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Was there more space in the late Early Devonian for marine
biodiversity to peak than in the early Late Ordovician?:
A brief note

DMITRY A. RUBAN!

Abstract. After the so-called “Cambrian explosion”, marine biodiversity peaked either in the early Late
Ordovician (as shown by the “classical” curves based on the extensive palacontological data compilation) or
in the late Early Devonian (as shown by the “innovative” curve based on the sampling standardization). The
brief review of the modern plate tectonic, palaeoclimatic, and eustatic reconstructions demonstrates that
shelves, which likely provided the main space for biotic radiation, shrank, concentrated in the tropics, and
were better connected in the late Early Devonian than in the early Late Ordovician. The results of the present
analysis permit to hypothesize that there was more (or the same) space for marine organisms to reach their
maximum in their number in the early Late Ordovician relatively to the late Early Devonian. This is the only
particular hypothesis, and the other extrinsic and intrinsic factors should be considered in further discussions.
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AncrpakT. [locie T3B. “KaMOpHjyMCKe eKCILIo3Hje”, MOPCKH OMOIMBEP3UTET TOCTHKE CBOj MaKCHMYyM
WIA Y JOKBEM eIy TOPEHEr OpAOBUIjyMa (Kao INTO je MPHUKa3aHO ~KIACHYHOM' KPHBOM 3aCHOBAaHO] Ha
KOMITMJIAH]H UCLPITHUX MAJICOHTONIOUIKHX MOJaTaKa) UM y TOPHEM JIENy JOHET JIeBoHa (IITO je MPUKa3aHo
KPHBOM 3aCHOBaHO]j Ha CTaHJIap/IHOM Y30pKoBamy). [Iperien nogaraka Koju ce OAHOCE Ha CaBPEMEHY TEKTO-
HUKY 1104, NTAJICOKIMMY U PEKOHCTPYKIIMjy HUBOA MOpPa, yKa3yje Ha CMamemhe PacipocTpambena melndosa,
KOjU Cy HajBepOBaTHHj€ YMHWIN IIaBHY CPEANHY 3a OMOTCKy paaujanujy. lllendosu cy 6unm orpannyeHu Ha
TPOIICKE IpeseNe U OWiIn cy 0OJbe TOBE3aHU y TOPHEM JIENy JOHET JEBOHA HETO Y NOHEM ey TOpHer
oprosunjyma. Pesynraru noOMjeHHM y OBOM paly /103BOJbaBajy IPETIOCTaBKY Jla Cy MOPCKH OpraHHU3MHU
MMajH BUIIE, WK 0apeM IOJjeHaKo MPOCTopa 3a OCTHU3amhe MaKCHMyMa CBOje OpPOJHOCTH Y JOHEM JIeITy
TOpH-ET OPIOBHUIIMjYMa HETO y TOPEHEM JIely Jomer aeBoHa. OBO je CBaKako caMo jelHa Of MPETIIOCTaBKH, a
y Oynyhum ananm3ama Ouhe pa3MaTpaHu U OCTaNU CIIOJBAIIHY U YHYTPALTEHH (DaKTOPH.

Kiby4yne peun: MOpCKu OMOTUBEP3UTET, e, OMOTCKA paaujairja, TOPEHH OPIOBUIIH]YM, TOHBH JCBOH.

Introduction

The new reconstruction of the global Phanerozoic
marine biodiversity dynamics (ALROY ef al. 2008) has
not only changed our understanding of the history of
life, but it has posed new questions. One of the most
important is about the Paleozoic diversity maxima.
The “classical” curves (based on the latest version of
the compendium by SEPKOSKI (2002)) depicting
changes in the number of genera through the geologic
time (e.g., PURDY 2008; ABERHAN & KIESSLING 2012)

demonstrate clearly that the first outstanding maxi-
mum in the diversity of marine invertebrates after the
famous “Cambrian explosion” (see review and synop-
sis of the key literature sources in RUBAN 2010) was
reached in the early Late Ordovician (Fig. 1A). Evi-
dently, this peak was a quintessence of the Ordovician
radiation (see reviews in HARPER 2006; SERVAIS et al.
2009; RuBaN 2010; MILLER 2012). In contrast, the
“innovative” curve based on the sampling standardi-
zation (ALROY ef al. 2008) postdates such a maximum
by ~50-60 Ma and places it into the late Early Devo-
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nian (Fig. 1B), when another major biotic radiation
culminated (RuBaN 2010). Although the both recog-
nized events were true diversity peaks (see the curves
based on the SEPKOSKI (2002)’s compendium (PURDY
2008; ABERHAN & KIESSLING 2012; ABERHAN et al.
2012) and the sampling standardization (ALROY et al.
2008)) resulted from major radiations in the marine
realm (RuBaN 2010), it remains uncertain which of
them was really bigger (Fig. 1).
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oustanding marine biodiversity peak

~
// ~
P ~

A - h

2000
[

1000
|

600

generic diversity of marine invertebrates
400

Cambrian |Ordovician| ; Silurian | Devonian

approximately Sandbian-early Katian;_ﬁ
here defined as early Late Ordovician

approximately Emsian;
here defined as late Early Devonian

Fig. 1. Early-Middle Paleozoic marine biodiversity dy-
namics: A, “classical” diversity curve adapted from PURDY
(2008) and based on the dataset by SEPKOskI (2002); B,
“innovative” curve adapted from ALROY et al. (2008) and
based on sampling standardization. The scale of this figure
and the correspondence of the curves follow RUBAN
(2010).

