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Abstract

A long-term eustatic cycle (fall and subsequent rise of the global sea level) embraced the late Silurian-Middle Devo-
nian time interval. Potentially, these sea-level changes could drive global biodiversity. The stratigraphic ranges of 204
bivalve genera and 279 gastropod genera included into the famous Sepkoski database allow reconstructing changes in
the total diversity and the number of originations and extinctions of these important groups of marine benthic macro-
-invertebrates during this interval. None of the recorded parameters coincided with the long-term global sea-level cycle.
It cannot be not excluded, however, that the global sea-level changes did not affect the regions favourable for bivalve
and gastropod radiation because of regional tectonic mechanisms; neither can it be excluded that the eustatic control
persisted together with many other extrinsic and intrinsic controls. Interestingly, the generic diversity of gastropods
increased together with a cooling trend, and vice versa. Additionally, the Ludlow, Eifelian, and Givetian biotic crises
affected, probably, both fossil groups under study. There was also a coincidence of the relatively high bivalve generic
diversity, initial radiation of gastropods and the entire biota, and the diversification of brachiopods with the Early De-
vonian global sea-level lowstand, and this may be interpreted as evidence of a certain eustatic control on the marine
biodiversity.
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1. Introduction ades (Newell, 1967; Hallam & Wignall, 1999;

Purdy, 2008; Ruban, 2010a,b; Peters & Heim,

The marine biodiversity dynamics has re-
mained on the agenda of international research
for decades. The classical works by Sepkoski et
al. (1981), Sepkoski (1993), and Benton (1995,
2001) have been followed by Peters & Foote
(2001), Foote (2003, 2006), Bambach (2006),
Benton & Emerson (2007), Alroy et al. (2008),
Purdy (2008), Peters & Heim (2011), and Aber-
han & Kiessling (2012). A possible dependence
of the marine biodiversity on eustatic (=global
sea-level) changes has also remained a very im-
portant subject for debates during the past dec-

2011). When some specialists demonstrated
that the number of taxa changed in accordance
with the fluctuating global sea level (Purdy,
2008; see also the regional study by Sandoval
et al., 2001), others emphasised more complex
relationships or even their absence (Hallam &
Wignall, 1999; Ruban, 2010b; see also the re-
gional study by McRoberts & Aberhan, 1997).
Moreover, the refinement of the palaeontolog-
ical material available internationally - from
the last compilation of Sepkoski (2002) to the
"PalaeoDB’ project (Alroy et al., 2008) - has led
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to changes in the understanding of the eus-
tatic control on marine biodiversity dynamics
(Ruban, 2010a).

The above-mentioned debates are highly
important now for three additional reasons: (1)
the major groups of marine invertebrates tol-
erated the changing marine environment dif-
ferently (Ruban, 2007); (2) eustatic controls on
biodiversity and influences of the incomplete-
ness of the fossil record are interrelated param-
eters (Smith & McGowan, 2011, and references
therein); and (3) the nature of the dependence
of the marine biodiversity on palaeoenviron-
mental changes was not permanent (Stanley,
2007). Obviously, none of these reasons implies
that the eustatic controls on the marine biodi-
versity dynamics cannot be established. Thus,
it appears to be worthwhile to focus on how
the diversity of particular fossil groups might
have been controlled by eustatic changes dur-
ing specific intervals of the geological time. In
other words, it remains intriguing whether the
eustatic control on the marine biodiversity was
so strong that it dominated over the other pal-
aeoenvironmental controls. Solving this task
is possible via direct comparisons of global
sea-level and biodiversity curves.
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Fig. 1. Chronostratigraphy of the analysed interval (after
Ogg et al., 2008), correlation of global and regional
units (after Menning et al., 2006), and long-term eus-
tatic changes (after Haq & Schutter, 2008).

The new reconstruction by Haq & Schutter
(2008) depicts the chronology of global sea-lev-
el changes through the Palaeozoic. Particu-
larly, it reveals a long-term eustatic cycle that
embraces the late Silurian-Middle Devonian
time interval (Fig. 1). One can, for instance,
hypothesise that the Ludlow-Early Devonian
sea-level fall followed by the Middle Devoni-
an sea-level rise could have driven the global
diversity dynamics of marine benthic mac-
ro-invertebrates directly. The objective of the
present contribution is to test this hypothesis
for the fossil groups of bivalves and gastro-
pods, which both were rich with respect to the
number of genera (Sepkoski, 2002) and which
played an important role in the mid-Palaeozoic
ecosystems (Forney et al., 1981; Blodgett et al.,
1990; Kiiz et al., 2003; Jones, 2011; Fryda, 2012).
The late Silurian-Middle Devonian interval is
chosen for this analysis because it forms part of
a more or less symmetric long-term eustatic cy-
cle (Haq & Schutter, 2008). It also preceded the
Late Devonian mass extinctions that stressed
the global marine biota so strongly (McGhee,
1996; Hallam & Wignall, 1997; Racki, 2005) that
it masked any “ordinary’ biota/environment
relationship.

