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WHAT THIS ARTICLE IS ABOUT

One of the most interesting challenges in understanding Earth
history isexplanation of the order in thefossil record. Identification
and analysis of fossil patterns may provide one of the tools needed
to reach a better understanding of the fossil record. Fossil patterns
and fossil trends that extend through the fossil record imply that
some processes acted throughout the production of that record. In
this paper, 25 reported fossil patterns are classified into four cate-
gories: fossil diversity patterns; fossil morphological patterns; fossil
ecological patterns; and depositional patterns. Possible creationist
and evolutionary inter pretations of these fossil patterns and trends
are described. Some fossil patterns seem difficult to explain froma
creationist viewpoint; others seem difficult to explain from an
evolutionary viewpoint. Further research of fossil patternsand fossil
trends may aid in our understanding of the processes that were
responsible for producing the order in the fossil record.

Study of the fossil record has revealed much about the past. Our
knowledge has been developed through the study of such features as
anatomical structures, the degree of preservation, the types of fossils
found together, and the nature of the surrounding sediments. With the
accumulation of such data, it isnatural that comparative studies would
be undertaken to determine what patterns can be identified. Patternsin
the fossil record may provide valuable clues to identifying processes
active during production of the fossil record. This paper isintended to
survey and classify the types of fossil patterns that have been reported
intheliterature, and to comment on their possible significance. M ost of
the fossil patterns reported here are from the Phanerozoic portion of
the geol ogic column (see Figure 1), but some Precambrian patterns are
included.
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Stratigraphic Level Typical Fossils

Cenozoic Quaternary Humans, familiar mammal species
Neogene Familiarmammal types
Paleogene Extinct mammal types
Mesozoic Cretaceous Dinosaurs
Jurassic Dinosaurs
Triassic Archosaurs
Paleozoic Permian Reptiles

Carboniferous
Pennsylvanian

Mississippian Coal plantsAmphibians
Devonian Fish
Silurian Marine invertebrates
Ordovician Marine invertebrates
Cambrian Marine invertebrates
Vendian Ediacaran fossils
Precambrian “Pre-Vendian” Bacteria

Figurel.Agreatly smplified outlineof thebiostratigraphic column.

Many general patternsinthefossil record have been reported. Fossil
patterns that show a sustained directional change are here referred to
as fossil trends. We may distinguish two types of fossil trends.* A re-
placement fossil trend exists when fossils with certain characteristics
arereplaced by fossilswith different characteristics. An addition fossil
trend occurs where fossils with certain characteristics are joined by
fossils with different characteristics. Both types of trends are found in
the fossil record. These different types of trends may have different
causal explanations, so it is important to note which kind of trend is
involved in any given pattern. All patterns are generalizations, and
exceptions may occur.

Most fossil patterns can be placed in one of four categories. (1) Di-
versity patterns are those that relate to the frequencies of fossil taxa.
(2) Morphological patternsarethosethat relate to morphological charac-
teristics of fossil taxa. (3) Ecological patternsinvolve consideration of
the types of habitats represented by the fossils, without concern for
taxonomic group. (4) Depositional patterns are those that relate to the
types of sedimentsinwhichfossilsare preserved; for example, whether
catastrophic burial conditionsareindicated.

Hundreds of examples of fossil patterns have been reported, far
greater than can be mentioned here. By grouping them in categories, it
is possible to describe representative fossil patterns and attempt an
evaluation of their significance (see Appendices 1-3).

Volume 23 — No. 2 69



MAJOR PATTERNS IN THE FOSSIL RECORD

Diversity Patterns

Repeated biotic turnover. Diversity patterns form some of the
most conspicuous and significant features of the fossil record. One of
the most important features of the fossil record is the separation of
different types of fossils into different strata.? (This pattern does not
show so well in the Precambrian strata.®) This separation of fossilsinto
different layersis so consistent that scientists often use the fossils to
assist in classifying the sediments. As an example, consider the extinct
group of arthropods known as trilobites. Trilobites are found only in
Paleozoic rocks. Certain typesof trilobites occur only in Cambrian sedi-
ments, others occur only in Ordovician sediments, and some occur only
in other layers. Likewise, dinosaurs are found only in Mesozoic rocks,
with different types of dinosaursin Triassic, Jurassic and Cretaceous
layers. Biotic turnover isareplacement pattern, and containstwo striking
component patterns, discussed in the following two sections.

Scientists have noted how consistently the fossils are arranged in
layers, and have arranged theselayersin sequence, and compared them
with layers from other regions. A kind of “master sequence” has been
prepared. Thismaster sequence of fossilsisknown asthebiostratigraphic
column (see Figure 1). Stratawith Cenozoic fossils occur at the top of
the column, with strata containing M esozoic fossils beneath them, and
rocks containing Paleozoic fossils beneath the Mesozoic strata. The
Precambrian layers occur below the Paleozoic.

Coordinated appearances. A striking feature of the fossil record
isthe sudden appearance of numeroustypesof fossiIsin variouslocations
over the Earth at about the same point in the geol ogic column. The most
famous example occursin the Cambrian rocks, which lie at the base of
the Paleozoic rocks,* andiscalled the* Cambrian Explosion.” Precambri-
an rocks contain relatively few fossils, most of which appear to be
bacteria. Thereareafew strangefossil impressions below the Cambrian,
known as Ediacaran fossils, that may represent multicellular organisms.
But alarge proportion of the major groups of invertebrates with hard
skeletal parts are represented as fossils in the Cambrian strata (see
Figure 2). Many phyla of soft-bodied animals are missing from the
Cambrian record, but thisisthought to reflect the incompl eteness of the
fossil record, not the absence of these phyla during deposition of
Cambrian sediments. Many other examples of coordinated appearance
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FREQUENCY

Figure2. Frequenciesof fir st appearancesof classesof marineanimal fossils.
(Datafrom Erwin, Valentine& Sepkoski 1987; seeEndnoteb.)

occur,® but the Cambrian Explosion is by far the most spectacular
example. Coordinated appearance is an addition pattern that persists
throughout thefossil record. No trend has been reported for this pattern.

