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Abstract A comparison of the modern condition with
the Permian-Triassic Boundary (PTB) times was made to
estimate how severe the modern biotic crisis is. About the
global changes, the two periods are correlative in carbon
dioxide concentration and carbon isotope negative excur-
sion, UV strengthening, temperature increase, ocean
acidification, and weathering enhancement. The following
tendencies of biotic crises are also correlative: acceleration
of extinction rates accompanied by parabolic curve of
extinction with a turning interval representing the critical
crisis; decline of the three main ecosystems: reefs, tropical
rain forests and marine phytoplankton. It is also interesting
to note that certain leading organism in both periods
undergo accelerated evolution during the crisis. The
comparison shows that the modern crisis is about at the
turning point from decline to decimation. The extinction
curve is now parabolic, and the extinction rate has been
accelerated, but the decimation is not yet in real. This is
also justified by the modern situation of the three main
ecosystems. Modern biotic decline may worsen into
decimation and mass extinction but may also get better
and recover to ordinary evolution. Since human activities
are the main cause of the deterioration of environments and
organisms, mankind should be responsible and able to
strive for the recovery of the crisis. For the future of
mankind, Homo sapiens may become extinct, i.e.,
disappear without leaving descendants, or evolve into a
new and more advanced species, i.e., disappear but leave
descendants. For a better future, mankind should be
conscious of the facing danger and act as a whole to save
biodiversity and harmonize with the environments.

Keywords comparison, global change, biotic crisis,
Permian-Triassic Boundary (PTB), modern times

Received August 12, 2010; accepted October 26, 2010

E-mail: hfyin@cug.edu.cn

1 Introduction

It is now a general consensus that the modern world is
experiencing profound global change and biotic crisis.
However, as the debate about the “Climate gate” shows,
there are controversies concerning the extent of their
severity. One of the basic problem lies in that the modemn
time is but merely a twinkling of the geologic time. We do
not know the whole course of global change and biotic
crisis, especially their consequences in the future. In this
regard, researches on global changes and synchronous
biotic crises in geological history are of important
reference value, because they may show the whole process
and provide hints on the causes and consequences of the
changes and crises. The global changes at Permian-Triassic
Boundary (PTB) or Paleozoic-Mesozoic Boundary is one
of these events, and the synchronous mass extinction is the
most severe and profound one in geological history. A
research on the comparison of global changes and biotic
crises between PTB and modern times is worthwhile
doing. Because both the PTB and modern times belong to
critical periods of the geological history with profound
global changes and biotic crises, a correlation between the
two would be beneficial to both sides. On one hand, the
whole course of PTB global change and biotic extinction
may serve as a revelation, which will inspire us of the
status quo and the future of the earth and its organisms,
thus prompt us to adjust the relationship between mankind
and nature. On the other hand, the PTB time displays only
the results of past global change and biotic extinction in a
much more brief record compared with the recent record; it
gives a general pattern but leaves a lot of imaginary space
for the actual process and causality. In this aspect,
researches of modern process and dynamics may provide
valuable information by applying the principle of uni-
formitarianism to the PTB research, which is a hotspot and
frontier of geological studies. We are aware that the causes
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of the two critical periods are different and that the modern
one is mainly due to human activities. However, because
the process and initial influences are similar, by comparing
with the past, the consequence in the near future would be
more predicable so that the mankind may be able to act in
advance so as to change the tendency before it becomes
inevitable. The past is the key to the present; meanwhile,
the present is also the key to the past.

2 Correlation of the global changes
between the PTB and modern times

2.1 Carbon dioxide concentration [p(CO,)] and negative
shift of carbon isotope (6'C)

As indicated by IPCC, 2007, mainly due to human
activities, p(CO,) has increased from 270 x 10° to 330
x 107 within past 150 years. The most recent data is 391
x 107 now (April 2010, Mauna Loa CO, annual mean
data from NOAA). Bulk 6"°C of the modern oceans
oscillated by glacial-interglacial changes and did not show
remarkable long-term negative shift. However, a multi-
parameter mixing approach (MIX) to reconstruct the
industrial-era (1765-1992) change in §C of dissolved
inorganic carbon revealed that the industrial-era near-
surface (< 200 m) §"3C change ranged from — 0.8 %o in the
subtropics to —0.4 %o to — 0.2 %o north of 40°N (Sonnerup
et al., 2007), so a negative shift of marine J"°C seems
existing at 10%a scope. Negative shifts of §'°C, sometimes
quite strong, also occur in recent terrestrial deposits (Xie et
al., 2004a, b).

The same tendency happened during PTB time. Based
on the known relationship between leaf stomatal abun-
dance and growing-season CO, concentrations, Retallack
(2002) measured the stomatal index of mid-Permian to late
Triassic Lepidopteris and concluded that the Early Triassic
p(CO,) was 3314 x 10°+£1097 x 10°°, nearly 10 times
that of today, and 2 times the averaged Permian level. It
should be noted however that, although the Early Triassic
p(CO,) is much higher than modern time, its growth rate
during PTB interval is only <0.01 x 10° annually,
whereas the growth rate of modern p(CO;) would be
from 0.4 x 10°to 2 x 10°® annually".

