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INTRODUCTION

HE Cambrian algal flora is the oldest
flora concerning which we have suffi-
cient information to begin to develop

a comprehensive picture. Fossil algae have
been collected from such widely distributed
places as Siberia, New York, Canada, Ant-
artica, Australia, France and Norway. The
information is very incomplete and frag-
mentary, yet it is sufficient to show the
presence of a rich and highly varied flora
with representatives of all the phyla of
algae apparently present. It should be
noted that in addition to the actual fossils
of algae, there are several additional
lines of evidence which point to the
abundance and bhighly important algal flora.
For example, in all our textbooks and dis-
cussions on historical geology and paleonto-
logy, it is pointed out that the Cambrian is
the first period from whose rocks we can
obtain an abundance of fossils, and almost
everyone has commented on the enormous
numbers and varieties of invertebrate animals
which lived in the shallow, near shore, marine
waters. Algae were the basic food for all
these animals and it would take a very large
amount of microscopic and small plants
to feed them all. A second line of evidence
is the abundance, thickness, and widespread
distribution of algal Jimestones which were
deposited during the Cambrian. These clear-
ly indicate luxuriant growths of lime-deposit-
ing algae. However, our knowledge of the
Cambrian algae is so incomplete and obtained
from such widely scattered areas that ob-
viously we have only a tantalizing glimpse at
samples of a very rich and interesting flora.
There is a great need for geoldgists and
paleontologists to search for, collect, and
study additional material.

DESCRIBED GENERA

To date the total of 59 genera have been
described from the Cambrian. Of these
23 are from the Lower Cambrian flora, 21 are
known to occur in the Middle Cambrian, and
at least 26 have been reported from the Upper

19

Cambrian. There 1s, of course, some time
overlap with these genera, that is, some of the
Lower Cambrian forms continue into the
Middle Cambrian or even into the Upper;
while some Middle Cambrian forms continue
into the Upper. These genera are repre-
sented by 142 described species.

In addition to the described forms, there
are many statements in the literature men-
tioning the fact that algae, or algae of certain
types, occur in certain places without the
algae themselves being named or described.
All the evidence indicates that a careful
search for algae in Cambrian beds should
uncover vast amounts of new material.
These known genera and their time distri-
bution and number of species are shown in
Table 1.

STATUS OF ALGAE AT THE BEGINNING
OF THE CAMBRIAN

Algae were already very old and had a
long history antedating the beginning of the
Cambrian. Fossil blue-green algae have been
obtained from cherts in Pre-Cambrian rocks
dating back more than a billion years
before the beginning of the Cambrian.
Most of the evolutionary development
of the algae took place before the Cam-
brian. At the beginning of that period,
all phyla of algae appear to have been
present. Actual fossils representing the blue-
green, the green, the brown, and the red algae
have been distinguished and described, and
indirect evidence suggests that most, if not
all, of the phyla of the smaller and micro-
scopic forms probably were present. In
addition to that, fossils show that structures
characteristic of some of the present day
families had already developed. However,
the general complexion of the floras and the
relative abundance of the different groups
probably was appreciably different than
we find today.

The actual fossil record of the Cambrian
algae probably does not give a clear picture
of the relative abundance of different forms
any more than is the case for the fossil algae
of the Tertiary. Naturally, those forms
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TABLE 1 — GENERA DESCRIBED FROM THE CAMBRIAN

GENUS STRATIGRAPHIC DISTRIBUTION

— A ~ NUMBER

PRE- CAMBRIAN ORDOVICIAN OF DES-

A N — A CRIBED

C L M U L M U SPECIES

A—c/'iné;hyic;;szoirdc - X X T
Amgaella Korde - X 1
;1;%0”7alopl1_};cwts Fenton &;“_enton - j{ X 1

A nguloceliltizlriz;zrVologidrin X 2 -
/Eloplzycm Fen;n & I‘:;;()n X 4
Bija Vologdin X 1
l;gu/sclzan:)?h;i;}go:d; N o X « 1
Bosworthia Walcott 7 % 2
Cambroporella Korde I, 1
Cizmwrpha \V’oilggdjliﬁ X B 1
Eh;)akovia, Vologdin - % 2

