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WHAT THISARTICLE ISABOUT

Punctuated equilibria (“ punc eq” or PE) was originally
proposed as an attempt to offer an alternative evolutionary view
to the classical Darwinian theory of speciation as a slow, gradual
process. PE theory includes both a two-pronged claim about the
fossil record of a species — stasis and abrupt appearance — and
a historical scenario and/or mechanism to explain that claim.
Although the mechanism is often very difficult to test, the claim
about the fossil record of species is rather easily testable, being
both falsifiable and potentially verifiable.

Not a single species has been found with a fossil record which
definitely violates the claim of stasis and abrupt appearance. The
organisms with fossil records the closest to violating stasis and
abrupt appearance are unicellular organisms, and are primarily
found in the Cenozoic portion of the stratigraphic column. Existing
evolutionary theory, even that invoked in PE theory mechanisms,
cannot explain why unicellular organisms should be the only
organisms to violate the first two claims (stasis and abrupt appear-
ance) of PE theory.

A stratigraphic mechanism for the claim of punctuated
equilibria is here suggested. Species which experience instantane-
ous burial would be expected to display stasis and abrupt appear-
ance in the resultant sediments. As the length of time actually
represented by the sedimentary record increases, exceptions to
stasis and abrupt appearance would be expected — beginning
with short-lived, catastrophe-tolerant species. Since possible ex-
ceptions to stasis and abrupt appearance are found only among
species with generation times of less than a year, there is no
evidence that the sediments in which any species is preserved must
have taken any more than a year to be deposited. The fact that
exceptions to stasis and abrupt appearance may occur in the
Cenozoic sediments, but not in the older sediments, is consistent
with the idea that the pre-Cenozoic was deposited in the flood,
and that a significant portion of the Cenozoic may be post-flood.
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INTRODUCTION

Dating fromonly 1972 (Eldredge & Gould 1972), punctuated equilibria
isarather young theory of science. Aswith new ideasin other arenas of
human thought, such as clothing design, computer improvement, and the
rebellion of the next generation’syouth, few novel ideas of science become
popular. New ideas and those who hold them often encounter a plethora
of competitive ideas and an abundance of misunderstanding. Punctuated
equilibriaisno exception. Over thelast seventeen yearsanumber of valid
variations, aswell asinvalid understandings, of punctuated equilibriatheory
have surfaced. This paper seeks first of all to clear up the confusion
about what punctuated equilibriatruly is, and what it is not. The second
purpose of this paper is to propose a punctuated equilibria mechanism
which is consistent with ayoung-earth creation model.

PUNC EQ — WHAT IT IS, AND WHAT IT IS NOT

Clarifications of PE Theory

Punctuated equilibria (fondly known as “punc eq,” and hereafter
referred to as PE) theories are al composed of two claims. The first
clamismerely apal eontological observation, or what Stephen Jay Gould
callsthe“geometry” of PE. Aswill be elaborated below, thisclaimisthat:
1) transitional forms are lacking between species, and 2) a species mor-
phology does not change substantially throughout its range in the fossil
record. Because, with minor variations, it isacommon element in all PE
theories, the paleontological observation may just aswell be considered
punctuated equilibriasensu stricto. The second claim of each PE theory is
amechanism proposed to explain the pal eontol ogical observation— usually
a speciation mechanism to account for the lack of transitional forms
between species. The variety of these mechanisms accounts for a vast
majority of the variations upon PE theory that exist. Since PE theories
differ predominantly intheir second claims, it may be said that PE sensu
latoisastatement of the pal eontol ogical observationdongwithamechanism
for itsexplanation.

A further clarification is that PE theories are proposed to deal with
species, and should be applied exclusively to species— or, in some cases,
subspecies and/or varieties. This claim will be argued more fully in
subsequent sections of this paper. “ Stasis,” when used to describe the
fossil record of higher taxa, has avery different and much more abstract
meaning than when it is used to describe the fossil record of a species
(seeunder “Theclaimof stasis,” below). Thedifferencein meaning renders
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it very difficult, if not impossible, to test the claim of stasis in higher
taxonomic groups. The abrupt appearance of higher taxawould also be
defined differently from the abrupt appearance of species(seeunder “ The
claim of abrupt appearance’, below). With regard to mechanismsof origin,
higher taxa, may have arisen by different meansthan component species.
As aresult, it may well be inappropriate to apply PE mechanisms —
which are designed to account for the origin of species— to the origin of
higher taxa. PE theory should not be applied to thefossil record of genera,
families, orders, classes, phyla, or any other taxonomic unit higher than
the species.

