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Abstract.

The Late Ordovician extinction of stromatoporoids was a gradual rather than an abrupt process
of decrease in diversity through the Late Ordovician to Early Silurian transition.

A transformation of a

labechiid-dominated Ordovician stromatoporoid fauna into a clathrodictyid-dominated Early Silurian fauna
embraced a wide time interval, from the beginning of the late Caradoc to the end of the middle Llandovery
(Aeronian). It roughly coincided with a proposed global cooling, or “ice-house” period in Earth history.
During this period the earliest labechiids with poorly calcified (probably aragonitic) skeletons were replaced
by more advanced labechiids and clathrodictyids with well-calcified skeletons. The generic diversity of
stromatoporoids reached its lowest value in the early Rhuddanian with representatives of only four genera,
Clathrodictyon, Ecclimadictyon, Pachystylostroma and Forolinia. During the late Rhuddanian and early
Aeronian the earliest representatives of the families Actinostromatidae (Plectostroma) and Atelodictyidae
(Intexodictyon) were added, respectively. Generic diversity abruptly increased in the late Aeronian
(reaching at least 12 genera) when the first representatives of the Gerronostromatidae (Petridiostroma),
Pseudolabechiidae (Pachystroma), Stromatoporidae (Lineastroma) and Syringostromellidae (Syringo-
stromella) appeared. During the Telychian the generic diversity of actinostromatids and stromatoporids
increased further and the first densastromatids (Densastroma) appeared. A comparatively long duration
of Late Ordovician extinction and Early Silurian recovery of the stromatoporoid fauna is probably best
explained by general global cooling, including several glacial episodes in addition to the well-known end-

Ordovician (Hirnantian) ice age, unfavourable for stromatoporoids as thermophilic organisms.
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Introduction

The Ordovician stromatoporoid fauna was dominated by
labechiids having a cystose (vesicular) structure. In addi-
tion, the first representatives of clathrodictyids (laminate
stromatoporoids) appeared in the middle Caradoc. During
the Silurian, representatives of all other orders of
stromatoporoids were added, and in the Wenlock fauna a
high diversity of stromatoporoids has been previously record-
ed. However, the transition from the comparatively low-
diversity Ordovician to the high-diversity Middle Silurian
fauna has been inadequately documented and therefore
phylogenetic relationships of some groups of stromatopor-
oids (densastromatids, syringostromatids, etc) are still
obscure. This lack of information about the ties between
Ordovician and Wenlockian faunas has inhibited elaboration
of a sound classification of stromatoporoids.

Previously, only in Estonia (Nestor, 1964) and in Norway

(Mori, 1978) has the succession of the Llandovery
stromatoporoid faunas been studied in detail, and the data
were summarized recently (Nestor, 1999a). However, due to
ecological conditions (preserved facies in available
sequences record overly deep water), the uppermost Llan-
dovery (upper Telychian) in those places is almost barren of
stromatoporoids. A subregional hiatus at the end of the
Aeronian also limits completeness of the stromatoporoid
succession. Recent dating of lower Silurian rocks in North
America show that the upper Aeronian and Telychian faunas
are well developed, and as a result, the Baltoscandian and
North-American stromatoporoid successions complement
each other well. Therefore the authors of the present paper
initiated a project, supported by the U.S. National Research
Council (NRC) and by the Petroleum Research Fund (PRF), to
consider the recovery of the stromatoporoid fauna after the
Late Ordovician extinction event, in order to describe more
thoroughly the main diversification of the stromatoporoids
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during the Early Silurian (Llandovery).

