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ABSTRACT

The Voilume conlains the material of an interdisciplinary evolution symposium. The
purpose was to shed some light on possible conneclions between steps of evolution of matter
on different levels of organisation. The toplcs involved are as follow: cosmogenesis; galactic
and stellar evolution; formation and evolution of the solar syslem,; global atmospheric and
tectonic changes of Earth; viral evolution; phylogeny and evolution of terrestrial life; evolution
of neural system; hominization. The malerial also includes some discussions of the underlying
phenomena and iaws of Nalure.

B. Nykau, C, bepum, M. Monuap, I. Naan (pea.): Isoroyua ov chmoreHeswca [o
6uoreneauca. KFKI-1990-50/C

AHHOTAUUA

CEOpHUK COASPWUT MaTepuanst UHTEpAWCLHWIAMHAPHOIO CUMNO3UMYMa MO 38CNI0UMH.
lensk. cMMNO3uyMa ABNANOCL BHACHEHWE CBA3K MEXAY WaraMu 280JI0UWM MaTepuu Ha pas-
HUX YPOBHAX OPTaHU3auMu.. BeiAM 3aTPOHYTH CrefyobuiMe Temb: KOCMOreHesuc, 3BON0NMA
3ee3d M COMMEuHO! cucTeMmbr, rnobasbHan TeKToHuka 3eMmnu, 3BONOUMA aTMocheph 3emnu,
. 3BOMWYUA BUPYCOB, QUNOTEHE3UC, IBOMOUUA KU3HU, IBOMOYMA HEPBHOA CUCTEMb, FOMUHU=
saymMA, TepMmoavHaMUUECKMe achnekTs 3Bonpuud. MaTepwan COAEpPHUT TaKKe HeKOoTOphe CO-
ofpaKeHUA OTHOCHTENLHO 3aKOHOB, CKPLITHX 3a NpoueccaMd NpMpogsbt.

Lukacs B., Bérczi Sz., Molnar 1., Paal Gy. (szerk.): Evollucié: kozmogenézistdl biogenézisig.
KFKI-1990-50/C

KIVONAT

A kotet egy interdiszciplinaris evollcios szimpozium anyaga. A szimpozium célja az volt,
hogy megvilagitson esetleges kapcsolatokat a szervezddés kilonbbzé szintjein folyd evollcios
lépések kozt. A témak: kozmogenézis; galaktikus és csillagevollcio; a Naprendszer kialakuiasa
és torténete; globalis valtozasok a féldkéregben és a légkdrben; a virusok evolucioja;
filogenézis és a foidi élet evollcidla; az idegrendszer evollcidja, emberrévalas. Az anyag
szlntén tartalmaz bizonyos meggondoldsokal a folyamatok mégdtti természett 16rvényekrol.




INTRODUCTIOH

This Volume is the written material of the symposium "Evolu-
tion:Cosmogenesis...Biogenesis...”, Held between 28N ang 315t
May, 1930, {n Budapest. This symposium had been organised under
the aigis of the Geonemical Scientific Committee of the Hungarion
Academy of Sciences, by the Evolution of Hatter Subcommittee of
the 3ajd committee. The Geonomical Committee (s an interdisci-
plinary body for general! overview of the natural! sciences to de-
velop new jfong-range connections ameng different Jdiscipiines; the
Subcommittee Started in 1983, tries to follow (or trace back) the
steps of self-organisation of matter from the Beginning te the
present, and the result of its first symposium i5 this Yolume.

Howagver, ne constructive melhed is Kknown te . view "Natural
Science® as a uwunit; the global picture s built up from blocks
censtructed by the separate disciplines., Still, an overview may
give answers to old questions, For example, on all levels of or-~
ganisation the actual path of evolution may be and is regarded
alternatively either as accidental or ags predetermined. Such
questions have connotatijons not only professiecnal but philescphi-
eal, religious, eschatological &¢. 35 well, but we de net want to
lteave the grounds of strict natural science. Qur present purpgose
ig to show wup the available most coherent picture as 3 startzng
point of any dGeduction.

Ag  an example, for terrestrial evolution of matter we men-
tion that life uses mainly the mpst abundant alements of the Uni-
verse. These abundances may or may not be accidentasl, but the an-
swer  can come only from other disciplines. Simitarily, the condi-
tiens resulting in Eorth had peen produced by cosmotogic, gatac-
tic ang (preseolar) stellar evolutionary steps, which, therefore,
shoula be simuitaneously studied.

Generaify the lecturers of the symposium are experts of
their own fields. The Organising Committee (the E£ditors) took the
responsibility of sejlecting the asctual persons, but the texts are
the Jecturers” sovereign works. The plan of the symposium tried
to establish some 1inks or overlaps. Some separated extra com-
ments of the Editors may appear after texts (in the gothi¢c itail-
ics of the present Intreduction), with a Signature £. OF cCourses,
for these comments the lecturers are not responsible.

we nope that the VYolfume will promote some further multidgis-
ciplinary activities. The Edgitors thank the Theory Department of
the Particle and Nuclear Institute of the Central Research insti-
tute for physics for technical help. The edition was partly sup-
ported by the OTKA fung Ne° 772,

Editers (and Organising Committee)
&, Lukdes (president), S$z. Bércezi, (. Molnar, G. Pasr
Evelution of Matter Subcommittee of the Geonemical Scientific
Committee of the Hungarian Academy of Sciences
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OPENING ADDRESS KFKI-1990. 60,0

Evolution: 5. Lukdes & al. R
7 From Cosmogenesis ro ijgzéis;s
tenth section of the Hungarian Academy of Sciences
under the leadership of Sz4deczki-Kardoss Elemér, the
Commission having an interdisciplinary character from
I have leacnt with pleasure that the Working ) the beginning on. In the frame of this commission we
Commission for Matter Development of ihe Ceonomical fa”ted t? develop :ﬁe conceptloi cha?zlng—develozing
Commission of ihe Hungarian Academy of Scienges will ‘ 1n:c Z ixnk co:ne: ;“9 th:hscxzﬁce: thh Z:E ‘anolhs;
. . : . N : and so to counterbalance the disadvantag involve
organize a symposium with the title “Evolution: .
Cosmogenesis Biogenesis™. 1 remember that nearly in the frittering away as a consequence of excessive
a quarter of-a century ago we conducted talks with specialization. This eobjective has been followed by
the geéologist Szédeczki-Kardoss-Elendr and the the Commission for more than a decade and although it
meteorologist 8611 Béla sbout the problem how the happened sometimes that we came into an impass in the
Earth Sciences distributed in many branches could be . c0ursetof our 1n:zs:12:tlons; the ?resent dsymios%:m
P : is just showing a e combining force and activity
grouped around a wunified resarch conception not
mentioned the fact that they have an objects from of the science does exist inflexibly and the young
different domains of our Earth to be studied. Quring organizing staff possesses the ambition to further
these discussions it has been conceived that the flow - cevelop this idea. ' )
of matter and of energy could be the central nucleus . 0? course-we do not claim a' full ownershlz of
around which various brasnches of science (gecgraphy, fh?s idea, since the wOrld—lede developmen ‘ of
geology, geophysics, metesoralogy, geodesy etc.) §c1en:es s:owslthat the boundar;es of :hz_ various
iences are more and more fading away
should be grouped, or even =all the branches aof rancnes of sc
natural sciences would be interested. So it has come and J?St evenlthe fro?tler zones develop into the
to the organization of the first conference on most interesting domains of s?ccessiul research.
matter-and-gnergy-flow in 1967 and three more have Maz i expr:ssfmihbest lw1s:es ::dl hoie fi:r 8
followed. successiul reach g e goal set or eas 2n
The ides has developed wmoTe and more in  2n approach to it.

interdisciplinary way, since every branch of science

is trying to change the static way of looking into a

dynamic one, which includes alse the concept of

evolution. Taking into account this idea the Geonomic

Commission has been organized in the _frame of the . . Barta Gydragy
President of the Geoncmical Commission
Fellow of the Bungarian Acadenmy of

Science
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ABSTRACT

In the lack of the fundamental unified theory of all funda-
mental physical phenomena, here we outline only some very general
physical ¥frames for interdisciplinary evolutionary studies from
the fundamental constants and the elementary particle data.

wWe would Iike to understand and describe the evolving Uni-
verse. TaKing literally, this geal is impossible to rea¢h, since
the Universe is more complicated than the mind trying to under-
$tand 1it, So we will try to understand its global features.

1. FUNDAMENTAL SCALES
Ag far 2s we know the Universe [visipie part: 1055 g mass
ang 1028 cm size] contains the following scales, going downward
in size (in parentheses the characteristic data) )
galaxy clusters [~10% galaxies, 102% ¢m) ~> galaxies ([ioll
stars, 1022 cm) -> stars [1037 particies, 1oi? eml fan
possibly their planets) -> living organisms [between 109 ang
1031 particies, 10°% cm (mycopiasma) and 103 cm (whale)
Judged from téerrestirjal experience) -> molecules and
atoms («1072% g, 1078 cm) -» elementary particles [masses:
10724 g (baryons &e, ), 10727 g (electron), 10731 g 77
(neutrinos 7)), <<i0” 1 g (photen, gluon, neutrinoes?)
sizes: 10713 cm (baryons}, <<107%3 cm (leptons}).
Of course, all the larger structures consist of the last ones,
but this fact is trivial, Observations indicate that baryons are
composite, consisting of "point-like" quarks. The "elementary
particles" are either neutral, or charged by the "elementary
charge™ e:
et = 2.3%x10°1% gemd s
(er by 1ts double; the guarks seem to have one or two-thirds of
it).
- Why those particular objects?
- Are there any Jaws behind the above <ata?

2., FUNDAMENTAL PHENOMENA ANPD LAVS
According to our present knowledge there are 3 Kinds of gen-

eral phenomena, to which alt objects, processes ete, are sub-
Jected, Each possesses its own characteristic constant, and in-
fluences everyihing. The traditional names come from ages when
they wepre believed (ndependent of each other. Here comes a very
short recapitulation of history. For further study cf. e.g. Ed-
dington (1987}, Sen (1968).
Gravitation; constant: G=6.67x10"5 cm3sgs? .

« Weightl is known from prehuman ages. The connection between
Welgnl and mass was already Known 1o Aristotle of Stageire. Com~
plete quantitative laws from Hewton (1687), The constant was

feds.):

first measured by Cavendish (173%8}.
Relativity; constant: ¢=3.00%1010 em/s.

Its constant, as velocity of light, first successfully mea-
sured by Rbmer (41675). First signal for the existence of the fun-
damental phencmenon was the negative result of Michelson's exper-
iment (18641} to measure Earth’s velocity in the ether. The com-
plete theory is Special Relativity (Einstein, 1505).
Quantization; constant; h=1.05¢10" 27 gemt /s,

First {unnoticed) appearance of the constant in Wien's
blackbody radiation distridution (1896). First conscious!y intro-
duced by Planck (1900). Recognition of general relevance by Ein-
stein {(photoelectric effect, 1905, and specific heat of crys-
talls, 1907).Complete theory is Heisenberg's matrix mechanics or
Schrbdinger's wave méchanics {later called by the common name
quantum mechanics} (1926).

Thé three original "complete theorjes™ can (and, as will im-
mediately be seen, indee¢d ¢o) mutually contradict each other, be-
cause all three claim general validity but each theory contains
only one constant. So the next step reguired was partial unifica-
tion.

Gravity vs., Relativity, :

Gravity influences phetohs; iFf they accelerate downwards,
then the light velocity may exceed the velocity of light ¢, for-
bidden in relativity. Seclution: General Relativity {Einstein,
19163, In it gravity is no more a force, but a c¢onseguence of the
nontrivial space~time geometiry.

Quanptum mechanics vs. RBelativity.

Guantum mechanics gives velocity uncertainty for a mass
point closed tnpto a box: mAVAXmIh/2. For an electron Jlo-
calised petter than do-11 ¢m, the unceptainty would require v»c
forbidden by relativity, Apparent solution: relativistic¢c quantum
mechanics (Dirac, 1928), but that theory 15 not gquite well de-
fined. Namely, in quantum mechanics a system has its wave fupc-
tion depending on- 3N variables, where N is the number of parti-
cles present. In retativistic situations pajr ¢reation <-» anni-
hilation is possible, so M is net fixed. Solution; Guantum Field
Theory (Dirac & al., 1930), where the wave function is replaced
by opelrators ("second quantization™},

Quantum mechanics vs. Gravity

Guantum mechanics prevents the sharp measurement of the New-
ton peotential of gravity; the limitation i% a fundamental uncer-
tainty, s$o the potential cannot ¢xist in exact sense. Sociution
would he (nonrelativisti¢) Quantum Gravity, but in 1926, with
quantum mechanics established, tne individual Gravity was no more
a valid theory, so this partial unification was ignored until re-
cently. (See Didsi, 1990 and literature therein.)

Any of the three partial unifications would contragict to
the third individual theory or to ancther partial! unification
because they 1gnore d¢ifferent e¢ffects. We give here one example.
General Relativity coniradicts @Quantum Field Theory in ihe fol-
iowing way. The right hand side of the Einstein equation {s the
energy-momentum tensor T,y, which 15 an c¢perator in Guantum Field
Theory. However, the left hand side of the equation
) Rik = %EigR = «Tix (2-1)
ceontains pure curvature terms which are c¢lassical numbers in gen-
erajl relativity. S¢ the equality ¢annot hold. Possibie solution:
e.g, quantization of geometry. The episthemologic Si1tuation 1s



visualized on Fig., 1: individual thearies are the visible peaks
of the tetrahedron, partial unifications are the edges of the
frent triangle face; present day possibililies lje on this face,
while the "physical reality” is 2t the hidden fourth peak.

C Special Relativity (Einstein, 1905)

'y ]330

G Gravity (Newton, 1687)

oﬁuo

niumn Mechanics (Sechrddinger, 1926)

Fig. 1: The scheme of fundamental phenomena and their theories.
NQC=(Newtonian} Quantum Cravity

The correct theory could only be the complete unification: a
theory differing from al! previous ones for structure, containing
all ine inree fundamental constants, and yielding the 3 partial
unifications ipn proper limits. Such a theory 1s not at reach, but
there are promising attempts as supergravity and superstring the-
or'Y, containing all the 3 constants.

3. UNDERSTANDING *ELEMENTARY" PARTICLES?

If our elementary partlcles are really fundamental, then the
true fundamental theory must describe ther, predicting masses,
¢harges, &¢. While the unified fundamental theory is not at
reach, the 3 constants uniquely give 115 characteristic scales
(Up to numericalt factors). For eéxampie, consider the e¢lementary
electr1¢ charge e:

dimfer) = gem3/s? : dim[hc) (3.1}

4

Therefore the (sti!l unknown} theory must give
. el = (Humber constant)sxhc. (3.2)
The observed value of the number constant is 1/437.04, not impos~
sible to be gbtained from a theory. HNow, the situation 1s not so
promising for masses and s£izes of elementary particles, because
of the folilowing reason. Pyrely from G, h and ¢ one can depive
only one mass, length and time, since [G)=emd/gst, [h)zgem?/s and
{cl=cm/s, all different. Therefore the proper physical dimen-
sions, g, cm and s, can be obtained only by the combinattons dis~
covered by Planck: '
Planck mass Mpy
Planck length Lp; = yhG/¢3 = 10733 ¢nm
Planck time 1t JhG/¢S ~ 10-%4 o
which are the tharacteristic scales of the {upknown}) theory.
These Planck data represent the only physical units defined
uniquely by the laws of Hature themselves without any arbitrary
convention. Visualizing the unknown "complete unitied theory" via
"quantum fluctuations of the space-time geometry™, the probable
scales for correlation length and time are Lpj and tp), while the
probable energy of one correlated volume is Mpjet .,

Now observe that the masses, sizes and )ife times of our el-
ementary particles are completely foreign to these scales. The
ratic of Planck and proton masses e.g. is

Mpy/Mp = (hc/GHMgt )% = 1,3x1019,
(A basic large cdimensionless number of Nature?} There is a possi- -
ble alternative:

1)} The elementary particles of our pliysics are not truely

elementary but complicated {accidental?) obJects,

2) There are further fundamental phenomenz . with new

scales.

The second possibility seems promising but is very problem-
atic. To demonstrate this, let us introduce a fourth fundamental
phenomenon (of $till unknown nature) with its fundamental con-
stant Az10713 ¢m. Then the hadronic sizes are "explained" and
via meh/rxc~107%% g masses as well, However, the electron size
is <«<10-13 ¢m, according to high energy scattering experiments (a
kind of electron mi¢roscopy)}. Then again we have an alternative:

1} A>>Ra>>Lpyi i8) Re~Lpp. In the first case a Fifth scale

(and fundamentzl! phenomenon) would be needed, but limitless pro-
creatjon of fundamental phenomena are not favoured. In the zecond
case the electron would pick up the effects of quantum fluctua-
tions of one cell (not averaged in its volume), f.e. would get
Mp; {20 orders of magnitude higher than the obseprved electron
mass), not seenrn. ,

§o0:- present elementary particles clearly exist but are unin-
terpretable in the light ¢f present fundamental phenomena.

Jhe/G ~ 1075 g

4. UHDERSTANDING STEUCTURES

AS soon as we simply accept the existence and a few proper-
ties of some elementary particles as agditional empirical facts,
many of the composite objects (structures) become at once intep-
prétable, mostiy by simple stability censiderations. In $0 do1ng
we may attewmpt to theoretically reproduce the design of Matupre
from elementary particles to the entire observable Universe in a
simple and aesthetic way., The resull 18 briefly ¢Xplained in the
Présent comment and summarized 1n the enclosed Figure where mass
M vs., s1ze R are displayed in logarithmic scales, with an origo



at the proton (Lukacs & Paal, 1981; Paal & LuKacs, '1968).

Fig. 2: Cgqsmic mass—size diagram. Legends: p: proton, v: neutrino,
n: newbron star, @& gquaser, el protocluster, w: Universe
at decoupling, U: Universe at present, Pl Planck dala,
mnt: mountain, dact: bacterium. Heavy, double, single, dashed
lines: nuclear, atomic, leplonic, cosmologic densifies, resp.

Even If the evolution of objects may be very complicated
depending on wide variety cof unKnown initial ¢ondit:ions, the sta-
rle final stages of evolution (or slowly evolving gquasistadle
ones) ¢ould in principle be prescribed by elementary physical
considerations. Anyways, only at Jleast partially stable objects
with some degree of persistence can be recognised as objects as
all. This stablility Impiies (approximate) time lndependence.
Therefore it is easy lo c¢heck 1f the basic¢c physical phenomena apd
their ¢onstants tell]l us something about stable existence.

. Out of the 3 basic physical measures {mass, size and time}
the last one iz then to be omitted. On the (M, R) planeg of Fig. 2
- this means finding functional relations of the type
F(M, R)=£1(G, h, )}

Taking into account the above physical dimensions (Duncan, 1955)
of the constants one can find only 3 algebraically independent
combinations {without permitting time dependence), namely omit-
ting always onhe constant,

[G/cty = [M/R] = g/cnm

fh/c) = [MR] = genm

iht /6] = [M¥R] = g3cem, :
It is easy to see that the first two of them have obvjous immedi-
ate connection to Known stability considerations, while the third
will be dealt with in Diési's paper in the present Volume. In-
deed, taking into account that ¢ is a universal limitation for
propagation of signals, it is clear that ¢ cannot be overrun by
any velocity coming from other disciplines. Combining therefore
the predictions of HNewton'’s gravity theory with this velocity
limitation one ¢ould nalvely argue that even the escape veloci-
ties ¢cannot exceed ¢ i.e.

GM/R=v? <¢ct =-> MLRct /G -> 1gMslgR+1g(ct /G)
and similarly the quantum velocity uncertainty {(coming from
Heisenberg's uncertainty principle) s limited by the same value,
i.e.

dxdpzh —> RMc2h -» 1gM2-1gR+1g(h/c).

Therefore one obtains 2 stralight lines on the {1gM, 1gR) plane of
Fig. 2, limiting the places of pos5Sible stable configurations on
the diagram from the left. On the ascending line each mass de-
fines a length (the Schwarzschild radius) below which irre-
sistible gravitational collapse leads to black hole formationh; on
the descending line one finds to each mass a Jlength (its Comptoen
length), below which ocur nalve notions of space and time become
obscure and even meaningless bhecause of quantum uncertainty. Re-
markably ihese results can pe verified irom ithe partial unifica-
tions General Relativity and Guantum Field Thecory.

Note that we have found only !imits of possible stable con~
figurations, whatever the cause ¢of their stability. This means
that the 3 basi¢ constants do rmoet prescribe the properties of
stable objects without some independent additional information
about their constituents, the elementary particles. (We have seen
that these constants cannot give e.g. the particle masses.)

Anyhow, the objects of the real world are "well aware of the
law", and apprarently respect the above limitations. On Fig. 2 the
points representing astronomical objects lie close to the upper
boundary, while microephysical ones are near the lower one, in the
permitted region. Objects built up only from nuclecns, atoms and
(presumably) neutral leptons (e.g., neutrinos) are also roughly of
nuclear, atomic (and "leptonic®) density and therefore aligned
along equidensity lines (of slope +3, since M~R3) attached to the
respective objects. S0 matter can form stable equilibrium config-
urations only with masses and sizes corresponding to these lines.
The natural laws and the building blocks determine the basigc fea~
tures of Lhe structures.

The above "construction of the world" ts surprisingly regu-
lar: the equidensity lines happen to be Jjust equidistant. These
lines reveal the intimate connection bhetween the micro- and
macrocosmos. The neutron star (n*) ts the "sign of the neutron in
the sKy"¥; the ordinary star and the quasar are those of the

* According to astrophysical considerations indeed Mu/Mp =
(he/GM.2 )%/ 2= (Mea /Me)® just as in our grarhical construction.



atom; while the protociuster { ¢l ), galaxy clusier now, is pos-
sibly that of 2 neutral lepton {a Kind of neutrino or other

" weakly inteéracting particle)®. So the asironomical macrocosmos 1is
just the mic¢rocosmos "projected to the sky".

The central equidensity line is the most populated one ac-
cording to our Knowledge. Here one finds the particles of cosmic
dust, meteprites, biological and geological formations, moons
planets. in case of stable equilibrium the two extremes on this
iine are the atoms (purely electrically bound objects) and stars
{purely gravitationally bound objecis), lvying on horizontal lines
across points p and n%, respectively, S orders of magnltudes away
from the latter ones. Therefore, loo0sely speaking stars represent
rgravitational atoms*, while atoms mean "electrric stars*. Beilween
these two extremities man represents aurea mediocritas - a "grav-
itationally limited electric Dbeing" - who is therefore Jarger
than the H atom py just the same factor as smaller than the star.
{Qtherwise he would be broken in pieces if fallten down toe the
ground. ) Calculating this geometric mean between star and atom
directly from basic natural constants, one gets about 78 Kg (!)
Just l1iKe our typicz]l human mass indeed. Considering, therefore
orders of magnitude, one finds that the “"measure of Hature" is
*anthropocentric” both in mass and in size, but this fact has
nothing to d¢o with any Kind of subjective wishful thinking.

Furthermore note on the Figure that the series atom (hydro-
gen), bacterium (primitive living), man (most evolved living),
mountain {(highest still stable) and star is also equidistant in a
good approximation,

5. UNDEESTANDING THE UNIVEESE

The above zll-embracing order coatrols not onlty each indi-
vidual, but also the "fotality", i.e, the Universe as well. This
can be made obvious by Fig. 2 which shows that not only the above
series of "ordinary” obJects but also the series of extreme as-
trophysical objects (neutron stapr, minimal guasar, protocluster,
observable Universe) i5 Jjust equidistant. This implies that the
sertes of equidistant équidensity illnes c¢an be extended to in-
clude the density line of the Universe (of ~10729 g/¢m3). The in-
tersection point of 1his line witih the blacK nhole line of slope
+1 correctly gives the mass and size of the entire observable
Universe (~1080 proton mass ang ~10%2 proton radius). This coin-
cidence demonstrates that the Universe 1s also an extreme gravi-
tating system. (S0 gravity effects do not cancel out at large as
suggested by the Newtonian picture.) It is worth mentioning that
the point "Universe® equally well characterizes both the part of
the totality observationally Known at present and the part which
can in principle become Known via ideal observations, because
si1gnals from essentially more distant regions have not vet
reached us during the entire past of the Universe beginning from
1ts "Big Bang birth" till now.

A furtiher beautiful expession of the all-embracing regular-
ity is that the geometric mean between the size of the Unmiverse
and that of the atom is Just about the size of the star. The geo-
metric mean between the size (or mass) of the star and that of

+ Recently there have appeared indications for protoaggregates
catalysed by heavy neutral leptons as well, corresponding %o neu—
tron star mass, size and density.

the atom is the man while the geometiric mean between the man and
the atom is the bacterium.

In algebrale language one may write

Ry/Rstap=Rstar/Ratom® (Bman/Ratom)? ¢ (Bpact/Ratom)?
and similar formulae for Mgiars Mman. Matom a5 well. Furthermore,
probably Mg /Mgyaps (Mp/My, )2

AS a consegquence of the well KEnown eXpansion of the Universe
the position of the point U 15 time dependent, and, according to
the suggestion of Fig. 2, it should move Jjust along the limiting
line of slope +1 {otherwisas its present precise fitting to this
line would be highly improbable). This is indeed true accordihg
1o the details of modern c¢osmology, s¢ that the whole past his-
tory of the Universe can ajso be read off the diagram. Its evolu-
tion clearly ought to have started from the intersection point of
the limiting lines (LukKdcs % Paal, 't988), correspondjng to the
Planck length and mass. The cosmologic evolution itself will be
trated in some more detajls in the next paper of the present Vol-
ume .

All this is not merely a magic¢ of numbers. Many of the found
regularities are stratghtforward consequentes of simple physical
arguments, mostly of stabjlity considerations, while others in-
deed "depend rather delicately on apparent coincidences among
physical constantis" which in turn prove to be prerequisites of
our exlistence (Carr & Rees, 1979}. A tiny distuning of initiatl
data or strengths of interactions or particle masses or asymme-
tries would be enocugh to completely destroy our comfortable Uni-
verse, which seems as a "suit tailored just to our human mea-
sure”, We may therefore be surprised to find ourselves in an "an-
thropomorphous” cosmoes. The fully unexpected message of these
considerations appears to be that both the "anthropocentric” and
the “anihropomorpnous™ tharacters are ppoperties of Hature her-
self, 50 that these attributes begin to lose their purely pejyora-
tive meaning.

such very general physical considerations are just appropri-
ate for interdisciplinary studies, because they ¢onneclt astronom-
ical, geological, biologica)l and microscopical odbjects, and also
for evolutionary studies because they fix the possible stable
endpoints of evolutions.
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ABSTRACT

The seemingly esoteric statements of modern cosmology are
brought within reach of nonspecialist. The simplest well kaown
physical laws, including FEinstein’s E=mct with ¢ as universal
limiting velocity, suffice to grasp modern cosmogenesis as the
most natural possibility. Modern particle physics seems to real -
ize this possibitity.

A. PHEHOMEHOLOGY

A.1., GEHESIS OF SPACE

Astronomical observations strongly support a uniform
{hemogeneous & isotropic), expanding and gravitating Universe.
Surprising conclusion is that all these already imply that the
space itself 13 expancding (not the cosmic matter eXpands in fixed
Space). We demonstrate (or rather wvisualize) this statement for
2-dimensional uniform spaces (surfaces) as exampies. .

a) Sphereée. Uniformly expanding matter is possible only on a
Properly expanding sSphere; ol @ flxed sphere matter smeared out
isotropically around one pole along radial lines <cannot expand
uniformly at the same rate along transversal dipections (parallei
¢circles). This is a purely geometric coenstraint.

b} Plane. On an infinite fixed plain "pastry-board™ a uni-
formly expanding infinite "paste® jis impossible because main-
taining uniformity of paste requires an expansion rate propor-
tional to distance, which in turn would lead to v>¢ outwards of
some distance, excluded DY relativity. Uniformiy expanding paste
{matter) is possible only without unexpangding hoard
{representative of 2-dimensional absclute space). Of course, co-
expanding space, with coexpanding coordinate system, remains pos-
sible.

Detailed «calculatiens (1} verify the statement that all
these remain true for 3 dimenstons and any constani curvature and
even if relativistic corrections are taken inte account for dis-
tances, times and velocities ({except for vanishing gravity, ir-
relevant jin our gravitating Universe),

S0 wunmiforml!y expanding motion must lead to expanding (or in-
¢reasing) space, by other words it generates new space,

KINESIS OF MATTER LEADS TO GEMESIS OF SPACE.
Uniform expansion of space tan be mathematically described by one
functien of time R(t), e.g. the changing distance between any two
firxed spots on an expanding baloon or plane.

We have seéen that matter drives space, therefore we have to
determine the dynamics of matter in order to describe the dynam-
ics of comoving space, i.e. to determine the laws for R(t).
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A.2. EGQUATIONS FOR SPATIQGENESIS

Classical Hewtonian theory of gravity in itself is inade-
quate to describe the motion of an infinite uniform Universe: it
gives infinfte forces from all directions . whosse sum is indefinite
(2}, while their nalvely supposed mutual cancellation by symmetry
would mean an effectively forceless nongravitating Universe, in
disagreement with the observational indication of the previous
paper of the present Volume. On the other hand Newtonian theory
can give gravitational accelepration onty relative to a fixed in-
ertial system while we already Kknow that in the Universe thepre
can Dbe no rigid frame of reference at all. There is however one

more possibility for getting a guess for the dynamics of an imfi-

nite Universe from the Hewtonian theory, which isg free of the

above contradiction, inconsistency and indefiniteness.

THE BEHAYIOUR OF AN INFINITE MAXIMALLY SYMMETRIC SYSTEH 15 TO

BE REGARDED AS A LIMITING CASE OF THAT OF HAXIMALLY SYMMETRIC F -
NITE CONFIGURATIONS.

Each point of a finite sphere moves with nonvanishing gravita-

tional acceleration relative to its center according to the equa-

tion:

¥mit = -GmM(r)/re, ; (1)
where the dot denotes time derivative, r is the radfus of an aux-
iliary sphere extending ¥from the center to the prefixed point,
while M is the mass inside it. By symmetry, the accelerations
from any outside spherical shell cancel. So increasing the ini-
tial sphere by inclusion of <further outer sheils up to infinity
d¢oes not change the limit which remains (1), as §if the outer
shells were absent. By homogeneity, the relative acceleration of
any two points of any sphere is also given by (f).

Hote that eq. (i) gives a first integral of motion:

¥Rt - GM/r = const. . (2)

If we [ooK for the analogon of the above equations for the motion
of the space rather than that ¢of the matter, the role of distance
r is taken by R, and then we get:
KRt - GM/R = const. £3)
This is indeed exactly an equation of Einstein's General Relativ-
ity for uniform Universes (i}. This result is not surprising be-
cause the irrelevance of the outer shells for the inner situation
is alse true in General Relativity via BirKhoff's Theorem (3}. On
the other hande for small spheres (weak gravity) the predictions
¢f the two gravitatioenal theeries coincide. So the above agree-
ment is necessary for a self-similar Universe, which ¢annot pos-
sess any prefixed scale.
This gravitational equation of the whole Universe clearily
shows that contrary to the naive expextation an unchanging static
Universe is impossible. Ramely in an unchanging Universe M must
be constanit, then egq. (3) implies
R = - GM/R? = 0, (4)
S0 space should Dbe generated (created or destroyed) if matter is
not. (Remember the «classicai experience: a2 purely gravitational
system of bodies is either expanding with deceleration or con-
tracting with acceleration; and a Ahomogeneous pressure does not
acts as counterforce.)

GRAVITY GENERATES HOTION, MOTION GENERATES SPACE.

Then <consider an expanding Universe still with constant M.
Eq. (3} shows that smaller size R corresponds to larger R:; balow



some R the pright hand side is negligible compared to any term on
the left hand side, and then the solution to eq. (3} (with a
suitable O point of time)} Is
Rt jt* ~ 1/R ---» R3 ~ u (5)

just 1like in Repiler’s Third Law (for circular orbits).This equa-
tion would suggest rpothing® (i.e. no space, R=0) at the
“beginning" (t=0). However the previous paper of the present Vol-
ume indicates that unquantized physics_and usual geometiry breaks
down at least at Rp; ~ 40760my » 10733 cm, where Ry is the size
of the present observable Universe. This is then a genesis of
space from "almost nothing” (multipiying the scales by a factor
of "only~ 1080,

A.3. GEHESIS OF MATTER
In principle a successful cosmogenesis scenario ought to ex-

plain the genesis of both space and matter. Indications for such
a "materiogenesis™ indeed come from physical considerations as
well. sSimplest of them goes as follows. Let us go bacK into the
- suspected inpitial state. There R~Rp). but
P~Ppresent (Ry/Rpy )3,  which is horribly above ppp., the

maximal interpretable density. So there must still be something
basically Wrong with 1the suspected early evelution, and ihe den-
sity change is obviously far overestimated, Instead, when already
near pp;. this density ought to remain constant. But hence
H~R3, a drastjc creation of matter (out of aimost nothing, Mp,).
AS much matter ought to be created as needed to fill up the space
being created,.

SYNCHRONOUS GENESIS OF SPACE AND HATTER IS THE PRICE OF POSSI-

BLE E€ARLY UNIVERSES.

A.3. EQUATIOMS FOR MATERIOGENMESIS

Another very well ¥nown classical eguation also retains its
form for expansion of space in General Relativity, and this equa-
tion <clearly offers the possibility of genesis of matter. This is
the law of adiabaticity of expansion: which must held true,
since, because of homogeneity, there is no net excharge of heat
o anything else between large parts. This c¢eincides with the
second and last of the compenents of Einstein equation for a ho-
mogengous i§otropic Universe and reads as

E : -PV {6}
where E:=Mc?, P is the dynamic pressure and V is the comeving vol-
ume~R3, In familiar circumstances this eguation is interpreted as
describing the c¢hange of the internal energy of a gas in a cylin-
der behind a piston as a conseguente of the work of the pressure
of the gas eaten up by the expansion. In such cases we usually
tacitly assume that the internal volume éxpands at the expense of
the outer one, and then the same i3 true for the energies (with
opposite sign). But for a homogenecus Unaiverse there is no
"outside"®, the same relative increase happens everywhere. There-
fore there is no other part for balancing the changes for either
space or energy. Under such circumstances the very eg. (&) which
permitied conservation bY compensation generall/y will prescripe
the change of energy (matler) via genesis of space in the lack of
compensation. . 3

Expansion means V>0, g¢ sign of E = -sign of P, For usual
matter with p>0 expansioen leads to destruction of matter, while
p¢®d. Thereifore the very earjy Universe must have had negative

pressure (for mutual genesis of space and matter, inavoidable, as
seen, for possible initial states).
MATTER SO GENERATED DOES NOT COME FROM ANYWHERE., AND 1§ MADE
NOT BY NOTHING BUT BY THE MATTER JUST THERE.

Constant density, required above, leads to

P = =-pct (7T}
via eqg. (6}, {Being E=zpC?*V.) This is Dby c¢ertain an unusual
pulling pressure instead of the #famiiiar pushing ones, dul not
impossibte. Hote from

E = TS - pv. {81}
of thermodynamics that a surplus of energy leads to defect of
pressure (T is temperature, 8§ is entropy). Just this fact eats up
the metastable phase In phase transition.

A.S5. GEHESIS OF EXPANDING MOTION -

There still remains an important question. What does main-
tain the permanent expansion resulting in permanent genesis of
space and thus of matter? The answer again comes from eqgs. (3) &
{6). For B they combine as ‘

R = ~(4%/3)G(p+3Pc"2)R (9)
which reveals the important fact that the source of gravity is
not only M=pV but also PVe 2 (which is negligible in present
laboratory circumstances). So negative P yields antigravity ef-
fects, and in c¢ase of eg. (7} attraction is overbalanced by re-
pulsion. This means that even without gradient counterterms, im-
possible in a homogeneous Universe, the bodies are repelled by
gravity in the very early Universe. i

This repuision can also be se¢en from eq. (3} alone, if
p=const.; then R~B, so R~eSt,

EXPANSION [S MAINTAINED, EVEN ACCELERATED, BY ANTIGRAVITY.

Thus in this early Universe, gravitaticonal "action at a dis-
tance is repulsive {via £+3P/¢? <0) leading to expanding ao-
tion, while the lecal pressure is attractive (via P<0)}. Between
neighboupring parts the direction of force is opposite to that of
motien, resulting in negative work, s0 in tnerease of internal
energy. This sitvation reminds one to the c¢ase of friction or to
the spontanheous motion of a spring in compression phase. (But
there the negative work produces heat or strain, not additional
matter in the very same ferm as the preexisting one.)

A.6 SCENARIO FOR COSHOGENESIS

On the pasis of all said above a recipe of 2 complete cosmo—
genesis out of almest nothing (i.e. a state with Planck data) is
formally fairly easy, and contained already in the basic egs, (3-

6). At the start one needs a stignhtly expanding medium with Pa~-
pct this generates antigravity, which in turn generates wmore
expansioen, i.e., more space, which generates moere matter with Px-
pet, which again generates additional antigravity, &c. 1n a

complete circie of genetic process. There is no need for any ex-
ternal Foree or energy.. the creation of motion, space ang mattier
happens completely free of charge. Seo, itf this scenario i5 indeed
realised, at first we have a cosmic era of "self-building"”. a mu-
tual c¢reation of space and matter. This should, howaver, be
stopped, and folloewed by an era with P20, an era of "self-dilu-
tion", a creation of space without new matter, leading 1to the
present situation with islands of ordinary cosmic matter sepat
rated Dby huge almost empty interstiellar space. "More space than



needed for matter." The presently observed nonnegative pressure
is therefore needed for the evolution of present cosmic struc-
ture.
NEGATIVE PRESSURE CREATES RAW MATTER FOR BUILDING STRUCTURES:
POSITEIVE ONE STOPS THIS CREATION TO PRODUCE THE ELBOW ROOM FOR
BUILDING.

A.T7 GQUANTUM BIRTH OF COSHOS

The outlined scenario does not start from strictly nothing:
an embryenal Planck Universe is required. But such an object is
already a single microestate or particle in view of Heisenberg’s
uncertainty principle which reads as

AEAt = h {10}
meaning that any date of it is at ¢ca. one "fluctuation® from its
absence. E.g., by virtue of eq. {(10) such an entity cannot be di-
vided Into distinguishable parts. But then it is the par excel-
Jence quantum obhject, and therefore the egs. (3-9) belonging to
the unquantized 1imit are not wvalid for it. $o until complete
“relativistic quantum gravity" will be at reach, we cannot speak
ef a cause or antecedent of this Planck state of the Universe,
and it is quite possible that such notions will not have any
meaning even in the full theory. Guessing d{from the uncertainty
principle itself, one expects that such a state may spontanecusly
appear and disappear {(just as in the creation-annihitation pro-
cesses of wvirtual particles} with a PiancKk time scale. However
if it appears with Px-pc?, then there may start a spontaneous
ensrgy creation with a Plack time scale too, so the energy may
exceed the 1imit  of quantum fluctuation back to 0. Then some en-
ergy or matter survives, and can initfiate the irreversible circle
of self-amplifying creation of energy, space and motion., With
some luck the road is open from a virtual microworld to a real
causal macroworld,
EVEN CREATIOM NEED NOT BE A VICLATION OF ETERNAL LAWS, BUT JUST

A COMPILENCE WITH THEM.

According to the above considerations, we have a good chance of
uncovering the secrets of cosmogenesis even on the basis of our
present stience. Repember: "God is sly, but not maliciscus" as
Einstein put it.

B. HICEOSCOPY
Now we are going to try to realize the program of the scheme
of Part A according to the present status of guantum field the-
ory, general relativity, particle physics, &¢. We start from
Planck d¢ata (or Jjust with generating them), and go forward with
the expansion.

B.1 TO THE PLANRCE UHIVERSE

Relativistic Quantum Gravity as an operative theory does not
yel  exists. Howevepr some characteristics of it c¢an be guessed
from  Quantum Field Theory and General Reiativity, inciuding their
mmeonsistencies.

In 2 time¢-dependent geometry the Hamiltonian is time-depen-
dent too. So, starting with a vacuum of no energy, later the same
vacuum may have some energy density and pressure. For details see
[4}. MNoew, this is a pure Quantum Fieigd effect, s§¢ it 18 not
¢clear, what is 1o be written into the Einstein equation as the
classical energy-momentum tensor. But using some expectation

vaiue of the energy-momentum operator one gets a self-consistent
system of equations, which may be a Xind of the “eclassical" limit
of the "true" "Quantum Gravity* equatiohs.

in a medel calculation it turned out {51 that the cosmelogic
solution of these equations cannot be extended bac¥ in time until
the curvature singularity (Bfg Bang). The solution appears with-
oeut preliminaries at a radius ~Rp), in expansion. Before it the
sclution does not exist. This may be interpreted as the first
distinguishable appearance of anything just above the quantum
fluctuation level. The mode! system realizes the result of dimen-

-sional analysis of the previous paper.

B.2 SELF-CREATIOH HEAR PLANHCK DATA

For the circle of generation of matter, space and motionm a
Serlious negative pressure was anticipated. This is possibie in
the spirit of eqg. (7) if the energy density of the system has a
pesitive lower bound. To demonstrate this, let us take a system
with

€ = as3/% 4 p (11}
with 2 and b constants, where s 1s the entropy density. By pure
thermodynamics

P = (€-b)}/3 - b ' (12)
S0 near € : b the pz-€.

Quantum Field Theories sometimes predict such a positive
lower Dbound. By simpler words, in such situations even the groundg
state makes the space-time curved. From observations we Know that
our present vacuum {the idealized interstellar space) causes at
best a negligible curvature {compatible with 0} therefore up to
observaticnal margin this state puts a c¢convenient zero point for
the energy density. Now, our case appears, if a ground state of a
Quantum Field theory (i.e. a relative minimum) has an energy sur-
plus compared to the empty interstellar space.

The simplest example 1is a2 quartic potential with two minima
of different depths, with €:0 in the 2bsolute minimum. If during
the cosmic expansion the cooling state, by any chance, happens to
enter the shallower minimum, then a positive minimal energy is
present even at T:=0, and then the machinery starts to work.

Such quartic potentials appear in any Quantum Field theory
using spentanecus symmetry breaking for generating masses for the
vector bosons (in order te get rid of unrenormalizable diver-
gences)., The theory of highest known energy scale with such prop-
erty is Grand Unificatjon, where the energy scale is 10"% Planck
energy, ~10%% Gev, +1028 ¥ [6). So at this temperature, if some-
thing goes wrong, & creation cycle can start.

The problem is that in our Universe the mattepr tater obvi-
ously came out of this ground state. It may seem easy to imagine
such a scenario, e.g. in such a way that the actual state leaves
the positive energy “"faise" vacuum by tunnelling through the cen-
tral peakK of the quartic potential. However, there is a tendency
to  have serious problems when realizing any scenario in which the
state is only transiently trapped in a false vacuum: e.g. it is
difficult to tunnel back during an exponential expansion [73.

A sequence of ingenious sc¢- arios were invented for tran-
sient trapping; ¢ach of them needs additive assumptions, coinci-
dences or at least a tuning of parameter values of the theory.
(For a review of peculiarities see Ref. 8.) However, worKing sce-



narios are possible; here we do not have to be too curiocus about
the actual scenarioc which had been successful,

B.3 MATTER DURING THE GRANHD UHIFICATION ERA

The present knowledge about particle physics shows that the
symmetry group of Interactions is SU(3x8U(2)}xU{i}. Here the
first symmetry belongs to the gquantum chromodynamics {(QCD), which
iz the interaction of quarks via giluons. (and whose peripherial
effect s the *"strong interaction®™}: the symmetry 1is a conse-
quence of the 3 possjible "colours™ of quarks, not infiuvencing the
interaction, The remaining group is that of the Weinberg-Salam
theory of the Punified” electroweak interaction [6]. Although not
guite <correctly, one can visualize it as an SU(2) symmetry of
weak intepracticon (same for neutr¢en and proton or for electron and
neutrine), and an U{!) symmetry of electromagnetism.

How, the smallest group, which is simple and contains the
above group is SO(5). Assuming that this minimal group is the
fundamental group ot physics, we arrive at the simplest Grand

*Unification, and for our present goals that is enough. One can
classify the elementary particles of this theory as follows,

Scalars: Spin=0. the Higgs bosons of the theory producing
the dgitartic potentials needed in the theory. Not yet =xeen.

Fermions: Spinsz¥%. They are: quarks, & flavours and 3
colours, pot seen because of confinement (see later); leptons, 3
charged, e, p and v, all) seem 3 corresponding neutral neu-
trinos, vy not yet seen. They are subjects to some conserva-
tion laws. ’

Vector boszons: Spin=i. They are: ¥, W and Z, seen, gluons,
not seen because of cenfinement, X and Y, unseen. They medfate
the interacticns of fermions; r establishes electromagnetism, W
and Z belong to weak interaction, gluons to chromodynamics, while
X and Y work between quarks and leptons.

Because of the complete symmetry S0C(5), Jif the actual state
is 30 symmetric too, then quarks and leptons are equivaient ex-
cept Zfop different charge &c. Al]l the interactions have the same
strengths, and quarks and leptons can be converted into each
other in some processes. Then only twoe types of combinations of
particle numbers are conserved: net electric charge & and baryon-
tepton numbers for 3 famities Bg-Lyg. {(For the f£irst family the
baryons considered are neutrons ahd protons, while the leptons
are the electron and its neutrine.) .

Since these combinations are strictly ¢onserved in the the-
ory,. it is worthwhile to count the conservation constants in the
present observabie Universe,. The matter turns ocut to be neutratl,
560 Q=0, As for Bg-Lg, the third family would involve baryons with
top and bottom quark, and <+ lepton with its neutrinoe. Such
particles are not found outside of laboratory, so Bz-L3=0. Prac-
tically the same holds for the second family (strange and charmed
baryons, wmuons and muon neutrines). For the first family the
counting is not quite possible. From neutrality proton and elec-
tron numbers are egqual. Heutroas appear in nucltei, and according
toe cosmic abundance of elements (cf. the contribution in this
Volume) the neutron number is roughly 15% of the proton number.
But electron neutrine numbers cannot be takKen from observations
(most cosmic neutrinos cannot be detected.) Some numerical simu-
tations of cosmic eveolution would suggest the present neutrine
density in the order of the phoeton density, which, in *urn, is 9§

3O

orgcers of magnitude higher than the electron density. However, in
Ly the difference of the neutrino and antineutrine numbers ap-
pears, which may practically be anything. With a luck this dif~
ference may be so slight as the peutron number, and therefore Bj-
Ly=0 is permitted by observations, however it {35 impossible to
prove it, : :

Then one has arrived at a possible Universe whose atll con- .

served ' quantities are 0. Only such a Universe can appear via
quantum fluctuations. Henceforth we assume the 0 values of the
above conserved quantities.

The present Universe does not exhibit particle-antiparticle
symmetry: while particles are abundant, antiparticlies are practi-
cally absent (except for neutrinos). This may imply either a pri-
mordial symmetric state with CP-viclating laws or a CP asymmetric
primerdial state with symmetric laws. Here we will not choose be-
tween the possibilities, only note that very weak CP violations
are observed in the present environment (most cleariy for Kaons).

wWith a quartic potential of Higes seif-interacttion the ac-
tual state is very different for high and low temperatures, When
the temperature is high enough (T>E,~10!3 GeV, which is the Grand
Unification energy scale), the actual -state i3 well above the
central peak of the potential, so in expectation value it is mipr-
ror-symmetric. In such a state each particle, except for the Hig-.
gseés, i3 massiess (for details see [7T] or [91}).

On the othe hand, at low temperatures the actual state is
located in one of the side valleys near the minimum. Then the e&x-
pectation valuesiof some Higgs fields differ from 0 (the symmetry
of the actual state is less than that of the theory). Therefore
veclor Dbosons coupied +to these Higgses (X and Y) get effective
masses in the order of E,. Al temperatures far below E, the mas-
sive bosons can appear only virtualiy., for a very short time, so
with a very short range. Therefore the interactions mediated by
them become practically absent., Henceforth the symmetry SO(5) is
broken to cur observed symmetry SU(J)IxSU(2)xU(1), and baryon and
lepton numbers are practically separately conserved henceforth.
They take Just the values valid during the transition era.

The symmetry breaking is expected to be in connection with a,
phase transition: for cosmic phase transition scenarios see the

review [9].

B.4 THBOUGH THE PESERT OF PARTICLE PHYSICS

By solving the dynamical equations (3-6) with a radfation
field P=ze/3~T% one obtains T~1//T , where the numerical factoers
contain G and the number of particle species light compared to T.
For details henceforth we refer to [9) and citations therein.