2. Materials and methods

2.1. Diversity dynamics

The present contribution is based on two
datasets (one on bivalves, and another on gas-
tropods) extracted from the famous palaeon-
tological synthesis by Sepkoski (2002; see also
on-line at strata.geology.wisc.edu/jack/start.
php). These datasets depict the stratigraphic
distribution of genera for the geological time
units of the late Silurian-Middle Devonian
interval. Undoubtedly, the knowledge of the
stratigraphic distribution of both bivalves and
gastropods has changed during the past dec-
ade (see, e.g., Heildelberger, 2001). Such a kind
of incompleteness of data is, however, inevita-
ble, because of common time lag between pal-
aeobiological analyses and the collection of the
original data (Ruban, 2012). One possible way
to avoid serious errors is to take into account



The late Silurian-Middle Devonian long-term eustatic cycle as a possible control...

195

the maximum possible uncertainty linked to
the incompleteness when the chosen palae-
ontological data are interpreted (e.g., Ruban,
2011a, 2012).

The documented occurrence of a genus in
a given time unit is established as 1.00, where-
as its absence (before origination or after ex-
tinction) is established as 0.00. However, the
database by Sepkoski (2002) does not indicate
the stratigraphic ranges of several taxa with
precision, i.e., the presence/absence of a giv-
en taxon is indicated only for a series. In such
a case, an equal probability of occurrence of
this taxon in each stage of the series is consid-
ered (cf. Ruban, 2011a). When it is indicated,
for instance, that a specific genus appeared in
the Middle Devonian and became extinct in the
Frasnian, its presence in the Fifelian and Give-
tian (these stages constitute the Middle Devo-
nian series) is weighed with the value 0.5, and
its presence in the Frasnian is weighed with the
value 1.00. A few taxa with questionable strati-
graphic ranges were excluded from the present
analysis.

A total of 204 genera of bivalves and 279
genera of gastropods are considered. Three
parameters of the taxonomic diversity dynam-
ics of these organisms during the late Siluri-
an-Middle Devonian are analysed. The first
parameter is the total generic diversity (TD)
dynamics, i.e., changes in the total number of
genera. The second and third parameters are
changes in the number of originations (O) and
extinctions (E). The absence of data on the time
intervals earlier and later than that considered
always lead to the impossibility to measure the
number of originations in the first time unit
of the considered interval and the number of
extinctions in the last time unit of the consid-
ered interval (Ruban & Van Loon, 2008). To
solve this problem, the data on Wenlock and
Frasnian bivalves and gastropods from the
same source (Sepkoski, 2002) were also in-
volved. The taxonomic diversity dynamics is
calculated per epoch for the late Silurian and
per age for the Early-Middle Devonian (Fig. 1)
because the database of Sepkoski (2002) does
not indicate the stratigraphic ranges of Siluri-
an fossils at the level of stages. However, it ap-
pears that this difference is an advantage rather

than a disadvantage, because the absolute du-
ration of the Silurian epochs is comparable to
that of the Early-Middle Devonian ages (Ogg et
al., 2008). The probabilistic values employed to
deal with imprecise taxa ranges (see above) are
considered in the calculation of the TD, O, and
E parameters accordingly.

2.2. Eustatic changes

The present contribution deals with the
long-term eustatic changes, because the du-
ration of the 2"-order and 3™-order cycles is
the same or less than that of ages. Indeed, the
2m- and 3*-order cycles might potentially have
affected the biodiversity dynamics, but their
influences cannot be recognised in this study,
which employs the epoch/age-level resolu-
tion of the diversity analysis (see above). The
Silurian eustatic reconstructions proposed by
Johnson (2006, 2010) and reproduced by Ogg
et al. (2008) are therefore not considered here.
They depict the sea-level cyclicity with a high-
er resolution than that required for the present
study.

The most fresh reconstruction of the
mid-Palaeozoic eustatic fluctuations is that of
Haq & Schutter (2008), who updated the earlier
version of Haq & Al-Qahtani (2005). The for-
mer depicts both the long- and short-term fluc-
tuations of the global sea level. The long-term
eustatic fall started near the end of the Wen-
lock, accelerated in the late Silurian, and cul-
minated in the early Emsian (Fig. 1). Then, the
long-term rise began and peaked in the very
beginning of the Frasnian. This global sea-level
fall and the subsequent rise lasted for compa-
rable time-spans, and, thus, this eustatic cycle
was symmetric.