Sources

We have studied new material collected by Stock from
northern Michigan, lowa, Oklahoma, Missouri, New York,
Ohio and Alabama, as well as stromatoporoids from Anticosti
Island collected by P. Copper. Description of these mate-
rials is still in progress therefore, identification to genus
level only is used in this paper. Some new genera are being
established, but they are here only designated in faunal lists
and range charts by the closest valid generic name, and
placed in quotation marks. Older documentation of
stromatoporoids was taken into consideration only if it was
possible to assign taxa to specific levels of the standard
global stage framework (Rhuddanian, Aeronian, Telychian).
Data included are that of Parks (1908,1909) on Silurian
stromatoporoids from the Ontario, Michigan and Hudson Bay
areas Petryk (1967) from Baffin Island Mori (1978) from
Norway Nestor (1964, 1976, 1983,1999b) from Estonia, the
Siberian Platform, Novaya Zemlya and lreland, respectively
Dong and Yang (1978), Yang and Dong (1980) from South
China and Tesakov et al. (1985) from the Siberian Platform.
Range charts of Ordovician stromatoporoid genera from
North America were compiled based on the papers of Parks
(1910), Raymond (1914, 1931), Galloway and St. Jean (1961),
Kapp and Stearn (1975), and Bolton (1988). Classification
follows that in the recent paper by Stearn et al. (1999).

Late Ordovician extinction

In order to establish the character of the Late Ordovician
extinction and subsequent recovery of the stromatoporoid
fauna, range charts of genera through the Ordovician/Silur-
ian boundary were compiled in the most complete
sequences of North America and Baltoscandia. The former
(Figure 1) demonstrates that after an intense early Caradoc
(“Chazyan”-early Chatfieldian) radiation among labechiids (1
genera appeared) a gradual retreat and still-stand followed
until late Aeronian-Telychian time, when 17 genera appear-
ed, among them the earliest representatives of the orders
Actinostromatida and Stromatoporida.

In North America, some of the Ordovician labechiid genera
(Cryptophragmus, Thamnobeatricea, Stromatocerium S.S.)
disappeared by the end of the Caradoc, some others
(Pseudostylodictyon, Cystostroma, Cystistroma, Radiostroma,
Aulacera, Dermatostroma), followed during the Ashgill. Most
of these genera (except Aulacera) disappeared from the
North American stromatoporoid fauna by the end of Rich-
mondian (Rawtheyan) time, which was when the sharpest
decrease in diversity occurred during the Late Ordovician.
The lowest generic diversity was in Gamachean time (three
genera) and in the Rhuddanian-early Aeronian (four genera).
Nothing remarkable happened at the Ordovician/Silurian
boundary except the disappearance of Aulacera, a giant
columnar stromatoporoid. In other words, there was no
mass extinction of stromatoporoids at the very end of the
Ordovician.

The picture is rather similar in the Baltic-Scandinavian

area (Figure 2), except that the Ordovician record of
stromatoporoids is much less complete. After the first
appearance of stromatoporoids in the middle Caradoc
(Oandu-Rakvere Regional Stages), there is a gap in the
record of their distribution. From the lower-middle Ashgill
(Vormsi-Pirgu Stages) only rare, scattered occurrences of
Clathrodictyon, Cystostroma, Cystistroma and Plumatalinia are
known. The uppermost Ordovician (Porkuni Stage) is char-
acterized by abundant individuals of Clathrodictyon and
Ecclimadictyon with rare Pachystylostroma and Stelodictyon,
i.e. the generic content of the stromatoporoid fauna is very
close to that of the lowermost Silurian. No sign of a mass
extinction of stromatoporoids at the very end of the Or-
dovician has been identified in this region either.

The delay in the appearance of stromatoporoids in Baltos-
candia has been explained by the progressive drift of the
ancient Baltica continent from a moderate climate zone to
the subtropics by middle Caradoc time (Webby, 1980). Their
disappearance again soon afterwards may be explained by
rotation of Baltica, or by the cessation of its northward move,
although there may be another explanation. Recent investi-
gations (Grahn and Caputo, 1992 Legrand, 1995 Caputo,
1998) confirm that the well known Hirnantian glaciation at the
end of the Ordovician was not a unique event but occurred
as one of several glacial episodes within a longer “ice-
house” period lasting from Late Ordovician to Early Silurian
time (Frakes et al., 1992).