Hence one can__get that the preakdown of SU(5) symmetry hap-
pened at cca. 10735 s after Big Bang or the primordial fluctua-
tion. Afterwards the matter ¢coels and nothing serious happens un-
til T c¢crosses the next fundamental energy scale., How, no energy
scale is observed, Known or strongly predicted in particle’
physics between 104 ane¢ 1000 GeVs. (The deseprt,) Therefore it
seems that there was an uneventful cooling until t.40-10 5,

B.5 THE SEPARATION OF ELECTROMAGHETISM AND WEAX IHTERACTION

The energy scale” of the Weinberg-Sazlam theory [$ Somewhere
between 100 and 1000 GeVs. Eeaching that, the W and Z bosons get
masses {Trom interactions with a Higgs field whose symmetry just



has broken down, The resulting masses are experimentally measured
to Dbe 8§ and 95 GeVs. So below such temperatures these bosons
will appear only wvirtually, with a shortening range, This is the
reason why the "weak interactionn, mediated by W and Z, is indeed
very weak in the present Universe.

B.5 HADRONISATIOH FROM GUARES
The vacuum state of Quantum Chromodynamics seems to have a

positive energy density BY/(nc)3, where B is the energy scale of
the theery. So for T<B the QCD vacuvum is energetically dispre-
ferred. The possibility to reac¢h our present vacuum js a neutral-
isatien of QCD forces. Since GQCD contains 3 different charges
{(“colours”]), this can be achieved in two ways. Either 3 guarks,
or a quark and an antiquark must form a close group; then force
lines are restricted t¢ a small volume, with our familiar vacuum
outside. According to measured quantum numbers of particles, the
first formation is & baryon {(the tightest iz the proton with 938
MeV rest energy) and the second is a meson (the lightest is the
pion with 140 MeV rest energy). ’
o From a separated quark the "force lines™ would extend to in-
finity, with infinite energy. Therefore free quarks cahnot he
‘produced at any finite energy, which is the phenomenon calleg
confinement, and 1s conform to the negative experience. This is
the reascon that quaprks and gluens are net observed.

However, the theory predicts the guark content of hadrons,
so from the measured hadronic¢ masses the parameters of GCD can be
deduced. ("Hadron spectroscopy®.) According te various rmodels
145 MeV<B<260 MeV. Hence the temperature, below which the guarks
form hadronic configurations is cca, {60 MeV.

This temperature was reached at & ps. Then hadronic blobs
started to appear; this bubbling lasted for c¢ca. 7 ps (according
to model calculations}. At the end of this period alf our famil-
lar partic¢les have appeared.

THE PRESENT UNIVERSE CONS1STS OF PROTONS WHICH WERE ONCE CRE~-
ATED BY THE UNIVERSE.

B.7 THE LEPTONIC ERA

Since the temperature of hadronisation is almost the same as
the plon rest energy, all the freshly created hadrons rapidly de-
cay or anninilate, except for protons and neutrons, saved Dby
baryon conservation, However T is still far above the electron
massg, so electron-positron and reutrino-antineutrine pairs are
still abundant., Thi: remains so until T«~0.5 MeV, t~1 s,

B.8 PRIMORDIAL RUCLEOSYNTHESIS
At Te{mp-mp-me)¥1 MeV the neutrons start to decay. However
the neuvtron half lifetime is 12 minutes, therefore they still
have «c¢hances to build up stabie nutclei as d: (pn}, He3:(ppn} and
He¥= (ppnn). ©OF them the most weakly bound if ¢ with 2.2 MeV bind-
ing energy. Since T is already below this value, some light nu-
clei can survive. .
o The competing processes are the nucleosynthesis and neutron
decay. For order of magnjtude the cooling scale time is just t
{the evolution equations have a power solution when radiation
dominates the energy-momentum tensor), therefore it is short com-
pared to the neutron life time. So the produced nuclei are not
destroyed by photens at the end of the period. From the present

observed mass density numerical simulations indicate cca. 20% He%
created in this primerdial nucleosynthesis, Deuterons and heavier
nuclet are negligible.

B.9 THE BIRTH OF ATOMS

Hot far after 1 s T¥mgc?. There the e*e” pairs annihilate
and we are left only with the slight electron surplus, The lep-
tonic era is over,

Henceforth the story depends on the possible existences of a
further mass scale ~30 eV. (See the previous articte of this Vvol-
ume.} If the neutrine has such a mass, then something drastic
nappens at the corresponding temperature. Hamely there the neu-
trinos become nontrelativistic, and with some more <cooling they

become bound by their own self-gravity. At such a temperature the

critical mass is about 1013 solar mass; above that the configupra-
tion is bound and starts to c¢ollapse,

If the neutrinos are massless, then the critical temperature
is cca. 19 eV, which is the binding energy of a hydrogen atom.
Below this energy electrons are captured by protons and they form
a bound neutral atom. When the atoms dominate, the matter becomes
transparenrt for photons because of  the tack of free electiric
charges. After this moment the photons cannot efficientty destroy
the rprandom denser blobs of matter if their mass is sufficient
(again <c¢ca., the abdove critical mass if obtained). These blobs
start to collapse as above. !

This mass roughly corresponds to a galaxy ctuster, now oh~-
servable; the correspencing time is ~100000 ys after Big Bang.
Therefore we can conclude that the formation and separation of
proto-galaxy ¢lusters happened at that time.

B, 10 BIRTHS OF GALAXIES AND SMALLER ASTERONOMICAL OBJECTS
A c¢ompletely spherical <collapse of the protociusters is a

matter of initial conditions and highly improbable. Therefore the
expected fate is,. a collapse+rotation, ending with breakdown of
the original blobs inte parts. It is guite possible that local
galaxy groups and findividual galaxies were born in this way.
Later the protogalaxies  could also collapse, and again initial
asymmetries led to fragmentation. Such a procesgs car s1op at the
wass which is stable against further collapse. AS it was men-
tioned in the previous paper this mass scale s cca. § solar
mass.

NOW THE UNIVERSE 16 SEEN TO BE BUILT UP FROM GALAXIES AND STARS
BUT HAS NOT BEEN BUILT UP FROM GALAXIES AND STARS BUT GALAXIES
AND STARS HAVE BEEN "BUILT DOWN"™ FROM THE EXPANDING UNIVERSE .

€. THE PRESENT PICTURE

All this above 1§ theory or theoretical calculatioen. Ho
doubt, according to the known physical laws the Universe could
generate space, matter and motton itself, but the question is,
whether it generated them {(therefore itself) in the “proper”,
i.e. whether the generated Universe [s the present onhe or not.

Obviously a 1ot of details is mot obtained, partly becanse
some detatls of the laws are still unKnown, partly because the
later evolution happened in  jinhomogeneous local environménts,
where the calcuiations need different methods. Still we ¢an ask.
aboyut the general features. .



The largest coherent structures seen by astronomers are the
galaxy e¢lusters of 1000-10000 galaxies. This means ~1015 splar
masses, in accordance with the above story. Then galaxies, spher-
ical c¢lusters, &c. are segen, which may be the decay products of
the protoclusters. In addition, stars are seen with ~1 seolar
mass, as predicted, and planets, whese formation belongs to later
arttcles of this Volume, similarly to other objects on the plan-
ets between planetary and atomic sizes.

Heutral atoms are around us, and the scenario predicted
them, at least the H and He atoms. With serious difficulties the
cosmic abundances can be deduced by ceomparing spectroscopic data
with our Knowledge about physical situations on the suprface of
stars [10]. One such cuprve is Fig. 1. Indeed, H and He are pre-
doeminant, but heavier atoms are aiso¢o present. The simplest expla-
nation of the discrepancy §is that heavier elements have beéen
formed jin the stars, and the subsequent apticles wjiil show that
it is indeed so. Stitl, Fig. 1 is not without interest for us.
First, observe the roughly exponential decrease with atomic

"weight. This is  dquite conform with the gradual building of heav-
ier elements in a relatively young Universe {no saturation); the
lecal minima and maxXima can easily be explained from details of
nucieapr physics and astrophysics, Second, such abundances are the
Initial conditions for (new) staprs, planets, living organisms,
&c. And indeed, the curve shows local maxima at the fundamental
constituents of (Rnown) planetary bodies and organisms. Thelir
building atoms were aiready present,
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Fig. 1: Logarithms of cosmic chundances ofelements, separalely for
even (solmdjfand odd (dashed) atomie numbers. =13: not seen.

Now the next articie is about stability of nuclei, therefore
some peculiarities of the cosmic abundance curves will be ex-
plained. But remember that in earlier stages of the Universe this
curve was steeper, because the hot Universe itself practically
dig not produce elements beyond He. So the first stars had a dif-
ferent compesition, consequently they may have been different for
luminesity %e. £



ON THE STABILITY OF NUCLEI

KFKI-1990-50/C 8, Lukdcs & al.
Evolution: from Cosmogenesis to Biogenesis

L. Jeki
Central Research Institute for Physics
of the Hungarian Academy of Sciences
H-1525 Bp. 114. Pf. 49., Budapest, Hungary
Received on 2"9 oOct., 1990

NUCLEAR FORCES

The simplest composite nucleus is deuterium which consists of
one proton and one neutron. It is known from experiment that
fusion of these components to form a nucleus of deuteron is
accompanied by the release of'about 2.2 MeV eneray in the form of
gamma radiation. This is the hinding energy of deuterons. The
question arises what kind of force keeps nucleons together? This®
cementing force cannot be gravitation for then the binding energy
would be 36 times less in order of magnitude. An electromagnetic
interaction ~ more exactly a magnetic one (as the neutron is
electrically neutral) — would also lead to a binding energy two
orders of magnitude lower. Tt is obvious that an  interaction
stronger than those of classical physics is active in nuclei. We
shall call this strong interaction. Our aim is to gather
information on it and on this bhasis we shall try to answer the
question: What is the ceménting force keeping nucleons together
and how does this force stabjlize nuclei? After many decades of
studying nuclear forces, and having collected a considerable
amount of experimental and theoretical data we are still unable &0
tell exactly what nuclear forces are or what we really mean by
strong interaction. This can be attributed, among other reasons,
to the fact that the interactien between nucleons and batween
nuclei - the nuclear forces — actually appear as the resultant of
fundamental strong interactions between the constituents of
nucleons, these constituents being even “more elementary"
particles.

In nature, 287 stable or very long lived isotopes are found.

(edas. ):

About 2400 further isotopes have been produced artificially and it
is conceivable that we shall be able to study ancther few thousand
in the future. It depends on the measuring techniques, which of
the increasingly unstable isotopes -~ with shorter and shorter
lifetimes will be produced and investigated.

The cohesion that binds nuclei is strongest in the middle of
the periodic table and the binding energy per nucleon decreases .
towards both lighter and heavier elements. In other words, the
latter — light and heavy -~ elements are energetically unstable.
The smaller ones can build up larger nuclei by fusion, which
process is accompanied by the release of energy. The reverse
process also imvolves release of energy: the fission or decay' of
energetically more

large nuclei leads to an advantagqeous

situation, too. Theoretically this means that, on a purely

-energetic basis only the elements arcund iron might exist and all

remaining elements — if they ever existed -~ should have become
transformed into these, We know, however, how many stable isotopes
exist in nature. When looking for the factors and conditions which
lead to stabilization, we alsoc have to take into account the
Coulomb interaction between positively charged protons. During
fusion, the identically charged nuclei approaching each other have
to pvercome Coulomb repulsion so that the nuclear forces can exert
their influence. On the other hand, the fission of heavy nuclei
into two parts presupposes that one fragment moves out of the
force field of the other thereby shifting from the range of
attraction of nuciear forces to the range of Coulomb repulsion. As
we shall see, the stability of nuclei depends on the joint effect
of not just two but of several factors, actually on the resultant
of attractive and repulsive forces, The decisive factor is the
balance of nuclear and Coulomb interactiangs.

As a first approach, we endow these attractive nuclear
forces with one single property first formulated by Wigner: they
have a short range of action (within 1 to 2 fermi). Starting from
this assumption, we can try to calculate the binding energy. When
caleulating the total kinetic energy of the nuclei, it is
considered that they form a Fermi gas with the nucleons moving
freely in the nucleus,'withaut any force field. (Since any nu:leon‘



in the nucleus is surrounded by further, uniformly distributed
nucleons, the actions of force of the latter neutralize each other
which means that none of them in the nucleus feels any force. This
condition can obviously be met inside a big nucleus only and not
on its surface.) When calculating the potential energy, we have to

make assumptions on the two—-nucleon potential. Let the interaction

be an atiractive and distance dependent one of purely Wigner type. .

The cantribution from the surface energy also has to be taken into
account. In order to calculate the Coulomb enerdy we assume a
uniform proton distribution with the electrostatic interaction
between protons being proportional to the square of their charge.
We also take inte account the so-called "pair energy". This is the
contribution from nucleon pairs of identical state but opposite
'spin which may be formed in the Fermi gas of nucleons otherwise
obeying Pauli’s exclusion principle. The calculated binding energy
is a function of mass number A and nuclear charge Z where the
coefficients of the individual terms are to be determined by
fitting to experimental data. The formula obtained is therefore a

semi-empirical one:

2,.-~2/i3 -3/ 4
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It is the second term in the formula - the contribution from
surface energy — that i13% essential for light nuclei and the
Coulomb term for the heavier ones. These terms describe that the
curve of binding energy per nucleon changes into decreasing. This
semi—empirical formula of the binding energy well describes the
general trend but it does not reflect the fine structure of the
epxperimental curve - nanmely that- adjacent nuclei may have
considerably different binding energies. In view of this, we
should make further assumptions on nuclear forces.

When calculating the forsula of binding energy, we made
suppositieons which partly contradict each other: nuclear forces
were conceived of as attractive and distance-dependent but the
mucleon density in a nucleus was supposed as being constant. Under
purely attractive nuclear forces the nucleus would collapse and

could not become saturated. Nuclear forces must be more complex

than has been supposed up to now: the purely attractive Wigner
term should be completed by a repulsive core. This was introduced
b? Jastrow . This repulsinﬁ is active up to about one third of the
range of action of nuclear forces. The picture is even further
complicated by the Majorana potential which yields an attractive
or repulsive contribution on the basis of quantum mechanical

considerations which cannot be detailed here.
NUCLEAR MODELS

Let us try to construct a model of the nucleus by using this
more exact, modified description of nuclear forces. This task will
not be an easy one bearing in mind that puclei show quite varied
properties. Although heavy nuclei contain a number of nucleons but
ihis number is too small for them to be treated by statigtical
methods. The perturbation approach, well proven in atomic shell
physics, is not applicable, either. Instead, we can compare nuclei
to well known physical systems. The models obtained in  this way
describe certain domains of the nucleus and certain experimental
observations, At present none of the models is able to supply &
§ull deseription: each particular model describes ancothear propertiy
and/or another domain of the nucleus.

The liguid drop model was developed in the early forties as
a means of interpreting the fission of heavy nuclei. In view of
the short range of action of nuclear forces it can be assumed that
muclei interact with their immediate neighbours only, similarly to
molecules in a liguid. Accerding to this model; prnpoéed by Bohr,
s the nucleus behaves as a liquid drop: upon absorbing energy it
begins to vibrate which may cause it to change into two droplets
connected by an elongated neck. #As the distance between these

emaller droplets increases, the nuclear force acting between them

‘ig gradually reduced until the droplets can penetrate through the

potential wall. Fission takes place as soon as the total energy of
the fission fragments hbecomes lower © than the energy of the
deformed nucleus. Bohr's liguid drop model is well able to
explain fission phenomena but it does not answer the general

guestions of the stability bf muclei.



In the shell model, postulated by Goeppert Mayer and Jensen
in 1949, nucleons also obey the laws of quantum mechanics., They
can occupy discrefe states of well defined energies and motions.
Within the nugleus, nuclei are ordered according to Pauli‘s
exclusion principle. Each proton is at a separate energy level
from the lowest one, and the number of filled states equals that
of the protons. Neutrons, similarly, fill another series of energy
states. If the nucleons ocoupy the states at  the lowést enerqgy
levels then the nucleus is in its ground state.

The shell model describes the nucleus by analogy with the
atomic sheli®s structure.The elements whose electrons fill each
position in a closed shell are marked out by their stability. The
elements with completed electron shells are the noble gases.
Empirical facts show that the stability of nuclei is a function of
the completedness of the proton and neutron shells. The nucleon
numbers indicating the closure of the shell are the so-called
magic numbers: )

2, 8, 20, 28, 50, 82, 126, 1B4.

The twofold magic nuclei, in which both pretors and neutrons
form a closed shell, are especially stable. Such nuclei are, for
example, the npuctei of calcium~-48 (with 20 protons and 28
neutrons) or lead-2Z08 (with 82 protons and 126 neutrons). The
shell model explains the stability of nuclei; it becomes clear why
calcium has so unexpectedliy many (&) stable isotopes for 7=20. The
twofold magic calcium-48 is stable in spite of its high relative
excess of neutrons. The same can be said of tin with its 10 stable
isotepes for I=50.

The collective model was worked out by Aage Eochr and
Mottelson in 1952. This unites certain features of the shell and
jiquid drop models. According to this the motion of nucleons in
the unfilled outer shells of the nucleus is determined by the
inner, completed shells. On the other hand, the nucleons outside
the closed shell also influence the nucleons of the core and the
shape of the lztter. Magic nuclei and those adjacent to them are
hard, rigid. Nuclei lying farther from megic ones are easily
deformabie, the core may take the shape of a cigar (elongated

sphere) or disc {flattened sphere). Ancther ver%ion of the shell

model {developed in another direction by Greiner et al. in 1949
is the so-called two-centre shell model., This improvéd the
description of the fisgsion proéass by showing how the pre-nuclei
of the fission poducts are formed in heavy nuclei. This theory
also predicted new modes of radicactive decay (which  we shall
discuss later). In addition, this model is well applicable in
designing superheavy elements by describing how and which nuclei
are able to unite into superheavy elements.

Let me here briefly advert to the matter of superheavy
The stability, i.e. the haif-1life, of

transuranic elements rapidly decreases with increasing atomic
’

elements, unstable
charge. The half-lives, which are of about several thousand years
in the vicinity of dranium, shrink to a spl{t second bheyond the
atomic charge of 100, At the same time one can expect, based on
the success of the shell model, that magic numbers will exert
their stabilizing effect in the range of superheavy elements as
weli. After lead, the next expected twafold magie pucleus would
contain 14 protons and 184 neutrens. In fact, this stabilizing
effect, expected for the atomic charge of 114, is already
effective for much lewer values. At present the synthesis of
superheavy elements has reached atomic charge 109. Experimental
data show that the gquantum mechanical effects described in the
shell model are already active for atomic numbers 104 to 109,
Surprisingly, some of the nuclei in this range were observed to
"resist” spontaneous fission; these nuclei transfora by alpha
decay. The production of superheavy elements, their investigation,
and the study of different combinations of nuclei whose fusion can
yield the wanted superheavy slement are the subject of one of the
most intensively studied, highly informative branches of nucle&r
physics today.

Even such a brief outline of nuclear models reveals how
manifold and diverse the underlying ideas are. We have treated
nuclei as the free particles of a gas, as the molecules of a
liquid — in the droplet model -3 and calculations have also been
carried out in which a ‘nucleus is conceived as a splid,
crystalline structure. This crystalline model is also able to

reproduce the fundamental statements of shell and droplet models



whereas it considers the nucleus as a lattice consisting of alpha
particles. This model alse makes use of the discovery that
nucleons themselves have a composite structure, being built of
gquarks. Here we would only refer to the fact that efforts towards
a deeper understanding of nuclear forces have long been linked
with the achievements and problems of particle physics, It was as
long ago as in the thirties that Yukawa supposed the existence of
a mediating particle of strong interaction, similarly to photon
mediating electromagnetic interaction. These predicted particles -
pi mesons or pions — were, indeed, discovered by experimental
physics. The meson theory of nuclear forces and the consideration
of quark—gluon problem attempt to describe nuclear forces at a

deeper level than the phenomenological models.
DECAY MCODEXR

Up to now we have dealt with nuclei "at rest™ when nucleons
and the whole of the nucleus are in their states of lowest energy;
this is the ground state of the nuclieus. The nucleon may absorb
energy from the surrounding space or from a particle colliding
with it, whereby it becomes excited, i.e. it shifts to a highgr
energy state. The nuclear models enable these excited states to be
calculated in good agreement with experimental data. From the
unstable excited state the nucleus "falls back” to its ground

. state by releasing energy in the form of radicactive radiation,
The emission of electromagnetic rays, i.e. gamma quanta, does not
change the composition of the nucleus, only its energetic state.
The possible gamma transitions between the individual excited
states are governed by selection rules based on sophisticated
quantum mechanical considerations.

When emitting beta radiation, the nucleus is transformed:
the element (isotope) appearing in its end state differs from that
in the initial state before the decay. A neutron may be
transformed into a proton, then an electron and an  antineustrino
cen be observed in addition to the proton. If a proton transforms
inte & neutron, the process is accompanied by the emission of a

positron &hd a meutrino. The proton of the nuclews may capture an

electron from the shell, the emitted particles are then a neutron
and a neutrino. Consequently, the different versions of beta decay
involve a transition of neutrons and protons into each other in
both directions, which means that the compositien of the nucleus
changes. This tybe of transition depends upon basic energeticg
conditions, the possible processes can be calculated from the
binding energies. The difference between the masses of the initial
nucleus and the one that is finally obtained has to cover the mass
of the electron (positran) and the kinetic energy of the electron
and neutrino. Should the mass difference be too iow to meet this
condition; no decay will take place. In the weak interaction
goverﬁing beta decay sophisticated quantum ‘mechanical
relationships accompany the energetic conditions to make certain
transitions allowed or forbidden to different extent.
Correspeondingly, a number of different trapnsitions are possible
between two adjacent nuclei. For instance a nucleus may show a
preference to transform §ro$ a highly excited state into an
adjacent isotope rathér than to its ground state.

With the semi-empirical formula of binding energy we
mentioned the balancing role of nuclear forces .and Coul omb
interaction. For heavy nuclei-wifh mass numbers owver 200, alpha
decay (the emission of a rnucleus of He) becomes energetically
favourable. S§till more favoured is the decay - fission - of the
nucleus into two parts. With elements occurring in natuore,
sgontaneous fission without excitation takes place with a very low
probability, in the form of a tunnelling process. In the case of
far transuranic elements the preferred, natural way of
transformation is spontaneous fission. Energetically these nuclei
are 80 likely to decay that any rearrangement of their componhents
reduces the potential enerqy theresby promoting the decay.

Consegquently, nuclear transformations take place by
radioactive radiation {alpha, beta, gamma) and nuclear fission. In
agddition to these well-known and frequent processes some further
forms of decay were also observed which may be called exotic.
These have also enriched our knowledge of nuclei though they play
& precticaliy negligible role in the formatiom and transformation

of nuclei.



EXOTIC DECAY MODES

As long ago as in 1914 it was assumed that a nucleus may
also emit one or more protons during radioactive decay, but this
process was not actually cbserved until 1981. During the fusiom of
tws nuclei of medium mass number in a particle accelerator, the
resulting nucleus was observed te transform into 2 stable isotope
through several steps. It was in this decay series that the proton
emission took place. Two-neutron decay was also observed: the
artificially produced lithium-11 isotope transforms inte the
beryllium—11 isotope by emitting two neutrons.

The recently discovered nuclei rich in neutrons and having
an anomalously large radius cannot be described simply by the
available nuclear models. In certain light nuclei which abound in
neutrons the two most loosely bound neutrons form a "neutron halop®
arcund th;‘nuclear maktter of normal density. Experimental data
published by EERN ia 1990 confirm thic result; the weakly bound
neutron halo transforms into a deuterium particle. Thus a new type
of radicactive decay has been found: the beta-delayed deutercon
emission, It was: previously observed in muclei &bounding in
neutrons that the daughter nucleus forming in beta decay {possibly
even in excited state) is not stable and immediately disintegrates
into its components. At first the emission of neutrons, tritons
and alpha particles was observed during this decay. Recently
further data bave augmented these findings. The process, in which
the nucleus of He-& emits a deuteron after the beta decay, is the

following:

&

®He 4+ SLi* + 7" « 5

6Li:+a+d

The decay of the daughter nucleus is governed by strong
interaction, whereas the initial beta decay involves weak
interaction only, so the latter seems to be slow for a process gof

nuclear physics. The half-life is 10_25 in the initial beta decay

half-life
of the whole decay process is determined by the slow beta decay.

whereas it is 10—215 in the second step, so the overall

It is supposed that one of the neutrons of the halo undergquoes beta
decay, i.e. it transforms into a proton which is then attached to
the second neutron to form a deuteron. The bound proton-neuvtron
system has a very weak binding - only a few times 10 keVv — even so
it is able to escape since the strong interaction already weakens
outside the core of thé nucieus, in this case in the halo.,

When studying elements heavier than lead, in certain cases
the emission of a particle heavier than the alpha particle has
been observed. The new process takes place simultaneously with the
alpha emission, and competes with it. Its probability is by orders
of magnitude lower: a single decay of this new type occurs for
every one milliard alpha decays. In the experiment the unstable
radium—-223 iszotope produced'in the decay chain of uvranium-235S was
investigated. Radium-223 disintegrates by alpha emission, tow, but
theory also aliows the emission of carbon-12, -13, -14 and -15,
The end product is one of the isotopes of lead. The theoretically
calculated most probable emission is that of carbon-14, this
probability is by several orders of magnitude higher +than those
for other carbon isotopes. The expectation was confirmed by
experiment, the emission of carbon-14 could indeed- be - observed.
Later it was shown that radium-222 and radium=-224 also emit nuclej
of tarbon-14 but this is about ten times less likely than
radium-223. This new type of decay is known as cluster
radigactivity.

The emission of neon—24 was first observed in 1985: in
Bubna from protactinium-231, uranium—-233 and thoriam—230; in
Berkeley from uranium-232. In the case of uranium-232 there is one
neon emission to S00 milliard alpha decays. The emission of
magnesium was observed with the decay of uranium—234. Uranium-234
shows three types af cluster radioactivity: it emits Ho-— (alphal,

necn and magnesium nuclei.
THE BIRTH OF ELEMENTS

On the basis of studying several hundred stable and several



thousand unstable isotopes a concept bhas crystallized on  the
stability of nuclei, on nuclear forces, on the transformation of
nuclei into each other. This knowledge may also help in trying to
answer the question when and where the variocus isotopes bornduring
the history of the Universe. According to the standard model of
the Universe, about one minute after the Big Bang it was cold

enough for the formation and survival of bound deuterium puclei.

In the course of several steps, almost the entire quantity of
hydrogen transformed into helium through successive nuclear
reactions. The appearance of the remaining elements is already
closely connected with the evolution of the stars, with " the
history of different types of stars, with the birth and formation
of galaxies. Astronomy is called upon to answer the guestions when
and in which stars the conditions prevailed that enabled the
heavier and heavier elements to be built up. During fusion
reactions helium burns to form carbon and oxygen, carbon tao form
neon, sodium, magnesium, etc. Then, over the burning cycles of
neon and oxygen {(not detailed here} and through the burning of
silicon one can arrive at the formation of manganese, chromium,
iron, cobalt and nickel - i.e. of the heaviest elements obtainable
by +fusion. In +the stars, following different patterns of

evplution, the burning cycles may take place slowly,
quasi-steadily, but also in an explosion-like manner. For the
formation of elements heavier thenr iron neutrons are needed.
‘Neutrons are always released in fusion processes in  which light
elements are formed. With the capture of a peutron a new isotope
of the given element is produced. I+ this isotope is unstable,
then it transforme by beta decay into the isotope of an  adiacent
element with the same mass number. This process may repeat itsel¥f
several times, thereby gradually leading to the formation of
heavier and heavier elements. This is the slow way of the
formation of elements (s~process). Under special conditions - e.g.
at the beginning of a supernova exblosion -~ the elements around
iron, formed by fusion, may be exposed to an extremely strong
neutron flux as well. Then the nucleus captures a number of
neutrons before starting to tramsform through one or more beta

decays towards its stability valley. Through such multiple neutron

captures (the so-called fast or r-process) isotopes far from
stability are formed.

In connection with nuciei, a number of quesitons arises:
Why is one nucleus stable while one that is only slightly
different being unstabie? When, where and in what kind of physical
processes were the different isotopes formed? Is their abundance
in the Universe uniform or not, and why is it like weobserve it.
We have partial answers to these questions, but many new
discoveries are needed in various branches of physics and
astronomy in the coming decades before we can really clearly see
the history of the birth and later life of elements.



ON A POSSIBLE LINK BETWEEN NONRELATIVISTIC

GRAVITATION AND QUANTIZATION
KFKI-1990-50/C B. Lukacs & al. (eds.):

Fvolution: from Cosmoganesis to Biogenesis Learning three disjoint. domains of phenomena, three
volution:

. Di &ss
Lajos Dissi fundamental physical constants have become necessary to
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H-1525 Budapest 114, P.0.B.489, Hungary
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beintroduced. They are, in turn:
6 ~ Newton’s gravitational constant for celestial motion,
€ = velocity of light for electromaghetic fenomena and

. h ~ Planck’s constant for atomic effects.
Abstract

. Later on, more complex rhenomena have also been
It ha=z been shown that nomrelativistie gravitational

investigated where two ones of the above three fundamental

fifect mparable at length scales about
and quantum affects becane comparab & 9 phenomena have been simul tanecusly involved. The

1.3 - . - . N —
i0 "cm. W have conjectured that in this intermediate ., . .
c 2 ’ * N corresponding mathematical egquations contain two fundamental

region, a ecertain nontrivial unification of gravitation and
constants, accordingly:

guantum theories is needed which would, furhtermors, .
6 and ¢ - in cosmology,

anticipate peculiar new effects and objects. h and c© - in particle physics,

h and B = well, that is just the issue to be discussed
belaw.

Let us add that, for the recent decades, a peculiar
domain of physicshas alsoc been considered where all the
three fundamental constants oust be included.,

G and c and h - in the coasmology of the very early
universe. .

Coming back to the combination h+5 we have to admit: we
do not know any phenomenon where both gravitation (6} and
quantization (h) would simultanecusly play ecsential roles,
while relativity (£} could not. Neverthelass, there does
exist a logical motivation to assume such phenomena as well
as to quess their domain® 2.

Let us consider two bodies; each of mase m, at &
distance r from each other. The -energy of their

aravitatioral interaction is about

U x  &wt/r. €y

grawv

19.



At the same time, the relative velocity of the two bodies
has an uncertainty of asbout h/rm, Cdue tao Heisenberg®s
uncertainty relations. Thus Quantum Mechanics predicts the

following kinetic energy for the relative motion:
u antsem . 2
quan N
Let us assume the gravitaticonal and guantum kinetical

energias are af the same order. The proper cenditicon is the

following:
o s B2/6% 10 eme® . t3)

This condition does not allow us to determine both the
distance r and the magss m. Assume, however, the two bodies
are of normal density (i.e. cca. lgcm-a) and, furthermore,
th=ir sizes are of the order of their distance r. Then the
shove mathematical condition will lead to the following

critical mass and size, respectively:

. -

= a 43
Torit 13 “em ,
a %1077 . (s
oritl

Eodies of the above ranges of size and mass, getting
close to each cther, would be influenced by a competition
between nonrelativistic gravitatiornal and quantum effects.
In practice, such a system iz dominated by other, g.Q. van
der Waals forces, nevertheless, the &beve critical length
and msss scales possess principal sense. Cne can not exclude
the possibility that. in a certain domain of phenomena, the
Hewkonian gravitation and the guantization sheow up tagether
indeed and the§ '‘do that Jjust on the gritical scales

calculsted above.

Fhysical systems, smaller than the scales (4)-(5), are
expected to satisfy the usual quantum mechanics, i.e. the
Schridinger equation. On larger scales, however, guantum
coherence gets-blukred by gravitational uncertainties and,
as a result, classical mechanics will govern the dynamics of
the system in gquestion.

In a sense, the scales (4)-(5) represent a ﬁorderline
between micro— and macroworld. Objects with scales about (4)
and (5) beleng . to ‘the intermediate ragian where
gravitational and quantum effects are in competition., Their

equations are to be matched together. However, history of

' physics teaches us that such a unified théory must be more

than a simple <oupling the two equations, HNewton’s and
Schr&dinger’s ones, actually. ’

Still we might not have a fira theory $or the
intermediate region, thgrefare unexpected effects or objects
may turn out to be related to that region. On Fig. i we show
a collecticon of various natural scales. It is naticahle that
the smallest known autonomous biolcgical beings, i.e. myko—
plasms, have sizes and masses about (4) and (S}, respective-—
ly. Whether it is merely an accidental ceincidence or sore-

thing more, we admit it is open gquestion to discuss.
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stochastic element into the purely daterministic quantum
evelution equations. This may perhaps lead to a new type
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ABSTRACT

Our world is rich in structures. Our deep past was significantly different from
the observable face of our world. The process stretching between the present world,
rich in structures, and the ancient world, poor in it, was progressed on two strongly
connected parallel branches, on the cosmic and on the chemical-biological branches.
The formation of the chemical elements stopped at the light atoms {lithium) in the
homogenecus stage and the building up of the heavier elements, up to the uranium,
was probably going on within the galaxies. :

INTRCDUCTION

We ate living in a world, rich in structures. Qur body consists of cells and the
cells thernselves are set up from very complicated organic compounds, the proteins,
containing many thousands of atoms. One may split these very complicated organic
compounds into atoms, and the atoms into electrons, protons neutrons. These par-
ticles, however, are not the final building blocks of the matter, if one may speak
from the smallest ones at all. These series of structures flow somewhere into the
so-called intensive infinity. Looking towards the macro- and mega-size phenomena
on the other side, we see series of structures building one on the other. Our life is
connected with a cosmic body, the Earth, and the energy necessary to maintain it
given by an other cosmic body , the Sun. The Sun and the Earth, together with
its eight ’planet-brothers’, form the Selar System. The Sun, however, is only one
of the 10°* stars of our Galaxy, the Milky Way. The galaxies are concentrated into
clusters of different sizes and this series disappears for our eyes somewhere in the
so-called extensive infinity. Taking into account the fact that no information can
proceed faster than the light looking into the extensive infinity brings us deeper and
deeper into the past as well. The modern observing astronomy and the related the-
oretical investigations revealed that our deep past was significantly different from
the presently observable face of cur world. What we observe today is a snapshot
of  long cosmic history starting with a hot ancient stage, poor in structures, and
producing the presently observable face of the Cosmos originated from the early
phase by means of an explosion-like expansion producing a high variety of cosmic
structures. The process stretching between the present world, rich in structures,
and the ancient world, poor in it, was progressed on two strorgly connected par-
allel branches, The first was the cosmic branch yielding the condensation of the
matter into galaxies, stars and planets. The other branch is the chemical-biclogical
branch producing the organization of matter into atoms, molecules and biological
structures. From the philosophical point of view it is appropriate to use the term
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of evolution for the very complicated process starting with the ancient stage and
leading to the human being, organized into society. Nevertheless, some particular
aspects of this evolution are only irreversible processes. In the astronomical termi-
nology, however, they are also called evolution. According to our present knowledge
the matter was microscopically and macroscopically rather homogeneous before its
fragmentation into cosmic bodies. The formation of the chemical elements stopped
at the light atoms (lithium) in this homogeneous stage and the building up of the
heavier elements, up to the uranium, was probably going on within the galaxies.
The molecules, in particular the organic comnpounds, were synthesized only in cer-
tain types of galaxies, like our Milky Way, and mostly at special places, in the
dust and gas clouds, strongly concent- rating along the plane of symmetry of these
galaxies. The formation of biological matter shows even much greater scatter in
space and time. We know for instance that life does exist on the Earth but not on
the Moon which is our next door neighbor on cosmic sczle and probably we rnay
say the same thing for the whole Solar System. Taking into account the fact that
a significant part of the cosmi¢c and chemical processes, required for the origin of
the life, were going on within our Galaxy it seems to be reasonable to study the
galactic part of these processes in more detail. -

THE GALACTIC STORY

The story undoubtedly started with the formation of our Galaxy. There are
many misty details in this story at the present but it does not mean that we do
not have scientific ideas on the formation of the Mitky Way. It means rather that
we have more answer for one question and we do not know, based on the available
observations, which of them is the correct one. We know, however, that the globular
clusters are the known eldest cosmic objects in our stellar system forming a slightly
flattened, slowly rotating subsystem in our Galaxy. The chemical abundance of the
elements heavier than the carbon is in most cases less than 14, subelements can not
be synthesized, the low abundance of the heavier elements indicate, in general, an
early epoch of formation after the birth of the Galaxy. Nevertheless, the presence
of these heavy elements in the globular clusters shows that they do not represent
the primordial objects of the Milky Way because their heavy element content was
already processed by some preceding stellar population. There were several atterapt
to find objects containing no heavy elements but without any results until now.
Despite all of these one thinks that the globular clusters and those stars having
similar chemical composition and kinematical properties as the globular clusters
display the primordial form of the Milky Way. If we try to answer the question how
our stellar system got its presently observable face we have to answer the question
how the stars were born (where and when), what kind of dynamical effects the stars
were experienced bringing them to the place we observe now and how they were
enriched with different heavy elements. It is a characteristic feature of presently
observable face of our Galaxy that the motion of a considerable fraction of the stars
significantly differs from that of the globular clusters. These stars form a rapidly
rotating strongly flattened system. This is the galactic disk and the system which
the globular clusters belong to is the halo. The abundance of heavy elements



of the disk stars is similar to that of our Sun which is also a member of this
subsystem. The youngest stars are strongly concentrated to the symmetry plane
of the disk. The interstellar matter , consisting of gas and dust particles of half
micron diameter, is also concentrating on the same way. These youngest objects
do not populate uniformly the disk but display characteristic spiral arms. The
concentration of the interstellar matter to the symmetry plane of the Galaxy and
the similar distribution of youngest stars together with the ordering of these objects
into spiral arms led to the obvious assumption that there is a basic relationship
arnong the birth of the stars, the interstellar matter and the presence of the spiral
arms.

_ THE BIRTH OF THE STARS

Tt is a basic observational fact that the young stars zlways appears in interstellar
dust and gas clouds. One may ask, of course, how can we decide which stars are
young. In 1947 Ambarcumjan sovjet astronomer pointed out that the trapezium
system in the QOrion constellation was dynamically unstable. It means that the
stars of the trapezium have to be very young because since their formation only
a short time could pass due to the instability of the system. The stars of the
trapezium were hot blue stars. Ambarcumjan showed furthermore that these hot
blue stars, the so-called O and B type stars always appeared in smaller-greater
groups, in stellar associations. The stellar associations are gravitationally weakly
bounded systems, Moreover, according to some measurements, there are among
them gravitationally unbounded systems as well. Therefore, if we observe them
presently it passed only a short time on cosmic time sczle since their formation. In
the second half of the 50th and especially starting from the 60th due to the rapid
development of the electronic computers it became possible to modelize the birth
and evolution of the stars. These models confirmed that the O and B type stars
finished their careers within a few million years and it was justified on this way
Ambarcumjan’s idea on the young age of these objects also theoretically. The close
relationship between the spatial distribution of the young stars and the interstel-
lar matter obviously suggested between them some genetic cornection. A widely
accepted idea for this relationship was the instabilities and the subsequent gravi-
tational contraction of the inter- stellar matter. Trying to make some quantitative
prediction based on this hypothesis one encounters serious difficulties. The basic
physical quantity of the gravitational fragmentation of the interstellar matter is the
Jeans length indicating the charac- teristic size at which the diffuse media become
unstable against gravi- tational contraction at a given density and temperature.
Taking into account the average density and temperature of the interstellar matter
then this characteristic size equals a few times 10* sclar mass. It means that a
cloud having the mass of a stellar association could be formed on this way but it
remains open the question how proceeds the fragmentation until the birth of the
stars. A possible way for it if we assume that the Jeans length is also changes during
the subsequent contraction and cooling of the clouds formed by the fragmentation
of the homogeneous primordial diffuse matter. This situation changes drastically

by taking into account other instabilities and processes which are capable of pro-
ducing conditions in the interstellar matter being significantly different from the
average. Involving processes which are helping the condensation of diffuse matter
to overcome the ’initial difficulties’ and changes its temperature and density then
the formation of individual stars might be possible. There are many discussions in
this context on the role of different shock processes propagating in the interstel-
lar medium and making suitable conditions for star formation. There are several
triggering mechanisms for exciting shock waves of different sizes. Such triggering
roechanisms could be the cloud-cloud collisions, stellar wind bubbles arcund hot
luminous stars and dynamical disturbances in the disk of our Galaxy. At this point
we turn back to the problem of origin of spiral arms characterizing ¢ertain type of
galaxies, like ours. The dynamical response of the disk of tis type of stellar sys-
tems is a spiral form disturbance propagating as a density wave. The gravitational
potential well changes the streaming direction of the interstellar matter. Since this
strearning supersonical this change triggers a shock wave., The shock wave makes
the necessary compression of the interstellar matter providing suitable conditions
for star formation. The stars born in the wave front and having short lifetimes,
e.g. the hot blue giant stars, we observe near to their birth places and displays
beautifully the spiral arms. The formation of the stars from the diffuse matter is
probably not a strictly gravitational process. The presence of the magnetic force
significantly changes the hydrodynamical behavior of the matter. In any case the
star formation is completed by the gravitation.

DINAMICAL EVOLUTION

The primordial Galaxy differed mostly from its present face in that respect that
it was a slightly flattened, slowly rotating spheroid and did not contain the disk.
The first generation of the stars conserved this feature. After the formation of the
stars their motion was strictly governed by the gravitational force. The fate of the
remaining matter was different. Due to cooling down it was continuously loosing
energy while its angular momentum remained unchanged. As a consequence it
could contract along the axis of rotation but in the perpendicular direction it much
more difficult. This difference in the contraction along the rotational axis and in the
perpendicular direction led to the formation a gaseous disk and the star formation
continued in the disk. The timetable of the star formation was different in the
different subsystems of our Galaxy. The birth rate of the stars in the halo is very
low recently. The gas in the halo produced the globular clusters and the density of
the rest of the matter is in general to low at the present time for the formation of
new stars, In the disk of the Galaxy the conditions are completely different. Since a
lot of gas was concentrated after the initial contraction, leading to the formation of
the disk, the birth of the stars has been continued until now. The initial dynamical
evolution made an important by-product, the central condensation of the Galaxy,
the bulge, The large spatial number density of the stars may indicate that the
initial gas density and the stellar birth rate was very high in this region. The
present value of this birth rate is very low, together with the low density of the
interstellar gas. According to some hypotheses the gas is continuously swept out



by a galactic wind or by some explosions going on in the central part of our stellar
system. The central region of the Galaxy is not simply a region populated by
stars more densely, High resolution radio measurements indicated that there is an
object of less than 10 astronomical unit diameter and of 4 million solar masses.
Some people believe that this central body is a massive black hole and the release
of the energy, which is also observable in the centre of the quasars, proceeds by
means of the matter falling into the black hole. The riddle of the quasars and
the active galactic nuclei are in the highlight of the astronomical research since 25
years but we are far from understanding the way of the formation of those objects
and the source of the energy released.

CHEMICAL EVOLUTION - THE DEATH OF THE STARS

As we have mentioned earlier the fusion of the atomic nuclei was stopped some-
where at the lithivm, after the Big Bang and before the fragmentation of the mat-
ter into clouds. The subsequent chemical evolution took place already within the
Galaxy. We have mentioned earlier that the primeval stellar population conserved
the initial form of our Galaxy. To study the process of the chemical enrichment of
- the Milky Way we have to investigate their spatial distribution. As to the heavier
elements, the Earth, Sun, meteorites, the interstellar matter and the stars in the
solar neighborhood have a very similar chemical abundance in respect to the rel-
ative abundance of the elements heavier than the hydrogen and the helium. The
subsystems of our Galaxy differ from each of the other in relative abundance of
the hydrogen and the Helium to the heavier elements. The chemical composition
of the Sun is usually called as the cosmic abundance which is X=.59, ¥=.39 and
7=.02 where the numbers represent the weight fraction of the hydrogen, Helium
and the heavier elements, respectively. We can find stars in the Solar neighbor-
hood which contain much less heavy elements than our Sun. These metal poor
stars also differ in their kinematical properties. They do not belong to the disk of
our stellar system like the globular clusters and their heavy element abundance is
1/10 and 1/100 that of the Sun. There is strong correlation between the kinemat-
ical properties and the chemical abundance of the stars. The stars in the highly
flattened disk have nearly circular orbits zround the centre of the Galaxy and their
chemical abundance is similar to our Sun. The stars in the halo, at the contrary,
have orbits of large *excentricity and low heavy clement content. In the context
of the dynamical evolution we mentioned already that the galactic disk probably
born by the cellapse of the diffuse matter not condensed into stars during the for-
mation of the halo. The spatial distribution of the heavy elements indicate that
the chemical enrichment took place during the formation of the disk. It means
that some process had to exist producing heavy elements and recycle them into
the inter- stellar matter and the newly born stars inherited already this abundance
of elements. There is an other gradient in the abundance of the heavy elements
pointing towards the galactic center, very weil pronounced by the globular clus-
ters, According to this gradient the heavy element content of the globular clusters
increase in the direction of the centre of our galaxy. For this gradient probably
the processes are responsible producing the heavy elements during the formation
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of the central condensation. In the light of all these facts we have to consider
what kind of processes could be responsible for the heavy element formation. I
we intended to synthesize these elements from lighter components {the Big Bang
produced only light nuclei) we can get some idea on the possible processes and
the necessary physical conditions, by comparing the initial and the final chemical
abundances. The burning of the hydrogen into Helium is going on at few ten mil-
lion degrees. This process is the major source of the energy production of the vast
majority of the stars. The burning of Helium into heavier elements requires some
hundred million degtees and the building up of the elements on this way can pro-
ceed to the iron, energetically the most stable among the elements. In the reality
this process can not get the iron because the star becomes unstable before reaching
it. The synthesis of elements heavier than the iron requires some non-equilibrium
process. This non-equilibrium process may take place in the supernova explosions.
Among the most precious records in the old chronicles are those reporting on the
unexpectedly appeared new stars. The most famous among them perhaps the ce-
lestial phenomenon appeared in 1054 and recorded by chinese astronomers having
at present a characteristic nebular patch, the Crab nebula, in its place. This neb-
ula emits observable electromagnetic radiation from the gamma to the radio range
indicating the presence of energetic particles moving in strong magnetic field. Ac-
cording to theoretical computations these stellar explosions, called ‘also supernova
explosions, sign the death of stars heavier than a certain ¢zitical threshold. There
are controversial values for this critical mass but it probably larger than 1.6 solar
masses, the Chandrasekhar limit. The corresponding investigations revealed that
the lifetime of the stars having masses lower than our Sun comparable with the age
of our Galaxy, We mentioned earlier that the heavier elements represent only a few
percent of the mass of stars having the Solar chemical abundance. Their estimated
total mass equals about T0*? solar masses. It means that zbout 10° solar masses
had to be converted into heavier elements. Analyzing the frequency of supernovae
in external galaxies one concluded that in the average there is one flare-up in every
few decades in galaxies similar to ours. As a matter of fact the last supernova in
our galaxy was observed by Kepler in 1604. If we compared these frequencies with
the 10°° years age of the galactic disk we conclude that every supernova had to
produce 2-3 solar masses heavier elements. Of course, not this whole amount was
built up by explosive processes but still a significant fraction should be produced
by explosions, Taking into account the large uncertainties of these estimations the
supernovae could be responsible for all of the heavy elements but it is worth of dis-
cussing other possible resources. There are very energetic processes in some galactic
nuclei which appears dramatically pronounced in the quasars. Unfortunately, until
now we are far from having detailed models from these energetic phenomena and
therefore we are not in a position to make quantitative estimations concerning the
heavy element production in these processes. The next step in the chemical evo-
lution was the synthesis of the molecules in the interstellar space. In the last 20
years by means of the radio astronomical observations one discovered a number of
organic molecules, predominantly in dense intersteilar dust clouds. Namely, inside



these clouds the molecules are protected against the destroying interstellar radi-
ation field. So the chemistry and the survival of molecules is localized at certain
particular places in our Galaxy., There is a very complicated process towards the
birth of biological structures and the appearance of intelligence. The cosmic phe-
normena outlined obvicusly give a general frame work for them but the details of
these processes are far beyond the scope of the present paper.

About the mentioned possible black hole in the
galactic center. it Is worthwnile to remember the reagder
to  the paper “Physical Backgrourds...”" in this Voiluma.
There Fig. 2 gives interesting constraints between masses
and sizes.