The negative shift of §"°C.,, during PTB time is
recognized worldwide. After a relatively stable period in
Changhsingian, all latest Changhsingian curves show an
increasingly rapid decrease in values, becoming negative
just below the PTB (Yin et al., 2007). The scope of the

negative shift ranged from —0.65 %o (Xie et al., 2007) to
—1.62 %0 (Jin et al., 2000) at the Meishan GSSP section.
Scope of stronger negative excursion may reach —35 %o,
e.g., in Shahreza, Iran (Korte et al., 2004). This ubiquitous
feature is important because it marks the beginning of a
profound global change just prior to the PTB.

2.2 Global warming

There is a discernible warming trend of the global surface
temperature over the past 150 years (1950-2007), from
around — 0.3°C to + 0.5°C (IPCC, 2007). It may be too
rigid to attribute most, if not all, of the historical global
warming to p(CO,) concentration, because there are
arguments that since available ice core data indicate the
temperature always lead the CO, changes, CO, could not
be the driver. The most recent 150 a climate changes may
be caused partially by CO, and partially by natural
fluctuations.

Palaeotemperature increase from Latest Permian to
Early Triassic has been reported from oxygen isotopic
values (6'*0) of marine biogenic carbonate (Veizer et al.,
2000). From Latest Permian to Earliest Triassic, the §'*O
shifted from 4 0.5 to —1.5 %o, corresponding to 8°C of
temperature rise. The warming trend was also echoed by
estimation from the stomatal index (SI)* of fossil leaves of
Lepidopteris. According to SI, atmospheric CO, concen-
tration reached maxima in the latest Permian and then
decreased to a negative shift in Early Triassic (Retallack,
2001, 2002), which reflects a strong warming tendency in
accordance with the 6'%0 shift.

2.3 Ultraviolet (UV) radiation

UV with wavelength between 290-325 nm is the main part
of UV that may damage the immune system of organisms,
causing skin cancer and other diseases. The ozone layer
absorbs most UV with wavelength below 300 nm and
protects organisms from over-exposure to UV. However,
ozone depletion, the Antarctic ozone hole and a decline of
ozone layer since the late 1970s probably due to overuse of
chlorofluorocarbons (CFCs), has increased the modern UV
exposure (Alpen, 1998).

Based on mutagenesis of PTB palynomorphs, Visscher
et al. (2004) suggested that excessive UV radiation may
have caused the PTB biotic crisis, especially the land
vegetation, and meanwhile accelerated the genesis of new
lineages. The extensive volcanism during that interval
produced enormous SO, and formed large volume of

1) The PTB p(CO,) growth rate. The p(CO,) difference during PTB is about 1500-2000 ppm according to figures in Retallack (2001, 2002); the updated
duration of PTB strata is ca. 300 ka according to pers. comm. of Sam Bowling 2009, 11. The modern p(CO2) growth rate: 0.4 x 10 %a is calculated from
(330-270)x 1076/150a; 2 x10 %a is from data of 2009 for Mauna Loa, Hawaii, NOAA)

2) SI (stomatal index) = 100 Ns/(Ns + Ne), where Ns is the number of stomates, and Ne is the number of epidermal cells in the same area of cuticle. There is an
inverse relationship between atmospheric CO, concentration and stomatal density, so SI may serve as a palacobarometer of atmospheric CO, during growth

of fossil plant leaves
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H,SO, aerosols, which would in turn accelerate activities
of chlorine-bearing compounds and deplete the ozone layer
of the stratosphere, thus strengthened the UV radiation.

2.4 Ocean acidification and/or hypercapnia

One third of the atmospheric CO, will be absorbed by the
oceans and become carbonate acid. The increased p(CO,)
caused by human activities will accelerate the solution of
CO; in seawater, change the vulnerable balance of modern
seawater and decrease its pH value. Ocean acidification is
thus called the ‘evil twin of global warming’. Between
1751 and 1994, surface ocean pH is estimated to have
decreased from approximately 8.179 to 8.104, a change of
—0.075 on the logarithmic pH scale that corresponds to an
increase of 18.9% in H* (acid) concentration (Key et al.,
2004; Orr et al., 2005). By the first decade of the 21st
century however, the net change in ocean pH levels relative
to preindustrial level was about —0.11, representing an
increase of some 30% in ‘acidity’ (ion concentration) in the
world’s oceans (Hall-Spencer et al., 2008). Based on 8-
year dataset of seawater acidity, salinity, and temperature
measured at the Tatoosh Island offshore Washington State,
USA, Wootton et al. (2008) reported that the averaged
growth rate of seawater acidification is more than 10 times
that which had been predicted by climate simulation.

Ocean acidification has essential impacts to marine life.
It threats calcification of organism shells, alterate the
balance of ecosystem, and may cause major changes in
dominant species and habitat types. It was set forth as one
ofthe possible causes of PTB mass extinction (Payne et al.,
2010). Liang (2002) reported that the ‘white clay’ of Bed
25 at the PTB of Meishan yields strong acidity. Its pH
value from more than 100 samples ranges from 0.8—1.3,
averaged 1.1. He further postulated that this represents
residual acids from the PTB marine water. This suggestion
was questioned because the extremely strong acidity (pH =
1.1) seems unlikely to happen in sea water, and because
Bed 25 contains gypsum, the weathering of which under
wet conditions should produce sulfuric acid. Based on the
anomalous hopane distribution at the PTB of Meishan,
Wang (2007) suggested that either these hopanes were
originated from acidified soil and peat, or it was caused by
freshening and acidification of the upper water column
during the PTB time. However, such acidification, if it did
exist during PTB, was not strong enough to hinder the
widespread carbonate deposits, nor was there sufficient
evidence of more vulnerable skeletal physiology during
that interval.

