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We presena new disaste-forced biological evolution model a general framewor
that includes Darwinian “phylogenic gradatior” (Darwin 1859, as well ac
Eldredg-Goulc's “punctuated equilibriu”(Eldrigdge and Gould 197, mass
extinctiony, and arw, pare, and sympatric speciation. It descrs how reproductive
isolation of organisns is established throu¢ global disastes due to superno
encounters and locdisaster due to carbonatite volcani. Our new evolution mode
uniquely highlights three major factors disaste-forced speciatic (referred to a
speciatio-forcings’: (1) enhancemutation rat by higher natureradiation level cause
by supernoviéencounter or carbonatite volcanis, (2) smallerpopulation size, (3) an
shrunkerhabitat size (i.e., isolation among the individual popula; Figure ).

Figure 1. The concept of the disaster-forced evolution. A global disaster by supernova
encounter and a local disaster by carbonatite volcanism force biological organisms

evolve.



Figure 2. Schematic diagram showing a disaster-forced change, including a reduction in
the total number and size of individual habitats. Note that small sub-populations in the

peripheral region of their habitat become more isolated (yellow), even endangered (red).

We developed a simplmathematicei model describincspeciatior of a haltisolatec
(peripheral) group frona parental group, taking into account the population, N,
immigratior rate, m, and mutation ra, u. We found that speciation can be w
explained in terms of a bifurcatiemploying th: catastrophe theory originatthrougt
the works of the French mathematiciRené FrédériThor in 196( (Zeeman 197¢€
Figure 3.

Figure 3. The region above the solid curve (speciation region), the solid curve, k always
increases, while it decreases bellow the curve (refusion region). When a disaster starts,
a=2p/m increase, since p increases because of the enhanced natural radiation level

and/or m decreases because of the shrink of their habitats



The genomic distan, k, between peripheral group from parental grougoverne: by
an ordinal differential equatiordk/dt = mk(a — f(k))/2, where Kk is the fixation
efficiency of mutations. When a paramea = 2u/m is smaller than a critical valu
the maximum of the fiction f(k), a stable equilibriumdk/dt = 0) solution of k4

exists, and the grouremain: subspecies or races interbreedable with the parental ¢
However, whena exceeds the critical value, the stable equilibrium solution pears
and a runaay increase irk occurs the genomic distance becomes eventually so

that reproductive isolation is significant between thThe model gives a quantitati
estimate of the speciation speed, whturns out tofit well with the observatior of
specition speed (Figure . For example, the speciatitakes a leas1C® generations, i
mutation rate is less than . This result is consistent with the previous studie:
which p is assumed to b1073 — 10~5 per generation per individual. On theher
hand, thespeciatiol is much faste(considerabl less than 1° generationsfor the case
that u is as large as C for the case involvingparapatriccondition:if m < u. Even a
sympatric (m~1) speciation can take place within® generations, if mutation rate
very high u~1 mutation per individual per generati, and effectivepopulatior is less
than 2(-30. Such a high mutation rate is possitduring global disastes due ftc

supernova encounte¢ (Figure 5 and local disastes due to carbonatite volcani

(Figure 6).

Figure 4. Conditions necessary to establish reproductive isolation (RI) are shown for the

case where s = 0.2 and &* =107° in u-S plane.



They raise natural radiation level by a factor of 100-1000. Such rapid speciation events
can also contribute to macro-evolution during mass extinction events, such as observed
during the Cambrian explosion of biodiversity (Figure 7). A similar rapid speciation
(though is in a much smaller scale) also has been undergoing in cichlid fishes and great
African apes in the last several tens of thousands of years in the current African rift
valley, including the origin of humankind, by nebular-encounter and
carbonatite-volcanism speciation-forcings (Figure 8 and 9).