New, an cbject with & million sclar masses can he a
black nele with a size cea. 17 of the mentioned observed
upper limit,
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ABSTRACT.It ig presented here the main nuclear reactions producing
energy 1n stellar interiors. By these reactions the stars are wor=-
king as alchimic factories in transmutaring the elements building
up the periodic system of elements from the hydrogen until the
iron and more. Then it is given an outline of stellar evolution on
the Hertzsprung-Russell diagram. I point out, that the widely pro-
pagated belief of the exclusiveness of the conmtraction at stellar
formation has to face with basiecal challenges confirmed by new
observations. The early stages of stars seem to -show behaviours
contradicting the generally held views of stellar birth. I give
here some ways to test the possibility that some unknown, basi-
cally new reacticn is at werk at young stellar cores (e.g. a phase
transition of Higgs-bosons).

DETAILS. The stars are starring by their own intinsic nature. As
far as we understand it now, mostly gravitational and nuclear en=-
ergies are liberated in the stellar bodies. Until today, it is not
made any systematical test about any basical need to look for some
new fundamental process supplying stellar energies. What we know

is that most of the stars which are old enough, we can interpret
with a more or less coherent picture in which these stars are born
from z contraction of a protostellar nebula when the twe main ener—
gy producing process are the gravitational contraction and the nue-
lear fusion.

Nevertheless, the young staxs are presenting some principal dif-
ficulties to this picture. In this way it seems that our under-
standing of the stars can get a radical immovation just from the
study of the evolution of the young, just born stars. I want te
show here some ways opening before us in this field.

By the tlassical centraction hypothesis the protostellar nebula
starts to coatract by a gravitational imstability ox with the
help of some outer effect e.g. shock-waves from supernovae or
high-velocity stellar winds from neighborhood young stars.In this
first stage the star is contracting and the liberating gravitati-
onal energy is used to rise the temperature of the star. Half of
the energy produced is radiated away from the surface of the star.
During the contraction the first energy producing nuclear reaction
starts to work at about million Kelvin degree. This is the
so-called deuterium-burning(Stahler,1983). At this stage the star
has a large radius and a low surface temperature, so the star is
above the main sequence in the temperature-lumincsity diagram
"(Hertzsprung-Russell diagram,see Fig.l.) where our 3un is now,
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Hertzsprung-Russell diagram of the solar reighborhood stars

after the exhaustion of the deuterium~fuel the star begins to con-
tract again and the enmergy 1is supplied again mainly from the gra—
vitation.When the temperature at stellar cores reaches four milli-
on Kelvin degree, a new reaction starts to work, the proton-proton
reaction (Salpeter,1952, Bethe,1939).
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As a result, the proton-proton chain produces helium from hydrogen,

&H»kHe and liberates 6.7 MeV per nucleon energy.

During the proton-proton chain the energy production goes with the
fourth power of the temperature,

£ T,
The next fusion reaction, the CKO cycle begins to work when the
central temperature reaches T+ ib<iU'K,
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As a result, &4H->"He and the CNO elements are catalizators. When
the hydrogen is also exhausted, the star begins to contract until
its central temperature reaches 1P K whea the He burning starts.

3"He v
4*nes®o,

At this stage the star turns off the main sequence and becomes a
red giant because the huge energy production blows up the envelope
of the star and its radius becomes so large that the surface
temperature decreases significantly.

The star then exhausts its He content toc and gravitational cont=
raction of stellar cores periodically alternates with new types of
nuclear reactions while the central temperature of the star is
continuously arising,

211(:-) Mg, Me, Na, Al

2"0 > 5,581, F

When the central temperature rveaches ZOOOsLIOGK, the stellar core
begins to produce the most stabil element, the iron. With the de-
velopment of the iron core, the star canm easily be unable to exert
enough thermodynamical pressure in its core against the hydrostatic
pressure of the envelope and the star can collapse and explode
which we interpret as a supernova explosion. During the explesion
all the heavier glements are easily produced and atre thrown into
the interstellar space.

In this way the supernovas are making us the favour to produce the
earthly elements and to develop the background of our existence
here (now the reader is expected to feel her/himself as a Supernova .
remnant), Recently it appeared new theories acclaiming that two or
three or more supernovas are necessary for explaining the details
of the chemical composition of the Earth.

As a first check of the contraction hypothesis we cam use the
results of the neutrino detections from the solar core(Pavis,
1970-}. The standard theoretical solar models suggest that we
should have to measure a solar neutrino flux with the protom-~proton
cyele Lﬁ‘.e central temperarvre of the Sun 1s about 14 million X)
7.8% 107" counts/sec, L = 7,8 solar neutrino unit (SNU). The solar
neutrino problem, which is a basieal challenge of our understanding
the Sun, consists in the fact that the measured neutrino flux is
less than the third of this value,

L = 2,1 SNU (Davis et al,,1990}.

What means more, Tecently there are new and independent measures
of the solar neutrino flux strengthening this result and simulta-
neously suggesting strongly that the solar neutrino flux is
changing in (anti)correlationm with the solar magnetic activity
cycle of eleven years { see Fig.2. and Lande, 1990, Davis,1989).
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The anticorrelation of the solar neutrine flux 2s measured
with the ’}Ar counts with the sunspot nuwmber

It presents a fundamental problem with the standard solar models.
And. if we de not urderstand our Sun, what can we think about our
untderstanding of the much less known other stars?

One possibility to explain the neutrino discrepancy is to assume
that the Sun does not work as a regulated fusion reactor and the
observed anticorrelation of the solar neutrine flux with the solar
activity indices vefleets real changes at the solar core in the
energy producing reactions with the 1l years cycle. Recently I
made a suggestion, thar (e.g.tidal) flows at the solar core with
an amplitude of 1 - 10 cm/s can produce in a local magnetic field
assumed to be present with a strength of 107 Gauss can generate
local thermonuclear runaways which makes the energy production

to be unbalanced (Grandpierre,1990a,b). Opik (1972) has shown that
the gravitational effects of the planets Jupiter, Earth, Venus
and Saturn genmerate a tidal flow in the Sun with an amplitude

of 100 em/s. In regarding the magneric fields, it is usual to
assume wmuch larger strength at the solar core and the 10 Gauss
value seems to be quite plausibie, The mechanism works in the fol-
lowing way, The flows mean that electrically charged particles

of the lonised solar plasma are moving in a magneric field. This
means that a dynamo effect is at work and so the flows generate
electric flelds locally. The electric fields are accelerating

the particles to a large speed during which they suffer continu-
ously many collisions so they heat the plasma to a very high tem-
perature lgcalily, because the nuclear reactions are extremely

sensitive to the temperature, and because of a positive feedback
(the larger the temperature, the larger the rate of the energy
production, which rises the pore the temperature etc.), In this
way from time to time a local thermonuclear runaway develops which
then generates exlosive cells. These cells are hotter then their
surroundings, so they are accelerated by the buoyant force out—
wards towards the surface. They can reach the surface where they
may produce secondary explosions which lead to flare phenomena
what is the most spectacular phenomena of solar and stellar acti-
vity.

It ig interesting %o note here that Wood(1972) calculated the pla-
necary tides exerted to the Sun and he found that the tides run

in close correlation with the sunspot numbers for two hundred
years having a cycle of 11.2 years (Figs.3,4.). With this mecha—
nism I was able o interpret the dependence of stellar accivity
¢ycles on rotation rates{Grandpierre,l990b).
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The most significant character of the Hertzsprung-Russell diagram
is that the stars are not populating it homogeneously but they are
definitely concentrated in it. As one can see in Fig.l., most of
the stars are on the main sequence. This wmeans that the stars are
spending most of their lifetimes in the state when they zre using
the proton-proton cycle and the CNO cycle to maintzin their states
and radiating in a constant level. When a star is contracting into
the main sequence, it exhausts its hydrogen fuel the more quickly
the larger its mass. In a globular cluster, which contains roughly
similar aged stars, we will expect that the stars with larger mass
will evolve scomer off the main sequence. That is exactly what we
observe in measuring the globular clusters with different ages
(see Fig.5.). The older the globular cluster, the lower the tempe=
rature (smaller the mass) where the stars are turning off the main
sequence.
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Color-magnitude diagram of globular clusters

So it seems that for older stars and clusters the contractien hypo-
thesls works satisfactorily. Now let us look after the young clus=
ters. In Figs. 6,7 (from Becker et al.,1984) we can see synthetic;
caleulated temperature luminosity diagrams and comwpare them with
the observed ones. While the agreement is good for the main sequen-
ce and giant branch stars, we do not see points above the main
sequence with low luminosity and low surface temperature in a
number what occurs in the observed diagram. We can speculate, that
the more point density we see on the diagram when the more concent-
rated energy supply is working in the star. So the contraction
hypothesis can miss some energy production wmechanism.
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Kow let us see an interprecive diagram for the young stellar clus-
ters (Fig.8., from Cohen and Kuhi,1979)}. Plotted are the evolutio-
nary tracks for stars with different masses {expressed in terms of
solar masses). In these the stars begin to evolve from up towards
the main sequence. First the tracks are almost vertical,which
means that the stars are gaining their energies in these stages
mainly from gravitaticnal contzaction. Stellar models are relling
us that in these stages the stars are completely convective, i.s.
buoyant forces are mixing the material through the stars. For lar-
ger masses, these vertical lines turns after a time into almost
horizontal. These horizontal tracks belongs tc a radiative state
of stellar interiors when the convective flows are ceasing at the
stellar cores. Plotted are the isochromes which show the times
necessary to reach the point on the tracks with contraction. The
contractive process can be followed with the help of the constantg
stellar radius lines( dashed).
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Fig.8.
Interpretive diagram of young stellar clusters

With the help of Fig. 8. it is easy to interpret now the Kertzs-
prung-Russell diagrams(HRDs) of the voung stellar clusters. Firse
let we see cthe HRD of the few million year$ old NGC 2264 cluster
on Fig.9.(Walker,1956). One can recognize that the cluster is so
young,that the stars with spectral types later then B% (log T 4.1)
had not the occasion during their lives to reach the main sequen-—
ce {the smaller the mass of 2 star, the later its spectral type,
the slower its evolution). This means that the turn on to the main
sequence did not happened for all the stars. What is also very in-
teresting is rhat some stars are below the main sequence. By the
contraction hypothesis this fact cannot got any interpretation.
The area below the main sequence is a forbidden region for the
young stars by this hypothesis.



Fig.9.
Color-magritude diagram of NGC 2264 (observed)

A more recent diagram for the same young cluster for more faint
stars are made by Adams et al.,1983 (Fig. 10}. What we can see

here 1s the shocking fact that a significant amount of the faint
stars are below the main sequence! It is characteristic to the po-
pularity of the contraction hypothesis within the astronomers that
the authors of this work constructing this diagram even did not try
to interpret this faet.

The thing is that the two diagram is easily be united in our cind
(I will do it in an other paper). Then it is clear that the ten-
dency of the stars towards later speetral types (lower surface
temperatures) to getting closer to the main sequence is really
continued at the fainter stars so that arcund log T =3.60 already
a large percent of stars are below the main sequence(BMS). It is
really surprising that the tendency of the lower temperature stars
to be more far avay from the main sequence, which is also prescri-
bed by the contraction hypothesis, is completed with an opposite
tendency which broadens the main sequence inte a fan-shaped area.
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Fig.lC.
Observed Hertzsprung-Russell diazgram of the
faint stars in NGC 2264

This characteristic of the lower main sequence is also shown in
Fig.1ll. for the faint flare stars of the few hundred million years
old Pleiades young cluster (Parsamyan, Oganvan 1989) in their
spectrun-luminosity diagram. It seems that from their 333 stars
more than the half is belew the main sequence.

Cne of the most young stellar clusters is the IC 1396 in the

Crion which 1s a2 few million years old only. The recent measure—
ments of 276 hydrogen emlssion stars { which are the ones thought
widely to be pre-main-sequence PMS stars) is shown in the lumino-
sity-color diagram of Kun(1990),see Fig.l12.. This diagram is prac~
tically the same as the HRD. As one can see, there are a lot of
medium-mass stars with a color B—V-(—O.S)—(+0.5)(vhich is an equi-
valent of a spectral type B5-G0 or a temperature 30 000 K ~ 5 900
K) below the main sequence. One can speculate that as the stars
become older, they lose mass enough to turn into a later spectral
type while still preserving their BMS state (Fig.l2,).
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Spectrum~luminosity diagram of the 333 faint flare
stars in the Pleiades cluster

Fig.l2.
Color-magnitude diagram of the H-alpha emission
stars in the Orion young cluster

When looking after a HRD for larger mass young stars, we can see
the diagram of Finkenzeller and Mundt(1974) ,Fig.13. It is very
strange that while at the old stellar aggregates and clusters

we do not see any objects below the main sequence, just at the
young stars, which should have to be high above the main sequence,
do we see objects to be BMS stars. There are some efforts made to
interpret these strange diagrazms with observational errors, selec—
tional effects or by abnormal circumstellar absorption. Neverthe—
less, we have to keep in our mind, that Adams et al,(1983) proved
that any abnormal circumstellar absorption iz measured to be play
a role orders of magnitudes less than 0.1 percent. From the work
of Parsamyan(1986) it is clear that foreground stars, observazio-
nal errors and spectral type uncertainties while are playing z

role, their sum effect is significantly less than the observed
effect.
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Fig.13.
Hertzsprung-Russell diagram for Herbig 4e/Be stars

It seexs that we have enough observational basis to look after
some other congeption of stellar birth and early evolution. Al-
ready in 1954 Ambartsumian developed an alternative idea for
stellar origin trylng to interpret the obsexrvarions showing that
the expansion processes are dominating ar the formation of stars.
It 4s still true that the contraction hypotheses did not got any
direct observational support. At the young stars by the contrac—
tion hypotheses we should have to observe generally mass infall
to the stars. What is observed, is the opposite. All the young
stars are showing signs of mass outflows, without any unambiguous
sign of mass inflow. The most young the star,the most pronounced
are the signs of mass outflews. Just at the youngest stars the
so—called bipolar mass outflows are the most developed. The obser—
vations are telling us that the stars are born in associations of
early-type OB stars and later-type T Tauri type stars and these
associations are expanding (see also Grandpierre,l986).

Ambarcsumian suggests that & superdense prestellar materfal fs ex-
panding and i{ts transformation ar lower densities to normal stel-
lar material is the process creating the stars. For a long time
this hypotheses did not got much atteation because the theory

was not developed encugh in detail to be able to model the star
formation process. Mevertheless, recently the Robel-prize winnmer
Lee and his co-workers developed more concretely the {dea that
superdense Higgs-bosons in coherent state can form stars which
are able to produce energies much more effectively than the or-
dinary matter, i.e. with almost 100 percent effectivity (Fried-
berg, Lee, Pang 1987 and Chiu,1990).

Haro(1976) proposed a view by which the youngest stellar objects
are the so-called Herbig-Haro objects, He assumed that there exist
an eveolutionaxy line from the Herbig-Haro objects from below the
mair sequence through che Herbig Ae/Be stars or at lower masses
trhrough the T Taurl stars to the flare stars, It is interesting
to note here that recently Movsesyan and Magakyan(1989) published
a paper about a new object with optical bipolar cutflow CoKu Tau/l.
This object 1s very faint and its spectrum seems to be similar

to the Herbig-Haro objects. This means that this star is deeply
below the main sequence on the HRD while at the same time it is
very young since Lt has a strong bipolar outflow. Just these cha-
racteristics should have to possess the youngest stellar objects
formating by expansion, having unusually high surface temperature
(keeping left ia the HRD} and being very faint(keeping down from
the main sequence).

There are other signs showing that there are two basicaily diffe~
rent ways of star formation. Some T Tauri type stars are clearly
formed in regjons far from any nebula, these are the isolated

T Tauri stars (Pe La Reza et 2l.,1989}. It seems to be hardly
interpreted the origin of stars with contraction of a nebula
without signs of a nebula which zre normally easily observed around
a star.

It is clear since a long time that some basical difficulties are
present for the contraction hypotheses to interpret the HRD evo-
lutionary tracks of young stars. There are some age—parameters
like the variability, the Li-abundance, the nebulosity, the infre-
red excesses of the circumstellar dust, the presence of bipolar
outflows, the hydrogen emission line strength which when shown

in the HRD of young clusters, does not show a clear tendency to
correlate with the age derived from the position of the stars in
the HRD (Walter et al.,1988,see Fig.14.). In this dlagram the T
letters represents T Tauri stars with early activity characteris-
tics and the filled circles are for the so-called naked T Tauri
stars which are muck less active by the above age-parameters.
Nevertheless, it is a significant overlapping on the KRD for
these two different kinds of objects.
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Fig.14.
Hertzprung-Russell diagram of the pre-maln-sequence
stars in the Taurus-Auriga young cluster

On Fig. 153, it is presented the decay of chromospheric emission
with stellar age. The crosses stand for main-sequence solar-mass
stars, the letters T mark T Tauri stars, the asterisks represent
naked T Tauri stars in regarding their Mg II h + k fluxes,

The open circles stand for naked T Tauri stars, the filled circles
for solar-mass stars by their Ca II H + K surface fluxes. The
solid line is the exponentizl-decay solution for Mg II from Simon,
Herbig and 3oesgaard. The classical T Tauri stars are clearly
anomaleus. I think that this diagram suggest that the T Tauri
stars ghow an activity supplied by an extra source.
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Fig.15. .
The dependence of the strength of chromospheric
activity of young and main sequence stars

Appeqfellgr(lQBB) remarked that the activity of T Tauri stars may
be 10" =10~ times stronger than in the Sun relative to the photo-
spheric continuum. Becaugse the chromospheric emission in the Sun
is 6.77%10° parr of the photospheric value(see e.g. Athay,1976),
this means that the chromospheric emission of the T Tauri stars
may be ten times stronger then the photospheric continuum for
these stars. I suggest that in this case the T Tauri stars be-
have like a continuously erupting instable objects rather than
possess with a stable photosphere. At T Tauri stars the larger
part of energy may liberate in form of flares which makes 1t a
hard task to lecate them in the HRD. If one count the excess
energy of the flares as radiated from a rormal photosphere, it
is clear that we locate these stars more high above the main
sequence than they as stars are. This means again, thar some

T Tauri stars are much closer or below the main sequence.

By my hypothesis of tidally triggered stellar activicy, the level
of activity is strongly influenced by planetary tideg. Because
the planet formation is going on a time scale 10 -10° years,
one can expect the tise of the planetary induced flare activity
with this shift in stellar ages. There are observations showing
this effect. Herbig, Vrba and Rydgren(1986) made a suggestion,
that e.g. the T Tauri star FQ Tau is only slightly above its
presumed point on the maln sequence, vet it has a very strgng
enisslon spectrum with a line widch of hydrogen alpha 114 A
The similar spectral type Pleiades stars are showing only 3 A
in comparison.



I suggest that in completing the classical contraction hypothesis
it is in work at stellar formation an alternative expansion-born
process. During the evolution these expanding objects can quickly
or slouly intersect the main sequence from beiow, depending on
thelr masses. Their activity characteristics are also influenced
by :Ee planetary tides effecting on them when they turn to be 10
- 10 years old. In this way the confusion on relating the age
characteristics with the localizatfon on the HRD can be dismissed
with the careful analysis of the fndividual objects.

If it is in work a mew type of energy producing mechanism, the po-
sition anomalies can give us some physiczl insight into its phy-
sics. All the young stars below the main sequence are extremely
interesting objects to reveal this new physies. It is highly pro~
mising te separate the two class of young objects in the HRD. In
making this, we would be able to derive synthetic HRDs for the
contracting and expanding objects separately. With the help of
these HRDs showing the localization of the two classes of objects
we could derive separately their evolutionary tracks from observa~
tions in comparing the different young clusters diagrams.

It Is worthwile to note that the existence of the fan-shaped area
at young clusters gives us a little physical insight of the nature
of the stars located below the main sequence. It is well known,
that metal-poor dwarfs, the so-called subdwarfs populates the same
area in very old globular clusters. These subdwarfs possess very
high space velocity characteristic of Population Il stars which is
a deeisive sign of their old ages. The BMS objects found in

young stars does not have this high space velecity, consistently
with the age of its paremt clusters. In this way we can think that
these dwarf stars are originating in a process which produces mo
metals, just as in the case of the ¢reation events (see Arp, Bur-
bidge,Hoyle,Narlikar,¥Wickremasinghe,1990). I can suggest to fnter-
pret the fanshape in a2 way that expansion-born stars with larger
initial masses can pull on more metal-rich material frowm their en-
vironment by thelr larger gravitaticn in their earliest stages
when they are very hot but very faint. The larger the mass of the
star, the more material it is attracted to the surface of the star,
the more close it will be to the main sequence.

It seems to be an urge need of efforts constructing observational
HRDs for young clusters and calculate syntheric HRPs with & spe~
€ial care for umusual objects. The evolution of very young stellar
objects promises new and challenging excitements by predicting
that basiecally new physical processes are at work and we can
observe and understand their nature.
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The roots of the idea for universal abundances of the chemical elements go back to
the thirties or forties of our century when fine speciral analysis of stellar specira became
available. With increasing amount of material surprising uniformities were found: the abun-
dances of the different chemical elements were the same in the photospheres of the Sun or in
remote stars, interstellar clouds or the celestial objects. The differences in the abundances
did not exceed the error of thejr determination.

The most precise method to determine cosmic abundances is a spectral fine analysis
which is described in many $extbooks {1}, {2}. The essence of the procedure is that we have to
construct the model of the radiating region of the celestial body (distribution of temperature,
pressure, velocity, turbulence, chemical composition etc.), we have fo know the relevant
atomphysical data of the radiating species (spectral line strengths, population of the atomic
energy levels, line broadening). With this knowledge we compute the frequercy distribution
of the emerging radiation and we compare it with the observed spectra. The parameters of
the radiating region must be varied until the best coincidence of the observed and computed
spectra is Jound. One of the parameters is the chemical abundance of the elements, thus,
we can determine them. This procedure is complicated, beczuse of its uncertainties the
abundances can be determined in the most favourable cases by an sccuracy of factor 2-
3. The photosphere of a star is hot, we can determine abundances of elements since the
molecules are destroyed except for some stable molecules in cool stellar atmospheres.

The abundances of the light elements from H to Li are surprisingly uniform in very
different celestial bodies and the same is true for the heavier elements. The simple picture
of mixing the observed cosmic abundances from two uniform mixtures of light and heavy
elements Is very close to the reality. We have, however, to mentjon the numerous exceptions
to this simple picture.

The following theoretical background can explain this simple picture. The abundances
of the light elements from H to Lt depend critically on the early evolution of the universe, it
is now generally accepted that D, He, Li were produced in the big bang while the heavier ¢l
ements were produced in stellar interiors and they were expelled in the intersteliar space by
supernova explosions of massive stars in the early phases of the evolution of galaxies. These
are the main lines of our knowledge on the creation of chemical elements. The numerous
exceptions in the observed abundances must be explaiped individually. The explanations are
usually acceptable, thus our simple picture on the creation of the chemical elements has sur-

vived the challenge by the observations which indicate very peculiar chemical corapositions
in the atmosphere of some stars.

Finally we give a typical composition for stars of Population I, the sbundances of some
chemical elements in the photesphere of the Sun [2]. The abundance is the logarithm of
the number density of tke given species in 4 volume which contains 1012 hydrogen atoms.
Population I indicates that the stars belong to the younger stellar population of our Galaxy.

[

Chemical abundances of some elements jr the solar photosphere (3]

B H C N O F Ne Na Mg Al S P S
1207 85 79 88 46 76 63 76 64 7.7 5472
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The path of the evolution of matter can be described - as a
first approxination — by the series of stable structures
/Bérezi, 1978./. This series represents a hierarchy of em-
bedding. The series can be divided to two parts, not only
from antropocentric, point of view: to a cosmic series and
to a microworld serifes. [Stable structures are results of
equivalency-classifications on structural levels: they are
the representatives of the structural levels./[/Fig. L./

Solar System, which belong to a star, i.e. the Sun, can be
divided to, two basic types of subsystems in this stable
structure series. Description of the evolution of the Solar
System by these two structural units: by crystals and planet-
ary bodies will be in focus in onr papex. These units make it
possible to give two independent models: one which describes
chemical structure and differentiattons, and one which de- '
scxibes the "gravitational crystallization™ in the size-
frequency épectrum of preplanetary bedies./Table.l./

Three principles form the basic steps in this review:

1. Reduction: which is used to correspond the main steps of
evolution to two stable structures of the Solar System:
to crystals and to planetary bodies:

2. pifferentiation of a set: the set of the two basjic stab-
le structures will be considered with common origin, and
evolutionary history will be shown as globkal /and local/
differentiation events followed on spectra of structures;

3. Layered planetary bodies: they can be divided to belts of
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Fig.l. The hierarchy of "stable structures”

The concept "stable structure®™ refers a relative stability of
the structures during decomposition or building. Layer-repre-
sentatives of this "stable structure™ hierarchy form multisets
which later undergo on a crystallization period which produce

the following layer of "stable Structure" /Bérczi, 1978./.



surface

Phenomena

which preserved the events
layers of different age from

smaller and larger bodles
planetary bodles

remnant orbits of celestial
bodies in the Solar System
composgition of minerals in
.of the Solar Systen

cratexr statistics of

compos.

size~frequency
COMpOSs.

orbital element
chemic.,

orbital element
b. size~-frequency

Regarxdless of
chemic.

a.
b.
a&.
a.
b.

Parameter
distinguished
orblital
elements
chemical
composition
spectrum of
size~frequency
of "particles”

Multiset
considered
orbiting
mass-polnts
orbiting:
minerals
orbiting
bodies and
“particles®

Table.l. The "parameter distingulshed" column shows thoge regions where reductions over

the "regardless of" column were carried out in model-building.
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different material phases [fand their circulation/. Dif-
ferent layers, especially those on the surface, preserv-.
ed prints of events from inside and f£rom cutside. Evolu-
tion of Solar System during planetary ages can be partly
deciphered from the correspondence of inner §1anetary
transformations /in the form of new 1ayersf-to the outer
deformations with interplanetary origin.

REDUCTION

Reduction 1is classification of different phenomena according to
an essential, common parameter. This parameter collects together
the phentmena, which were distinct and disjunct earlier. Table

1. shows three different reductions in description of Solar Sys-
tem. The first one is classical: it is éccordipg to the Kepier~
tan-Newtonian mass-point concept. The other two are acdording to
nineralogy for chemiéal composition/ and size-ggecﬁrum: these
reductions are the results of the last 20 vears of studies [Jamong
others/ of planeﬁa}y and meteoritic materials with petroleogical,
chemical and optical methods fi.e. IR spectra/ on one hand; and
interplanetary particle spectra and planetary surface crater fre-
quencies and their correspondence on the other hand. Both minera-
logy and size-spectrum of Seolar System will be considered as tﬁo
independent variables, which determined two independent pericds

- one after the other - in Solar System evolution. This indepen- -
dence can be explained by the equal amount of bonding energy of
an Earth-like planetary body both from mineral-chemical and from
gravitational work of interactions during "chemical-mineraligical”
and "gravitational" precipitation and accretion;

Estimation of the chemical bonding energy of minerals of an Earth=-
like hody: ’

- __mass of the Earth -
Eehem.™ mean gram-equivalent of Earth * Avogadro number x

x mean.bonding energy of one "mean molécule"”
24kilogramm.
let the mean gram-equivalent of the Earth's material equal to
30 gramm, Avogadro number is 6.1023, and let the mean bonding
energy of one "mean meolecule” equal to 5 electronvolts.

The values are as follows: Mass of the Earth 6.10
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With the given data the chemical energy Of the Earth is:

Echem.= 6.1050 ev = lO32 joule,

The gravitational bonding energy is:

2
=1 M
Egrav.“ 2R

where M is the mass of the Earth, R is the radius of the Earth,
and G is the gravitational constant. With the given data the
gravitational energy of the Earth is:

w32 .
Egrav." 1o joule.

Within the error of the estimations the two bonding energy types
are equal.Therefore we show the evolution of the Solar System in
two, independent episodes: chemical crystallization and "gravita-
tional crystallization"./Bérczi, 1978. Fig.2./

DIFFERENTIATION

Mechanical models of stellar accretion deduce the initizl condi-
tions of the two later "precipitating® periods. The conservation
of the moment of momentum in the contracting stellar nébula congt-
raints outer equatorial layers to remain left out from further
accretion when solar nebula contracted to the measure of Neptun’s
orbit /[Alfyén, 1870./ This nebula left out from the further accre—
tion is the object of the erystallization processes to be shown.

CEEMICAL, CBYSTA;LIZATION

ﬁodel-of Lewis and Barshay /[1975/ describes the series of miner—

als which precipitate from the Solar Nebula with cosmic /solar}
elementary abundances$. In their summarizing map, on a p~T diag-
zam-of seolar gas / solid phase borders they can deduce precipi-
tating minerals which are in equilibrium with the slowly ccoling
gas nebula. The map [Fig.3./ shows that cooling temperature leth
the distance from the $Sun/ differentiates the nebula. This tempe-
rature—differentiation forms chemical belts around the sun, which
can. Be characterized by a dominating mineral phase. There is a
great three part division of precipitating belts: metal - silicate
= ice.[Fig.2,/. The inner belts ars: refractory minerals, metal
Ni-Fe, and the three main rock forming silicates: feldspar, pyro-
xene and olivine. Troilite divides this hot region from the ocuter
belts, where Hy0 begins to play 2 dominant role. First H20 trans-
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forms silicates into their hidrated variants /Serpentine and

. trémolitel'and later crystallizes in ice and forms clathrates
with ammonia and methane. The minerals of this precipitating
model of Lewis and Barshay can be found in meteorites as shown
on the Rose-Prior-Mason-anders Table part of Fig.3.

HGRAVITATIONAL CRYSTALLIZATION"

The pracess of accumulation into planetary bodies can be follow-
ed on the theoretical size-spectrum of the Solar'system lharé—
mann, 1971.f. Precipitating minerals appear on this diagram when
they grow to a micrometer size (Fig.4.c.l./ Slow cecllisions col~
lect them to planetesimal measures IFig.dﬂc.2.[, which later be-
came fragmented by destructive large-speed collisions of growing
planetesimals [Fig.4.c.3,[. At least some planetary bodies grow
up large enough to survive destructions, but fragmentic part of
. the spectrun remains a remmant of the accretional period of pla-
©  netary formation [?ié.4.c.4.[ This fragmentation spectrum has ~
" been preserved on different planetary surface layers .in the form
of drater-fréqhency of these suxfaces. (Fig.4.b./[.

Remnants of both periods of "crystallizations” can be found in
the smaller bodies of. the Solar System. Their recent size-fregquen-
¢y spectrum -is shown on Fig.4,a. Their optical and near infrared
spectrunm- was compared in the last two decades: especially those

of asteroids and meteorites can give good correspondence [Fig.5./.
Asterolid/meteorite spectral similarities proove not only the pre-
sence of primordia) materials of carbonacecus chondrites in the
asteroid belt, But the presence of differentiated asteroidal bo-

" dies as-well: {Chapman,1875%., Gradie, Tedesco, 1982.f

LAYERED PLANETARY BODIES

Materials has been transformed after their accretion into large
planetary bodies. Accretional and radiactivity heat resulted in
partial meltings fat least/ on these bodies and this process re-
arranged mineral composition of planetary bodies. Density layered
belts were formed. But the degree of of heating and gifferentia-
tion depended on the measure [or equally the mass/ of the planet.
Degree of partial melting or remelting can be characterized by
the abundance of REE content of planetary rocks.:The scale of
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REE abundances of achondrites with supposed astercidal origin,
letion from astercids to Earth-like planets./a..b.

from Allegré et al,1977. ¢.Bérczi

$z., Bérczd JF., 1986./)
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separation of REE and their enrichment in other partially melted
rocks is the largest on the Earth, smaller on the Moon and the
less on the meteorites with asteroidal origin /achondrites/. This
is the characteristical feature of the Fig.6. /Allegré et al.l977,

Bérczi, Sz., Bérczi, J. 1986./.

This short review intended to focus on the basic principles and
the basic events in description of the Solar Sysﬁem structural
evolution. The coheise historical summary was helped with select-—
ed and fitted figure-moleéules, which were taken from a new atlas
of the evolution of matter under construction. The rich literature
of the topic offers more details, as follows:
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ABSTRACT X

A conclsed treatment of different conditions influencing the evolution
of planetary bedies is given on the basis of the literature -~ following
the way of thinking of the author.

INTRODUCTION

Thanks to the results of space research in the past 30 years, there
are at least 25 crusty planetary bodies ({instead of one} investigated
directly i.e. geophysics could turn into an experimental science. Geophyis-
ical models c¢reated to one single bedy,the Eaxth, may be tested now through
different initial conditions of many others.

Meanwhile it has been discovered that the eternal fields of ice on
the Antarctic collect meteorites like a giant telescope. The slow motion
of its glaciers integrates them in time and some slopes bring them into
focus en masse, hereby having muitiplied the number of accessible samples
of heavenly material. Moreover the white icecover helps to collect ancient
meteorites without any selection effect.

Both new kinds of investigation, the in situ analysis of izotop abum-
dances in particular, made a scientific evaluation of earlier hypotheses
in planetary cosmogony possible, rejecting unrealistic ideas and leading to
a more or less consistent theory of the evolutien of the Solar System.

.What are the most important new characteristics of such a theory?
First of all accident through collisions played 2 more Important zole
in the evolution than supposed earlier, not only at the beginning, during
the accumulation of small particles, but also later at the end and after
-the accretion period. The impact of large projectiles gave sometimes rise
to the birth of new planetary bodies, sometimes left important marks (i.e.

“craters) on the surfaces. Collislons influenced considerably the conditions
of the origin and evolution of terrestrial life even at 2 later phase.
Besides the more or less continuously acting Influence of coxpuscular
and UV radiation - guaranteeing useful mutatfons of life-forms - collisions
proved to be a genaral and important omgoing phenamenon responsible for the
mass extinction of different species. Its significance comes frow the fact
that in 2 state—of-the~art planetary cosmogony the effect of catastrophic
collisions is a natural consequence of the existing conditions ard not an
ad-hoc hypethesis as in many previocus theories. This new conception needs,
however, further verification.

It is evident mamely that Impact features are present on every
planecary body with a more or less stable crust -—— independently of its
heliocentric distance. The scale varies from my to a few thousand km.
Moreover at the end of the accretion period large impdcting projectiles
left multiring basins on the surface of many planetary bodies. Consequently
we have to suppose that accretion took place through collision mnot only
by condensation and collision was a general phenomenon influencing the
evolution even in cases when impact craters are¢ missing.

One of the interesting results of space probes in the outer part of
the Solax System is that contrary to the lunar crust the majority of these
satellites have an icy composition. This came as a surprise although it
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was known previously that the density of giant planets decreases with
distance. The fact, however, that the satellites follow the same rule
(see Fig. 1) led us to the conclusion that the bulk of the satellites
accreted mainly from the circumplanetary matter {the composition of whick
was determined domlnantly by the T{r) function) and modified only slighetly
by projectiles originating from other parts of the Sclar System. .

Another surptizing observation was the Intensity and dinfluence of
tidal heating. Traces of activity have been found in avery satrellite system
and even small icy satellires, without such “traditfonal™ heat sources as
gravitatlonal contraction or radicactivity, indicated melting periods by
their spherical shape. Moreover, the innermost small bodies proved to be
the more active in every satellite system, pointing to the fact that the
“bele of life" 1s not necessarily restricted to a marrow heliocentric
distance zone, hence life condirions may be more wide-spread thaa supposed
earlier.

Greenhouse effect has alsc vital importance in planetary evolution.
1f the partial pressure of CO, is significantly larger than in the terres-
trial atmesphere then heat-esfape is limited alse in other wavebands (e.g.
runaway green-house effect on Venus). It means also that there is a serious
danger burning fossile fuels or even releasing other kinds of latent energy
(e.g. muclear) on the surface of the Earth since it will contribute to the
terrestrial heat balance by warming up the atmosphere and releasing CO,.
The only solution of this ecological problem is given by any kind of trans-
formation of the solar energy available on the surface by devices like
solar panels, wind-engines or hydroelectric stations,

Finally magnetic fields play also an important role in the evolutioun.
4 planet is shielded by its own magnetic field from high-energy particles
which represent a serious danger for life in interplanetary space. But
strong magnetic fields of a planet wmay inflvence significantly rhe radia-
tion hazard for near-by satellites and electric current of their flux tube
may generate "hot spots™ on their surface {see the case of Jupiter and Io}.

Numbers in parenthesis refer to the literature, in /n/ to the
figures, in (n} to remarks.
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DEVELOPMENT OF A PLARETARY BODY AFTER ACCRETION:
thermal history + collisjonal history =
heating/cooling as a function of time

Heat sources for a planetary body
- solar radiation surface hearing, asymmetric, continuous
- gravitational separation volume heating, symmetric, long term, decays
- radiogenic heating volume heating, symmetric, long term, decays
- impact heating (1) surface heating, asymmetrie, episodie, At~0
- tidal heating (2) volume heating, eplaodic, at*»0
- magnetospheric heating(3)volume . heating, asymmetric, continuous

Cocling of a planetary body:
~ interjor to surface by - conduction
- ¢onvection ~» volcanism

- surface ~ radfation
- - sublimation —- escape
= in the presence of an atmosphere by
- evaporation
~ atmospheric - convection
- radiation (4}
- escape

Remarks:
(1) Impact energy is transformed partly into
~ héat energy - surface melting
= kinetic energy of target ejecta
~ rays/hale around craters [f1l/
- escape of materilal, erosion loss of atmosphere
- seismic energy: makes tectonism to work
- fracturing around the impazct site
- antipodal fracturing /2/
- the impact site will be a local centre of activity
~ acoustlic energy

(2) Tidal heating can be extremely important in regular, ianteracting

satellite systems at times of resenances between evelving orbirs.
{Violent ongoing geologic activity on Io /3/.

Ancient geologic activity on Ganymede , Enceladus, Miranda, Ariel.

In the case of Triton the orbit circularization after capture
resulted in tidal heating.

Pluto~Chaxon system is completely coupled —~there is no tidal
heating now. No trace of geologlc activity is expected if there
was no orbital evolution during their previous history.

Tidal heating plays some role in the large density and the
ptolonged geologic activity of the Earth as well.)

(3) 1If a satellite without an atmosphere is orbiting inside a planetary
magnetosphere then the electric current flowing in the magnetic flux
tube may enter into the body of the satellite:

= the place of the entrance is heated by the current giving rise to

= higher temperature of the body (Amalt?fa by 5°)
= continvous volcanic activity site (Io )

- volumetric electrolysis of water-ice giving rise to the

possibility for burning/detonation of electrolytic gas ﬁﬁ,li

(4) greenhouse effect can slow down the cooling

(Earth {20] , significant on Venus, may be important om Titan)

WEAT WAS THE TEMPERATURE MAXTIMUM REACHED BY A PLANETARY BODY?

~ not enough for melting: frregular shape y (surface alteration
— only just encugh for melting: spherical shapey \by impact only
- more than encugh for melting: spherical shape » gravitational separation
' + geological activity
If melted, conveetion can be induced .
by inhomogenities in composition/temperature
within the core/mantle/li{quidosphere/atuosphere
Consequences of the convection within the
- core/mantle: magnetic field
{core: Mercury, Earth, Mars, Jupiter, Szturm
. mantle: Uranus, Neptune)} :
- mantle: volcanism/tectonism —e outgassing
- liquidosphere/atmosphere: — erosion of the ¢rust
- redistribution of energy
- atwosphere: - formation of precipitation
— changes in electrical coadition of the atmosphere
(lightening, recombipnation)
Diameter limits for melting:
= in the case of radiogenic heating in
~ rocky bodies: ~ 800 km
'~ {ey bodies : ~2000 km
- if tidal heating fs switched om : can be as low as ~400 ke
(¥yperion has not but Mimas do has a spherical shape /f4/)

NUMBER OF PLANETARY RODIES OF THE SOLAR SYSTEM KHQOWN UP-TI0~HOW

grouped according to the

orbit orbit and size compesition ?::::G:Zt:;:)material
helio- 4 glant planets 4 gaseous planets 4 gasecus planets
centric: 4 large planets 6 rocky p.b. 5 erusty p.b. with
9 planets 1 middle-size pl. | % rocky debries: substantial amount
% astercidsf x small planets asteroids of atmosphere
X comets (=asteroids) outgassed com.[20 crusty p.b. without

X comets meteoroids atmosphere

planeto- 7 large sat. 19 1icy p.b. x debries without
centric 15 middle-size sat.| x icy debries: atmosphere
60 sat. 38 small sat, comets

pl.: plunet: p.b,: planetary body: sat.: satellite: com.: comet: X: many

CLASSIFICATION OF PLAKETARY SATELLITES

lanet’s name total number of | number of | number of number of
P £ satellites large sat.|middle-size sat. [ small sat. |
Mercury 0 o - =
Venus 0 - - -
Earth 1 1 - -
Mars 2 - - 2
Jupiter 16 & - 12
Saturn 17 1 7 9
Uranus 15 - 3 10
Neptune . 8 1 2 5
Pluto 1 - 1 -




WHAT KIND OF MARKS MAY BE LEFT ON THE SURFACES BY THE DIFFERENT EVENTS?

Heatieg: expansion in general

except in the case of special material

Cooling: contractfon in general) (e.g. water densest at 4 C)
Phase change: expansion or contraction

Impact:

- gcars - crater (on every crusty planetary body)
- centre of fracturing
- antipodal fracturing (Mercury antipedal teo Czloris Basin /2/[)
- crust break-through —~volcanism /5/
(maria on the Moon, Triton?, white spots on Umbriel?
light? or dark? material on Japetus?)
~ rays/halo around craters as target ejecta spread [lf
- too large core (part of Mercury’s crust splashed down
by a huge {wpact and escaped{l])
- moon {part of Earth’s crust splashed down by a huge 1mpa:t
and a part of it accreted imto the Moon ?11 24,25]
after explosion of proto-Pluto by a large-body impact
the debries accreted into a binary planet Pluto~Charon [9])

" - mascon (Moon)

- blow off the atmosphere (Argyrae /6/ impact on Mars [12,13,22,23])
- implantation of the impactor’s material inte the atmosphere
("nuclear winter": extinction of living species on Earth)
~ which slowly settles down forming an "anomalous layer" on the surface
{(e.g., fridiun-rich layer on the C-T boundary on Earth}
— deposit of flood caused by tsunamies along the contiment’s margins
i1f the impactor reached the ocean {(East coast of Africa, C-T boundary)
~ shocked quarz grains if the impactor struck continental crust[14]
_ (North-America, C-T boundary)
- carbon deposit layer settled down after world-wide fire
caused by the impact-heat (Eaxth, C-T boundary)

‘- acid rata [15]

effect of the impact may be modified by the condition of the

impactor: ~ coming from planetocentric or heliocentric orbit
(giving rise to a smaller /7/ or a larger /8/ crater)
- having an angle of impact
- ~ perpendicular: — spherical crater (common everywhere)
- total explosion of the target
~ flat: - butterfly shaped crater /9/ (Mars)
~ eseape of intact boulders
{SNC meteorits from Mars)
- splash down of crust: escape of material
target: - in che presence of atmosphere/liquidosphere
- the impactor is melted/vaporized/broken/exploded
(lack of small craters on Venus [29])
-~ the crater erodes
~ in the presence of volatile rich terrain

- lobate craters /10/ can be created {(Mars)

- and if afterwards the surroundings is flooded by vol-
canism of magma -- poorer im volatiles -- then negative
ringed craters /I1/ can be formed by erosion (Mars)

the strength of the gurface material can influence

- the existence of the central peak in the crater

{Jovian ice-satellites are softer—no central peak.)

- the relaxation rate of the emerging relief

{Curved crater floor on Tethys /12/=— at time

% &

WHAT KINDS OF DEFORMATION CAN BE PRESENT
ON THE SURFACES OF CRUSTY PLANETARY BODIES?

Crust fissures because of change of curvature caused by
- tidal deformation (Europa linear features f13/)
- come formatlon above mantle upflow (Earth, East-African graben)
- uplift on places of converging mantle flow if
there is no subduction (Venus parquet terrzin units (211140
Expansion:
- global: rift valley
- because of heating
= because of freezing of the Interior of an ey body the
crust cracks through owing to wvolume increase /15/
(Tethys, Titania, Bione?, Ardel?)
~ local:
- rift system because of local heating /16/ (Enceladus, Miranda?)
~ global rift network because of global mantle-circulation
f17,18,19/: crust-pieces are spread away by mantle convection-
{Earth, mid-oceanic pidges: huge polygonal units on Ganymede,.
. iriel (6], Umbriel [7] Triton)
Compression
- global: drying up (contraction) of & planetary body: thrust faults
J20/ (Mercury, Hiranda[SE
- local: material towering
- on sites of comverging mantle flows:
- 1ift off of crust blocks /21/ (Tibetian Plateau on Earth,
Lakshmi Planum on Venus, Miranda?}
-~ chains of mountains [22/ (Earth, Venus) .
- contipvents /23/ (Earth, Venus)
. = subduction /24/ (deep oceanic trenches on Earth)

- parallel grooves when new crust is formed and older one 1s thrusted
{Ganymede, Enceladus, inside the expanslon graben on Ariel,
mid-oceanic ridges on Earth /[25/)

- collision of slipping material with stable crust fragments around

~ mountain slopes: grooves around mountains /26/
{Mars, circular grooves arcund large shield volcanoes)
- the slopes of bulges (Mars, around Tharsis bulge)
~ the slopes of vplifts formed by converging flows
(Venus parquet units and
parquet terrain inside a parquet unit [2]/2?/)
Mixed: expansion and compression
T < transform fault /19/ (Earth, Gsnymedey Enceladus, Triton?)
- global plate tectonism /28/ (omly on Earth)
Impact may czuse some modification of all kinds of deformations.

RESONANCES IN SATELLITE SYSTEMS OF JUPITER, SATURN AND URAKUS,
(Recent resonances are represented by heavy lines, the earlier possible
ones by dotted lines.)

o——=—Janus

1: 2'\ 3:2 +~Mimas -
~EZ=»Enceladus )1 2
B Tethys —
i 3i

- Miranda -
1o 3,5 Dlone —L-= R iy Axiel H X!
4:1 Eurocpa Toa, 7, -Rhea 2=?\ 1: 2-Umbriel—
Ganymede a:3}-Titan 3,5\-Txtania
Callisto = Hyperion *~Oberon




WHAT LEVEL OF GEOLOGICAL ACTIVITY WAS REALIZED
ON THE VARIOUS PLANETARY BODIES?

No traces of activity
- only targets of impacts f29/
(all the debries-satellites, Mimas, Hyperion)
~ albedo features:frost along cracks /30/
(crailing side of DBione and Rhea)
Freezing of interior of an icy body: rift valley of planet-size /15/
(Tethys, Titanla, Dione?, Ariel?)
Drying up (contraction of the core): thrust fawlt 20/
(Mercury, Miranda? [5])
Traces of differencfation on the surface
- rays/halo of albedo feature around impact craters /1/
(Mercury, Venus, Moon, Ganymeds, Callisto, Titania, Oberon, Ariel)
- mare /5f/: low viscosity lava flow
- —— probably in comnection with break-through of young crust
{Mercury, Moon, Mars, Triton, Japetus?, Umbriel?, Oberon?)
~ linear albedo features at rift network [13/ because of crust fissures
in connection with change of curvature (Europa, light and dark)
Traces of mantle circulation ’
- rift valley of somewhat smaller than planet-size /31/
{large canyon on Venus, Valles Marineris on Mars)
~ local groove-system becuse of
- local heating /16/ (Enceladus) or
- rtising or sinking of boulders /32/ (Miranda)
-~ huge polygonal units of ancient crust 133/
(Ganymede, Ariel, Umbriel [7], Triton, Farth)
~ together with global rift network /17/
(Ganymede, Ariel, Tritom, Earth)
- with parallel groove system Inside the grabens of the rift
network /18/ {(Ganymede, Earth, Ariel [6]}
- and transform faulted parallel grooves /[13/ (Earth)
~ shield-volcano (hot spot volcanism) /34/: local mantle upflow
(volcanoes on Venus and Mars, Hawalfan type volcanoes on Earth)
- marerial outflow along cracks: new ¢rust forming, thrusting because
of compression: parallel groove system /18/
{Ganymede, Enceladus, Ariel, Earth)
- traces of crust vanishing:
(half eraters /35/ on Eaceladus and Ganymede
deep cceanic treaches /36/ cn Earth)
- transform faults /19/: displacing of crust-pieces on surface of a sphere
- local (Ganymede, Enceladus, Triton?)
- global: global plate tectonism (Earth)
- 1ift off of crust pieces f21/ (Miranda, Venus, Earth)
- ¢rease of crust: chains of mountains /22/f
{(Earth,Freya and Akna mountains on Venus)
- continents /23/ (Earth, Ishtar Terra on Venus)
Traces of small-scale terrain circulation within the crust:
terrain polygons f37/ (Triton?, Earth})
Traces of slipping on slopes in connection with
~ mountains f26/ (Mars)
~ bulge (Mars around Tharsis bulge)
~ dome /27/ (parquet terrain on Veaus)

VOLCANTSM

Kind of voleanism:
- along cracks: the largest amount of voleanic material is emerging
to the surface by this kind of volcamism
(Mid~oceanic ridges on Earth /25/,
Moon, HMars, Eurcpa, Ganymede, Enceladus, Ariel, Triton)
- het spot volcanism /34/(Venus, Mars, Io, Ezrth:Hawaiian-type volcanoes)
- subductional voleanism with volatile~rich lava /38/
(only on Earth from volcances along the deep oceanic trenches)
Haterial of "lava":
- silicate magma (Mercury, Venus, Earth, Moon, Mars)
- sulphur (Io)
- water {(Europa?, Enceladus?)
- dce /39/ (Artel [18]
~ nitrogen (Triton [195)
Result of volcanism:
- ovold /40/ (unsuccessful volcanism} (Earth, Venus)
- resurfacing (flooding, erosion)
- outgassing
Recent active volcanism

(Earth to ~-10 ke high, Io to ~ 250 km high, Triton to ~8 km high,
material from Enceladus forms the E-ring?)

