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Interpreting the Earliest Metazoan Fossils: What Can We Learn?'
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Sy~nopsis.  The Ediacaran fessils of the latest Precambrian have at one time or
another been grouped with almost every extant kingdom, and also lumped into
separate kingdom-level taxa. This has often been based on the facile use of a few
characters, or on some sort of “overall similarity.” This has not been a very fruit-
ful approach; if anything, it has held back understanding of the Ediacaran organ-
isms and of their significance for later history. While many of the simpler forms
remain problematic, careful study of the more complex forms gives good reasons
to place at least some of them with the Animalia. A complementary approach is
to use sources of information such as the distribution of fossils across space, time,
and palecenvironments. The results may feed back into systematic work, allowing
us to construct and test more robust hypotheses of these organisms’ evolutionary

relationships.

INTRODUCTION

In 1947, Australian geologist Reginald
C. Sprigg published a paper titled “Early
Cambrian (?) jellyfishes from the Flinders
Ranges, South Australia,”” describing some
unusual impressions of unmineralized or-
ganisms that he had found in the Ediacara
Hills, 600 km north of Adelaide, Australia.
Sprigg interpreted the discoidal fossils he
found as jellyfish; they were later deter-
mined to be late Precambrian in age. Sprigg
was not the first to describe members of this
““Ediacara biota” (e.g., Hill and Bonney,
1877; Giirich, 1930). However, although his
work was viewed with skepticism at first
(Sprigg, 1991), it sparked an interest in this
biota which has continued to the present.
Today, over one hundred genera have been
described, from over twenty localities
around the world. The biota is now known
to have existed from 600 to 540 million
years ago—a time almost as long as the en-
tire Cenozoic—with a few survivors per-
sisting into the Cambrian (Conway Morris,
1993; Narbonne, 1998). Notwithstanding a
few problematic reports of pre-Ediacaran
body fossils and trace fossils (e.g., Sun,
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1994; Breyer er al., 1995) the Ediacaran
fossils—or at least some of them—remain
the oldest fossils widely thought to repre-
sent animals.

As an increasing number of these organ-
isms were described, from Ediacara as well
as from sites in Namibia, Russia, England,
Newfoundland, and elsewhere, later work-
ers placed most of them in the Cnidaria,
with a few annelids and possible arthropod
relatives. This interpretation is still popular
(e.g., Glaessner, 1984; Jenkins, 1992). Late
Precambrian trace fossils provide strong ev-
idence that metazoans of some sort were
present at the time. But a series of provoc-
ative papers by Adolf Seilacher (Seilacher,
1985, 1989, 1992) challenged this interpre-
tation of the Ediacaran body fossils as early
metazoans. Seilacher interpreted the Edi-
acaran organisms as hollow, fluid-filled,
partitioned or ‘“‘quilted”” organisms, unre-
lated to metazoans or to anything else liv-
ing. These papers opened floodgates of
speculation on the affinities of the Ediacar-
an organisms. Various forms have been
called algae (Bergstrom, 1991); fungi or li-
chens (Retallack, 1994); the outgroup to the
Kingdom Animalia (Buss and Seilacher,
1994); single-celled protists (Zhuravlev,
1993); colonial protists (Duval and Mar-
gulis, 1995); or “metacellular” multicellu-
lar things (McMenamin, 1997).

This paper is not intended as a compre-
hensive review of the Ediacaran biota or of
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the current ““state of the art™ (for recent re-
views see Fedonkin, 1994; Sun, 1994; Run-
negar, 1995; Narbonne, 1998). The aim of
this paper is not to solve the conundrum of
“what are the Ediacaran organisms?”” In
fact, the question has no single correct an-
swer. While several Ediacaran forms are
turning out to be close to familiar metazo-
ans, such as sponges (Gehling and Rigby,
1996) and arthropods (Jenkins, 1992; Wag-
goner, 1996), others are much less like any
known metazoans (Gehling, 1991; Runne-
gar, 1995). Many are simply not well-
known enough for informed judgment. Yet
as strange and contentious as they are, the
Ediacaran fossils must not be neglected;
they give us a close look at the evolution
of biological complexity, at both organis-
mal and ecosystem levels, immediately be-
fore the pivotal evolutionary events of the
Cambrian.