Collenia Walcott »‘? R4 X x X 11‘
Conwesa;;a Vologdin’ X - 3
Conophyton Maslov 7 \777 - X ;/ 7 2
Corbularia Vologdin 7 X 1
(;pperza \V;lcott o P X 1
Cryptozoon Hall a ? ¥ X X X S

Dalvia \Valcott - X 27#
Davsy;rrnphycus \’()IOQd}] - X o 1
Dictophyveus Korde - X 1
E)igitulavia Vologdin - X X 2
Dolalo;éhycus I‘“ergn & Fenton X 1
Epiphyton Bor]}eman n) x e X 31
Givvanella Nicholson & Etheridge X X X X e X 5
Glomeophycus Vologdin X 1
Paleoleptophycus Kor(iv X 1
Kostinophycus Vologdin VX 1
Mansurkelia Vologdin X 2
Marpolia Walcott X 4
Mejerella Korde X 1
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TABLE 1 — GENERA DESCRIBED FROM THE CAMBRIAN (Conid))
GeNus STRATIGRAPHIC DISTRIBUTION

— S A — — NUMBER

PRrRE- CAMBRIAN ORDOVICIAN OF DES-

B A S A y CRIBED

C L M U T M U  SPECIES
Monostychia Vologdin X - 1
Morania \\’a:léott X 8
I\Termaf)hym/;swl(orde - X 1

Nephelostroma Dangeard &?orv X

Nostocites Maslov ) ?W 1
Nubecularifes Maslov X 2
Ovoidof)/yycéév\’ologdin X 2
éalaeomimocys/z& Korde N X : X 1
Palaeoporella Stolley o X e 1

Poectlophycus Korde “”\; 1 B
Pracarenaria Vologdin X 1
Proaulopora Vologdin X a 1
Izzzumoz'skia Vologdin X X 4

Renalcis Vologdin X X 77
Sajania Vologdin X 1
Schodackia Ruedemann X X 1
Seletonella Korde X 1
Siberiella Korde - x 1
Solenopora Dybow=ky - X X X P P 3
Spongophycus Korde % ) 1
Steveophycus 1{01‘;1; R - X 1
Telmmphycnsi}goint;n (;?:‘Jrihtonriﬁi o x 1

Thawmatophycus Korde x 0
Tube)'cul;tha V’ologciin - 7x - 1

7‘117711:10{)/1)//0)7; Vologdin X 3 B

17020 gdin el/iafl\'io rde X 1—
Izlja;pia Walcott - X : 3
Waputikia Walcott X 1
g/rﬁ/eivéré;siz’;zi\rV'aIC()tVtw ><¥ - |
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TABLE 2 — GEOGRAPHICAL DISTRIBUTION OF CAMBRIAN ALGAE

\\ P -
o~ 5 : I
\\\ Recrox E . E
fae s =5k
GENUS e - j-l”;g = Z é = z E P 57 s
& = o = e ~ - -~ - Z
m'z;o?fz;f('u;f\'iorido - /\’” - N o
An;ﬂaiefilia }\MT—W/ S X N
Anomalophycus Fonton & <
I‘enton
Angulocellularia Vologdin < -
Au/op/zym/:k:t? ;zllr tcn o *
Bija Vologdin %
Bogu@anophi)'[‘u,x Korde 7 X o
Bosworthia Walcott - <
Cambroporclla Korde — x
Caudomorpha Vologdin  x
Chabakovia Vologdin  «x x
Collenia Walcott  x  x  x
(:oncws?cemmlgghgngi; -
Conophylon Maslov % =
Corbularia Vologdin — « -
Copperia Walcott — x .
cU/,SZ;?ZJnﬁ;h\” T x x X x
Dalyza Walcott - \x*;i -
Dasy;irr?pﬁhvic;sw\'_ologdin X - -
Dza[o[zlzycus Korde 77§—><
Dun/ulafrza Voloigzl:; - X
E)Efoph}/cu; Fenton 7&—/77‘ 7¥%7 -
I‘enton
Eﬁpﬁ;} Bornemann < x X x X X
Gwvanel/a Nlchol?)x:& ‘7~77;¥;7; ><m \7% X X X X
Etheridge
67;;)95}7;6115 v O\I(Sgd{ i X a
Fie osz“zop}zjfc;\ clogdin - VTAgig N
Mansurkella Vc \/ologdm N X -
Marpolia Walcott % x
V]ejerelliail;c;jc - 7_7; -
Nlonosiyc}ua \731:;;1111 x -