Coordinated disappearances. Large numbers of fossil species
may disappear from the geol ogic record at a specific stratigraphic level
(see Figure 3). The disappearance is never complete, but there are
several examples where estimates indicate that more than 50% of the
species disappear at the same stratigraphic level .6 Boundaries between
stratigraphic levels are often identified on the basis of coordinated dis-
appearances. The greatest example of thisisthe disappearance of nearly
half of the families (see Figure 3) and an estimated 95% of all species
at thetop of the Paleozoic. Dinosaursand many other groups of reptiles
and marine invertebrates disappear from the record at the top of the
Mesozoic. Other examples of large-scale coordinated disappearances
occur at the top of the Ordovician, near the top of the Devonian, and
the top of the Triassic. Coordinated disappearance is a subtraction
pattern. No sustained trends in this pattern have been reported.

Increasing diversity. The number of species generally increases
as one moves upward through the fossil record. Theincreaseis highly
irregular, but the overall trend is clear.” For example, the number of
speciesknown from Cambrian rocksis approximately 8,000, increasing
t0 15,000 in the Carboniferous (upper Paleozoic). Tota speciesdiversity
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Stratigraphic Level: V=Vendian; Cm=Cambrian; O=Ordovician;
S=Silurian; D=Devonian; C=Carboniferous; P=Permian; Tr=Triassic;
J=Jurassic; K=Cretaceous; T=Tertiary. Points labeled 1-5 represent
the five largest “mass extinctions”

Figure3. Sratigraphic pattern of thenumber of familiesof marineinverte-
bratesrepresented by thefossilsin each stratigraphiclevel. (After Sepkoski
1993; seeEndnote6.)

then drops, but increases to 22,000 in Cretaceous rocks, and to 43,000
in Cenozoicrocks. Similar trendstoward increased diversity are observed
for genera and families (see Figure 3), but not for phyla and classes
(see next section). Diversity also often increases within a taxon; for
example, the number of speciesor generamay increase withinafamily
or higher category. Increasing diversity isatrend involving both addition
and replacement, with addition dominating. A notable exception to this
pattern is the increase and then decrease in microfossil diversity in
Precambrian rocks.®

Disparity beforediversity. Disparity refersto the extent of morpho-
logical divergence among members of agroup, while diversity refersto
the number of taxa within a group. Remarkably, the number of fossil
species (diversity) inthe Cambrianislow, but the number of phylaand
classes (disparity) ishigh, compared to the numbersin other portions of
the geologic column. In general, each phylum or class of Cambrian
fossils contains only afew species, while these same groups may have
larger numbers of species in strata above the Cambrian. The strata
above the Cambrian contain larger numbers of speciesand families, but
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few additional phyla. Thus the Cambrian fossils are highly disparate,
but the number of species (diversity) isrelatively low. This pattern has
been called “disparity before diversity” by Stephen Jay Gould.® There
are other examples in the geologic column where disparity precedes di-
versity within certain groups,’® but the Cambrian Explosionisthe greatest
example. Thispattern hasonly avery weak directional component, and
probably does not qualify asafossil trend.

Provinciality. Provinciality refersto the distinction between fossil
assemblages from different geographic regions. Provincidlity issaid to
be high when each region has a distinctive fossil assemblage, and low
when the number of distinct fossil assemblages is low. Stratigraphic
patterns of provinciality generally require more data than are readily
available. However, it has been reported that provinciality of terrestrial
biotas tends to increase through the fossil record.*

Morphological Patterns

Increasing complexity. Morphological trends most closely related
to the theory of common ancestry are of specia significance to dis-
cussions of creation and evolution. One of the most widely reported
trendsistheincreasein complexity, from bacteriain Precambrian rocks
to humansin the Cenozoic strata. Thisis sometimes seen as the major
themein evolution— from simpleto complex. Complexity isadifficult
concept to quantify, but the number of cell types has been used as an
estimator of complexity.’? However, the cell type data supporting this
trend appear correlated with the vertebrate sequence (see Figure 4),
and may be an accidental by-product of that sequence. Thetrend toward
increasing complexity is actually an addition trend, not a replacement
trend. Thereisno evidence that living bacteria are more complex than
bacteria found in Precambrian rocks.®* The trend toward increasing
complexity is correlated with the trend toward increasing diversity.
Certain groups considered to be more complex, particularly groups of
vertebrates and plants, progressively appear in the geologic recordin a
seguence that corresponds with increasing compl exity.

Morphological species-stasis. Morphological stasisisthe persistence
of morphology through portions of the geol ogic column.** Although there
is some dispute over this pattern, it appears that most pal eontol ogists
accept the predominance of morphological stasis in species, A fossil
species typically looks the same at the first and last appearances.
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Stratigraphic Level: V=Vendian; Cm=Cambrian; O=Ordovician; S=Silurian;
D=Devonian; C=Carboniferous; P=Permian; Tr=Triassic; J=Jurassic;
K=Cretaceous; T=Tertiary

Figure4. Sratigraphicincreasein maximum number of cell types. (After
Valentine 1994; seeEndnote 12).

