DOT:10. 19800/ j. cnki. aps. 1987. 03. 013

a2k %3l
1987 &£ 5 A

" OE B ¥ R
ACTA PALAEONTOLOGICA SINICA

Vol. 26, No. 3
May, 1987

MEBE R EBETGR
— bR HREER SRR
A% R

(o BRI 22 e g TSR 7 £ A A 9T )

—. KTHRER
Bk, E—BRFHEROEARS, —

BAFER, BRRLEKT, EWRTELEA

RS RS I —HBIAFEBIE R T
—BIZE, Mk 1980 4 Alvarez RLFHRIH,
ERENFENE LR ERREEEEUE, Fo
e s 2 S TR A B B PR B R R
FRERTRBITEK. X—WREBNKE
W 4 B 51 BB SR M A s o A R 5
MR ER. Kb, TMEWREH%H A B
WEBRBERTTORBEL, RTETR
4 et DL A 0 20 2 R A M R 58 o e R 2
AR EAWLEEL, TR A
LI RAR LBk R R T & AR,
BARSCEARTERRIAR, HY B 8] 14,
BRI S T HmM. BE 1972 £ H
Eldredge 1 Gould 8t} T—M#k% 52 ¥ 0 3t
WA —— N R iR XEE LT — Mgt IR
W, R B AR R -RAREERE %
BEE—ERE S - FBEK, TRIHE
HERBTE, K% (fluctuation) RIEFEL
EREMEFEREUEBERANT D, X
HAEYTF—HPESROE ARG Hit, E
BEAEAR S R — BRI R B, (B4 SR
KL, MEEROMS T IBREN KRR
Hi3R, /NI REE, M A TR £
EHER, RS TERBES/N, KERL K
KRR ERDFNERE, XBERTME

SR EIREFR H a3 HA 3R — 387 H Lo B 3ot B ek e Bk
o
HTHRE KB R, Gould T 1985

EXH-SREZARERE S B[R

Wo HE—BERIREANL, MEWEN—F
PRHIH A FE T AT 2 5 28— R Wk B R 4
TR A R R AR s DI M KT AR
BN PR A B BRI . XL ERE
BERRRERNE, BRI EERFTEIN
W 2 2 160 B SR AR BO 4R F o

BRI AR B 4 KX — B R R
B, WL B RN R0 4 T B e
SRR, BIANATEEME SR N RERAR, B
X EMBUA S RIGHE BEE SRR ENBR
£ R T BT S BEIRE LB TR I 3 25,
ERFEEHEEARSE, XAMERER
BRI, B4 FEPENEAENBTEE
HIEBEET SR AINRS, BH, R
SHERENE M. FRERIURR, BOH
H RS B A A T 8 R e nt LA
B, DB G RN BT GIESBAERSE
“ORERSR RN EEEES |,

BRI, A WIROBR Y F B A o WA DA
FEEREZ AEREATRERWER, HA
F 215 B BRSSO RBIR0R H e
PR ER S A ROENLRE, DEA
BAET HORER > FEFBARENLS
AR X — Gould PR 45 = B Wk KO 117 S 5
BB ERE BN TR %, — 2 iR



3

X MREBEXBERER —ERH LR ERRERZMRE 355

ERERNFUEROEIE ERHE, —AN
BETREMBITREADNGI F ENRE
“EHMEERERERNES 5HRELRE,

TERSURREA“REE” B LRI 4 4
AGBMAFHL, E—FEH Gould FrRE=
BRGBRZRAHEE _BERZENE R &,
HEHN, RE_BROEEN S, TEETHAK
ZFREREIE; RE=EXRTE, NEEWHA
B AR BAREERERRSRH
B, XERAB—RIINSMERRERSE,

R X —RIEE, RERFAH RHR,
%E%Eﬁfﬁ"%i@%i%@%ﬂl&’)ﬂ@
XBRBLARNS

Z. AREXNEDEHEER

FREREESHE D, FERRRLERE
REMERER, HERRTAHEELFEN
B, ETEMEHNORE, CSHBRATR
HXBER MR ENBEHIET S Z6 R, MM
FRESH BAHZRA-REAEDE L, N
HTRARDMREGEEN. PEEFEX
SAREAE AN EEN EENHENL
Eﬁﬂo

*Irﬁ%’?%ﬁﬂiﬁﬁ‘]%n&% -ERER
FRMIE, RAEF-BEFREME, Ak
FENERNENR, XRHF EHRE—#F
FE. BN BANARERN 55 + {2

&, REE 6~55{ZFH Ediecaran IR

Lo BENEMMREEBRITEHAMEY, &
WX AT R A B LA Ediacaran ZiYEFRIS To

WE—E¥ Ediscaran FMBEAR S T
4 B S RLLUSHIER bt K8 iﬁ%uﬁﬁﬁ‘&
M E A,

AT, Ediacaran ZYMBFRE —RFIREEH]
RRBRE, MBEERRK, EREEEARD L,
KRN Im, ,HUHEFRE (REBR%
¥ ERABI R )G R SRR B, X
WEBINEE, RERSIEANETR, B
. EESHLEHANEARR HRERN