Patzkowsky and Holland (1993) observed a sharp faunal
changeover from a warm-water, coral- and stromatoporoid-
dominated benthic assemblage, to a cooler-water,
bryozoan-dominated assemblage occurring in eastern North
America approximately at the transition from the Turinian
(Black River) to Chatfieldian (Trenton). Patzkowsky et al.
(1997) also recognized a positive excursion of carbon isotope
compositions in the lowermost Chatfieldian. An approxi-
mately synchronous carbon isotopic event has been record-
ed in Estonia in late Keila time (Ainsaar et al., 1999). It
supports the global character of middle Caradoc cooling
hypothesized by some investigators (Lavoie, 1995) as the
probable onset of Late Ordovician glaciation.

In view of the above, it seems reasonable to explain the
comparatively low diversity and scarcity of the stromatopor-
oid fauna during the late Caradoc to the middle Aeronian as
caused by the unfavourable and changeable environmental
conditions during the global “ice-house” period, which
severely affected stromatoporoids treated as thermophilic
organisms (Webby, 1980 Nestor, 1984).

The earliest Ordovician labechiids were characterized by
comparatively poorly calcified skeletons, heavily subjected to
alteration processes, dissolution and recrystallization (Parks,
1910 Galloway and St. Jean, 1961 Kapp and Stearn, 1975
Webby, 1979). Kapp and Stearn (1975) suggested that
heavy recrystallization and relict fibrous microstructure indi-
cate the primarily aragonitic content of their skeleton. In
the middle Caradoc time the first clathrodictyids (Clath-
rodictyon, Ecclimadictyon) appeared, supplied with much
better preserved, well-calcified skeletons characteristic of
the more advanced groups of stromatoporoids. Transition
from an aragonitic to a calcitic skeleton probably took place
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among labechiids also.

For example, the ancient Labechia
prima group (Webby, 1979) was gradually replaced by the
species Labechia huronensis, L. macrostyla, L. reqularis etc,,
with more perfectly preserved skeletal elements, particularly

pillars, that are characteristic of Silurian representatives of
this genus. The replacement of the aragonitic skeletal
substance with calcite commenced roughly at the supposed
time of transition from a warm climate mode to a cool mode,
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NUMBER AND PERCENTAGES OF STROMATOPOROID GENERA
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Figure 4. Number and percentage of stromatoporoid genera in subdivisions of the Llandovery. See explanations in text.

and might have been induced by the global lowering of water
temperature.

To sum up, the Late Ordovician extinction and subsequent
recovery of the stromatoporoid fauna at the beginning of
Silurian time were longer-lasting processes than generally
supposed. This was probably caused by the sensibility of
thermophilic stromatoporoids to global cooling of the climate
during the Late Ordovician-Early Silurian “ice-house” period.
Other more tolerant groups of organisms suffered mainly
from the very severe, but comparatively short Hirnantian
glaciation, leading to their abrupt mass extinction.

Llandovery diversification

Figure 3 shows distribution of stromatoporoid genera
within subdivisions of the Llandovery of some best-studied
regions. In most cases it has been possible to divide the
standard stages (ages), Rhuddanian, Aeronian, Telychian,
into lower (early) and upper (late) parts based mainly on the
mass occurrences of pentamerids. In some cases the
exact stratigraphic position of the records is uncertain in
which case the abbreviation of the region name is shown in
parentheses. Pre- and post-Llandovery records of the
genera are shown by a plus sign (+) in the columns “Earlier”
and “Later” respectively. The number of genera and per-

centage of representatives of different orders are shown in
the histogram (Figure 4). The late Aeronian and early Tely-
chian cciumns have been divided into two parts, the left side
only taking into account certain data, with the right side also
including less certain information, shown in Figure 3 in
parentheses.

The histogram shows the very low generic diversity of
stromatoporoids in Rhuddanian and early Aeronian time (four
to seven genera), and its abrupt increase (12 to 20) beginning
in the late Aeronian. During the Rhuddanian, labechiid and
clathrodictyid genera were almost equally represented in the
stromatoporoid fauna, but species diversity and general
abundance of clathrodictyids were much higher. In the late
Aeronian and Telychian clathrodictyids maintained their
dominant position (44-64%), while labechiids lost their rela-
tive importance (17-33%), and actinostromatids (5-20%), as
well as stromatoporids (5-15%) became significant compo-
nents of the stromatoporoid fauna.