W/oranza Wialcott X
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TABLE 2 — GEOGRAPHICAL DITSRIBUTION OF CAMBRIAN ALGAE (Contd))
~_ 7 .
o REGION *:; - ) E
g z < e
\\‘\‘ « f: < o) = - E ; -
Nemaphycus Korde — x o - -
Nephelo;troma Dangeard &ﬁ’ 7 X o o
Dore
ngc;e;}laslm; ?
Nubeculm:;fs Maslov X .
Ovordophycus Vologdin 7 X -
Palaeomzc;om/s;{s Korde X 7 )
Pa/aeo/wptophyu: Korde 777>< -
Pa/aeo}bowella Stolley o 77>\ -
];(7;;;'};];)13/6'1!5 Korde - X
PmeaJ'ei'nia;z';\folagciliinﬁ 7 X N o
Proaulop(;'ai\i"oil(;;(iiin 7>< : -
Razumovshia Vologdin  x X
}?enalcis Vologdin - X X
Sajania Vologdin X - -
Schodachia Ruedemann = X
Seletonclla Korde X
‘;Lbicl/zalla Iorde X
Soleno;hw'a, Dyboweky X X
Sipngo%;ﬂ-sﬁlxordc X B
§;7;&};)7ycbzs Korde 7;
'j'gtonoprlzycus Fenton & - X o
Fenton
Thaumatophycus Korde x -
Tubercularia Vologdin X -
Tumidophyton \ ologdin X
Vologdinelta Korde X a
Wa,h;?z'a \Walcott X
Waputikia Walcott X
Yuknessia Walcott X

Stromatolites undescribed) X X X X X X
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which had developed the calcified habit are
much more likely to be preserved than those
which had not. Similarly, thick bladed and
large rounded forms with woody structure
stand much more chance of being preserved
or at least of giving indication of their
presence than the very delicate lacy forms;
while, of course, a large majority of the
microscopic forms which have no hard parts
whatever are only preserved under the most
fortuiltous circumstances, in other words,
when they become imibedded in cherts or
similar materials which, needless to say, is
relatively rare.

Some of the Schizophyta or blue-green
algae developed the lime-secreting habit on an
extensive scale long before the beginning of
the Cambrian. During the late Proterozoic
and during the Cambrian they were the most
important of all the limestone building
organisms with the result that more than
half of the genera reported belong in this
group. However, calcification on a limited
scale begins to appear in other groups of
algae and some animals in the course of the
Cambrian.

ALGAL DEVELOPMENT DURING THE
CAMBRIAN

A study of the fossil algae known to date
suggests several rather interesting develop-
ments during the Cambrian. It should be
pointed out, however, that some of these
ideas may be more apparent than real
because of the fact that at present our
knowledge is based on the relatively small
number of collections {rom very widely
separated places. However, the available
information does permit certain tentative
conclusions.  Walcott’s lucky find of the
marvelously preserved Middle Cambrianalgae
near Field, British Columbia, gives clear
evidence of the presence of delicate, soft-
bodied plants representing widely separated
types belonging to different phyla.

As the period progressed there appears
to have been a fairly steady increase in the
variety of the higher algae, particularly
among the green and the red; also, there
appears to have been a gradual increase
in the development of calcification among
forms other than the Dblue-green algae.
Certain groups of green and red algae deve-
loped the habit. Thus we see the beginnings
of algae of types that fit into the Soleno-
poraceae, the Dasycladaceac, Codiaceae, and

Epiphyton. However, in most cases the
calcification in these groups appears to have
been rather slight with the result that the
fossils obtained do not show nearly the
amount of structural detail that is found
among the same groups during the Ordo-
vician when calcification had become much
stronger.

Algae of the Girvanella type appeared
in the early Cambrian and apparently
developed rapidly during the Middle and
Upper Cambrian when they occurred in
great numbers on all continents and actually
were sufficiently abundant locally to form

widespread and, sometimes, quite thick
limestones.
Another characteristic feature of the

Cambrian was the importance and great
development of the stromatolites built by
blue-green algae. Their importance as rock
builders will be discussed later.