K FxEFB (Cloud, 1976; Runnegar, 1982; So-
kolov and Fedonkin, 1984; Seilacher, 1984,
etc.)o Jenkens (1985) {FHTRART Rangea &
AXRMAA, BRTEMNRENSHE =&AL
i, MBI TREREN/\HE
B EETRANTEMIBEARARANESER,
{332 3T Pflug (1972) 474 % Ediacaran
BB HRKENE R ETHN.

MPBT& Ediacaran ¥ BRI EE XK,
ENNERHUZHEEABAERYAKNEE L
HERTHEIT R TORGRE, BRHaRX
BART HAHETRROERNRE, NS
BE5ARATSES—MARNEAGTH,
HEEFREN TUNRERBEEEEOSE
SRROEFEIR R

FEUNEESEBAT B—EK300, B4l
e X RE R RET RTiRE R BROE REW AR
B %, CARENBEE, BT YUNSEDF
BESHIFEHE, HIUXEeSERBESHN
EEHR, AMERERHRTEENREYE, R
AL b e BN AT B IS Edincaran
Fet, B RETURRD ERK/NEERT
R Fo XM Rhoads and Morse (1971) #&H
EMFERE RO REX FIRRINBELE
—Bfe

FEREHRKBNENENR, BHIRAM
BRI RBTARNGE—&, FERZH
Hooh 3k (LR AR R — BUPEH 2 E B9 05 o
AN EEDH IR D EAREHE T BN
PEE, HERRRZLSEENRERER
B, X—TEREEUNH R EEHT 2B
2 B R F 8 o

EREM 14 ZERNEERANE F B H
AARNEZENR, —EELITHRLEA
AT B, TRHE/KRH CO7~ f Mg* &
FHABIEE. B CO;~ MR, #WAKH pH
B e BT Mgt RITLRERD, wREE
& Mg*t (LEEAMKBRTETRREN B
KRR B#AFIRE (Maisonneuve, 1982),



356 £ £ ¥ ¥ W 26 %

N N
He <N
t
N—C_CH o o o
| PONy i o
HC G CHamO-P-O~P ~Onp ~OH
i 1 1 |
¢ OH OH OH
‘n OH OH ' '
i
]

#EE 1 AMP—>ADP—>ATP MIEILBBILH THBR

Molecular formula of ATP, showing oxidative
phorphorytion: AMP—»ADP—>ATP
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FROM MASS EXTINCTION TO MASS REPLACEMENT—A
CONCURRENT DISCUSSION ON TIME-SPACE LEVELS
OF EVOLUTION AND SYSTEMS GEOLOGY

Liu Di-yong

(Nanjing Instisute of Geology and Pal logy, Academia Siniéa)

Summary

With regard to the problem about the extinc-
tion of dinosaurs, a neocatastrophism has been in
vogue since the discovery of the extremely rich
iridium from the boundary clay between Mesozoic
and Cenozoic by the Alvarezes and others in 1980,
and it holds that catastrophes brought to biot;i from
extraterritorial events play a decisive role in the
evolution' of organisms on earth. Such a simple
and blunt viewpoint of cataclysm particularly at-
tracts those outsider specialists who are not engaged
in palaeontological or biological researches. In
view of this situation, taking a step forward from
the extraordinary quantitative alteration of declining
groups in biota, which can be easily understood by
people, this paper makes a review on the changes
in the basical features of newborn factors in then
geological history with organisms as its principal
part. After making careful analyses on the fea-
tures, structures and functions of the relevant fossils
and the evolutionary stage of the earth’s different
spheres, it has been discovered that there have been
two correlative mass replacements, i.e., the replace-
ment of the large poikilothermal dinosaurs by the
small homoiothermal mammals at the time between
Mesozoic and Cenozoic, and the replacement of the
large Ediacaran animals with their body surface
proceeding respiration up to feeding by the earliest
emerging small shelly animals with interior organs.