Qualitative changes

All labechiid genera, except Forolinia and “Lophiostroma”
(@en. n.), extend upward into the Llandovery from the Or-
dovician (Figure 3). During the Llandovery a marked generic
radiation took place among the clathrodictyids, in the fam-
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Figure 5. Distribution of analysed records of stromatoporoids, plotted on the Llandovery global map reconstruction,

modified after Scotese and McKerrow (1990).

ilies Clathrodictyidae (increasing from two to four genera) and
especially the Actinodictyidae (from two to six genera). The
first representatives of true laminate stromatoporoids, the
families Atelodictyidae (Intexodictyon) and Gerronos-
tromatidae (Petridiostroma, Gerronostroma), appeared in the
early Aeronian of Estonia and late Aeronian of Norway and
North America respectively. The representatives of these
families have distinct planar laminae and rod-shaped (Ger-
ronostromatidae) or complicated, branching pillars
(Atelodictyidae), which differ from the poorly differentiated,
amalgamated laminae and pillars of the Actinodictyidae and
Clathrodictyidae.

The earliest actinostromatid from the Family Actinos-
tromatidae with reticulate (latticed) structure, the genus
Plectostroma has been described from the late Rhuddanian
of Estonia. A peculiar new genus (“Plectostroma’), which
combines characteristics of the Labechiida (cyst plates) and
Actinostromatida (colliculi), has been found by the authors in
upper Aeronian strata (Hendricks Formation) of northern
Michigan. At the same time and in the same area there
appeared the first stromatoporoids with clinoreticulate or
clinofibrous  subcolumns (Pachystroma). Conventionally,
these are attributed to the Pseudolabechiidae (Stearn et al.,
1999), but actually they are even more closely related to the
Order Syringostromatida through the presence of clinor-
eticulate subcolumns. A third branch of actinostromatids,
the Family Densastromatidae, characterized by the presence
of an orthoreticulate microstructure, appeared in the latest
Telychian (lowa, Gotland). This means that by the end of
the Llandovery all families of the Actinostromatida were
represented in the stromatoporoid fauna except the Actinos-
tromellidae.

Also, during the second half of Llandovery time the earliest

Abbreviations of the region names as in Figure 3.

representatives of the Order Stromatoporida emerged. We
have discovered Lineastroma (Stromatoporidae) and Syrin-
gostromella (Syringostromellidae) in the late Aeronian of
northern Michigan. Eostromatopora (Stromatoporidae) has
been reported from Telychian strata of Baffin Island, Norway
and Ireland (Nestor, 1999b). This indicates that the main
branches of the Stromatoporida, except for the Feres-
tromatoporidae, also arose by the end of the Llandovery.

Biogeographic peculiarities

Occurrences of stromatoporoids analysed are shown on
the Llandovery global map reconstruction, modified after
Scotese and McKerrow (1990) (Figure 5). In the Rhuddanian
and early Aeronian the origination center of the new taxa
was Estonia where Forolinia, Plectostroma (Actino-
stromatidae) and Intexodictyon (Atelodictyidae) successively
arose. In the late Aeronian, the center of origin shifted to
the Michigan Basin (northern Michigan), where the earliest
representatives of the genera Petridiostroma (Gerrono-
stromatidae), Pachystroma (Pseudolabechiidae or Syringo-
stromatidae), Lineastroma (Stromatoporidae) and Syringo-
stromella (Syringostromellidae) first appeared. Anticosti
Island with first records of Neobeatricea (late Rhuddanian)
and Actinodictyon (early Telychian), as well as Baffin Island,
with Gerronostroma and Eostromatopora (early Telychian)
were less remarkable radiation centers.

The most conservative stromatoporoid faunas are those
found in South China and Siberia where labechiids (Labechia,
Forolinia, Rosenella, Stylostroma, Ludictyon) maintained an
important role during the late Aeronian-Telychian, but
actinostromatids and stromatoporids are apparently absent.
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Conclusions

The Late Ordovician extinction and earliest Silurian recov-
ery of stromatoporoid faunas were more prolonged events
than commonly supposed, lasting from the late Caradoc to
late Aeronian. They roughly correspond to the Late Or-
dovician-Early Silurian period of “ice-house” climate and
were probably induced by the general cooling of the global
climate.