ATMOSPHERES OF CRUSTY PLANETARY BODIES

otenerary modyl o Gy | eomposttion bercenranes
Mercury 10-15 He, Hz 98%, 22

Venus 90 COZ’ N2 96,47, 3,47

Earth 1 N,,0,,0,0, Ar  |78%, 21%, 0,1%, 0,9%
Mars 0,007 COZ’ NZ’ Ar 93,3%, 2,7%, 1,62

To 1072 |so,, s, ¥a

Titan 1,6 X,, Ar, CH, 853, 121, 3%

Triton 1077 N,, CH

Plute ? CH4[8], R,?, Ar?

TRACES OF RURNING LIQUID ON THE SURFACES /41/

Traces of running liquid’s erosion: Earth, Mars (water), Io (sulphur)
River beds on the surface: only on Earth and Mars
Recently running water: only on Earth
Liquid ocean:
- on the surface:
Earth : HZO

Titan?: metan, etan, propen, propan? [26,27,23]
— ynder an ice=-crust:
Europa: E,0 ( 100 km deep, ice crust 20-30 km thick [21]»

Enceladus?: HZO

Triton?: nitrogen (from the depth of 20-30 m?)



VOLATILE ELEMENTS (ATMOSPHERE, LIQUIDOSPHERE)

Sources: only giant planets are able to capture the surrounding gases,
in all other cases the bulk of the volatile content directly
inherited from gases occluded in the solid planetesimals
from which the planetary body accreted

- putgassed from the Interior of the planetary body
{active volcanism speeds it up)
- volatile content of an impactor body may alse contribute
- implantation from solar wind
(generally negligible except in the case of Mercury)
Lbsses:

- escape (slow mechanism)

- growing with temperature

- dec¢reasing with the mass-increase of the planetary body

{growing escape velocity)
~ the escaped volatiles of satellites are exhausted
gravitationally/electromagnetically by thelr own planet
(Apparent at the orbit of Mimas, Enceladus, Tethys,
. Pione, Rhea, Titan. Spectacular in the case of Io.)
~ in the presence of an own magnetic field
lons can be accelerated by electric flelds
. to escape velocities {pelar wind at Earth)
- solar wind erosion {slow mechanism)
especially strong in the lack of own magnetic field
(Venus, at high solar activiry in the case of Mars)

blow off in connection with impacts (episodic, quick mechanism)
it may occasionally be significant (Mars, Argyrae impact /6/)

- fixed into the soil (slow mechanism)

CO2 into charbonares:

HZO fnto hydrated silicates:

H,0, CH,, 3, N2 into ices/clathrats
~ freezing onto the surface [42f (slow[quick wechanisn depending on the
temperature and its variatjon) (glaciers only on Earth f42/)
Regain: given material is regained only in certain temperature ranges by
- rain-fall (Venus: sulphuric acid, hydrechloeric acid
Earth: water, sulphurous acid, water with hydrochloric acid)
~ snow-fall/hoar~frost {Earth: water
Marg: water, carbon dioxide -
Ig: sulpbur, sulphur dioxide
Titan: hydrocarbon aerosols of larger molecular weight [27]
Triton: nitrogen, metan)
Reczcling- in substantial amount only in rhe case of Earth
because of global plate rectonism

POLAR CAPS IN THE SOLAR SYSTEM /43/

Earth BZD

Mars northern polar cap: HZO

southern polar cap: COZ / COZ-HZO clathrat
Triton Nz
7
Pluto NZ‘

b R =]

wHAT ARE THE MOST IMPORTANT PARAMETERS FOR THE ORIGIN UF LIFE [3}?

in the atmosphere
- in the ocean

- temperature dis:ribution} {
- ¢on the surface of the crusc

~ chemistry

Both depends strongly whether
1./ the source material was already emplaced
when planetesimal formation began
2,/ during the accretion there was a continuous infall of
interstellar material into the circumsolar region
Temperature ' .
in case 1.{ continuocusly high (rum away accretion)
in case 2./ continuously low afrer cessation of early runaway accretion
{the impact hot spots were distributed in time and space,
they could cool down before the next impact)
Surface composition
in case 1./ - magma-ocean on the surface
~ water - a3 solution in melt ~-
decomposed by metallic fron idrogen escaped
- as wapor in the atmosphere oxigen accumulated
dissociated by UV photons
- €O, in the atmosphere —= greenhouse effect strong
~ biomolecules destroyed (if built up)
in case 2./ - always a water ocean on the surface with present day mass
at the end of the accretion
- water bound in sediments
- water loss and oxigen production slow (presenc day level)
- continental territory small
= ocean shallow
- many islands because of extensive volcanism—»
- many places for biomolecules being screened
from UV radiatiof under an overlying layer of water
- many places for accumulation of rust and clay minerals

Composition of the primordial atmosphexe

(supposing that the bulk of it is identical with the volatile content of
ordinary chondrites ~— since they could be the end-product of interstellar
dust aggregates -— a minor part of it came from carbonaceous chondrites
and the rest is atmospheric by-product)

- HZO, CDZ’ co, Nz, 502
~ hydrocarbons come from carbonacecus meteorites
- no N'Ha/CH4 neither in ordinary nor in carbonaceous case
~ hydrogen (maximum 1Z) comes from meteoritic carbids and water
(through photeinduced oxidation of dissckved Fe2+)
- NH3 formation by
= lightening ip HZ rich atmosphere
- photoreduction of water by nitrogen on rutile (1102) sands

in the intertidal and wave zone of the ocean
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Mars: traces of flowing water /41/

Jupiter with its two moons:
To and Europa
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Io: Pele wvolcano

Io: traces of flowing J
¢ sulphur erosion f41/

Eurdpa}
bright and dark
linear features /137




Ganymede

/1,17,33/1

Ganymede : transform fault /19/§
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| convection in 1] h's iif

- "Pantha rhei", everything flows in the different shells of the Earth's body, starting from the atmosphere
down 1o the central core. There is no solid motionless matter above our head or under our foot. For the
atmosphere this Is quite evidert, but on the geological time scale the Earth’s crust deforms also with
surprising ease. The next shell, the most voluminous one in the Earth with its depth of 2900 km, the
mantie, circulates at a speed of several centimetres a year and drives in this way the wandering of
comtinents. The fluid metaliic core of the Earth convects much more rapidiy and produces the
geomagnetic field. This global system of circulations is driven primarily by the thermat buoyancy force
in every shell, therefore it may be called thetmal convection, The heat source of the atmosphere Is the
solar radiation, while the internal layers of the Earth are heated by the radicactivity of their constituents
or by the original heat which accumulated at the beginning of the Earth's history.

Thess circulations make the Earth a tiving body (in the planetological sense) in contrast to such frozen
planets as the Moon.

On the surface of the Earth, continents driit, oceanic basing are bom and later disappear, According
to the recent glohal tectonlc theory, the pritary tectanic units of the Earth's surface are the plates
(Figure 1) which behave almost rigidly and move with respect to each other. These blocks carry
continents and their motion leads to the growth or disappearance of oceans. The plate tectonic motion
gives the frame and motive foree to practically every endogemc geological process like orogenesis or
magmatise,

The drift of the plates is the surface manifestation of convection in the mantle. Consequertly one can
say that the intermal mator of the geclogic evolution of the Earth's surface is the thermal convection of
the mantte. This evolution shows a certain cyclicity, e.g. the recurrence of orogenic periods in the Earth's

Antarctica

Flg.1. Lithospheric plates on the surlace of the Earth. Divergent plate boundarles are drawn by double lines, convargent
boundarles and boundarles with antiparallel plate motfon (transtorm fauits) by single thick Mines. Arrows show examplas of

direction of plate convergence.
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lite, on the other hand it leads 1o irreversible, unidirectional processes like the permanent growth of m

continental crust, a result of the continuous crust-mantle differentiation. /—\ ’
The plates are said to be separate blocks of the lithosphere, coldest outer shell of the Earth, which ' Ra= 103

consists of the crust and the uppermost part of the mantle, This shell, 100 km deep approximately, /

behaves rather rigidly, at least in comparison with deeper, less viscous parts of the mantle. is relative

rigidity justifies the usage of the term "plate” for the tithospheric blocks. This paper wil now summarize A

recent views about the origin of tha lithosphere and its plates in the light of the convection theory, A

The lithosphere a nvectivi ndary laver

A simple mode! case for studying free thermal convection s the circulation maintained in a horizontal
fluid layer by bottomn heating. The most important dimensiontess hydrodynamical parameter describing Ra= 10&—
this flow Is the Rayleigh number

Ra = 2OATd

VK

.

where « is the coefficient of thermal expansion, ¢ is the gravitational acceleration, AF is the
temperatuwre difference between the lower and upper boundaries, d is the layer depth, » is the
kinematic viscosity and x 15 the thermal diffusivity. Convection starts when Ra exceeds the critical
Rayleigh number Ra,, which is in the order of 10%. The actual Rayleigh number of the arth’s mantie
is about 107-10% therefore this shell of the Earth must be in vigorous circulation. In this range of Ra the
convection shows a shérp boundary layer structure (Figure 2) which means thal the significant
termperature gradients are confined to thin boundary layers at the top and bottom as well as 1o thin jet-
like structures in the centre of upgeing and downgoing flow. The strong circulation and mixing in the

centre of the convective "cells® eliminates any large temperature vatiation.

The Earth's mantle differs in many respects from the simple case of Figure 2, but the boundary layers
must be present in the Earth since they are necessary elements of the high Rayleigh number flow. For
example, the top boundary layer with its high vertical temparature gradient is a consequence of high
vertical heat flux produced by the vigorous convection. Near the horizontal upper surface this high heat
flux cannot be transferred by vertical convection, therefore strong conduction and high gradients must
develop.

The main complication present in the real Earth is due to the temperature-dependence of its effective
viscosity. Decreasing temperatures induce rapidly increasing viscosity. Therefore the upper boundary
layer of the Earth is not only a thermal boundary layer but also a mechanical one, which differs from the
deeper fiuid layers by its very high viscosity. This thermo-mechanical upper boundary layer of the Earth
is called conventionally the “lithosphere”. The viscosity contrast between the lithosphere and the
undediying layers amounts to several orders of magnitude. This appears as a relative rigidity of the
lithosphere. (it is to be noted that with increasing depth the pressure-dependence of viscosity becomes
important, probably dominant, leading to increasing viscosities. Therefore a zone of viscesity minimum
is expected below the lithosphere. This weak zone is called the "asthencsphere™)

Fig.2. Development of boundary layers at high Rayleigh numbers. The figures
shaw a vertical cross-section of wo counter-rotating convective cells in an
infinite horizontal layer. The contours are isotherms drawn at equal intervals.
The horizontal boundaries of the fluid are isothermal.

L; A * [y » .



The boundary layer theory predicis a power law for the thickness of the boundary layer &:
£ - Ra/Ra) ™"

where m = (.28 for temperature<lependent viscosities (Richter et al., 1983). Using this law, a theoretical |
thickness of around 100 km can be estimated for the lithosphere. This result agrees very well with the
geophysical observations. .

Of course, a lower boundary layer ¢an also be present in the mantle at the core-mantle boundary.
This Is even a necessity if tha batiom heating, l.e. the heat fiu from the core into the mantle Is significant
as is assumed by the dynamo theory of the geomagnetic field.

The break f the lithosphere int t

The quashrigid behaviow of the lithosphere complicates the numerical problem of convection
modelling. If this behaviour is not taken into account in the numerical solution of the equations of
convection, e.g. i the temperature<dependence of viscosity is weakened, then the typical three-
dimensional pattem of convection is simiar to that of Figure 3. The convective cell of this figure shows «

L

.

Fig.3, Strueture of convection with temperature-dependent viscosity: isotherms
in @ horizontal plane, in the low viscosity zone ("asthenosphere’) below the
surface. Temperature is decreasing from the centre towards the periphery of
the cell. An infinite horizontal fayer may be flled up with the repetition of such
square cells,

Fig4. Three stages of development of a new ascending jet: isotherms in a
vertical cross-section. The uppermost figure shows the interior of a previously
existing convective cell, the lower boundary layer is unstable. A small
perturbation triggers the new upwelling (secend and third stage). The Rayleigh
number is 2.5 - 107,



walvis
het spot,

Uubly Wingg

Fig.5. Reconstruction of the South Atlantic, 120 million years ago. Shaded Is
the region of flood basalts, production of the Walvis hot spot (White and
MeKenzie, 1089). The outer circle shows the extent of the mushroom-shaped
hot temperature anomaly caused by the mantle upwelling (cf. Figure 4).

a thin colurnnar (jei-like) upwelling in the centre and a contiguous, sheetike downweliing all around the
periphery of the cell. The sheet-like nature of the descending cumrent corresponds very well to the
observed geometry of subducting oceanic slabs (Figure 1), but the long finear structure of oceanic
ridges suggests a sheet-like character for the ascending current as well. The discrepancy between the
simple three-dimensional models (Figure 3) and the observed reality is explained mostly (e.g. Bercovici
et al,, 1989) by assuming that the sheetdike upwelling beneath oceanic ridges is only a shallow and
passive feature, due to the breakup of the rigid lithosphere, The real deep-rocted upgeing current may
then be concentrated, jetlike and not necessarily situated beneath oceanic fidges. Indeed, high-heat-
fux voleanic "hot spots” like Hawaii, Cape Verde 1stands or Iceland are usually attributed to ascending

lets coming from the deep mantle and they are not always connected with oceanic ridges.

On the other hand, the initial breakup of a lithospheric plate into two blocks seems to be a
consequence of the arrival of a new deep-rooted jet at the base of the lithosphere (White and McKenzie,
1989}. In the convection thecry, this newly born jet is due to the instabllity of the lower boundary layer.
The instability emits & rapidly rising high-temperature blob and a tail (Figure 4). The blob, atriving at the
top, warms up the lithosphere, producing very high heat flow, extenshve partial melting and the thinning
of the lithosphere. The newly formed upgoing cument can break up the thinned Ithosphere by its
dynamic stresses. These gvents can be traced at several continental breakups (e.g. Figure 5). The high
heat content of the newly born jet and the consequent melting below the lithosphere causes lava
extrusions in big volumes over large areas. '

The scenario is then the foltowing: A new boundary layer instability produces a rapid ascending jet
which breaks up the overlying lithospheric plate into two plates, thus inftiating the evolution of 2 new
oceanic basin. The jet gradually calms down but remains a deep-rooted upwelling centre of the
circulation for a long time. The surface signature of it is a tong-ived hot spot in the new ocean, not
necessarily at the spreading centre of the oceanic ridge, The oceanie ridga overlies a shallow sheetike
ascending current which is only a passive consequence of spreading. On the other hand, the slab-typa

subduction corresponds very well to the sheetdike character of downwelling found in simulations with
temperature-dependent viscosity (Figure 3). This scenario is proved te work in numerical experiments
with explicit presence of plates in the models {Cserepes and Christensen, 1890).
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It has been well-known for long times that the large movements
and changes of the Earth’s surface considerably affected the evo-
lution of the living world. At the end of the Paleozoic the Va-'
riscan ofogeny coincided in time with the large extinction periods
of the flora and fauna and with the progress of types, respective-
ly. These phenomena were accompanied with large-scale climatic
changes, as well. A similar turn can be observed at the Cretaceous/
[Paleogene boundary in the evolution of the living world, this is
the period when the folding of young mountain chains has become in-
tense. It is also krown that 450 to 400 million years BP the Cale~
donian orogeny allowed the marine fauna.and flora to adapt then— -
selves to the terrestrial conditions on the temporarily subsiding
and rising lands and to occcupy the marginal parts of the continents.

It would be rather attractive to consider these surficial rearran-
gements as decisive reasons in the evolution of the living world.
The situation, however, is by all means not so simple, The Earth
was inhabited already 3 billion years BP, before the Caledonian o-
rogeny but these populations we}e restricted to the oceans. The oc-
cupation of the land required the change of the atmosphere’s com~
position, too. During the several billion years the oxygen produc-
tion of marine algae increased the free oxygen content of the at~
mosphere and generated the ozone shield protecting the Earth sur—
face from the ultraviclet radiation, respectively. Cbwviocusiy, the
life could occupy the land only in an orogenic period when it was
already protected also in the lands from the ultraviolet radiation.
Since that period the erosion processes of continents have been
changed by the plants, the vegetation generated the soils and pre-
served the surface from erosion that had been very strong in the
earlier periods. Subsequently, the vegetation occupied the terrest—
rial parts within a relatively shorxt time in geological sense and
generated flora realms dquring very short time span. ‘

Undoubtfully, during the orogenic movements not only sinple verti-

cal topographic changes proceed. In these cases the boundary -bet—
Ween the sea and land is considerably displaced, certain seas be-
come closed, in other regions new oceans open, the salinity of the
separated part basins changes, too. The Tethys fairly well exempli-
fies this phenomenon; Since we have kxnown that the shore-line dis-
placements, the rise or subsidence of the crust have proceeded al-
s0 in the geclogical past only with a velocity of a few centimeter
per year, it has beccome obvious that from the.aspect of the living

'world these surficial changes could not have taken place with dra-

matic speed but have been slow encugh for most of the species to
adapt themselves to the conditions. Though in comparison with the’
Eaxth’s history of 4.5 billion years the extinction phenomena pro-
ceeded suddenly, these changes involved great time intervals. E.g.
at the time of the Variscan orogeny first the pteridophytes were
replaced by the gymnosperms but the fundamental chénge'of the £auna,
i.e. extinction and progress of new types followed only seceral ten
million years after this process. Similar time displacement can be
observed in the Cretaceous in the case of both the flora and fauna,
i.e. about 100 million years BP the gymnosperms were replaced by the
angiosperms and the extincticn of different terrestria ~anipal
groups followed only subéequently by 30 to 40 million years, among
others the extinction ©of dinosaurs, Theix living space has been oc—
cupled very rapidly by mammals that had been subordinate ti3l that

period.

One may bhelieve that in this case the change of vegetal food sour-
ces affected the animal kingdom. But, contemporanecnsly with. the
changes in the terrestrial animals, encrmous extinction waves fol-
lowed also in the marine regions. E.g. at the end of tha Paleozoic
the unicellular foraminifers of greater size, the trilobites, cer-
tain corals and echinodexms disappeared. In the Cretaceous the mol-
lusc carnivorous ammonites predominating so far in the world ocean,
certain wide-spread foraminifers and numerous shallow marine reef-
~building organisms also disappeared. The changes in the oceans can
be first of all expldined by the totel rearrangement of shallow ma-
rine biotopes. At the end of the Paleozoic the Pangea possessed a
special position since in places of seas separating the former con-
tinental parts mountains arose. The Late Plaozoic glaciation, first
of all in the southexn hemisphere followed in relation with. the con-
tinental drift. The closing of continents changed the former oceanic



current systems, thie wind systems also changed and the position of
continents as compared to the poles was also modified.

The interactions between surface changes and life can be analyzed
with more troubles in the early billions of years when life was
restricted solely to the oceans. Uncertainities are growing what
about the period of the initiation of life. It is sure that in
the early life of our planet the temperature conditions did net
allow the presence ox formation of life. Though the first gsolid
crust'developéd relatively rapidly subsequently to the total melt—
ing but at the beginning it was often broken by the glowing magma
raterial of the deeper seated strata. In this peried no fluid ?ri;
mitive ocean can be spoken about.ana the composition of the primi-~
tive atmosphere considerably differred from that of the recent one.
Based on the radicactive age determinations of the first sedimen—
tary rocks the presence of £luid water can be presumed to exist
around 3.7 billioh-years aéo. The age of the oldest pillow lava
lLike basaltic rocks relating to ccean bottom as also 3.8 to 3.6
billion years. Since that time all the geological observations
prove that the overwhelming majority of the Earth's surface was
covered by oceans during billions of years. Life was generxated in
this medium and as mentioned above this has been its birthplace
for about 3 billion years.

In this early period two factors can be taken into account. that
decisively affected the marine living woxrld: the ultraviolet ra-
diation and the crustal movements. The latter one formed continents
from time to time, changed the depth of cceans, changed their sa-
linity, modified the ocean currents, produced new shallow marine
bioctopes and allowed the development and evolution of reef-like
assemblages clese o the shores. The two effects occurred many
times together since in lack of the ozone shield only thick watex
layer was the only protection against the ultraviolet radiation.
The fixed reef-like biocencses, however, got considerable dose of
radiation during %he rise of sea-shores. The oldest known alga
reefs are 3.5 billion years old.

In this initial period the most decisive factor is that not only
the surficial processes acted on the living world, but the liying
world re-acted on the evolution of the Earth generating a special

atmosphere and new types of rocks, e.g. limestone and dolomite. In

the Paleozoic it changed the surficial weathering and exosion
and due to the decomposition of the dead organisms it produced

" coal and hydrocarbon beds.

Tt would be an error to derive the evolution, ¢rises or flourish~-
ing of the living world mechanically from the surficial changes
and to neglect its inclination to the perpetual regeneration.

We are not sure how to judge the effect of changes of the Earth's
magnetic field on the living world. Paleomagnetic studies reéeal-
ed that the northern and southern magnetic poles of our planet
interéhange within geologically very short intervals, i.e. by
several hundred thousand or cne-two million years. The magnetic
field of the Earth decreases to the tenth at the moment of the
interchange, the Van Allen belt surrounding the Earth will be
deformed and does not protect the surface from the cosmic rays
/the ozone shield, however, provides the the protecticn against
the ultraviolet radiation/. These cosmic ray showexs, however, 4o
not correlate in time with the extinction or mutation of the spe-
cies. Moreover, mankind itself had to undergo several cosmic ray
showers, mainly when taking into account that the evolutionary
way of man can traced as back as to the Mioccene. Similarly, no
unambiguous relationship exists between the volcanic aétivity and
the climate., It was previously presumed that the intense volcanic
activity of the Carbonifercus period transported many carbon di-~
oxide into the atmosphere and this would result in a green-house
effact. The warming up together with the abundance of carbon di-
oxide produced extraordinarily favourable conditions for the vege-
tation. The rich vegetation producing the greatest coal reserves ’
of the world is explaired by this fact.

Based on instrumental measurements it seems so that in case of
velcanism the fine dust erupted into the atmosphere has decisive
role which as against the carbon dioxide  results in the.decrease
of solar radiation and leads to sooling. Similar double tendencies
may.prevail in the course of the human activicy concerning the
energy production since the thermal power plants emit not only
carbon dioxide but alse large gquantities of fine dust. By all means
in the age of scientific-~technical revolution mankind affects the
atmosphere and the living world much more rapidly than the geclo-



gical conditions of the Earth’s change. The surficial changes
due to mining and building activities, the rearrangement of the
river network on a continental scale represent environmental
changes that exceed in scale the spontaneous changes of the

Earth.

200 m.y.ago

100 m.y.ago

Today

Plate movements after the breakup of Pangea [reconstruction/.

The megatectonic effects influencing the course of
evolution were expressed both in macreevolution and mi-
eroevolution, HMegatectonic effects caused bot aggrega-
tions and  isolations between ecological . communities,
species and populations. The megatectonic perturbations
of ecological communities recorganized the chains of
trophic interactions,inducing altersd ecological interac-
tions.The changing ecological contextls in turn affected
species-specific and/or populational interactions,e.g.
the historical sequances of the networks ¢f predation,
competition, parasitism, mutualism. symbiosis ete.

As regards the macroevolutionary effects, megatec-
tonic motions opsrated in the setl up of reproductive iso-
lations between populations.It is well known that the re-
productive isolation has been the overture of generation
of new species. By expanding or contracting the number of
individuals of populations, tectonic effects were able to
arffect the level of genetic and phenotypic variation in
microevolution of local populations.

in brief, the emergence and extinction ,moreover the
interspecific and intraspecific ecological interactions
have changed during megatectonic deformations,creating
rangwed diversity, complexity and stability patterns.
Therefore, megatectonic effects served as constraints on
evelutions, opening up new eveluvtionary peossibilities in
many cases.
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One usually tries to start a presentation with a "bon mot" %o ‘arouse the
interest of the audience. Why not try once thé opposite? Let us start with a,
platitude.

Viruses do not exist because we have discovered them but rather we could
discover them because they existed. Mofeuﬁer, their discovery started the
other way round: Viruses did mske themselves discover. They caused diseases in
man, animals, plants (and even bacteria), thus attracting the attention of-
doctors, veterinarians, farmers and bacteriologists to their existence. And so
they did in an epoch when everybody was hunting for microscopic, live
pathogens, the new paradigm of medicine and biology at the tuen of the past
century.

No wonder, therefore that the first viruses‘emerged as agressive, acutely
pathogenic "filterable” agents, causing epidemic outbresks with great losses
either in human lives or in animal or plent preduction. These viruses received
a well deserved attention and it was soon discovered that as bathogenic agents
they can be controlled by the classical epidemiclogical rpeasures (Burnet,
1945; Nobel Ffize'lﬁso), including the active immunization of their potentisl

nosts. In 3 medical-epidemiclogical sense they were therefore included in  the

group of pathﬁgenic microbes with invasivéness, virulence and possibly

toxigenicity. The classification of viruses, too, was based on their

pathogenecity and host range, and they were accordingly categorized as’
nevrotropic, enterotropic, dermotropic, etc..viruseé, pathogenic for plants or

animsls (including humans). Some hesitation éxisted as to the potential viral

nature of the hacterinéhages. .

The crucial breakthrough came when Luria (1953),- Celbriick (1950) and
Hershey {1952) (Nohel Prize 196%) discovered that all true viruses essentiaily
represent an infectious genetic information. At that time it was alresdy known
that the material manifestation of inheritable information was in all
biclogical entities the desoxyribonucleic acid, -DNA- (or in some viruses
ribonucleic acid -RNA-i macromolecule. Therefore the seemingly tautologic
statement of Lwoif (1960; Nobel Prize 1965) "the virus is a virus" had at that
time a profund meaning. Lwoff and Tournief proposed a classification of all
viruses essentially on the basis of the chemical nature of their genome and
the geometry of their ex{racellular form, +the wvirion. These authors also
defined the characteristic biclogical features distinguishing viruses from all
other biclogical entities as shown in a somewhat modified form in Table 1.

The fundamentsl change of paradigm' in virelogy (in genetics and cell
biology) has led to an exponential incresse of knowledge in the last 40 years.
This Ehange resulted in a much less speculstive and romantic appreach 1o the
pfcblem of virus evolution. The_basis of storage, coding and reading of the
genetic information being universal in all biological entities, viruses were
sean found to be optimal and highly vers;tile tools of molecular biclogy
{including genetics and evolution).

As shown in Table 2, at present vsrious mobile and extrachromosomal

autonomous gemetic entities are known and the viruses seem to represent a



special evolutionary product of such “normal" structures. A somewhst modified
scheme originally proposed by Jacob {Nobel Prize 1965) and Wollman (1961)
gives an idea on that concept (Fig.1.)

At present state of knowledge the classical concept of viruses being on
the "bbderline between live and non-live" seems to be obsolete. It is known
that no principle or substance exists that would confer “life" 1o non-live
matter. It is a minimum level of structural and regulatory complexity that
causes life to evolve from coécervates of regulated, cooperative catalytic
functions and structures. No part of a cell is live, only the cell as an
entity does live; It appears therefors that virus evolution could not stazt
before cells had existed {but apparently started quite soon after cells came
into being).

The viruses as autonomous extrachromosomal ﬁnits of genetic infoermation
may potentially evolve from an already existing automomous live unit
(essentially a cell) in at least three possible ways, as follows:,

1) As a result of prolonged symbiotic coexistence with successive loss of
"unnecessary" genes and/or as s cesult of gene exchanges and mutations.
Typical examples of that type of evolution are the eukaryote-prokaryote
synbionts Cyanophora paradoxa and Pelomyxa palustrié, and as extreme forms the
mitochondria of animal cells and the chloroplasts in plant cells. That type of
evolution hardly applies to viruses because of their strictly parasitic
coexistence with the host cell. Certain authors nevertheless believe that
evolution in this way cannot yet be definitely exciuded in the ctase of the
largest DNA viruses {e.g. members of the Poxvirus family).

2) Evolution of an independent entity from 2 mobile element (either
transposon or episcme) of a gencme. The close resemblance of replicative

mechenisms and some homologies of certain sequences suggest a possible

evolutionary relationship between transposcns and the DNA viruses replicating
via reverse transcription (Hepatitis B Virus, HBV; Cauliflower Mosaic Virus,
CaMv}. Both MBV and CaMV would either replicate or intégrate (like true
episomes) and differ from a true transposon not only by their ability to
integrate as multiple ONA copiss (cDNA), but also, by producing virion pregeny
having a direct cytopathic effect en the host cell. In this ljght it does not
seem too far-fetched to speculate that al virus emerges when a given [NA
sequence looses its integrating capacity and tramsforms to a true, virion
producing, non-integrating cytopathic virus (distantly related to 2 true
plasmid). The possible mechanisms of transformaticn may be multiple mutaticns,
frameshifts (not only in tremscription, but alss in splicing), gene -(or
sequence) losses or gains (insertion and deletion), recombinations and other
natural {or occasionall§ induced) modifications of the gencme. It should be
noted that a HBV infecticn is nearly always chronic, with continoug production
of non-infectious virus-specific surface antigen (HBsAg). The integrated viral
genome may occasionally induce a primary hépatocellular cancer.

Most true animal DONA viruses except those of the Poxvirus family would
rerely cause 3 fatal illness, being mainly involved in chromic persistent
infections with prolonged shedding of sntigen; such infections occasionally
cause (infreguently malignantj transformation of the cells. The DNA of the
Epstein-Barr virus (EBY) exists in the African Burkitt lymphoms ¢ells as an
episcme, replicating autonomously and producing some EB nuclear antigen, but
never complete virions (sbortive cycle). Trensforming polyoma- or adenaviruses
produce no virions either in the transformed cells (non-permissivity). Their
genome (polycma complete, adeno defective) is randomly integrated into the
host gencme and codes for the production of ‘specific tumer (T} antigens.

However, in many cases the infegration of the papova- or adenovirus genome has



no cbvious biological consequences. The human adenoviruses do not appear to

have any causel relationship with any human tumor, and produce a malignant

transformation enly in newborn rhodents. Investigations into the papilloma

" viruses of Australian cattle disclosed the surprising fact that the virus

abundantly produced new virions while growing in the benign outgrowth
(papilloma), whereas in the hairless or non-pigmented cutaneous regions of the
sick animal the same virus occasionally scted as an inducer of cancer. The
cancer ;Ells, however, dit not produce virions and contained the viral genome
in the form of episcmal elements. The facts listed here as examples strongly
suggést an evolutionary relationship of many DNA viruses with the so-called
"normal” mobile genetic elements, such as transposons (yeast Tyl; Dorsophila
Copia; humans Alu), processed genes (e.g. the globin gene in humans)}

rearranged genes {e.g. antibody diversity) and the episomal elements.

As to the possible origin of RNA viruses, let me refer to recemt advances

Vin the study of heterogenecus nuclear RNA  (hnRNA), small  nuclear

ribonucleoprotein particles (snfNP) and processing mechanisms involved in  the
maturing of mRNA. It should be noted that while the prokaryotes have only type
II RNA polymerase (trénscribing mRNS} eukaryotes additionally have type I RNA
polymerase for the synthesis of large ribosomal RNA, as well as type III RNA
Ppolymerase for the production of a great veriety of diverse small RNAs,
"including TRNA and tRNAs.

The average viral RNA is single stranded and has a MW of 2,5-7,5 x 106
daltons, very much like the average classes of mature polycistronic mRNA. The
viral RNA may have positive,- negative,- or ambi-sense. Positive-sense RNAs

 resemble mRNA, being capped at the 5'end and polyadenylated st 3'end. The
negative-sense RNA viruses carry in their virions specific RNA polymerase,

that makes possible the synthesis of a2 positive-sense (mRNA) strand. The

purified RNA of such viruses is not infectious. Some members of the Arenavirus
family have ambisense RNA in their genome. Some RNA viruses have a double
stranded genome. '

The single stranded (but diploidic) genome of the RNA tumor viruses
replicated by reverse (RNA--DNA) transcription, also deserves mention. The DNA .
trascripts of these viruses are integrated into the host genome. If the viral
genome is complete, progery RNA tumor viruses are produced. A copy of the
viral promoter, with or without some residusl viral genes (defective wvirus)
will, if inserted ¢lose to a protooncogen (cellular Voncugen), give rise to
malignant transformation without virion production.

Since the central step of virus replication is the production of mRNA,
Bzltimore (and Temins Nobel Prize 1975) classifﬁed a1l viruses on this basig
as shown in Fig.2. The synthesis of viral mRNA being in most cases performed
by the host's machinery, it is very likely Vthat viral structures ‘are
"familiar" to the host. }n view of this it does not seem impossible thét some
viral RNAs may have originated from tinkering with the genetic "junk"
resuliing from splicing or some other processing of the hnRNA,

As alreadly noted, the genetic functions and structures of the cells and
viruses are essentially similer and to some extent even "interchangeable".
Thus the hypothesis lies close at hand that viruses originated from, or rather
in, the cells a5 by-products of the maintzinance and translation of genetic
information. Dnce a self-replicating autonomous unit had come into existence,
its genetic changes'could essily led to the evolution of a primordial virus.
Mutations, insertions, deletions, genetic shifts and drifts could than readily
do the rest of the work required for the production of the entity known as
virus.

The viroids (Diener, 1976}, autonomously replicating small (MW = 1,} X



105) naked infectious units consisting of simgle-stranded RNA, can be regarded
" as the classical type of a "primordial virus", Up to now they have been found
only in plants and are not true viruses, because they do not have an
‘extracelgﬁlar (virion) form. They accumulate as protein-nucleic acid complexes
in the nucleclus like the "mormal" small nuclear ribonuclecproteins {snRNP)
and are replicated entirely by pre-existing (or activated) host enzymes. The
viroids are not translated and exist in 3 covalently closed circular form with
saveral short base paired regioms with alternate m;smatched loops. They have
some regions homoiugous to the S'end of an snRNA (e.g. Ul) involved in
splicinig. Thus it is thought that viroids may come from aberrant introns, the
more so as spliced introns are themselves often covalently closed single
stranded RMAs with base paired regions. Seguence similarities were also found
betﬁeen viroids and the ends of transposable elements of genes, as well as of
some retroviral proviruses. Thus viroids may represenf transcripts of such
elements that have become independent of the CNA phase in their replication.

Even this brief and superficial review of current knowledge on molecular
genetic events and gene transcription permits a deep insight into the
complexity and abundance of those events and phenomena wich may serve as
sources of autonomously replicating genetic elements. Although the details are
obscure, there seems to be little doubt that episomes (dsDNA), viroids (ssRNA)
and various present viruses may have evolved from "normal" elements of ONA and
from various functiomal and "vaste" RNAs.

Last but not least it should be noted that since the lews of molecular

genetics are universsl, s "goated" autonomous genetic element - as is a  virus
- may in principle easly move across any taxoromic barrier. Evidence has been
presented that viruses harboured by rhodents or other wild or domesticated

animals are being transferred by arthropodes to ancther animsl or bird., Thus

enrichment or modification of the viral genome during its horizontal and
vertical migration in populations of varied susceptibility or resistance
appears to be another factor for guiding viral evolution. Such effects are
well demonstrable for eXample by the continuous antigenic "evolution" of human
influenzaviruses (Crthomyxavirus) and AIDS viruses. Viruses having scanty
genetic markers (in comparison to bacteria or Drosophila) are or rather will
become excellent tools for investigations into the molecular genetic bases of

evolution.

Conclusions

The viruses have no fossile ancestors, although they seem fo have evolved
parallel to the begining of life on earth. ﬁnnsidering the " extraordinary
conservativism of genetic tinkering (“Evolution remembers only successes"- F.
Jacob), as well as its extreme versatility ("there is nothing impossible in
biology" -~ A. Lwoff), one would wonder rather than comprehend why virus
families are relatively innumerous (Table 3). However, the surprising
variability of some virus families (e.g. Myxoviruses, AIDS wviruses) and the
intricate interactiuﬁs of the genetic machinery of virel and host genome " in
other families (Retroviruses, Hepadnaviruses, viroids)} help the investigator
to divine the possible mechanisms of the evolution of autonomous, encapsicated
infectious germetic elemenmts (viruses) from the "normal"” mobile and autonomous
geretic elements of the cell or even from the genetic junk available in
nucleus and rucleous as a by-product of splicing or some other processing of

the hnRNA.
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Table 1. Table 2.

Differentiating features of migrobes and viruses Mobile and extrachromosomal genetic elements

Bacterial Myc.t:t]::lasms1 Rickettsia2 [‘.l"'lam:'u:iia2 \.'irus2
Element Nucleic acid  Autonomous Reverse Integration Capsid
Growth on replication  transcription
media + + + 0 b}
Binmary fission + + + + 0
3 Transposon 1.ds. DNA t] - + 0
. DNA+RNA .+ + + + 1)
: : Episome c.ds. DNA + 0 + 0
- Ribosomes e + + - 1]
5 Plasmid c.gs. DNA + ! 0 0
Metabolism + + + + 3] ) 1
Virus l.55. DNA + 1] 0 +
Antibiotic .
sensitivity + * T + 0 c.ss. OMA | + 0 0 +
Interferon . ‘ 1.ds. ONA + 0 02 +
sensitivity ¢ 0 0 : - B 3 4
: c.ds. DNA + 0 1} +
Organism + + ¥ +5 05 1.s85. RNAS + [16 06 +
1.ds. RNA7 + 0 6 .
Cavirus 1.s5.RNA + 1} 0 +8
7 Viroid 1.55.RNA . 7 710 -
1 obligate, 2 facultative intracellular parasite
3 except for nepatitis B virus (HBV) .
4 various exigencies . Motes: 1 Adeno-asseciated viruses (AAV) integrate
S filterable . 2 Temperate phages (e.g.) integrate

3 Hepatitis B {HBV) and Caulimo Viruses (CaMV) replicate via reverse
transcription

& Some Papovaviruses (when causing cancer), HBV and CaMV may integrate

5 May have + OT - sense. genome. Some of them have segmented genome (2-8

segments)



6 Retroviridae (Oncorna viruses) have in their virions a specific
reverse transcriptase and their ONA copias intégrate into the host
gename.

7 Single family (Reoviridae) with segmented (10-12) genome.

8 pifferent genes of the virus in separate capsids

9.Not yet identified

10 Complementary DNA segments found in the host genome.

1 = linear, ¢ = circular

FIG. 1.

A possible flow chart of events inm virus evelution.
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FIG. 2.

Classification of viruses as templates for m-RNA synthesis
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ss = single stranded

Table 3.

The known Families of viruses

Total number of virus Families:

Cut of them: ONA
RNA

Number of virus Families pathogenic (also) for vertebrates:

Qut of them: - DNA
RNA

52

18

34

19

13



KFKI-1990-50/C 8. Lukages & al. (eds.):
Evelution: from Cosmegenesis to Biogenesis

Useful Coding Before Translation:
the Ceding Coenzyme Handle Hypothesis

for; the Origin of the Genetic Code

Edras Szathmary

Received on 1418 Aug., 1990

Ecological Modelling Research Group, Department of Plant
Taxonomy" and Feology, Edtvs University, H-X83 Budapest, Kun B&la tér 2,
. ‘ Hungary

Abstract. The hypothesis postulates that amino acids were first used as coenzymes of
ribozymes. Similar to many contemporary coenzmyes, amino acids are thought to have
been equipped with mnucdeotide “handles”, In order to reduce the error in
ribozyme~amino acid coenzyme association, different type amino acids should have been
assigned to different mono- or oligonuciectides, which could have been the first
appearance of a coded assignment between amino acids and nuclectides without
translation. The three-letier code must have become fixed before the appearance of
cligopeptide tracts. The emergence of oligopeptides could have triggered a bifurcation
of RNA functlor: some ribozymes have become betlter messengers while losing catalytic
activily; whereas others have remained as shrinking cores of ribonucieoprotein
enzymes. Stereochemical blas In oligonucleotide-amino ackd interaction could have
faciitated the fixation of an unambiguous code, though absolute specificity
{predestination) was nol necessary. The assumption that coding had appeared before
translation in an RNA world to improve the repertoire of aminc acid cofaclors renders
a primordial error catastrophe loop inefficient.

As with many questions in biclogy, one can take here as well either a bottom-up or a
top-down route of encuiery. The bottom-up strategy tries to get from elements with
known properties to systems, whereas the top—down approach altempis to figure out

the detalls consklering the paltern of behavicur at the system fevel. in evoiution, these
approaches often have an adkditional twist since they may (but do not necessarlly) refer
o possible temporal order as well: it Is understood that rudimentary elements precede

“systems not only In the structural but also In the temporal sense. Shce we have

areasmabiyridxdesuipﬁonof&nweserﬁsta!eofﬁsgeneikoodeﬁﬂnﬂhavhq
ideas of commensurate darity and detalledness about the earflest stages, 1 shall
concentrale on the boltom—p route which, unfortunately, will not take us right to the
top. . .

We stil do not have a clue how &l the complicated machinery of protein
synthesls with ribosomes, tRNAs, and synthetases, could arlse. While we are sure
about the end of the process leading to the code, the beglwing s far less definite. I
Is clear that baslally we have two options: either an RNA world or a proteln world:
here | wil assume the existence of an RNA world {Gilbert, 1986). Although we do not
have a full picture of the origin of translation, some ingenious ideas have been put
forward. Some of these are compatible with each other, cthers are mutually exclusive.
In what follows | will outline my approach to the problem which does not Include a full
sconario elther. Some elements of the argument will be borrowed from other
hypotheses.

Coding Coenzyrme Handles

| think with Gimti (1983} that the origin of translation and -the genetic code
must have followed a route leading from ribozymes to lsofunictional protein enzymes. A
crude picture of the process passing via ribonucleoprotein enzymes has been formed
by White (1982). The details of this transition are far from trivial. The distance
between two nucleotides in nuclelc acids Is about 0.34 nm, that between two amino
acid residues In proteins Is about 0.36 nm. This correspordence implies that ¥ we
have a funclional ribozyme, R could not act as a messenger for an Isoftmctional
protein using the present three-lelter genetic code, since critical distances within the
molecules would not be conserved {and vice versa: mRNAs of today's proteins are
unlikely lo behave as ribozymes). Note, however, that White’s scheme does not rely on
such immediale Isofunctionality; short oligopeptides might have first aided the

ribozyrnes.

| think that the firs{ amino acids used regularly by RNA organisms were acling
as coenzymes of ribozymes. Many contemporary coenzymes have nuclectide “handles”
by which they could have easlly been positioned in the active sites of ribozymes (Fig.
1. Amino ackds cofactors must have had similar handles (Fig. 2). Thus [ think that
contemporary amino acid activation is a rellc of the final step of an ancient process
synthesizing amino acld cofactors, and the ribozymes catalyzing it were the first
assignment catalysts.



Fig. 1. The coenzyme NADY, Note the adenine residue and the 5.5 pyrophosphate
anhydride bond between the two nucleotides.

The final statement can be dlarifled as follows. Amino ackis have a wider
varlety of chemica! functions than nucleotides, so it must have pald to use as many
cofactor iypes as possible. Glven the assumption that amino aclds had nucleotide
handles, four amino acid types could have been assigned to four nucleotide types. One
can immediately ralse the question aboul the advantage of such an assignment. Since
a single nudectide cannot generally be expected to be fixed by base pairing slone for
a long time, both the nuclectide handle as well as the altached amino acid must have
been bound to the ribozyme by secondary chemical bonds {hydrogen bridges ard Van
der Waals forces), :

Three error types n amino ackt cofactor binding are possible: (1} wrong amine
ackd with good handle, (2) good wmino acld with wrong handle, and (3} wrong amino
acid with wrong handle. While type 1 and 3 errors would severely impair catalysis, type
2 errors would be not o harmful, although the configuration of the active site would
be somewhat distorted. if the four amino acld types occurred in all the 16 assignment
n which every amino acid can be paired with every handle), selective and strong
binding by the ribozymes would be difficult. W each amino acid type i3 assigned to only
one rucleotide type, distinction becomes easy, and catalylic activity Is refiably increased
by distingulshable coenzymes. Therefore, the most ancient code could have been a
one-letter one, but it was not used to synthesize proteins in translation. Amino acid
cofactors could have been used at critical points only, to aid acid-base catalysis or the
formation of hydrophobic pockets, for example.

The emergence of a specific assignment can be alded by affinilies between
amino ackds and nudeotides. 1t Is known, for example, that hydrophobic amino acids
favowr A, the most hydrophobic base- (se¢ Lacey and Mullins, 1983 for review, and
lacey et ol. 1984; Mullins et al 1984; Lecey and Mulling, 1985 for further data). Any
such affinity could have been amplified by the active site of the cofactor-synihesizing
ribozymes. (It seems likely that a group of chemically similar amino ackis was assigned
to each nucleotide, in the spirit of the ambiguity reduction hypothesis; <f. Woese,
1965, 1967; Fitch, 1966).

Fig. 2. The "coenzyme” isoleucine with an AU handle. Note the 35° phosphodiester
bond between the iwo nuclectides.

Further increase in catalytic potential could have been achieved only through the
synthesis of more coenzymes with specific handles. Handles made of two nucleotides
instead of one allow for 16 non-overlapping assignments; a dramatle Increase indeed,
The essence of the former one-to-one assignments must have been preserved; if Phe
had been assigned to A, it should have become assigned to AA later, and simitarly for
the other assignments. At this stage nearly every function of ribozymes could have
been fulfilled better by proteins, at leasi in principle.

Although it is dear that the final configuration with a maximum of 16
assignments is selectively advantageous, the detalls of the transilion need elucidation,
Doublets rather than singlets can be used to encode for either entirely novel amino
acids, or to reduce amblguous .assignments In a given vocabulary. In what follows | will
give an example of the lalter process; vocabulary extension can be visualized along
quite similar fines.



Fig. 3. The usage of amino acid coenzymes in ribozymes and the ambiguity reduction
precess. (al U Is assigned ambiguously to amine acide a; and a,. (B The appearance
of longer handles. (<) Favourable nucleotide usage at the coenzyme binding sites and in
the handles leads to unambiguous assignment and refined catalytic potential.

kmagine that in the one-lelter “code™ U Is assigned to two different, chemically
related amiro acids a, and a, (Fig. 3a). One way for passing to a two-lelter code is
to reduce ambiguity as follows. By mutation, the relevant coenzyme-synthesizing
ribozyme could charge related dinucleotides as well rather than only U with the amino
acids (Fig. 3b}. If there js place for the novel coenzymes with thelr larger handles to
fit into the ribozymes (Fig. 3c), then this can happen with the continuity of function.

How one can get from ambiguous two-letter assignments (Flg. 3b to
unambiguous ones (Fig. 3¢) Is influenced by three conditions: (1) the relative production
rate of specific assignment cataiysts; (2) the usage (analogous 1o codon usage in

Table 1
Fossible relationships between a fixed coenzyme-handle antidoublet and
coenzyme-binding doublets.

