
o
t
i
e
s
b

s
d
c
I
e
P
g
o
w
H
v
e
a
h
t

u
P
P
t
m
s

m
p
(
B
a
f
a
(

1
d

Available online at www.sciencedirect.com

Palaeoworld 19 (2010) 1–3

Introduction
Middle Palaeozoic vertebrate biogeography:
Palaeogeography and climate
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The Middle Palaeozoic (Silurian and Devonian) was a time
f major biotic change, with the initiation of complex terres-
rial ecosystems, the first forests, and the expansion of diverse
nvertebrate and vertebrate faunas into fresh-water and terrestrial
nvironments. For the first time in Earth history the land surface
howed some resemblance to that experienced in modern times
y the human species.

There were also dramatic changes in atmospheric compo-
ition, from high levels of CO2 estimated at about 4000 ppmv
uring the Early-Middle Devonian, falling to about one tenth that
oncentration to approach modern levels by the Late Devonian.
n addition, the Late Devonian Frasnian-Famennian boundary
xtinction was one of five major extinction events during the
hanerozoic, and there is considerable controversy about palaeo-
eographic change during the Devonian, in particular the timing
f contact between the great southern supercontinent of Gond-
ana, and other continental areas now located in the Northern
emisphere. The configuration of the continental blocks pro-
ides essential data concerning the extent and duration of a major
quatorial ocean during the Middle Palaeozoic, a key consider-
tion for reconstructing oceanic circulation patterns that would
ave profoundly influenced global climate change, as is the case
oday.

All these were motivating factors for proposing a new project
nder the UNESCO International Geoscience Program (IGCP
roject 491), because we considered our information on Middle
alaeozoic vertebrates at various levels (morphological, sys-

ematic, biostratigraphic, biogeographic) to provide perhaps the
ost complex palaeontological dataset that can be applied to

uch questions.
IGCP Project 491 ran from 2003 to 2007, with five annual

eetings held in conjunction with scientific symposia in various
articipating countries: Riga, Latvia (2003); Gramado, Brazil
2004); Yerevan, Armenia, and St. Petersburg, Russia (2005);
eijing, China (2006), and Uppsala, Sweden (2007). Published
bstracts, papers or field guides from those meetings can be

ound in Schultze et al. (2003), Stinkulis et al. (2003), Richter
nd Smith (2004), Rösler et al. (2004), Hairapetian and Ginter
2005a,b), Ivanov and Young (2005), Ivanov et al. (2005), Zhu

i
a
e

871-174X/$ – see front matter © 2010 Elsevier Ltd and Nanjing Institute of Geolog
oi:10.1016/j.palwor.2010.03.001
t al. (2006a,b), Blom and Brazeau (2007), Blom and Snitting
2007), and Ahlberg et al. (2009).

In addition to enhancing our understanding of the anatomy
nd early evolution of the vertebrates (see Janvier, 1996), the
tudy of Middle Palaeozoic fishes and tetrapods has long been
pplied to the solution of geological problems, mainly through
nvestigation of biostratigraphy and biogeography. Documented
iversity of early vertebrates has increased significantly in
ecent decades, revealing many remarkably endemic assem-
lages. Some widely distributed fishes evidently dispersed
eadily through the sea, but many highly endemic assemblages,
acking associated marine invertebrates, indicated constraint by

arine barriers, and therefore provide one of the most reliable
ndicators of past connections or seaways between continental
reas. The book edited by Long (1993) gave a global perspec-
ive on these aspects, but since then much new information has
ecome available.

For biostratigraphy, the major publication by Blieck and
urner (2000), the final results volume of a previous IGCP
roject (328: Palaeozoic vertebrate biochronology and global
arine/non-marine correlation), updated the contributions in
ong (1993) to provide improved age control on diverse early
ertebrate assemblages integrated with global transgression-
egression patterns for the middle Palaeozoic. This provided
he global chronological framework within which to investigate
he interplay of early vertebrates and their environments. For
iogeography, a synthesis of knowledge from the Australasian
rea for most of the Phanerozoic was presented in Wright et
l. (2000), with reference to a set of maps derived largely from
alaeomagnetic data (Li and Powell, 2001). Related topics under
GCP Project 406 (Circum-Arctic Palaeozoic vertebrates) were
ublished by Ginter and Wilson (1999).