The Claim of Stasis

The paleontol ogical observation of punctuated equilibria(or PE sensu
stricto) isitself composed of two claimsabout thefossil record of species
— that species predominantly show both stasis and abrupt appearance.
Theclaim of stasisisthat the range of morphological variation exhibited
by populations of agiven species does hot change over the duration of the
stratigraphic range of aspecies. Thusno substantial changein morphol ogy
occurs between the stratigraphically lowest population and the strati-
graphically highest population — nor, in fact, between any other two
populations between. This particular claim is verifiable and potentially
falsifiablefrom theknownfossil record. Infact, it isextremely likely that,
if incorrect, this claim would be very quickly and profoundly falsified,
evenif thefossil record werevery incomplete. It should theoretically take
only two stratigraphically distinct popul ations of aspeciesto indicate that
apopulation had changed substantially.

Once again, to elaborate upon an earlier clarification, the claim of
paleontological stasisisto be applied only to species. A higher taxon is
defined as a region of morphological space which includes at least the
morphologies of all component species. If higher taxaare real and have
true boundaries in morphological space (which is the claim of many
creationists), then there is unrecognized, unrealized, and perhaps even
unrealizable morphological space within each higher taxon. This means
that itisvery improbablethat any definition based upon realized morphology
reflects the true nature of the higher taxon.

Let us say, for the sake of argument, that a particular higher taxonis
real and that its true boundaries have never changed through time. L et us
further postul ate that there was atime in the history of that higher taxon
when it wasrepresented by only asingle species(i.e., asingle morphology).
Let usfurther speculatethat at somelater point intimethe higher taxonis
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represented by more than a single species (i.e., more than a single mor-
phology). Regardless of how the new species came about, the empirical
morphological evidence alone would lead usto the incorrect conclusion
that the higher taxon’s morphological range has, at thevery least, become
broader. Supposefurther that the original specieswas neither represented
at thelater time period nor wasits morphol ogy within theregion of morpho-
logical space bounded by the species that were alive. In this case the
higher taxon’s morphol ogy has not only appeared to become broader, but
it hasalso changed. To arrive at any other conclusion would not beviable.
If one simply defined the higher taxon asthe morphological space which
includesall component species, living and dead, then it would beimpossible
tofalsify the hypothesis of morphological stasisof ahigher taxon. Sucha
concept would be useless to us in determining whether stasis occursin
higher taxa.

If we are to define higher taxa as exhibiting stasis, then non-
pal eontol ogical and perhaps even non-morphological evidencewill have
to be employed. Thus, the PE claim of paleontological stasis of species
should not be applied to taxonomic groups above the level of the species.
If we wish to study the “stasis’ of higher groups it will be advisable to
carefully define new descriptors, such as* paleontological stasis’, * species
stasis,” “familial stasis,” etc.