Individual specimensmay show minor variationsaround some average,
but thereisgeneraly no directiondity to morphological differenceswithin
a species. Numerous examples of directional change have been pro-
posed,® but these are claimed to represent a minority of cases, and
some have been reinterpreted by other studies.’* The most extreme
case of stasisis probably the cyanobacteria, which appear the samein
Precambrian sediments and in modern living populations.*

Morphological higher-taxon stasis. Morphological stasis at higher
taxonomic categories'® refers to the persistence of body plans at taxo-
nomic categories higher than species. For example, many invertebrate
body plansat phylum and classlevelspersist through the entire Phanero-
zoic. This persistence does not produce a fossil trend, but continues
throughout the fossil record. Higher-taxon stasisisrelated to the appear-
ance of disparity before diversity, discussed above.

Coordinated stasis. Coordinated stasis refers to the observation that
groups of speciesin aparticular geologic formation, or portion of afor-
mation, may remain essentially unchanged through sediments that are
interpreted asrepresenting millions of years of time.*® Fossilsexhibiting
coordinated stasis may occur in sediments that are bounded above and
bel ow by harizonsof high biotic turnover. Currently, thispatterniscontro-
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versial, and more study is needed to test its significance. No direction
has been reported for this pattern.

Morphological gaps among species. Fossil species are typicaly
separated from each other by gaps in morphology.® This causes the
abrupt appearance typical of fossil species. Of course, it should be re-
membered that fossil species are typically identified on the basis of
morphology. Itistheexistence of morphologica gapsthat permitsdifferent
fossil speciesto be distinguished. Two fossil speciesthat gradeinto one
another might be recogni zed asasingle specieswith greater than average
variability. Fossil specieswith higher than average variability are known,
but this situation can also be found in some living species. In general
terms, it appearsthat individual variation withinfossil speciesisusually
of the samemagnitude asit iswithin living species. This pattern persists
throughout thefossil record, without any directional tendency.

Morphological gaps form a nested hierarchical pattern. Morpholo-
giesof fossilsgenerally can be arranged to form ahierarchically nested
pattern, forming the basis of the present system of taxonomic categories.
A group of species separated by small morphological gapscomprisesa
genus. Genera are separated by larger morphological gaps. The gaps
are of increasing size as one considers higher taxonomic categories
such asfamilies, ordersand classes.?* New fossil discoveries sometimes
reduce the size of the gaps, especialy at lower taxonomic levels,?? but
the gaps at higher taxonomic levels are strikingly distinct. This pattern
doesnot seemto result inany directional trend through thefossil record.
Occasional exceptionsto thispattern occur in theform of “morphological
mosaics’ — specieswith amixture of characteristicsfrom two or more
otherwise morphologically distinct groups. Such species may indicate
theartificial nature of our taxonomic system.

Changes in body size. Body size often shows a directional trend
for species within a group.?® Trends toward increasing size are better
known, but trendstoward decreasing size are also reported. Most trends
among tetrapods (amphibians, reptiles, birdsand mammals) involvesize
Trendsin body size may be addition trendsor replacement trends. Trends
inbody sizeare stratigraphically limited — they typically extend through
only one or afew stratigraphic divisions.

Morphological series. Fossil species can often be arranged in a
morphological seriesinwhich thedirectionality of morphological change

Volume 23 — No. 2 75



is consistent with the stratigraphic sequence of the fossils.® The most
famous example of thisisthe horse series, which begins with a 5-toed
species (which may or may not beahorse) inthe Eocene (lower Tertiary),
progresses to a group of 3-toed speciesin the Oligocene and Miocene
(middle Tertiary), and ends with living one-toed horses. This trend is
accompanied by atrend toward increasing body size.? Another morpho-
logical seriesistheincreasing mammal-like characteristicsin the synap-
sid reptiles of the upper Paleozoic and lower Mesozoic rocks.?” Other
examplesincludethe seriesfrom dinosaursto birds,2 from land mammals
to whales,? and among groups of invertebrates.*® Morphol ogical series
are primarily replacement trends, but also more may be some addition.

Increasing modernity. Most fossils are of extinct species, but some
aremore similar toliving speciesthan are others. Fossilsfrom higher in
the stratigraphic column resembleliving species morethan do thefossils
from lower in the column.® For example, Cenozoic mollusks arerather
similar toliving species, while Mesozoic mollusksarelesssimilar, and Pd eo-
zoic mollusksare quite different from thoseliving today (Figure 5). This
trend isseen adso among the vertebrates. Paleozoic fish are mostly strange-
looking fish, unlike any living today. M esozoic fish are more similar to
living fish, and Cenozoic fish look quite similar to living kinds of fish.
Thisreplacement trend iswell known and appliesto nearly all groups of
organisms except the bacteria, which seem to have changed very little.*

Ubiquitous specialization. Specialization of a species means that
the species has morphological structures that appear appropriate for
specifichabitatsor ecologica roles. Virtudly al foss| speciesare specialized
insomeway. Thisisillustrated by the arthropods of the Cambrian Ex-
plosion, as pointed out by Gould.* Specieslacking notable speciaization
are said to be generalized. Most species have some features that are
relatively generalized, while other features may be highly specialized.
Thisis a general pattern in the fossil record, and does not form a di-
rectional trend.