2.3. Chronostratigraphical remark

In his synthesis, Sepkoski (2002) employed
the traditional (better to say, regional) stages
of the Early Devonian, namely the Gedinne,
the Siegen, and the Ems (not to confuse with
the standard Emsian stage!). These differ from
the global stages adopted by the International
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Commission on Stratigraphy (Ogg et al., 2008).
Their correlation established by Menning et al.
(2006) is used in order to plot the curves of the
global generic diversity dynamics of bivalves
and gastropods against the modern chronos-
tratigraphical scale.

3. Results

The parameters of the generic diversity of
bivalves changed (Fig. 2). It cannot be exclud-
ed that the Lau Event (Calner, 2005a,b; Jeppson
et al., 2012) was responsible for the registered
decline in the total diversity (TD = 71.5 in the
Ludlow and TD = 54.5 in the Pridoli) and the
relatively high extinction rate (E = 30 in the
Ludlow) in the late Silurian. A comparison of
the bivalve diversity dynamics with the long-
term eustatic changes does not reveal any clear
coincidence (Fig. 2). However, two interesting
features should be noticed: (1) the long-term
global eustatic lowstand corresponded to a mi-
nor peak in the total diversity and the origi-
nation and extinction rates, and (2) the global
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Fig. 2. The late Silurian-Middle Devonian bivalve generic

diversity dynamics. Eustatic changes (Haq & Schut-
ter, 2008) are shown for comparison. The stratigraphic
framework follows Figure 1.
Abbreviations of time units: Wen = Wenlock, Lud =
Ludlow, Pri = Pridoli, Loc = Lochkovian, Pra = Pragi-
an, Ems = Emsian, Eif = Eifelian, Giv = Givetian, Fra
= Frasnian, Ged = Gedinne, Sie = Siegen, Ems* = Ems
(Koblenz).

sea level did not reach its pre-Ludlow height in
the Devonian (Haq & Schutter, 2008); similarly,
the Pridoli losses in the total bivalve diversi-
ty were not compensated again (at least, this
holds clearly for the Lochkovian-Frasnian in-
terval). If these specific features indicate some
interdependence between the generic diversity
dynamics and the long-term eustatic fluctua-
tions, they provide opposite and, thus, unclear
evidence.

The parameters of the generic diversity of
gastropods changed significantly through the
analysed interval (Fig. 3). The Lau Event (Cal-
ner, 2005a,b; Jeppson et al., 2012) might have
been responsible for the high rate of extinction
in the Ludlow (E = 40) and the decline in the
total diversity in the Pridoli (TD =75, compared
to TD = 118 in the Ludlow). The Eifelian crisis
(House, 2002) and the Taghanic Event (Wallis-
er, 1996; House, 2002; Baird et al., 2012; Zamb-
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Fig. 3. The late Silurian-Middle Devonian gastropod ge-
neric diversity dynamics. Eustatic changes (Haq &
Schutter, 2008) are shown for comparison. The strati-
graphic framework follows Figure 1. See Fig. 2 for ab-
breviations of time units.
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ito et al., 2012) might have been responsible for
the strong decline in the total diversity and the
origination rate, as well as for the relatively high
extinction rates in the Middle Devonian. There
was no significant coincidence at all between
the gastropod diversity dynamics and the long-
term eustatic cycle (Fig. 3). A certain coincidence
of the gastropod radiation in the Early Devoni-
an with the global sea-level lowstand is visible,
however, which is also documented in the case
of bivalves (see Fig. 2 and above).

4. Discussions and conclusions

4.1. General considerations

As shown by the results presented above,
the global generic diversity dynamics of both
the bivalves and the gastropods did not co-
incide with the eustatic cycle during the late
Silurian-Middle Devonian. This falsifies the
hypothesis formulated in the beginning of
the present contribution. Does this imply that
the eustatic control on changes in the taxo-
nomic diversity of these important groups of
marine benthic macro-invertebrates should
be neglected? Such a conclusion requires seri-
ous consideration. Global eustatic changes are
very complex in their nature. They result from
a combination of various mechanisms (tecton-
ic, palaeoclimatic, sedimentary, etc.) operating
at both global and regional scales (e.g., Catune-
anu, 2006; Veeken, 2006; Moucha et al., 2008;
Conrad & Husson, 2009; Lovell, 2010; Ruban et
al., 2012). It cannot be excluded that some large
regions with conditions favourable for diversi-
fication of marine invertebrates did not under-
go submergence despite the global sea-level
rise because of large-scale tectonic uplift (e.g.,
linked to the mechanisms of dynamic topog-
raphy), and vice versa. For instance, it is well
known that the northern margin of Gondwana
experienced a regression in spite of the glob-
al 2"-order highstand in the Lochkovian, and
that the shoreline shifts differed strongly be-
tween its various parts (Ruban, 2011b). Moreo-
ver, a possible partial control of global sea-level
changes on the diversity of bivalves is implied
by the two specific features mentioned above.