The Claim of Abrupt Appearance

The second claim of the paleontological observation of PE is abrupt
appearance. It is, in fact, unfortunate that this claim should be labeled
“abrupt appearance,” for thelabel itself impliesthat itsdefinitionistautolo-
gous. Abrupt appearance would most logically mean that aspeciesappears
abruptly in the stratigraphic record in the oldest sediments where that
speciesisidentified. If thiswereits definition, abrupt appearance would
be atautology — atrue statement but without explanatory power. This,
however, is not the definition of abrupt appearance. Rather, abrupt
appearanceisthe claim that the ol dest identifiable popul ation of aspecies
is not preceded by any transitional series or even transitiona form from
another speciesinthefossil record. Stated another way, abrupt appearance
isthe claim that there are no inter-specific transitional formsin the fossil
record. Aswith stasis, thisclaimisverifiableand potentially falsifiablefor
the known fossil record. Considering the number of speciesin the fossil
record (approximately a quarter million, according to Raup & Stanley
1978, p 3), it seemsthat if it werefalse, itislikely that thisclaim would be
fasfied.
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Also like stasis, abrupt appearance should not be applied above the
level of the species. Although PE theory maintains that there are few if
any inter-specific transitional forms, it doesnot deny the possibility that a
species can act as a transitional form between two higher groups. For
example, it might be argued that although there are no inter-specific
transitiona formsleading to or away from Archaeopteryx, Archaeopteryx
itself can be considered atransitional form between reptiles and birds. It
might also be argued that although there are no inter-specific transitional
forms connecting any pair of species in the human series, or the horse
series, or the elephant series, etc., the various species in each of these
cases can be understood to be intermediate species. Thus athough there
may be no inter-specific transitional forms leading up to a higher taxon,
there may well be transitional species|eading up to a higher taxon. This
would mean that although the fossil record of ahigher taxonisexhibiting
abrupt appearance on the species level, it is not truly exhibiting abrupt
appearance. Abrupt appearance of higher taxa has a different meaning
than abrupt appearance of species.

The Original Mechanism for Abrupt Appearance

The variety among PE theories largely arises from the variety of
mechanisms that have been proposed to explain the two pal eontological
claimsoutlined above. The original formulation of PE theory was that of
NilesEldredge and Stephen Jay Gouldin 1972. According toitsformulators,
PE theory came primarily from prevailing biol ogical theory and not from
pal eontology (nor, as some haveintimated, from the claims of creationists
that transitional forms do not exist in the fossil record) (Eldredge 1971;
Eldredge & Gould 1972).

For nearly a century after Darwin most evolutionary biologists were
of the opinion that speciation occurs through a phyletic transformation of
large species populationsover very long periods of time. By 1950, however,
advances in genetics and population biology had left little hope for this
type of speciation mechanism. Stabilizing selection in large populations
seemed to prohibit rather than allow change to occur. As aresult of this,
many alternative mechanismswere proposed to explain the origin of species.

By the time Eldredge and Gould went through graduate school, the
peripheral isolate theory of alopatric speciation of Ernst Mayr (1963,
1971) wasthe most popular and oft-advocated biol ogical theory of speci-
ation. According to thistheory speciesactually arisein small populations
isolated from and peripheral to the main population(s) of a species. In
these peripheral isolates high selection pressure, genetic drift, and the
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founder effect combineto (theoretically) alow speciationinonly athousand
generations or so.

If, as Eldredge and Gould reasoned, thisis how speciesactually arise,
it should be possible to specify what the paleontological prediction of
such atheory would be. If this was the speciation mechanism, the tran-
sitional populationswould be small intermsof occupied area. They would
also exist over atime period of only thousands to tens of thousands of
years. Accordingly, if thefossil record in fact records 3.5 billion years of
earth history, the likelihood would be extremely low that a transitional
population would ever be located in the fossil record. Furthermore, if
large popul ation sizestend to prohibit morphological changeviastabilizing
selection, speciesshould exhibit stasisduring most or all of their existence.
Itisimportant to note that PE asoriginally defined by Eldredge and Gould
was born out of the second claim — the mechanism of Mayr’s peripheral
isolatetheory of alopatric speciation. The paleontological observationwas
aprediction from that mechanism.

Itisalsoworthy of notethat Eldredge and Gould do expect exceptions
to the universality of abrupt appearance. |nthose rare occurrences where
thetransitional populationsare found in sediments of sufficient resolution,
inter-specific transitional forms are expected to be seen. Since the mean
stratigraphic resolutionisconsidered to vary inversely with age, therarity
of exceptions might be expected to increase with the age of sediment. In
their original paper Eldredge and Gould (1972) also suggest that PE may
not apply to al organisms. Mayr’s peripheral isolate mechanism was pro-
posed to account for the origin of sexual species. Most sexual organisms
would be expected to follow predictions of PE theory. Since speciation
mechanisms are largely unknown among asexual organisms, Eldredge
and Gould considered it possiblethat thefossil record of asexua organisms
might not follow the predictions of PE theory. PE theory as originaly
formulated would predict that the number of exceptions to stasis and
abrupt appearance would be small, but would increasein frequency with
decreasing age, and perhaps be more frequent among asexual organisms.