The controversy between the two above-mentioned
curves (or, better to say, data and approaches employ-
ed for their construction) is difficult to judge about,
particularly because of different “philosophies” exist-
ing in the modern palaeobiology (e.g., BENTON 2011;

RuBaN 2012). However, the discussion can be started
from the “back” side, i.e., with evaluation of condi-
tions that were or were not able to sustain higher ma-
rine biodiversity in the early Late Ordovician and the
late Early Devonian. In the present note, the palacoen-
vironments favourable for marine taxa to peak in their
number in these two time slices are compared qualita-
tively. Of course, the outcome of such an analysis can
be only hypothetical and particular. But even if this
cannot resolve the above-mentioned controversy, the
development of agenda for further investigations will
be facilitated.

What space did the marine biodiversity
need to peak?

Links between the space in oceans and seas that
allowed marine biota to evolve and the diversity of
this biota were probable, although this idea is ad-
dressed critically in the modern palaeobiological lit-
erature (ABERHAN & KIESSLING 2012; SMITH &
BENSON, 2013). Generally, shelfal environments
seem to be the most favourable for high biodiversity
levels. On a global scale, their size depended on frag-
mentation of land masses, curvature of continental
slopes, and sea level (ABERHAN & KIESSLING 2012;
see also discussion by HOLLAND 2012). However, the
existence of such a space did not necessarily lead to
biodiversity acceleration. At least, two important
constraints should be considered. The first constraint
is climate. If warm seawater of the tropics was
chiefly responsible for marine biodiversity, the only
concentration of shelves near the Equator enlarged
the latter. But there is an alternative point of view,
which links higher number of taxa to palaeoclimatic
differentiation (VALENTINE 1968; TROTTER et al.
2008; RuBaN 2010). In this case, the proportional
pole-to-equator distribution of shelves was favo-
urable for higher diversity. The second constraint is
shelf connectivity. One may propose that either dis-
persal or isolation of marine organisms might have
been a factor of their radiation (e.g., see RUBAN
2010). This means that the global connectivity of
shelves or, in contrast, their separation by abyssal
(sensu lato) domains might have enhanced peaks in
the marine biodiversity.

The above said allows to compare the early Late
Ordovician and the late Early Devonian global pala-
eoenvironments by the relative size, pole-to-equator
distribution, and connectivity of shelves. Evidently,
the uncertain importance of shelfal space for marine
biodiversity to peak (ABERHAN & KIESSLING 2012),
the complex relationships between the habitat size,
sea-level changes, and biotic evolution (HOLLAND
2012), as well as the above-mentioned alternative in-
terpretations of the constraints of space-biodiversity
links should be further taken into account.
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Comparison of two time slices

The available plate tectonic reconstructions (Sco-
TESE 2004; see also Cocks & Torsvik 2002; LAWVER
et al. 2002; StamMPFLI & BOREL 2002; TORSVIK &
Cocks 2004; voN RAUMER & STAMPFLI 2008; NANCE
et al. 2012; STAMPFLI et al. 2013; see also scotese.com
and ww2.nau.edu/rcb7/globaltext2.html) demonstrate
that the fragmentation of land masses in the early Late
Ordovician and the late Early Devonian was more or
less comparable; and the degree of this fragmentation
can be judged moderate (RUBAN 2010). There were
one large supercontinent of Gondwana and some
other more or less “dispersed” middle-sized tectonic
blocks in the both time slices (Fig. 2). Although
Baltica and Laurentia already formed the continent of
Laurussia in the Early Devonian (STAMPFLI & BOREL
2002; Cocks & Torsvik 2005, 2011; STAMPFLI et al.
2013), and the Galatian terranes did not separate from
Gondwana until the mid-Paleozoic (VON RAUMER &
STAMPFLI 2008; STAMPELI et al. 2013), there were the
other relatively large and separate land masses, i.e.,
the Hunic terranes (VON RAUMER & STAMPFLI 2008;
STAMPFLI ef al. 2013) or the Kazakh continent with the
related terranes (WILHEM et al. 2012).

Equator

Late Ordovician

Early Devonian

Fig. 2. Overlapped Late Ordovician and Early Devonian contours of the principal
continental blocks (strongly generalized from SCOTESE 2004). Abbreviations: B, Bal-
tica; G, Gondwana; L, Laurentia; NC, North China; S, Siberia (B+L, Baltica and

Laurentia joined in the mid-Paleozoic to form Laurussia).