The late Silurian-Middle Devonian global
generic diversity dynamics was, most proba-
bly, driven by a series of different extrinsic (i.e.,
palaeoenvironmental) and intrinsic (i.e., evolu-
tionary) factors such as changes in the temper-
ature of the ancient water masses (Fig. 4). It has
been found that the low-latitude sea-surface
temperature was relatively high during the
late Silurian-earliest Devonian, and that it de-
creased stepwise during the Early-Middle De-
vonian (Joachimski et al., 2009). Some cooling
also occurred in the Pridoli (Zigaité et al., 2010).
These temperature changes coincided with the
total diversity dynamics of the gastropods. The
number of their genera increased together with
the lowering of the sea temperature. In the
case of the bivalves, no distinct dependence is
found. The above-mentioned biotic crises that
occurred in the Ludlow, the Eifelian, and the
Givetian (Walliser, 1996; House, 2002; Calner,
2005a,b; Baird et al., 2012; Jeppson et al., 2012;
Zambito et al., 2012) are some more examples
of the extrinsic control on the diversity chang-
es. This underlines once more that the eustatic
control was not more important than the other
possible controls on the generic diversity dy-
namics of the two groups of marine benthic
macro-invertebrates under study.
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Fig. 4. The late Silurian-Middle Devonian generic diver-
sity dynamics of bivalves and gastropods (this study
- see Figs. 2 & 3) and changes in the low-latitude
sea-surface temperature (after Joachimski et al., 2009).
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4.2. Further comparisons

It is important to understand whether the
absence of evident relationships between
the late Silurian-Middle Devonian eustatic
changes and the generic diversity dynamics
was typical for only bivalves and gastropods
or for all marine invertebrates. The available
global marine biodiversity curves presented
by Purdy et al. (2008) and Alroy et al. (2008),
based on the Sepkoski (2002)'s synthesis and
the "PaleoDB’ project, respectively, and plotted
against the global sea-level curve presented
by Haq & Schutter (2008), provide ambiguous
evidence (see Ruban, 2010a). The biodiversity
curve of Purdy (2008) indicates some decrease
in the number of organisms near the Silurian-
Devonian transition, but this occurred before
the global sea-level reached its peak in the late
Early Devonian, as shown by Haq & Schutter
(2008). In contrast, the Alroy et al. (2008) curve
demonstrates a reversed coincidence of the
eustatic changes and the biodiversity dynam-
ics. The Early Devonian radiation and the fol-
lowing decrease in the number of taxa match
the fall, the lowstand, and then the rise of the
global sea level that constitute the long-term
eustatic cycle (Haq & Schutter, 2008) discussed
above. Anyway, both alternative reconstruc-
tions of the marine biodiversity dynamics sug-
gest that the Early Devonian eustatic lowstand
coincided with the maximum number of gen-
era, whereas the Middle Devonian eustatic rise
coincided with a diminishing number. This fea-
ture seems specifically applicable to bivalves.

The present study focuses on two mollus-
kan groups. The relationships between their
diversity dynamics and long-term eustatic
changes (one might, more appropriately, say:
the absence of any evident relationship) should
therefore be compared with observations of
other groups of marine benthic macro-inverte-
brates such as brachiopods. The recent increase
in knowledge concerning brachiopods enabled
Curry & Brunton (2007) to reconstruct their
total generic diversity dynamics with preci-
sion. According to these authors, the number
of brachiopod genera diminished stepwise
during the late Silurian; this was followed by
a strong radiation that included the entire Ear-

ly Devonian and culminated in the Emsian;
then, a gradual, but strong decline took place.
Comparing these trends with the long-term eu-
static changes reconstructed by Haq & Schut-
ter (2008), it is evident that the global sea-level
lowstand resulted in a higher generic diversity
of brachiopods, and that, vice versa, the Mid-
dle Devonian eustatic rise coincided with their
decline. However, both the total diversity and
the global sea level tended to fall during the
late Silurian.

Thus, one must deduce that only a partial
relationship between these two parameters ex-
ists, just like hypothesised for the bivalves (Fig.
2). Based on all this evidence, it is sensible to
conclude that - if no strong relationship exists
between the fossil diversity dynamics and the
long-term eustatic cycle - the Early Devonian
lowstand coincided with the maximum num-
ber of bivalve genera (Fig. 2), as well as with
the start of the gastropod radiation (Fig. 3), the
radiation of all marine biota (see above and
also Alroy et al., 2008; Purdy, 2008), and the
diversification of brachiopods (see above and
also Curry & Brunton, 2007). Such a conclusion
is consistent with the recent ideas on global
sea-level control on the Early Devonian biotic
radiation in the marine realm (Ruban, 2010b).
Thus, a eustatic control on the marine biodiver-
sity cannot be totally excluded.
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