The alternating moment of the Cryptozoic-
Phanerozoic also represents the transitional time of
{ree oxygen from thin to rapidly increasing. The
Ediacaran fauna formed large and thin flat bodies
while, adapting itself to the condition with little
oxygen to attain a large surface area as far as

possible for directly contacting to the environment
to undergo the process or respiration and other
metabolism. At that time there was another group
of animals with rather developing interior organs
to increase the area of their interior surface. Thus,
these organisms were developing along two perfec-
tly different roads. But the group developing in-
terior organs survived in the condition of little
oxygen, only with small bodies for requiring
less energy source. Accofding to geological re-
cord, by the beginning of Phanerozoi¢ the oxygen
irt aerosphere and the phorphorus in hydrosphere
were increasing remarkably, and the cell membrane
would carry on full oxidative phosphorylation
(Text-fig. 1) so as to form enough adenosine tri-
phosphate (ATP) in the cell, from which enough
inorganic phosphorus could be separated with the
release of energy. Because of the saturated phospho-
rus in sea water the secreted phosphate over the or-
ganism surface could not be redissolved and the
shells were thus constructed. The occurrence of
these conditions was related to the stabilization and
reduction of epicontinental sea-basins with the re-
gression, and these just provided much more chances
for isolating the organisms, and promoted biotic
diversification up to somewhat specialization. The
subsequent transgression and relevant anoxic envi-
ronment further played the critical role in replacing
the old by the new in the thenbiota.

After the shell took place and the body surface
was sheltered thereof, as for the kind of animals
with interior organs for nutrition and metabolism,
the shell actually contributes to the resistance aga-
inst external invasion and also to the support of
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the body, thus enabling the animal to enhance the
autonomy of its life system and to strengthen its
ability to open up and set up the new life modes
and new ecological types. However, as for the
Ediacaran animals, »due to the formation of scle-
rites on their body surface, even though in the form
of spines or nodules (Text-fig. 2), they still parti-

ally obstructed their body surface from making

direct contact with the environment, thus weakening -

the function of respiration and other metabolism.
Furthermore, this is unfavourable to the firm atta-
chment of harder spines growing on the soft mem-
It would still result in an evil effect to
broaden the bases of spines (Text-fig. 3) because
this would reduce the open area of the membrane

brane.

surface. Both of the exactly opposite effects resul-
ting from the same developmental trend should be
taken as the radical causation for the rapid replace-
ment of the Ediacaran fauna by the Cambrian
shelly fauna.

In contrast with this the event of replacement
of dinosaurs by mammals near the Mesozoic-Ceno-
zoic Boundary also revealed a series of conditions
and processes which can be correlated with the
replacement event stated abave. That is, in the biota
were developed two major groups of animals, the
poikilothermal group and the homoiothermal gro-
up, with one group also attaining a very large body
size but the other one rather small; there was pro-
minent alteration in nutritional structures follow-
ing the replacement of gymnosperms by angiosper-
ms (i.e., the replacement of the producers); in the
same way the swamp basins were reduced because
of increasing regressions; in addition, the climate
turned cold. All of these displayed an eliminating
effect on the poikilothermal and huge-bodied dino-
saurs but acted as a positive selection to the homo-
isothermal and small-bodied mammals, and conse-
quently evoked another extremely extensive mass re-
placement.

These two extremely great organic events in
geological history were all caused by the great dif-
ferentiation in biota and the powerful effect of na-
comprehensive
changes in different spheres of the Farth, with the

tural selection resulting' from the

rapid elimination of rudimental orgamic groups

and the establishement of a new equilibrating state
mainly dominated by advanced groups. Therefore,
these events indicate the necessity of mass replace-
ment resulting from strong organic differentiation
and higher-level natural selection, but not from the
contingently occurring catastrophe and extinction.
It was not the survival of luckiets but the advanced
organisms t0 open up a new historical stage and
this” also was a leap from quantitative change to.
nonlinear qualitative change, instead of just a sim-
ple catastrophic development regardless of normak
quantitative change.

It is clear that these biotic events are the su-
persession or replacement between prominently dif-
ferentiated animal groups under the strong and
higher-level natural selection following global en-
vironmental changes, instead of such a simple me-
chanic behavior just like “mass extinction® resul-
ting from organisms incapable of resistance to the
impact of rapid changes in environments. There-
fore, these biotic events are essentially higher-level
selection and “mass replacement”, the replacement
of the old by the new, instead of what is commonly
called “mass extinction” in which the “extinction’
has been separated from the rise of new groups in
time order and so can not reveal both the entirety
and the essentials of the process.

In combination with the materials published
by the writer in 1982, 1984, etc. concerning the pe-
riodical evolution averagely covering a period of
about 26 million years revealed by the Ordovician
brachiopods and also with other relevant geological
data, the biotic evolutionary processes can be gene-
rally divided into 3 interrelative developmental
levels on the time-space scale as follows:

1) Molecular level, i.e., the process from such
contingent mutation caused by base-pairs replace-
ment and then by the gene recombination.

2) Population level, i.e., the evolution from
replacement of gene frequency taking the punctu—
ated equilibrium as a typical pattern, with the oc-
currence of macrofluctuation caused by the reduced
background of fluctuation, which results from an
isolated small part of population.