The new disaster-forced biological evolution model unites various concepts of
evolution as follows. First, the phylogenic graduation can be placed in the case that
a = 2u/m is low enough. In such a case, because of a low mutation rate or a high
immigration rate, the half-isolated groups remain in the stable equilibrium solution in
Figure 4; in other words, they are subspecies or races that can interbreed with the
parental group. Each subspecies adapts to their living environment through natural
selection. That is exactly what Darwin observed and described in his famous book
(Darwin 1859). Second, the nonlinear nature of the new disaster-forced speciation
model well fits the concept of “punctuated equilibrium” proposed by Eldredge and
Gould (1972). The existence of a stable solution in adoease gives the theoretical
basis to the stability of species which was postulated in the “punctuated equilibrium”.
When a = 2u/m becomes high enough by some reason, the rapid speciation is
initiated, leading to a macro-evolution. Forth, it includes all of the aro-, para-, and
sympatric speciation depending on the valuexct 2u/m. In particular, according to
the new model, the sympatric speciation is possible without geological isolation, when
the mutation rateu is as high as unity per individual per generation. Such a sympatric
speciation was suggested in small volcanic lakes in Cameroon (Lake Barombi Mbo and
Lake Berman, Table 2)Finally, the disaster-forced biological evolution model explains
why the speciation rate is considerably high around the mass extinction events (Raup
and Sepkoski 1982; Sepkoski 1998; Bambach 2006), since they are likely to be due to
the global disasters by encounters with nebulae (supernova remnants and dark nebulae;
Kataoka et al. 2013a, b).



Figure 5. Schematic pictures of the heliosphere (yellow) during an encounter with a
supernova remnant (pink). (b) The heliosphere shrinks to the Earth’s orbit (breakdown
of the first shield), where the gas pressure of the supernova remnant balances the solar
wind pressure. () The cosmic ray flux increases by a large factor through the
production of NOX in the stratosphere, which ultimately destroys the ozone layer
(destruction of the third shield); the UV-B radiation can then penetrate the Earth’s
surface. Super-GeV cosmic rays enhance cloud formation. These three factors result in
reduced significant reduction of photosynthesis, which leads to food and oxygen
starvation in the biosphere, in other words, a disaster at global scale (taken from
Kataoka et al, 2013).



The disasteforced biological evolutiomodel is, of course, a workirhypothesigo be
proven by evidencethrougl the systemic investigation in the speciation hot spot
the present Earth, in other words, specifically the African Rift valley. The evidenc
be obtainedhrouglt thefollowing future works

1)

2)

3)

4)

Extensivesurveillanceof water,soils, and sedimen in mineral contents includin
radioactive elements annaturalradiation leveof Olduvai Gorge and Lake Victol
in the Africar Rift Valley

Scientific drillings of sediments infossil sites and lakesto reconstruc the
palec-environmer including the histor of volcanic activities and the«climate
variatior. For example, he 2005 Malawi Scientific Drilling Project has be
performec and succeede to reconstruc paleoenvironmer in the period o
0.14£-0.06 Ma (Scholz, C.A. et al. 20)). More comprehensive studies of otl
lakes are important to reconstruct pi-enviroment

Whole genome analysis the variation of all kinds corganisns including animals
plant, ancmicroorganisr in African Rift Valleyto study variation of genome win
to evaluatethe frequenc' of segmentaduplicatior and activity level of transposon
The similar comparativstudiesin the regionswith high radiation level caused |
nuclear plant accidentChernoby or Fukushima) are also importe
Samplingpalec-deepmarine sediments, such as found in Pa-type accretionar
complexe back to 4.0 Gi(Maruyama et g 2011)

Figure 6. Map showing the African Rift Valley, Lake Victoria, “the Dawin’s Garden,

Serengeti National Park, and the Olduvai Gorge. The birthplace of human beings is

located among the east and west branches of the rift zone. Two closest relative species,

Chimpanzees and Gorillas, live in the Rift zone (Figure 7).



Figure 7. Oldvai Gorge and Ngorongro Volcanic Highland. The water in which flows into

the gorge comes from the highland of carbonatite volcanoes.

Reference

1) Bambach, R. K., 2006, Phanerozoic biodiversity mass extinctions, Annual F
of Earthanc Planetary Sciences, 34, 1

2) Darwin, C., Origin of species859.

