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Original Article
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ABSTRACT

Aim To test for the phylogenetic conservatism of geographic range size and to explore the effect of the
environment on this potential conservatism.

Location The western Tethys Ocean and its surroundings (present-day Europe, the Middle East and
North Africa) during the early Pliensbachian (Early Jurassic).

Methods Using 104 localities and 1765 occurrences of ammonite species, we estimated geographic
range sizes using the extent of occurrence and the latitudinal range. The phylogenetic conservatism of
range sizes was tested using Moran’s / index which measures phylogenetic autocorrelation, and Pagel’s A

which indicates whether a phylogeny correctly predicts covariance patterns among taxa on a given trait
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according to a Brownian evolution model. We conducted these analyses for two neighbouring provinces
with contrasting environmental features (Mediterranean and North West European). We also explored
scale effects by considering the whole western Tethys and two temporal resolutions (chronozone and sub-
stage).

Results A marked difference in phylogenetic signal is observed between Mediterranean (MED) and
North West European (NWE) species; the range size of MED species is more frequently phylogenetically
conserved than that of NWE species. No phylogenetic conservatism of species range size is observed
during the last chronozone of the early Pliensbachian which is characterized by numerous palaecoclimatic
and palaeoenvironmental changes.

Main conclusions Species range size may be partly determined by phylogeny, but this phylogenetic
conservatism is modulated by environmental stability. The phylogenetic signal of species range size may
be labile through time within the same lineage and may differ between contemporaneous species of the
same group. This lability stems from the fact that species range size results from a complex interplay of
intrinsic and extrinsic factors. It seems that only some combinations of these factors may lead to range

size conservatism.

Keywords

ammonites, Early Jurassic, environment, phylogenetic conservatism, phylogeny, provincialism,

species range size

INTRODUCTION

Geographic range size is a fundamental ecological and evolutionary feature of species (Gaston, 2003;
Gaston & Fuller, 2009). Interest in measuring species range sizes and appraising its determinants has
grown over the past decade, along with concern about species extinctions related to climate change and
human activities (Kiessling & Aberhan, 2007; Mace et al., 2008; Joppa et al., 2016). Range size is

postulated to be a good predictor of extinction risk (Jablonski, 1987; Lawton & May, 1995; Rosenzweig,
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1995; Gaston, 1998; Kiessling & Aberhan, 2007) and as such, it is one of five criteria used by the
International Union for Conservation of Nature to establish the Red List of Threatened Species (IUCN,
2001).

Following Rapoport's (1982) work on areography, the definition and measurement of species
geographic ranges have been intensively investigated over the past two decades (Gaston, 1994, 1996,
1998, 2003; Brown & Lomolino, 1998; Gaston & Chown, 1999; Gaston & Fuller, 2009; TomaSovych et
al., 2015). These studies distinguish two main measurements of species range: the extent of occurrence,
i.e. area between the outermost limits to a species occurrence; and the area of occupancy, i.e. area over
which the species is actually found. However, as the quantification of species range size depends on the
resolution of available data, it is sometimes estimated using other variables such as the number of
occurrences (e.g. Finnegan et al., 2015; Longrich et al., 2016), maximal latitudinal range (Qian &
Ricklefs, 2004; Powell, 2007; Waldron, 2007), or number of cells/quadrats occupied by a taxon (Webb &
Gaston, 2003; Qian & Ricklefs, 2004; Foote et al., 2008). This diversity of approaches for quantifying
species range size is associated with a lack of consensus about its determinants, especially the role of
phylogeny. Using data from Late Cretaceous molluscs and by comparing the range sizes of sister species
pairs, Jablonski (1987) was among the first authors to suggest the “heritability” of species range size, i.e.
the tendency for closely related species to share similar range sizes. However, his results have been
intensely debated (Webb & Gaston, 2003; Hunt et al., 2005; Waldron, 2007), leading to further
investigations on this issue at the crossroad between macroevolution and macroecology. Several studies
documented phylogenetic conservatism of range size in different clades (Freckleton et al., 2002;
Blackburn et al., 2004; Jones et al., 2005; Freckleton & Jetz, 2009), but other works found that range size
was not a species-level conserved trait (Gaston & Blackburn, 1997; Webb ef al., 2001; Freckleton et al.,
2002; Bohning-Gaese et al., 2006). Table 1 summarizes these contrasting observations together with the
methods used to assess the phylogenetic signal in range size. Most of these studies focused on
phylogenetic conservatism, but only a few of them considered the role of environmental parameters in
shaping species ranges (Bohning-Gaese ef al., 2006; Kiessling & Aberhan, 2007; Mouillot & Gaston,
2009; Abellan & Ribera, 2011). This is all the more surprising as the range size of a species likely results