During the Llandovery the generic diversity of stromatopo-
roids increased five times, from four to 20 genera. The
sharpest increase occurred in the late Aeronian, with the
doubling of generic diversity.

During the Llandovery first representatives of the families
Gerronostromatidae, Atelodictyidae (Order Clathrodictyida),
Actinostromatidae, Pseudolabechiidae, Densastromatidae
(Order Actinostromatida) and Stromatoporidae, Syringo-
stromellidae (Order Stromatoporida) appeared. It is aimost a
third of all known families of the Palaeozoic stromatoporoids,
and demonstrates that the second half of the Llandovery
was an important diversification phase in the stromatoporoid
evolution.

Acknowledgments

Acknowledgment is made to the Donors of The Petroleum
Research Fund, administred by the American Chemical
Society, for support of this research. In addition, the U.S.
National Research Council Twinning Program and Estonian
Science Foundation (grant No. 3749) partially supported the
research. We also express many thanks to Deirdra Cantrell
and John Giriffin from the University of Alabama, who prepar-
ed many of the thin sections used in the research. We are
grateful to Barry D. Webby for detailed review and improve-
ment of the manuscript.

References

Ainsaar, L., Meidla, T and Martma, T., 1999 Evidence for a
widespread carbon isotopic event associated with late
Middle Ordovician sedimentological and faunal
changes in Estonia. Geological Magazine, vol. 136, p.
49-62.

Bolton, T.E., 1988 Stromatoporoidea from the Ordovician
rocks of central and eastern Canada. Contributions to
Canadian Paleontology Geological Survey of Canada,
Bulletin, vol. 379, p.17-45.

Caputo, M.V, 1998 Ordovician-Silurian glaciations and
global sea-level changes. In, Landing, Ed. and John-
son, M.E., eds., Silurian Cycles Linkages of Dynamic
Stratigraphy with Atmospheric, Oceanic, and Tectonic
Changes. James Hall Centennial Volume. New York
State Museum Bulletin, vol. 491, p. 15-25.

Dong, D.Y and Yang, J.Z, 1978 Lower Silurian
stromatoporoids from northeastern Guizhou. Acta
Paleontologica Sinica, vol.17 p.421-436. (In Chinese
with English abstract)

Frakes, L.A., Francis, J.E. and Syktus, J.., 1994 Climate
Modes of the Phanerozoic, 219 p. Cambridge Univer-
sity Press.

Galloway, JJ. and St. Jean, J., 1961 Ordovician
Stromatoporoidea of North America. Bulletins of
American Paleontology, vol. 43, p. 1-102.

Grahn, Y and Caputo, M.V., 1992 Early Silurian glaciations
in Brazil. Palaeogeography, Palaeoclimatology,
Palaeoecology, vol. 99, p. 9-15.

Kapp, U.S. and Stearn, C.W., 1975 Stromatoporoids of the
Chazy Group (Middle Ordovician), Lake Champlain,
Vermont and New York. Journal of Paleontology, vol.
49, p. 163-186.

Lavoie, D., 1995 A Late Ordovician high-energy temper-
ate-water carbonate ramp, southern Quebec, Canada
Implications for Late Ordovician oceanography.
Sedimentology, vol. 42, p. 95-116.

Legrand, P., 1995 Evidence and concerns with regard to
the Late Ordovician glaciation in North Africa. In,
Cooper, J.D., Droser, M.L. and Finney, S.C., eds., Or-
dovician Odyssey Short Papers for the Seventh Inter-
national Symposium on the Ordovician System. Pacific
Section SEPM, p. 165-169, Fullerton, California.

Mori, K., 1978 Stromatoporoids from the Silurian of the
Oslo region, Norway. Norsk Geologisk Tidsskrift, vol.
58, p.121-124.