Other Mechanisms for Abrupt Appearance

The peripheral isolate mechanism proposed for the original PE theory
is not the only mechanism which has been invoked to explain abrupt
appearance. If speciation always occurred by means of macromutation,
then abrupt appearance without any exceptionswould bethe paleontological
prediction. Thus another PE theory sensu lato would be one with amacro-
mutation mechanism. If, on the other hand, speciation occurred by means
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of large-scale morphologica changes caused by mutationsin developmental
regulatory genes, once again abrupt appearance without any exceptions
would bethe paleontological prediction. A third PE theory sensu lato would
then be one which included speciation by means of the mechanism of
regulatory gene mutation. A fourth PE theory sensu lato might include a
speciation mechanism which accounts for a large change in adult mor-
phology by means of small, non-regul atory-gene changesin the ontogeny
of an organism. A fifth theory might include any combination of the four
speci ation mechanisms mentioned above.

Itisimportant to note that Goldschmidt (1940) proposed that higher
taxa(e.g., phyla) may well have arisen by meansof thethird and/or fourth
mechanisms above — namely by means of small changes (regulatory or
not) occurring in ontogeny which effect large changesin adult morphol ogy.
Although Goldschmidt’s* hopeful monster” mechanism can beused asa
mechanism to account for the paleontol ogical observation of PE theory, it
isnot usually so used. It is generally appealed to in order to account for
the origin of higher taxa, and not the origin of species.

Strictly speaking, since the origin of a higher taxon occurs with the
origin of anew species, amechanismfor theorigin of higher taxacanalsobe
Seen as a speciation mechanism. However, some evolutionary biologists
fedl that higher taxado not simply originate by meansof the usua speciation
mechanism, or even a scaled-up version of it. It is thought that higher
taxaoriginate only rarely, and by a mechanism of avery different nature
from the normal mode of speciation. Goldschmidt’s “hopeful monster”
mechanism is of a very different nature from the traditional speciation
mechanism, and it is thought to have occurred only very rarely, if ever,
and primarily inthe origin of higher taxa. His* hopeful monster” theory is
not to be equated with punctuated equilibria, asthe two are not the same.

Mechanisms for Stasis

Besides there being a number of speciation mechanisms to account
for the observation of abrupt appearance, there are several mechanisms
to account for the observation of stasis. As mentioned above, one suggestion
isthat large popul ation size may swamp out change and account for stasis.
Another possibility is that since the fossil record preserves only a small
number of the morphological characters of an organism (e.g., primarily
the hard parts of organisms), the organism may actually be changing
radically — just not in the characters observed. Yet another possibility is
that environmentspersist through time, producing no net changein selection
pressure. An additional possibility isthat thereis some unknown mechanism
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of “homeostasis’ which prevents organismal change. Any one or more of
these mechanisms can be combined with a speciation mechanism to make
up a PE theory sensu lato.

HOW PE SENSU STRICTO FARES AGAINST THE DATA

The paleontological observation of PE theory (i.e., PE theory sensu
stricto) has fared rather well in the light of the data of the last seventeen
years. The best exception to the claim of paleontological stasis in the
fossil record of which | am aware isthe Permian foraminifer Lepidolina
multiseptata (Ozawa 1975, Gould & Eldredge 1977). Other possibleclaims
exist among the Cenozoic fossil records of unicellular organisms, but are
insufficiently documented to be conclusive (Lazarus 1983).