from a complex interplay of intrinsic and extrinsic factors. Even if it is difficult to analyse their combined
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effects due to the lack of adequate datasets, the potential influence of parameters other than phylogeny
should be considered. In addition, except for a few studies on Mesozoic marine organisms and Cenozoic
mammals (Jablonski, 1987; Kiessling & Aberhan, 2007; Carotenuto et al., 2010), most research on
relationships between species range size and phylogeny has focused on extant taxa (Table 1). Since
palaecontological data offer an extensive temporal perspective on biogeographical patterns, climate and
environmental changes, they are pertinent for investigating the relative roles of phylogeny and
environment in determining species range size. For this purpose, an appropriate palacontological dataset
should be composed of closely related species evolving within at least two contrasting ecoregions.

Here we investigate the phylogenetic conservatism of geographic range size for a group of ammonites
(externally-shelled cephalopods) from the early Pliensbachian (Early Jurassic). These ammonites lived in
the western part of the Tethys Ocean which corresponds to present-day Europe, the Middle East and
North Africa (Fig. 1). These species are distributed within two environmentally contrasting provinces
(Smith & Tipper, 1986; Dommergues & El Hariri, 2002; Wignall et al., 2005; Arias, 2007; Dera et al.,
2009a, b, 2011; Dommergues et al., 2009). The northern province is characterized by a shallow
epicontinental sea surrounded by continents and punctuated by numerous archipelagos, whereas the
southern province corresponds to a series of deep basins opened on the Tethys Ocean (Fig. 1). The
southern province is known to be more physically stable than the northern province (Hallam, 1972; Smith
& Tipper, 1986; Dera et al., 2011b). Additionally, several important climatic and environmental
disturbances are recorded at the end of the early Pliensbachian (i.e. during the Davoei chronozone) in the
northern province: (i) an increase in sea-surface temperatures (Rosales et al., 2004; Dera et al., 2009a, b;
2011a; Price et al., 2016; Bougeault ef al., 2017), (ii) a sea-level increase (Hallam, 2001; Bougeault et al.,
in press), (iii) more humid climatic conditions (Dera et al., 2009a; Bougeault et al., in press) and (iv) a
potential incursion of warm water masses from the Tethys Ocean (Dera et al., 2009b, 2015). A
concomitant decline in ammonite species richness is documented (Dommergues et al., 2009; Dera et al.,
2010). Based on this environmental context, we address the following questions: (i) is species range size a
phylogenetically conserved trait? (ii) Can the environment affect the phylogenetic signal of range size

conservatism? Since phylogenetic range size conservatism is more likely to occur when species share
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common environmental conditions (Mouillot & Gaston, 2009), we hypothesize that species range size

will be more phylogenetically conserved when environmental conditions are spatio-temporally stable.

MATERIAL AND METHODS

Dataset

We used Dommergues ef al.’s dataset (2009) on early Pliensbachian (Early Jurassic, c¢. 191.36 + 1 Ma to
187.6 + 1 Ma, Gradstein et al., 2012; Ogg et al., 2016, Fig. 1A) ammonites which consists of 214 revised
species distributed among 104 fossil localities in the western Tethys and adjacent areas (Fig. 1B).
Palaeocoordinates for each fossil locality were calculated following the procedure described in Appendix
S1 (Supporting Information). The early Pliensbachian is known as a time of marked faunal provincialism
between two provinces: the Mediterranean Tethys (MED) in the south and Northwest Europe (NWE) in
the north (Fig. 1B). These two contrasting provinces have been recognized for ammonites (Neumayr,
1872; Donovan, 1967; Hallam, 1969; Dommergues, 1982; Geczy, 1984; Dommergues & Meister, 1991;
Meister & Stampfli, 2000; Dommergues et al., 2009), brachiopods (Ager, 1973; Vords, 1977), bivalves
(Hallam, 1977; Liu et al., 1998), ostracods (Lord, 1988; Arias & Whatley, 2005) and belemnites (Doyle,
1987, 1994). In addition to this faunal differentiation, the MED and NWE provinces are characterized by
contrasting palacogeographies and palacoenvironments. The NWE province corresponds to an
epicontinental sea not exceeding 200 m in depth, surrounded by continents and punctuated by numerous
archipelagos (Fig. 1B). This singular configuration led to a strong influence of numerous perturbations,
such as freshwater influxes, nutrient inputs, anoxia, incursions of cold and warm waters and changes in
water currents (Rosales ef al., 2004; Wignall et al., 2005; Arias, 2007; McArthur ef al., 2008; Dera et al.,
2009a, b, 2011; Dommergues et al., 2009). Conversely, the MED province corresponds to deep
interconnected basins influenced by warm and nutrient-rich surface waters from the Tethys Ocean and
represents more physically stable open-marine palacoenvironments (Hallam, 1972; Smith & Tipper,

