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Abstract

The transition from Permian to Triassic time, amidst the largest extinction in the history of life, is characterized by the loss of
metazoan reefs followed by a protracted and total reorganization of reef ecosystems. This restructuring of reefs was permanent,
and involved a succession from the Permian reef optimum to their total demise, followed by a long-term absence of metazoan
reefs in the Early Triassic and then ultimately a delayed recovery in the Middle Triassic. During the end-Permian mass extinc-
tion, reef building metazoans suffered a major extinction that resulted in a severe drop in reef skeletal carbonate production
by > 99%. Following the extinction, microbial reefs that formed without metazoans took over for 5-6 Myr during the entire
Early Triassic. This microbial reef resurgence has been widely studied and is thought to represent long-term environmental
stress related to the end-Permian mass extinction that suppressed the recovery of metazoans while simultaneously fostering
microbialite development. In the Middle Triassic, metazoans reefs became re-established, although pre-extinction biodiversity
values were not attained until the Late Triassic. To cite this article: S.B. Pruss, D.J. Bottjer, C. R. Palevol 4 (2005).
© 2005 Académie des sciences. Published by Elsevier SAS. All rights reserved.

Résumé

La réorganisation des communautés récifales apres la crise biologique de la fin du Permien. La transition du Permien
au Trias, contemporaine de la plus importante phase d’extinction de I’histoire de la vie, est caractérisée par la disparition des
récifs édifiés par les métazoaires. Il lui succede une longue période d’une réorganisation complete des écosystemes récifaux. La
restructuration des récifs était continue, impliquant une succession d’étapes, depuis I’optimum récifal du Permien jusqu’a I’entiere
disparition des récifs a métazoaires, leur absence prolongée pendant le début du Trias et, finalement, leur reconquéte progressive
au cours du Trias moyen. Lors des extinctions massives de la fin du Permien, les métazoaires constructeurs de récifs subirent une

* Corresponding author.
E-mail address: spruss @fas.harvard.edu (S.B. Pruss).
! Current address: Department of Organismic and Evolutionary Biology. Harvard University, 26 Oxford Street, Cambridge, MA 02138, USA.

1631-0683/$ - see front matter © 2005 Académie des sciences. Published by Elsevier SAS. All rights reserved.
doi:10.1016/j.crpv.2005.04.003



554 S.B. Pruss, D.J. Bottjer / C. R. Palevol 4 (2005) 553-568

crise majeure par suite d’une diminution dramatique, plus de 99%, de la production de carbonates provenant d’organismes
récifaux a squelettes calcaires. Apres les extinctions, la releve fut assurée durant un intervalle de 5 a 6 Ma, c’est-a-dire durant
toute la durée du début du Trias, par des récifs microbiens édifiés sans la participation de métazoaires. Cette résurgence des récifs
microbiens a été largement étudiée et a été interprétée comme significative d’un stress environnemental de longue durée, en
relation avec les extinctions massives de la fin du Permien, qui ont empéché la reconquéte des métazoaires, tout en stimulant
conjointement le développement des microbialites. Au cours du Trias moyen, les récifs a métazoaires réapparaissent, mais leur
biodiversité n’atteindra un niveau comparable a celui d’avant la crise, qu’a la fin du Trias. Pour citer cet article : S.B. Pruss,

D.]. Bottjer, C. R. Palevol 4 (2005).
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1. Introduction

The end-Permian mass extinction brought about an
annihilation of reef-building organisms at the close of
the Paleozoic. There is an abrupt extinction of many
groups of reef-builders at the end of the Permian fol-
lowed by an absence of platform margin reefs for the
entire Early Triassic, 5-6 Myr [50,52]. The re-
establishment of platform margin reefs, constructed by
problematic organisms such as Tubiphytes (e.g., [21]),
began early in the Anisian; however, the recovery of
metazoan reef ecosystems may have take as long as
7-8 Myr [31,32]. Tabulate and rugose corals disap-
peared forever from reef ecosystems (e.g., [32]) and
sponges did not recover until the Anisian (e.g.,
[15,22,75]). Because of the paucity of reef-building
metazoans during the 5-6 Myr following the end-
Permian mass extinction, the Early Triassic has been
dubbed a reef gap [15]. This view has been subse-
quently modified because of the discovery of micro-
bial patch reefs in Lower Triassic strata [3,4,43,56,86]
(Fig. 1). In the Middle Triassic, sponge-algal patch reefs
formed by Tubiphytes, Girtycoelia, and various trep-
tostome bryozoans became re-established, and sclerac-
tinians radiated rapidly [22,25].

The absence of metazoan reef builders from the Early
Triassic has been well-documented (e.g., [15]); how-
ever, the proliferation of microbial reefs in their absence
has only recently been noted (e.g., [43]). Early Triassic
microbial reefs have been described from a variety of
locations globally including South China [43,46], south-
ern Turkey, Armenia, Iran, and Oman [3,4], as well as
Greenland [86] and western North America [56].
Because the true biotic recovery did not begin until the

Middle Triassic, the Early Triassic has been called a
‘survival phase’ [32] (Fig. 2). Microbial reefs formed
during this survival phase in the absence of metazoans
acting as framework builders, bafflers, or binders. The
widespread occurrence of microbial reefs from earliest
to latest Early Triassic time suggests that the suppres-
sion of reef-building metazoans may be linked to envi-
ronmental conditions that favored microbial growth
(e.g., [38,43,56]). The gradual demise of reef-building
metazoans has been linked to a drop in oxygen levels
from Permian to Triassic time [81], and these low oxy-
gen conditions may have acted as a source of environ-
mental stress that favored microbialite development.

Many of the reef-building organisms that appear in
the Middle Triassic differ from their Permian predeces-
sors. There are some Lazarus taxa that reappear in the
Norian, and this has been attributed to the survival of
organisms in unknown refugia [76]. Middle Triassic
sponge genera are new despite morphologic similari-
ties to their ancestors [20,71]. Tubiphytes specimens
are different from Permian examples, and Girtycoelia
is likely a homeomorph of earlier forms (e.g., [32]).
Interestingly, scleractinian corals appear as a diverse
fauna when first documented in the Middle Triassic
[22,25].

This paper presents a synthesis of the current under-
standing of changes in reef ecosystems from Permian
to Triassic time. The research summarized here empha-
sizes the devastation of metazoan reef communities and
the ensuing long-term effects of the end-Permian mass
extinction. Understanding the reasons for the meta-
zoan reef gap of the Early Triassic may ultimately illu-
minate the environmental parameters that affect the
growth and diversification of skeletal reef organisms.
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