To the claim of no inter-specific transitional forms there are also
suggested exceptions (Kellogg 1975; Williamson 1981; Mamgren, Berg-
gren & Lohmann 1983; and Arnold 1983). Gould and Eldredge (1977),
however, feel that Kellogg (1975) did not provide sufficient evidence to
excludethe possibility of the change being non-genomic (i.e., non-heritable)
and ecophenotypic: (i.e., environmentally determined) in character. Similar
arguments could be directed against Ozawa (1975) if the time period
covered (Middleto Upper Permian) was collapsed into aperiod within the
year of a global flood. Williamson's (1981) study did not demonstrate
stasis in the case of any of his thirteen “new species.” Furthermore, the
changes heidentified happened simultaneoudy in large popul ations of widely
different organisms (sexual through hermaphroditic; infaunal through
epifaunal, etc.). Once again, then, it is possible that Williamson’s data
record ecophenotypic, and not genotypic, change (Mayr 1982, Boucot
1982). Both Arnold (1983) and Malmgren et al. (1983) looked at only a
single coreof sediment, so did not control for the possibility that aclimatic
change may have forced the replacement of one species with another
more tolerant of the new climate. AsMamgren et al. (1983) admit, there
isagradual changein ocean temperature acrosstheinterval sampled, and
their own study does not exclude the possibility that a species may have
migrated across the area as a result of climatic change.

Although there are no bona fide exceptions to the paleontological
observation of punctuated equilibria, the best cases seem to come from
foraminiferainthe Upper Cenozoic. Although Eldredge and Gould (1972)
felt that asexual organisms may not follow PE theory, most asexual
organisms do (e.g., parthenogenic freshwater snails; Williamson 1981).
Thereisnothingin current evolutionary theory — PE mechanismsincluded
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— which should predict that the exceptions to PE theory should come
specifically from foraminifera, and not other asexual organisms. Yet, be-
cause some researchers think that forams show gradual change, it has
been suggested that unicellular (asexual ?) organisms evolve by means of
avery different evolutionary mode than multicellular organisms. They, in
fact, are appealing to information that is not yet known — to be
forthcoming, so it is hoped.

AN ALTERNATIVE MECHANISM FOR PUNC EQ

Conventional Geology and PE Theory

All the PE theory mechanisms that have been proposed to date are
biologic in nature, and most are evolutionary. They do not exhaust the
possibilities. It isalso possibleto consider a stratigraphic mechanism for
the pal eontol ogical observation of punctuated equilibria.

Let usconsider such apossibility by first of all by asking what variety
of theories might be invoked to explain the rock record on earth. There
arealarge number of potential theories— infact, thereistheoretically an
infinite number. Let us simplify the situation and place all the possible
theories onto a one-dimensional “spectrum of theories for the origin of
the earth’srocks.” At one end of such aspectrum might be the theory that
therate at which existing rocks were formed has been constant throughout
the entire history of the earth. At the other end of such a spectrum might
be the theory that all the earth’s current rocks were formed in one event
of zero duration (e.g., creation) or of very short duration (e.g., asingle,
very short-lived catastrophe). Sincerocksareforming today and at varying
rates, neither of these end-point theories accurately accountsfor theorigin
of al the rocks on the earth. The true theory for the origin of the earth’'s
rocks lies somewhere between these two extremes. It is up to geologists
to determine where on that spectrum of possibilitiesthetheory lieswhich
can best account for all the earth’s rocks.

Consider for amoment the uniform-rate theory at the one end of the
spectrum. This theory would more or less characterize Charles Lyell’s
theory for the origin of the earth’s rocks. Modern geologic theory has
modified Lyell’ stheory of uniformity to allow for many local catastrophes
and varying rates through time, but is still located close to the uniform
rate end of the spectrum. If thistheory correctly characterizesthe manner
inwhichthe earth’srockswereformed, thefossil record isto beinterpreted
from bottom to top as a sampling from the earth’s biota through time.
Each sampleisin essence asnapshot of aparticular moment in the history
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of the earth. Though some of the successive snapshots are closer together
in time than others, the fossil record would be analogous to a motion
picture of the history of life on earth — each frame being a snapshot of a
very brief moment in time. Consequently, any change in morphology up
the geol ogic columnwould beinterpreted asreflecting achange with time
— in other words, as evolution. Since this idea of what Stephen Jay
Gould calls “deep time” is the conventional understanding of the strati-
graphic column, it isunderstandable that any mechanismto explain vertical
changes in the fossils in the stratigraphic column would be inherently
biologic and evolutionary in nature.