The same plate tectonic reconstructions (COCKS &
Torsvik 2002, 2013; LAWVER et al. 2002; STAMPFLI &
BOREL 2002; SCOTESE 2004; TorsVIK & Cocks 2004;
VON RAUMER & STAMPFLI 2008; NANCE et al. 2012;
WILHEM et al. 2012; STAMPFLI et al. 2013) permit to
conclude about the comparable ratio between “active”
and “passive” continental margins in the early Late

Ordovician and the late Early Devonian. It can be
assumed that the curvature of continental slopes,
which is often controlled tectonically, was more or
less similar on a global scale in these two time slices.
Therefore, the established fragmentation of land
masses and the curvature of continental slopes imply
together the comparable size of shelfal environments
in the analyzed time slices.

In contrast, significant difference is found with
regard to the third factor affecting the size of shelves,
i.e., the global sea level. The new eustatic reconstruc-
tion proposed by HAQ & SCHUTTER (2008) shows that
this level was up to 200-220 m above the Present or
even more in the early Late Ordovician, but it dropped
by more than 1.5 times in the late Early Devonian, i.e.,
to only 120-140 m above the Present. This means that
the shelfal environments in the former time slice were
likely significantly larger. There were neither increase
in the land mass fragmentation nor the smoothening
of the continental slopes that would recompense the
lower position of the global sea level in the late Early
Devonian in comparison with the early Late Ordovici-
an. Interestingly, the global palaecogeographical recon-
structions by R.C. BLACKEY (available on-line at
ww?2.nau.edu/rcb7/globaltext2.html) demonstrate cer-
tain rise of the Gondwanan
shelves in the Early Devonian;
if so, the only moderate (if any)
reduction of shelfal environ-
ments should be postulated for
this time slice.

The knowledge on the early
Late Ordovician climate rema-
ins controversial in somewhat
(MILLER 2012). It is more or
less proven that the global
temperature at the beginning
of the Late Ordovician was
high (e.g., see Fig. 8 in ZALA-
siewicz 2012). However, the
cooling trend established by
TROTTER et al. (2008) and Bo-
uCoT et al. (2009) and the evi-
dence of glaciations that deve-
loped already since the Early
Ordovician (TURNER et al.
2011, 2012) imply that the La-
te Ordovician water masses
were not exceptionally warm.
It is not excluded, however,
that the cooling trend was su-
perimposed by a warming episode (Boucort et al.
2003; FORTEY & Cocks 2005). In the late Early Devo-
nian, the temperatures, including the low-latitude sea-
water surface temperatures, were high enough (Joa-
CHIMSKI et al. 2009; Fig. 8 in ZALASIEWICZ 2012).
However, the long-term cooling trend is interpreted
(JOACHIMSKI et al. 2009). Finally, the equator-to-pole
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climatic gradient remained moderate in the both early
Late Ordovician and the late Early Devonian (Boucort
2009). Speaking generally, the compared time slices
were characterized by generally similarly global cli-
matic conditions, and some pole-to-equator climatic
differentiation was typical to the both of them.
Evidently, it is important to realize whether there were
differences in the pole-to-equator distribution of
shelves between the two analyzed time slices. These
can be deduced from the above-mentioned plate tecton-
ic reconstructions (Cocks & Torsvik 2002, 2013;
LAWVER et al. 2002; STAMPFLI & BOREL 2002; SCOTESE
2004; Torsvik & Cocks 2004; voN RAUMER &
STAMPFLI 2008; NANCE et al. 2012; WILHEM et al. 2012;
STAMPFLI et al. 2013). In the early Late Ordovician, the
Gondwanan margin stretched from very high to very
low latitudes in the Southern Hemisphere (and even
entered the Northern Hemisphere), whereas separate
middle-sized tectonic blocks were situated near the
Equator. In the late Early Devonian, the Gondwanan
margin remained large, but the interiors of the super-
continent occupied high latitudes of the Southern He-
misphere. In other words, the margin “shifted” towards
Equator. The other tectonic blocks remained in the trop-
ics with just a certain shift northwards. Therefore, it
appears that the concentration of shelfal environments
in the tropics increased together with the above-men-
tioned plate tectonic changes in the late Early Devonian
relatively to the early Late Ordovician (Fig. 2). Of
course, a portion of shelves remained in temperate and
even high latitudes. Moreover, the global palacogeo-

graphical reconstructions by R.C. BLACKEY (available
on-line at ww2.nau.edu/rcb7/globaltext2.html) show
that the Late Ordovician shelves of Gondwana also
concentrated in the tropics, and they were narrower or
lacking in the higher latitudes; the Early Devonian
shelves of Gondwana, in contrast, were abundant in
temperate latitudes. Consequently, it is sensible to
suppose the only moderate (or even little) difference
in the pole-to-equator distribution of shelves between
the two analyzed time slices.