Nestor, H., 1964 Ordovician and Llandoverian Stromatopor-
oidea of Estonia, 112 p. Akademiya Nauk Estonskoj
SSR, Institut Geologii, Tallinn. (In Russian with English
abstract)

Nestor, H., 1976 Early Paleozoic Stromatoporoids from the
Moiero River (North of the Siberian Platform), 95 p.
Valgus, Tallinn. (In Russian with English abstract)

Nestor, H., 1983 Stromatoporaty. /n, Nekhorosheva, L.V.,
ed.,, Ob"yasnitel'naya zapiska k skheme stratigrafii nizh-
nesilurijskikh otlozhenij yuga Novoj Zemli, p.48-52.
PGO “Sevmorgeologiya” Leningrad. (In Russian)

Nestor, H., 1984 Autecology of stromatoporoids in Silurian
cratonic seas. Special Papers in Palagontology, vol.
32, p. 265-280.

Nestor, H., 19992 Community structure and succession of
Baltoscandian Early Palaeozoic stromatoporoids. Pro-
ceedings of the Estonian Academy of Sciences, Geo-
logy, vol. 48, p. 123-139.

Nestor, H., 1999b Telychian (Lower Silurian) stromatopor-
oids from Charlestown Inlier, County Mayo, Ireland.
Irish Journal of Earth Sciences, vol.17 p.115-121.

Parks, W.A., 1908 Niagara Stromatoporoids. University of
Toronto Studies, Geological Series, vol. 5, p.1-68.

Parks, W.A., 1909 Silurian Stromatoporoids of America
(exclusive of Niagara and Guelph). University of Tor-
onto Studies, Geological Series, vol. 8, p. 1-52.

Parks, W.A,, 1910 Ordovician Stromatoporoids. University
of Toronto Studies, Geological Series, vol.7 p.1-52.

Patzkowsky, M.E. and Holland, S.M., 1993. Biotic response
to a Middle Ordovician paleoceanographic event in
eastern North America. Geology, vol. 21, p. 619-622.

Patzkowsky, M.E., Slupik, L.M., Arthur, M.A., Pancost, R.D.
and Freeman, K.H., 1997 Late Middle Ordovician envi-
ronmental change and extinction Harbinger of the
Late Ordovician or continuation of Cambrian patterns ?
Geology, vol. 25, p. 911-914.

Petryk, A.A, 1967 Some Silurian stromatoporoids from
northwestern Baffin Island, District of Franklin. Geo-
logical Survey of Canada Paper vol. 67-7 p.1-51.

Raymond, P.E., 1914 A Beatricea-like organism from the



Recovery of stromatoporoid fauna

Middle Ordovician. Canada Geological Survey
Museum Bulletin, vol. 5, Geological Series, No. 21, p. 1-
19.

Raymond, P.E., 1931 Notes on invertebrate fossils, with
descriptions of new species. Bulletin of the Museum
of Comparative Zoology at Harvard College, Geological
Series, vol. 9, p.165-212.

Scotese, C.R. and McKerrow, W.S., 1990 Revised World
maps and introduction. /n, McKerrow, W.S. and
Scotese, C.D., eds., Palacozoic Palaeogeography and
Biogeography. Geological Society Memoir vol. 12, p. 1-
21.

Stearn, C.W., Webby, B.D., Nestor, H. and Stock, C.W., 1999 :
Revised classification and terminology of Palaeozoic
stromatoporoids. Acta Palaeontologica Polonica, vol.
44, p.1-70.

Tesakov, Y.l., Predtechenskij, N.N., Berger, A.Y et al., 1985
Opornyj Razrez Reki Moiero Silura Sibirskoj Platformy,
174 p. Nauka Sibirskoe Otdelenie, Novosibirsk. (/In
Russian)

Webby, B.D., 1979 The Ordovician stromatoporoids. Pro-
ceedings of the Linnean Society of New South Wales,
vol. 103, p. 83-121.

Webby, B.D., 1980 Biogeography of Ordovician
stromatoporoids. Palaeogeography, Palaeoclimatology,
Palaeoecology, vol. 32, p.1-19.

Yang, J.Z. and Dong, D.Y., 1980 Discussion on the Early
Silurian strata in southwestern Hubei and norteastern
Guizhou in light of fossil stromatoporoids. Acta
Paleontologica Sinica, vol. 19, p.393-404. (In Chinese
with English abstract)

337



