
preserved [27]. Boucot [30] debates this and suggests that the level-bottom marine
ecosystems thoroughly reorganized. The extinction of competitors gave the opportunity for the dinosaurs to rise and dominate in the next period.
The youngest and publicly most well-known “Big Five” is the Late Cretaceous
mass extinction which eliminated about 48% of genera and 70–75% of species
66 million years ago [22]. It belongs to less massive extinctions at genus level.
An impact event was likely to initiate the global crisis with regional differences.
Probably, widespread fire, sun-blocking dust cloud, perhaps climatic cooling,
increased SO2 level, and the related acidification were the main consequences of the
asteroid collision. The collapse was larger and more serious closer to the impact area
with greater drop in diversity [40, 41]. The extinction was sudden and simultaneous
among diverse taxa, which refers to a common great and abrupt impact [42]. It was
selective affecting specialized species and terrestrial plants more seriously [43, 44].
The recovery of the environment and the ecosystems was quick but gradual after
the crisis [45, 46]. The diversity increased rapidly [47]. Most ecosystems did not go
through thorough restructuring (e.g., [30]). The smaller magnitude of the event
and the quick recovery might explain this [27]. The fire and the lack of sunlight hit
the flora harder than most ecosystems, especially in regions closer to the impact
zone. As a result, the flora became quite different from the one prior to the collapse
at a regional scale [45]. After the extinction, mammals, birds, and flowering plants
became dominant and long-term successful survivors.
Mass extinctions give the impression as if they had their own unique stories
with some similarities and more differences. Similarities of mass extinctions are
5
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very important because they make collapses more predictable. Research questions
related to similarities bring us closer to understanding the current global crisis. For
example, is it possible that different causes of extinctions result in similar extinction mechanisms? Do events of different magnitudes lead to recoveries of different
dynamics?
Besides the “Big Five,” some smaller mass extinctions also provide valuable
information on the characteristics of collapses. Less researched mass extinctions
which were presumably caused by climate change (or climate change was an important contributor in the event) should get more attention. For example, during the
Early Jurassic (Early Toarcian) mass extinction and the Paleocene-Eocene thermal
maximum, increased CO2 level and temperature, acidification, and anoxia were
typical accompanying phenomena of the global biotic crisis just like today; therefore, they could be used as an analogy. The Middle Permian (Capitanian) event
which is a newly recognized major mass extinction and probably related to the large
Late Permian mass extinction can also be linked to marine anoxia and acidification
caused by volcanic eruptions. We have poor knowledge and inadequate data on
periods before mass extinctions. It would be important to reveal more phenomena
and patterns that preceded global past collapses to be able to create scenarios for the
possible future biotic crisis.
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