1986; Dommergues ef al., 2009; Dera et al., 2011b).
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Dommergues et al. (2009) thoroughly revised the taxonomy of early Pliensbachian ammonites. Hardy
et al. (2012) built upon this work by further introducing a species-level phylogenetic hypothesis (Fig. 2)
that they used to demonstrate phylogenetic clustering of species extinctions during this interval. Here we
use this phylogeny to investigate whether closely related species exhibit more similar range sizes than
expected by chance and whether environmental stability can alter this phylogenetic signal. Species
occurrences are documented for the three successive chronozones of the early Pliensbachian, i.e.

Jamesoni, Ibex and Davoei (Page, 2003; Fig. 1A).

Range size phylogenetic conservatism

We tested the phylogenetic conservatism of species range size using Moran’s index of spatial
autocorrelation / (Moran, 1950; Gittleman & Kot, 1990), as implemented in the gearymoran function in
the ade4 package (Chessel et al., 2004; Dray et al., 2007) in R ( v.3.0.2; R Development Core Team,
2010). We chose this index because (i) it is frequently used to test for phylogenetic autocorrelation (e.g.
Gittleman & Kot, 1990; Gittleman et al., 1998; Jones et al., 2005; Hardy et al., 2012), (ii) it applies to
whole phylogenies rather than species-pairs (Harmon & Glor, 2010; Abellan & Ribera, 2011), (iii) it does
not imply an evolutionary model (Miinkemiiller et al., 2012), (iv) it is broadly insensitive to tree size and
tree balance (Lockwood et al., 2002) and polytomies have very small effects on it (Minkemiiller ef al.,
2012) and (v) it is non-parametric as implemented in gearymoran. As this index is not based on a
Brownian model of trait evolution, its values cannot be directly compared across studies (Miinkemiiller et
al., 2012). The null hypothesis of no phylogenetic signal was tested for significance using 1000 random
permutations of range size values across the tips of the phylogenetic tree. Moran’s [ varies from -1 to +1,
with positive values indicating that the trait of interest is more similar than expected by chance and
negative values indicating an absence of correlation between the trait and inter-species phylogenetic
distance (Paradis, 2012; p. 210). We also assessed the phylogenetic signal of range size conservatism
using Pagel’s A (Pagel, 1999; Freckleton et al., 2002), as implemented in the pAylosig function in the
phytools package (Revell, 2012). This index indicates whether the phylogeny correctly predicts
covariance patterns among species on a given trait according to a Brownian model of character evolution

(Felsenstein, 1985; Harvey & Pagel, 1991). A value of A = 0 indicates a trait evolution that is independent
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of phylogeny, whereas a value of A = 1 indicates a trait evolving according to a Brownian motion along
the phylogeny. Intermediate values of A correspond to traits that have evolved according to a process in
which the effect of phylogeny is weaker than in the Brownian model (Freckleton et al., 2002). Compared
to Moran’s I, Pagel’s A is less adapted to our data because (i) it implies a model of trait evolution that may
not correspond to the evolution of ammonite traits and (ii) it requires a normal distribution of the variable
tested (see following sections).

The use of these two indices requires quantification of inter-species phylogenetic distances. In the
absence of branch length information, all species are positioned at the same distance from the root,
making the early Pliensbachian ammonite phylogenetic tree ultrametric (Fig. 2). Inter-species
phylogenetic distances were obtained after slicing the phylogeny at regular nodal depths, with the most
closely-related species being at a distance of two units (see Corey & Waite, 2008 and Hardy et al., 2012
for similar approaches).