Lack of identifiable ancestors. The fossil record contains more than
two hundred thousand species. Finding relationshipsamong these species
is problematic.®* Higher taxa are often referred to as ancestral to other
higher taxa, but evolutionists acknowledge that higher taxa cannot be
actual ancestorsof anything, sincethey are taxonomic constructsrather
than real entities. Groups of specieswith successively smaller morpho-
logical differences can beidentified, and geneal ogical relationshipscan
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Figure5. Comparison of number sof extinct and living bivalvefamilies. (Data

compiled by L eonard Brand from Benton 1993; seeEndnote?2).

be proposed. However, it is remarkably difficult to identify one fossil
species as directly ancestral to another. The difficulty is compounded
asthe taxonomic category under discussion increases. One of the chief
reasonsfor thedifficulty isthat nearly al specieshave some specidization
that is thought to preclude them from the direct ancestry of any other
known species. No directionality for this pattern has been reported.

ECOLOGICAL PATTERNS

Increasing habitat diversity. The number of habitats represented
increases as one moves upward through the geologic column.® Pre-
cambrian rocksare dominated by fossiIsof bacteria. Cambrianrockshave
only marinefossils, mostly of speciesthat lived on hard substrates on the
sea floor. Fossils of freshwater species first appear in numbersin the
Silurian (mid-Paleozoic), although there are some possibl e freshwater
speciesinlower deposits. Fully terrestrid speciesarereported from Silurian
rocks, but are better represented in Devonian rocks. Mesozoic rocks
contain fossilsfrom agreater diversity of habitats, and Cenozoic rocks
continuethetrend toward greater diversity of habitats represented. This
principle extends as well to ecology at a smaller scale. Twenty eco-
logical guilds have been identified in the marine realm.® Nine of these
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arepresent inthe Cambrian, 14 are present in the Paleozoic asawhole,
and 20 are present in Cenozoic fossils. Thisisanother example of trend
by addition, inthiscase an “ ecological expansion.”

Increasing terrestriality. Sometrendstoward increasing terrestriality
inthefossil record have been reported. Fossilsfrom thelowest Paleozoic
strataare all of marine creaturesthat apparently lived on or closeto the
sea floor.®” In the middle Paleozoic, one finds not only sea creatures,
but also many fossilsof speciesthat apparently lived in swampsor perhaps
along the margins of the seas or rivers. In the upper Paleozoic, one
finds fully terrestrial species. Mesozoic and Cenozoic fossils include
representatives from all the preceding ecological habitats. The clearest
examples of thistrend are given by the sequence of first appearances
of groups of plants® and vertebrates.®* The lowest vertebrates in the
geologic column arefish, which require water. The next ecol ogical type
to appear are the amphibians, which live along water margins. Higher
inthe column, they arejoined by the reptiles, which can live away from
water. Mammals and birds are the last classes of vertebrates to appear
as fossils. Increasing terrestriality is not a strong trend, because ex-
ceptions occur. The most notable exception may be the dominance of
(probably) photosynthetic bacteriain the Precambrian, although there
have been suggestionsthese could have been subsurface contaminants.
It isimportant to note that this trend is not a replacement trend, but an
addition trend, because all these habitats are still occupied.

Increasing mobility. A possible trend toward increasing mobility has
been reported among marine invertebrates.** Paleozoic fossils are said
to be dominated by species living on or near the sea bottom and with
limited mobility. Mesozoic and Cenozoic marinefossilstend to include
more mobile types. On land, there may be asimilar effect produced by
trends toward increasing size, such as seems to be the case among
some of the dinosaurs and mammals.? It is not certain how common
thistrendis. If thetrend isvalid, it would be another trend by addition.

PATTERNS IN DEPOSITIONAL ENVIRONMENTS

Sormdeposits. Information about patternsin depositional environ-
mentsisnot asreadily available asfor the other patternsincluded in this
study, but some work is being done in this area®® For example, storm
deposits are reported to occur most frequently in Ordovician, Silurian,
Devonian, Jurassic, and Cretaceous rocks (see Figure 6). Depositsin-
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Figure6. Sratigraphicdistribution of storm depositsand lager stétten. (Data
from Marsagliaand Klein 1983, and Allison and Briggs1993; seeEndnotes 43
& 44.)

terpreted as hurricanes are most frequent in Ordovician and Devonian,
while inferred winter storms are most common in Silurian and Cre-
taceous rocks.

Well-preserved soft-bodied faunas. Most fossils are remains of
hard-bodied organisms, especially mollusks, echinoderms, arthropods,
vertebrates and plants. However, some areas (called “lagerstétten”)
areknown for theexceptional preservation of soft-bodied fauna, including
worms, etc.* Such exceptional faunas are scattered through the geologic
column, but may be overrepresented in Cambrian and Jurassic rocks
(see Figure 6).

Depositional energy for first appearances. Sediments can be identi-
fied as high or low energy based on the sizes of the particles. Large
particlesrequire more energy for their transport and deposition than do
small particles. Low-energy deposits, such as marine shales, are often
associated with deep water deposition, while higher energy deposits,
such as marine sandstones, may be interpreted as near shore deposits.
It has been observed that most higher taxa of marine invertebrates
have first appearances in high energy deposits, while last appearances
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tend to be in low energy deposits.®® This trend is typicaly called the
onshore-offshore hypothesis.

Depositional environments. Certain types of sedimentary deposits
show patternsor trendsin frequency inthe geol ogic column. For example,
85% of inferred lake deposits occur in Cenozoic rocks, 11% in Mesozoic
rocks and only 4% in Paleozoic rocks.*® On the other hand, limestone
comprises a larger proportion of Paleozoic and Mesozoic rock, with
lower proportionsin Cenozoic rocks.#

Preservational modes. Thisisan areathat has not received sufficient
study. Some published reportsindicate stratigraphic differencesin modes
of preservation.®® For example, silicificationisreportedly morecommon
among Pal eozoi c fossilsthan among M esozoic or Cenozoicfossils. More
information is needed regarding thistype of pattern.