What I wish to do is to point to some
promising ways in which these fossils may
be interpreted. I believe that broad, specu-
lative hypotheses on the affinity of the en-
tire biota can be misleading and even coun-
terproductive. 1 will argue that the most
fruitful approach is a synthesis of compar-
ative analyses of the fossils’ structure with
“‘non-comparative” methods.

DESCRIPTIVE AND COMPARATIVE METHODS

A great deal of descriptive work still
needs to be done. Many Ediacaran forms
have still not been described at all. T esti-
mate that at least ten distinctive new mor-
phospecies could be described from unfig-
ured or sparsely figured material from the
White Sea coast of Russia alone. There are
entire biotas that have not received ade-
quate attention, in particular the unusual bi-
ota from Mistaken Point, Newfoundland.
The Mistaken Point biota was first brought
to the attention of scientists in 1969 (Misra,
1969). Nearly thirty years later, these un-

usual organisms have been figured many
times (e.g., Anderson and Conway Morris,
1982) and been the basis for important pa-
leoecological and evolutionary studies (e.g.,
Seilacher, 1992; Jenkins, 1992; Bendick,
1994)—but still have not been formally de-
scribed.

Other Ediacaran fossil forms are known
only from one or a few specimens. New
specimens of these forms may force radical
alteration of taxon reconstructions. The fos-
sil Kimberella quadrata was described from
four specimens from Australia, first as a jel-
lyfish, later more specifically as a cubozoan
(box jelly). But in 1994, abundant fossils of
Kimberella were found at a new locality on
the White Sea in Russia, covering a wide
range of sizes and preservational variants.
Mikhail A. Fedonkin and I are redescribing
Kimberella based on these new fossils, and
have revised the reconstruction accordingly
(Fedonkin and Waggoner, 1997). Kimber-
ella had no tentacles, no tetraradiate sym-
metry, and no bell. It was bilaterally sym-
metrical with seriated body architecture,
and bore a highly compaction-resistant
structure that we interpret as a stiff but un-
mineralized shell. Kimberella is therefore a
bilaterian, more complex than a platyhel-
minth, and more like a mollusk than any-
thing else living. Not only does our rein-
terpretation have implications for metazoan
evolution, it also alters our concepts of late
Proterozoic ecology. Kimberella was for-
merly considered one of the few definite
predators in the ecosystem, as living cubo-
zoans are (Jenkins, 1992). Now, Kimberella
may be a benthic deposit feeder or a micro-
bial mat feeder (Seilacher, 1997). Multiply
the impact of the new interpretation of Kim-
berella by the number of poorly known or
incertae sedis Ediacaran forms—more than
half of the total number described (Runne-
gar, 1992)—and the potential for major re-

N

FiG. 1. Representative members of the Ediacara biota; all from the Winter Coast region of the White Sea,
Russia. Scale bars all equal 2 cm. (A) Nemiana, morphologically one of the simplest “medusoid™ forms. (B)
Cast of Nimbia, another simple ""medusoid’ preserved in the act of dividing. (C) Eoporpira, a putative tentaculate
form (counterpart). (ID) Partial specimen of Charnia, a frond-like form. (E) Kimberella, a mollusc-like bilaterian.
(F) Cast of Bomakellia, an arthropod-like or anomalocarid-like form. (G) Aulichnites, a typical trace fossil in
positive epireliet (coated with NH,Cl). (H) Yelovichnus, a tightly meandering trace fossil.
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vision of Ediacaran paleobiology becomes
obvious.

A major limitation on descriptive studies,
however, is taphonomy. Most Ediacaran
fossils are found in event beds—sedimen-
tary rock layers laid down rapidly (Nar-
bonne, 1998). However, the type of sedi-
ments and circumstances of burial vary
among and even within localities. These
varying modes of burial and diagenesis can
affect the morphology of the fossils, ob-
scure key morphological features, and cre-
ate artifacts that may be mistaken for mor-
phological features. Part of the resolution of
this problem turns back to careful descrip-
tive and comparative work: recognizing the
range of preservational variation in a taxon,
looking for unusually preserved specimens
that show features not seen elsewhere, and
examining specimens from as many locali-
ties and styles of preservation as possible.
This can turn an apparent weakness into a
strength: uniquely preserved specimens,
and specimens from a range of taphonomic
environments, may show important features
not usually seen. But comparative studies
should be complemented by the construc-
tion and testing of taphonomic models:
what were the important environmental
conditions at the time and place of fossil-
ization, as inferred from the geological set-
ting? What effects would they have on or-
ganisms in order to produce the observed
fossils? Recent models are now focusing on
the effects of sedimentary microbial mats
on Ediacaran fossil preservation; these mats
stabilized the sediment and created ‘‘death
masks™ of the fossils, a process not nor-
mally seen in modern environments (e.g.,
Gehling, 1991, 1996; Narbonne, 1998).
Such models can be tested by taphonomic
experiments on extant organisms. Relative-
ly few such experiments have been carried
out that specifically relate to the Ediacara
fossils (Norris, 1989; Bruton, 1991) but
much work is being done on general prob-
lems of soft-bodied fossil preservation and
on microbial mat sedimentology and geo-
chemistry. This is an exciting area for fu-
ture research.