Geologic Catastrophe and PE Theory

L et us now consider, however, the theory on the opposite end of the
spectrum — that all the earth’srocks originated in asingle event of very
short duration. If the earth’s rocks originated by means of such a
catastrophe, the fossil record represents a snapshot of the earth’s biota at
amoment in time. Changes in fossil morphology between levels would
not then reflect changesin biology through time. Therewould be no need
to invoke evolutionary mechanisms to explain any vertical changes in
organismal morphology. What then would we expect to see in the fossil
record with respect to stasis and inter-specific transitional forms? Since
each species would be sampled at only amoment in time, species should
predominantly show stasisin the fossil record.

Exceptions to species stasis would occur in one or more of three
ways. Firstly, the processes operating during the catastrophe may have
sorted the organisms into a vertical gradient of morphology. Such an
explanation might be proposed if alaboratory simulation of the depositional
processes of the catastrophe sorted individuals of a given speciesin a
manner reflective of their stratigraphic distribution. Secondly, a vertical
morphology gradient may bereflectiveof an original geographic, latitudinal,
or atitudinal gradient of morphology. This might be substantiated if a
similar morphology gradient existsin living populations of the species of
concern and/or related species. Thirdly, a vertical morphology gradient
may be the result of an actual morphological transition during the course
of the catastrophe. Thiscould occur only in an organism which isresistant
to the conditions of such a catastrophe and has a generation time
substantially shorter than the duration of the catastrophe.

A catastrophe would produce afossil record predominated by alack
of inter-specific transitional forms. As in the case of stasis, exceptions
might occur in one or more of three ways. Firstly, alineage could show
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inter-specific intermediates by an inter-specific morphology landing by
chanceinastratigraphically intermediate position. Thisisavery unlikely
event, and the more intermediates are found, the lesser is the likelihood
that such a scenario actually occurred. Secondly, a fossil record which
showstwo speciesvertically separated by azone of inter-specific transitiona
forms may be reflecting a pre-catastrophe morphology gradient. If this
werethe case, thefossilsrepresenting the inter-specific transitional forms
should befound in aselect geographic region, somewhat reflective of the
original hybrid zone (or zone of intermediates). Thirdly, an apparent change
in morphology up section may reflect an actual speciation event. Once
again, this could occur only in an organism which is resistant to the
conditions of such a catastrophe and has a generation time substantially
shorter than the duration of the catastrophe. The rarity of exceptions to
PE sensu stricto indicates that a model of catastrophic deposition of the
earth’s rocks could be invoked as a mechanism to account for the
pal eontol ogical observation of PE theory.

Asone moved across the spectrum from the single-catastrophe at the
one end, theories would be encountered which would introduce more
time into the formation of the earth’s rocks. It is possible to posit that
there was a single catastrophe with the remainder of the earth’s history
uniform, or that there were several catastropheswith uniformity between,
or that there were catastrophes of increasing length. Asone moved across
the spectrum in thisway, onewould expect that true examples of biologica
changewill manifest themselveswith greater and greater frequency. When
the periods of uniformity are short, the only biological change that could
possibly be seen would bein those organismswith short generation times.
Only when the periods of uniformity were long enough could organisms
with long generation times show intra- and inter-specific evolution.

Creation Geology and PE Theory

Biblically based models of earth history arevaried. There arein fact
too many of them to permit consideration of each of them here. An outline
of one creation model will be presented with its corresponding pal eonto-
logical prediction. Thismaodel beginswith the creation of the earth’s ol dest
rocksin something less than 24 hours on Day 1 of the creation week. On
Day 3, there may well have been another geol ogic catastrophe of lessthan
24-hour duration. Then, for over 1600 years, until the global catastrophe
of the flood, there was a period of apparent uniformity of geologic
processes at something near current rates. Theinitial stages of the flood
may well have eroded away and thus destroyed all evidence of this
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antediluvian geology. It may have even destroyed someor al of the effects
of the Day-3 catastrophe.