3) Biospheric level, ie., the strong coupling
and globally synchronous alternation of transgres-
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sion periodicity, lithofacies cycle, ecosystem repla-
cement, higher-level selection and replacement of
organic groups.

These three levels display their developments
depending on each other. Their discrepancies can
be recognized as: the first level mephasizes the sto-
chastic occurrence and disappearance of alleles in
gene pool; the second level mainly denoted by the
stability of the statistic mean value of the phenotype
and the saltatory process evoked by the migration
and isolation; and the third level is further re-
presented by the strong higher-level selection car-
ried out from much higher-level alteration trans-
mitted in order.

It appears that the development of thermody-
namics marking the direction of time also may be
subdivided into three stages respectively involved
in three orders of evolutionary regularities: 1) the
isolated-type of internal-ex ternal equilibrating ten-
dency revealed by the spontaneous increase of en-
tropy or the entropy tending toward a state of very
high probability; 2) the process of internal-exter-
nal steady potential with a certain dynamic signi-
ficance indicated by the balance in the course of
transportation and the minimum productionk of en-
tropy; 3) the dissipative structure formed by short-
range fluctuation of excess entropy up to long-
range macro-fluctuation in an open system far from
equilibrium, or the self-organized synergetic systemn
formed by cooperation and competition between
different order parameters. _’

The process of heat motion and energy dissi-
pation indicating the thermodynamic time together
with the transmission structure up to the level space
thus formed, is a process that can be briefly called
the “dissipative change”. Subsequently, each level
develops its own system under internal and external
actions in order of the levels to approach the pro-
cess of the named intrusive change in which: the
greater levels can initiate the smaller levels to carry
out the reorganization of inside and outside equi-
librium. The dissipative change and the intrusive
change are also separately corresponding to the
development of the system under a relatively closed
state and an evolution initiated by external dynamic,
jointly constituting the 3 rules of time-space deve-

lopment in geology: l) construction of stability
with spontanecus dissipating energy, i.e., the dis-
sipative change through the solitary, transmissive
up to synergetic dissipation of energy to establish
a stable structure and to be identical with the
time-arrow in thermodynamics; 2) inferior intru-
ded and superior promoted by environment, i.e.,
under the internal and external actions in order
of the levels which were constituted by the dissi-
pative change, each level establishes and develops
its own systems up to such a situation that the ef-
fect of the higher level can accelerate and initiate
the new factors of lower levels to break througl
their equilibrating state originally existing, thus
rapidly establishing the new system, and carrying
out an intrusive change to reorganize the internal
and external equilibrium; 3) flow-encumberance
alternation in entropy and order, implying that in
the general process tending toward the stability of
systemh at each level, their respective order form
also get to ageing and rigidity, playing a resistant
efficacy on the more changeable energy, ie., re-
sisting the process of approaching stability and in-
creasing entropy, and then resulting in the perio-
dical alternations of the various ranks of dissipa-
tive to intrusive changes; furthermore, the interval
consisting of several periods at the lower level may
be repeated with the periodicity at the higher level
and thus manifests a more prominent larger perio-
dicity.

Systems geology regards these 3 rules as the
fundamental principle. Considering the earth as
an integral system carrying on a coordinate evolu-
tion at the related levels, the developmental history
of geological time and space can be traced and so-
the 3 rules are induced. Herein also may be found
the corresponding relations with both of the above-
mentioned modes of organic evolution at three levels.
and the different evolutionary regularities appro-
ached at different levels in the thermodynamics.

During the development in the time-space ou-
tlook of physics that lays outstanding stress om
movement and transformation in space, there are
three more basical levels, namely, 1) the isolated
time-space viewpoint (Newtonian mechanics), 2}
the unified time-space viewpoint (special theory of
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relativity); 3) the unified viewpoint on time-space
symmetry and intrinsic symmetry (general theory
of relativity and gauge theory). All of these may
be further given a vivid metaphor as 3 geometrical
figures: 1) a linear figure represented by the inhe-
rent movement of a single point; 2) a harmonic
figure of the movement of two points constrained
by each other and shown by a circle; and 3) a
bicentrical or ecentrical figure seen in an elliptic
movement, thus possessing the tendency toward a
one-centered equilibrating movement and returning
to a circle.

The whole world is in harmonious correspon-
dence, and there is also an increasing tendency in
different kinds of sciences towards echoing with
each other, and each is in its proper place with a
well-ordered level inter-relationship. But neocata«
strophism ignores the significance of the most re-
presentative biota in geological developmental his-
tory existing as a system; thus evolution would be-
come something occasionally put together and just
a simplex mechanical behaviour. Viewing from
this angle, neocatastrophism is also very hard to
understand.
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