Even when fossils are well-preserved—
that is, when the morphology of the living
organism can be reconstructed in detail

BEN WAGGONER

with some certainty—their morphology
may be so simple that there is little to be
learned from their morphology. Many of
the ““medusoid” forms fall into this cate-
gory (e.g., Fig. la, b). However, when a
fossil is both well-preserved and sufficient-
ly complex, then its evolutionary relation-
ships can be worked out—not based on its
“overall similarity” with something, which
has proven to be a rather slippery concept,
but based on identifiable discrete characters.
In a few cases, cladistic methods can then
be profitably used (Waggoner, 1996). Cla-
distics are not a panacea; they cannot make
poor material better or bad interpretations
good. However, when the fossils are suffi-
ciently well known, plausible hypotheses of
homology become possible, and the char-
acters supporting each node may be evalu-
ated.

Even when explicit cladistic methods are
not used, character-based hypotheses of
evolutionary relationships have a great deal
of predictive value. For example, did Kim-
berella have jaws and/or a radula-like struc-
ture? Its hypothesized close relatives did
and do—but none has yet been found in
association with the fossils. However,
small, sclerotized toothed fossils (Redkinia)
have been found in Vendian rocks; while
they have usually been compared to annelid
jaws (Sokolov, 1985), some of them resem-
ble rachiglossate radular teeth, or possibly
the jaws of the Cambrian fossil Wiwaxia
(e.g., Schopt, 1992, pl. 52 figs. B-D). Fur-
thermore, Ediacaran trace fossils have been
found in southern Australia that are attri-
buted to a radula-like toothed structure
scraping over a microbial mat (Gehling,
1996). Seilacher (1997) has explicitly as-
sociated these traces with Kimberella. Al-
though at this time I am less confident of
the association, I predict that Redkinia or
similar fossils, or these fossil scratches, will
be found in close association with Kimber-
ella.

NON-COMPARATIVE METHODS

For all the value of descriptive and com-
parative studies, they only provide a part of
the story. The simpler Ediacaran forms lack
distinctive and informative characters;
something like Nemiana (Fig. 1a), which is
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Four survivorship curves for samples of Ediacaran fossils from the White Sea, north Russia. The first
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basically a featureless round sac, resembles
extant organisms in several kingdoms. At-
tempts to compare such fossils with known
organisms will run afoul of convergent evo-
lution. Yet at many sites, the simplest forms
are the most common and typical. In a sam-
ple from the lowermost member of the
Winter Coast section on the White Sea, for
instance, half of all species and 85% of all
specimens are simple ‘“‘medusoids™ (Wag-
goner, personal observations). Furthermore,
even when we know something of the af-
finities of complex forms, it is desirable to
know something of the paleoenvironment

in which they lived. A second, complemen-
tary approach is to analyze information that
is not based on comparisons of the fossils
with each other or with any extant organ-
isms. Sources of information such as size
distribution, species diversity, and biogeo-
graphic distribution are largely independent
of taxonomic judgments. All that is re-
quired is the ability to identify different
taxa consistently and reproducibly—al-
though the confounding variables of ta-
phonomy make this a non-trivial problem,
as has been mentioned.