Instead of acidification, Knoll et al. (2007) suggested that
hypercapnia, the physiologic effects of elevated p(CO,),
best explains the selective survival of marine invertebrates
during PTB. O, and CO, diffuse similarly in air, but in
water, CO, is about 28 times more soluble than O,. Thus,
marine animals are far more sensitive to hypercapnic stress
than land vertebrates and plants. Answering the argument

that calcified shelly fauna were able to flourish in geologic
periods with high p(CO,), they emphasized that it is the
rapid increase of p(CO,) during PTB time and not its
absolute value that caused important associated changes,
such as reduced [CO3 ], pH, and carbonate saturation of
seawater. Marked change over a few generations leaves
populations little chance to produce adaptive characters for
survival. Paleophysiological perspectives further suggest
that persistent or recurring hypercapnia/global warmth also
played a principal role in delayed Triassic recovery.

2.5 Aragonitic and high Mg/Ca seawater

In geologic history, there were three aragonitic seawater
periods alternate by two calcitic seawater periods. The
three aragonitic seawater periods are latest Pre-Cambrian—
Early Cambrian, Late Carboniferous-Late Triassic, and
Middle Cenozoic-recent (Sandberg, 1983). Yan and Wu
(2006) showed that the PTB time was at the zenith of the
second aragonitic seawater period, while the recent time is
at the zenith of the third aragonitic seawater period. It is
noticeable that the aragonitic-calcitic circle show temporal
accordance with the circle of evaporates. Evaporites of
MgSO, type highlights during aragonitic periods, while
evaporates of KCl type dominates during calcitic periods.
Phanerozoic oscillations in the x(Mg)/x(Ca) ratios of
seawater and the preliminary mineralogy of marine
carbonates and evaporites are synchronized. This corre-
sponding change was interpreted as concordant oscillation
of the chemical composition of seawater controlled by
growth rates of ocean ridges (Yan and Wu, 2006). Change
of the chemical composition of seawater exerts profound
influence on the relative development of shelly fauna with
different carbonate (or magnesium) compositions. Usually,
the transition period from one type of seawater composi-
tion to the other type is the critical time for organisms and
may lead to biotic crisis or extinction. For example, PTB
and Precambrian-Cambrian intervals are such transitional
periods of seawater composition; meanwhile, they are also
critical periods for evolution. Applying the Mg/Ca curve of
Horita et al. (2002), Yan and Wu have suggested that
following the ascending of Mg/Ca and increase of
aragonitic content, the Permian shelly faunas with low
Mg/Ca calcitic shells, such as rugose and tabulate corals,
fusulinids, brachiopods, and bryozoans, rapidly decimated
one by one (Table 1), because the shift of seawater
composition evidently impeded their shell growth. The
Mg/Ca ratio and aragonitic content descended since Early
Triassic, and it is echoed by the successive recovery of, at
first, aragonitic shelly faunas, such as ammonoids,
bivalves, and gastropods. The calcitic shelly faunas like
brachiopods and bryozoans only recovered by the Middle
Triassic when Ca has been accumulated enough, and the
Mesozoic corals has changed into aragonitic frame—
sclerctinian corals. The validity of their suggestion should
be tested for the change of modern biota, because the
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Table 1 Diversities of Permian-Triassic marine invertebrate genera in South China (modified from Yin et al., 2007)

Taxa Early Permian Late Permian Early Triassic

AA KR RC C I (0] A
Fusulinids 60 45 75 8 0 0 0
Non-fusulinid
foraminifers 34 42 44 44 13 22 39
Corals 94 83 97 9 0 0 0
Brachiopods 49 78 82/61 82/29 83 12 3 41
Ammonoids 37 43 24 71 51

Abbreviations: AA: Asselian—Artinskian; KR: Kungurian + Lower Roadian; RC: Upper Roadian— Capitanian, W: Wuchiapingian; C:Changhsingian; I: Induan; O:
Olenekian; A: Anisian; 82/61 are numbers of taxa in lower stage/upper stage, respectively

modern seawater composition is cycling back to mimic
that of PTB time, and similar processes should be ongoing
in the shelly faunas.

2.6 Other similarities and predictable tendencies

2.6.1 Enhanced weathering on land

Following the deforestation, enhanced aridity, and green-
house effect, strengthened continental weathering have
been recorded in PTB time (Ward et al., 2000). At Graphite
Peak, Antarctica, relative to the latest Permian paleosols,
the earliest Triassic paleosol exhibits greater leaching,
greater accumulation of immobile REEs, and evidence of
lower soil pO,. These results support a rapid shift (perhaps
10000 year) to an earliest Triassic enhanced weathering
(Sheldon, 2006).

With accelerated deforestation and global warming, it is
predictable that more rapid release of large quantities of
carbon into the ocean-atmosphere system will be triggered
due to this intense episode of dissolution. Enhanced
continental weathering/runoff and carbonate precipitation
will occur. This has been recorded regionally in modern
world (Li et al., 2005).