& 2 & 2 a4 2
U +, + + 4+
A -+ +
(a) (b) (c)
: 4 & & &
+
A + + +
{(d) (e)

(a) Armtidoubiet configuration. (b-e) Doublet configurations. For doublets, + indicates 3
blas towards the novel coenzyme-binding nucieotide in ribozymes working better with
amlnoadda,andhmoseper{ormtngbeuerwithmnimaddaa.Forthesakeof
simplicity, only U and A are Included In this example,

preseri—day organisms) of dinuclectides in the ribozymes at the cofactor-binding stes;
and (3) the bias (stereochemical, for example) in the assignment Nself (Fig. 38). | wil
discuss these n turn, using mufatis mutandis some arguments by Bedian (1982,
Assume thal there is no intrinsic bias In the production rale of the mutant assignment
catalysts, which leaves us with factors {2} and (3), to which | will refer to as doublet
ard antidoublel usage, respectively, for the sake of simplicity. The crucial question is
the relationship between these two, presumably blased, usages.

Let us imagine thal antidoublet usage is fixed. This is justiffed because H-Is
known that the blas In amine acid-dinuclectide interaction is more pronounced than
that in amlno acid-mononucleotide interaction (reviewed by Lacey and Mullins, 1883;
Shimizy, 1987) There are four possible doublet usage patterns (Table 1), Case b is in
complete agreement with the antidoublet usage a, hence fixation of unambiguous coding
is easlly driven by improved catalytic potential. Cases ¢ and o are partly in conflict
with antidoublel usage, since either ribozymes working betler with a, or a, have the
same nucleotide In the novel doublet position. The assignment (say, for a,;}, where the
two usages agree can be utlized easlly, the other antidoublet canhot compete
successfully beacuse of mispairing at the novel pesition. This is not 5o with the cther
type of ribozymes needing a, in thelr active site. There the handle of the correct
amino ackd palrs poorly, whereas that of the wrong amino acid pairs perfectly. The



stuation Is not hopeless, however. Continuity of function is malntained through two

" facts: one, that the initial simple handle with the ambiguous assignment can stil palr;
secord, that one amino acid used for the other has been customary In the nitla
phase Itself. Nevertheless, mutations altering unfavourable doublets at the critical site
will be at a selective advamtage and thus will ultimately get fixed.

~ Compiletely opposite blases for doublet (Table 1e) versus antidoublet usage leads
into” an Impasse; evolutionary progress becomes possible when either one is altered,
the first by mutation pressure, the second perhaps by other mulant synthesizing
ribozymes modifylng the Initlal assignment blas.

,F’r&m Amino Acid Coenzymes to Proteins

Longer tracts of neighbouring amino ackis would have iater been formed on
" ribozymes. Ribozymes which could bind these tracts only through the handles would be
at an advartage since they would be shorter. The enclosing cell would replicate faster,
too. It could have been at this stage where handles must have been transformed 10
anclent adaptors (primordial 1RNA analogues), which could bind not only to the
- ribozyme by base pairing but also to each other (ef. Orgel, 1989; Smith and Yarus,
1989). In this way parts of ribozymes binding the amino acids rather than the handles
directly becamne dispensable. The fixation of the triplet code presumably occured at this
stage: two nucleotides were required for coding, and the third nudeotide served as a
kind of "spacer” between adjacent adaptors, to be used for coding only later (the “two
ot of three” hypothesis; Lagerkvist, 1986). This coding frame would have become
frozen by the formation of the first ofigopeptide-like tracts.

The origin of adaptor molecules, and hence the transilion from at most
trinucleotide handles to ur—tRNAs, is not clear. They may have been recruited from
molecules serving olher roles previously. An interesting suggestion of Weirer and
Malzels (1987) is of this genre: they think that ancient tRNA-like molecules tagged the
genomic RNA molecules for replication. Removal of a tag led 1o molecules acting as
catalysts only; free tags could have been charged with amino acids. But apsrt from
this particular example, it seems very likely that an organism based on RNA catalysis
contained all sorts of smaller and larger oligoribonudeotides for various reasons; some
of them could have been only debris. Forlultous charging of any suitabe molecule
would have fed 10 \he emergence of adaplors.

At this stage specificity of activation by different ribonuciecside-triphosphates
served no coding function any more; today amine acids are activated by ATP only (note
the difference in the binding of amino acids to AMP versus tRNA: the former is on
the 5, the latter on the 3 C atom of ribosel. If self-sustzining oligopeptides could
have been formed from these aligned amino acids, this would have served with lhe
benefit of making adaptors reusable. Here a differentiation of ribozyme genes is to be
expected: some versions of the original gene produced RNAs which became more
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Fig. 4. Exon duplication by reverse self-splicing of an RMA transposon. Roman and
arabic numerals stand for exons and Introns, respectively. {a) Alternative seif-splicing
leads to a deficlent spliced product and an RNA transposon containing exon il. (b)
Reverse self-splicing of the transposon into a fully spiiced gene product, resulting in
the duplication of exon H. See Augustin et al. (1990) for experimentally demonstrated
reverse self-splicing. ‘

efficient messengers while losing catalytic ability, whereas other descendanis were still
involved as subunits in functional ribonuciecprotein enzymes. Such a division of labour
must have been advamageous, since assembly of functioning enzymes would have been
faster and messengers would have become reusable. Ribozymes catalyzing peptide
synthesis would have been advantageous, and become the ancestors of ribosomal
RNAs, (It should be noted that workers in the field begin to think that cruclal steps In
protein synmhesis are catalyzed by ribosomal RNAs rather then protelns, and in
particutar the formation of the peptide bond occurs spontaneously, once the two {RNAs
are positioned suitably, sce Moore, 1888; Dahlberg, 1989). Thus we have got coding,
messengers, adaptors, and RNAsomes (primordial ribosomes). The problem is that
oligo- for poly-) peplides are synthesized in stretches, and no complele messengers
exist, In order to replace RNA entirely the cell must have solved two problems: the
size problem as explained above (complete messengers must be considerably ionger
than ribozymes), and the problem of forming a single polypeplide chain acling as an
enzyme.

Ribozymes themselves are likely to have been formed only after the regular
self-excision of irtrons. Moreover, exon shuffling was presumably possible through the
activity of RNA transposons, utitizing the abllity of reverse seif-splicing (Gilbert, 1986).
Exons in the RNA world could have been functional cassettes like stem and loop
structures (hairpins; cf. Cedergren and Grosjean, 1987). As shown on Fig. 4, these
component processes can lead to exon duplfication, which in turn resulls in fonger
potential messengers, white keeping the overall chemical character of the single exon
in the duplicated region. Repeats of oligonudleotide modules can have pecullar features
from the point of view of transiation. If the reading frame (having no interrupting stop
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Fig. 5. The growth and coding capacity of oligomeric repeats {Ohno, 1887). (2 The
pentamer Is elongated by unequal pairing and primed replication. {(8) The elongated RNA
codes for a polypeplide chaln with the pentapeptidic repeat Ser-Lys-Ala-Lys-Gin In aff ©
three reading frames. This Is due to the fact that the initlal cligomer is a
pentanucleotide. (¢} The one nucdeotide longer hexanucieotide repeat can code only for
dipeptidic repeats, or or may be aborted by terminator codons (ler). Thus, ancient
RNAs could have been made of odligoribonuclectide modules whose sizes are not integer
muitiples of three.
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codons) Is made of triplets, then concatenated modules can be corredy read in any
frame provided the length of one module differs from an Integer multiple of three
(Ohno, 1987; Fig. 5).

Before the appearance of messengers, starts and ends of sequences harbouring
amino acid tracts were marked by the entire structure of ribozymes. ‘However,
translation on messengers needs start and stop signals. While | have no idea why the
codon of methionine was chosen as an initation slgnal, choice of stop codons may
have had two different reasons. There Is the possibility that the assignment of any
amino acid to triplets now serving as lerminators was unfavourable for some
physico-chemical reason. On the other hand, R Is peculiar, as Senapathy (1988) has
noticed, that the splicing signals in eukaryotic pre-mRNAs (and group Il introns; of.
Cech, 1986} are closely relaled to terminator codons. He therefore argues that splicing
signals emerged from stop codons. Considering, however, the likely possibility that
seif-splicing and ewon shuffling preceded protein synthesis, | think that a better
interpretation Is just the opposite: stop codons evolved from anclent splicing signals.
This had two advantages: useless Introns were not translated, and sequences prone 1o
frequent enzymatic cutting were not included as messengers for protein synthesis. The
contigulty of coding tracts of messengers could have been achieved by mutations of
nonsense lo sense codons, and aided by the Information-preserving feature of
oligonucteotide repeats (cf. Fig, 5 .,

The cruclal assumption in my incomplele scenario Is thal of a cominuous
development of enzymatic activity: because each gene was present in several coples,
experimentation with new variants was possitle withowt the risk of losing  function
entirely. The original rlbozyme served as a shrinking core or scaffd, onto which the
novel proteln struclures assembled, The rlbonuclecprotein world has been a transient
one, but memories of It are kept In the few contemporary examples of functional
ribonudeoproteln complexes, Including as Important cnes as ribosomes (Moore, 1988).

Digscussion
Aminoe Acid and Other Coenzyrmes

As it Is apparent from Figs 1 and 2, there are two cruclal differences between
the structure of existing nucleolide coenzymes and thet of the pestulated aminc acid
coenzymes. First, the coupling of the two nucleotides in NAD, for example, diifers
from that in nucleic aclds. Second, the non-nudlectide part is often bonded to the §
rather than to the 3° C of ribose. The second feature Is true for the amincacyl-AMP
(hot a coenzyme but the activated form of amino acids) molecdes and
S-adenosyimethionine.

The current absence of 3,5 phosphodiester dinucleotide coenzymes can be a
ghost of the past competition on behalf of amino acid coenzymes with coding handles;
no molecules but these were alowed to mimic the structure of nucleic aclds and thus
have been enabled 1o associate with ribozyres through corventional base pairing; an
option not avaftable to NAD, for example. However, one must be careful with this
argument since one cannot substantiate a theory by a predicted absence of a
phenomenon.

The binding of the amino ackd 1o the 3' (esler bond) rather than 1o the 5
(anhydride bond) C of ribose could have served a distinguishing rofe between activation
and coenzyme usage.

Although amino ackd coenzymes from comtemporary organisms are not known, 1t
is interesting that Gly-tRNA and Ser—tRNA are used for peptidoglycan synthesis (see
Inouye and Delihas, 1988} and Glu-tRNA is required for chlorophyll synthesis in
chioroplasts (Schdn et al 19861 It may well be true thal these mon—coenzymalic
activities have been present in ribo-organisms also (cof. Benner et 2 1989) wtilising
amino acid coenzymes with coding handles.

Note that the coding handle hypothesis is independent from the assumed
intermediate stages in my scenario of the ribozyme-protein engme transition; it Is
compatible with the deletion-replacement alternative (Benner et a. 1989) as well,



Frozen Accident versus Sterecchemistry

_The natwre of the amino acid-codon assignments would, according the above
scenario, not follow the "fozen accldent™ hypothesis (Crick, 1968}, Sometimes people
think that it states thal the assignments are complelely random, which is wrong. In
reality, the hypothesls malntains that, while codon configurations should be resistant to
mutations, and simitar codons should code for similar amino aclds, -there Is no
chemical refationship between the cognate amino ackd and the corresponding anticodons
{or codons). The facl that aminoacyl-iRNA synthetases rarely recognize the lentity of
the correct IRNA by the anticodon (Yarus, 19BB} scems to be in accord with this.
Historical aceidemts in the cholce properties of ancient assignment catalysts would thus
have been declslve In shaping the code. This view was challenged repeatedly.

Woese (1965, 1967} coupled the ambiguity reduction hypothesis with the
so-called stereochemical one in thinking thal the anlicodons of ancient tRNAs
stereochemically recognized the cognate amine ackd, similar to the lock-and-key
relation between substrale and enzyme. Obviously, this fit could not have led to very
accurate disrimination, hence the ambiguily. According to this view, at least overall
chemical similarity, if not sterlc complementarity, between amino ackls and anticodons
should be found. There exisls such a significant refationship between anticodon and
amino acld polarities (Weber and Lacey, 1978; Jungck, 1978).

The usual objection Is that the measurements (reviewed by Lacey and Mulling,
1983} have been taken under highly non-blological conditions. The snag is that for
amine ackls, measurements In various ‘non-biclogical’ systems used to correlate nicely
with each other and with the “mutation ring” of Swanson (1984). The most promising
approach s due to Shimizu (1982), who demonstrated that there Is in fact a
lock-and-key relationship between space-filling molecular models of a complex
consisting of the anticodon and the so-called disriminator base of 1RNA, and the
cognate amino ackl. In vitro measurements made for some of the suggested complexes
{Shimizu, 1987; Yoneda et al. 1985) show that the binding is real, although not very
strong, and seems 1o be discriminating enough. The fact that the anticodon and the
discriminator base are on opposite ends of 1RNAs is obviously difficuit to explain on
this ground. Perhaps ur-tRNAs were considerably shorter {as In the scenario
presented previously), and the tall folded back on to the anticodon, to form the
_ necessary complex. ’

It may be surprising that such a smallish complex of ribonudeotides could
discriminate among the amino aclds. Note, however, that due lo steric refations, even
in 8 sizeable ribozyme the number of bases direclly repsonsible for binding Is unlikely
to exceed four anyway. The rest is needed to reduce the fluctuation of the binding
site configuration. | have proposed a crucial experiment to test (Szathméry, 1969)
based on the suggestlon (Szathméry, 1984; 1980) that different ribozymes could be
produced by in vitro RNA breeding. Breeding RNAs able 1o bind amino acids seems
equally possible. After sufficient experimentation, a whole array of different RNAs,
each specific for a particular amino acid, is to be expecied. Different RNAs binding
the same amiro acid could also emerge. Then one could test for the significant

occurrence of anticodon-like struclures in the selected molecides. Untd then, one s
left with the feeling that the complementarlty demonstrated by Shimizu (and by others
for related models) could have hardly arise by chance alone.

Yet & must be émphasized that although stereochemical blas enhances the
evolution of an unambiguous code, strict "blochemical predestination” Is by mo means
necessary for this {Bedian, 1982}, .

The inverse Problem of the Error Catastrophe

Usage of amino acid coenzmyes with & dominantly ribozyme background has an
important consequence for the ‘error catastrophe’ problem. Orgel (1063, 1973) has
called attention o the problem that translation errors, if going beyond a certain
frequency, can inltiate a runaway process resulting in ultimate death of the cell, since
erroneously proeduced translation proteins will make more translation errors. Hoffman
(1974} realized that there was an iverse problem in the origin of life: given a crude
enzymalic activily and low selectivily, how canm a rudimentary system get off the
ground? Nole that, in agreement with Bedian's (1982) observation, the number of
critical sites should not be too high. This condition is easlly satisfied in an RNA world,
where amino aclds are used In important cases as coenzymes, but there is only a
very fainl, i any, error loop since proteins as such are lacking at this stage.
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ABSTRACT

A general scheme is outlined for the evolutionary history of
ordanisms, For this history evidences are of double origin: dated
fossils, and biochemical, genetical and morpholoegical inferences
from extant organisms.

1. INTEQDUCTIOHN

Anh interdisciplinary symposiutm may open and reveal new di-
rections of expiorations although it focus on c¢tassical problems.
One of the oldest frameworKk of description in biological evolu-
tion is the phyleogenetic tree, In our paper we intend to switch
o0 new lamps to llluminrate thlis classical framework in order to
find a more detatled structure of 11 from different viewpoints.

One impoertant viewpoint is: hierar¢hy. Hierarchy emphasizes
a basic background information of investigations: the structures,
as WHOLE-s are formed on multi-layered (multi-embedded) series of
Fower siructures, The second inmportant viewpoint foitows from the
fFirst onre: it i3 the distinction and separation of evoiutionary
informations beienging to different hierarchy levels, The conse-
quence of this viewpoint-distinctions 15 the assumption: differ-
ent layers of structural hierarchy may exhibit different dominant
evolutionary mechanisms and tendencies,

Hierarchy lievels are the results of equivatency classifica~
tionsg on stiructures. Structures in a <ommon range according to
their space, time and some other basic parameters form a class
which has a representative in the hierarchy table of "stable
structures™ (B4rczi, this volume). The main trends of evolution
of matter c¢an be comprehended by these "stable structures” in the
"Cosmo", "Micre”, and "Life" Dlocks (ladders) of hierarchy. The
hierarchy stiructure. of evelutionary series suggested two differ-
ent inter-hierarchy processes which alternately follow each
other. One 1s the differentiation, the competition period between
egqual-hierarchy structures; the other, the duilding together into
a2 more compleéx structure is the structuralization period during
evolution. ’

If we use these principles to the evolution of living world
we may separateé three basic structural levels of hjerarchy. These
three levels are the fellowing ones: unjcelluiar level, multicel-
lular level and the level of creatures living togetnsr in ecolog-
ical systems. Different equivalency-groups on these hlerarchy
leveils are: KINGDOMS on unicellular level, PHYLA on muiticetlular
level and ECOSYSTEMS on multi-creatures level.

In our paper two of these three hierarchy levels are dis-

cussed: those of phyla and Kingdoms. Overview 0f classical trees
of phyla and discussions of the basic principles and results from
the correlations of f0ssil remnants according to their morphol-
ogYy, sites of finding and communities over correspondences be-
tween layers and fossils, layers and their radioactive material
content till the parallel exa¢t background time scales and their
mutual correspondences, and finally the division of phylogenetic
and Kingdom-genetic main processes will be given,

We shall see that on different levels of nierarchy the domi-
nant processes follow different main evolutionary tendencies.
During the formation and development of unicellular creatures
symbiotic processes, the building together int¢ a more complex
unit programs were the dominant tendencies of evolution, while
later in the multicellular evolutionary period the morphological-
functional-topological differentiation of the phylogenetical
units (the branching of the tree of phyla) was the dominant evo-
lutionary trend. During the period of the {(here not discussed)
ecological organizational level also the building together ten-
dency beécame dominant.

It is important to note that focusing on hierarchical part-
ing and the corresponding tendencies of evelutionary processes is
not a strict and exclusive characteristic, of course. Embedding
of structures in a hierarchy implies that the different tenden~-
cles operate parallel with each other on the different working.
hierarchy levels, but with different evolutionary speeds., Hieprapr-
chy levels and the corresponding dominant evelutionary tendencies
represent a method whic¢h helps 1o emphasizZe those aspects of evo~
lutioen, which can not be shown in the c¢lassical frameworks.
Fig.'t. shows both the classical phylogenetic tree and the divi-
sion of Kingdom evoiutionary region with building together ten-
dencies {and the itwo neighbourhood hierarchy levels) and gives a
map to connect different evoluticonary regions discussed.

2. THE EVIDENCE OF FOSSILS

The ¢ata of fossils, as we are going to see, establish an
ensemdlie of biological events in a 3 dimensional pseudo-Rieman-
nian (surface-time) continuum. To see this, remember that the ac-
tual fossil, whic¢h 1s now being unearthed at the geographic ¢oor-
dinates 9,¢ at depth 2z, died at some Lime 1, wnhen the geo-
graphic coordinates ¢f the same site were the different values
9, % (cf. the motion of litosphere block earjier referred as
"wandering of poles™}. This seems to suggest a coordinate trans-~
foermation law

8z 8(8, ¢, t)
Pz {6, ¢, 1) . {2.1}

z = Z2(9,% L)
in the domains

0¢0,6¢4m, 0S¢, $<2W, tgitlitlppegent. 250 (2.2}
where tpx-4.6 Gys.

We shall see that the functions (2.%) do not exist on the
whole domaln. However, they may exist on finite domains, and this
existence will pe discussed. Taking first the existence granted,
now we are going to outline ithe principies of the delermination
of the functions.

First the motion of the litosphere blocKs. Censider a rigid
bpilock. On it we identify a set of sites

O Pou G@zi.. .V
Between the sites we c¢an measure ¥v(vel) distances Sgp.
These are the present data; however on 2 rigid block all the dis-
tances must be preserved. These constraints seriously restrict
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this alternation of the tendencies between"building together” and "dif-

ferentiation”

is characteristical feature of the eveclution ©of metter

on an universal scale.

Fig.l.

the possiple motions, and the differential laws are simple. Con-
Sider 2 motion In the coordinate space xi: .

xi' = oxd o+ plxkyaet {2.3)
where Kf ts the vectoriat field describing the shifts at differ-
ent places. The distance to be Kept is that of the sphere

ds? = R! (de? +cos? dgt ) =

: BpgdxTdxs (2.4}
where gyx-is the metric tensor [11; the Einstein convention means
summation for indices occurring twice, up and down. {R is the ra-
dius; in the usual bul not geographic convention § differa
with an additive w/2.) Then the condition that motion {2.4) pre-
serve the distances is '

Ky;g + Kg; 4 = 0

: 2.5
which 1s the Killing equation,

and . stands for covariant deriva-

tives [1). Solving the equation for the above geometry one ob-
tains

dé = [a{t)sine+b(t)icose)dt

de = {[a(t)cose-b(t)singltgd [2.6)

+e(t)idt

S0 3 1ndependent possible motions exist, with S0(3) commutation
iaw [2], obvious for the 2-sphere. The global Yaw is more compli-
cated, a3 will be immediately seen,

As for the depth 2, except for exceptional circumstances
there is continuous sedimentation, e¢.g. the depth Is monotonous
With Lime. One can write

dz = £{8, ¢, t;pldt (2.7}
where I 1s the rate of sedimentation, and p stands for the
parameter(s) of some Jlocal circumstances. The dependence on geo-
graphic coordinates 15 for climate, snow, &c. .

How we are going to look for the ways of determining the ac-
tual transformations.

3. THE MOTIOH OF LITOSPHERE BLOCKS
Assume first that there s no problem with dating, and that
we can ldentify a rigid block. The first problem is relegated to
the next Section; the second is automatically checked by the re-
sutts, We nave a set of sypchronous sites from typ, with the ac-
tual coordinates
xai = {Bgu Pl @z, .. ¥
and we are looking for
(Ox{tlg) #gltg)}
In the motion %v{vel) distances are invarlant
Saplf, ¢l = 54508, ¢) (3.2)
For definiteness?® saKe we give the distances on the sphere:
Sgg ¢ R [arctglsin? ©4-Copt 1 Hcos0g-
-arctglsint &3-Cqopt ) Kcoseal
where Cyg is determined via
2{ep-dg) =

(3.1}

(3.3}

(3.4}

= arcsin[(1—cqgf)-}[(1+CGB*)-ZCaB?sin-EGB]! ~

-arcsint(i-casf)-}[(1+CGB?)=2Cqsfsin-eegll
For v sltes the number of variables to be determined is
2v, while that of eguations is %v(v+1}. Therefore for
v3¥3 one would expect overdetermination, j.e, no solution at
atl., However we have seen that there exist motions Preserving ail
the drstances: the rigid motions which have 3 degrees of freedom,
being this the numper ¢f S0(3) generators {2). The explicit for-
mula 15 obtained by integrating eqs. (2.6):



g:zarcsinicosfsind+sinBecosfsinig+y)i (3.5a)
Yarctgf{-cosasinpsinB+cosf[sinacos {4y )+
+cosBeosasin{e+y )}/ {sinasinpsing {3.5b)
+cosd{cosacos({pty)-cosBsinasin{e+y}]}
The formula 1s rather complicated, but contains indeed 3 ifree pa-
rameters of tne motion of the whole block, o, B and vy.

Therefore all the original coordinates ¢an be reconstructed
by measuring the present coordinates + 3 combinations of the
origlnal ones. This ¢an be achieved if we can observe 3 original
directions on the present sites. Heglecting the moderate differ-
ence between geographic and magnetic poles one can make use of
rPalaeomagnetism,

if ferromagnetic matertals (iron, nicKel, cobalt: for com-
pound e.g. the magnetit) are cooling through the so called Curie
point {for Iron 770 C°) in an external magnetic field, then by
interaction the magnetic momenta of a fraciion of the electrons
take a common direction parallel to that of the external field
[{3). Later this magnetisation remains, except for strong external
fields or reheating. Since ¢.g. volcanic lava centains some fepr-
romagnetic components, the orjiginal north direction c¢an be traced
back from some ancient rocks [4).

A direction is the relation .

de/d9 = a {3.6)

The nerth direction is
de = 0. (3.7)

Therefore the ancieant magnetism shows dégltpl=0, whence one
getls

1(3@/39}(a¢/a¢1'13a LI P {3.8)

S0 one directicon is one restrij¢tion for the transformation (3.5).
Because of the 3 free parampeters we need measurement at least at
3 sites; if we want to distinguish between geographic and mag-
retic poles 2 more data are needed. Fer more sites again the re-
tations are theoretically overdetérmined., Therefore if there s a
solutioh, then it is a check for the original assumptions., Obvi-
ously because of measurement errors &c. there will be moderate
deviations, but that problem c¢an be overcome by fitting proce-
dures.

If the differences are substantial, theén there is somewhere
a serious érror with the fundamental assumptions. The most obvi-
ous possibility is that the sites originally belonged to more
than one rigid bloc¢ks; then the incoempatible parts are to be han-
dled separately.

We do not go into the further details of the procedure, The
moral of this Section iz that, with a sufficient quantity of
palaecmagnetic data, from dated synchronous sites the ancient ge-
ographic ¢oordinates can be reconstructed, Now let us see, how to
date,

4. BAPIOACTIVE DATING

The firmest dating methods use radioactivity. Radtoactive
atoms decay with the rule

H{t} = Nge~*t (4.1)
where » 18 characteristic to the matter (connected to the
nals lifetime 7 by T:=0.%93/x) [5], and, according to
numerous experiences, 1s highly 1ndependent of external c¢ircum-
stances. The reason for this is that radicactivity happens in the
nucleus (a slight exception is the f-decay by K-capture, where
the electron shells participate too), and there the density is
cca. 1015 times the average terrestrjal one, while the specific
energy ¢orresponds 1o 1019 X. Suen concentrations cannot be af-

fected from outside.

I{ one Knows the original quantity of atoms Hp, then from
the measured M{t) one gets L using », determined in labora-
tory. This is the situatton for C1% dating [6], since the cosmic
radiation mafintains a-roughly constant concentration of the atmo-
spheric radicactive carbon, continuously building into the living
organisms, but decaying after death. Unfortunately for ¢l
T=5730 ys, S0 the method is ineffective after cca. 50000 ys.

I7 the mother and daughter nuclef can be found together, and
the daughter one cannot be expected originally (being e.g. 2 no-
ble gas) then the total number of them shows Hp. The simplest
such case is K49 -»>-Ar%0, where the mother nucleus is an isotope
¢f the very abundant potassium {71},

Unfortunately abundant nuclei with T<i Gy ¢annot be ex-~
pected anymore in the present Earth. So substantial errors appear
for the pear past, say below i1 My. However these are technical
prohbiems.

S50 one can calculate the ages of some identifiable layers.
Therefore transformation (2.4)1is possible on a lattice; between
lattice points some smooth interpolation is needed, whose detatls
are also immaterial now.

5. STRATIGRAFPHY

The solid surface of the planets consists of units: blocKs
and strata with 3-dimensional extension. They are surveyed by
stratigraphy which puts ihem into proper order drawing correspoen-
dences and retations detween them, identifies the course of
events, the c¢ourse of devastating and building up effects which
formed them and roughly states their relative ages too.

On Earth's surface the various strata of deposition and sed-
imentation can be marked off and put in order according to their
contents of fossil remnants (biostratigraphy) or up to their gen-
eral physical (chemical, mineralogical, petrological) character-
1stjic¢s {rock stiratigraphy). A series 0f strata identified in this
way-fortms a time stratigraphical sequence, where the units are
stratigraphical units of the geological ages. Each unit can be
corresponded to a geological period on the time scale.

The basic principles of stratigraphy ¢an be summarized as
follows. For the order of the (not oveérturned) depositions it is
true that the younger rocks are laying on the ¢lder ones, the in-
trusive rocks are younger than the penetrated ones and the unit
cutl by a fault is older than the fault itself. The exXtensions of
recent geologlical layer-forming-events te the past and 1o the
whole planetary surface are also i1mportant basic initial condi-
1iéns in the use of the recognised surface forming processes in
stratigraphy. -

If two sirata are touching, one overlaps the other, so we
can easily determine thelr relative ages. If we can find a wide-
spread unit, then smaller unfitgs laying on it or Outl¢oKirg from
it can also be dated relative to this wide-spread layer. This op-
portunity gives a hierarc¢hical program to stratigraphy: let us
look for such wide-spread strata on the planetary surfaces -we
may call them data~plapes— which can be followed on a great part
of the whole planetary surface,

The result of the stratigraphical (globhal and local) mapping
1s an ideal sequence of stratification, in which succession of
strata form a "hore log", where a relative age can be corpe-
sponded to each strata. On the other hand, independent sSeries of
morphelogic evelution of living beings alse can be corrésponded
1o several strata. Crogs correspondence of these independent pro-



cesses, on different levels of evoluticonary hierarchy, results in
a compiex dating method to stiratigraphical series of planetary
surface depositional units. The mutual correspondence enables us
to refine apsolute ages, and, more generally, t¢ get the abstrac-
tion of time as independent variable. Feedback with this time
concept gives the tool of the general time sequence on which the
fossils and other fixed states of evoluticon of matter can be
studied: the episodical remnant can he projected on the idealised
background of time scale. This methodological series of abstrac-
tion, generalisation and development ¢f concepts is an important
condition of the reconstructions of evolutionary scenarios. Gen-
eraiized principles of stratigraphy form one of the most impor-
tant conceptional constructional background te evolution: both 1n
the local history of the Earth and in the evolution of the Uni-
verse by extension of the stratigraphical principie t¢ & generai
embedg¢ing principle for structures in the series of "stable
structures", which build a sXeleton to the global evolutionary
nistory of matter.

6. THE GEOLOGICAL ERAS

An era is primarily a set of subsequent identifiable lavers,
and, therefore, is not a priori synchronous on the whole Earth.
Therefore it is much more certain, which is the layer or era of
the fossi] than its age. However with suitadble identifier organ-
tsms the synchronisation can be made probable and jt can be
checked by datings. The following Table gives the well estab-
lished eras, some of their characteristic events or organisms,
and the average dates. Hot all the systems are tdentical (Ordovi-
cian 1s e.g. often ciassified as part of Silurian). Fer further
detafls see e,g. Ref. 8.

Era or subera Event Beginning, Mys
Cenozoic

Guaternary Ice ages -%.6
Pliocene Permanent i¢e on Antarctic ~5.2
Hiocene Andesithes in Carpathians -23.3
Oligocene Cooling starts -35. 4
Eocene Hummulites -%6.5
Paleocene Pivergence of mammals -65.0
Mesozoic

Cretaceous End of Dinosaurs “145.6
Jurassic Birds ~208.0
Triassic Early mammals ~245.0
Paleozoic

Permian Red Sandstone -2%0.0
Carboniferous Carbon accumulation =362.5
Devonian Amphibia -408.5
Siturian Land¢ plants -439.0
Ordevician Bryozoa -510.0
Cambr:an .Outer shel] appears =570
Precambrian

Vendian?

Ediacara? Ediacarans -6007
Riphean? Dalsiand orogeny -16507?

Table 1: Geological eras
Before Cambrian the picture is somewhat obscure. It seems
ihat the main reason s that the hard duter shell appeared at the
beginning of Cambrian, $o previous organisms had much less chance
Lo be preserved. Thus, first the sequence of fossils becomes dis-

continuous in time, and, second, the lack of ¢clear identiffers
makes the earlier tentative "eras" patner local. However, work is
in progress in this field; some precamdrian candidates are in-
c¢luded in the Table with question marks. Possibly the best
founded such one is Ediacaran.

For later purposes we gilve 2 more data, Earth had developed
4,6%109 years ago, according to radicactive dating of different
Pk cores and metéorites. The oldest layer In which more or less
clear fossils of 1ife forms was found is the Onverwacnt and rig
Tree series. In the Barberton mountain, on the bordepr of
Transvaal and Swaziland, the Onverwacht seems to start at -3.7
Gys; the microfossils were formed maybe between -3.4 and -3 GyYs
{91.

S0 the well and continuously documented part of the 3 dimen-
sional space-time of fossils covers cca. sixth of the history of
terrestrial 1ife, and net more.

7. PHYLOGEHETIC RECONSTRUCTION BY MORPHOLOGIC AMALYSIS

Now we return to the picture where the 3-dimensional space-
time continuum is filled with outward appearances of living or-
ganisms (reconstiructed from fossils}. Dur Knowledge about these
erganisms is restricted. We cannot reconstruct biochemicai de-
tails, DNA sequence, &c., and we are lucky if any information is
preserved about the nature of sKin, outer shell and such. Most of
the jnfermation is anatomical; roughly speaking we have a supr-
face-time continuum ¢f 3-dimensjional photographs. But that we
have, s¢ let us start with this mest direct merphelcegic set of
data,

It was learnt in the first half of last century that life
had been changing during the available past. Departing froem the
present the forms are becoming more and more different, and this
15 as well true with any other starting point (10]. S¢ there is
an evolutien of terresirial life, and it is not cyclic.

Recent organisms are classified into hierarchic taxonomical
classes according to the decreasing degree of similarities. The
hierarchy is very complic¢ated, and here only the main points are
10 be mentioned. The fundamental unit is specles, within which
unrestiricted hybridisation is possible. Therefore (without ex-
treme geographic &c. separation) one expects serious overlaps of
any characteristics of any tw¢ groups; if not, hybridization witl
see aboul in some generations. Then similar species are classi-
fied into a common genus, and so on; the main higher taxa are fa-
milia, eorde, c¢lassis, phylum and regnum. in such higher units hy-
bridization cannot work, therefore differences between different
species are not expected to be washed out,

The similarities and differences should be quantified in opr-
der to proper classtfication inte proper taxonomical units. E.g.
2 smaller difference would c¢lassify two species congeneric, while
bigger differences would put them into separate genera, famllies
&c. Instead, generally decision 1s made on semiquantitative ba-
sis: with a sufficient earlier eXperience accumulated, one takes
the "important™ or "characteristi¢” differences, and estimates
their degree. Of course, the method could be made (almost)} purely
guantitative by a construction giving distances 1n the space of
morphologic data,

Consider a set of animals of the same general structure,
when all the differences are those of degree. (The length of the
dolphin leg may dbe infinites:mal, when 0 15 a g00d approximation.
However, one cannot compare ]limb lengths of a dolphin and an oc-
topus up from fifth limb; there Is no possibility to say that the



lergth of the fifth dolphin limb is 0.) Let us have agreed, which
are the relevant morhologic data; then for a pair af of species
we have a pair of parameter sets

{Pal,pgll, azt. .. p; I21...N
H being the number o¢f parameters and p that of species. Then for
a distance sgp [11]

sqg = s(pglipgl) (7.1)
fn such a way that

stpglipply 2 0 (7.2)

s(pglipgl) 5 0 (7.3)

sipal, ppl) = stppd, pol (7.4}

s{pgl, pgl) + s(pgl i pel) 2 s(ppl, p.D) {7.5)

Now, such morpnologic "distances" are indeed in use; for a review
see Ref., 't2. However, the problem is that intuitive distance def-
initions generally result in something, which is in best case
only a deviation, not a distance, not futfilling e.g. the trian-
gle inequalkity (7.5). So here we proceed rigorously. First we
concentrate on neighbouring points, and the result-shall show its
own generalisation.

Henceforth we omit the vectorial index 1 and fnstead the

vectorial variables will be holdfaces. For immediate neishbouring‘

poitnts instead of pyg and Pgp 0N& can use p (some average) and
dp'pa Pg. BY eq. (7.3) s(p,dp)=0 at dp=0, 2nd by eq. (7.2) it is
a minimum., Then for dp-->0 s depends on a gquadratic form of ap.
Then eq. (7.4} is automatically fulfilled. How, If we want a dis~
tance linear in small parameter differences, then the oniy re»
maining possibility_is ’

ds? = gpg(pldpRapS (7.6)

This infinitesimal distance is just the distance in a Rie-
mann space (whose points are the possible forms), thereiore for
finite distances one can integrate up the infinitesimal distances
along the shortest lines (geodesics), for the details e.g. Ref.
1. .
How, if we have a set of species with relfable distance val-
ues, Ihen ¢ can be calculated back from sgp via eq. (7.5). If we
have more distances than metric components, then even not quite
reliable s values may give 2 decent g by averaging and fitting,
and afterwards g gives the better distances.

Of course¢, lots of technical problems might arise if one
tried to realtze this program; e.g. the number of components of 4
may be quite remarKable. However, serious simplifications may
also occur, We Know that some quantitative parameters may exhibit
serious variations within a low taxonomic unit. E.g. degs can
vary in aimost any individual! parameter, but still they are dogs
as subspecies and wolves as spec¢ies, Therefore, if a morphologic
distance can correspend to taxonomy at all, then g;y must be very
special to give s<1 for the frequent variations. This observation
helps to reduce the number of independent coordinates and metric
tensor components, as will be demonstirated on an exiremely lde-
alised toy example.

Consider a hypothetic eXtremely primitive phylum of Metazoe,
which consists of shapeless cylindri¢ animals, with the only mea-
surable data mass M, length L and radius R. Then at first the
space is 3 gimensional, therefore the metiric tensor contains 6
func¢tions of 3 variables.

However, animals have roughly the density of waler, there-
fore

Mz atpoREL (7.7}
Wilh pgz1 gs¢md. The the coordinate M would be redundant, so
can be :gnered. We remaln with

dst =gRrr4dR? +ZgR1 ¢RAL+ grpLake (7.8)
i.e. with 3 functions of 2 variables.

How we can observe that for one species both R and L change
during ontogenesis, in a correlated way, For such a change
L=Lyp=Lof {(R/Rg):, ds must be 0. Then one can write

REx, LaLypy (7.9
and hence, requiring that ds? be quadratic in dy, we get -

ERL = "ELL{Lo/Rgif'y

ERR = +€LL (Lo /Re )t £t yt (1.10)
which means one independent function {811) of two variables; a
substantial final simpliification.

Here we stop; .Wwe wanted only to demonstrate that in princi-
ple one can build up a morphelogic distance, where the resulted
structure is a2 Riemannian geometry with correct triangle fnegual-
ity 2and all other conditions. We must admit that the definition
of Sgp is not sufficiently operative, clear and objective yet.
The present taxonomic units inherit the intuitive elements of
their construction as well. But such a programme can be adopted.

It would be interesting to see how the distances change dur-
ing evelution. For some c¢ase¢s, as e.g. for Equidae, a number of
quantitative parameters are used, and then the evelution could be
drawn in the morphologic Riemannian space. However, nothing seems
Lo suggest that even patural ¢hanges would happen on geodesic
lines, Just as in thermedynamics they are not. [13), [15}

8. PHYLOGENWNETIC TREES

Let us now draw a diagram of evolution in the morphologic
space. The diagram should be of N+f dimensions, being the last
one the evolution parameter, either time, or "the dégree o0f evo-
iution™, But of course one cannot draw a diagram above 3 dimen-
sions, and even that is difficult. So let us make 2 ? dimensional
diagram.

Such a diagrem i3 necessarily false from two reasons. One is
the tremendous cimensionpal reduction ("projection”), the other is
that we are going to map a prseudo-Riemann geometry (including
time) on a Riemannian one. (See the same problem when the space-
time of the MinKowsKi world i{s depicted on a sheet of paper.)
However, one c¢annot help in this. Maybe the minimal distortion is
obtajined if we act as follows.

Select an axis of evolution, i.e, the “"mainstream™, which
will be the vertical coordinate axi1s x:=0. Measure the distances
ip any time from this "mainstream" {(anyhow), and measure the x
distances accordingly, Then a familiapr 2-¢imensionat tree is ob-
tained. For the ancestry of horses such a simplified diagram is
Fig. 2y for further details see e.g. Ref. 15,

Admitting that th:is js only one example, we use this one to
demonstrate the graph structure deduced from foss:ls. According
to tremendous amount of data accumuiated, up from Cambrian the
evolution is fundamentally divergent {before it the data are in-
sufficient to draw a scolid conclusion). Te pe sure, morphoelogic
convergence is not unknown: good examples are the piscine appear-—
ances of reptilian Ichtiosaurs or mammalian dolphins, or the mar-
supalian counterparts of some placentalians. Stiill, comparing
fossils from subsequent layerﬁ one deduces that divergence 1s the
primary character., Nameiy:

1) The convergence generaily does not hold for the fundamen-
tal structures. l.e. lchtyosaurs had become aquatic as their far
Crossgopterigian ancestors. However they had retained the reptil-
lan structures instde. Similarly, dolphin$ rema:ned mammals with
lactation, &c.
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Fig.2. Evolution of horses.

&) The evolutlionary changes are irreversible {Dollao?s Law}
Dolphins still have degenerate legs, ¢.g., an¢ have not recon-
verted quadrupedal limbs inteo Crossopterigian fins.

3) Cases can VPe observed when evolution has a branching
point with two diverging descendants for a single ancestor, How-
ever, from Cambrian to present no case is Known when two substan-
tially different ancestors would have been seen to be converging
for a while and then merging into a single descendant species.

We feel this last point the most important. According to it
one can distinguish two different vertexes:

N/
1 N/ quite familjar 2 /{ never seen
I Lo /N

T¢ be sure, vertex structure 1 iz now regarded as the consegquence’
of some fundaments o Futiutios nf ihe sucariote cells, and in
this sense the phenomenologic rules are explained from deeper
ocnes. However, this vertex rule was Xnown well before the advent
vf modern genetic¢s, and can ¢learly be seen on Fig. 2.

From the great number of observations all conform to the
vertex rule one c¢an deduce the rule as something valid for the
wnole perifod avajlable for morphoiogical analysis in the 3 dimen-
sional space-time continuum (il.e. again from Cambrian to pre-
sent). Therefore when fossils are not quite centinuous, one
sheuld use Vertex % for interpolation, but not Vertex 2. By this
method one c¢an get a continuous graph representing Kinships of
species, genera, or higher taxonomic units. This is a "family
tree” of living organisms,

For htigher taxonomic units the situatfon is less and less
¢lear, because the junctions are farther and farther in the past.
For classes of Vertebrata the branching is still roughly clear:
€.g. the origin ¢f mammals js well clarified among Therapsida
reptiles [16). However, going to¢ phyla the situation changes.
Rougly speaking, it is the fundamentai morphology which changes
between 2 phyla [173, therefore we lose all the possibilities to
characterize such differences dy differences of quantitatjve
data. .

Of course, different taxonomic systems distinguish different
numbers of phyta; however, from morphology, the number of animal
Phyla is always between one and half and two ¢ozens. Fig. 3 is
compiied from textbooks, and works with 22 enes; with the excep-
tion of Archaeocyatha all recent. jt is quite possible tha?l there
¢xisted others too, now extinct, but it is hard to decide whether
the lack of success to find the Proper taxonemic locatien of a
fossil Is caused by objective or subJective drfficulties, The
problem is that al/ these phyla are either hardly able t¢ be fos-
stlized or Known from Cambrian. Therefore no forking or branching
i3 observed for phyia. From the empirical data the phyta of the
regnum Animalia might even all be disconnected from the begin-
ning. (And similarly, there were some ideas that rlants-would

be triphyletic, according to monopodial, dichctomic ard verticil-
fate branching structures [18).) However this is nighly improb-
abie e.g. because of serious biochemical, cY¥telogical &c¢. simi-
larities. So by intuitive guesses and embryologic &c. observa-
tions there ape some possible graph diagrams, one of which 1is
Fig. 3. .
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Rumbers for phyla: 1:Protozoa, 2:Porifera, 3: Archaeocyatha
4;Cnidaria, S:Platyhe}minthes. 6:Nemertini, 7:Kamptozoa,

8: Nemathelminthes, 9:Priapulida,10:Sipunculida, 11:Mollusca
12:Echiurida, 13:Annelida, '14:Onychophora, 15 Arthropoda,

16: Tentacutlata, 47:Chaetognatha, 38: Pogonephora, '19:Hemichordata,
€0: Echinodermata, 21:Tunicata, 22:Vertebrata, For higher groups
2+3:Parazoa, #4:=Radiata, >4:Bilateralia; 5-15:Protostomata (5-
9:Acoelomata, '10-12:=Oligomer Coelomata, 13-15:Articuiata), 17-
€2:=Deuterostomata (17-20:0ligomer Deuterostomata, 21-
22:=Chordata).

I+ we want to argue for this graph, or we are interested in
the structure for higher taxa (as e.g. for regni), then we must
g0 before Cambrian, where the data are not continuous ang where
anyways ihe ancestral animals were too simple for clear morpho-
logic differences. There fossils can practicaliy not be used. One
must turn t¢ biochemical or genetic data of recent organisms, and
extrapolations from the recent ones back.

First let us see if the morphologic diagram (Fig. 2) 15 com-
Patible with genetic data. Ref. 't9 gives the evolutiona) tree of
Metazoa deduced from the recent 185 rRNA sequences. For the grapn
structure the tree (s fairly similar to Fig., 2, except that some
Tentaculata and the Pogonophora is transferred to among Proto-
Stomata. SO one can conclude that the origins of anima) phyla
$t1ll can be guessed from morphologic data. However, it is ne
more true for the origin of Metazoa, or, further, for the connec-
tioh among regni.

It seems trivial that Metazoa originated from some Proto-
Zoans. Recent examples even may shed some light on the intermedi-
ate steps. The Velvox celony of Euglenae show that after dividing

I .
the daughter cells still can remain together. The Mesozoa {if not
utter degenerates) are quantitatively ideal intermediate beings.
And Perifera (:=Parazoa) consist of individual but cooperating
¢ells, However the results obtained in such ways are very 1im-
ited. E.g., hence one cannot Kknow if Metazoa are menophyletic opr
not, if they are, {from whi¢h Protozoan group they started, &c.

For different regni the common ancestors are even farther in
the past. Orfiginally only two regni were distinguished (animals
vs. plants), and now the trad:iticnal] systems contain five {say,
Animalia, Fungil, Plantae, Eubacteria, Archaebacteria [20]}. If,
€.g., genera differ in quantitative morphology, while phyla do in
morphologic struciure, then regni differ in fundamental biochem-
istry (¢.8. autotrophy vs. heterotrophy).

For extrapolatton hypetlheses are needed. We Xnow that enzy-
matic sequences are determined by DNA ones, which in turn are
subjects of continuous mutation, caused by e.g. cosmic radiation
hits. As far as we Know, mutations are random, and mutation rates
are constant for moderate times (although for longer times they
can change because of changes in the environment or intracellular
defense mechanism). Vital mutations are subjects of selection, so
rare to survive, but neutral ones survive also randomly. (See
€.g., the argumentation in Refs. 24-22.) Therefore sequence dif-
ferences are monotonously growing with the length of independent
evelution, (2gainst reversible changes see the probability argu-
ments of Ref. 23) and can bé used to trace back the branching
structure. (Clearly the differences do not measure simply time,
as seen e.g. from the tree in Ref. '19. There for 165 rRNA changes
the "farthest e¢volved” Deuterostomata is Tunicata with 5.45% se-
quence changes from the common ancestor of Proto- and Deuteros-
tomata, while on the Protostomata side it is Sipunculida, with
9.46%, both synchrohous and seemingly not too eveolved.) Of
course, one must be careful to select the specific enzyme or RNA
part, appropriate to the taxonomic level considered.

Before finally leaving the field of morphology, let us men-
tion the only very slight indication of fossil morphology for
connenction of two regni. The matter 1s very hypoihetic, and we
are not arguing for it, but no harm to list it as a possibility.
Some authors classify the phylum Archaeocyatha, together with Re-
ceptaculitoida, into a new regnum Archaeata detween Metazoa and
Metaphyta. The idea is roughly the following., We can observe per-
manent loss of c¢nloroplasts in some Protistae. Therefore the
usual guess 15 that the divergent evolution of Animalia and Plan-
tae started irom the protozoan stage. However f0ssils permit the
2lternative that the divergence happened in multicellular stage,
in the young Precambrian, or even between Ediacara and Cambrian.
The suspicion can be based on the diffjculties to find a mouth or
even a ventrodorsatl difference on many Ediacaran fossils (24],

. which are of quite iarge size, Causing anyways a problem when in-

terpeting them as ancestral te¢ Camprian organisms.

A multicellular organism of 0.5 m size without any mouth
cannot be anything else than an autotrephe. JF it is not empty
tnside (as a blastula), then the central ceiis must eat the food
produced by the outer layYers, so then the wheie organism is a
myxotrophe, whence specialisation can g0 in both directions. On
this grounds it is not impossible to classify together severatl
eroblematic fossils, as Petalonamae [25], moutnless Ediacarans
and Archaeocyatha as ancient myxotrophes. For further pogssible
sypport observe that in $ome 185 rRNA analyses Cnidaria go with
Flantae instead of Animalla [26).