Stanley (1973) has emphasized the sud-
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den origin of predation during the Cambri-
an (see also McMenamin 1986). It has been
well established that predation—at least on
and by macroorganisms—was rare, though
not completely absent, in Ediacaran ecosys-
tems. Few Ediacaran body fossils anywhere
show scars or traces of predation, few bore
appendages that could have been used in
predatory attack, and no trace fossils can be
attributed to predatory activity. The only di-
rect evidence of predation in the Vendian is
the boreholes found in the calcareous fossil
Cloudina (Bengtson and Zhao, 1992). Fur-
ther support for the general scarcity of pre-
dation in Ediacaran biotas comes from sur-
vivorship curves for Ediacaran fossil pop-
ulations from Newfoundland and from Rus-
sia, most of which—though not all—are
linear (Fig. 2; Bendick, 1994). This implies
age-independent mortality over the age
range represented in the fossil record, and
is consistent with a general lack of preda-
tion (Bendick, 1994). In contrast, predation
is well-documented in the Cambrian on
mineralized organisms (e.g.., Conway Mor-
ris and Jenkins, 1985; Babcock, 1993; Con-
way Morris and Bengtson, 1994). Predation
by and on non-mineralized organisms is
also recognized in the Cambrian, both from
body and trace fossils (Conway Morris and
Robinson, 1988; Jensen, 1990; Briggs et
al., 1994).

I would add that predation is not the only
interaction that increased in the Cambrian.
Less commonly noted, but potentially quite
significant, is the fact that epibiosis is
equally rare. Aside from transiently at-
tached individuals during budding or fis-
sion, Ediacaran organisms did not live on
top of each other. The only exception,
again, is the mineralized fossil Cloudina,
specimens of which have been found grow-
ing on each other (Germs, 1972). Again, the
contrast with Phanerozoic faunas is strik-
ing; in the Cambrian, both mineralized or-
ganisms (Debrenne and Zhuravlev, 1992)
and non-mineralized organisms (Briggs et
al., 1994) grew on top of each other. Fur-
thermore, an analysis of co-association be-
tween different Ediacaran taxa on the same
slabs, based on material from the White Sea
coast of Russia, has failed to show evidence
for positive or negative interactions among

the taxa represented. The presence of one
taxon apparently neither encouraged nor
discouraged the presence of any other
(Waggoner, personal observations). This
may not be true for all Ediacara-type biotas;
spatial analysis of the Newfoundland biota
shows some positive and negative interac-
tions between different forms. However,
these interactions are still less frequent than
in extant ecosystems (Bendick, 1994). Fi-
nally, the metazoan trace fossil record
shows marked increases in overall com-
plexity, diversity of ichnogenera, and depth
of sediment penetration by putative meta-
zoans around the Proterozoic-Cambrian
boundary (Crimes, 1992).

In summary, the “Cambrian explosion™
was not only a major evolutionary radiation
of taxa; it encompassed the widespread
adoption of ecological strategies and modes
of interaction that were rare—though not
entirely absent—in Ediacaran biotas. Fur-
thermore, the ““Cambrian explosion”™ may
not have encompassed the origin of the an-
imal phyla (Wray et al., 1996:; but see Con-
way Morris, 1997). but it must have encom-
passed the appearance of evolutionary in-
novations that made these new strategies
possible. Widespread biomineralization was
one of these innovations, but there were
others.

CONCLUSIONS

What can we learn from the Ediacaran
organisms? Probably not as much as we
would like, yet more than we might expect.
If careful attention is paid to taphonomic
effects, comparative morphological study
can help us create character-based hypoth-
eses of the relationships of at least some of
the Ediacaran organisms. Even when a con-
clusive affinity cannot be demonstrated,
competing hypotheses can often be nar-
rowed down considerably. Analyses like
these, however, need to be combined with
taxonomy-independent studies in order to
devise the most complete, most predictive
models possible of metazoan evolution.

ACKNOWLEDGMENTS

I thank L. Babcock, D. Erwin, and J.
Gehling for their helpful reviews.

Reproduced with permission of the copyright owner.

Further reproduction prohibited without permission.



INTERPRETING THE EARLIEST METAZOAN FOSSILS

REFERENCES

Anderson. M. M. and S. Conway Morris. 1982. A re-
view, with descriptions of four unusual forms, of
the soft-bodied fauna of the Conception and St.
John’s Groups (Late Precambrian), Avalon Pen-
insula, Newfoundland. Proc. Third N. Amer. Pa-
leontol. Conv. 1:1-8.

Babcock, L. E. 1993. Trilobite malformations and the
fossil record of behavioral asymmetry. J. Paleon-
tal. 67:217-229.