In terms of evolutionary development the
blue-green algae show very little il any
development during Cambrian times. They
were, and still are, a very conservative group
One gets the impression that they had made
essentially all of their development before the
beginning of the Cambrian. Since Cambrian
times they may have invaded and adapted
themselves to a number of new environments
but structurally and chemically appear to
have changed very little from their Cambrian
counterparts.  Among the stromatolites
certain -types of fossils which we thought
earlier to be characteristic of Cambrian
time have recently been found to be
developing today under certain environ-
mental conditions as shown by the recent
work of Ginsburg working in the I'lorida and
West Indies region, and Logan working in
Australia.

THE FLORAS — A SUMMARY

In summary, it may be said that the
Cambrian algal floras were extensive, highly
developed, and highly varied with much of
the evolutionary development of the algae
having already taken place. The distribution
of the various genera according to age is
shown in Table 1, which shows 23 genera
have been recorded from the Lower Cam-
brian, 21 from the Middle, and 27 from the
Upper. The Middle Cambrian shows by far
the most varied flora, but that is largely the
result of the single very lucky find by Walcott
in British Columbia of a shale deposit with
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unusually well preserved material giving an
indication of the wealth of uncalcified forms
which existed in the Cambrian sea. The
greatest number of genera have been recorded
from the Upper Cambrian, but almost all of
them are stromatolites or the Dblue-green
algae that aided in their formation.

Table 2 shows the geographical distribution
of the known genera and very clearly shows
the widely scattered areas from which the
collections have been obtained and the very
small amount of work that has been done on
Cambrian algae. Practically half of the
material described from the Cambrian was
obtained from Siberia, and most of it {rom
the Lena River Basin.

Table 2 also shows that stromatolites and
representatives of the genus Girvanella are
found at practically all localities that have
been studied to date.

The genus Epiphyion was one of the most
interesting and widespread genera of the
Cambrian algae. It is limited entirely to
that period and made its great development
during the Middle Cambrian. Korde's work
in the Lena River Basin and elsewhere in
Siberia has shown definitely that it developed
numerous species which structurally are quite
distinctive and each of which appear to have
had a relatively limited time distribution

so that, for limited areas at least, they
very definitely can be used for correlation.

ALGAL LIMESTONES

Although slightly outside of the field of the
algal floras themselves, it should be pointed
out that the Cambrian period wasa period dur-
ing which the algae were unusually important
as rock builders. They were the outstanding
rock builders of that period. During most
ol the Cambrian conditions were favorable
over wide areas for the development of lime-
secreting algae, permitting them to build
great quantities of limestone. Also, during
most of the period, they had lttle or no
competition from limestone building animals
as the first of these only appeared during the
Middle Cambrian and, while they developed
and increased in number and abundance
in the Upper Cambrian, the quantity was
still insufficient to compete radically with the
limestone building algae. The Jlimestone
building activity of these algae has never been
surpassed in later periods largely, however,
because of the fact that the competition and
active work of the limestone building animals
merely took their place in the later periods
and the algae were able to work only in
much more restricted environments.

EXPLANATION OF PLATES

IPLaTE 1

1. Cryptozoon undulatum. Sidc view on a rock

surface. Thev arc about 18 inches high. Upper
Cambrian, Marvland.
2,3, 4. Examples of genus Epiphvion (x 30).

Middle Cambrian, Lena River region, Siberia.

5. Dalyia racemata Walcott (x 3).  Middle
Cambrian, Burgess Shale, Tield, British Colum-
bia.

PraTte 2

6-9. Primitive Dasycladaccac.

6. Amgaella amganensis Korde (x 10). Middle

Cambrian, Lena River region, Siberia.

7. Siberella  aciculata Worde (x §). Middle
Cambrian, Lena River rcgion, Siberia.

8, 9. Lenaella reticilaria Korde (x 60). Middle
Cambrian, Lena River region, Siberia.

10. Renalers pectunculus Korde (< 30). Upper
Cambrian.

11. Renalcis  seviata  Korde (x 30) Upper
Cambrian, Lena River region, Siberia.

12, 13. Gurvanella. Upper Cambrian, FEurcka,

Nevada

(Figures 6-11 from Worde, 1961, 12, 13 Johnson’s
photographs.)