2.6.2 Stagnant and disoxic ocean

During PTB, stagnant and disoxic water mass was
widespread (Grice et al., 2005; Huang et al., 2007). The
global anoxia was regarded as a major cause of PTB mass
extinction (Hotinski et al., 2001 and many others). The
modern Black Sea has a much fresher surface water due to
fluvial inputs; the deep waters do not mix with the upper
layers of water that receive oxygen from the atmosphere.
As a result, over 90% of the deeper Black Sea volume is
anoxic water. So far, marine anoxia only develops
regionally in the modern world, but with temperature rise
of surface water and oxygen consumption by over-
nutritious fresh flow, disoxic stratified water mass may
become more developed in marine environment.

2.6.3 Pollution of metal elements

The PTB witnessed a concentration of pollutant metals at
the extinction horizon (Yang et al., 1993; Yu et al., 2007).
This was regarded by some as evidence of extraterrestrial
origin (Chai et al., 1992). Pollution of metal elements in
modern deposits has been repeatedly reported mainly due
to contamination of industry waste, and the tendency will
continue for decades.

2.7 Environmental instability

The modern earth’s surface system is under great
environmental instability. Global warming, atmospheric
change, water pollution, sea level rising, natural disaster
strengthening, loss of forest and agricultural land,
biodiversity crisis, and ecosystem breakdown, all these
can be attributed mainly or partly to human influences. The
paleo-environment of the PTB world was also a remark-
ably unstable one, and most of the modern environmental
disturbances also occurred during that interval (Huang
et al., 2007; Payne et al., 2004; Tong et al., 2007). To sum
up, the correlation of the global changes between the PTB
and modern times reveals a general tendency toward
environmental deterioration and crisis of both. However,
the extent of modern deterioration is less severe or still in
the initial stage. This stands for the p(CO,) concentration,
the global warming, and the ocean anoxia. Mankind is still
barely in time to prevent an environmental collapse.

3 Correlation of the biotic crisis between
the PTB and modern times

3.1 Extinction rate

Based on data from World Conservation Monitoring
Centre (WCMC) and other resources, Groombridge
(1992) provided the extinction curve, mainly on
vertebrate animals, since 1960 (Fig. 1). The general pattern
is a parabolic curve with turning point around 1850,
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Fig. 1 Broken-line graph of animal extinction. Solid broken lines

(1600-1990) are from Groombridge (1992); dotted line is based on
indication from Butchart et al. (2010)

representing the acceleration of extinction in industry-age.
In Fig. 1, the rate suddenly goes downward in the 1950—
1990 period, which was suggested by some authors as a
progress that resulted from conscious remedial measures
taken by the government to protect biodiversity (Smith
et al., 1993). This suggestion is highly improbable. The
downward segment should be caused mainly by the
definition of extinction given by documents of the
Convention on International Trade in Endangered Species
of Wild Fauna and Flora (CITES), in which ‘extinction’
was defined as nondiscovery of a species in field
continuously for a 50 a duration. It is thus impossible to
count species disappeared since 1950 as ‘extinct’ because
in 1992, the disappearance is less than 50 a. Butchart et al.
(2010) compiled 31 indicators to estimate the rate of
biodiversity loss in past 50 a (1970-2010). ‘Most
indicators of the state of biodiversity (covering species’
population trends, extinction risk, habitat extent and
condition, and community composition) showed declines,
with no significant recent reductions in rate.” Meanwhile,
indicators of pressures on biodiversity showed increases.
They concluded that the rate of biodiversity loss does not
appear to be slowing in the past 50 a. Unlike the
Groombridge (1992) graph where the 1950-1990 extinc-
tion line decelerated, they reported that the mean
population trends of vertebrates show a decline of 31%
since 1970, as shown by the dotted line in Fig. 1.

There are two ways to estimate the extinction rate
acceleration. One way is by comparison between actual
and background numbers of extinct species. The back-
ground extinction rate known from the fossil record is
about one species per million species per year or between
10 and 100 species per year altogether (counting all
organisms). About the actual numbers, Wilson (1992)
estimates that 27000 species are currently lost per year and

stressed that by 2022, 22% of all species will extinct if no
action is taken. Eldredge (1998) estimates 30000 per year
currently. These estimates place the extinction rate at 300—
3000 times the background rate. According to Butchart
et al. (2010), the vertebrates decline ( —31% since 1970)
will have an even quicker rate. A conservative estimation
is about 1000 times the background rate (Heywood, 1995).

The other way is by comparison between actual
extinction rate and background extinction rate of certain
organism group. According to WCMC, 229 species of
vertebrate have become extinct since 1600. Current
vertebrate species numbers are 3.7 x 10* (Smith et al.,
1993). Given the averaged °‘lifespan’ of a vertebrate
species as 5 Ma, the extinction rate of current vertebrates
would be 75 times of their background extinction rate (He
et al., 2004). Mammals, for instance, have an average
species “lifespan” from origin to extinction of about 1
million years. There are about 5000 known mammalian
species alive at present. Given the average species
‘lifespan’ for mammals, the background extinction rate
for this group would be approximately one species lost
every 200 a. Nevertheless, the past 400 a have seen 89
mammalian extinctions, almost 45 times the predicted rate.