Bendick, R. 1994. Spatial statistics of the earliest
Metazoa: Simultaneous rise of complex ecology
and morphology during the Vendian. GSA Abstr.
Progs. 26:A54.

Bengtson, S. and Y. Zhao. 1992. Predatorial borings in
Late Precambrian mineralized exoskeletons. Sci-
ence 257:367-369.

Bergstrom, J. 1991. Metazoan evolution around the
Precambrian-Cambrian transition. /n A. M. Si-
monetta and S. Conway Morris (eds.). The early
evolution of Metazoa and the significance of prob-
lematic taxa, pp. 25-34. Cambridge Univ. Press,
Cambridge.

Breyer. J. A., A. B. Busbey. R, E. Hanson. and E. C.
Roy I1. 1995. Possible new evidence for the or-
igin of metazoans prior to | Ga: Sediment-filled
tubes from the Mesoproterozoic Allamoore For-
mation, Trans-Pecos Texas. Geology 23:269-272.

Briggs, D. E. G., D. H. Erwin, and E J. Collier. 1994.
The fossils of the Burgess Shale. Smithsonian In-
stitution, Washington and New York.

Bruton, D. L. 1991. Beach and laboratory experiments
with the jellyfish Aurelia and remarks on some
fossil “medusoid’ traces. fn A. M. Simonetta and
S. Conway Morris (eds.), The early evolution of
Metazoa and the significance of problematic taxa.
pp. 125-139. Cambridge Univ. Press, Cambridge.

Buss. L. W. and A. Seilacher. 1994. The Phylum Ven-
dobionta: A sister group of the Eumetazoa? Pa-
leobiology 20:1-4.

Conway Morris, S. 1993. Ediacaran-like fossils in
Cambrian Burgess Shale-type faunas of North
America. Palaeontology 36:593-635.

Conway Morris, S. 1997. Molecular clocks: Defusing
the Cambrian ‘explosion’? Curr. Biol. 7:R71-R74.

Conway Morris, S. and S. Bengtson. 1994, Cambrian
predators: Possible evidence from boreholes. J.
Paleontol. 68:1-23.

Conway Morris. S. and R. J. E Jenkins. 1985. Healed
injuries in Early Cambrian trilobites from South
Australia. Alcheringa 9:167-177.

Conway Morris, S. and R. Robison. 1988. More soft-
bodied animals and algae from the Middle Cam-
brian of Utah and British Columbia. Univ. Kansas
Paleontol. Contrib. 122:1-48.

Crimes. T. P. 1992, Changes in the trace fossil biota
across the Proterozoic-Phanerozoic boundary. J.
Geol. Soc. London 149:637-646.

Debrenne. E and A. Zhuravléy. 1992, [rregular ar-
chaeocvaths. CNRS, Paris.

Duval, B. and L. Margulis. 1995. The microbial com-
munity of Ophryvdium versatile colonies: Endo-
symbionts. residents, and tenants. Symbiosis 18:
181-210.

981

Fedonkin, M. A. 1994. Vendian body fossils and trace
fossils. In S. Bengtson (ed.), Early life on carth,
pp. 358-369. Columbia Univ. Press. New York.

Fedonkin. M. A. and B. M. Waggoner. 1997. The Late
Precambrian fossil Kimberelle is a mollusc-like
bilaterian organism. Nature 388:868-871.

Gehling. J. G. 1991. The case tor Ediacaran fossil roots
to the metazoan tree. Mem. Geol. Soc. India 20:
181-223.

Gehling. J. G. 1996. Taphonomy of the terminal Pro-
terozoic Ediacara biota. South Australia. Ph.D.
Diss., Department of Earth and Space Sciences,
University of California at Los Angeles.

Gehling. J. G. and J. K. Rigby. 1996. Long expected
sponges from the Neoproterozoic Ediacara fauna
of South Australia. J. Paleontol. 70:185-195.

Germs. G. J. B. 1972, New shelly fossils from Nama
Group. South West Africa. Am. J. Sci. 272:752—
761.

Glaessner, M. E 1984. The dawn of animal life: A
biohistorical study. Cambridge Univ. Press, Cam-
bridge.

Giirich, G. 1930. Die bislang Altesten Spuren von Or-
ganismen in Sidafrika. Comptes Rendus Intl.
Geol. Cong. 15:670-680.

Hill. E. and T. G. Bonney. 1877. The Precarboniferous
rocks of Charnwood Forest. Q. J. Geol. Soc. Lon-
don 33:754-789.

