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Abstract

Possible plate tectonic controls on faunal diversity dynamics have been discussed in the geological literature for around
50 years. The new model of plate tectonic processes is here linked to Jurassic generic diversity (simple a-diversity) of
brachiopods. This comparison offers three observations, four hypotheses and three unresolved issues. Most important-
ly, changes in the global plate root mean square speed coincided with brachiopod diversity dynamics, which can be
explained hypothetically by either environmental disturbance triggered by more active plate motion or activity of any
process (such as eustasy) tied to plate tectonic mechanisms and with an impact on marine benthic communities. It is
also established that global generic diversity dynamics of brachiopods during the Jurassic coincided with the regional
picture as established for the Northern Caucasus and the Swiss Jura Alps; this coincidence is difficult to explain with
regard to plate tectonics. These and other speculative considerations do not clarify the role of the plate tectonic factor
in Jurassic generic diversity dynamics of brachiopods, and, thus, they indicate important issues for further research.
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1. Introduction

Plate tectonics has remained essential geological
process that is responsible, either directly or indi-
rectly, for the majority of changes on and beneath
the Earth’s surface. Soon after this process was es-
tablished, it was suggested plate tectonics was a
significant factor of biotic evolution and, particular-
ly, in changes of biodiversity. The most important
contributions to this issue were those of Valentine
& Moores (1970, 1972) and, subsequently, by Hal-
lam (1981). Recently, Ruban (2010a, 2013) has con-
sidered plate tectonics among factors underlying
Palaeozoic biotic radiations. There have also been
a few important case studies on this issue such as
the ones by Knox (1980), Smith & Tipper (1986) and
Leprieur et al. (2016). New studies by Zaffos et al.

(2017) stressed once again the role of plate tectonics
in Phanerozoic diversity changes; with publication
of their paper, the research agenda has returned to
the beginning of the 1970s when Valentine & Moor-
es (1970, 1972) published their famous works. New
plate tectonic reconstructions and new diversity
curves should be considered, as well as palaeon-
tological data on particular fossil groups and from
particular regions. Interpretations of previously
accumulated information appear to be important,
as are data from field-, collection- or model-based
studies.

Brachiopods were important marine inverte-
brates that evolved throughout the entire Phan-
erozoic (Jones, 2012; Carlson, 2016; Jain, 2017). The
number of genera fluctuated, being punctuated by
several mass extinctions (Curry & Brunton, 2007).
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The controls of this diversity dynamics are yet to
be fully understood, and it cannot be excluded that
plate tectonics was one of the most important con-
trols. The new-generation plate tectonic reconstruc-
tions that differ from previous models by both pre-
cision and advanced approach (Seton et al., 2012;
Matthews et al., 2016) allow new insights into the
understanding of the possible plate tectonic control
of brachiopod generic diversity (a simple form of
a-diversity). The present paper focuses on the Ju-
rassic interval of brachiopod evolution and aims to
make simple observations first, to specify hypothe-
ses, and to outline unresolved questions for future
research.

2. Global-scale observations and relevant
hypotheses

2.1. Conceptual and methodological remarks

Initially, Valentine & Moores (1970) emphasised the
role of continental assemblies and fragmentations
as triggers of biodiversity changes. Researchers also
established that particular tectonic events such as
the opening of the Hispanic Corridor during the
Early Jurassic had an impact on the evolution of ma-
rine fauna and, particularly, brachiopods (Riccardi,
1991; Hallam, 1996, Aberhan, 2001, 2002; Manceni-
do, 2002; Sha, 2002; Arias, 2006; Porter et al., 2013;
Baeza-Carratald et al., 2017). According to Zaffos et
al. (2017), plate tectonics impacted biodiversity via
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fragmentation of the continental crust which facili-
tated an increase in the number of taxa.

The new-generation plate tectonic reconstruc-
tions proposed by Seton et al. (2012), subsequently
updated by Matthews et al. (2016), permit judge-
ments of changes in three main parameters, namely
the number of lithospheric plates, the ratio between
relatively small and relatively large plates and the
global plate root mean square (RMS) speed. These
can be compared directly with the Jurassic generic
diversity dynamics of brachiopods (Curry & Brun-
ton, 2007). Indeed, simple coincidence (or its ab-
sence) of the curves cannot be considered as final
proof of the presence (or absence) of plate tectonic
control because the underlying causal mechanism
should be found and explained. However, these
observations are valuable for establishing lines for
future investigations. In other words, these permit
making new hypotheses that can be tested.