For both extant and extinct species, the actual geographic range size is a hardly accessible feature as
its estimation depends on the sampling effort (e.g. De Silva & Medellin, 2008; Fritz et al., 2013; Yang et
al., 2013). However, ammonites are among the most frequently preserved fossil organisms because of
their relatively thick shell and their very high abundance in Mesozoic seas. Furthermore, our dataset is
one of the most highly resolved among available fossil datasets, both in terms of space and time
(Dommergues et al., 2009). Consequently, we estimated species range sizes using two variables, the
extent of occurrence (i.e. minimum convex polygon for species with at least three occurrences; Gaston,
2003) and the latitudinal range (for species with at least two occurrences). These two variables
correspond to “maximal” species range sizes as they are calculated based on the sum of species
occurrences for the early Pliensbachian and for each chronozone. Thus, they do not represent
instantaneous ranges but rather the whole range explored by a species during its lifetime or during a
specific time interval. The extent of occurrence was calculated using the ahull function in the alphahull
package (Pateiro-Lopez & Rodriguez-Casal, 2010) in R (v.3.0.2; R Development Core Team, 2010). For
species range size calculations at the chronozone scale, we only consider occurrences observed in the
chronozone of interest (Appendix S2). We also evaluated the robustness of range size phylogenetic

conservatism by removing a given percentage of species occurrences 1000 times and by comparing
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Moran’s / values for the degraded datasets with those of the original dataset. Overall, our conclusions
remain unchanged (see Appendix S2).

While conducting the analyses, we tested whether these two variables yielded consistent signals of
phylogenetic conservatism. The frequency distribution of geographic range sizes tends to be strongly
right-skewed for extant and fossil marine species (Jablonski, 1987; Jablonski & Valentine, 1990;
McAllister et al., 1994; Kiessling & Aberhan, 2007; Powell, 2007; Foote et al., 2008; Myers et al., 2013),
as for most terrestrial assemblages (Blackburn & Gaston, 1996; Gaston & Blackburn, 1997; Gaston,
1998, 2003). Our dataset is no exception (Fig. 3).

We conducted analyses at the province scale. Only species occurring exclusively in one province
(hereafter referred as “MED species” and “NWE species”) were taken into account. In addition, we
explored the phylogenetic conservatism of species range size at the scale of western Tethys. In this case,
the dataset is composed of MED species, NWE species and trans-province species (i.e. species that occur
in both provinces). Analyses were conducted for the entire early Pliensbachian and for each of the three
chronozones considered independently. The scale of the chronozone presents three advantages: (i) it
represents the best compromise between a high spatio-temporal resolution and a large sample size (Zacai
et al., 2016), (i) biostratigraphic correlation (i.e. correlation among sedimentary layers based on their
fossil content) between the NWE and MED provinces are robust at this scale (Dommergues & Meister,
1991; Page, 2003; Zacai et al., 2016), and (iii) this finer resolution allows us to track potential changes in
the phylogenetic conservatism of species range size through successive time intervals. For analyses on
chronozone subdatasets, inter-species phylogenetic distances were calculated on subtrees containing only
species occurring in the chronozone and/or area of interest (Appendix S1). They are therefore different
from those calculated on the complete early Pliensbachian phylogenetic tree (Fig. 2). Similar analyses
were also conducted by using subtrees directly extracted from the complete tree, without recalculating
inter-species phylogenetic distances in order to estimate the influence of uncertainties on phylogenetic
branch lengths (Appendix S1).

Geography can be a confounding factor when investigating phylogenetic autocorrelation (Legendre,
1993; Qian & Ricklefs, 2004; Purvis, 2008; Hardy et al., 2012). Spatial autocorrelation is a common

property of ecological data that can reduce the power of statistical tests because it violates the assumption
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of sample independence (Legendre, 1993). To control for potential spatial autocorrelation of ammonite
range sizes, we calculated the geographic range midpoint of each species for each subdataset of interest,
and then used these midpoints to calculate triangular matrices of great-circle (i.e. orthodromic) distances
between each species pair. We found non-significant Moran’s / values for each subdataset analysed

(Appendix S3), which means that ammonite species range sizes are not spatially autocorrelated.