An alternative possibality 1s that Ediacarans were empty in-



side [24], when the above arguments fopr wyxetirophy are seériously
weakened. We, however, do not want and do not have to settle this
question here.

As told above, we cannot go further into the past via mor-
pholegy, and must turn to bicchemistry and genetics, extrapolat-
ing from extant organisms, But first let us see how to get guan-
titative measures of separation from biochemical or genetical
differences. As seen in Sec¢t. 7, "geometrisation™ needs two
steps: i) an operative definition, how to measure something for
distance; it1) the c¢heck if it -is indeed a distance (meaning.
roughty Rels. (7.2-53)). If s¢, then metricisation follows (al-
most; fine mathematical details are omitted here). But the check
should be done on a lot of species, and the present status of art
i5 rather before this stage. So here we mention well-accepted
suggestions for & biochemical and 2 genetic ¢istance; for further
details see Ref. 27 and citations therein.

Consider two¢ species with the same nultiple representations
of proteins but of course with different probabilities. Then the
probability distributions give a correlatjon coefilcient Rgpg, and

Sgg ® ~lnRgg (é.1)

For DNA sequences, form a hybrid DHA, and compare the disso-
ciation temperature to that of pure ones. There is a decrease
AGBT, and then one can try with

Sgp & GAgpT (8.2) -
where Q sets the scale.

These quantities are more directly c¢onnected to phylogenetic
changes ihan ihe gputward appearance. But, as seen, even for phyia
the results are roughly compatible, However, this is not neces-
sarily so for all the details. An jimportant example for the
profit of the use of biochemical or genetic distances to estab-
lish taxonomy is the pearrangement in the superfamilia Homi-
noidea, Its recent members are the gibbens (2 species), the
¢rang, gorilla and chimpanzees (2 species), and man. Hen<eforth
we lgnore the gibbons.

The traditiohal classification is based on the obviously ex-
pressed morphologic differences between man and the others,
Therefore they were classified into twe families: Hominida (man)
and Pongida (orang, gorilla and chimpanzees). Since fossils clas-
gifiable into this family Pongida exist from -13 HMys, the tradi-
tional plcture is Fig. 6a.

Gn the other hand, the man-chimpanzee genetlc distance has
been found extremely Jow, 0.62, below the average of that for
close congeneric species, Tnis problem suggests a reclassifica-
tion of the 4 genera {species?) as: family Pongidazorang; family
X (still no proper name is accepted)=man, chimpanzees and go-
rilla. Then the earliest divergencs led to orang; the new picture
is Fig. 6b.

Pongidae Hominidae Pongidae X

,.—’%

- 6 ¢ M 0 G ¢ M

[s) Y (Y £ 3 (Y LY Pl
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~14
-21

Mys a b
Fig. &

Traditional and new pictures about recent Hominoideae.

How we can try to use the biochemical and genetic differ-
ences to explore the relations among regni.

9. AN OUTINE OF THE ORIGINS OF BIOLOGICAL KINGDOMS

The origins ¢f biological Kigdoms are the origins of a di-
versity of basic cell structure. The origins of celis are in tuprn
a symbiosis between meémpbranes, catalists and genes ((293, [30}1)
embedded inte the context of the evolutionarily changing cyto-
plasm., Following and modifying the works of Cavaliter-Smith ([28],
{291, (30}, [31}) and others (e.g. Ref., 32), first the character-~
istic features of the Kingdoms of organisms ({cf. thée Table of
Fig. 5),secondly a compact scenario for the generations of XKing-
doms are presented.

There are two classes of Kingdoms Procaryota and Eucary-
0ta. In Procaryotes the DHNA :s not separated from ribosomes by an
envelop, instead attachted to "envelope skeleton®; the e¢ndomem-
brane system and the cytosKeleton are absent. The Procaryota has
two Kingdoms.,

1. The Eobacteria possesses murein and acylglycerel] membranhe
lipids.

2. The Arhebacterlia posesses isoprenoid ether lipids, and
outer membirané¢ 15 absent (plasma membrane is present ), no
murein,

3. The Archezoa are characterized by the formation of a nu-
cleus, while organelles as mitochondria &c. are absent.

The Eucaryota cells are nucleated, and ‘have endomembrane sys-
tem, cytoskeleton, cytosis, aglicerol membrane lipids, at least
cne of mitochondrion, peroxisome and chloroplast, there is no
peptidoglican ¢ell wall, The Eutaryota can be classified into
five Kingdoms on the basis of molecular and cell structure, and
into a sixth one otherwise, discussed later.

4. The Protoze¢a contains chloroplast envelope of three mem-
branes, includes mycetozoa, and it ;s predomtinantly phagotrophic,

S. The Fungl shows food absorption, typically chitinous
walls, and no chloroplast or phagocytosis.



6. -The Chromista cells have {periplastidal compartments)
tubular ciliary mastigoenemes and/or chloroplast endoplasmatic
reticulum. - ’ -

7. In the FPlanta cells plastids are always present, thne
plastids are not in the endoplasmatic reticulum, there is photo-
synthesis with chioptasts having two membranes.

8. The Animalia are phagotropic organisms. -

_Up to this point this is the most recent scheme of Cavalier-
Smith [31]. If chloroplasts are relative easy to acquire, this
scenario is the most probable one, as far as we Know, The corre-
sponding phylogenetic tree is displaved on Flg. 5. For the de-
tails and the explanstions see the cited works of Cavaliler-5mith
and Margulis.

However up to now it is not gquite clear if the inclusion of
cyanobacterjia to form chloroplasts was one event or happened in
several times independentiy. In some time this question may be
answered via comparative analyses of chloroplasts in Euglenozoa,
Plants and Chromista. Until that there fis a possibility that the
acquiring of chioroplasts was a single event, and the
Ophisthokonta have lost them later t293}. Thnis assumption
{i.e.that it is much more difficult to acquire a chloroplast than
1o lose it, and some losses are indeed seen), together with a
second one that the Ediacara animals have not had empty internail
space, plus some (admittedly notl unambigous) fossil data may sug-

"gest a different scenario, with a ninth regnum. As said.'previ-
ously, there are guesses for mixotrophy of Ediacarans. Indeed, it
§5 possible that these ¢reatures were of mixotrophic foraging
,being the external cells photosyntihetic (no mouth to eat), the
internal cells heterotrophic, loosing their photosynthetic abil-
ity in darkness. I1f s¢, such a muylticellular being is a possible
common ancestor of Metazoa and Metaphyta, This Kingdom is:

. 9. the Archeata, discussed extensively in many paleontologi-
cal publications {cf e.g. Pflug’s worksj}.

A possible unifjed phylogenetic scepario is presented 1in
Fig. 6. .

't0. CONCLUSICHS

. According to a general overview of evolulion of matter based
on stable structures there are two types of periods in evolution
considering its main tendencies. Ope 1s a structure forming
(building together) or structuralizationary period, the other is
a differentiation pericd when the earlier formed structurées <om-
pete both in multiplication and structure formation of the next
level of structures. ({333, [33))The main branching siructure of
the phylogenetic tree represents the differentiation and competi-
tion period of evolution on multiceilular level of living organ-
isms. The other evolutionary tendency, building together, seems
1o have been dominant on the unicetlular level of evolution: this
led to the evoilution of Kingdoms.

The question of kingdoms or regni is still open, and nobody
has enough and unambigousevidence for any scenario. However ihe
evolution of Life:; the existence of irreversible changes seems Lo
be a well e¢stablished fact. From the evidences it (s not guite
¢iear, which one is the unique direcilon. This question will be
briefly investigated later in this Volume.
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Qbstraét N

A two dimensional liquid crystal cell membrane model storing
bending energy is examined. The model displays am automatic
‘cell’ division process determining the stationary size of the
cells, which is stable against perturbations. Om the basis of the
kinetics of metabolic processes, a time scale for division is
derived. The different rates of reproduction turn out comparable.
The relationship between the bifurcation behaviour the model
shows and the heterochrony of repreduction is discussed.

t. Introduction

One of the most ancient biological structures is the
spherically symmetric membrane vesicle. Its significance is at
least twofold. First, spherical vesicles are the candidate
precursors of the origins of modern cells. Secondly, there are
many modern cell components, which have retained this typieal or
generic shape, 2.9, secretory vesicles, endosomes - or
receptosomes.

The aim of this paper is to propose a physico-chemical
description of deformation and subsequent reproduction of

vesicles or perimeval cells. This preblem is of paramount
‘importance both for cell and developmental biology and
evolutionary theory. As Goodwin (1984, p. 219) claims : "There

can be no adequate evolutionary theory without a causal account
of reproduction.” This statement reflects our motivation. In
general, the concept of reproduction is connected +to different
classes of bhiological entities with different complexity. We have
chosen the study of vesicle reproduction because the interactions
between mechanical deformations and chemical reactions can be
made tractable in comparatively simple ways. We use the terms
vesicle and primeval cell interchangeably. -

Many excellient surveys are available on the physico~chemical
processes of the biology of vesicle formation and reproduction
(see especially Tanford, 1973; Luke, 19B2; Koch, 1985; Oster et
al, 1989; Chevalier & Zemb, 1990). These alternative approaches
define the (continuum) mechanical and chemical properties of
bivlogical membranes, determining the dynamics and geometry of
membrane hilayers. We follow a variational apprpoach which is of
the following specific properties that are different from the
spirit of the above listed works @

l. Our mocdel describing vesicle reproduction is design such
a5 to generate other structures as well, including gastrulation
and axlally symmetric, periodical structures (Molnar & Verhas,
1920) ..

9 &

2. Therefore, we probably stress more
evolutionary implications of the model.

This paper is organized in the following way. First, we
describe & model capable of generating vesicle .reproduction.
Secondly, w2 show how vesicle size is regulated by reproduction.
Thirdly, we introduce a time scale for the comparability of the
diftferent reproductive rates controlled by three classes of
chemical kinetics.

strongly the

2. A mechanochemical model of self-reproduction.

The vesicle model is based on the excess of the Helmholtz
free energy due to curvature. Following Helfrich (1974) and
Deuling and Helfrich. (1976), the curvature energy is given as

F=SIK, (c, +c 1da (z.1)

2
2731 HKye, e,

where < and c, are the principal curvatures, Kl' K2 and a are
material constants influenced by the metabolic processes. The
minimization of the free energy with constant velume and surface
area leads to the system of differential equations which, in

non-dimensional form, for.surfaces of revolution, reads

2 i daicos o sin affsina 2 do 2 %
d7e _ (sin a _ d« + -al =129 -«+x (2.2)
2 - x ds X 2coSa x ds sS1n o
ds )
{here K is the non-dimensiconal underpressure) and
dx _ cos a ’ (2.3}
ds

Explanation of the notations

4, Yaxis of revolution

< 7>

X

.-

. Figure 1.
The graphical illustration of the meaning of the x, ¥s S and
a2lmha {«) guantities, which are used in the equations.
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A trajectory of self-reproduction by vesicle fission.

The notation is explained in Tigure L. The computations exhibit

shapes leading to reproduction (figure 2). The parameters are
given ‘in figure 3. The computation starts at the bottom where the
equations contain a removable singularity. ( The first step of

the Runge-Cutta procedure are- done by hand.) This way the
computations are able to perform any form of rotational symmetry.
The symmetry breaking is simply a losg of stability. The
variational calculus, when minimizing the Lagrangian, gives the
same results as the complicated analysis of stresses, forces and
torques in the membrane. '

Cell division
bifurcation diagram
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The bifurcation diagram of self-reproduction.

3. A physico-chemical description of self-reproduction.

The above model shews that the membrane can have: the nétgrél
property leading to cell division. The shape of the dividing
czlls are determined by the actual volume and the area of the
surface. The pertaining quantity is the ratio of the wvolume to
the maximal one that can be wrapped up into the same envelope:

v__ v .1
-— = &f7m F3/2- (3.1}



Here V is the volume of the cel;, F the surface, Vm Ehe volume of
the sphere with surface F. This ratio is always less then one and

when it decreases under 3 the gell divides intc two spheres. To
iz

determine the time scale, we have to know the kinetics of the
metabolic processes that can be modeled in several ways. It seems
plausible tp suppose that the materials both of the membrame and
of the plasma is produced insigde the cell by the same system of
chemical reactiens. Hence, if the nutrition transport across the
membrane is plentiful, the differential equations

dgF _

gt = <Y

dv

gt = KV

(3.2)

hold. If the nutrition, is the slow process (it is the determining
one) then they govern a growth rate proportional to the surface:
. dF _ ...

gt = K F

dav _ ..

It = K2F° .
It is alsoc possible that a single obiject inside the cell can
produce the materials in question and this case, the rate of

(3.3

grdwth is constant i.e. .
9 _
dt 1 (3.4)
9 _
at 2
or.if the activity of this object varies with time
aF - K*G(...)
dt .1
(3.3)
av K*B( )
aT LR

The kinetics of the processes can be, of course, any other of a
lot, nevertheless, these are rather simple for using as a
basis for further argumentations and they cannot be far frem
reality.

3.1 Vesicle size regulation by reproduction.

fny of the above kinetics is accepted, the ratic of the two
gerivatives does not depend on time. This circumstance gives the
opportunity to determine the volume as a function of surface,
independent of the kinetics. According to the possibilities, we
introduce the proper one of the notations

K,V K;F Ky KB o)
K = v or K = F or K = e or K = —
2 2 2 KZG(...)
and obtain the differential equation
av _
g = K, (3.6}

which has the solution

v = Vc+ K(F-FD). (3.7)

Here Vo is the initial volume and Fo the imitial surface. The

measure for the dggree of saturation is
5‘ =I6{? V°+K(2;ZO)

) m F

depenqing on the actual value of the surface area. If the initial
form is a sphere with radius vy the equations just derived get

= IK
vV = Vn[l"'F- !5-; - 1]] (3.8)
and - 3K
N
o c 3 . . (3.9)

v, [;c_;]i

According to the referred mechanism of division, when the degree

of saturation has decreased under —i, the cell splits up into two
Iz

spheres, the radius of which ars not generally equal to that of

the initial sphere r, the new cells can be either smaller or

bigger. Dencte the radius of the spheres just after division by

R, The surface :

2 .
N 2 F R
F=2%x4xR ar '-:—- = 2—2 (3. iQ)
o r
from where, we obtain
3K, _R%
1+ rtz—i -1)
vV -1 - r (3.113
V e —— . *
m {Z 21z r>
i
This leads to >
oo 217 -~
%z = > . (3.12})
2 ;'] -1

This formula gives the size of the child cells depending on the
size of the original one. The equation is of third order, so the
soluticn is not available in an explicit form, it is plotted in
figure 4. The scale in the picture takes the radius r=3K 100%.
The minimum of the curve is at &4.7%, the straight line is the
asymptote, which has the equation

R- r— i)

Lo
5z 3z 7S

{ R=0.794r+0.05% ).
We see from the equation that



: R<r  if  r23K
and Ryr  if F<3K
or R=r if r=3K.

(3.13)

The inequalities say that during the consequent divisions the
segquence 0f the radii of the spheres tend to 3K, whatever the
initial radius was., The size r=3K is stable against thiz
perturbations coming from the outer world. The environmental

effects, of course, may change the value K, involving,
the change of the stable cell size.

this way,

200%
n

e

X 150%

t e

//

s et

i 100% Sy s

A / .
o -

. ///
50% 7 T T
0% 50% 100% 150% 200%

initial size

Figure 4.

2507

The relaticnship between the sizes of subseguent vesicles.

5o far, we have not taken care whether the ratio of

saturation

given by equation (3.9) is less then. one. Because its initial

value is 1, the initial derivative can not be positive.

the guantity

F
o
Y 3K F 3 oK _
W T 5[1";—;— 1]]
m o =]
F 572
U )
[} o )
ig obtained, for the initial value of which we get
v .
dy—
—m. -3 2<. - ...3. =0.
dE— r 2
P

From heré, we obtain the inequality
r22K.,

According to this, in any case the radius is not less

Regarding

E— as an independent variable, the derivative

(3.14)

(3.15)

(3.16)
then 2/3

times the stable size, the above argumentation helds, but else,
some modification is necessary. If the initial size is too small
the processes of growth produces volume having no room inside the
envelope. The membrane cracks, the superfluous materisl of the
plasma pours out. The events from here depend on  the forces

closed the membrane originally. Ef they are able to close the
leak the process of pouring out goes on until the radius reaches
the critical size (r=2¥) and then the above sequence of divisions
proceeds. Otherwise, the damage is very serious and the cell
dies. To illustrate what has been said, here are two sequences of
consecutive sizes, the first is with increasing radii:

6674 P1.1% Q6 .0% ?8.1% F?.1Y% PF.5% 92.8% .Y
99.9%  100% ... , .

the other with decreasing ones:

1000% 80L.1% S43.47% 518.57% 219.&% 314.4% 27%.7% 231.4%
193,774 164.8% 183.0% 127.2% 116.3% 109.2% 105.0% 102.6%

10L.3% 100.7% 100.3%  100.2% 100,.1% 100%Z ...

3.2, A time scale for reproduction and the heterochrony of a
morpheogengtic bifurcation

There is a strong suspicion that a dominmating mode of shape
changes in evolution is the heterochrony (Alberch et al, 1979).
The heterochrony is the change in  the timing and rate of
developmental processes at the different hierarchical levels of
the organisms.

It is shown already elsewhere (Molrpar & Verhas, 1990), that
when the dynamics generated by the model discussed in this paper
passes through different curvature domains, displays a set of
qualitative behaviours. We have also proposed that purely spatial
branchings (bifurcations) possess different rate and. timing,
generating alternative spatiotemporal developmental dynamics in
evolution. In the next step we shall point out how heterochronic
division rate changes rcam control the time of a spatial
bifurcation (i.e. division). For this purpose, a time scale of
division is to be derived, which makes possible the comparison of
the different rates of reproduction caused by the bifurcation
behaviour.

First, we treat the time scale of the division for a cell of
stable initjsl size. It, of course, does depend on the mechanism
of the kinetics, nevertheless, those given in equations (3.2) and
(3.3) give rise to similar formulae.

For cells of stable size,
v F
i
o o
at fissiom and the saturation ratio is
1 1

v - -z
- E;J = E}g . (3.17)
m =] Q

According to the kinetics given in (3.2)



- V=Vuexp Kzt (3.18}
while for the other kinetics, in accordance with (3.3)
F=Foexp klt {3.19)
From here, the duration of a pericd of division is
{3.20)

'r=‘-jé—-],n2 and -r=,%—.-ln2
2 1

respectively. Applying them and the equation (3.17), we obtain:

¥—=exp [_1%?_;_] . (3.21)
m . .
From here
2 Iné-
t m 3.22
T =T Tz (3.223

follows, which gives the relative time scale of the division
process. The numerical values belenging to the shapes in figqure 2
are given in table 1. If the kinetics is given by (3.4}, the time

Table 1. i
Relative timescale of shape transformation and division.
{Kinetics: egqs. 3.2 or 3.3)

% O% 0.3% 0.8% 1.4% 2.3% 3.4% 8.7%

&.3% g.1% 10.3% 12.8% 15.8% 19.0%4 22.9% 27 .2%

3I2.24 37.7% 43.9% $50,&% 57.6% £5.0% 72.4% 7%.3%

85.94 21.5% 5.9% ?9.&6% 100% 100% 1O0%: 100%
1004 100% 1GO% 100% 100% ’

‘scale is & bit different. To determine it, w2 solve the
differential equation system (3.4):

F=FD+K1t H V=V°+K2t

As this time we are interested in cells with stable initial size,
according to the relations (3.4) and (3.86) we write

(3.23)

3
K
;_ = z -1+ 2 <t (3.24)
[ ] 36K§
The period of the division
36KK§2
= —2- {3.25)
1
which yields
F o _Vv t
=g = 1+ - (3.26}
o o

The time scale of the division is

t _
== z -1, (3.273
&

the nuqerical values belonging to the shapes in figure 2 are
given in table 2. Here we notice that for the last nine form,
100% is written as we suspect that these forms beiong to unstable

‘equilibrium and the process of division proceeds fast after

reaching these shapes. Nevertheless, this suspicion seems rather
trivial from the physico-chemical point of view, and is jin
accordance with the customary structure of bifurcations, to prove
it some further mathematical investigations are needed.

) Table 2.
Relative timescale of shape transformation and division.

{Kinetics: eq. 3.4 )

o4 0% Q.2% 0.6% 1.0% L.86% 2.4% 3.3%

4.4% S5.8% 7.4% ?.3% 11.6% 14,17 17.2% 20.7%

25.04 29.94 35.84 42.0% 49.1% S7.0% &9.2% 73.3%

81.3% 88.5% F4.5% 79.5% 1007 100% 100% 100%
1004 100% LO0% 100% 100%

Now, we turn to other sizes. As each kinetics perform its own
outcome, they are analyzed one by one. We do not take care of too

small sizes {r<2K). ' Regard, first, the kinetics 1{3.2). From
equations (3.7), (3.9) and (3.18), we get -
v - exp{Kzt) ] (5.28)
v T 372 ¢
m 1+ [gk- QXD(Kzt) —1}
At the very time of division this fracture has the value L N
=

which gives the relation between time and size in an implicit
form, Intreoducing the stable size division time to the formula —

by using equatien (3.20) — and rearranging equation (3.28), we
get
2t
- =)
3T t
T LB -2 . d _ InR/r . -~
= [td] : = 1e3g o (3.29)
-
2 -1
In a very similar way, for kinetics (3.3}, we obtain
r. 2Nt I 5 In R/r
—_— T et A —_— 142 {(3.30)

3. [i:ﬂ i 1]_ 4 In 2 °
2 2T 2 -4

The kinetics in (3.4} leads to
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T
td r
The ratio = is plotted against 3% in figure 5. for all the three
kinetics.
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Figure 5.

The relationships between the relative vesicle size and
the relative division time for different kinetics.

4. Discussieon

In this paper we have discussed a mechanochemical model driven by
three classes of chemical kinetics uwsing a varjational approach.
The model displays self-reproduction of which the rate can be
controlled by polymorphic kinetics. Thus it was possible to
connect heterochronic and bifurcation behaviour, which are
probably the alternative modes for the generation of spatial
structures in the evolution of development.

We think that +this study suggests for us that slow
mechanochemical events sgserve as a source of developmental
hoimeostasis or stability under the transformations of fast state

transitions.
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i. AN INTRODUCTION TO THE EVOLUTION OF DEVELOPMENTAL SYSTEMS

The neo-Darwinian theory of evolution has been described in
terms of three properties ever since Darwin,These properties are
heredity, variation and reproduction {c¢f. Maynard Smith, 1986 for
a more detailed discussion of this picture of evolution }. The
component processes of evolution can be classified at least into
mutations, adaptations, constraints.frequency changes, rate-and
direction delermining processes (Endler & McLelian, 1988).

The traditional developmental processes include the growth
generating body size, the cell differentiation and its spatiotem-
peral organization, the pattern formation, generating ordered het-
ereogeneity of the organisms, and morphogenesis, governing the
shape, form and in general the morphology of organisms.

A central problem of evolution is to reveal the connections
of evolutionary and developmental component processes. Although
there exists a vast body ¢@f work discusing the relationships be-
tween development and evoulution ( Gould, 1977;Bonner, 1982
Goodwin et al 1983; Baff & Kaufman 14683 : Ho & Saunders, 1964
Molnar, 1984; Bugs, 1987;: Arthur, 1986 ; Thomson, 1983; Wake &
Roth, 1989 ; Maynard Smith et al 1985 ; Kauffman, 1987 ; Alberch
et al, 1979 ; Horder, 1989 ; etec. ), there i5 no general agree-
ment even on what problems must be solved, or what class of facts
is to be explained.

In my view three general problems need to be address in or-
der to get a deeper insight into the nature of the evolution of
development. These are as follows : {. The nature of the varia-
tion of developmental dynamics ; 2. The developmental control of
evolution ;- 3. The ecological and evelutionary control of devel-
opment. (Molnar, in prep.).

The traditional view of evolution has been concentrated on
the gene frequency changes of the popuiations.The reason was that
the evolutionary play work in ecological theatre of organisms.
The evolution, however, can be regarded as a process of collec-
tive developmental transformations: in populations .If so, then
the morphologicatl transformations in populations may be derived
from developmental transformations. Since the topic to be dis-
cussed here is the origins and transformations of the biological
forms, I shall discuss the morphogenetic transformations
) A brief survey of the theoretical aspects of the evolution
of development include the following alternative point of views

Buss*theory of development can be briefly sutmarized : “The
thesis developed here is that the complex interdependent pro-
cesses which we refer to as development are reflections of an-
cient interactions between celi lineages in their guest for in-
creased replication * (Buss, 1987, p.29}. The dynamic competitive
and cooperation of the coexistence of cell )ineages do not incer-
perate the important physicochemical aspects of morphogenesis

100

and pattern formation. The symmatry conssrvation and symmetry
breaking mechanisms of cell states and cell lineages

i3 neglected, except the inductive interactions.It has been pro-
posed (Maynard Smith, 1990; Molnar, 1990) that dual inheritance
consisting of the DHA and its patterns of methylation may be a
plausible symmetry breaker, of which the amplificatien or sup-
pression may account for a competitive .cellular diversity (see
Figs. &, 2.). .

The bifurcation theory of morphogenetic fields describe the )
generations of forms in a mechanochemical framework (Oster et ai,
1980; 1988 | Murray & Oster 1984;Goodwin 1990).This research line
is inspirated mainly by the classic paper of Turing (1952), which
is reaction-diffusion theory of »morhogenesis .The morphogenetic
field theory is unable to incorporate the coltective, popula-
tional behaviour of ecologically interacting popula- .
tions.Therefore, in this view of evelution the morphogenetic
fields are closed important transformations, such as the error
correcting and vartation generating sexual processes.

A similar evolutionary pic¢ture has been proposed, in its
spirit, in which the organisms are regarded as the variations of
infoiding of shell/membrane systems (Molnar & Verhas, 19%0).

A fundamental aspect of the evolution of organisms is the
interactive dissipative dynamics and the (sequential and parajllel
} information processing coupled via the genetic code {Maynarg
Smith, 1986}.

The ensembles of (epistatically interacting) genes can be
represented by a random network of 0 (inhibited)} and 1
{activated) elements and the interactions of thease random genetic
nstworks retain géneric, ordered behavior (Kauffman, 1987). The
developmental logic immanent in evolution suggest a deep struc-
ture for bielogy, ia which the hereditary variations are themes
on generic, frozen organizational configurations (Kauffman, 41987
i Goodwin, 1990).At this moment this evolutionary concept seems
te viclate the evolutionary continuity of dezcent by modifica-
tions, uniess we assume that the basinsg of the attractors of ge-
netic networks and of morphogenetic fields are leaked.In the jat-
ter case the generic, frczen organizaticonal features ¢an not be
frozen.Hotice, feor instance, that even the geneti¢ code is Chang-
ing. R

Arthur (1988} in a different theory of evolution of develop-
ment proposed the xmorphogentic tree set of hypothesis.The mopr-
phogenetic tree describes the causal structure of development,
which he represented by a tree consisting of binary branchings,
describing the tree-liKe propagation of the developmental and ge-
netic heterogeneity.The structure of the tree can be transformed
by selection.This clear view of developmental transformations
does not contain real ontogenetic mechanisms.Also, it is build up
a reffication, being the xmorphnogentic tree is a representation,

. and the selection reality.Similar reifications can be observed in

those cases, when it 18 suppose that "adaptive evolution is gov-
erned by interactive, rugged adaptive tandscapes, or the
¥morhogenesis and its variations are governed by the solutions of
norphogenetic field equations.Although I sympathize with all
these views, this short analysjis of their content may suggest the
acceptance of their joint merits.

2. DEVELOPMENTAL CONTROLS IN EVOLUTION
Traditionally, by developmental controls genetic, epigenetic
and¢ environmetal controls are meant.



As regards the genetic controls, the general view if that
there exist a geneatic program, governing development and its evo-
lution (Davidson, 1990 ; Cavener, 1989 ; Raff & Kaufman, 1983
»but see Oster et al 1988, and Goodwin 1990 for counter-examples.
. It is not Implausibie to regard the genetic effects as gov-
eérnors of developmental parameters, SuUcCh as the rate, time of
differentiation, movements, death of the cells and their surface
Properties which act in the spatiotemporal organization o0f cell
Populations.The nuclear and cytopitasmatic gene effects act via
Protein synthests .The mentioned developmental parameters are in
turns regutators of gene effects via induction.The genetic regula-
tory architectures are organtzed in a combinatortal superposi-
tional way (xgarcla-Bellido, 1986).These are specific to each
form od ontogenesis.Common regutatory rules and principles are Lo
be found only at the lower levels of the hieararc¢hically orga-
nized gene coantrels (Davidsen, 1%90)

The ¢ell surface contains coupling regulatory molecules
“teinberg &Poole, 198t ; Edelman, 1986}. Edelman described cell
and szubtrate adhesion molecules, for instance, showing regulari-
ties in their spatiotemporal appearance.The mechanochemical cell
structures respond by mechanical deformations or by chemical
Changings to concentration gradients.The local and global ordepr
in some cases, 1iKe in the fruit fly, can be described by spatia!l
harmonics {Goodwin, 1990).The progressively finmepr subdivision of
émbryos uses huge amount of variation, based on a relatively few
developmental parameters.

As to the enviropmental controls of development, an impor-
tant characteristic pf 2 genetype is its reaction norm.The reac-
tien norm is the phenotypic rezponse of a genotype to an environ-
wental parameter gradient (Lewontion, 1982), providing informa-
tien on the possible range of phenotypic variation (plasticity}.
and stability,

The polymorphism of the environmental controls §s legio. EX-
anples from algal *morhogenesis reveai {Traincr, 1970} that nu-
tritional controls are capable of producing such morphogenetic
changes that even the species-speciffc traits may be lost (Fig.
3}. Envirenmental controls are capable of reorganizing food chain
reactions by morphogenetic changes. Certain rotifers react to vi-
tamin E treatment by increasing body slze, capturing larger preys
{(Gilbert, 1989,) }

Instead of listing the unexhaustible casegs of atlternative
environmental controls, how can we summarjize the current ecologi-
cal tendencies in the understanding of the connections of indi-
Vidual, inrter-and intraspecific interactions ? Tilman (1990,
P.5.} has proposed a promising, particularly succint idea
“(T)he development of predictive ecological theory requires 1.
the determination of the major environmental constraints, 2., the
determination of the tradeoffs that organisms face in dealing
With these constrains, and 3. the explicit inciusion of these
Constraints and tradecffs as the mechanisms of intraspecifijc
and interspecific interactions ,"These ecological ideas can be
useful in the exploration of worphological evolution.

3. HORPHOGENETIC TRAHMSFORMATIORS

The transformations are relations, by which one structure,
functien or process is converted inte ah another one .By morpho-
geénetic transformation I mean a change of a developmental path-
way, in which the generation of form by the altered developmental
Pathway is also altered.Here a brief survey of the variations of
the morphogenetic transformations in the evolution of bacteria,

protists, plants and animals show a number of regularities, con-
straints and tradeoffs. The forms of the bacteria is controlleg
by the mechanical equilibrium between the c¢ytopiasmatic pressure
and the surface tension-iike force of the cell watl (Koch, 19903,
The bacteria sitow a refatively limited form diversity (see Fig.
4). The world of bacteria are dominated Y a piochemical func-
tional diversity. The protists have cytoskeleton (a spatial
filamental meshwork), which is capable of generating Jointly with
the cell memdrane or different Kinds of internal or external in-
organic skeleton (c¢f.Goodwin, 1989}. The essential form generatop
of eucaryotes is the variable controlled cytoskeietal deforma-
tions, tincluding ionic, mainly calctum~regulated con-
trols.According to May (1988), the recorded number of protist
species is 260000,

As the Fig. S5 illustrates, the plant form must satisfy an-
tagonistic design reguirements. A spacific plant characteristic
is their rigid cetl wall.The assembly of plant cells can be de-
scribed in terms of the theory of cslliular solids (Miklas, 1989}).
The plant body consists of coupled population of physiclogicatly
and mechanochemically integrated cell pepulations or modules (cf.
Gottlieb, 1984 ; Harper et al! 198%; KleKowsK:, 1988 ; Groff % Xa-
plan, 1%38 ).Plants posses opened growth systems.Their modul num-
ber, shoot and growth length, flowering nodes, presence, absence
and the angle of branchings, etc.can be manipulated geneti-
cally.The plant form change occur: at the level of the metamere
(leaf-axillary bud-internode). A fundamental pilant developmental
strategy is the spatiotemporal allocation 0f the meristema gov-
erning the plant geometry within the phyiiotactic and other con-
straints, of which the genetic and environmental perturbations
are not well understood. As Cullis (1988, P.6Q) demonstrated,
"higher plants have a genetically coentrolled variation $Y3~
iem.This can be activated by a number of shocks.This genomic
variation can be manifest as pnotypic vartation from which better
adapted lines can be zelected.In the absence of any "sfhocks"™ the
varfation system is not active, or active at a very low level,
and it ts the exposure of the organism Lo the "shocK"™ which
€auses variation.The limitation of the variation to a subset of
-the genome, which is controlied by the physiological state of the
cell, gives the variation a LamarcKian dimension in that repeated
exposures to the same shocks generate the zame range of vari-
ants." The estimated number of plant spectes i3z 235000 (Barnes,
19891}, The evolutionary variations of the shoo-root systems
c¢an be classifiable (Groff & Kaplan, 1988), into the foliowing
classes : {.Meither shoot-borne rcots nor root-borne shoots de-
veiop; 2. The plant forms shoot-borne roots but not rogt-horne
shoota. 3. The plant forms root-bdorne shoots but not shoot-borne
reots; 4. The plant form both shoot- berne roots and root-borne
shoots. The important ecological implications of this classifica-
tion wWas recognized by Harper {cit. Groff & Caplan 1988, p.410)

" 1 would expect plants forming roots from their shoots to be
limited py light, and those forming shoots from their roots to be
lited by water and pnutrients.®

Flgs. 6-8 show the evolutionary transformations of the
roots, leaves, and flowers,

The evelution of animal and plant forms are dominated by
cylidrical geometlpy, with other plate-or blob~¢er-spherical forms,
The animals can have {. stiff, branching cylinder form; 2.fluid-
filled, fiber-wound hydrostats : 3. Kinetic dezsignh with flexible
Joints. .



My own view of the evolutionary transformations of the bDio-
fogical form# can b2 priefly summarized in the following form.The
arkgins, maintenance, and fransttiong of bilotegical ferms are
driven by three coupled processes : 1. By a variety of physico-
chemical properties of cells and cell populations [ 2. By selec~
tive mechanisms characterizing the components and processes of
developing organisms ; 3. By a histoerical sequence of environmen-
tal controls. {Molnar, in prap}.

The outliine of the argument s as follows .It is demon-
strated that the physico-chemical! dynamics of the development can
explain a number of ontogenetic processes (Oster et al, 1980; Os-
ter & Murray 1954 ; Goodwin, 199C ; Thompson, 1917, Huzell 1933}

" Tremendous evidence show that selective cell death in the
generation of vertebrate limb, in the dveloping nervous system,
in insect and vertebrate immune system, in the aspecific and spe-
clfic effector system, in developmental selection of somatic mu-
tations in plants do contain selective components and processes,
driven by mechanochemical drive (Klekowski, 1988, Michaelson
1987, Sach, 1988, Hinchiiffe, 19861.., Buss 1987. 1988 etc.).

3. ORGAMIZATIOHAL RULES AND EVOLUTIOH

Oorganisms, their parts, populations, communities seem to
show a set of regularities in their origin, malntenance and tran-
3itions {Huxley, 1932 ; Harper &t at, 19806, Bell, 198% Gold-
wasser 1988; Lindenmayer, 19%82; Oster et al 1988, Mitchison &
Wilcox, 1972 ;| Green, §987 ; Edeiman, 1986 ; Drake, 19%0 ; French
et al, 1976 ; Horger, 1989 : Hinchliffe & Johnson, 1980 ; Tomlin-
son, 1983 ; Raup, t966;, Kauffman, 1987 ; Lewis, 1981 ; Gooedwin,
1990 ; Davidson, 1990 ;Hadorn, 1978, Wake & Roth, 1987 ; Ellison
% Harvell, 1989 ;Londsdale, (990 ;). :

There are many concepts of the rule of transformations at
different levels of organization a brief survey of these rule
concepts clarify their meaning. After an overview some useful
rutes, the following question will be address What are the de-
velopmental and evolutionary relevances of these rules ?

The genetic codirng rules and the Mendel’'s rules are theé most
familiar organizational rules.It §is perhaps surprising that the
genetic coding rules are not universatlt, "frozen" rules, but these
are changing in the evolution (QOsawa et al, 1990).Also, there ex-
15t genes that violate Mendel's rules (Crow, 1979). If such fun-
damental rules are of dynamic¢ nature, it is expectable that the
lesser fundamental rules show much mere "wobbling" in the self-
assembly of biclogical structures.

The developmental rules are a subcase of the organizational
ruies, because they are restricted to the level of developing or-
ganisms. In the pre-Darwinfan comparative embryology von Baer
{1828) had already discovered "laws of developmenti®.Gould (1977
p.56.) put these lawsz intoe English in the following way ("as
probably the most important words of in the history of embryol-
ogy, "according to Gould). "1, The general features of a large
group of animails appear earlier in the embrye thanm the special
features. 2. Less general characters are developed from the most
general, and 3¢ forth, unti! finally the most specilalized appear.
3. Each emdryo of a given species, ..., instead of passing through
the stages of other animals, departs more and more from them. &§.
Fundamentally therefore, the embryo of a higher animai is never
‘tike the adult of a lower animal, but only IiKe its embpryo."

The validity of these rules are of statistical nature, be-
cause there are counter-examples.Von Baer's lawz: of development
have been reinterpreted in the context of the bifurcation theory

{Molnar & Verhas, {990).By the iterations of symmetry breaking
instabilities a progressively finer spatiotemporal subdivision
can be geanerated in wmodel embryos. The governing equation for the
case of gastrulation has been dezcribed in this velume, too {see
Verhas & Molnar }.

In the current developmental biology we can obsérve celtiu-
Far, tissue and organ ruieés.This is carefully analysed for the
case of phylietaxis, in general for the organization of the shoot
of plants (Green, 1987). Green analysed the three major pnilotac-
tic (leaf placement) patterns. The leaves may be in a helical ar-
rangement, alternating in a plane, or whorled.Greens’' definition
of rule is as follows "The most efficient rules have the in-
stantaneous character found in a time-based differential equa-
tion.When integrated over time and space, the rule produce the
/developmental/ Dehaviour (Green, 1987, p.657)."

The three major phylotactic patterns are varlation on a sin-
gle generative theme. (See Jaceb, £982, that evoilution iz tinKer-
ing of old structures). Green's explanation of phyliotactic pat-
terns is based on pupely mechanical activity of the iterative ac-
tivity ¢f celiutose reinforce pattern of the shoot surface.This
activity can he reduced through the c¢ytoskeletal cell behaviour
to micretubules and associated proteins, finaitly to RNA and DHA.

In this atiractive scenario the explicit reference to direct
genetic form controls, photosyntheticatiy or nutritionally in-
duced, leave-forming meristematic excitability is ltacking. The
lack of environmental control of the leai-forming or other func-
tional dynamics of the rule-equipped system contains necessary,
but net sufficient developmental description,

For the description of dyramic plant morphology and foraging
Bell preposed constructional rules (see Bell, 1984, for a re-
view).The plant construction can be described by the probability
of branchings, the lengths of the modules (internocdiums), and the
angles of the branchings.The iterations of this parameters simple
rules of growth lead to a variety of plant architecture,

The limited set of basic tree architectures c¢an also be
treated by the iterations of simple rutes of growth (Temlinson,
£983).Halle et al, (£978) have reduced the basic tree forms to 23
classes or "models"., As Tomlinson (1983 p.$82.) claimg, "Lrees
develop according to a precise genetic ground plan-the architec-
tural model-that determines the form of the tree."Tomlinsen also
notes that the demography ¢f tree populations is of very impor-
tant role on the determination of tree forms.MNiKklas (1986, 198%)
put forward the general view of plant architecture, stressing the
trade-offs (measured in negative correlations whenever possible)
of the competitive requirements between the components of the
plant design (see Fig. 5}.

%. CONCLUSION: CELLULAR AND MODULAR COEVOLUTION
There are two major classes of developmentat units with a
nupber of transients between them, of which the spatiotemporal

Jiterations generate the diversity of organisms. The first is the

cell characterizing unitary {("solivary™) organisms, and an inte-
grated cell population, the modul, characterizing modulapr indi-
viduals,

The interactions between the different forms of selection
and the iterative aggregations of the cellular and modular units
suggest an evolutionary view, which may throw light on a unified
treatment of the evelution of unitary and modular organisms.The
selection for cellulapr and modular aggregations is diiven by

polymorphic symmeiry conserving and symmetry brealing physico-



chemical mechanisms. These mechanisms may be expressed¢ as phe-
nemenclioglcal rules at many levels of the biological organiza-
tion., It is reasonabie to suppose that the symmeiry breakKing and
conserving mechanisms are also under setection, for the generated
structures by them posses selectable functions.

The most probabie element in the initiation of the evolu-~
tionary divergence of the unitary and modular organismg may have
been the emergeéence and subsequent evoluticnary changes of the
stem cells. The stem cells are capable of producing themselves
xmainteningcell and tissue nomeostasis, and other cell types,
creating celluiar diversity within and between organisms.

A plausible proposition is thay the interactions of ltera-
tive cellular and modular developmental units, respectively, have
resulted in coevolution of cells and modules by the selective
medification of the rules and boundary conditions of the itera-
tions of the Jevelopmental units. There is a vast z2mount of evi-
dence, that the matn ecoclogical-interactions, such as competi-
tion, parasitism, predation, mutuaiism, etc. can be observed in
bacteria (especially theipr multicellular forms selected for
mainly foraging), protists, animals, fungi and plant.It is a ¢com-
monplace that the plants and moedular (ma2inly sessile} animals can
be regarded as a population of modules.The dynamic¢s of these mog-
ules are governed by Joint mechanochemical forces, andg ecoiogi-
cal, mainly nutritional and demographical controls.

In summaristing, in ihis paper I hope to demonstrate that ac
nany levels of the biological organization there exist an ordered
set of regutar events, which are manifested at genetic, developn-
mental, ecotogical and evolutionary scales.These regularities can
be described by organszational rules, A deductive theory of bioc-
logical organization, of which the predictive one onky a special
case, must contain the ¢learer relationships of the organiza-
tional rules, the boundary conditicons or constrainis within which
the rule are operating, and the effect of histerical contingen-
cies making a too reguliar hiociogicait world more realistic.
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Spore-dispersat

Antagoﬁistic design requiements in plant growth
andg reproduction. A sitylized vascular plant shows
tradeoffs in the plant architecture /After Niklas,
1986).
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ABSTRACT

A survey of the principal stages of neural evolution and cephalogenesis
is presented. The animal taxons are specifically clustered according to
comparative data and hypothetical trends. At last, a special approach ta
evolution is proposed of which the key-concept is called" phylogenetic
forest". It means that wvarious ordering criteria may determine various
phylogenetic trees of which the correlation snalysis or comparisons are
additional descriptive steps. It may happen that these trees cannot be unified
into a single one.

INTRODUCTION

The emergence of the so called intelligent, conscious human behavior
together with its subsirate, the human brain is an unsolved problem in the
theory of evolution.

The answer to the other question, whether the theery of evolution itself
is temable or untenable, in this special case depends mainly on the
philosophical or speculative background. A theory which is unsufficiently
supported by facts and thus it is refuted - as Spencer  says - is replaced
often by nathing.

The question of brain evolution seems exceptionally difficul, since it is
regarded 25 & "jump', unexpected from the foregoings. Ne satisfactory
transitional cases are demonstrable with assurance and in all respect.
Particuler examples are yet collectable. For example, the man as a
tool-handling and tool-msking subject is not unique smong the animals. Formal
equivelents or archetypes of seversl human social behavioural patterns also
exist.

However, not the ‘evolutionary Jjump' represents only the difficulty.
Jumps accur everywhere. However, this jump resulted in man is outstanding.

What is usually regarded as evolutionary spprosch concerning any kind of
biological substrate, not only in the case of brain? Jerison (1973) claims
that an investigation is regardable ‘evolutionary' if beyond comparisons
and/or classifications it is bistorical. It would mean that it tskes into
account e.g. fossil brains. Regrettasble enough, the actually disposable items
are rather endocasts and not brains. Intact fossil brains practically are not
available, only their rather empty places which at most 1limit the size and
volume and rarely very residual soft parts. This holds in cases when skulls
existed at all. More often, even no solid envolopes can be found or whole
animals are lackimg. At *lower' phyla the lack of solid coverings makes
reconstruction of fossil nervous systems practically  impossible. The
Heeckelian law, the recapitulation of phylegenesis by the ontogenesis is not
reliable and this supposition gives only hints but does not replace solution.

HMoreover, even in favorable cases, paleological fimdings alone does not
determine uneqivacal partial ordering immanent in evolution. Furthermors, it
is always unreliable to claim that @ recent species is a follower of an
extinct item. That is why, smong others - as Jerisen (1%73) correctly sees -
the so called recognized rules of brain evolution frequently proved to be
erronous. Nevertheless, comparison of various neursl ontogenetic pathways (if
available st all} are useful stock of evolutionary principles.

Nervous systems and still more the bYrains are not wubiquitous in the
Animal Kingdom. Nevertheless, the excitability is regarded as a universal
property of living objecis. In an extremly brosd sense the 'responsivness' as



representing the archetype of excitability can be even extended to all
exsisting objects. Thus, a non-living item could say that ‘'respondeo ergo
sum'. .

The enigma finished with the appearerce of human brain. It is a conscious
item, capable of observing its own activity, recognizing its own existence. At
the present time, no methods exist by which the activity of a conscious and a
unconscious brain cen be certainly distinguished from each other neither in
natural nor artificial items, This dilemma is not solved by the conversational
test of Turing (1951), However, in human medicine, the diegnosis -of
uncanscious state of a patient works fairly well. .

PRENEURAL EVOLUTION AND THE EXCITABILITY

While only excitable cells ocour both in animals and plants, the nervous

system (NS) is'restricted to Metazoan species. Various NSs are specialized for
guick control of all parts ofs the orgenism including itself. It may be
surprizing that out of NS and muscle cells the 'ron-excitable’ stigma is alse
used as a professional term... The excuse of this attribute is that in neurons
and muscle cells the signs of excitations are more spectacular than elsewhere:
- electrical signs and quick mechanical motions.
: The nervous control includes responses to external stimuli and endogenous
activity which is remote from ad hoc external agents. Moreover, some
differentiated forms of nervous control appesrs to be purposeful or
goal-oriented e.9. due to their preventive character. However, in a so called
neutral (i.e. non teleological) jargon this means a high level of adaptive
machinery. .

Do exist wnicellular systems (1CNS) in various Protozosn species which
might correspond to nervous systems (NS) of multicellular snimals or not? How
the NS appears in primitive Meso-, Para- and Metazoan animals 1like those of
Moruloidea, Porifera, Cnidaria or Ctenmophora? When & cell may be called a
neuron? How the sensory, transmitter and efferent functions become separated:
from one cell or not (Kleinberg, 1872; Hertwig and Hertwig, 1B878)7 A multitude
. of similar problems are only partially solved mainly by suppositions which sre

hardly verifiable. )

In Protozos the electrical signs of excitation and resting state are
demonstrable. Coordination of flageliary, ciliary and protoplasma motions is
present in different unicellular orgsnisms. Two problems are of paramount
interest: (a) the autonomy versus centralization of these control processes
and (b) the manner of coordination. Are these zctions reslized through
protoplasma or by evenis restricted into the surface membrane? The preference
is given mostly to the second alternative. Recent answers fails to confirm the
presence of intraceliular conductive fiber system imside any Protozoan
species. It is also the negative response is preferable with respsct to the
presence of specialized NS in Moruloideas (Bullock and Horridge, 1965).

The various forms of taxis are observable in Protozoan behavior and
remgins present further in various multicellular non-primitive organisms.
Texes already may give the impression of ‘'intelligence'. This strictly
suggests carefulness concerning the definition of ‘'intelligent behaviour'.
Nevertheless, many taxis phenomena are well interpretable im terms of
non-living control terms.
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PRIMITIVE METAZOAN INVERTEBRATE NERVCUS SYSTEMS.
(IVNS-1; Bullock and Horridge, 1965; Lentz, 1948).

The existence of NS in ‘'higher' animal phyla becomes less and less
questionable, becomes evident. The term ‘higher' is based here on traditional
(usually morphological and paleczoological} criteria out of neurosciences.

