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Early Cambrian Marine Fat 

A new hypothesis that can in some measu 
tested explains its origin in terms of coastal 

Daniel I. A 

One of the major unsolved problems 
of geology and evolution is the occur- 
rence of diversified, multicellular marine 
invertebrates in Lower Cambrian rocks 
on all the continents and their absence 
in rocks of greater age (1, 2). These 
Early Cambrian fossils included porif- 
era, coelenterates, brachiopods, mollusca, 
echinoids, and arthropods (see 3 for de- 
tails of the groups). In the Arthrop- 
oda are included the well-known tri- 
lobites, which were complexly organized, 
with well-differentiated head and tail, 
numerous thoracic parts, jointed legs, 
and-like the later crustaceans-a com- 
plex respiratory system. From a phylo- 
genetic standpoint the Early Cambrian 
faunal assemblage is generally inter- 

preted to represent rather simple an- 
cestral types in their respective phyla, 
which rapidly diversified into numerous 
types (species, genera, families, orders) 
during and following the Early Cam- 
brian. Their high degree of organization 
clearly indicates that a long period of 
evolution preceded their appearance in 
the record. However, when we turn to 
examine the Precambrian rocks for the 
forerunners of these Early Cambrian fos- 
sils, they are nowhere to be found. Many 
thick (over 5000 feet) sections of sedi- 
mentary rock are now known to lie in 
unbroken succession below strata con- 

taining the earliest Cambrian fossils. 
These sediments apparently were suit- 

able for the preservatic 
cause they often are ide: 
lying rocks which are 
no fossils are found in 
significant but unrecorde 

history of life is missing 
of Precambrian time. 
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More recently expressed views are 
those of Snyder (5), who visualizes the 
Precambrian existence of a fauna which 
was as diversified and complicated as 
that of the Early Cambrian and which, 

*i*n *a while not otherwise significantly altered, 
abruptly acquired hard parts owing to 
environmental (physical and biotic) 

ire be stress; Schindewolf (6), who believes 

sites. that there were no forerunners of the 
Cambrian fauna but that it suddenly ap- 
peared due to "Grossmutation"; and 

xelrod Seilacher (2), who agrees with Schinde- 
wolf (6) about the evolution of the Cam- 
brian fauna and also believes that the 
soft-bodied benthonic types which formed 
the trace-fossils (trails, tracks, burrows) 

)n of fossils be- of the Precambrian suddenly changed 
ntical with over- their activities in a similar manner at 
fossiliferous, yet the beginning of the Cambrian. None of 
them. Clearly, a these more recently proposed theories 
2d chapter in the appears acceptable because they do not 

from the rocks conform to our present understanding of 
the evolutionary process (see 7, chap. 4; 
8, p. 347). 

There are, however, two other theories 
pertaining respectively to the biologic 
and geologic aspects of the problem 

have been ad- which, with suitable modifications, may 
iatus in the geo- be integrated to provide a further theory, 
cambrian evolu- which appears both consistent with the 
rates. The older record and capable of a measure of em- 

tely reviewed by pirical test. 
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'e, because none Early Cambrian fauna was derived from 
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brian fossils had problem of their sudden appearance in 
ere was no cal- the record might partly be solved. Judg- 
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ng the formation suggestion has much merit. However, the 
iv) Precambrian question as to why there are no records 
n land in fresh of these marine invertebrates, which must 
Dntent. (v) Ma- have had hard parts suitable for preser- 
Fresh water and vation prior to the Cambrian, remains 
le rivers to reach unanswered. The immediate forerunners 
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rd parts suitable rather widespread, to judge from the 
e life was con- world-wide distribution of the Early 
ers, where skele- Cambrian fauna, yet we have no records 

little use. (vii) of them. And as mentioned, since the 
;ared due to the sediments underlying the oldest fossilif- 

luggish mode of erous zone frequently are types which 
:om. suggest physical environments similar to 
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those of the fossil-bearing strata, there is 
no apparent reason why the fossils should 
not have been preserved. 

A clue as to why this early phase of 
evolution is missing occurred to me dur- 
ing a current review of the evolution of 
land plants. There is much evidence to 
suggest that the new, major categories 
(orders and classes) of plants have 
evolved chiefly in areas of environmen- 
tal diversity, notably in the uplands, in 
sites well removed from the lowland 
basins of deposition where most fossils 
have been preserved (10). A similar en- 
vironment has been postulated for the 
evolution of the phyla, classes, and orders 
of nonmarine vertebrates (7, 9). In both 
cases, fossils representing ancestral types 
in the eruptive stage of evolution are 
missing from the record, or at least are 
very rare. This is chiefly because these 
types comprised rather small populations 
living in sites remote from lowland basins 
of deposition or because, if they did get 
into the nonmarine record occasionally, 
those deposits have largely been eroded 
and the records have been lost (11). 