The connectivity of shelves changed through the
early Paleozoic. At least, three features provide an
evidence of its increase in the late Early Devonian in
comparison to the early Late Ordovician. These inclu-
de 1) the more “compact” grouping of land masses
(e.g., SCOTESE 2004; STAMPFLI et al. 2013); 2) the
shrinkage of the water space between Gondwana and
Laurussia (DoJeEN 2009), although the closure of the
Rheic Ocean lasted through the Devonian and later
(NANCE et al. 2012); 3) the lower global sea level
(HAQ & SCHUTTER 2008).

Making hypotheses

The evidence presented above can be summarized
as follows (Table 1). The global shelfal environments
shrank, shifted towards Equator, and became better
connected in the late Early Devonian relatively to the
early Late Ordovician. If the very assumption that
these environments provided the essential space for

Table 1. Comparison of global parameters considered in this paper (see text and RUBAN (2010) for more details and data

sources).
Parameter early Late Ordovician (O3) late Early Devonian (D1) Comparison
Fragmentation of land moderate moderate 03 = DI
masses
Anticipate curvature of O3~ Dl
continental slopes
Global sea level 200-220 m above the Present | 120-140 m above the Present 03>Dl
Shelfal environments 03> D1
Climate (thermal regime) moderately warm moderately warm O3~ Dl
Equator-to-pole climatic moderate moderate 03 =Dl
gradient
Pole-to-equator ~ equal certain concentration shelves in the tropics:
distribution of shelves near the Equator 03 =Dl
Connectivity of shelves moderate higher than moderate 03 <DI
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Observations

1) shelfal environments shrank globally in the late Early Devonian

relatively to the early Late Ordovician

2) shelfal environments tended to concentrate in the tropics or closely
to them in the late Early Devonian relatively to the early Late Ordovician

3) connectivity of shelfal environments increased in the late Early
Devonian relatively to the early Late Ordovician

Key alternative assumptions on
constraints
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Hypotheses on space for marine
biodiversity to peak

Hypothesis 1:
more space in the early Late Ordovician

Hypothesis 2:
more space in the late Early Devonian

\\ Hypothesis 3:

generally comparable space

Fig. 3. Hypotheses that can be made based on the assumptions and the evidence employed in this paper (see text and Table
1). These considerations are sensible only if pole-to-equator distribution and connectivity of shelfal environments were true

constraints and their importance was comparable.

the marine biodiversity to peak is valid, only two hy-
potheses can be proposed (Fig. 3). The first of them
suggests that sea organisms had more space to peak in
the early Late Ordovician, and the second hypothesis
suggests that such a space was comparable in the ana-
lyzed time slices. Such a result is very interesting, be-
cause it matches better the “classical” biodiversity
curves (PURDY 2008; ABERHAN & KIESSLING 2012;
ABERHAN et al. 2012; based on the data from SEPKOSKI
2002) than the “innovative” curve proposed by ALROY
et al. (2008). One should note that the former curve
indicates that the late Early Devonian peak was just a
bit smaller than that early Late Ordovician (Fig. 1).
Of course, all considerations presented above are
highly hypothetical, and it would be wrong to say that
they are enough to support one of the alternative
marine biodiversity curves. For instance, we do not
know what was the relative importance of the dis-
cussed constraints of space-biodiversity links. It can-
not be excluded that, say, the pole-to-equator differen-
tiation was more important than the connectivity of
shelfal environments, and so on. Moreover, the avail-
able plate tectonic, palacoclimatic, and eustatic recon-

structions still need serious improvement. However,
the attempted qualitative analysis provides some
important ideas for further discussions.

Conclusions

The qualitative analysis of the available informa-
tion on the global Late Ordovician and Early Devoni-
an plate tectonics, palaeoclimate, and sea level and the
attempt to imply its results for judgements about the
alternative biodiversity curves allow two main con-
clusions:

— apparently, global shelfal environments shrank,
concentrated in the tropics, and were better connected
in the late Early Devonian relatively to the early Late
Ordovician;

— hypothetically, there was more (or the same)
space for marine biodiversity to peak in the early Late
Ordovician than in the late Early Devonian, which
matches better the “classical” biodiversity curve.

Testing these too tentative ideas quantitatively appe-
ars to be an important task for further studies. However,
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quantification of the area of Late Ordovician and Early
Devonian shelves is challenging because of two rea-
sons. On one hand, the available global palaeogeogra-
phical reconstructions (e.g., that by R.C. BLACKEY - see
on-line at ww2.nau.edu/rcb7/globaltext2.html) differ is
some what from some other global plate tectonic recon-
structions (e.g., STAMPFLI & BOREL 2002; vVON RAUMER
& STAMPFLI 2008; WILHEM et al. 2012; STAMPFLI et al.
2013). On the other hand, the above-mentioned global
plate tectonic reconstructions depict only tectonic
blocks, not palacoshorelines, and, thus, they cannot be
employed directly for precise delineation of ancient
shelves. The reconstruction proposed by Cocks & TOR-
SVIK (2013) is an exception (both tectonic blocks and
palacoshorelines are indicated there), but it embraces
the only portion of the planetary space. Moreover, the
summarized area of shelves around small oceanic is-
lands (that are difficult to consider on the modern recon-
structions) should not be ignored. And yet another cau-
tion is reasonable. As shown by PETERS (2007), elongat-
ed shelves around land masses and widespread shelves
of epeiric seas (better to say, such seas embraced only
shelves) might have been different habitats. If so, further
studies should differentiate palacoenvironments, which
are judged together as “shelfal” in this paper.