The invertebrate nervous systems might be categorized inte different
phylogenetic (or comparative) categories:

0%a) Diffuse Nervous System (DNS) in Mesozoa, Parazoz and Acoelomats
(Cnidaria, Ctenophora). There are differences: (1) In Moruloidea the existerxe
of true nervous system is not well documented; (2) In Porifera the
distribution of putative nerve cells is not regular; (3) In Cnidaria and
Ctenophora the gross architecture is not completely diffuse.

(b) NS with ganglia (GNS) including cerebral one, segmentation, cords,
comissures, i.e. an 'orthogon-like {ladder)' NS is present in various
flatworms. Some orthogon-like NS-s can be regarded as archaic segmental or
presegmental cases, The segmentation apppears in Annelida, Arthropoda and
Archipodiata. Presegmental architecture or segmentation is not explicit im
Mollusca with some exception: in Loricata and Monoplacophora (Meopilina).

{c) Differentiation of cerebral part (CGNS) arises from Platyhelminthes
and fyrther phyla. It does not associated with a definite segmentation.

(d) Special cases: e.9. Echinodermata ring-nervous system (RNS) or
ngn-segmental Molluscan cases. The central symmetry of Echinodermata seems
enigmatic until we know about their bilateral symmetry in larval form.

(e) Epithelial-ectodermal NS with local thickenings. ODifferentiation of
peripheral and autonomous N5. Appears in various primitive or reduced worms.
It is not a peculiarity even in Deuterostomia. )

Diffuse systems are especially characteristic to Porifera and Cnidaria.
However, no reliable data speaking for the appearence of nervous system are
available concerning Moruloidea.

In Porifera classes Lentz (1973) reports asbout primitive NS, while
Bullock and Horridge {(after the amalytical survey of Jenifer, 1962) da not
give the affirmative response to the problem of existence of NS in sponges.
Nevertheless, syncitium with cholinesterase activity of sponges or with the
detection of other neurospecific substances argue for the emergence of newral
specialization. DNS-s consist of syncitial set of ‘cells identifiable either by
neurospecific or by non-specific substances. In this sense numercus Porifera
and still more Cnidaria species have already ONS (a reticulum or syncitium}.
pDifferentiation of sense organs alsc arise. .

It is here necessary to define four terms of neurcbiology mainly after
Bullock and Horridge (1965) and other textbooks:

RETICULEM = Anastomosing (ofien keeping protoplasma continuity) fibers
without specified connections; -

SYNCITIUM = A multinuclear cell usually with elongated processes
resembling to network. Often NS said to have syncitium consisting of disjoint
cells. .
PLEXUS = A general ‘term of nerve fibers. The cells are either
synaptically cornected or contiguous components. The term is often used for
peripheral NS;

NETWORK = Usuvally symaptically connected nerve cells. Sometimes applied
for unspecified connected machinery.

Remark that these - in a part historical - terms are still used for the
description of neuronal or pseudoneuronal connections in lower phyla. In  the
context of DNS all of these terms are applied. The essential differences . -



included in the used terms - can be reduced to two properties:

(a) Continuity of protoplasma versus contiguity ( = separation by
external membrane);

(b) Cells with separated (disjoint) protoplasma may touch each other and
the interactions might be either uni- or bidirectional with respect of
possible influences through chemical and/or electrical signals.

When the cerebralization or encephalization reaches the degree at which
the name of brain at least as & metaphora is justified? This name is
applicable by converrtion. In textbooks it appears first at Platyhelminthes.
Thus the attribute of ‘'cerebral' is used for otherwise rather primitive
invertebrates, It labels the concentrated and separated group of cells at the
‘cranial end' of the animal, where cranial is applied alse as a metaphora
tsken from animals holding a ‘cranium' (neolatin name of skull) or
well-distinguished head.

The 'orthogon' and/or ladder-like NS architecture which occur in numerous
phyla we regard 8s a 'preludium of segmentation’. Segmentation might have
evolutionary advantage. Segments are capable of responding autchomously by
local reflexes or control. At the same time the extensive Ilongitudinal and
transverssl connections points to  the possibility of coordination,
occasionally synchronization or timing. These NS-s are multicentral consisting
of interconnected centers. Such or similar architecture becomes quite genersl.

The cerebralization means that the first ganglion becomes dominant or at
least different from other ones if they exist. Often the cerebral ganglion is
not required to carry oul spegizlized function. Analogous phenomenon  is
recognizable even at Vertebrats. Ffunctions, regeneration and 'survival without
'brain' are heterogenous.

The emergence of ‘'orthogon' NS and the signs of rmonp- or
multi-centralization in the form of ganglia cannct be sharply separated.

EXACT DESIGNS OF SOME METAZOAN INVERTEBRATE NERVOUS SYSTEMS,
(IVNS-2; collected from Bullock and Horridge, 1965 Vol 1, pp. 599-609).

While the number of cells is undefined and the significance of single
neurcns becomes smaller in 'higher' NS-s, there are certain 'lower' taxons in
which the number of neurons is fairly constant or at least some neurons are
well identified as homologous to each other.

Dutstanding examples are as follows:

NEMATODA :

(1) Ascaris lumbricoides 162 «cells in  central #HS: 62-23-77
sensory/internuncial/motor respectively; 92 neurcns in tail and enteric system
(Goldschmidt, 1908; Chitwood and Chitwood, 1940);

{2) Rhabditis anomala has the same number of central neurons a&s Ascaris
has: 162; .

(3) Anguilla aceti: 279 neurons,

(4) Rnabditis longicauda: about 200 cells;

It is here intevesting to remark that in certsin computer companies a
research work is processed with respect of such betier-identifiable nervous
systems like that of Caenorhahditis elegans.

ROTIFERA (plus sbout 200 in other ganglia)

1

(5) Epiphanes senta: 183+34+23=240 central nerve cells (Martini, 1912);

)(6) Asplancha priodonta: about 225+50+44B8=323 central neurons (Hachtwey,
1925)4

)67) Synchaeta tricphtalima: 223+38+20-281 in three main ganglion {(Peters,
1531);

ACANTOCEPHALA:

(8) Hamaniella microcephala: 80 cells and 40 cutput lines for cerebral
ganglion;

(9) Macracantorhynchus echinodiscus: 86 cells, 56 outgoing wires;

(10) Bolbosoma turbinella: 73 cells;

ANNELIDA:

(11) Pheretima communissima: for a typical ganglion of the 98 segments
1G00-4500 cells, 400-1000 fibers going to about 50000-80000 muscle fibers were
counted (Ogawa, 1939 cit. by Bullock and Horridge, 1965);

The individuslity seems to be graduslly lest when reaching the level of
Annelidas species. However, numerous Gastropeda and Cephalopoda nerve ceils are
fairly well identifiable. ]

The neuropile, the core of ganglia consisting mainly of fibers is
characteristic in Mollusca. Iis internal orgenization is essenmtially unknown.
Scme ganglia of Annelida shows much simpler siructure wiih few neurons, like
Hirudoe. :

MORE COMPLEX INVERTEBRATE NERVOUS SYSTEMS.
(IVNS-3; Bullack and Horridge, 1965)

Most probably, Arthropoda, Mellusca and Echingdermata species represent
special special limes in evolution. Concerning of nervous system it appears
that links to higher phyla are missing or still not correctly recognized. The
emergence of Deuterostomia seems to be 2 jump.

Insect performsnces include even 'social bebavior' (bees, ants).
Cephalopoda are capable of differentiated learning.

Echinodermats display peculiar circular gross gecmetiry of N5 because of
the more or less {pseudo)central symmetries of their body. It is necessary to
remark here, that the lsrval symmetry of Echinodermata is bilateral, while the
adult bilaterality is most often an obscure property. It is an outstanding
funncticnal problem here is related to the autonomous vwersus central
coordination and the interplay of these two kinds of contrel. The principle of
quick autonomous control together with centralized NS remains 3 conservative
achievement which cccurs in previous and further taxons too.

It is disturbing that neither neurochemistry, nor finer internal
organization can point to the specific substrates of new achievements. Thus
net well reproducible demonstrations are available with respect of molecular
substrates of memory or learning which is already clearly oresent in
Cephalopoda. Sperry says that: -

'no one has yet succeeded in demonstrating anatomically a single fiber or

- fiber comnection that could be attributed with assurance to have been

implanted by lesrning' (page 8, Sperry, 1964). .
His statement is not out of time and it is valid for non-antomical, e.g.



molecular substrates too.

The best we can do is the recording of differences, the reproducible
phenomena and give careful interpretation. Comparisons and classifications
represent steps forward. However, as soon as any kind of - otherwise possible
- ordering is regarded as a foundstion of evolution we usually speculate only.
Neveriheless: 'speculatio necesse est’.

DEUTERGSTOMIA-1,

Two peculiar phyla: Homalopterygia(Chaetognatha; 50  species) and
Pogonophora (Brachiata) merit special attention. In Homalopterygia  two
‘longitudiral cords sre cbservable interconnecting ganmglia and one larger
ventral ganglicn (See in Dudich, 1975; Bullock and Horridge, 1965 vol 2 p.
1565). Brachiata show more peculiar preperties. The ganglis are claimed to be
absent (Dugich, Bullock and Horridge), intraepidermal plesus is however
present. Nerve cells are distributed in the epithelium. In the anteriormost
part a brain-like group of cells may eccur.

NERVOUS SYSTEM OF INVERTEBRATE CHORDATA. DEUTERGSTOMIA-2,

Concerning cords, two superficial analogies emerge: (a) homology with the
cords of worms, Arthropoda etc. or (b) homology to spinal cord of Vertebrata
or cords of invertebrate Chordata. A supplementary possibility is the lack of
"true' correspondance of longitudinal structures of these phyla.

The main problem is to find the satisfactory ontogenetic foundation of
the homologies of cord and ganglion formations with comparison to other phyla,

The classification followed here regards the Vertebrata, Prochordata,
Hemicordata and Cephalocordats as separated phyla. By this convention the name
of 'invertebrate chordata' is justified. This is not unique, e.g. Ariens
{1960) claims about Amphioxus that 'classed as 2 chordate and ot & true
vertebrate..’.

In such a framework the immediate -formsl or resl - ancestors of
Veriebrata are most probably the Hemi-, Pro- and and Cephalochordata with 90,
1900 and 13 recent species respectively. The true ancestors are most probably
fossilized and the classification of recent items does not reflect the true
evolution. This is e frequent and hardly avoidable dilemma of evolutionary
arrangements of animals concerning other taxens too. In the chordate phyla
numercus candidates of homologies with Vertebrata brain parts could be listed.
However, & given correspongdence is usually speculative.

It does mot exist & general agreement about homologies of spinzl cords of
Vertebrata and the elongated cords originating from subepithelial nervous
tissue e. g. elongated mervous strugtures of Hemi-, Pro- and Cephalochordata.
Only unreliable parsllelism is founded among Hemichordata and cords of
Cephalocordata or spinal cord of Vertebrata. It is a different problem to
accept or to refuse a correspondence between elongsted support tissues in
these phyls and columna vertebralis of Vertebrats of 'narrow sense'.

Many authors without hesitation (2.g. Ariens, 1960) spesks sbout the
'spinal cord' of Amphioxus following suggestions of authors of the 19th
century (Retzius, Rhode etc). )

Nevertheless, the principal question remains to establish more strictly
the true homolegies. Superficial analogies of elongated parts can be supposed

 Elther with mere primitive phyla and Vertebrata. In case of Amphioxus the
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frontal part is regarded as brain or archencephalon and the caudal elongation
as spinal cord.

In Tunicata species beyond the ganglion formation the NS is
sophisticated, including also a cerebral part. .

VERTEBRATE NERVOUS SYSTEM. DEUTEROSTOMIA-3. ’
L )(Sarnat and Netsky, 1974; Jerison, 1973; Masterson et al., 1976; Sepp,
949). :

At this point the degree of evolution is based mainly on the arising of
Newer and newer cerebral paris beyond spinal cord: the size and relative size
or  significance of  Rhombencephalon(REC), Mesencephalon -(MEC),
Diencephalon{BEC) and finally the Telencephalon (TEC) with neccortex and more
archaic basal part increase.

A peculiar theory of existing three brain complex was introduced by
Mactean (1973; see also in Sagan, 1977). According to this scheme the
Vertebrata brain would roughly comsist of a so called archaic R{=Reptilian)
complex, the limbic system and neocortex.

The number of neurons increases in different classes or their ratio is
also different in different parts of brain. The white and grey substance are
Separated.

Concerning synaptic organization layers and glomeruli are frequent.

A very special - essentially Mammalian - formation is the COEpUs callosum
and the lateralization (Sperry, 19¢4). .

In Vertebrata the vascular and NS gets into a special relation and the
hlood-brain barrier develops.

THE HUMAN BRAIN (Past, Presence and Futufe).

The {predhominid animals display well-known paleological features
{Passingham, 1982), The majority of the accounted signs . are geometrically
mesurable properties or the mass of brain. It is an almost general belief that
the 'information-processing capacity' is in direct correlation to the size and
enlargement of brain. Most probably this is not an shsolute rule.

The problem is not separable from the definition of man. Numerous -
equelly insufficient - solutions have been proposed. The question of emergence
of Homo sapiens with its so called intelligent and cognitive behavior is
simply wunsolved. The problem start with the hard definition of these
behavioral properties. We attribute intelligent behavior also to apes
(Premack, 1973; van Lavick-Goodall, 1971} and fragments or traces or illusion
of intelligent behavioral patterns im lower animals %oo. Some decades ago this
was strongly denied. -

Probably, the human brain is not the emly existing comscious brain, but
this statement is almost undecidable. Nowadays, it is believed that the speech
or other sophisticsted forms of communication are rot restricted to man.
Primates also display speech-like communication forms and are capable of
hendling tools, display special 'sociobiological’ behavior., Manmy attempis were
mzde to distinguish these properties from those of the man. Thus for example
it is usually refuted to regard any kind of animal social behaviour and  human
sociely as homclogous behavicurs. The animal behavier is often regerded
‘mechanical', 'non-intelligent', 'closed', 'instinctive' etc.

What does transform the ancestors inte man with respect of nervous



system? Self-conscicusness and that of the environment, language, social
factors, working ability, capacity to preview, religion and s multitude of
other factors are non-separable entities. Their role in evolution is
extensively discussed since ancient times.

The especially evolved learning ability and associative memory are also
regarded as human characteristics. Until now, the memary research falled in
finding the substrate of memory or learning. Remind the gquoted statement of
Sperry (1964). The same lack of evidence holds for candidate molecular
mechanisms of memory and learning toc. At the same time it is evident that the
ontogenesis of human brain is comnected to maturation by learning.

Learning is a part of human ontogenesis and it is not only human. After
Edelman 3 selectionist theory is directly applied to the nervous system.
However, nothing spesks against the presence of 8 kind cof ontogenetic (not
phylogenstic..) lamarckian (instead of or in parallel with ontogenetic
Darwinism) concept. €ells, which divide after having differentizted shows that
genetical machinery works in the generation of cells when the acquired cell
characteristics are propagated in a cell 1line. However, it is harder to
explain the passing on of acquired neural properties if the cell division was
broken off. Thus a conventional Lamarckism applied to neuron generations is

_applicable only at the early entogenetic periods. Unfortunately any kind of
Such ideas are like @ red rag to a bull. Nevertheless, the neural ontogenesis
seems to be more complicated and perhaps not explained by tiraditional (i.e.
Darwinian) phylogenetic terms restricted to ontogenesis, E.g. special sorts of
metamorphosis mav mesn the radical metamorphosis of the NS +too.

Let us pose finally the.question of future evolution of brain, Here, a
plenty of room is given for free speculations and the answer is dependent on
the ambiance of the responding persons. The 'future of the brain' is directly
Telated to the future of the man. Rose (1973) ang Sagan (1977) deal with the
problem. Their discussions demonstrate that this question is partly beyond
biology. Moreover, it may fall into moralizaticn or sentimentalism. In 1this
respect the short essay of Lorenz (1973) is offered -~ amgng numerous similar
ones - as an instructive reading facing reality. No gusrantee exists against
the stop of evolution as a direct consequence of the so called conscious and
intelligent brain and human activity. It is not impossible that intelligent
beings are in fact self-desorganizing systems (5d05) without essentisl
external help.

There is a peculiar concept faverized by Kemeny (1972) and others,
Criticized by Roszak (198¢). Kemeny claimed that beyond Man a non-prganic
evalution of computers could take place which would replace the Homo as a
'top-species’. -

I do not share this technophil idea and mostly agree with Roszak, the
opponent. I think that in case of a possible decay of man, the computer
species will not survive zlone. Computers may become ubiquiteus and the life
of Mankind becomes strongly dependent on a very vulnershle  technical
environment. Thus if it is not organized well, the technical evolution eould
Cause the 'Untergang' of the Homo sapiens without the survival of technical
evolution. The idea of such a survival is not scientifically supported. HNo
independent 'Computer faber' or ‘Computer sapiens' exist. Even if it is not
true, is it consolation for anybody to believe in the survival of machines?
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CONCLUSIONS: PHYLOGENETIC FDREST.

The evolutionary approach in relaticn with the nervous system is often
applies conjectures and not clesr-cut evidences. It cannot be clzimed in
relation with nervous systems after Bates (as Poulton guotes with respect of
butterfly wings in Mason, {(1928)), that 'the nature writes as on the tablet
the story of modification of species'. The story of neural evolution seems at
least as cbscure as the evolution of other partial systems of the organisms,
like e.g. biochemical evolution, evoluticn of energy~houseold, that of the
mechanical motions, evolution based on macromoleculsr nucleic sequences etc.

Demonstration of orderly changes or even something like a 'progress’
based on ‘neural items' requires the establishment of a theory of neural
evalution separated from other evoluticnary theories. This is not an easy
task. E.g. the monograph of Ariens-Kapers and coworkers (1%60; 3 volumes,
about 2008 pages) lists the morphelogical and crude histological data
available for Vertebrata, including Man {and the chordate Amphioxus). DBetails
on spinal cord, medulla oblongata, ..., neocortex suggest 'a quantitative
progress’, variations in shapes, changes in the ratics of distinguishaple
parts). The last means that specific parts become dominant in ‘higher' species
which are regarded more progressed than others. Such observations lead to the
conclusion that certain parts of brain are more significant tham athers +to
specific functions. Nevertheless, no detailed correlations were explored
between morphological and behavioural findings. A construction or recognition
of an evoluytionary order {n the organization of network wiring and its
development seems presently only as a serious challenge only with some hints
fer the solution and it is not a zet solvable.

What can be said ('in general' or 'inm details')?

(G) Protozoan animals may have alresdy sensory and motor functions
together with coordination. The three primary function of N5 is present in
lack of NS.

(1) The specializaticn of neursl cells emerges. The simplest reflex or
responding mechinery may consist and/or develop from one two oOr even three
different cells. It seems to be genersily accepted that the site of origin is
ectodermal for sensation and some of the conductions but the effector cells
take the origin from other layer. Thus e.g. two ecto- and one mescdermal cell
is satisfactory for a complete reflex arc. Some decades ago the ‘'monoaxonism’
and polydendritism' (Ariens, 1968, vol 1., p. 86.} seemed a rule based on
developmental forces, but now it is not regarded exclusive and ubiquitous.

{2) A progressive (multi)centralization of nerve cells takes place.

(3) The first ganglion, the 'cerebral one' appears later. The_ intrinsic
organization of ganglis someiimes shows exact design, sometimes only
separation into surface layer and core (neuropile).

(4) The number of neurcns increases.

(5) The density of wiring, the arborization of gel; processes becomes
higher or richer. However, I underline again that now it is still illusory to
recognize 3 so called 'progression' in network wiring. ) )

(&) The sbselute or the relative mass (weight) of ‘brain' increases.

(7) Intuitively speaking, the complexity of behaviour increases but the
complexity is not an easily measurable property. . ]

(8) The shape of comparable, homologous parts (e.g. nuclei or ganglia)
display rather a variation than a progress. It is theoretically difficult to
claim a certain shape to be more evolved than other ones.



(9) 1t is believed that memory capacity increases, lestning patterns
{paradigms) becemes more and more sophisticated. However, it remains a problem
that neither of these properties are well-gquantifiable.

{10) Manipulation with instruments and sophisticated inter-individual
transfer of information is regarded as signs of progress. The fragments of
such behaviours are present even in Insects.

Thus more than one criterium csn be taken into account for the foundation
of neural evolution even if it is based solely on neuromorphological factors.

Neurochemistry and humoral control show more gbscure evolutionary trends.
Almost all of the putative transmiters are archsic, present already in
organism regarded traditionally primitive ones (see in Lentz, 1968). Moreover,
some of them might participate in the chemical control of ontogenesis itself.

The evolution of behaviour may be described as an enhancement of

‘recognition, integration and coordination capacities. In comparisons of
developmeni for behaviour, the 'learning' ability is generally regsrded as a
‘higher rervous activity'. Now, we could describe the non-living mechanisms of
adzptive formstions of an autematon. Thus learning is not as enigmatic as it
seemed before. The actual details of economic learning in livimg species still
remains hidden. The ability of working or communication - at least in
rutizmentary or imperfect forms - are recognizable in lower species too. It is
claimed uysually that these performances sre not comparable with externally
similsr actions of the Man.

Two outstanding properties of NS are difficult to explain: (1) economy,
i.e. functioning in complicated way with relatively few cells; (2) tolerance
to local vulnerability, i.e. local redundancy. The two achievements seems
contradictory to each other.

The finz} step of evolution is wusually based on the emergence of
'intelligence’ and this clesrly differs froem the evolution based on e.g.
energetic aspects (see the thermodvnamic aporoach to evolution presented by 8.
Lukacs in this velume). This unceriings that a multiplex kind of evolutionary
theory is at lzast desirabie. Tt follows that to derive 'phylogeretic trees’
by single, sometimes obscure criteriz is untemable. That is why a forest of
phylogenetic irees is required where each treec of this fictitious forest is
based on clear criteria, a definite partial ordering of taxons.

The method of ordering of wvarious species is most often based onm
'youngest common ancestors' and s sequence of recent species does not mean a
direct derivation of one recent species to an other living ome. On the
contrary most frequently & time interval - the life of ihe ancestor species -
is associated te usually two recent species.

Thus to list more than one gpparent evolutionary line by different
partial systems looks a suitable strategy. This is a multi-evelutionary
approach even if it is restricted to neursl substrates and control. It
encloses a searching for partizl opdering of recent and fossil taxons based on
neuroanatomical, physiological, behavioural and other neursl criteria. It
seems desirable to deal first with taxonomy of the nervous systems separately
and sfter look for correlation with other 'evolutionary lines and trees' if
such correlations exists at sll... The possible 'meural classifications' and
various possible orderings should not be necessarily identical to equivalence
Telstions and orders based on other {morphological, biochemical, ontogenetical
etc.) aspects. The unfortunate reality is that very few detailed data are
available sbout fossil NS-5 simca the soft parts are rarely fossilize well
(Sarnat and Netsky, 1974; Harman, 1954). For 'lower animals' even 'erdocasts'
are not available since solid ecnvolopes for brains do not exist. The research
of fossil human 'intelligence' or even IQ of dead men (eriticized by Gould
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{1981) and others) approaches the criteria of pseudoscience in which almost
any desired conclusion can be drawn.

Nevertheless, the intelligence and its emergence remains a good criterium
of pregress with the addition that it is not easy to define 'intelligent'
behaviour. This should not be necessarily in correlation with gross’
anatemical, size, histological, nsurochemical or other behavioural criteria.

At last, it is believed that a "total harmony' of varigus phylogenetic
trendgs never will arrive. The evolution is supposed %o be not expressed by a
?ingle tree. It is better to describe it by a metaphora of a fictitious

orest.

SUMMARY

After a survey of various nervous systems it looks evident, that without
solving basic questions of neurchbiology itself, the evclution of nervous
systems cannot be described in a satisfactory manner.

Concerning the concept of evolution itself I prefer to be evolutionist
believing that the evolutionary speculations are tenable despite of the
appearence 0f Homo sapiens. However, on cosmic scale, the terrestrial .
evolution which resulted in man is most probably an ephemeric, local,
historical, finite and non-generic category.



TABLE OF SOME OUTSTANDING NEURAL CHARACTERISTICS IN VARIOUS TAXONS

01-01.Z00MASTIGOPHORA
02-01.RHIZGPODA

03-01.HELIOZOA
04-01.SPORGZ0A
05-01.RADIGLARIA
0&-02 .PROTOCILIATA
07-02,EUCTLIATA
08-02.SUCTORIA
09-03 . PLANGLADAE
10-04 . CALCEREA

11-04 . TRTAXDNIA
12-04 . TETRAXONI A
13-04 . CORNACUSPONGIAE

- 14-04 .CEROSPONGIAE

15-05.HYDRDZ0A

16~05.SCYPHOZOA
17-05. ANTHOZOA
18-06. TENTACULIFERA
19-06 . ATENTACULATA
20~-07. TURBELLARIA

21-07.TREMATODES
22-07.CESTODES
23-08.NEMATOIDEA
24-06. NEMATOMDRPHA
25-08. ACANTOCEPHALA

26-09 . ANOPLA
27-09 . ENGPLA

28-10,ROTATORTA

29-10.GASTROTRICHA
30-10. KINORHYNCHA
31-11.KAMPTOZOA

32-12.PRIAPULGIDEA
33-12,SIPUNCULIDEA
34-12 ,ECHIURCIDEA
35-13. ARCHANNEL DA
36-13.POLYCHAETA

37-13.0LIGOCHAETA

(81 ANIMAL CLASSES)

Flagells control;

Resting and action potentials;

Amoeboidal protoplasma motions, pseudopodia;

In some cases flagellsry control

Control of motion;

Filopodia cantrol; Hydrostatic-muscular control;
Ciliary integration;

Control of ciliari movements; Is there a fiber system?
Suction control if exists;

No data avajlable

Syncitial connections;

Primitive neurcn like cells; Myogenic motions?

Is there a nervous system in sponges?

Is there a nervous system in sponges?

Is there a nervous system in sponges?

Is there a nervous system in sponges?

Is there a mervous system in Hydra?

Diffuse rnervous system;

Rhythmicity; pacemakers;

90-100 cm/sec conduction; Fast and slow comduction;
Swimming control

Reflexes; Luminescence is nervously controlled;
Orthogon;Nervous tone;

Brain removal: intact locometion but not always;
Conditioned responses(Planarial;

Orthogom; Unicellular photoreceptors;

Longitudinal cords, comissures;

Ascaris: 162+92 neurons, the best known species;
Some giant cells;

Hamanieila: 80 cerebral and 30 genital ggl. cells;
1-2 fibers to receptors;

Linseus longissimus: 30 m;

Brain of two lobes;

Case of 200 ocellum

Epiphanes: 183+34+23 nerve cells,%5% cells
Asplancha: 323; Synchaeta 281;

Large brain, no sign of peripheral plexus;
Ribbon-like brain with cell zones;

Some ganglia; A peripheral plexus (nerve net?);
Special moticns;

Brain, ventral cord, plexus, circular arrangements;
Brain, ventral cord, plexus, circular arrangements;
Trates of segmentation;

Central brains;

Giant fiber system in Annelids;

Reciprocal inhibitien and excitation;

Grthogonel nmervous system; Complex brain with centers:
Pheretima: 1000 or &241 cells;

Segmental septa in giant fibers;

Sensory-motor cennection;

Reciprocal excitation and inhibition:

15

38-13.MYZOSTOMOIDEA
39-13.HIRUDINOIDEA
40-14 .SOLENOGASTRES
41-14.LORICATA

42-14 . MONOPLACOPHORA
43-14 . SCAPHOPODA
44~14 .GASTROPODA

45-14.BIVALVIA

46-14 . CEPHAL OPODA
47-15.PHORONOIBEA

48-15.BRYQZ0OA

49-15.BRACHIOPODA
50~16.0NYCHOPHORA
51-16.TARDIGRADA
52-16.LINGUATULOIDEA
>3-17.CRUSTACEA
54-17.0IPLOPODA
55=-17.PAUROPODA
56-17.CHILOPODA

57-17.5YMPHILA
58-17.INSECTA

59-17 .MERQSTOMATA
60-17 . ARACHNOIDEA
61-17.PANTOPODA
62-18.CHAETOGNATA
63~19 . POGONOPHORA
64-20.CRINQIDEA
65-20.HOLOTHURGIDEA
66-20.ECHINDBIDEA
67-20,ASTEROIDEA

68-20.0PHIURDIDEA
£9-21 .ENTEROPNEUSTA

70-21.PTEROBRANEHIA
71-22.COPELATA
72-22.TETRYDIDEA
73-22 . THALTACEA
74-23 .LEPTOCARDII
75-24 CYCLOSTOMATA
76-24 ,CHONORYCHTYES
77-24 . PISCES

78-24 . AMPHIBIA
79-24.REPTILIA
B0-24.AVES

B1-24 .MAMMAL TA

Pharyngeal ring;

Cords, segmenis, clusters

Ladder-like, orthogonal system;

Subradular orgsn; Orthogonal arrangement;

Two cerebral ganglion;

Typical: ggl, comissures, connectives;

Giant neurons and spontaneous activity;
Segmentation is not explicit;

Periodic and rhythmic motions; No segmentation;
Larval and adult nervous system;

Sjant fibers and synapses; Ability to learn;
Entirely epithelial nervous system;

Giant fiber system;

Nerve nets between or within individuals;
Hollow cerebral ganglion;

Bnly(?) statocyst as sense organ;

Lobes, brain nerves, ladder, cords, segments;
Row of paired ganglia; 20-50 cells/ganglion;
Both cord or a single mass of neurons occurs;
Various statocysts, eyes;

Locomotion patterns;

Parts of cerebrum (deuto,trito-,proto-};
Strategic position between insects and myriopods;
Fused ganglia;

Locomotor cocrdination by any pieces of bedy;
Oance of honey-bees; Feromones; Fly control;
19584 sense organs on antenna of Apis;
Limulus eyes, Hartline on the lateral eyes;
Segmentation; Various eyes; Cobweb making control;
4 ventral and 1 supraesaphageal ganglion;
Rapid movements, special sensory equipment;
Intraepidermal nervous system; )
Basiepithelial plexus; Swimming unit;

Radial cord; Various sensory endings;
Peripherally regulated system of moticn;
Integration and individuality of arms;

Light sensitivity;

Local reflexes, central control; Nerve ring;

" Intraepidermal plexus with local thickenings;

Two intrsepidermal cords;

Cords, rings, ramifications, epidermal parts;
Cerebral ggl. of 3 partis;

Cerebral ggl, brain nerves, neurcsecration;
Large photic' sense organs;

Spinal cord (?);

Neurosecretory organ;

Mesencephalaon; Cerebellum;

Diencephalen; Electrical lobes; Mauthner-cell;
Telencephalon with olfactory function;
Tectum;

Neopallium; R-complex;

Neostriatum;

Cerebral neccortex; Inmtelligence;



Main secondary scurces: Bullock and Horridge, 1965; Kostojanc, 1957;
Varicus zoological handbooks; Sepp, 1949; Dudich, 1975.

The approximate number of phyla, classes, ordo, families or genera are
2&, 81, 400, 5000, 50000(?), 10000000(? Herbert Spencer). No detailed,
'complete’ comparative and systematic data of nervous systems and their
performences sre available. This would be urgent before representative species
become fossil, dying out.
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Formation of man, in'close connection with the evolution of Primates, has
a2 past of cca. 60 million years. The first primitive monkeys of insectivore
relation sundered 40-43 million years age, both in geographical and in
evoluticnary sense. At the beginning of the Eocene Africa and Europe were
still connected, ang alsc Europe with Horth America through the Horth
Atlantic. The so calleg New World Monkeys /Platyrhini/ occupied thie continent,
splitting afterwards. The con%inents separated in the Middle éocene, this
group survived in Horth America, migrated into South America, while
extinct out in Africa and Europe. The Holaectic was populated by 0ld

Werld Monkeys /Catarhini/ /Fleagle and Kay, 1985/. Hence several branches
had started as e.g. the ancestral groups of recent Cercopithecoid monkays
and apes /Hominoidea/. The separation of these branches happened in Horth
Africa, 30-35 million years ago. From the ape ancestral branch first the
evclutionary line of gibdon becsme deteched, 20-25 million years ago, then
that of the orang 14-15 million years ago, and fimally that leading to
gerilla, chimpanzee and man, 6-7 million years ago. These data of sepa-
ration have been Dased on fossils with other animals andg plants, on
radiometric dating end on calculations in molecular evolution /Pilbeam,
1985; Holmes, 1989; Hasegawa et al., 1989/. The human line separated from
apes 5-6 millicn years ago. Henceforth we can speak of Hominid evolution,
The first Hominids can be found in Africa, and very probably there were
developed. Their raciation happened at the beginming of the Pleistaocene
Ice Age, cca. 2 million years ago, when the species of genus Homo spread
in Eurasia. Austrslia and America become occupied by the already developed
Homo sapiens, only several ten thousands years ago.

: B. Lukses & al.
Evolution: from Cosmogenesis to Biggenesis

feds. )
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The background of Human Evolution

In the 30 million years of human evolution there were two global events
which sericusly influenced the way, rote and spatial extension of the
evolution, namely /1/_the global plate tectonic events determining the
relative positions of Africa and Eurasia, and /2/ the effects of global
climatic changes on the environment,
The Tethys Ocean between Africa and Eurasia is continuously shrinking
after the Oligocene, the Africa plate is approading Europe. In South Europe
and Hear East seberal microcontinents are sliding, connected in cagwheel
fashion. In the Heogene period, so important in the development of apes and
man, it has been possible to finds three periods when Africa was in transient
connection with Eurasia via Arabis. The first such period was 18-20
million years age, when the African proboscideans migrated into Eurasia.
In this period no ancient monkey left Africa; they were developing in
compact populations in East Africa. Most sbundant were the Proconsuls,
Rangwapitheci and smaller asncient apes. It is still an open question, whence
digd the hominid evolution start, possible are some groups of the
Proconsul, the recently discovered Afropithecus or Turkanopithecus.

The second connection between Africa and Eurasis had been established
cca. 15 million years ago. Then the African early apes migrated into
Turkey via Arahié, and thence to the western border of the Mediterranean.
Gf them the Pliopithecus was very witespread, its most complete skeleton
itagments were found in Dévényu)falu /Devinsks lovd Ves/ near Pressburg.
The Pliopithecus was extremely arboresl, similarly to the recent gibbon,
to which it was a collateral ancestor. The other ancient ape group has the
common name Drycpithecus. This group courtested of species which lived in
closed population and exhibited verY strong sexual dimprhism; their
closest kinship is of African origin. Still open, whether the South Asian
ancient apes migrated into this wave or later.

The third Africa-Eurasia contact existed 10-11 million years aga.
On element of the extensive intercentirental faunal interchange was the
rapid Evrasian conguest of the Hipparion of American origin. In the same



time a great number of African Hominoids reached the southern fringe of
Eurasia via the above mentioned route. On the Siwalik Hills at the base of
Himalaya the most frequent was the Sivapithecus, which can be regarded as

" ancestor of orangutan, and the South Chinesz Lufengopithecus is probably
also related to this species, It is possible that the Sivapithecus
reached alse Europe, however here a group of monkeys of smaller stature,
classifiec into Dryopithecus, was more frequent. It is possible that the 10
million ysar old Rudapithecus hungaricus belonged to this group. Recent
investigations seem to indicate the close relationship between Sivapithecus
and Oryopithecus. ' )

The other important factor of early hominization was the gradud climatic

change strat at the end of Paleogene. Being the Antarctic, as other continental
plates as wll, in continuous shifting, in the Oligocene /30-35 million years

ago/ the neighbourhoud of the South Pole had become continental. Then
started the accummulation of permanent ice on the Antarctic, and with this
began inb climstic sense the ice age in which we still live. This ice age
Mas changed the climatic zones and vegetation. For the Pliocene the permanent
ice had appeared even in the maritime neighbourhood of the !orth Pole.

The continuous advance of ice broke up the zonme of the tropic forests
occupying even South Europe at the beginning of Heogene. At the Equator

the dominance of jungles was followed by more opun savannah. The juicy
leaves and fruits were succeeded by plants of arid zones and hard seeds
/Andgrews, 1981; Shipman andwWalker, 198%/. In East Africa the serious environ-
mental changes of global origin coincided with the global fectonic event
creating the East Africen Rift Valley. The volcanic activity increased,

seme regions had shifted as blocks.

These very serious events of million year scale showed common tendencies
and, through several intermediate steps, influenced the evolution og Heogene
Hominoids. Many theories see the reason of acceleration of the evolution of
early hominization in these changes or in adaptation to them. Anyways,
it is a fact that, with generally increasing diversity, the 30 million

years of human evolution exhibits 2 peasks in numbers of individuals and

species /vrba, 1785; Hill, 1987/. The first peak occurs between 16 and 18
million years when the great environmental changes started in East Africa,
The socond is located at 10 million years, when, after the migration into
Eurasiz the Hominoids spread on a very large geographic region. Finally,
the third peak starts-with the Pleistocene when again serious environmental
changes began. That Homo migratiom, starting from Africa ang involving

the whole Holarctlic, already helped immediately the formation of
contemporary man,

Skeletal charcteristics of human evolution

In the evolution of apes, and later of Hominids, one can gbserve several
rends, which have different velocities and therefore appear on one species
in different extent.

One of the most important regions of changes is the skull.One can
start from the first,-Oligocene ape, the Aegyptopithecus. Behind the
elongated facial part the cranium is also elongated. The orbits look forward,
tater for lecgene Hominoids /Proconsul, Afropithecys, Turkanopithecus,
Rucapitecus, Quranopithecus/ tne facial pact is continuously shortening,
while the cranium is brozdening . On they few available Hominois skull common
features are: the forward-looking orbits, the large interorbital distance,
the straight zygomatic bone, the undérdeveloped brow ridge of females.

From these characterisatics the Sivapithecus seriously deviates. Its face,
although reduced, remained elongated st the maxillg-nasal part, and the
interorbital distance was very small. Its cranium fragment was very
similar to that orangutan, For lleogene Hominoids it is striking that the
facial part changed plastically, in various directions, while the cranium
evolved slowly in uniform way. for primitive Homimgids the facial reduction
was very strong, while the cranium remained flat.

Only the frontal lebes were extending, resulting in on expressed brow ridge.
The chimpanzee and gorilla are in this stage, while the Hominid cranium
became vaulted -at the appearence of Homo, for Homo spaiens even the

temporal region has increased. The further increase of frontal bone has gone



onto the brow ridge, seemingly eliminating it. The reformation of face

is accompained by the evolution of the maxillos-nasal region and the
upper dental arch. Recently two Hominoid types have been distinguished in
the morphology of subnasal region, an African and an Asian cne.

The first group includes the African Neocgene Hominoids, the Ruda-
pithecus, the recent gorilla and chimpanzee, and, probably, the

Chinese Lufengopithecus. The Asian group contains the Sivapithecus

and its possible descendant, the crang.

The morphology of the upper dental arch can be reived from the
ancestral type of elongated V-shape. Its evolved variant is the U-shape
/Rudspithecus/, a further variant is the backwards convergent type /Turkanc-
pithecus, Afropithecus/. For recent apes the U-shape has become cornered
a1 the canines, and for Hominids it has continuously been changing into
3 parabolic arc. The evalution of the pattern of the dentition is very slow,
and it is manifested on levels apove individual species. Its most important
factor is the continuous disappearence of the cingutum, and the
simplification of the pattern on the chewing surface. But it is remarkable
tnat the dentition of primitive Hominids keeps ancient features compared
to the older evolved Hominoids. A characteristic feature of human
evolution is the very strong reduction of the size of the canines, the
decrease of diasteme, and its fimal disappearence at Homo. For Hominoids
as well as for eérly Hominids, the upper central incisors are generally
substantially larger than the lateral ones. Here the Rudapithecus is an
exeption, being the two incisors roughly of similar size.

The increase of brain volume is parallel to the vaulting of the
cranium, and for early Homo sapiens it already reached the present value.

£hanges in cenduct and the hominization
The "classical" change of conduct in the human evolution is bipedalism.

Extendeo investigations of locomotion on fossils show that bipedalism
had not yet appeared at Heogene Hominoids, only arboreal motions and
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quaceipedal ones adapted to arboreal envronment. Unambigous bipedalism can
be seen at the earliest Bominids /fAustralepithecus afarensis/, 3.5-3.8 million
years ago. This is indicated by not only fossil bones /"Lucy"/ but footprints.
in Laetolil /Tenzania/ as well. Bipedalism appeared at least 1 million years
before that vaulting of cranium, and no strong causal connection is seen
berween them. i

Occasional use of natural objects is observed even for recent apes. The

same phenomenon can be recognised on Hominoid sites from dislocated

throwing stones or manuports. The first worked stone togl appears cca.

3.5 million years ago in East Africa; however numerous and standerdized types
appear only 2 million years ago and then they develop exponentially, The
speed of tools in parallel with the vaulting of the cranium.

The collective hunting, when early men brought down animals larger than
thay, is considered a very important biological and social criterion of

the appearence of the first Homo. The beginning of this business

coincides with the stabilisation of using tools.The first built camp

site, in the form of a tent built from brancnes and hides and reinforced
with stones, is known from the same time.

Tools anc hunting drastically changed the constituents and quantity of

the diet. While early Hominoids had lived predominantly on soft fruits

and lives of evergreens, in the Neogene this was succeded by chewing hard
seeds. Mixed, aqimal and vegetable diet is unambigueusty seen even for the
early Hominids., The diet determined the way of mastication, hence

changed the face and the chewing surface of teeth,

The dominance of animal protein in diet must have hazd an important role

in the entranced development of the neural system.

A characteristic feature of human activity is the use of fire. It is
possible that some Australopithecines were able to posses or keep fire
already 1.7-2 million years ago. But firemaking, as wsual activity,

can be seen only from the chinese Homo erectus /0.7 million years ago/.
According to the majority of opinions, the most important criterion of the
tunction of Homo sapiens is the appearence 0s speech. This phenomenon

can be deduced from the expansion of the skull at the temples, the
cenclusing of the network of .blood-vessels, It is necessary, however, to



note that the appearence of speech, probably several tens of thausands years
ago, does not mean ‘the formation of a new species. The Homo sapiens,

as a species, is continuous at least for the last 200 00D years. The

speech is only one o; the last important steps of the evolution of this species.

The causes

In the several millien years of history of human evalution one can recognise
a lot of synchronous factors, which probably acted in small steps end in
interaction. One most, however, confuss that the causal mechanism is

not yet known for any important step in hominization. The only thing which
we have is some well-documented groups of causes.

The increase of body size and reformation of the chewing surfaces is
. general for Hominoids, and can be observed for other groups of mammalians
as well. What is unique, however, that is the reduction of the facial
part of skull without Comestication, and the latter appearence of bi-
pedalism,

In the early evolution of apes the most important cause is anyways
the global environmental change, which changed the biotic hackground, the
sources of food, The global changes played some role also in the inter-
continental migrations. The transient cennections and longer separations
between Africa and Eurasia were determining factors of phylogeny in the
Heogene.

The fundamental factors of human evolutions can be classified into
four groups /Poits, 1989/: /1/ locomotion and environment, /2/ social
and reproductive factors, /3/ the connection of brain, technology, language
and culture, and /4! diet, foraging. In addition, there were developing
generally rather slowly, and with different rate, in most cases independently
of each other. The process from the earliest ancient spe fo Homo sapiens
depends less and less on environzental factors, since the enhanced
development of the neural system, unigue in the animal world, has limited
the way of human evolution. ‘
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Fig. 2. Generalized phyletic tree of gatarrhini primates

Fig. 1. Xnown distribution of catarrhine primates during the
Oligocene, earlier Miocene, later Miocere and present /After
Fleagle and Kay, 1985/.
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Fig. 3. Oiagram to indicate the temaorsl and gecgraphic ranges of
hominoid primate species groups /After Malker, 1976/.
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Fig. 4. Substratum preference of catarrhine primstes /After
Fleagle and Kay, 1985/,
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Fig. 5. Locomotor preference of catarrhine primates /After Fleagle
and Kay, 19B5/.
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Eucatarrhines

Fig. 8. A comparison, over the time range 3.5 m.y. to recent, of the
hominid tree with oxygen isoicpe data from the deep sea recordg

and Kay, 1985/.
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Fig. 7. Percentage distribwtion of informal catarrhines subunits to the
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overall pattern of catarrhine diversity at the generié level /After

Fleagle and Kay, 1985/.
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Fig. 10. The distinguishing festures of human evolution may be
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considered as an intersction among four systems /After Potts,
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ABSTRACT Evolution: from Cosmogenesis to Biogenesis
Judged from the chromosoms sets, one of the factors respon-—
sible for the appearance of a separate hwnan line of ewvolution may
have becn a Robertson translocation. Here this step is analysed and
sone constraints are obtained for the parameters valid then and
there.

1. INTRODUCTICN

The previous paper (Kordos, in this Volume?
discussed the hominization process in the light of Fossils and
observed environmental changes, and the reader has got a coherent
picture about an eveolution of cca. 40 Mys leading to ourseslves.

extensively

Howaver, about the last big "jump®, separating the Homirids from
their "ape" relatives (called colloquially Pongidae), <fassils are
silent: mothing has been found between B and 4 Mys. So  this event

can only be reconsiructed from observed tendencies and recent data.

At the beginning of the separate hominid bhranch there must
have been at least one very exceptional step as Jjudged #4rom  some
paradoxical features of the endproducts. For example: the genetic

distance between Homo sapiens and the great African apes is in  the
order of that of close congeneric or even sibling species 013, E23,
[£33; in contrast, taxonomically they are classified inte separate
-families. The eStimated time of separation changes between the 25
Mys of fossils put into traditional taxonomie tontesxt and 4 Mys a+
distance in immunelogy [43, [S]. It is hard to decide i4 the
man-chimpanzee—-garilla separation was a trifurcation or two
bifurcations {61, £73. (Two subsequent bifurcations would anyways
lmad to strange result. If the human lineage had been detached
first, then that would be expected to preserve the .primitive
features, l.e., say, bipedazl locomction would be ancestral to
knuckle-walking of African apes. In any of the other two cases man

would form a taxonomic unit with one ape against the other one.)
And, in spite of the greater similarity in imnmunalogy between Homo
and African Pongidae than between African and Asian ones [S51 {81
all Fongidae have 23 pairs of autosomes while recent hominids have
only 22,

The last fact indicates a Robertson translocation (or central
fusion), which may be a natural explanation for some other
peculiarities as well. E. g. such a translocation creates a
fertility barrier between two subpopulations carrying the same

genes; SO pan freate two species even at very small gepetical or
bigehemical distances. However, the same fertility barrier impedes
the survival of such & mutation. Therefore the fate of a Robertson
translocation zlways depends on a lot of parameters, and can he
predicted only if all the parameter values are known. However, now
we are in a topsy—turvy situation: we knrow that the <fusion has
prapagated in the population, and try to find out why and how. By
other word, the success of the mutation singles out a demain in the

parameter space at 3 Mys ago, and we are looking fer the actual
domain.
In a fixed model this is a pure mathematical problem, and,

indeed, we will try to restrain ourselves from bilelogic discussions

colely the chimpanzee and gorilla. Therefore it

as far as passible. However, it is not always possible because one
has teo select a specific model, with a restricted npumber of
parameters, which involves technical simplifications Y., and this
selection needs some bioleocgical considerations anyways. I+ the
simplifications were too crude, the calculations could be repeated
with less simplifications as well.

2. SOME ELEMENTARY FACTS

There are claims to have found the evidences for a Robertson
translocation in hominisation. For a review sae Refs. 2 & 7.
According to it, human and chimpanzee chromoscomes can be breought
into correspondence by band technique, with the result that the
difference is a number of pericentric inversions, and a ecentral
fusion of two chromeseomes, originally small and acracentric,
resulting in the large metacentric human Chromosome 2. According to
the genetic distances and pstimated mutation rates, Refs. 5 & &
places the separation of human and chimpanzee—gorilla lineages to
-5 Mys. sc this is the sarliest possible date of the fusicn. Ref, 7
shows & Robertson translocations in the catarrhyne evolution on the
branch ending in us, which means roughly one in each 10 Mys.
Therefore, while analogous mutations do happen in each generation
(cf. the rare inheritable kind of Down syndrome), the swwvival of
the mutation is rare indeed. .

Since the fusion is absent in any Fongida, it must have
happened in the separate husman evolution. Ref. & estimates a commen
gorilla-chimpanzee branch for further 2 Mys, but the problem ig
that Ref. 7 sees some chromosome chanaoes shared by man and
chimpanzee, but not by gorilla, while some ones indeed characterize
seams  that there
remained some restricted cross-breeding even after the separation
of the human branch, and also the gaorilla ared chimpanzees
subbranches were then already distinguishable. To be cautious, it
is enough to =tate that +the situation indicates a camplicated
genetic history. ' .