RESULTS

At the scale of the early Pliensbachian, species latitudinal range size is phylogenetically conserved in both
provinces and for the western Tethys Ocean (Moran’s / > 0; p < 0.05; Table 2). The extent of occurrence
is phylogenetically conserved for MED and western Tethys species, but not for NWE species (Moran’s
1<0; p>0.05; Table 2).

These signals are not maintained through time as shown by analyses at the chronozone scale (Table 2).
MED species show a phylogenetic conservatism of both latitudinal range and extent of occurrence during
the Jamesoni and Ibex chronozones but not during the Davoei chronozone. NWE species never show this
phylogenetic conservatism, which highly contrasts with the results for MED species. Western Tethys
species show phylogenetic conservatism of both latitudinal range and extent of occurrence during the
Jamesoni chronozone, extent of occurrence during the Ibex chronozone, and no phylogenetic
conservatism during the Davoei chronozone. Therefore, regardless of the spatial scale of analysis, species
range size is not phylogenetically conserved during the Davoei chronozone.

Analyses conducted after keeping the same inter-species phylogenetic distances as those of the
complete tree show few differences with analyses conducted by recalculating branch lengths: the signal
contrast between MED and NWE species is less pronounced and range size is less often conserved in the
western Tethys (see Table 2 and Table S3 in Appendix S3). This suggests that potential uncertainties in
branch length estimates have little effect on the observed signal of range size conservatism.

Results obtained with Pagel’s A are similar to those obtained with Moran’s / (Table 2). The only
significant signal of range size conservatism detected for NWE species with Moran’s / (i.e. latitudinal

range at the scale of the early Pliensbachian) is no longer significant with Pagel’s k (Table 2). This
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underlines the contrast of phylogenetic signal in range size conservatism between the two provinces. The
extent of occurrence is no longer phylogenetically conserved for western Tethys species during the early
Pliensbachian and the Ibex chronozone, and for the MED species during the Ibex chronozone when using
Pagel’s A (Table 2).

In summary: first, both provinces show a marked contrast in the phylogenetic signal, MED species
range sizes are more frequently phylogenetically conserved than those of NWE species. Second, species

range size is not phylogenetically conserved during the Davoei chronozone.

DISCUSSION

Methodological aspects

Early Pliensbachian ammonites of the western Tethys are characterized by phylogenetic conservatism of
their range size. This signal is found with two different indices (Moran’s / and Pagel’s 1) and with two
different methods for calculating phylogenetic branch lengths. The absence of phylogenetic conservatism
for NWE species at the chronozone scale may partly result from small sample sizes in the subdatasets
(Table 2). NWE species richness is half that of the MED province and this difference does not result from
a bias in sampling effort (Dommergues et al., 2009). However, analyses conducted without recalculating
branch lengths for subtrees show that Moran’s / can be significant and positive even for small sample
sizes (e.g. latitudinal range for NWE species during the Ibex chronozone; Table S3, Appendix S3). As
such, the reduced species richness of the NWE province cannot entirely account for the absence of
phylogenetic conservatism of range size in this province.

Gaston (1998) proposed different temporal dynamics models of species range size. According to
Carotenuto et al. (2010), most species biogeographic ranges apparently show a maximum range occurring
halfway through their duration. In this work, we only deal with maximum species range sizes, i.e. the sum
of their occurrences for their entire duration. This might be considered as a source of noise, especially at
the chronozone level. However, 74% of the studied early Pliensbachian ammonites have a geological
duration of a single chronozone, meaning that most of the “maximal” range sizes used in our analyses are

not truncated. This percentage falls to 21% and 6% for a duration of two and three chronozones,
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respectively. As such, we consider that the use of “maximal” species range sizes is not a source of bias in

this work.