Of course, the size and the palaeogeographical distri-
bution of shelves were not the only possible controls on
the biodiversity. Many other forces, both extrinsic (i.e.,
environmental) and intrinsic (i.e., biological), as well as
their interconnections should be considered — e.g., the
content of the atmospheric oxygen (BERNER 2006)
and/or the perturbations in the sulphur isotopic record
(HANNISDAL 2011). Or, if there were teleconnections
between marine and non-marine environments / eco-
systems in the Late Devonian (ALGEO ef al. 1995), the
rise and the dispersal of terrestrial floras in the Early
Devonian (NIKLAS et al. 1983; MEYEN 1987; ANDER-
SON et al. 1999) might have been also significant factor
influencing the marine biodiversity. Finally, it would be
wrong to forget that reaching the peak in the number of
taxa depended on the geologic time itself, i.e., on the
duration of the radiation, and the rate of global biotic
evolution.

Acknowledgements

The author gratefully thanks V. RADULOVIC (Serbia) for
his editorial support, JA.M. GUTAK (Russia) and S.O. ZoRI-
NA (Russia) for their reviews, M.G. POWELL (USA) for his
valuable suggestions, and W. RIEGRAF (Germany) and the
other colleagues for their enthusiastic help with literature.

References

ABERHAN, M. & KIESSLING, W. 2012. Phanerozoic Marine
Biodiversity; A Fresh Look at Data, Methods, Patterns

and Processes. In: TALENT, J.A. (ed), Earth and Life:
Global Biodiversity, Extinction Intervals and Biogeo-
graphic Perturbations Through Time, 3-22. Springer,
Dordrecht.

ABERHAN, M., NURNBERG, S. & KIESSLING, W. 2012. Vision
and the diversification of Phanerozoic marine inverte-
brates. Paleobiology, 38: 187-204.

ALGEO, T.J., BERNER, R.A., MAYNARD, J.B. & SCHECKLER,
S.E. 1995. Late Devonian oceanic anoxic events and
biotic crises: ‘rooted’ in the evolution of vascular plants?
GSA Today, 5: 63—66.

ALROY, J., ABERHAN, M., BotTiER, D.J.,, FOOTE, M.,
FUrsich, F.T., HARRIES, P.J., HENDY, A.J.W., HOLLAND,
S.M., Ivany, L.C., KieSSLING, W., KOSNIK, M.A., MAR-
SHALL, C.R., McGOWwAN, A.J., MILLER, A.I., OLSZEWSKI,
T.D., Patrzkowsky, M.E., PETERS, S.E., VILLER, L.,
WAGNER, P.J., BoNuso, N., Borkow, P.S., BRENNEIS, B.,
CrarHaM, MLE., FALL, L.M., FERGUSON, C.A., HANSON,
V.L., KrugG, A.Z., Layou, K.M., LECKEY, E.H., NURN-
BERG, S., POWERS, C.M., SEssaA, J.A., SiMPsoN, C., To-
MASOVYCH, A. & VisaGgGl, C.C. 2008. Phanerozoic
Trends in the Global Diversity of Marine Invertebrates.
Science, 321: 97-100.

ANDERSON, J.M., ANDERSON, H.M., ARCHANGELSKY, S.,
BAMFORD, M., CHANDRA, S., DETTMANN, M., HILL, R.,
MCLOUGHLIN S. & ROSLER, O., 1999. Patterns of Gond-
wana plant colonisation and diversification. Journal of
African Earth Sciences, 28: 145-167.

BENTON, M.J., DUNHILL, A.M., LLOYD, G.T. & MARX, F.G.
2011. Assessing the quality of the fossil record: insights
from vertebrates. In: McGowaN, A.J. & SmiTH, A.B.
(eds.), Comparing the Geological and Fossil Records:
Implications for Biodiversity Studies. Geological Society
Special Publication, 358: 63—94.

BERNER, R.A. 2006. GEOCARBSULF: A combined model
for Phanerozoic atmospheric O, and CO,. Geochimica et
Cosmochimica Acta, 70: 5653-5664

Boucor, A.J. 2009. Early Paleozoic Climates (Cambrian-
Devonian). In: GORNITZ, V. (ed), Encyclopedia of Paleo-
climatology and Ancient Environments, 291-293.
Springer, Dordrecht.