Based on data from Jin et al. (2000), 98 out of 160
species became extinct at the GSSP Meishan section
during the main phase of end-Permian mass extinction
(251.45-251.20 Ma). Given the “lifespan” of marine
invertebrate species as 10 Ma, the end-Permian extinction
rate would be 25 times the background rate (He et al.,
2004).

The accelerated extinction rates of these two periods
undoubtedly suggest that both are in the midst of a mass
extinction. The modern extinction rate seems even larger
than that of the PTB time. The difference of rate
acceleration between the two may be due to that the actual
extinction rate is difficult to pin down with shorter time or
that the PTB rate is underestimated due to lack of large
number sampling and precise time span assessment. If the
rate difference is true, it can be explained that anthro-
pogenic changes may be much more rapid than natural
changes.

The extinction curve since 1600 has been published
based on statistics of extinct species given by WCMC
(Groombridge, 1992). A curve of relative extinction rates
during PTB and modern times was given (Table 2, Fig. 2).
Although direct temporal correlation is impossible because
of the disparate time scale of the two intervals, Fig. 2 does
show correlative tendencies of extinction curves. Compar-
ison of stage-subdivision of the Permian-Triassic mass
extinction with that of current species extinction shows
that the modern curve is similar to the preludial part of the
PTB curve. It verifies that extinction rates are increasing in
an antiparabolic curve in marine and terrestrial ecosystems
around the world in recent centuries, and the modern time
is experiencing the initial stage of extinction. We have also
used the method of ‘species-area curve’ (Dobson, 1996) to
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Table 2 Number of extinct species and genera and their extinction rates of PTB time in South China (modified after He et al., 2004)

Geological age/Ma Extinct species Extinction rate/(species-Mafl) Extinct genera Extinction rate/(genera-Mafl)
253.4-253.0 33 83 131 66
253.0-252.3 73 104 131 66
252.3-52.0 12 40 131 66
252.0-251.4 43 72 131 66
251.4-251.2 98 490 93 465
251.2-251.0 11 55 38 63
251.0-250.6 27 68 38 63
250.6-250.4 5 25 38 63
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Fig. 2 Comparison of extinction curves between the PTB extinction (A, invertebrates) and modern extinction (B, solid line-animals,
dotted-all organisms) (modified after He et al., 2004). The abscissa of A represents the ages of each segment of Meishan section (Ma). Bed
25-Bed 28 is 251.4-250.6, data from Jin et al. (2000). Now that the duration may be shortened (Bed 25-Bed 28 is 252.40-252.12, S.
Bowling pers. comm.), and the second phase of extinction at Bed 28 should be stronger than the solid line (Xie et al., 2005; Yin et al.,
2007); the curve may have to be modified as drafted by the dashed line (not based on statistics), in which the second phase becomes a
negative excursion.

cross check the results of modern diversity loss and forest  in the midst of its first great extinction event caused by the
area decrease in Asia, Africa, and Latin America (Tables 3  activities of a single biologic species (humankind)’.
and 4), and reached the same conclusion. ‘The Earth isnow  (Steffen et al., 2004).
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Table 3 Preliminary estimation of forest area and forest cleared situation in Asia, Africa, and Latin America (Groombridge, 1992)

2
Forest area/km

Forest cleared area/km?

fArea 1980 1990 Pre-1650 1650-1749 1750-1849 1850-1978
Asia 3108000 2748000 807 196 601 1220
Africa 6504000 6001000 161 52 13 469
Latin America 9229000 8399000 15 100 170 637

Table 4 Numbers of erosional species and their erosional rate in forest areas of Asia, Africa, and Latin America

Erosional species

Erosional rate/(species- sﬁl)

Arca AS AS AS AS AS
(pre- (1650 — (1650 — (1650 — (1650 — pre-1650 1650 — 1750 1750 — 1850 1850 — 1980 1980 — 1990
1650) 1750) 1850) 1980) 1990)
. 0.005 6 4 4 4 3
Asia S 0.01 Sos 0.04 So3 0.12 Sos3 0.14 Sp3 <4 x 10 °Spz 1 X 10 7Sp3 3 x 10 "Sp3 6 x 10 "Sp3 2 x 10 ~Sp3
03
. 0.008 6 s 5 4 3
Africa < 0.002 Sy, 0.003Sp,  0.02Sp,  0.04Se <5 x 105 2 x 10580 1 x 10580, 1 x 10 48, 2 x 10 >Ses
02
E““ Amer- 0;)01 0.003 So; 0018y 00238y 00585y <1 x 10 3 x 1058y 7 x 1078 1 x 107*8p; 2.7 x 107Sp,;
01

3.2 Cirises of the three essential ecosystems

Marine phytoplankton, reef, and tropical forest are the
three major and most diversified ecosystems of modern
world. Essentially, the same situation existed during the
Permian time (Erwin, 1993), so this provides another good
parameter for comparison.

3.2.1 Reef

The Great Barrier Reef along the coast of Australia
experienced 7 bleaching events during 1980-2006. The
most widespread and intense events occurred there in the
summers of 1998 and 2002, affecting about 42% and 54%
of reefs, respectively. Many other coral reef provinces have
been permanently damaged by warm sea water tempera-
ture, most severely in the Indian Ocean. Up to 90% of coral
cover has been lost in the Maldives, Sri Lanka, Kenya and
Tanzania, and in the Seychelles (Parry et al., 2007). In the
period of 2010-2040, coral reefs are expected to become
highly susceptible to more frequent bleaching events. The
IPCC (2007) sees this as the greatest threat to the world's
reef systems. Butchart et al. (2010) reported a 38% decline
of coral reef condition (live hard coral cover) during 1980—
2004.