2.2. Observations

Jurassic brachiopod generic diversity underwent
significant changes (Curry & Brunton, 2007). It
peaked in the Pliensbachian; then there was a mi-
nor, albeit long, diversity lowstand followed by
rapid diversification that culminated during the
Bathonian; a gradual decrease in the number of
genera lasted until the end of the period (Fig. 1).
The Toarcian-Aalenian diversity minimum can be
explained by the influence of the early Toarcian
mass extinction (Hallam, 1986; Little & Benton,
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Fig. 1. Global Jurassic brachiopod diversity dynamics (after Curry & Brunton, 2007) in the light of tectonic processes
(curves adapted from Matthews et al., 2016) and eustatic changes (curve adapted from Haq & Al-Qahtani, 2005; see
also Ruban, 2015). The Jurassic chronostratigraphy follows Ogg et al. (2016; see www.stratigraphy.org for updates).
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1995; Harries & Little, 1999; Wignall et al., 2005;
Caswell et al., 2009; Baeza-Carratald et al., 2016,
2017, 2018; Voros et al., 2016; Caswell & Frid, 2017;
Ruban, 2018). However, it is questionable wheth-
er the mass extinction was the sole cause of such
a long diversity lowstand; probably, some other
factor(s) was (were) also responsible for the latter.
Generally, the Jurassic generic diversity dynam-
ics of brachiopods can be described as two large
cycles, namely the Hettangian-Toarcian cycle and
the Aalenian-Tithonian cycle. Although differenc-
es in the duration (in myr) of stages may explain
some diversity patterns (e.g., number of genera too
low in the Hettangian), the influence of this factor
was unimportant because three Early Jurassic stag-
es and all Late Jurassic stages were of comparable
duration (Ogg et al., 2016) and the shortest Middle
Jurassic stages were characterised by significant di-
versity (Fig. 1).

The number of lithospheric plates increased
(and duplicated) through the Jurassic, and their size
became smaller (Matthews et al., 2016). These pat-
terns do not demonstrate any coincidence with bra-
chiopod generic diversity dynamics (Observation
1 - Fig. 1). In contrast, the global plate RMS speed
changed cyclically (Matthews et al., 2016) similarly
to Jurassic brachiopod generic diversity dynamics,
although their coincidence was peculiar (Observa-
tion 2 - Fig. 1). Increases in global plate RMS speed
during the Toarcian-Aalenian and Kimmeridg-
ian-Tithonian coincided with diversity decreases.
In contrast, lower speeds during the Hettangian-
Pliensbachian and Bajocian-Callovian coincided
with intervals of relatively high brachiopod diver-

sity.

2.3. Hypotheses and unresolved questions

Observation 1 means that the tectonically induced
fragmentation of the palaeospace and relevant mul-
tiplication of habitats, which both are well reflected
by palaeobiogeographical differentiation, increased
during the Jurassic (Westermann, 2000), did not fa-
cilitate brachiopod radiation throughout the period
(Hypothesis 1). Apparently, the mechanism out-
lined by Zaffos et al. (2017) did not work in the case
of Jurassic brachiopods.

Indeed, Observation 2 is astonishing. One
would assume that more rapid plate motion (espe-
cially coinciding with a relatively high number and
the small size of plates as in the case of the Jurassic)
led to active faunal mixing and, thus, contributed
to diversification. But the observed coincidence im-
plies something opposite (Fig. 1). If this coincidence

reflects the true (!) relationship of the patterns, two
explanations are possible. First, the greater global
plate RMS speed disturbed marine environments
and led to stress among benthic fossil communities
(Hypothesis 2). Secondly, the higher global plate
RMS speed and/or related tectonic processes trig-
gered any process that was important for brachio-
pod evolution, and the most likely process of this
kind was eustasy (Hypothesis 3).