Jenkins, R. J. E 1992, Functional and ecological as-
pects of Ediacarian assemblages. /n J. H. Lipps
and P W. Signor, (eds.). Origin and early evolu-
tion of the Metazoa, pp. 131-176. Plenum, New
York.

Jensen, S. 1990. Predation by early Cambrian trilobites
on infaunal worms—cvidence from the Swedish
Mickwitzia Sandstone. Lethaia 23:29-42.

McMenamin. M. A, S. 1986. The Garden of Ediacara.
Palaios 1:178—182.

McMenamin, M. A. S. 1997. Metacellularity, cognate
cell tamilies. and the Ediacaran biota. GSA Abstr.
Progs. 29(6):A30.

Misra. S. B. 1969. Late Precambrian (?) fossils from
southeastern Newfoundland, GSA Bull. 80:2133—
2140.

Narbonne, G. M. 1998. The Ediacara biota: A terminal
Neoproterozoic experiment in the evolution of
life. GSA Today 8(2):1-6.

Norris, R. D. 1989. Cnidarian taphonomy and affinities
of the Ediacara biota. Lethaia 22:381-393.

Retallack. G. J. 1994. Were the Ediacaran fossils li-
chens? Paleobiology 20:523-544.

Runnegar. B. 1992, Proterozoic fossils of sott-bodied
metazoans (Ediacara taunas). fn J. W. Schopt and
C. Klein (eds.), The Proterozoic biosphere: A mul-
tidisciplinary  studv, pp. 999—-1007. Cambridge
Univ. Press. Cambridge.

Runnegar, B. 1995, Vendobionta or Mctazoa? Devel-
opments in understanding the Ediacara “fauna.™
N. Jb. Geol. Paldontol. Abh. 195:303-318.

Schopf. J. W. 1992 Atlas of represcntative Proterozoic
microfossils. fn J. W. Schopf and C. Klcin (eds.).
The Proterozoic biosphere: A multidisciplinary
study. pp. 1055-1117. Cambridge Univ. Press.
Cambridge.

Reproduced with permission of the copyright owner.

Further reproduction prohibited without permission.



982

Seilacher, A. 1985. Discussion of Precambrian meta-
zoans. Phil. Trans. R. Soc. London B 311:47-48.

Seilacher, A. 1989. Vendozoa: Organismic construc-
tion in the Proterozoic biosphere. Lethaia 22:229-
239.

Seilacher, A. 1992. Vendobionta and Psammocorallia:
Lost constructions of Precambrian cvolution. J.
Geol. Soc. London 149:607-613.

Scilacher, A. 1997. Fossil art. Royal Tyrrell Museum
of Paleontology, Drumbheller, Alberta.

Sokolov, B. S. 1985. Vendskie polikhety. /n B. S. So-
kolov and A. B. Ivanovskij (eds.), Vendskaja sis-
rema. Tom I, pp. 198-200. Nauka, Moscow.

Sprigg, R. C. 1947. Early Cambrian (?) jellyfishes
from the Flinders Ranges. South Australia. Trans.
R. Soc. S. Aust. 71:212-224.

Sprigg, R. C. 1991. Martin E Glaessner: Palaecontolo-
gist extraordinaire. Mem. Geol. Soc. India 20:13—
20.

BEN WAGGONER

Stanley. S. M. 1973. An ccological theory for the sud-
den origin of multicellular life in the Late Precam-
brian. Proc. Nat. Acad. Sci. U.S.A. 72:646-650.

Sun W. 1994, Early multiceltular fossils. /n S. Bengt-
son (ed.), Earlv life on earth, pp. 358-369. Co-
lumbia Univ. Press. New York.

Waggoner, B. M. 1996. Phylogenetic hypotheses of the
relationships of arthropods to Precambrian and
Cambrian problematic fossil taxa. Syst. Biol. 45:
190-222.

Wray. G. A..J. S. Levinton, and L. H. Shapiro. 1996.
Molecular evidence for deep Precambrian diver-
gences among metazoan phyla. Science 274:568-
573.

Zhuravlev. A. Yu. 1993. Were Ediacaran Vendobionta
multicellulars? N. Jb. Geol. Paliontol. Abh. 190:
299-314.

Corresponding Editor: Douglas H. Erwin

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