3.2.2 Tropical forest

Global deforestation sharply accelerated around 1852.
Tropical rainforest is now seriously fragmented and locally

disappeared (FAO, 2001; He et al., 2004). It has been
estimated that about half of the Earth's mature tropical
forests, between 7.5 x 10° and 8 x 10° km? of the original
15 x 10°to 16 x 10° km?* that has covered the planet until
1947 have now been cleared. Some scientists have
predicted that unless significant measures are taken on a
worldwide basis, by 2030, there will only be ten percent
remaining (Nielsen, 2006), with another ten percent in a
declining condition. 80% will have been lost, and with
them, hundreds of thousands of irreplaceable species
(Wilson, 2002). A 2005 report by the United Nations Food
and Agriculture Organization (FAO, 2005) estimates that
the Earth's total forest area continues to decrease at about
13 x 10° ha/year. Butchart et al. (2010) reported a 3.1%
decline of forest extent in 1990-2005.

We have attempted to calculate the acceleration rate of
deforestation, using the method of species-area curve
(Dobson, 1996), based on preliminary estimations of forest
area (1980-1990) and forest cleared situation (pre-1650 to
around 1980) in Asia, Africa, and Latin America (Table 3;
Groombridge, 1992).

From the species-area curve, we have

S =cA”. Q)
Thus

So1 = cAf, )

Sy = A3, 3)

So3 = cd3. “)
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Ay, A, and A5 denote the forest area of Asia, Africa, and
Latin America in 1650, respectively. Spi, Sp2, and So;
denote the number of species in the forest area A4, 45, and
As, respectively.

Thus, we also have

AS = So;—Sg; = (1 (4] /4;)**) Sz, (5)

where i = 1, 2, 3; A’ is for the different forest areas of
different periods; Sy; is for the species number of forest 4/ ;
AS is for the differential value of species numbers when the
forest area shifted from A4; to 4; .

The erosion of species (erosion= disappearance) in
different periods and the erosional rate of species can thus
be calculated by substituting the numbers of Table 3 into
Formula 5. Thus, we have the numbers of erosional species
and their erosional rate in Asia, Africa, and Latin America,
as expressed in Table 4. It is clear from the tables that both
the rate of deforestation, the erosion of species, and the rate
of species erosion following deforestation are accelerating
since 1650. Figure 3 shows the rate of erosional species in
an Asian forest based on Groombridge (1992) that shows
an acceleration anto-parabolic curve of extinction (ero-
sion). Those of Africa and Latin America show more or
less the same tendency (He et al., 2004). These echoes with
the animal extinction during the same interval.
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Fig. 3 Rate of erosional species in Asian forests (based on
Groombridge, 1992). Based on data from Table 4, transverse bars:
annual rate of erosional species in each time interval; dotted line:
general tendency of erosional rate

3.2.3 Marine phytoplankton

It is to be noted that, in contrast to the macro-organisms,
microbes do not decline when the environment begins to
deteriorate. When the oxygen deficiency of water bodies

worsens, usually, the microbes shift in the following
succession: slightly disaerobic — photosynthetic and aero-
bic microbes (e.g., cyanobacteria) flourish; disaerobic —
they decline; quasi-anaerobic — sulfur reduction bacteria
(SRB) flourish; and anaerobic — methanogenic bacteria
flourishes. Flourishing of SRB and methanogens would
mean widespread anoxia in the ocean, occurring only in the
earth’s early history and extreme deteriorated environ-
ments in Phanerozoic, as during the PTB time (Huang
et al., 2007). In the modern world, there are lots of regional
microbial flourish where the water bodies become over
nutritious or polluted by heavy metals, some of which like
Fe are necessary for microbe growth. Microbial blooms
occur frequently in marginal seas, river mouths, and lakes
of many regions in the world. On the other hand, the global
decline of photosynthetic and aerobic microbes seems
likely to have begun in modern oceans. Applying
combined data of ocean transparency measurements and
in situ chlorophyll observations available since 1899,
Boyce et al. (2010) observed marine phytoplankton
declines in eight out of ten ocean regions and estimated a
global rate of decline of ~1% per year. Behrenfeld et al.
(2006) have reported earlier that the marine primary
productivity had a declining tendency (1999-2006) after a
short time (1998—-1999) of increase.