A NOTE ON GEOGRAPHIC PATTERNS

Severa patterns that reflect geographic variation within a strati-
graphical division have been observed in thefossil record.*® Geographic
trendsinclude diversity gradientsand variationin length of stratigraphic
range. Latitude is a well-known factor affecting geographical trends.
Geographical patterns are beyond the scope of this paper, unless they
are compared through the stratigraphic column.

PROBLEMS IN INTERPRETING FOSSIL PATTERNS AND TRENDS

It may be quite difficult to determine a cause behind afossil trend.
In fact, apparent trends may occur in random data.* Trends may also
be “hitchhikers’ that are merely the result of a trend in some other
feature.® For example, many “trends’ in morphological charactersare
correlated with trendsin body size or ecology.>? These cautions should
be kept in mind when interpreting fossil trends.

EXPLAINING THE FEATURES OF THE FOSSIL RECORD
AS THE RESULT OF EVOLUTION

Most scientistsinterpret thefossil record to be arecord of evolution-
ary history.* They explain the segregation of fossilsinto various strata
asthe result of changes occurring over long periods of time. Different
kinds of organismslived at different times, and were fossilized as the
layers were deposited in sequence. The speciesthat occur in the lower
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rocksarethought to be the evol utionary ancestors of those higher inthe
stratigraphic column. Asone moves upward through the geol ogic column,
oneismoving closer to the present time. Thus one should expect to find
that fossils in the upper strata would look familiar, because they are
more closely related to living species. Fossils in the lower strata are
only distantly related to living species, or from groups that no longer
exist. They can be expected tolook different from anything now living.

Specieswith strange combinations of traitsmay represent the kinds
of transitional stages that occurred as new kinds of species evolved
fromolder kinds. The ecological expansion seeninthe geologic column
reflects the fact that life began in the sea. Living organisms were not
able to live on land until they had evolved the necessary structures to
surviveout of thewater. Evolutionistsbelieve that the evol utionary theory
provides agood explanation for the main features of the fossil record,
including biotic turnover, increasing modernity, morphological series, and
ecological expansion.

Several features of the fossil record are at least consistent with
evolutionary theory. Increasing diversity would be expected if asingle
common ancestor diversified and produced increasingly diverse and
disparate descendents. Evolution of adaptationsfor terrestriality would
requiretime, during which atrend toward increasing terrestriality might
be expected. | ncreasing complexity and mobility might result from con-
tinuing competition and expanding ecol ogical occupation. Body sizetrends
might also result from increasing levels of competition.> Increasing
competition might a so drive older marine groupsfrom onshoreto offshore
habitats as new onshore groups evolved. Increasing provinciality is
expected as a single land mass, Pangaea, broke apart and formed
separate, increasingly isolated regions.

However, there are some other considerations. The evolutionary
theory does not provide such a good explanation for the “ Cambrian Ex-
plosion.” Onewould not expect evol ution to produce asudden increase
in disparity, especially when one considersthe great differencesamong
the groups of Cambrian fossils. The lack of Precambrian ancestors for
the Cambrian groupsisanother point not easily explained by evolutionary
theory, although many hypotheses have been proposed.* Coordinated
dtasis, if valid, seemshighly anomalousfor evolutionary theory. Coordi-
nated disappearance, commonly called “massextinction,” seemsdifficult
to explain without a major global catastrophe. Trends in depositional
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environments al so seem to suggest successivelinksin an overall process,
rather than a stochastic sequence of unrelated events.

Neither does evolution provide a very good explanation for the
pattern of morphological gaps separating the different higher taxa of
fossils. The standard explanation isthat thefossil record isincomplete.
The gaps between fossil taxarepresent extinct speciesthat really lived,
but have not been discovered as fossils. These missing fossils have
been called “missing links.” Thefossil record surely isincomplete, but
doesthisreally explain the pattern of the fossils™®

Thesheepandthecow arefairly similar morphologically. The chances
of finding more specieslikethemwould seemunlikely if thefossil record
is highly incomplete. But a sheep and a monkey are much different.
There should be many fossil species showing the evolutionary stages
between a sheegp and a monkey. But the oppositeistrue. There are many
kinds of fossils that are similar to sheep and cattle, respectively, but
fossils that are intermediate between sheep and monkeys are virtually
absent. If wetake the fossil record at face value, these supposed inter-
mediate stages may never have existed. An incomplete fossil record
might explain the gaps between closely similar species, but not the pattern
of gapsamong higher categories. Ubiquitous specialization and lack of
identifiable ancestors also seem difficult for evolutionary theory to
explain.

Even morphological series may be problematic for evolutionary
theory. Observed morphological effects due to natural selection occur
much more rapidly than changes typically seen in fossil series.>” What
kind of selectiveforce could persist for millions of years, continuously
driving morphological change in such tiny increments? Evolutionary
theory doesnot provide agood explanation for the Cambrian explosion,
coordinated stasis, the general lack of identifiable ancestors, or the
systematic gaps among species and groups of species. Trends in
depositional environments also seem poorly explained by evolutionary
theory. Thereisreasonable empirical basisto look for another theory to
explainthefossil record.