3. ROBERTSON-TRANSLOCATION . -

Consider an animal whose chromosome set contains, besides ar—
bitrary others, two pairs of acrorcentric chromoscmes (4 A, B B}
Assume a coincidence of (wo fragmentations: A loses a very s=mall
terminal fragment but retains the centroasere, while B breaks losing
just the centromere and the irrelevant terminal part behind. * After
inverse recombination the mutation changes the pair into

{R aB, B bal

Here as contains the full informestion of A end B, containing the
centromere of A, while e is blank, irrelevant, with the centromere
of B. Therefore the mutant produces four kinds of haploid gametes,
listed below. By pure combinatorics the four probabilities would be
equally ars, but observations clearly show a moderate preference to
the mutant descendents. The simplest way to describe the phenomsnon
is the seiotic scheme of Table 1, and this simplest meiotic scheme
will be used in our model.



(A A3B B} 5. AR pe 1

(A3 B p= _(1 k)

(Ajbal p= :(1+k)
{A an ;B bval > .

{an; B2 p= I(l—k)

(aBjba) p= %(1+k)
(AB ABjha bo) (aBiba) p= 1.

Table 1: The simplified meioctic scheme
Here O=k<i is the preference parameter (of any origin); For some
cther translocations_of the recent human set L73 k~0.2, and we will
use thie number in some numerical examples, but do not regard it
anything more than an estimation.

4. THE PROPAGATION OF THE FUSION

Now we are going to define the model step by step. Lonsider a
populaticn with 3 different genotypes, their relative
concentrations and fitness factors (meaning the ratio of life
expectancies in reproductive age}, as fullows. Wild feorm: (n ,12,
heterpzygote mutant: (n‘,v), homozygote mutant: (0 ,wl. Nol  we
usswne random mating, “and wmutation only in the ova, with
probability £. Then the copcentrations change from generation to
generation as

n, = {1~z En +—(1 k)vn %

n, > 04(2-e) 0 (1+k)vnt+wn atn, - asetn, +-—-(1-l<:)vn 1%

1 S
+E(1 e e n % {(4.1)-
n_ = Q{E;(1+I)vn +wn 1 Zsaln +%(1 k)vn JE4t1+P)Vh +wn 13
2= ¢(n +%vn ) +—(1—k PRVl n,

Fixing the parameters Ve W and &, the concentrations can be
caleculated step by step from an initial condition. Now we want +to
go back, calcutating the parameters from the final result, but even
then estimations for the suspected ranges _ are needed. . for the
analoagous hereditary Down syndrome £~10 —10" " which may be so also
for now, and we mentioned above a guess for k. However, v and W
cannot be read off because they obviously depend on the gene
content of the chromoscmes; the congidered fusion is over and
carnot be anymore observed. As  for the initial conditions, the
obvious ones would bhe n =i, n =0, n_=0 ("before fusicon"). However,
28 we shall see, this® statd never existed, and such initial
conditions may be incompatible with the known final result.

To reduce the number of unknown parameters, we assune that the
change in fitness is propnrtional to the changes themselves:

W=l-2lw-1} . {4.2)
With this now let us postpone the values of v and W for a moment.

The structure of eg. (4.1} is guite similar to that of systems
of differential equations. In that case it is often observed that
in asymptotic time the actual solution becomes independent of the
detazils of the indtial condition, but there are different
acymptotic solutions for very different initial conditions. This is
s0 in the present case too. E. g. for =0 Eq. (4.1) has 3
stationary solugions: i) n —1, tiy)y n, =1; iii) a third solution
obtained if we wr:te the s3me concen%rat;ons on both sides (details
later). The obvious expectation is that these final states belong
to different domainas of initial conditions, Then there is a
stationary state reachad asympiotically from the "natural® initial

conditions. After some transient behaviour this state is well
appreached and will not change ff the paramsters are constant. So
i¥ a change happened say 5 Mys ago, then there must have happened
scmething either with the parameters, or with the actual state by a
surprisingly high fluctuation. The first guess is’ vowxl, because
the genes are unchanged. Then the asymptotic solution belonging to
the initial condition n°=1 isg

[ 2
n‘_«---—--r:1 ~ nz=¢'(e: 7, (4.3}

So for any reascnable k the mutant concentrations remain very low
forever, indeed. Then one is tempted to argue for ww»l, judged fram
the present serious advantage of man to chimpanzee. While it is
strange without gene mutation, it is by no means impossible; Ref. 2
demonstrates that even now the genetic distance between the two
species is very amnderate and still the difference is serious. The
last paraagraph of Ref. 2 even suaggests position offect as gause for
the sericus difference, and this does appear via Rabertson
translacation, However the fitness w af the human ancestor 5 Mys
ago must not be identified with that of the present man, with his
technology %¢. And, by assuning high constant v and w values one
gets the asymptotic solution n 31 in a few generations (details
later), i.e. then the wild forf practically cannot have existed at
all. .

5. TWO SCENARTIOS

S0 there seem to remain only two possible scenarios (together
with their cembinations, of coursa). One is the transtient increase
of v. While one cannot wait serious increase from pure position
effect, there c¢an be a very special difference leading to
definitely higher v under very special circumstances, which can
exist, of colrse, only for limited time. Then we have to check if
this transient increase is enough to produce the final homozygote
mutant population by “"the survival of the Ffittest".: The other
scenario is messive inbreeding (Adam & Evel, sometimes suggestied.
In it v=t, but the mutant must have been isoclated “from the
population together with arbitrary number of the opposite sex. Then
in the next generation

n /n ={1+R} /7 (1=, (.13

In the nextistﬁp the fertility barrier of the heterozyootes already
appears, so this scenario is equivalent with a very high initial n,
value, with nzzﬂ.

6. RESULTS AND CONCLUSIONS

Consider the first scenario. Originally for an indefinite long
time vels s0 we start from (4.3). At t=0 v increases {(for a while).
Let us see first the condition for the propagation of the mutatien.
Solving the evolution equations for the beginning (n «i, n, «n )} one
obtains that n remains growing above & level o(&) i

vyzrit+ (6.1

So without the meiotic preference parameter v>2 would be needed,
and the neighbourhood of v=i1 can be reached only if k=1, which
could happen only with improbably special meiotic mechanisms. The
meiotic preference of Robertson-transiocated mutants helps the
propagation of the mutation, bet in itself cannot do propagate it.
Then in most cases the mutation dies indeed ocut, i.e. under general
circumstances the mutant ° concentrations are cca. on the level
{4.3)., Now we are going to discuss the special circumstances
compatible with propagation. For a short time v must have exceeded



the "threshold .value (4.1). Assume, therefore, that after N
generations v {(and w) returns to I; Fig. 1 is a calculation for
v=2, One sees that if the favourable conditions remain for 30
generations, the new species dies out after some further 30
generations; however, raising N froem 30 to 31, the new species
survives and the old one will die out. The critical N value
obviously decreases wzth increasing v; & numerical calculation
leads to Fig. 2. - L

These results suggest that the sudden change in the fate of
the two species happens at such a duration of the favourable con-
ditions when the concentrations of the mutants have been able to
reach same critical wvalues. Here we have arrived at the position to
decide the possibility of the Adam¥Eve scenario as well. Sinee this
problem is important enough, we are going to determine the tritical
n values a5 functions of k {for definiteness*® sake, at £=0, which
iz a good approximatien at already substantial woutant concen-
trations}.

Setting VW=, below & critical value the mutant
concentrations decrease, above they increase. (For a stricters
statement see the Appendix.} First we may look for the equilibrium
concentrations which can remain unchanged. To get them one has to
write the same n values on both sides of the evolution equations,
which then give 2 algebraic equations for the two independent
concentrations. The calculations show that the equations have only
one root pair (if anyl! for any fixed O<k<I in %the possible domain
0<n 40 _,n_<1. The result is Fig. 3. i

d Néw,zthis equilibrium may be stable or unstable; this guestion
can be answered by starting a2 calculation in the neighbourhood ‘of
‘the critical concentrations. This perturbative calculation can be
analytically performed {cf. Sppendix), with the result that the
equilibrium . is &always uncstable (except for domains of zero
measure}, Thiz result may be interpreted in the following way. If
one of the homozygotes dominates the other then the mpinority is
continucusly being eaten up., For definiteness’ sake, assume that n
is dominant. Then the heterozygote subpopulation (1) canno
maintain itself due to the reduced Ffertility. As for (0}: (01}
pairs result in {0) only in S50%, while all (02) pairs give ().
Being (2} deminant, (22) peirs are more frequent than (00) ones, so
(2) wins. {(Therefore after the new population is established, any
border - encounter of the populations ends without a - mized
populatiaon; the twe disjoint "species" remain disjoint, but with a
limited possibility of gene exchange, which decrease the genetic
distance, +to be remembered. ) The critical cancentrations,
whenceforth (2} is dominant, of course depend on the preference
factor k of the mejiotic processes, and just +this dependence was
calculated.

In pur case it turns out that (exgept for domains of O
meazurel for £=0, wv=w=] the plane of initisl conditions g sy is
divided into two regions: below the dividing line the final fate
is no—l, above it is n =1.

Now wz have Expln%ed our model system, =0, with the utmost

caution, are in the position to draw some conclusions. In  the
scenario "survival of the fittest® for k=0.2 the Ffinal result is
Fig. Z;7 with higher Kk wvalues the needed N decreases, It is
definitely outside the scope of the present paper to guess if the
uniknown necessary envirenmental conditions helping the mutant could
be present for the calculated time.

In the scenario “"Adam&Eve" (or rather Adam or Eve) the con-

clusion can be obtained by putting the initial condition (S5.1) onto
Fig. 4. It turnsg cut that for a complete isolation the critical k
value. is =0.35, Incomplete isolation is almost hopeless; with a
second person of the same sex n /n is roughly -halved and the point
gets out of the preferred domaifh eRespt for k’s close to 1.

Now, thisz possibility «an in principle be checked by
observations. 1f any fusion is seen in the present human popul ation
with K>0.35, then the scenario is possible, and the fusion is
propagated just when the mutant is icolated and the subpopulation
does naot die cut. For thxs, an isolated Adam is much better than an
isolated Eve, of caurs Being n_ in the order of ¢, this isolation
is very improbable, but this fact may be conform with the abserved
rate 1/10 Mys. :

If the meipsis cannot produce k>0.35;, then the second scenaric
is ruled out in the present simplest wmoodel. More complicated

meiotic schemes may help, but it is better not to hope in meiotic

processes handmade directly for the propagation.

After the propagation of the mutation a new population hkas
appeared with a chromosome number less by one pair. However this
propagation was not hecessarily worldwide. Some generations later
there is again a puossibility for mixing in peripherial encounters.
This means a new initial condition n =0. The result is o Fig., 7
for kv0.2: one of the ariginal constituents of the mixture dies
always out in cca. 10 generations, However, during these
ganeratiaons a serious gene transfer is poszible, thus keeping the
genetic distance low.
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APPENRDIX: EYOLUTION IN THE NEIGHBOURHOOD OF A FINAL STATE
Here we give a detailed mathematical analysis of the possible
asymptotics of paths governed by eq. (4.1} in the case £=0, v=w=l.
Eq. (4.1} is5 two equations for twe variables as can be sSeen by
eliminating n =1-n ~n_. It is warthwh;le to introduce two indepen-—
dent new variables x and y:

n —(x+y)/2' n =1-x; n_=(x-y)/2 . a.t)
and then +8r £=0, v—w=1 {which® condition will not ba repeated
henceforth) eq. {4.1) reads as :

X, = {@eLilwn) +(2y—k(1—a)) J/B}
i {A.2)

¥, = {R{x) (1) (2y-~K(l=-%)}) /4%

[R Y [

DG = B2+ 24 01-kD) (12 B3t
Requiring equality of sides one gets the staticnary solutxons, i.e.
the possible final states. The roots are as follows:

{Xyy)= (1,13 (1,-1) (xo,y°> {A.3)
where 2 3 = z z 2 z 2,.2
{52k )3 T+ {l+lcn TH(IERT )% —(£+k IZLLI-KTIn +{L+RTIIT=
~gk% (142 °) [ (=122 2421%x +(8-k%) 1 = 0 ° (A.2)

y = 2r(Tex ) /0e3-B5x +(T+k%2

The eqﬁatian for®x  depends®only on K'. For k%<1 it has anly one
root in the domain®0sx 51, and in addition for |k|>0.5 this root
gives such a y which feads to  the negativity of one of the &t *s,
Far kX0 the raBt is displayed on Fig. 3; the k<0 case can be
cbtained by the exchange of n, and oy -



Now choose a possible” final state and assume that the
population is already in the neighbourhood. Then
X=X+ yv=Y+y
where § and 5 are small of first order ang we caleulate up to first
ordar. Then eq. {(A.2) reduces to a system of homogeneous difference

equilibriwe point (2 s¥_ } is already outside the demain of possible
concentrations {(n_ =0%. Therefore the third domain exists whenever
the equilibricem is possible at all; however it is always reduced to
O measure, and can be ignored - from practical point of view.
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The differential equations give twa relations among U, ¥, W and 2z,
and the remsining btwo can be determined from the initial conditions
Z(t=0), nplt=0).
Far the first two final states of (A.3) one obtains
A= (=1ERI/2; g = =1 (A

Both exponents are negative in both cases, therefore the statee 1.0 B
approach the final state with a half life time cca. 1 generation. n E 0
For the third final state (if exists) one gets _S - _5
§ = ta-1)f + ‘ . E
§ £+ E 0.5 . E
W= rE o+ 16-1)y tA.8) g g
with . o - S
Ax = —2(3-k%1n Zrdky +201-1%) < . © e
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AS = atx +1) ° © z° el : Generotions : Senertions
A = (3-BHx P20k Fes=kH Fig. 1: Bvolutions for k=0.2, v=2 and N=30 (left) and 31 (right). Write: wild
Then far the exporents one gets form, dashed: heterozygote, dlack: homozygote matont.
N o= Latd=2+7ta~8) Seapy 1/2
p = La+é=2-7(a=86)"+4pp 1/2 (4. 10) .
Now, if both exponents are negative, then <from anywhere in the .
neighbourhood the path approaches the equilibrium point; if hoth a
are positive, then alil paths are repelled, so the equilibriuvm point -
is unstable. However, there is a third possibility, when A0 but
H<D. In this case Ffrom most initial conditions the paths are
regelled, but from the spetial ones, when U=W=0 they are atiracted. = 50
These initial conditions lie on the Iine _
(u=—atiYZF (0} — 0y = © (Aoil) S
which is a domain of 0 measure. Bf course, these statements are %
valid only in the neighbourhood af the state. Q
S0 in general the plane of the independent initial conditions
is divided into 3 domaing: from "below" ihe paths go into ng =i, }
from above inte n_=1, and from a neighbourhood of (%, :¥, } they “may
go into that pain%. If both A and ¢ are positive, tRis™ domain is Ly T e e e O T I I A O O B SN
absent, and if only g is negative, it reduces to a domain of ¢ i 2 3
measure (a section of a line). Fig. 4 displays the border of the Fitness v
“upper” domain; the zigns of the exponents can pe found . oa g rotions N vs.
numerically. In cur caze for O0<k<i onc exponent is slways positive; ' ;'::g'\.es‘:s 5:122% ?d“;ﬂ:)'?};r.gf soe‘lzzfl), .5 (dots)
the other is negative wp ko ka0, 35S, However, from k=0.5 the
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ABSTRACT Eyofution: from Cosmogenesis to Biogenes:s

The problem of Time's Arrow Is studied. Our question is what
could be the physical quantity 10 measure the extent of evolution
benind a 1living organism, specjes or system. Arguments are given
that such a quantity may exjist; 1if does, then belongs t¢ thermo-
dynamics and probably ts the specific production of a potential
rejated to entropy. Model calculations demonstrate that the
global evolution of the whole Earth seems conform to the minimum
principle of entropy production. Cautlon is invoked when trying
to use such a parameter for one specles.

1. INTEQDUCTIOH

The evolution of terrestrial life is a complicated network
of events, historically unique ¢f course as every history already
belonging to the past, In principle any minute details might be
reconstructed from fossils. Therefore for any pair (A, B) of (re-
cent or. extinct) species one could decide which relations held
among the possible 3 ones:

1) A is ancestor of B,

2) B is ancestor of A.

3) Heither of them is ancestor of the other.
In case 1) ¢ne may tell, as definition, that B is more evoelved
than A; in case 2) oppositely, while in the remaining case such a
statement cannot be done, or at least not on this basis. However
at this point such < > relations are merely historical facts,
maybe important, maybe not.

) Since the advent of the evolutionary idea there has been 2
continuous argumentation if the earlier/later or Jlessz/more
.evolved relations are mere historical facts, opr reflect something
else: a higher vaiue of something for the more evolved species.
In early times tne seécond opinion was more fashionable. E.g.
HaecKel emphasjzed [1] that as species substitytes species, there
is a2 slow continuous progression in their constitutions. However,
while fn average the progréssion indeed wins, there are well doc-
umented cases of regression as well. Today several authors regard
the "survival of the fittest" as a tautology (2], and indeed, if
fitness is measured by suprvival, §t is s¢. Going down to molecu-
lar level, the evolution of protein molecules is believed py some
authors to be driven by natural selection [3], while others think
it to be a predominantly "neutral evelution™ ({4}.

It was an important step forward in clarification Eigen's

contribution [5] demonstrating that the evoiution goes in the di- -

rection of the higher "selective value", Hisz corresponding param-
eter was a combination of reprocdugtion ang decay rates ang copy
quality of a DMA or RNA *“master copy". Indee¢d, the species of
highest net mulitiplication rate will dominate finally the habi-
tat. However, while such a quantity Is a conceivable physical
quantity for wviruses which are almost pure nucleic¢ acids, 134
would be hopeless to calculate it from more primitive data for a
metazoon. (It could be measured, but then we are bacK again at
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the tautelogic survival of survivors.) So, again: is there a sim-
ple physical (or chemical, &c.} quality or quantity which is bet-
ter or greater in the more evolved species?

For simplicity’s sake we will call this hypothetical quan-
tity evolutedness to premain at a short and neutral term. Such a
quality or quantity may opf may not extist, Its exlistence 1is
¢learly not obvious, While lot of (subjectlive} arguments could be
find in favour of humans compared t¢ any older Primates, a conh-
sensus is quite possible against any advanced gquality tn  the
tapeworm or similar parasites, having descended £rom more au-
tonomous ¢rganisms. However it is quite possible that our anthro-
pocentric viewpoint §s an obstacle to recognize the advanced
properties of the tapeworm at the top ¢f an evolutionary path
completely different $rom ours. Unti] the onthologi¢ question is
settled, it is better o suppose tihat thepre exists a quantity
monotonously increasing during eveolution, only has not yet been
found.

How we try to define the problem in a formal way. Consider
the full history of terrestrial life from the beginning toz-4u109
¥s to the present t:z0 y. Then let us make a sequence of snapshots
(t=const., sections of the four~dimensjonal picture} at

LA TERE S FEVE A STS FPL I 1)

At any time 1y we cCan observe a great varfety of living organisms
fLgl, each with population HNgj. How consider the sets
{Lgil for a sequence of time labels ¢, but in a shuffled or-

der; the time period be sufficiently short not to show branching
points. By standard palaeontholoegic methods we can identify the
greup of species belonging to the same branches, but we cannot
know a prlieri, which one is the ancestor and which is descendant.
How, the question is as follows. 1s it possible to frestore the .
true temporal order of species by investigating them Iin physical,
biological etc. details and comparing their data?

Here we do not c¢lalm to have the answer., However, we have
guesses for the direction in which the answer may be found. This
paper intends o list arguments for the probability of the fol-
lowing statements.

1} The problem belongs 1o thermodynamics.

2) If a quantity measures the advance of evolution, it {s

.1nt1mately connected to (specific) entropy production.

3} The present status of thermodynamlics is insufficient to
prove the monotonous change of the possible candidates, dut there
are serious arguments, .

4) Apart ofrom the technical problem mentioned In Point 3)
the picture is not too obscure for the total biosphere.

5) For individual species even the problem ¢annot be quanti-
tatively formulated in this moment. However the situation may not
be hopeless for small time intervals.

My only goal was to demonstrate that thermodynamics may pe
relevant i1n  answering the specific gquestion. Therg¢fore what is
presented neére is not new either from biological or #from physical
viewpoint; what may be hew 18 the particular context. Even so, I
am afraid that, unfortunately, at somé points thiz paper will be
rather essayistic. Namely, the approach was triggered DY a casual
remark of a thermodynamic expert (years agoe) from whom 1t later
has turned out impossibie 10 Co¢llect Further Information about
thermodynamic¢ details, and who has deciined to give this lecture.
However, atl points obviously obscure {(for the lecturer) the



readepr may turn to thermodynamic experys or 1o literature,

2. VERY SIMPLE EVOLUTION MODELS

Let us #first see (in an admittedly oversimpiified but quan-
titative model} how and why both progressive and regressive
¢hanges may happen in evelution., Consider two species, ancestor
and descendant. Thelir population c¢hanges by both birth (B)
and death (¥):

Hg = Bglg ~ vqiHg)Hg @=1,2. {2.1)
with growing population there is shortage of some vital resource,
so y grows with M’s; the simplest choice is y~N. If there
is no competition (they do nolt eat each other's food}, then

Yg = Cglg- (2.2)
Then eq. (2.1) can analytically be solved as

Hg(t) = Hyofq(t)[1#{cq/BgiNgo(fgit)=t)17E,

Fqlt) = eXPiBgit-tgo)l- {2.3)
I.e. the growth starts exponentially but then saturates at Bg/Cq.

If the second species appears in the saturation stage, then
it s Dbetter to ¢ircumvent the saturationm by substituting the
scarce food. This s possible if the mutation enapies the organ-
ism to synthetize the food from precursors., If so0, then

yyzeyHy; Ye:cp(Na+Np), ©y<¢cp, By1>Fa {(2.%)

(the Fast uneguality exXpresses that it is more difficult to re-
produce the more complicated species). For @4=Bp there 1is ana-
1ytic solution; anyways, the descendant does not disturdb the an-
cestor, s0 S9¢0l. (2.3) remains valid <for Ny, and the descendant
saturates a3t Nagp=(Bz/Ca)i1-({cas¢cqy)). How Lhe new spegies survives
by exXtra versat:liviy; this is progression.

However, far from saturation (without food shortage) this
strategy is wunsuccessful. If both species are in the exponential
regime, then for By>Bp the second one dies out. But if the ances-
tor was able to synthetize a food, which is abundant, then this
ability does nhot appear in v, 50 ¢an be lost without loss.
Then the new species 15 simpler (als¢ to reproduce):

Yy:¥p=Cy(NHi+Hp )i By<Bz. (2.5}
Introducing v=No/(H4+Hp) one gets
v s {(Ba2-B1yw(1-v), (2.6}

This equation can be solved (n the form (2.3); the saturation
value 15 Vg4, f.e. the more versatile ancestor species dies
out. (Note that this evolutionary process was obseprved in labora-
tory, leading to Spiegelman®’s harmless minimonster phages [(6}.)
This is regression.

So the evolutieh can go indeed in both directions, therefare
2 quantity measuring the evolutednress cannol Dbeé connected with
some intricatedness of the organism. Such a quantity must
monotonously change with time, butl it canpnot be simply the number
of mutation steps, because most point mutations are neutral, so
irrelevant {4). Because of {at least approximate) time-reversal
symmetry in most parts of physics, such 4quantities must be looked
for in thermodynamics. The most familiar example 1s eniropy.

3. ENTROPY IH THEEMODYHAMICS

It is well Known that wn 2 ¢losed system the entropy 8 Is
continuously growing. Therefore by ¢omparing states of the closed
system in shuffled order, one c¢can unjquely restore the true tem-
poral sequence. This seems to De just what js needed, but wait a
moment.

The nonnegativity of entropy production is a consequence of
equilibrating nature of macre¢scopic interactlons., Since, accord-
tng to our present knowledge, this egquilibrating nature is quite
genepral (except for gravity, which is not an interaction in gen-
eral relativity), the growth of entiropy is general {except for,
possibly, strong self-gravity, where the matter is not yet quite
settled, but which situation is irrelevant now).

Tnis monotonous property of the entropy S5 is a consequence
of its probabilistic nature: itts growth corresponds to the chance
of the occurrence ¢f more and more probable states. In this pro-
cess the closed system becomes more and more homogeneous. The en-
tropy maximum, as a vartational principle, Yields the correct
equilibrium configurations for ihermodynamic systems {7]. In the
neighbourhood of the maximum of 5 (approached asymptotically)
gradfents of thermodynamic intensives will have become very mod-
erate and processes will have slowed down. (Heat Deatn.}) In this
sense entropy growth is destructive,

However, Earth is not a closed system. While she Fairly
Keeps her particle content and volume, energy is flowing in and
out. Of course, by a heroic effort one can close up the open Sun~
Earth system by reflecting walls at 5 billion light years, net
yet reached by the solar radiation {8]. But then the total en-
tropy ¢f the system (growing of course) consists of 4 parts: so-
lar entropy (growing [91): terrestrial entropy (in which we are
interested): direct and reflected radiation entropy (growing with
filiing up) and secondary terrestrial radiation entiropy ({alse
growing). The increase of the sum dees not tel} anything about
the terrestrial entropy, which seems decrease, Jjudging from grow-
ing complicatedness of the Dbiosphere. On the other hang, for an
open system the increase of the entropy cannot be proven, because
it i3 quite possible to carry away entropy.

Still, there 1is a spectal subciass of open systems, for
which some variational principles are Known or surmised. This is
the case of stationary systems. A variety of model cajculations
suggesis that some preduction is minimal in stable stationary
states of an open System, at least as compared 10 neardy states,
and hence principles are deduced, We will not <formulate this
statement in more detajls here, because {ihe theerems proven up te
now stiil need special conditions. )

Hear to equilibrium (when conduction coefficients are given
at the equilibrium value) and without internal sources the guan-
tity of minimal production is the entropy S, which facl has a
transparent enough meaning: without the stationary fluxes S would
be maximal with O production, so the production is just what must
pe. For more general cases I shift the responsibility upon the
shoulders of a mere authentic expert who $ays [10] (in my own
transtation): "...the (fnecessary] conditions generaily do not
nold, therefore the principle of minimal entropy production is
not a universal principle in the nen-equilibrium thermodynamics.
There is no universal principie. Among the elaborated princi-
ples...the most general is Gyarmati*s Governing Principle..."”. My
guess is that here "there is no™ was meant in Cuvier’s sense
("1 'homme fossile n’existe pas”), i.é. none has been found up to
now. Indeed in the restricted case, when heat conduction is the
only irreversible precess, Prigogine and Glansdorff Thave found
the proper potential of minimal production ([14]; 1t 13 closgely
related to S and hear equilibrium they c¢oincide, In what follows,



we, puprely for simplicity, will speak and caiculate 25 if the po-
tential were lhe entropy. My personal! guess s that this is a
rejatively minor simplification compared to all! others done.
Henceforth this simplification will not be mentiohed; however re-
member it for not 1laking details in face value. For further de-
tails see the standard literature, chiefly the papers of Pri-
gogine. We <close this Section with ihe very simple case when the
oniy fluX crossing ihe system §s the energy flux J, and no exten-
sive guantity has scurce inside, The intensive conjugate 1o en-
ergy is 1/T, and the corresponding process is heat ¢onduction

Jrkgrad{1/T). (3.1)
Therefore the entropy production ¢ can be written as
ok [grad (1/T )12 =R /x. (3.21)

Now, in the stationary case, for a simple geometlry, if, in addi-
tion, the dependence o0f x Is negligible on T, the total pro-
duction is Jy2 V/K, and, acc¢ording to principles and theorems,
this is the minimum, For the transient initial evolution of the
system, assume that the incoming flux is given and constant J-dg.
How, within. the system and behind it the flux may change, and i/T
changes as well, because the heat <conduction redistributes the
energy. It does just In such a way that ¢ go to the minimum
Value, whence one gels 1ne steady state distpibutien of Ji{x, )
and T{X,t). The relaxation time % depends on the particular
conduction mechanisms, but the steady state does not.

Now we are going to apply the special minimum principle.to
the Earth-Sun system.
4., GAIAN EVOLUTION . '

consider a steady state Sun (deviations postponed) and an
Earth orbiting it at constant distance Rgg. Then Earth is the
simplest open system: the only incoming f£lux is that of the én-
ergy, and constant. Integrated for ihe whele surface 4mrp?

Ey = Wolrp/2Rgp)t (1-a}. {4.1)

Here a is the albedo; for the present Earth az0.30 (123, white
for a Dbarren roc¢k FEarth, judging from Moon, ax0.07. Thne flux is
of thermal distribution (however diluted by expanding propaga-
tion), with the data [8)

Ty = 5704 Ki Wo = 3.43x1032 erg/s, (4.2}
We now assume (approXimate) steady state

E- = Ey = Eg. (4.3)
For the present Earth observations show

T- = 287 K, (4.4)
In a steady state the internal entropy remains g¢onstant, thus

Sprog * S- 8¢ = Eo(U8/T-) - (1/TFs ). (4-5)

Then, frgm observed data, we can calculate Sprod without Knowihg
anything about the particular transfer mechanisms. (The only ap-
Proximation here is ihe thermal shape of the cutcoming radiation,
but it can be checked and corrected from observations,)

Now, this entropy productien is primarily not biological; a
barren rock Earth would have higler Sprog- To see this, for an
ideal grey Earth

T = {frg/EZRgp)Ty = 275 X, (4.6)
(while an equivalent atmospPhere withowt greenhouse éffect would
result in 253 K [13)). Then ) )

Sprod, par=3- 6401037 874 S04 pap /B 0201071 E 5TY, (3.7
whére N is the <otal particle number of the system. {The last
date suggests a shortest possible time scaie of substantial

changes t~3%x10% ys}. The above entropy production would comne
purely from the processes converting shorter wavelength solar ra-
diation into near infrared terrestrial one, which processes are
analegous to heat conduction.

Observe the serious decrease of Sprog by the present atmo-
spnere (higher reflection+greenhouse effect). So (f originally
Earth was devoid of atmosphere {or at lesast of atmospheric green-
house effect), then the changes leading 1¢ present Earth are con-
form Lo the irend of minimizing Sproq. Of course, palatoclimatol-
ogy Knows about cooling periods, but neither the solap energy
outputl nor the albedo was <¢onstant. {For the initial Sun
Wx2. 514033 erg/s, T#5740 K [8); there are guesses for cyeclic so-.
lar energy output with an amplitude ~5 2 and cycle time '100-200
Mys [14]; at glacial periods the snow raises the albedo; &c.}

Smaller planets and meons are still bapren. But theip gravi-
tations are weak to preserve the atmosphere, so for them particle
flux is present as well, and then the ¢onstraints at which mini-
mum is considered are different in their cases., Fig. 1 tries to
dispiay Sppod/Sprod, par I0r the planets, nowever temperature data
arc stitl uncertain for some outer planetis, as shown by the width
of the strip. Anyways, I¥ the mass is sufficient, the entropy
productioen 13 well below the “barren” value,
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Fig. 1: E'ntro'p% production of planets compared to that
of a barren rock planet. Some temperatures are
gtill uncertain. Note the decrease from Venus.

Life, with its metabolilsm, is an excellent agent to change
the chemical composition o0f an atmosphere., S0 living organisms
can decrease Sppoed. In splte of their high specific value, which
1t itself would show thém noxiocus parasites of Gata. As a charac-
1eristic date, a 75 Kg man with 2000 Kcal daiiy ¢onsumption pro-
duces



Sprod, hum®2.27x1022 571 Sprog pum/Nz4.83%1077 57, (4.8
(thus having for substantial c¢orporeal changes a shortest time
scate s¢ome months, correctiyl, a specific¢ production 107 times
higher than that of Earth. So for the whole humanity Sppgegq 1$ al-
ready 1075 part of that of Earth, and perhaps the whole biosphere
§5 already a nonnegligible positive contridbution; however they
may have helped a 304 decrease, and then the total balance points
towards minimum, The spohtanecus appearance and propagation of
1i1fe ¢an thus be conform to the minimum principle. And, simi-
larly, the evoluticenary steps can as well be, when the "fjittep®
or "of greater selective value®” replaces its ancestor, as Eigen
demonstirated [5] in the simplest case. (In the process when the
surviving mutant RHA was replacing the master copy there appeared
an integrated loss of total entropy production, even assumed the
same affinities {for the two RNA c¢hains. The circumstances were
such that pure DHA or RNA could replicate.)

5. IHDIVIDUAL ORGANISMS AND SPECIES

One is tempted now to apply the principle on wvarious
species, saying that the lower specifi¢ entropy production be-
longs t¢ 1ihe more evolved organism, and then the discussed prob-
lem ts solved. Then one finds that woman's Sprod/N s smaller
than man’s one [{5). HNot stopping here, it is obvious that
Sprod/N is lower for cow than for woman, and for (androgyn) tape-
worm than for cow. This sequence suggests that something may be
misinterpreted.

Indeed, different organisms consume different Kinds and
quantities of materials (incoming particle fluxes), use different
amounts of energy {incoming energy flux) and have different
metabolisms {(internal sources). So the different entropy produc-
tions appear at different constraint values, therefore not indi-
cating at al!l the degrees of approaching the different minima,
From the above mentioned wunequalities the only possible conclu-
sfon is that woman lives more econ¢mically thar man, cow than
woman and tapeworm ihan €ow, wnhich is probably true, The interac-
tions of interrelated organisms (eating or helping each other)
are too0 strong to separate one for individual study (at the pre-
sent State of art}.

Except i1f 4/) the circumstances remain constant., Of course,
such an invariance is practically impossible to be proven, and I
do not ¢laim to know such a case. Still, it is possible that in 2
relatively short time period, when the species do0 not change
their habits 100 much, ancestors and descendantis could be distin-
Eujshed by comparing the entropy productions. And I would tike to
close this Section wWith a demonstrative exXample, so now I will be
deliberately overconfident.

There happeéned a continuous reptite-mammal transition in the
Permian-Triassac period. Judging (maybe incorrectly) from recent
representatives, this process started from a poikilotherm reptile
{1n average Tx14 C°) and ended in a homoiotherm mammal (TR37 C°
and fairly constant). The constancy is clearly favoerable, It is
economic, harmenizing the temperature-dependent enzyme activi-
liés, but the high temperature needs some explanation. Of course,
good specific explanations exist, but let us look at the problem
from the direction of the minimum principle. Compare imaginary
very similar reptile and mammal {never existed), differing only
in lemperature and related propertiss, caeteris paribus. (One may

hope, e.g., that the higher temperature does not need higher en-
ergy preoduction because of the $solating fur, which is not ab-
surd.) Then a higher T- leads to lower Sprogr as  seen in eq.
(4.5), so the transition was conform to the minimum principle.
Observe that the change happened not oniy on the mentjoned Thera-
psida-Mammzalia line, but on the distant Saurischia-Aves line as
well, and roughly simultaneously.

So the development of 2 higher than atmosphertc Dody temper-
ature may have been a manifestation of the minimum principile,
Necessarily manifested in some form, anyways. For more detajjed
Statements, I am afraid, specific biology-thermodynamics collabo-
rations would be needed,

6. INTRODUCTIOM TO PHYSICAL ESCHATOLQGY

Since this is the last lecture of an evolution symposium, it
would be proper now to contempiate about the epdpoint of the evo-
lutjon, but this question is, in addition, directly connected to
the minimum principles, If evolution goes hand in hand with de-
creasing production of entropy (or anything else), what will hap-
pen when the minimum §s reached? Surely, for a very simple case
eq. (3.2) has shown the minimum value. Wil} the evolution stop at
ihis point (¢or, if reached asymptotically, slow down without lim-
its)?

. There is a strong (and intimate) analogy with the so called
Heat Death of the Universe, which has much more exhaustively been
discussed. Therefore let us see first the analegy, and when we
have learnt something, may venture to some guesses in the proper
question too. .

Consider first a c¢losed finite system. In it entropy is
growing, therefore changes are no¢ more possible if it has reached
its maximum. (If the maximum is being reached asymptetically,
then changes are stopping asymptotically as well,)} Then, in the
last century, by a limiting procedure the Universe became visuval-
ized 2s a closed infinite system (i.e. the limit of growing
closed ones) with the disturbing result that processes tend to
stop asymptotically In complete thermal equilibrium, and Life
tends t¢ Dbe impessible In the long run. To be sure, the idea was
continuously criticized, and, indeed, the ]limiting process is not
unique, Howevepr the discussion was Dy no means fruitless.

General Relativity made possible the correct formulation of
the Heat Deatn proeblem. First, a homogeneous Universe 1is possible
in General Relativity, while it is highly unstable in Newtonian
gravity [16]. If the Universe is homogeneous on large scale, then
infiniteness becomes irrelevant, because its distant parts do not
affect each other, In addition, it turned out that the Universe
¢an be closed finite too. On the other hand, it turned out as
well that even the closed finite Universe is not a closed thermo-
dynamic system, because of the change of the total volume. How-
ever even then the globa)l behaviour has become calculable.

In the old cosmologic speculations the Unriverse generally
had a guessed spectacular end, as Flood or Conflagration. Stan-
dard cosmologic models {¢f. the cosmologic lecture of this Voil-
ume} now have a final alternative: <Conflagration with 1nfinite
density or Frost with infinite boredom, depending ocn  the fact
that the Universe is gravitationaily bound or unbound. Again, 1n
stangdard models, the different behaviours are connected with the

“value of a conserved quantity appearing in the 3 dimensional cur-
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vature, 1.e. finite Universes are bound and infinite ones are un-

pound. In the first c¢agse the total lifetime of the Universe is
finite, and the problem of this Chapter does not exist, so we
have to deal with only the second case, The alternative c¢can be,

in principie, settled by observing the ratie of expansion and
gravity, but the uncertainties are still great, so the cnly pos-
sible answer is that the unbound Universe is more probable, and,
1f it is bound, the 1ife expectancy is over S0 billton ys.

In the unbound case objects may have infinitely long exis-
tence, Will then every change asymptotically stop via Heat Dying?
Wnile there §s always being a Dbest avallable answer, we do not
necessarily know the true one., Let us demonstrate it by means of
a simple Gedankenexperiment, (Numerical data will be estimations
only.) Prepare a container of several liters with infinitely
strong and rigid outer walls and a realistic partition, and put
inte one part several moles of Hp gas and several moles of Op
inte the other (with, if needed, some small amounts of catalyz-
ers); start at room temperature in one half and at freezing point
in the other. The initial specific entropy is some S45. What is
the history forward? (In' general, a thermodynamic process equili-
brates an intensive, which are, in oupr case, temperature T, Ppres-
sure p and chemical potentials ¢ for each particle species.)

Stage 1)} pure energy (heat) transfer via collisions with
the partition, The endpoint of this process is homogeneous T in
the whole container., It takes some time roughly in the order of a
second. The specific entropy has increased by some ~0.1., Still p
is daifferent on the two sides of the partition, being the densi-
ties different too; because there are different particles in the
halves, the chemical potentials cannot be equal at all.

Stage 2): the pressure difference is continuously trying to
deform the partition. Depending on the stirength, it bends in a
period between, 'say, hours and centuries. At the end the volumes

- are changed so that p equalizes. Again s has gone up by ~0.1. The

p!'s are still different.

Stage 3): the agressive gases are eating away the partition
in a period of a miilenfum, (Cf. archaeologic evidences.) Then
both gases expand into the whole volume, and mix. How pi{Hpl and
piOp1 have become homogeneous throughout the whole container, and
§ has increased by ~1. Henceforih everytiing is homogeneous.

Stage 4): during several further millenia some parts o0f the
gases react, resulting in HpO. The reaction stops when 2pfHpi +
P{0z3} = 2piHz01, (Chemical equilibrium.) The temperature is sev-
eral thousand K. Again s nhas gone up by ~1. The story ended here
for a physicist at the end of last century.

Stage 5}: nuclear fusion happens, with a velocity depending
on (still wunknown) catalyzers of cold fusion, The necessary time
can be even above Dbillion ys. The final temperature is several
MeV (ten billion K). The theoretical endpoint of fusion is FeS§,
but the real endpoint is a mixture of electrons and different nu-
clel with the hadrochemical eguilibrium

viH}=p{He/4)=...2piFei/56=..,.
These equalittes determine the nucleus raties. The specific en-

iropy has gone up by ~4i. Here ended the siory for a physicist in
1960.

Stage 6 )1 (if Grand Unification 1Is5 ¢orrect, then) in a pe-
rica ~1032 ¥s protons decay as p €=> N°+e*, Temperature is ~1

GeV. So most nuclei have been destroyed; the final ratios are de-

termined by the above edqualities and by the equilibrjum condition
of the decay piHi=yipi=pie*). Again s has gone up by ~1, Here
ends the story for us, $0 our opinion is that changes stop here.

However, et may be unstable as well., According to our pre-
sent Knowledge even then the avajlable energy is not too much
henceforth, but one cannot exclude further processes. Similarly,
the entropy went up in each stage and still may continue; since
we seem to Know that the available energy is finite, the final
entropy is more probably finite than not, but remember that the
theopetical final value went considerably up in a century.

And now back to life and entropy preduction. {In the mean-
time we have learnt that principles may show the direction but
not the velocity. So the whole system, Just now, may be at vapri-
ous stages of evolution.) In an undound but c¢oojing Universe each
J —>» 0; so the processes are driven less and less, However, ‘the
organisms are more and more adapted, and, as we have seen, in de-
teriorating circumstances more and more versatile. This means new

processes, which are able to go even with the less available
flux. Of course, one expects the decrease of Sppeq/H, so  ihe
characteristic time scale of substantjal changes of the whole

system will
coefficient ‘&

increase. (Cf. eq. (3.2}, there the heat conduction

represents the transfer mechanisms. On scales
where Jxconst., k grows to decrease ¢, i.e. the lindividual
processes are more and more efficient. Then, with decreazsing J ¢
decreases faster than J¢ . ) However this is true for a whele grav-
itationally bound obJlect, e.g. for a planet; - we have seen that
there is a possibility for the development of swift individuaj
organisms if, e&.g. the albedo of the whole planet goes to 1 or if
its temperature is going to that of its star, &¢. Everything de-
pends on the relative velocities of cooiing and eveolution, pro-’
vided that the total mass of the biosphere shrinks sufficiently
fast compared to that of the planet, For terrestirial life the so-
Jar flux is fairly constant for the next 5 billion vyears [8]
maintaining a convenient environment, bput then Sun will destroy
the biosphere when expanding into red (sub)giant

T. COHCLUSIONS

1 wonder if any definite conlusion can be made. I would have
liked to demonstrate that there is a chance to find a physical
quantity measuring the advance of evolution of species; I think
that the quantity is the specific¢ production of an entropy-like
potential. Indeed, we know that if a task' is performed in redun-
dant steps, then more entropy is dissipated than necessary. And
what else is "fittest" than the ohe acting meost accordingly teo
necessities and circumstances?

However, in the close future the gquantity can be {found only
for chemically autarch systems (down from a planet to an Is-
land?). Even this goal would need resolute cooperation. As for
the final fate of Life in Universe, it is not hopeless, but in
the best case hard.

And it is better to distinguish between processes favoured
by the minimum principle and by us. Fig. 1 shows that Aphrodite
has decreased much more her entropy production than Gaia, she is
quite advanced but, alas, “inhabitable.
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Let us try to understand now why the divergent branching
structure of phylogenesis is possible, Simple model calculations
would show that the "less successful® mutant is immediately
suppressed: on the other hand, if¥ it is "more successful®, then
it overgrows the original form, which one practically vanishes.
(See &. g. Eigen’s cited work.) Then c¢ne could not expect twe
successors. However, there are interactions in an ecology,
specialisations te different niches, &¢. So the structure of the
phylogenetic tree again demonstrates that thermodynamic
considerations cannot be directly applied to one ingdividual or
species.

However, we do not want to suggest the dominance of
divergent branches everywhere in biotogical evolution. Do net
forget that Maynard Smith by geometric ideas on evelution was
apie to generale network type pranches as well.
£



CONCLUDING REMARKS

This Volume could not be anytRing else than a Starting point
for  interdisciplinary synthesis, becavse it must have sltarted

with the individual Jdisciplines. At the eng of the Symposium,
there was already & virtval possibility to recognize new connec-
tions between neighbouring or far topics. However, VERSA
VOLANT, SCRIPTA MANENT. Now, looking at the Volume, one can ask
about the possibie connections. Some of them asre very probable,

and not guite npew, at most it may be necessary to reemphasize
them. However, there may be 3 class of intriguing possibilities,
when the connection 8 not established beyond doubt, but is pos-
sible, anad ¥ it turns out real indeed, cah explain two, seesm-
ingly independent and unexplained facts.

Let us proceed in 3 reughly chronologic order. Gravity the-
ery can ¢xplain net only the expansion, creating space, pUl Si-
multaneously also the generation of matter, raw material of fur-
ther evolution., 8¢, it is possible that the matter content is not
an  arbitrary initial condition, but determined by the laws. Cos-
mology and particle physics furnishes the simplest possible par-
ticles s building blocks: again expansion ensures the ressurec-
tien from prematuré Heath Death, and guarantees the prerequisites
of later gstronomical gvolution.

The stars, with the existing laws of nuciear physics, neces-
sarily build vp just the elements which are indeeg abundant. Car-
ben is abundant not by teleology, for life, and not by an acci-
dent, but by being the simplest stable nucleus consisting of in-
teger number of He nuclei, which are both very bound and primor-
dial products of the Universe. (Are laws teleclogical! rather thsn
the carben?) And then ohserve that the egasily created elements
(¢, N, O, Ca, Fe, &e¢.) are just the ones needed for planetologi-
ecal, geological and biolegical self-orgsnisation. Furthermeore,
“the  present terrestrial  atmosphere (quite impossible as statie
state  from chemical reasons) is the product of geology and life,
net a very lucky exceptional initial state. But again, a8l this
evolution may haveée bDeen possible only with very special physical
laws, or at least very specially "chosen® values of constants in
the laws.

Finally, our own emergence from the animal worid ssems to be
driven (or at least promoted) by geological andg meteorolegical
events. Then still remains ocur future, the Arrow of Time in evo-
lution and similar problems which sound slightly rhilosophical.
't ig interesting 1to see that even such problems can (maybe par-
tietty} formulated purely by natural sciences, specially by ther-
modynamices.

So  far with

the more or less well established connections,

Howgver now one ¢an suggeSt some long-range connections, which
may or may not exist, may or may not be important, but odeserve
" mention, and maybe investigation as well. In the astrophysical
lecture the soilar neutrino problem was mentioned. It seems that

the Flux of solar neutrines is less than necessary to produce the
observed luminesity by fuSionr. Now, some hypotheses have been
manufactured in which the neutrines were produced put have later
decayed, oscilleted ke, awady in exotic (ond unobserved] particle
Phy$ics processes. However, as Fowler suggested in 1972, there is
9n  alterpative that the missing neulrines wéreé never produced be-

cause some percents of the energy comes not from fusion but from
contraction. Them Sun is Aot statienary but eycli¢. Contraction
cannot maintain the energy ovtput Dbeyond the Kelvin-Heimheoltz

time, ~30 Mys,
this time scale. And such

S0 then now there must be a silight cooling with
& coolling is seen on terrestrial cli-
mate, leading finally to a situatlon whenh cyellec Jce ages becams
possible some 2 Mys age. Maybe the reason is in the astrophysics
of Sunm, maybe It Is terrestrial (but them. the nelutrino problem
needs an Independent explanatien}). It Is Intriguing to think that
the firnal reasen of our present emer-gence may be in the Sun.

But If the Sun bas a cyclic behaviour, then earlier pPeriodic
ice ages are exXpected in the far past also; and indeed they hap-
pened In the Permian. We seem to Know that these ice ages trig-
gered the spread of mammal-}like reptiles, whence the way was more
or less straightforward to mammals, (so te us).

The extinction of dinosauprs, which feems to have beéen neces-—
fary te the flowering of mammals, has some dozens of insufficlient
explanations. Two of them is astronomical. One is the collision
with _an asteroia, when either the environment was Poisoned Dby
heavy metals, or the atmosphere was darkened by dust, so decreas~-
ing the temperature. The other s a nearby supermova explosion,
producing hard radiation fopr mutations and extra heat for dis~
turbing the therma! balance of reptiles.

We do not propose these expilanations; we suggest them only
a5 possibilities, for which the degree of probability cannot be
determined without genuline interdlisciplinary methods and collabo~
rations. Also we de net tel] that they are the onrly possible
long-range connectlions, but the Gentle Reader may jpveprt the
futlher ones by utilizing the Volume hepre.
£
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