3.2.4 Fate of the three major ecosystems during the PTB
time

Permian is a period of coal accumulation, most of which
are from tropical rain forest constituted by lycopodiales
and gymnosperms. Porifers, rugose, and tabulate corals
dominated shallow water habitats and build huge reefs.
Phytoplankton, although difficult to find in fossil, should
be very abundant judging from the high primary
productivity (PP) of that period. The three major
ecosystems collapsed abruptly at the end-Permian mass
extinction. There were three famous gaps: coal gap, reef
gap, and silicolite gap in the Early Triassic. The coal gap
and reef gap indicates the decimation of forests (esp.
tropical rainforests) and reefs. Among the three, reef
ecosystem became extinct first (Stanley, 2001). Tropical
forest disappeared later, and the last Gigantopteris flora
survived until earliest Triassic (Yu et al., 2007). Silicolite
gap means decimation of radiolarians, which may imply
decline of phytoplankton on which they fed. When the
macro-organisms became extinct, one of the main primary
producers, cyanobacteria, flourished at first (Wang et al.,
2005; Xie et al., 2005), then wax and wane frequently
during the PTB interval, and its flourish and decline
reciprocally alternate with that of the SRB (Huang et al.,
2007; Luo et al., 2010). This phenomenon represented an
instability situation of redox conditions in the global
shallow water, and the latter severely shrank the base of
marine ecosystem to the extent that there may be a global
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euxinic condition (Grice et al., 2005). Reduviasporites (or
Tympanicysta), a disastrous species of fungal or palyno-
morph origin, boomed in both marine and continental
circumstances when the main extinction event happened
(Visscher et al., 1996).

The end-Permian mass extinction is called the most
severe one of the ‘Big Five’ mass extinction in
Phanerozoic or the ‘Mother of Mass Extinctions” (Erwin,
1993). This is not only because its biodiversity loss is the
biggest (> 90% at species level) and its recovery interval is
the longest (ca. 5 Ma) but also because its ecosystem
collapse is the most profound. Not only did the higher rank
organisms of the ecosystem hierarchy decimate, but also
the microbes that constitute the base of the pyramid
severely shrunk. In this regard, the present biotic crisis is
much lighter in comparison with the PTB one; because the
reefs are bleached but only partly disappeared, the
rainforest are fragmented but not overall decimated, and
instead of shrinking, the microbes are still blooming in
over-nutritious water bodies.

3.3 Evolutionary acceleration of certain ruling organisms

The average duration per conodont zone is about 300 ka in
Permian (18 zones in 50 Ma), 100 ka in Late Permian (10
zones in 10 Ma), and nearly 800 ka in Early Triassic (8
zones in 6 Ma) (Gradstein et al., 2004). However, the PTB
conodont zonation is much denser. At the GSSP Meishan
section (Jiang et al., 2007) and at the Abadeh section of
Iran (Kozur, 2007), numbers of conodont zones within the
PTB interval (corresponding to Beds 25-28 at Meishan) is
5 and 7, respectively. Given 300 ka for that time span, the
duration per conodont zone of PTB would be only 40—60
ka. This is unlikely to be a result of sampling bias because
both the Late Permian and Early Triassic conodont
zonations have been collected in detail and correlative
world-wide. This temporal shortening of PTB conodont
zones should indicate evolutionary acceleration of con-
odontophora animals as a survival strategy to adapt to the
strengthening stress of PTB environmental crisis. Like-
wise, condensed radiolarian zonation at PTB was also
reported in South China.

The time line of hominoid species shows a clear
tendency of accelerated evolution of species and sub-
species since 5 Ma ago. The four Australopithecus species
have an average ‘lifespan’ of 1.10 Ma, the three Homo
species averaged 0.87 Ma, while Homo sapiens and its
subspecies averaged 0.17 Ma (up to now).

Australopithecus ramidus—5 to 4 million years BC

Australopithecus afarensis—4 to 2.7 million years BC

Australopithecus africanus—3.0 to 2.0 million years BC

Australopithecus robustus—2.2 to 1.0 million years BC

Homo habilis—2.2 to 1.6 million years BC

Homo erectus—2 to 0.4 million years BC

Homo sapiens—400000 to 200000 years BC

Homo sapiens neandertalensis—200000 to 30000 years
BC

Homo sapiens sapiens—130000 years BC to present

Using the 3.9-million HapMap SNP dataset, Hawks
et al. (2007) found that the positive selection of H. sapiens
sapiens has accelerated greatly since the Neolithic time.
Based on genomic surveys of 270 human individuals,
including European ancestry, African (Yoruba) ancestry,
Han Chinese, and Japanese, they concluded that during the
past 40000 years, the rate of human’s adaptive evolution
has been 100 times higher than the ordinary rate that
characterized most of human evolution. They suggested
that the human population growth generated more new
selected mutations. Population growth and the past
changes in human cultures and ecologies may have
contributed to the extraordinarily rapid recent genetic
evolution of our species.

It may be interesting to note that both conodonts
(Phyllum Chordata) and hominoids are leading, and index
animals of respective geologic periods and conodonts
survived the PTB crisis with accelerated evolution. This
may be a coincidence but worthwhile to mention for
further notice.

4 Correlativity of the global changes and
biotic crises of the two periods

One major difference of the two periods is the cause of
global changes and biotic crises. It is common sense that
the modern ones are mainly anthropogenic. Aside from a
bolide impact, which is still a hypothesis, intensive
volcanism is widely accepted as a main cause that triggered
the PTB global changes and biotic crises (Yin et al., 1992;
Racki, 2003). However, given this difference in causality,
the effects of PTB volcanism and modern human activities
modern are largely similar and correlative: increase of
p(CO,) and p(S0O,) in atmosphere, greenhouse effect and
ocean acidification, collapse of the basic ecosystems,
etc.