EXPLAINING THE FEATURES OF THE FOSSIL RECORD
IN THE CONTEXT OF SCRIPTURE

Several scientists have attempted to develop creationist interpre-
tations of the fossil record,>® with mixed success. Many of the explan-
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ations are ad hoc, and more work is badly needed. Nevertheless, a
good start has been made, and further progress can be expected. |deas
from many sources have been incorporated into the discussion below.

Some features of the fossil record are readily explained from a
creationist viewpoint. The “Cambrian Explosion” may be readily ex-
plained asthe result of the burial of the seafloor in the early stages of
the biblical flood.*® The Cambrian fossils are not related to each other
genealogically. Instead, they are related ecologically. They are all
creatures of the seafloor. Other examplesof “coordinated appearances’
may result from flood encroachment on new biozones.® The combination
of “Cambrian Explosion” and “ higher-taxon stasis” would produce the
pattern of “disparity before diversity.”

As new communities were encountered by rising flood water, new
groups of specieswould be added to the fossil record. The new groups
of specieswould show only normal intra-specific variation, producing a
record of “coordinated stasis.” “Coordinated disappearances’ would
occur when a particular source area was exhausted, or due to some
critical changein flood conditions.®* The global nature of many coordi-
nated disappearances indicates a global process. Such an “expanding
flood” would naturally produce anincreasein diversity through thefossil
record.

The theory of special creation can also explain the morphological
gaps separating the fossils into different groups. Major morphological
gapsdistinguish different groupsthat were separately created, producing
“higher-taxon stasis.” %2 Higher-taxon morphological stasismight reflect
theinability of originally created kindsto vary naturally beyond certain
limitsdetermined by their genetic makeups. Special creation aso explains
the lack of identifiable ancestors in the fossil record, as well as the
specidizationseeninvirtualy all formsof life.

Morphological closaly smilar fossi speciesmay represent differences
that accumulated in isolated populations after the creation. Species-
level morphological stasisand the noted shortage of transitional fossils
at low taxonomic levels may betheresult of catastrophic preservation;
itisnot necessary to suppose that intermediates between similar species
and genera never existed, or that species are as stable as suggested by
thefossi| record.®® On the other hand, interspecific morphological series
might represent hydrodynamic sorting® or pre-Flood geographical clines
such as are well-known in the present ecology.® In the case of species
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with life-spans of afew weeks or less, atrend might reflect an actual
series of speciation events.% These factors might also account for some
of the many reported examples of trendsin body size.

The ecological component in the geological column also seems
consistent with creationist theories, although the details are not well
understood. It could betheresult of the expanding activity of the Flood.
As the Flood began, sediment would be transported to the lowest ele-
vations first. The sea floor would probably be the first to be covered,
burying the organisms that lived there.’” Asthe waters rose, additional
groupsof organismswould be added. Eventually, upland habitatswould
be flooded, and upland species added to the stack of fossil layers, pro-
ducing thetrend toward increasing terrestriality. Mobility might also be
an important factor.®® This process might al so account for the sequence
of first appearances of vertebrate classes, upon which the pattern of
increasing complexity depends (see Figure 4).

In reality, the process of producing the fossil record was much
more complex than simple ecological differences. Additional marine
groups are found throughout the geologic column, which suggests the
existence of continental seas at different elevations and in different
geographic regions.®® In addition, fossils from Precambrian rocks are
dominated by apparently photosynthetic™ bacteria, which must have
somehow gotten into the rocks, perhaps very early in the Flood™ or
pre-Flood,”? or as contaminants,” or perhaps accidentally trapped in
some underground system involved in the pre-Flood water cycle.

Trends in patterns of deposition may reflect the advancing stages
of the Flood. The reported possibly nonrandom distribution of storm
depositsand lagerstatten may indicate anon-uniform processresponsible
for the fossil record. A worldwide flood might provide an explanation
for this; if so, the details remain to be worked out. Depositional trends
such as decreasing limestone deposition and increasing lake deposits
seem plausibleresults of aworldwideflood. First appearances of major
taxa in deposits interpreted as onshore deposits may be the result of
interpreting high energy deposits as onshore. Perhaps high energy
depositsaremorelikely than low-energy depositsto capture and preserve
previously unrecorded types of fossils. Thereported decreasein silicifi-
cation of fossi|sthrough the Phanerozoic may indicateimportant changes
in ocean chemistry, perhaps associated with changesin vol canic activity.

The existence of so many fossiIsand their spectacular preservation™
indicate special circumstancesthat are rarein today’sworld. Evidence
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for rapid burial, widespread geologic activity, and chemical activity of
highly mineralized water are expected effects of a worldwide flood.

However, there are some features of the geologic column that cre-
ationistshave moredifficulty explaining. The consistent manner inwhich
thefossilsare segregated in the geol ogic column isone of thosefeatures.
Onewould think that aworldwideflood would produce extensive mixing
of various types of fossils. Perhaps the pre-Flood world was highly
structured, both ecologically and taxonomically. Thus, asthe Flood waters
rose vertically and expanded geographically, different habitats were
engulfed, and different taxonomic groups were successively deposited
as fossils. This would result in noticeable differences in the kinds of
fossils encountered as one compares different strata in the geologic
column.

Another difficult trend to explainistheincreasing smilarity to modern
forms as one views the fossil column from bottom to top. This fossil
trend might be aresult of the high degree of structure postulated for the
pre-Flood world. Those habitats closest to the bottom were the first to
beburied, and suffered the greatest extent of extinction. Thelast groups
of organismsto be engulfed by the Flood would have the best chance of
survival.” Theresult would be that the bottom layerswould havefossils
of species that are unfamiliar to us now, while the uppermost strata
would have many fossils of familiar kinds of organisms.