Coast-line Hypothesis 

Owing to analogous circumstances, the 
problem of the evolution of the late Pre- 
cambrian marine fauna may thus be re- 
solved in terms (i) of the nature of the 
areas or sites in which the phyla were 
evolving and (ii) of the subsequent geo- 
logic history of these areas, as a result of 
which most of the record has not been 
preserved. Walcott (12) considered this 
problem and coined the term "Lipalian" 
for "the era of unknown marine sedi- 
mentation between the adjustment of 
pelagic life to littoral conditions and the 
appearance of the Lower Cambrian 
fauna." He believed that the pelagic life 
of the ocean had already become adapted 
to benthonic, littoral, and near-shore en- 
vironments by later Precambrian (Algon- 
kian) time but that no record of it was 
preserved because the continental plat- 
forms were above sea level; he felt that 
any sediments containing remains of this 
early fauna may be concealed beneath 
the present oceans. Thus, when the seas 
encroached on the base-leveled continents 
at the close of the Precambrian, they 
brought with them the littoral fauna 
which had been developing during Li- 
palian sedimentation. Walcott believed 
that the sediments which lie in unbroken 
sequence below the fossiliferous marine 
Cambrian beds represent continental de- 
posits formed during the later Precam- 
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brian, an opinion based chiefly on the 
absence of marine fossils in them. Most 
investigators are now agreed that the 
nonfossiliferous sections which conform- 
ably underlie the earliest Cambrian 
faunas are largely marine, not continen- 
tal, as Walcott supposed. In other words, 
the continental platforms were not 
wholly elevated above sea level but were 
inundated here and there by broad Pre- 
cambian seas, much as they were during 
the Cambrian and later periods. 

With respect to the environment of 
early evolution, the littoral and immedi- 
ate shore area would almost certainly 
have been ideal for the Precambrian 
marine invertebrates. Warm water, am- 
ple sunlight, a large supply of mineral 
nutrients, and dense plankton popula- 
tions for food would have been in con- 
tinuous existence. Further, a great di- 
versity of habitats is typical of all shore 
areas. Local variations in topography, 
rapid changes in bottom type (rocky, 
sandy, muddy), or slight differences in 
temperature or depth or salinity would 
clearly have resulted in a wide array of 
ecologic niches (for other factors, see 
13). Fragmentation of populations into 
discrete interbreeding units would inevit- 
ably have developed during Precambrian 
time. Microgeographic isolation in these 
areas of abrupt and diverse changes in 
environment would permit the existence 
of divergent adaptive types in proximity. 
The tempo of evolution would quicken, 
and with strong selection in operation, a 
host of types would now enter an erup- 
tive phase of evolution. As Walcott has 
suggested, this early phase may have been 
proceeding in the immediate coastal strip 
for a long time prior to the Cambrian. 
We can agree with Cloud (8) that ances- 
tral members of the Cambrian fauna 
probably were evolving at a high rate, 
but this alone cannot explain the absence 
of multicellular, hard-shelled marine in- 
vertebrates in the Late Precambrian. Ac- 
tually, we could scarcely expect much of 
a record of any fossils that may have 
been preserved in the near-coastal en- 
vironment. The hinge line between land 
and sea is not broad and is eroded as 
soon as the area is only slightly elevated. 
Further, if evolution was progressing 
chiefly in the warmer parts of a broad 
tropical zone, the area in which fossils 
might have been preserved through the 
vicissitudes of more than 550 million 
years of earth history is further reduced, 
while the persistence of the record of the 
environment would appear even less 
likely. 

According to the present hypothesis, 

therefore, Precambrian faunas were 
evolving in favorable coastal sites, in 
areas where any fossiliferous sediments 
which may have accumulated probably 
would not have survived the effects of 
erosion down to the present day. Dur- 
ing the eruptive phase of Precambrian 
evolution the fauna presumably was con- 
fined to the near-shore and littoral belts 
by food requirements, temperature, 
depth and changes attendant upon it, 
and a host of other factors which were 
affecting the physiology of the organisms 
concerned. In the closing parts of the 
eruptive phase we may infer that rela- 
tively "advanced types" were radiating 
out into a new environment-the neritic 
zone-to which they quickly became 
adapted. These, presumably, are the 
Early Cambrian descendants of the later 
Precambrian fauna. They represent types 
which had evolved sufficiently so that 
they could invade the relatively deeper 
parts of the continental shelves and 
epeiric seas, where they formed the well- 
known record of the communities of that 
time. Their earliest appearance in the 
record probably was due not to a simul- 
taneous migration into deeper waters as 
the Cambrian began but rather to a grad- 
ual deployment into the extralittoral 
region during an interval of several mil- 
lion years (14). This deployment most 
probably was not only to seaward and 
into deeper water but also in the rela- 
tively cooler, though probably warm, 
regions at higher latitudes. 