Boucor, A.J., RoNG, J.-Y., CHEN, X. & ScOTESE, C.R. 2003.
Pre-Hirnantian Ashgill climatically warm event in the
Mediterranean region. Lethaia, 36: 119-131.

Cocks, LRM. & Torsvik, T.H. 2002. Earth geography
from 500 to 400 million years ago: a faunal and palaeo-
magnetic review. Journal of the Geological Society, 159:
631-644.

Cocks, L.R.M. & Torsvik, T.H. 2005. Baltica from the late
Precambrian to mid-Palacozoic times: The gain and loss
of a terrane’s identity. Earth-Science Reviews, 72: 39-66.

Cocks, L.R.M. & Torsvik, T.H. 2011. The Palaecozoic geo-
graphy of Laurentia and western Laurussia: A stable cra-
ton with mobile margins. Earth-Science Reviews, 106:
1-51.

Cocks, L.RM. & Torsvik, T.H. 2013. The dynamic evolu-
tion of the Palacozoic geography of eastern Asia. Earth-
Science Reviews, 117: 40-79.



Was there more space in the late Early Devonian for marine biodiversity to peak than in the early Late Ordovician? 7

Doien, C. 2009. Late Silurian and Early Devonian
Beyrichioidea from Gondwana and Perigondwanan ter-
ranes and their palaeobiogeographical implications.
Bulletin de la Société géologique de France, 180:
309-315.

ForTEY, L.R. & Cocks, L.R.M. 2005. Late Ordovician
global warming—The Boda event. Geology, 33: 405—408.

HannNisDAL, B. 2011. Detecting common-cause relation-
ships with directional information transfer. /n: McGo-
WAN, A.J. & SMmiTH, A.B. (eds), Comparing the Geolo-
gical and Fossil Records: Implications for Biodiversity
Studies. Geological Society Special Publication, 358:
19-29.

HaQ, B.U. & SCHUTTER, S.R. 2008. A Chronology of Pa-
leozoic Sea-Level Changes. Science, 322: 64—68.

HARPER, D.A.T. 2006. The Ordovician biodiversification:
Setting an agenda for marine life. Palaeogeography,
Palaeoclimatology, Palaeoecology, 232: 148—166.

HoLLanD, S.M. 2012. Sea level change and the area of shal-
low-marine habitat: implications for marine biodiversity.
Paleobiology, 38: 205-217.

JoacHIMSKI, M.M., BREISIG, S., BUGGISCH, W., TALENT,
J.A., MAawsON, R., GEREKE, M., MORROW, J.R., DAY, J. &
WEDDIGE, K. 2009. Devonian climate and reef evolu-
tion: Insights from oxygen isotopes in apatite. Earth and
Planetary Science Letters, 284: 599—609.

LAawvER L.A., GRANTZ A., GAHAGAN, L.M. 2002. Plate
kinematic evolution of the present Arctic region since
the Ordovician. /n: MILLER, E.L., GRANTZ, A. & KLEM-
PERER, S.L. (eds), Tectonic Evolution of the Bering Shelf-
Chukchi Sea-Arctic Margin and Adjacent Landmasses,
Geological Society of America Special Paper, 360:
333-358.

MEYEN, S.V. 1987. Fundamentals of Paleobotany. Chap-
man and Hall, London, 432 pp.

MILLER, A.I. 2012. The Ordovician Radiation: Macroevo-
lutionary Crossroads of the Phanerozoic. In: TALENT,
J.A. (ed), Earth and Life: Global Biodiversity, Extinction
Intervals and Biogeographic Perturbations Through
Time, 381-394. Springer, Dordrecht.

NANCE, R.D., GUTIERREZ-ALONSO, G., KEPPIE, J.D., LINNE-
MANN, U., MURPHY, J.B., QUESADA, C., STRACHAN, R.A.
& Woobpcock, N.H. 2012. A brief history of the Rheic
Ocean. Geoscience Frontiers, 3: 125-135.

NikLas, K.J., TIFFNEY, B.H. & K~NoLL, A.H. 1983. Patterns
in vascular land plant diversification. Nature, 303:
614-616.

PETERS, S.E. 2007. The problem with the Paleozoic. Paleo-
biology, 33: 165-181.

PurDpy, E.G. 2008. Comparison of taxonomic diversity,
strontium isotope and sea-level patterns. International
Journal of Earth Sciences, 97: 651-664.

RuBaNn, D.A. 2010. Palacoenvironmental setting (glacia-
tions, sea level, and plate tectonics) of Palacozoic major
radiations in the marine realm. Annales de Paléontolo-
gie, 96: 143-158.

RuBaN, D.A. 2012. Reply to “Comment: Taxonomic diver-
sity structure of Silurian crinoids: Stability versus dyna-
mism” by S.K. Donovan. Annales de Paléontologie, 98:
317-320.

ScoTESE, C.R. 2004. A Continental Drift Flipbook. Journal
of Geology, 112: 729-741.