3) Eldredge, N. and Gould, S.J. 1972. "Punctuated equilibriua: an alternat
phyletic gradualism” In T.J.M. Schopf, ed., Models in Paleobic San Franciscc
Freeman Cooper. pp. -115. Reprinted in N. Eldredge Time frames. Prince
Princeton Univ. Press. 19

4) Kataoka, R. Ebisuzaki, T., Miyahara, H. and Maruyama, S.a, New Astronomy
21, 5(-62.

5) Kataoka, R. Ebisuzaki, T., Miyahara, H. . Maruyama, S. 20lb, Gondwanz
Research in pre in the special issue of Cambrian Explos.

6) Marque-Bonet, T. et al., 2009, A burst of segmental duplications in the geno
the African great ape ancestor, Nature, 457,

7) Maruyama, S. Ohmori, S. SensiH. Kawai, K. and Windley, B.F., 2011, Paci
Type Orogens: New concepts and variations in space and time from present
Journal of Geography, 120, 1223

8) Raup, D.M. and Sepkoski, J.J., 1982, Mass extinctions in the marine Fossile



Nature, 215, 1501-1503.

9) Sciliewn U.K. et al. 1994, Sympatric speciation suggested by monophyly of crator
lake cichlids, Nature, 368, 629-632.

10)Scholz, C.A. et al. 2011, Scientific drilling in the Great Rift Valley: The 2005 lake
Malawi Scientific Drilling project — An Overview of the past 145,000 years of
climate variability in Southern Hemisphere East Africa.

11)Sepkoski, J.J., 1998, Rates of speciation in the fossil record, Phil. Trans. R. Soc.
Lond. B 1998 353, 315-326.

12)Sources and Effects of lonizing Radiation, United Nations Scientific Committee on
the Effects of Atomic Radiation, UNSCEAR 2008 Report to the General Assembly
with Scientific Annexes, ANNEX B Exposure of the Public and Workers from
Various Sources of Radiation, United Nations Publication ISBN978-92-1-142274-0.

13)Zeeman, E.C., 1976, Catastrophe Theory, Scientific American, pp. 65-70.

14)Zhu, M., Strauss, H., Shields, G. A., 2007, From snowball earth to the Cambrian
bioradiation: Calibration of Ediacaran-Cambrian earth history in South China,
Palaeogeography, Palaeoclimatology, Palaeoecology, 254, 1-6.



Figure 8 When the last snowball Earth glaciation (Marinoan glaciation) finished, the
Ediacaran Period began. (a) Since then, there were two local glaciations, Gaskier (582
Ma) and Baikonur (542 Ma), and presumably numerous glaciations, but smaller in scale,
were likely to have taken place in the Cambrian Period, as seen in local parallel
unconformity (see a summary by Maruyama et al., in press). (b) Some glaciations are
synchronized with the strong excursions in 613C carbonate deposited on the continental
shelf in the S. China craton (adapted from Zhu et al. (2007)), which correspond to the
mass extinction events, such as those of large Acanthomorph Acritarchs (560 Ma), of
Ediacaran fossils (542 Ma), of SSFs (523 Ma), and of Archaeocyathids (514 Ma), as
indicated by the blue arrows (c). (d) A phylogenetic tree among the animal phyla is given
by Peterson et al. (2004). The divergence times are estimated by the genomic distances

among the species. Note that they generally include considerable error (more than 10%).



(e) Putative negative radiative forcing; the Milky Way Galaxy was gradually returning
back to the normal state after the starburst around 0.6 Ga through the intermediate
state, where supernova remnants dominate in the galactic disk. The encounters with
the supernova remnants may drive environmental disaster leading to mass extinctions
(as seen in section 3). The enhanced radiation triggers genome instability in the
biological organisms at the surface of the Earth, accelerating their evolution (After
Kataoka et al. 2013b).

Figure 9 The Three Gorge Area, South China, was in a rifting zone between
Australia/lEast Antarctica and Laurentia/South American blocks in the
Ediacaran/Cambrian and an evolutional hotspot which harbored the Cambrian
explosion. Fossils are discovered in phosphate rocks widely distributed in the
South China and Australia cratons.

10