This coast-line hypothesis, which has 
been briefly outlined here, appears to 
offer certain unifying advantages in that 
(i) it has the merit of simplicity; (ii) it 
provides the conditions that are believed 
requisite for eruptive evolution; (iii) it 
is consistent with geologic evidence that 
the site of early evolution probably would 
not be preserved for long periods of time, 
and (iv) it can, at least in some measure, 
be tested. 

The Shore as Collecting Area 

By conducting careful current-direc- 
tional studies of Precambrian sediments 
in selected critical areas it may be pos- 
sible to find remnants of the old shore 
line and its fauna; in any event, such 
studies should bring us closer to the shore 
as a likely site for collecting. In searching 
for fossils in these areas we must remem- 
ber that the more primitive members of 
phyletic stocks were generally small, as 
compared with their derivatives. The re- 
markable living relict Hutchinsonella, a 
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cephalocarid-trilobitoid crustacean only 
3 millimeters long (15), is highly sugges- 
tive in this connection. If the primitive 
Precambrian brachiopods and trilobites 
and their associates were also quite small, 
as seems likely, the amount of organic 
debris that may have been preserved is 
considerably reduced, the fossils will not 
be readily visible, and the probability 
of discovery is lessened. Examination 
of Precambrian sediments by suitable 
microscopic, isotopic, and chemical 
methods may reveal particles of shell 
fragments and other structures of the an- 
cestral coast-line fauna mixed in with 
these transported sediments. Organic 
microstructures of this sort will not be 
common in Precambrian rocks. Fossils are 
rare in any event, and with life less abun- 
dant in the seas of Precambrian time, the 
chances of finding these transported ma- 
terials are correspondingly low (16, 17). 
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During the past several years there has 
been a growing interest in the United 
States in Soviet scientific research. This 
interest has arisen in part from the po- 
litical concern of the United States in 
the over-all activities of the Soviet Union 
and in part from a growing awareness of 
an acceleration of activity in science and 
technology in the Soviet Union since 
World War II. 

One outgrowth of the increased inter- 
est in Soviet science has been a program 
organized by the National Institutes of 
Health to make Soviet medical research 
information more readily available to 
American medical scientists. This pro- 
gram was instituted at the request of the 
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Committee on Appropriations of the 
United States Senate. It grew out of 
testimony at the 1956 appropriations 
hearings of the Department of Health, 
Education, and Welfare, during which it 
was observed that Soviet medical scien- 
tists are keenly aware of American devel- 
opments in medicine but that American 
medical scientists know very little about 
Soviet medical research activity. The 
presumed advantage that Soviet medical 
scientists have over the American scien- 
tists is twofold. First, the Soviet scientists 
benefit from a broad and intensive for- 

eign-information-gathering and transla- 
tion program in the Soviet Union which 
covers practically every area of science 
and practically every nation's literature; 
second, where American medical re- 
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search information is concerned, the 

average Soviet scientist has the advan- 

tage of having a fair working knowledge 
of the English language. 

This article (1) is an account of the 

findings of an interview study which was 

performed at the request of the National 
Institutes of Health to define the extent 
and character of the need for Soviet 
medical research information among 
American medical. scientists and to 
evolve the best means of meeting this 
need. The study was also designed to 

analyze the present mechanisms of use 
of Soviet medical research information 

among American medical scientists. In 
cases where Soviet research information 
was not being used, it was also the pur- 
pose of the study to ascertain and evalu- 
ate the reasons for the lack of use. 
Among the questions considered in as- 

certaining the reasons for any established 
lack of use of Soviet information were 
those of the respondents' familiarity with 
Soviet work in their fields of science and 
their general attitudes toward the Soviet 
Union and Soviet science. 

Derivation and Character of 
the Sample 

The sample for the study consisted of 
500 American medical scientists. These 
scientists were drawn from 59 medical 
research organizations in six American 
cities. The organizations represented hos- 

pitals, medical schools, government agen- 
cies, pharmaceutical firms, and independ- 
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