SEPKOSKI, J.J., JR. 2002. A compendium of fossil marine
animal genera. Bulletins of American Paleontology, 63:
1-560.

SERvAIS, T., HARPER, D.A.T., MUNNECKE, A., OWEN, A.W.
& SHEEHAN, P.M. 2009. Understanding the Great
Ordovician Biodiversification Event (GOBE): Influen-
ces of paleogeography, paleoclimate, or paleoecology.
GS4 Today, 19: 4-10.

SMmiTH, A.B. & BENSON, R.B.J. 2013. Marine diversity in
the geological record and its relationship to surviving
bedrock area, lithofacies diversity, and original marine
shelf area. Geology, 41: 171-174.

StampFLI, GM. & BOREL, GD. 2002. A plate tectonic
model for the Paleozoic and Mesozoic constrained by
dynamic plate boundaries and restored synthetic oceanic
isochrons. Earth and Planetary Science Letters, 196:
17-33.

StaMPFLI, GM., HOCHARD, C., VERARD, C., WILHEM, C. &
VON RAUMER, J. 2013. The formation of Pangea. Tecto-
nophysics, 593: 1-19.

Torsvik, TH. & Cocks, LR.M. 2004. Earth geography
from 400 to 250 Ma: a palacomagnetic, faunal and facies
review. Journal of the Geological Society, 161: 555-572.

TROTTER, J.A., WILLIAMS, I.S., BARNES, C.R., LECUYER, C.
& NIcHOLL, R.S. 2008. Did cooling oceans trigger Ordo-
vician biodiversification? Science, 321: 550-554.

TURNER, B.R., ARMSTRONG, H.A. & HoLt, P. 2011. Visions
of ice sheets in the early Ordovician greenhouse world:
Evidence from the Peninsula Formation, Cape Penin-
sula, South Africa. Sedimentary Geology, 236: 226-238.

TURNER, B.R., ARMSTRONG, H.A., WILSON, C.R. & MAk-
HLOUF, LLM. 2012. High frequency eustatic sea-level
changes during the Middle to early Late Ordovician of
southern Jordan: Indirect evidence for a Darriwilian Ice
Age in Gondwana. Sedimentary Geology, 251-252:
34-48.

VALENTINE, J.W. 1968. Climatic Regulation of Species
Diversification and Extinction. Bulletin of the Geolo-
gical Society of America, 79: 273-276.

VON RAUMER, J.F. & StampPFLI, GM. 2008. The birth of the
Rheic Ocean - Early Palacozoic subsidence patterns and
subsequent tectonic plate scenarios. Tectonophysics,
461: 9-20.

WILHEM, C., WINDLEY, B.F. & StAMPFLI, GM. 2012. The
Altaids of Central Asia: A tectonic and evolutionary
innovative review. Earth-Science Reviews, 113:
303-341.

ZALASIEWICZ, J. & WILLIAMS, M. 2012. The Goldilocks
planet: the four billion year story of Earths climate.
Oxford University Press, Oxford, 303 pp.



8 DMITRY A. RUBAN

Pe3nme

Ja Jim je 3a MAKCUMYM MOPCKOT
OuonuBep3uTeTa OMJIO BUILE NIPOCTOPA Yy
ropHm€eM JieJly 10m-er 1eBOHA Hero y
JA0H-€M J1eJly TOpH-er OpAoBHIHjyma? —
KpaTak OCBpPT

[Tocme T13B.”KamMOpHjyMCKe €KCIUIO3Hje”, MOPCKHU
OMONMBEP3UTET JAOCTHXKE CBOj MAaKCHUMyM HII Y JI0-
M JICNTy TOPE-ET OPJIOBUIIMjyMa WITH Yy TOPEHEM ey
Jomer jJeBoHa. Temko je KOMeHTapucaTH Heclarama
KOja TIOCTOje OKO JIBe KpHiBe OMOAMBEP3WUTETa, Maja
Ou pacmpaBa MoIla OWTH 3amodyeTa ca IMPOICHOM
yCIJIOBa KOjH Cy TTOTOAOBAIH Pa3BOjy MOPCKOT OHOMIH-
BEP3UTETA y JIOHEM JIeNTy TOPHET OPIOBHIMjyMa Kao
1 y TOPEHBEM JIeNTy TOmer neBoHa. HajBepoBaTHHje Cy
Be3e Koje cy IMmocTojane m3Mel)y pasnmuuutux menoBa
MOpa W OKeaHa oMOoryhmiie pa3Boj W Pa3HOBPCHOCT
MOPCKHX OpraHmiama onpeleHnx peruoHa. Y Hajse-
hem Opojy ciydajeBa miend ce u3ABaja Kao CpeirHa
KOja je HapO4YUTO MOBOJHbHA 33 Pa3B0Oj OpPTraHU3MHUMA H
KOja je oMoTyhmia HBHXOBY BEIHKY OpPOJHOCT W pa-
3HOBpcHOCT. [laneocpenune koje Cy MMaie IIUPOKO
pacnpocTpameHe y JOHBEM Jey TOpPHEer OpIOBHIH-
jyMa Kao M y TOpHeM JIely JOmer IeBOoHa, mopehene
Cy Ha OCHOBY F-HXOBE PEIaTHBHE BEIHMUYHHE, PAcIpo-
CTpamema y OJHOCY Ha €KBaTOp M IMOJIOBE, Ka0 U HhH-
xoBe ToBe3aHoctu ca mrendom. [locrojeha pexon-
CTPYKIHja TEKTOHCKHX IUTOYa yKa3yje /a je ¢pparMeH-
TApHOCT KOHTUHEHTAJIHUX Maca TOKOM JOHEM JIeIy
TOPH-ET OPIAOBHIIN]YMa U TOPEH-EM ey IOHET IeBOHA,
Mame WIM BHIIE CIMYHA, Ka0 M J1a je CTEHEH OBe
(parmenrapanoctu 6o ymepen. Takohe O6u Morsio ia
ce TPETIOCTaBU Ja je Harub KOHTHHEHTATHUX I1a-
IMHA, KOjU je YeCTO TEeKTOHCKH KOHTPOJIHCaH, Ouo
MIPUOTIHKHO CIIMYaH W TO Y DIOOATHUM pa3Mepama