Research associated with IGCP Project 491 has produced
ver 300 peer-reviewed papers. The contributions brought
ogether in this special issue summarise recent research for some
egions where many new vertebrate taxa have been documented

n recent years, especially Asia (Zhao and Zhu, 2010; Wang et
l., 2010), and East Gondwana (Burrow et al., 2010b; Young
t al., 2010). Two other contributions provide updated synthe-

y and Palaeontology, CAS. All rights reserved.
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Introduction / Pala

es of the long-studied Devonian vertebrate communities of the
altic Province (Lukševičs et al., 2010; Lebedev et al., 2010).
e also have more general contributions on atmospheric O2

evels in the Silurian (Qu et al., 2010), palaeomagnetic data
nd Gondwana–Laurasia interactions (Klootwijk, 2010), analyt-
cal methods in palaeobiogeography (Young, 2010), and global
nalysis of endemism–cosmopolitanism during the Middle-Late
evonian (Lebedev and Zakharenko, 2010). The remaining
apers document new placoderm taxa from North Gondwana
Rücklin, 2010), South China (Zhang et al., 2010) and North
hina (Jia et al., 2010), and vertebrate microremains from
zbekistan (Burrow et al., 2010a). There is no overall update of

he ‘Old Red Sandstone continent’ of Laurussia (Euramerica),
ut Elliott et al. (2000) gave coverage of this well-studied region.
or South America, included as part of West Gondwana in the
verview by Lelièvre et al. (1993), Janvier (2007) has provided
recent update.

However we also note some significant regions that have
een less accessible to scientific investigation, but contain
iverse Devonian vertebrate assemblages that remain poorly
ocumented. One such area includes Siberia, the Kara-Tajmyr
lock (Tajmyr and Severnaya Zemlya), and Kolyma, and a
econd includes the Palaeozoic Tianshan Belt of central Asia
Uzbekistan, Tadjikistan, Kyrgyzstan), Kazakhstan, and the
uva-Mongolia belt. Blieck and Janvier (1993) provided an
xcellent overview of vertebrate localities across part of these
reas; Ivanov (2002) commented briefly on unusual placoderms
rom southern Siberia and Kazakhstan, and Burrow et al. (2010a)
ave documented the Zinzilban section of Uzbekistan, but there
s much more to be described. Future documentation of verte-
rate assemblages across central Asia will provide crucial data
or understanding the timing of connections between eastern
sia and Laurussia (Euramerica). Another less accessible region

elevant to the question of Devonian east-west connections is
he Middle East. Again, an excellent summary of localities was
resented by Lelièvre et al. (1993; one additional locality is
dipnoan occurrence in the western Karkorum Hindu Kush

egion of northern Pakistan; see Talent et al., 1999, fig. 5). We
egard documentation of the Devonian vertebrate assemblages
n these regions as the most important focus for future research,
o complete the global coverage of the vertebrate dataset for
nalysis of Middle Palaeozoic biogeography, palaeogeography,
nd climate.

As co-leaders of IGCP Project 491, we would like to thank
ll colleagues for their participation in the project, and espe-
ially those that put in the enormous effort of organising the
nnual meetings and associated symposia and field trips. We
re indebted to Wenjin Zhao (IVPP), who worked tirelessly as
he secretary of IGCP Project 491 to organize all aspects of
he project, including all the documentation of annual reports,
unding, minutes of meetings, etc.

As guest editors of this special issue, we thank each of the
uthors for their excellent contributions, and acknowledge the

upport of the late Professor Jin Yugan, former Editor-in-chief
f Palaeoworld, and Dr. Yang Qun, current Editor-in-chief, for
heir encouragement and help in bringing the publication to
ompletion, also Chen Siwei and colleagues in the editorial

L

rld 19 (2010) 1–3

ffice, and many reviewers of the submitted manuscripts, for
heir meticulous attention to the quality of the final product.
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ukševičs, E., Lebedev, O.A., Zakharenko, G.V., 2010. Palaeozoogeographical
connections of the Devonian vertebrate communities of the Baltica Province.
Part I. Emsian-Givetian. Palaeoworld 19 (1–2), 94–107.

u, Q.M., Zhu, M., Zhao, W.J., 2010. Silurian atmospheric O2 changes and the
early radiation of gnathostomes. Palaeoworld 19 (1–2), 146–159.

ichter, M., Smith, M.M. (Eds.), 2004. 10th International Symposium on
Early Vertebrates/Lower Vertebrates (Gramado, Brazil, 24–28 May 2004).
Programme and Abstracts Volume. UFRGS & Sociedade Brasileira de Pale-
ontologia, 48 pp.

ösler, O., Richter, M., Schultz, C.L., 2004. 10th International Symposium on
Early Vertebrates/Lower Vertebrates Field Trip Guide Book: Devonian and
Permian Biological Environmental Records in the Parana Basin, Southern
Brazil (May 29th–June 1st, 2004). UFRGS, The Natural History Museum
(London) and Cenpaleo-UnC/Mafra, 36 pp.

ücklin, M., 2010. A new Frasnian placoderm assemblage from the eastern Anti-
Atlas, Morocco, and its palaeobiogeographical implications. Palaeoworld 19
(1–2), 87–93.
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