The observed pattern also appliesto terrestrial vertebrates, thought
to bepreserved only intheark. It isnot clear why terrestrial vertebrates
show the same pattern as marine invertebrates. One suggested explan-
ation for this™ isthat upland species were better adapted for the cool er
(and probably harsher) post-Flood climates. Another suggestion” isthat
survival of the species preserved on the ark depended on the survival of
species not on the ark, and those species whose food supply was
destroyed could not survive.

Certain morphological series are also difficult to explain. The
synapsid reptiles are an example. Increasing mammal-like traits are
seenin synapsid fossilsthrough the Permian and Triassic. A creationist
might seek to discover whether there is some other associated trend,
such as one relating to ecology,” behavior or distribution, that is
responsible for the morphological series. It issignificant that no series
of actual ancestors and descendants can beidentified among the synapsid
reptile fossils— only a general trend toward increasing mammal-like
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characteristics. Although creationists have pointed out the difficulties
of interpreting this series as an evolutionary sequence, they have not
devel oped adetailed alternative explanation. It has been suggested that
the synapsid reptiles reflect aricher pre-Flood diversity,” and that the
trend toward increasing mammalian characters might be a side-effect
of an ecological pattern.®

A final difficulty isthe increasing provinciality in Mesozoic and
Cenozoicterrestrial faunas. Onewould expect increasing provinciality
post-Flood, but it is not so clear why provinciality would increase in
sedimentsthought to be deposited during the flood. Provinciality islow
in the lower Mesozoic, then increasesin the upper Mesozoic, with still
further increasesin thelower Cenozoic. This pattern could be partly an
artifact of incomplete sampling of the fossil record, or perhapsit is a
reflection of pre-Flood biogeographical differences, such as between
the northern and southern hemispheres. It could also betakentoindicate
that the Cenozoicisarecord of post-Flood repopulation,® but thereare
reasons for restricting the post-Flood repopulation to the upper
Cenozoic.® Either interpretation invol ves unsolved problems.

DISCUSSION

Those who have hoped fossil patterns and trends would reveal a
straightforward story of Earth history have met disappointment. Some
features of the fossil record seem to suggest one view, while other
features seem to suggest another. Personswith differing views of Earth
history can point to selected features of the fossil record to support
their views.

Regardless of the viewpoint, our understanding isincomplete. The
challenge to creationists is to explain fossil trends as the result of the
way inwhich the Flood eroded and buried the biota of various habitats.
The creationist viewpoint considers ecological and depositional trends
to be primary. Diversity trends and morphological seriesare considered
to be secondary conseguences of the primary trends.

From thisviewpoint, ecological fossil trendsareinterpreted to reflect
the expansion of Flood activity as additional habitats and additional
geographic regionswere swept away. Thisimplies segregation of habitats
inahighly structured pre-Flood ecology. The observed ecological fossi
trends are trends by addition, not by replacement (see Appendix 3).
Sincerelatively dense and immobile marine invertebrates are found in
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upper layersaswell asin lower layers, there must have been additional
source areas available for destruction at different stages in the Flood.
Thisiswhy pre-Flood marine habitats are postul ated to have occurred
in different regions and at different elevations. This part of the explan-
ation seemsad hoc, but ahighly structured pre-Flood ecology seemsto
be an essentia part of the theory.

Depositional trends are less frequently reported, but a few have
been identified (see Appendix 3). The decrease in relative importance
of limestonetogether with theincreasein lake deposits can belinked to
the expansion of the Flood beyond the main ocean bodies into the
terrestrial environment. Habitat inferences based on depositional energy
might alternatively be considered under depositiona patterns. Morestudy
in this areais highly desirable. The relative geographic locations and
stratigraphic positions of high energy and low energy deposits might
provide helpful insightsinto the sequence and extent of variouslocal or
regional eventsduring the Flood. The same could be said of patterns of
storm deposits and lagerstétten. It would be interesting to determine if
these patterns could berelated to extraterrestrial impacts, plate arrange-
ments, or paleocurrents. Moreinformation isalso needed about possible
trends in taphonomic processes.

Several diversity trends can be interpreted as the result of the
expansion of Flood activity (see Appendix 1). Among these are
coordinated appearances (e.g., the Cambrian Explosion), increasing
diversity, disparity before diversity, and coordinated disappearances.
The precise and consistent stratigraphic sorting of fossilsinto different
stratais more problematic. A large-scal e sorting mechanismisrequired
to explain the consistency of the sorting over continent-sized geographic
regions. The Flood may provide such amechanism, but the details have
yet to be worked with. The trend toward increasing provinciality also
seems problematic for the Flood theory.

Morphological patterns provide amixed bag for creationists. Most
morphological patterns are consistent with creationist expectations (see
Appendix 2). These include morphological stasis in fossil species,
morphological gaps among species, systemati c gaps among higher taxa,
higher-taxon stasis, coordinated stasis, lack of ancestors, and ubiquitous
morphological specialization. Many body-size trends may be expected
inaflood, but further study isneeded to clarify the processesinvolved.

Increasing complexity may be a secondary effect of increasing
terrestriality among vertebrates. The most significant challengesto cre-
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ationism from thefossil record are probably theincreasing similarity to
modern species and stratigraphic sorting of speciesinto morphological
series. These trends are the most important fossil evidence for the
alternativeto the Flood theory, the theory of evolution. One of themgjor
goalsof creation scientists should beto provide alternative explanations
for morphological series of fossils. Some morphological series have
been linked to ecological rather than evolutionary causes,® but much
more study is needed in this area.