TOKOM OBa JIBa BpeMeHCKa pa3mobspa. Crora, ycro-
cTaBJbeHa (PparMeHTaIja KOIMHeHNX Maca Kao W Ha-
ru0 KOHTWHEHTAJTHE MMauHe YKa3yjy Ha CIMYHE BeIlH-
ypHe meN(QHUX cpenruHa Y IpoyYaBaHUM pa3no0Jbu-
Ma. YTBpheHa je 3HauajHa pa3iiuka y OMHOCY Ha HUBO
CBETCKMX Mopa koju je Omo Tpehm daktop koju je
YTHIIA0 Ha BEIWYUHY Ieidosa, a koju 6mo 1,5 myta
HIDKH Y TOPEEM JIeNTy JOHET JE€BOHA HEro y JTOmEM
JIeTy TopEer opaoBuijyMma. OBo yKasyje Ha TO Aa Cy
mesnHe cpeuHe TOKOM OBOT MTOCIIEAHET BPEMEHCKOT
nepuosia BepoBaTHO Owiie 3HauajHo Behe. YommreHo
roBopehu, TOMEHYTH BPEMEHCKH TEPHOIH, 4YHje je
ynopeheme H3BpIIEHO, KapaKTEpHUIy C€ YIIIaBHOM
CIIMYHUM KIIMMATCKUM YCIIOBHMA, C TUM INTO CYy 3a
CBaKM O BUX MOCTOjalie U ofipeheHe crermupuIHOCTH
BE3aHe 32 KIMMYy y o0iacTUMa T0JI0Ba U eKBaropa. Y
TOpPEHEM JeNy AOHEr JEeBOHa Joja3u n0 mnoBehama
KOHIIEHTpalMje IMEeI(QHUX CPeArHA Y TPOICKUM 00-
nmactuMa, Behe moBe3anocTu usMely mendoBa, Kao u
Beher kpeTame TEeKTOHCKHX T1I0Ya, HETO Y TOWkEM Jie-
Iy Topmer opmounmjyma. IlpermocTaBka je ma je
Owmto BHIIE (FUTH MCTO) TIPOCTOPA 32 TOCTHU3AmHE MaK-
CHMYMa Y pa3B0jy MOPCKOT OHOAMBEP3UTETA Y TIOHEM
JIely TOPH-ET OPIOBHIIMjyMa HETO Yy TOPHEM JAey
JIOHET JIEBOHA, IIITO CE MOKJIana ca “KIaCHYHOM * KpH-
BoM OmonmBep3utera. [IpoBepa oBe nBe uieje KBaH-
TUTAaTHBHO TMIpEJCTaBjba BaKaH 3aJaTak 3a Oymyhe
crynuje. HapaBHo, BenmumHa W masieoreorpadcko
pacnpocTpamemne ImeiadoBa HUCY camMo Moryhe KoH-
TpoJie OnoguBep3uTeTa. MHOTH APyTH (PaKTOPH, Kako
CroJhalIihy (Tj. )KUBOTHA CPEIHHA) TaKo M YHYTpa-
mpr (Tj. Ononomku), kKao W mHuxoBa MehycoOHa
MOBE3aHOCT MOpa Ooutn pa3marpana. Hajzan, Ommo 6u
MOTPEITHO 3aII0CTABUTH Ja JOCTUTHYTH MaKCUMYyMH
y Opojy TakcOHa 3aBHCE O] TEOJIOMIKOT CTapOCTH, Tj.
Tpajama paJujanyje W CTeleHa IIoOalHe OMOTCKe
eBOITyIIHje.

B.P.