Another major difference of the two periods is their
disparate time range. The PTB duration has been estimated
from less that 10 ka (Rampino et al., 2000) to nearly
0.7 Ma (Bowring et al., 1998). Using the high-precision
LD-TIMS, recent data given in a Nov. 2009 meeting in
Nanjing (Bowring S., pers. comm.) showed that it was
about 0.3 Ma. This is far too long in duration compared
with the 300 years of anthropogenic activities in industry-
age. Any modern curve put in the PTB scale will become
extremely short but with greater steepness, or nearly
vertical direction; on the other hand, any PTB curve put in
modern 10%a scale will become nearly horizontal, no
matter how intensive it was with geological viewpoint.
However, environmental and biotic curves spanning the
two periods respectively have one essential phenomenon
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in common, i.e., both have parabolic patterns representing
accelerated tendency of deterioration across a turning point
(or short interval). In the modern time (1750-2000), such
patterns have been shown in atmosphere (CO,, N,O, CHy,
and ozone depletion), climate (temperature and floods),
coastal zone, ocean, and terrestrial ecosystems, and global
biodiversity (Steffen et al., 2004). The same can be applied
to the PTB time for atmosphere and temperature (Veizer
et al., 2000; Retallack, 2001, 2002), seawater composition
(Yan and Wu, 2006), and global biodiversity (Sepkoski,
1992). The similarity in their temporal curve denotes that
both are critical periods in geological history and have
experienced or is experiencing profound changes in the
earth’s surface system and organism evolution. As the
Executive summary of IGBP (Steffen et al., 2004) put it,
“The Earth is currently operating in a no-analogue state.
The nature of changes now occurring simultaneously in the
Earth system, their magnitudes, and rates of change are
unprecedented in human history and perhaps in the history
of the Earth. Extinction rates are increasing sharply in
marine and terrestrial ecosystems around the world.”

5 Conclusions

1) Although the causes and time spans of PTB and
modern global changes and biotic crises are different, the
two periods are correlative in the following tendencies of
global changes: carbon dioxide concentration [p(CO,)] and
carbon isotope (6'°C) excursion, UV strengthening,
temperature increase, ocean acidification/hypercapnia,
and terrestrial weathering enhancement.

2) The following tendencies of biotic crises are
correlative: Acceleration of extinction rates accompanied
by parabolic curve of extinction with a turning interval
representing the critical crisis; decline of the three main
ecosystems, namely, reefs, tropical rain forests, and marine
phytoplankton. It is also interesting to note that certain
leading taxa of organisms underwent accelerated evolution
during the crisis and survived.

3) The PTB crisis went through all the substages of mass
extinction: decline, decimation, survival, and recovery. A
comparison on the extent of biotic crises between the two
periods shows that the modern crisis is about at the turning
point from decline to decimation (Fig. 2). The extinction
curve is now parabolic, and the extinction rate has been
accelerated, but the decimation is not yet realized. This is
also justified by the modern situation of the three major
ecosystems: The reefs are bleaching but have not
collapsed; the tropical forests are fragmented, but not yet
decimated; the marine phytoplanktons are having blooms
and are only just about to decline.

4) Modern biotic decline may worsen into decimation
and undergo mass extinction but also may get better and

recover to ordinary evolution. In the latter case, a mass
extinction is not performed, and the biotic crisis will
become a downward excursion of the future evolutionary
curve. There are always oscillations of extinction and
origination curves in the geological history. We are not sure
whether the present biotic crisis will inevitably turn into a
mass extinction or just form a downward oscillation of the
curve. Since human activities are the main cause of the
deterioration of environments and organisms, mankind
should be responsible and able to strive for the better
result—recover the crisis.

5) As to mankind himself, it seems very probable that
human being as a species is experiencing an accelerating
evolution. Since populations of Homo sapiens sapiens are
developing new genomes 100 times faster than its ordinary
evolution pace, as Hawks et al. (2007) said, this species is
more than ever rapidly to disappear. There are two
possibilities for the future of mankind. If the human-
caused mass extinction becomes true, Homo sapiens
sapiens may become extinct, i.e., disappear without
leaving descendants. In geological history, it generally
happened that the leading organisms would be decimated
or become extinct during mass extinction, thus opened a
new era dominated by new leading taxa. This is true for the
DDO graptolites (Dicranograptidae, Diplograptidae, and
Orthograptidae; Melchin and Mitchell, 1991) of the Late
Ordovician mass extinction, the rugose and tabulate corals
and fusulinids of the PTB mass extinction (Table 1), the
ceratitid ammonoids and conodonts of the end-Triassic
mass extinction and the dinosaurs and ammonoids of the
end-Cretaceous mass extinction. Now that the human
being is the leading organism, the main target and sacrifice
of the coming mass extinction would have to be the Homo
species. However, there is the other possibility that H.
sapiens may quickly evolve into a new and more advanced
species, i.e., disappear but leave descendants, as the
conodonts have done to survive the PTB extinction. This
happened in the earlier evolutionary history of hominids.
Through long-term adaptive struggle with environments,
Australopithecus developed both its physical and mental
strength. Its brain enlarged, its vertebra straightened; in the
course of labor, it became Homo and disappeared for itself.
The essential difference between mankind and other
organisms is that mankind has an intellectual mind. It is
fully possible that mankind will become conscious of
facing danger and act as a whole to save biodiversity and
harmonize with the environments. The future is hopeful,
but we need to take action now.
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