CONCLUSION

The fossil record is a record of destruction and death. Is it the
record of undirected history, in which every species lives for awhile,
then becomes extinct? Doesit trace an evolutionary history of common
ancestry, natural selection andimprovement? Or isit arecord of world-
wide catastrophic destruction, designed to serve as a reminder of the
effects of sin? Science alone does not provide a satisfactory answer,
but the Bible indicates the latter interpretation is the correct one. The
details are not given, and no present theory adequately explainsall the
data. No one has been ableto figure out how to put everything together.

However, by comparing the Bible and thefossil record, we can find
meaning in the geol ogic column. Catastrophic activity and globd patterns,
perhaps the two most important predictions of the Flood theory, are
clearly seen in the fossil record. The sudden, abrupt appearance of
morphological disparity among marine animals in the “ Cambrian Ex-
plosion” speaks of the beginning of the Flood. The terrible destructive
power of the Flood isseen in themany extinct fossil groups. Thelack of
ancestors in the Precambrian rocks indicates the separate creation of
many different groups. The presence of morphological gaps among
higher taxathroughout the fossil record further illustratesthis point.

Not everyone will interpret the record in this way. But those who
arewilling to test their ideas by the Bible can see divine purposein the
fossil record. Thisevidence affirmsthereality of divine purposein the
present, and in the future.
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APPENDIX 1. FOSSIL DIVERSITY PATTERNS

Pattern

Repeated biotic turnover
Persistent pattern

Coordinated appearances
Persistent pattern

Coordinated disappearances
Persistent pattern

Increasing diversity
Addition/replacement trend

Disparity before diversity
Addition trend

Provinciality
Replacement trend

Volume 23 — No. 2

Some Proposed Interpretations

Evolutionist: shows historical sequence of biotic
replacement due to natural selection, environmental
disturbances

Creationist: shows sequence of burial during world-
wide catastrophe; proposed controlling factors:
water sorting; mobility; density; elevation of habitat;
macrobiogeography; changing source areas

Evolutionist: Immigration events; erosional uncon-
formities; recovery from catastrophe; accumulation
of oxygen; sufficient calcium to grow skeletons

Creationist: Change in source area

Evolutionist: Mass extinction; background extinction;
preservational bias
Creationist: Destruction of source area

Evolutionary expansion
Creationist: Flood expansion

Evolutionist: Lack of developmental constraints; low
competition and predation; incomplete fossil
record

Creationist: Result of fossil record first sampling
ocean floor, plus higher-taxon stasis

Evolutionist: Break-up of Pangaea

Creationist: Changing source areas of flood and
changing configuration of depositional basins
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APPENDIX 2. FOSSIL MORPHOLOGICAL PATTERNS

Pattern

Increasing complexity
Addition trend

Species stasis
Persistent pattern

Higher-taxon stasis
Persistent pattern

Coordinated stasis
Persistent pattern

Species-level gaps
Persistent pattern

Patterns of gaps
Persistent pattern

Body size

Addition/replacement trend

Morphological series

Mostly replacement trend

Increasing modernity

Mostly replacement trend

Ubiquitous specialization

Persistent pattern

Lack of ancestors
Persistent pattern

Interpretations

Evolutionist: Natural selection
Creationist: Artifact of flood burial sequence

Evolutionist: Genetic homeostasis
Creationist: Lack of time in burial sequence

Evolutionist: Competition; first occupant advan-
tage

Creationist: Limits of variation imposed on
pattern of creation

Evolutionist: Environmental stability; genetic
homeostasis

Creationist: Lack of time in production of fossil
record

Evolutionist: Saltational evolution
Creationist: Lack of time

Evolutionist: Incompleteness of fossil record
Creationist: Limitation of variation imposed on
pattern of creation

Evolutionist: Natural selection

Creationist: Reflects flood-related factors,
such as sorting by currents; in some cases,
post-Flood speciation

Evolutionist: Historical record of descent with
modification

Creationist: Flood-sorting factors; post-flood
descent with modification

Evolutionist: Result of historical sequence
Creationist: Related to flood survival (ad hoc)

Evolutionist: Natural selection
Creationist: Design, modified by natural
selection

Evolutionist: Incompleteness of fossil record;

saltational evolution
Creationist: Ancestors never existed.
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APPENDIX 3. FOSSIL ECOLOGICAL AND
DEPOSITIONAL TRENDS

Pattern

Increasing habitat diversity
Addition trend

Increasing terrestriality
Persistent pattern

Increasing mobility
Addition trend

Storm deposits
Trendless pattern
Special preservation

Trendless pattern

Depositional first appearance
Addition trend

Depositional environments

Addition trend

Modes of preservation
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Interpretations

Evolutionist: Evolutionary expansion of eco-
logical opportunity
Creationist: Expanding flood

Evolutionist: Evolutionary expansion of eco-
logical opportunity
Creationist: Natural sequence of flood effects

Evolutionist: Improvement through natural
selection
Creationist: Flood-sorting factors

Evolutionist: Accident of preservation
Creationist: Changing stages of flood

Evolutionist: Accidents of preservation
Creationist: Special circumstances during
flood

Evolutionist: Competitive superiority of
newly evolved onshore clades

Creationist: Greater likelihood of first

preservation in high-energy deposit

Evolutionist: Accidents of preservation;
geologic evolution ad hoc

Creationist: changing stages of flood;
decreasing available carbonate; lakes
stranded by receding waters

Too little is known about this possible trend
to make a meaningful analysis; for the
decline in silicification, perhaps the flood
water experiencd a change in chemistry,
possibly related to volcanism