The current state of knowledge permits a pre-
liminary verification of Hypothesis 3. The modern
version of the eustatic curve proposed by Haq &
Al-Qahtani (2005), who updated an earlier recon-
struction by Haq et al. (1987), shows two global sea
level cycles during the Jurassic, namely the Hettan-
gian-Aalenian and Bajocian-Tithonian cycles (Fig.
1). These correspond to changes in global plate RMS
speed, as well as to cycles of brachiopod generic di-
versity dynamics. However, this correspondence is
only partial. For instance, the Bajocian-Kimmeridg-
ian global sea level rise coincided with both accel-
eration and reduction in global plate RMS speed, as
well as to increase and then decrease in brachiopod
diversity (Fig. 1). It is enigmatic which mechanism
would link changes in global plate RMS speed and
global sea level (Unresolved Question 1). Moreo-
ver, it still remains unclear how correct the curve
proposed by Haq & Al-Qahtani (2005) is. Some
evidence that questions the accuracy of this curve
and its predecessors is available (Hallam, 1988,
2001; Ruban & Sallam, 2016; see also discussions
in Ruban, 2015, 2016). However, Hypothesis 3 can-
not be fully rejected. For instance, it is evident that
the Hettangian-Aalenian and Bajocian-Tithonian
cycles can be established on the curve described
by global plate RMS speed and global sea level
changes. In both cases, the reduction-acceleration
of speed occurred prior to the rise-fall of eustasy. If
a mechanism to explain such coincidence could be
found, it would be possible to relate these processes
to diversity dynamics (Unresolved Question 2).

3. Regional perspective

Two representative sets of regional palaeontologi-
cal data have to be considered for the purposes of
the present paper. The first region is the Northern
Caucasus where stage-by-stage generic diversi-
ty dynamics was reconstructed by Ruban (2010b,
2011), and the second region is the Swiss Jura Moun-
tains, for which updated palaeontological informa-
tion (Sulser, 2016) permits the same reconstruction.
These regions were located along the northern pe-
riphery of the Neo-Tethys Ocean.
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Fig. 2. Regional Jurassic brachiopod diversity dynamics (Northern Caucasus; after Ruban, 2010b, 2011; Swiss Jura
Mountains; calculated by the author using data supplied by Sulser, 2016). The Jurassic chronostratigraphy follows
Ogg et al. (2016; see www.stratigraphy.org for updates); the global diversity curve is from Curry & Brunton (2007).

The generic diversity dynamics in both of these
regions is similar, and it also closely resembles
global dynamics (Observation 3; Fig. 2). The only
exception is the Oxfordian diversification in the
Swiss Jura Mountains that should be explained by
sampling effect (i.e., by excessive emphasis dur-
ing earlier palaeontological research of Oxfordian
successions) or regionally specific palaeoenviron-
ments. From this similarity it follows that changes
in the number of brachiopod genera in these two
regions reflect global diversity dynamics of these
organisms. Observation 3 enables the following hy-
pothesis: if plate tectonics controlled global Jurassic
generic brachiopod diversity, it was also responsi-
ble for regional (basin-level) changes of this diversi-
ty (Hypothesis 4).

The Northern Caucasus was located in a setting
that was tectonically very active and characterised
by development and interaction of island arcs and
back-arc basins near a major, planet-scale subduc-
tion zone (Golonka, 2004; Ruban, 2006, 2010c). The
Swiss Jura Mountains were located in a “calmer”
and less restricted setting, but the Jurassic evolu-
tion of this region was also marked by some kind of

tectonic activity (Sommaruga, 1997; Golonka, 2004;
Pfiffner, 2014; Strasser et al., 2015). With regard to
the above, it appears unexpected that regional di-
versity dynamics of brachiopods did not differ
between these regions and that they did not differ
significantly from global diversity dynamics. Plate
tectonic mechanisms cannot explain Observation 3
(Unresolved Question 3).

4. Conclusions

Taken together, the three observations, four hy-
potheses, and three unresolved questions proposed
in this brief note (see labels in the text above) imply
significant uncertainty in our understanding of pos-
sible plate tectonic control of the generic diversity of
Jurassic brachiopods in the light of current knowl-
edge. However, the same observations, hypotheses,
and unresolved questions can be used as impor-
tant issues on the agenda for future investigations.
These issues should be addressed adequately with
larger sets of precise data and advanced conceptual
and methodological approaches. It is also sensible
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to claim for comparison, integration, and theoreti-
cal treatment of new data, interpretations and mod-
els in order to highlight ways for future refinement
of palaeobiological and geological research.
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