After theflood there may have been aseriesof catastrophes— perhaps
decreasing in geographic extent, magnitude, and duration astime passed.
Each pair of successive catastrophes was probably separated by a period
of uniform geol ogic sedimentation, again with rates similar to today. Once
again, however, the evidence for the periods of “normal” activity may
have usually been destroyed by subsequent catastrophe. This particular
model would understand the lower portion of the rock record as the
product of one or two catastrophes. Only the uppermost part of the post-
flood rock record would have any significant amount of evidence of a
uniform rate of rock formation.

Thismodel lies towards the catastrophe endpoint of the spectrum of
theoriesfor the origin of the earth’srocks. Such amodel would predict a
fossil record which predominantly shows stasis and abrupt appearance.
Since the flood was on the order of a year in length, exceptions to PE
sensu stricto in the flood sediments would most likely be sediment-
suspension-resi stant, marine organismswith generation timeson the order
of amonth or less. In the post-flood sediments, exceptions to PE sensu
stricto (if they occur at all) should increase in frequency vertically.
Exceptions, once again, would most likely be short-lived, marine organisms
which are resistant to suspended sediment.

CONCLUSION

“Punc Eq Creation Style” (PECS) is a punctuated equilibria theory
sensu lato. It is composed of two primary claims:. that stasis and abrupt
appearance predominate in thefossil record of species, and that the stasis
and abrupt appearance can be accounted for in acatastrophic flood model.
All other PE theories explain the pal eontol ogical observations of stasisand
abrupt appearance of species. Most PE theories also explain why the
proposed exceptions tend to be in the Upper Cenozoic. PECS, however,
goeseven further. It not only predictsthe stasis and abrupt appearance of
species, but it also predicts that exceptions, if they occur, will be found
more often than not in the Upper Cenozoic among the marine, suspension-
resistant organisms with short generation times (e.g., foraminifera).
Because of its greater explanatory power, PECS theory is superior to
other PE theories.

Much research needs to be donein this particular area. Currently, in
spite of a number of claims to the contrary, there are no completely
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satisfactory exceptions to the universality of PE sensu stricto. Although
no PE theory, including PECS, requiresthe existence of exceptions, valid
exceptions will make it possible to choose from among the various PE
theories. Alone among PE theories, PECS predicts that exceptions will
tend to be marine, sediment-suspension-resistant organisms with short-
generation times (one month or less in flood sediments). Searches for
exceptions and evaluation of claims for exceptions will be important in
determining the validity of the PECS model.

Exceptions to stasis and abrupt appearance which are the result of
true morphological changethroughtime should also aid usin differentiating
between flood and post-flood sediments. It is in post-flood sediments
where substantially more exceptions should be found. Theidentification
of pre-flood/flood and flood/post-flood boundaries will be extremely
important in the elaboration of better flood models. The evidence to date
from possible PE exceptions suggests that at least the Neogene (Upper
Tertiary) may be post-flood. PE exceptions may also aid in determining
the mode, tempo, and number of post-flood catastrophes. Inferred
generationtimesmay allow for an estimate of duration of both catastrophes
and inter-catastrophe periods. Organismal resistance to conditions
experienced during catastrophes may allow us to infer what type of
catastrophe actually occurred.

Exceptions to stasis and abrupt appearance which are not due to
actual changesin morphology may al so provide val uableinformation about
the mode of deposition as well as original biogeography. Exceptions to
stasiswhich are dueto sorting will indicate theimportance and manner of
sorting which occurred during any one depositional period. It may well
be, for example, that Cope’sLaw (that alineagetendsto increasein body
size up the stratigraphic column) istheresult of such preferential sorting.
Exceptionsto alack of inter-specific transitional forms which are due to
the chance occurrence of an intermediate morphology in intermediate
stratigraphic position will indicate the possibleimportance of randomness
in the production of apparent patternin thefossil record. Themorethat is
known about the effects of sorting and randomnessin catastrophic events,
the closer we will be to understanding what happened during the flood.
Exceptionsto stasis and/or abrupt appearance, on the other hand, which
are reflections of origina biogeography, will aid us immensely in the
understanding of paleo-biogeography, which in turn will help us to
understand pal eoclimates and pal eobiol ogy.
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