Phylogenetic conservatism of species range size
Species range size is a trait defined by a complex interplay of biological and environmental factors
including species’ dispersal ability, ecological tolerance, inter-specific competition, environmental
features and physical barriers (e.g. Brown & Lomolino, 1998; Gaston, 2003; Bohning-Gaese et al., 2006).
As such, phylogenetic conservatism of this macroecological trait probably involves more complex
processes than a simple transmission of biological characters from ancestors to descendants. Thus, species
range size will be best conserved in a lineage if the transmission of biological characters is associated
with a spatio-temporal stability of environmental conditions. This may specifically apply to organisms
whose dispersal is largely controlled by the environment, such as ammonites which are supposed to
achieve their long-distance dispersal essentially through passive planktonic drift during early juvenile,
post-hatching stages (Westermann, 1996; Brayard et al., 2006, 2009; De Baets et al., 2012; Ritterbush et
al., 2014; Naglik et al., 2015; Zacai et al., 2016). Mouillot & Gaston (2009) raised this point for extant
species by suggesting that phylogenetic conservatism of geographic range size is more likely to occur
when closely related species share common environmental conditions. Our findings are consistent with
this statement. Spatially, species range size conservatism is more pronounced in the MED province which
is characterized by physically stable open-marine palacoenvironments during the early Pliensbachian
(Hallam, 1972; Smith & Tipper, 1986; Dera et al., 2011b). Conversely, the weak phylogenetic signal in
the NWE province (Table 2) probably results from the spatio-temporal instability of its
palaeoenvironments. The singular configuration of this province led to a strong influence of numerous
perturbations such as freshwater influxes, nutrient inputs, incursions of cold Boreal and warm Tethyan
waters, changes in current dynamics, and anoxia (Hallam, 1972; Smith & Tipper, 1986; Rosales et al.,
2004; Wignall et al., 2005; Arias, 2007; McArthur et al., 2008; Dera et al., 2009a, b, 2011b;
Dommergues et al., 2009), all susceptible to modifying ammonite dispersal and ranges.

Temporally, range size is phylogenetically conserved for MED and western Tethys species during the

Jamesoni and Ibex chronozones but not during the Davoei chronozone (Table 2). While the first two
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chronozones do not record any noticeable environmental and climatic changes, the Davoei chronozone is
characterized by an increase in sea-surface temperatures of about 4°C in the studied area (Rosales et al.,
2004; Dera et al., 2009a, b; 2011a; Price et al., 2016), a sea-level increase (Hallam, 2001), more humid
climatic conditions (Dera ef al., 2009a) and a potential incursion of warm water masses from the Tethys
Ocean into the NWE province (Dera et al., 2009b, 2015). In addition to these climatic and environmental
changes, another possible explanation for the absence of a phylogenetic signal in range size conservatism
during the Davoei chronozone is the low species richness that characterizes it (Table 2). This genuine
decline could be related to an increase in sea water temperature (Rosales et al., 2004; Dera et al., 2009a,
b; 2011a; Dommergues et al., 2009; Price et al., 2016) and to low origination rates (Dera et al., 2010).
Overall, this suggests that species range size may be partly determined by phylogeny (i.e.
biological/physiological heritable characters), but that phylogenetic conservatism is probably modulated
by environmental stability through space and time. Our results echo the concept of potential range (i.e.
area within which a species would be found if all dispersal limitations were overcome) vs. realized range
(i.e. smaller area within which a species does occur; Udvardy & Papp, 1969; Gaston, 1994, 2003). Given
the results of species range size conservatism, we can hypothesize that MED species may have expressed
their potential range more fully than NWE species, resulting in a more frequent significant phylogenetic
signal for the former. This hypothesis is supported by the fact that MED species range sizes are larger

than the ones of NWE species in average (Fig. 3).

Over the last decade, the question of phylogenetic conservatism of species range size has been
addressed for a variety of clades. However, evidence for species range size conservatism is mixed and for
the moment, no consistent conclusion has been reached (e.g. Mouillot & Gaston, 2009; Morin &
Lechowicz, 2013). Here we show that phylogenetic conservatism may differ between contemporaneous
species of the same group and that it may be labile through time within a same lineage. The lability of this
macroecological trait can explain the conflicting results of previous studies on phylogenetic conservatism
of species range size (Table 1). It should be mentioned that only a multi-scale approach can identify this
lability. Our conclusions on range size phylogenetic conservatism would have been different if we had

focused our analyses on one geographical area and one chronozone only. The instability of the
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phylogenetic signal through time and space suggests that range size conservatism may be scale-dependent
and emerges only for certain given combinations of extrinsic and intrinsic factors. Future studies should

thus investigate environmental conditions that may favour species range size conservatism.
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Appendix S1 References for Table 1, palacocoordinates of the 104 studied fossil localities and species-
level phylogenetic trees for each chronozone of the early Pliensbachian with and without branch length

recalculation

Appendix S2 Species latitudinal range size and extent of occurrence for each subdataset and evaluation
of the robustness of species range size conservatism according to the potential uncertainty in range size

estimates

Appendix S3 Spatial autocorrelation of species range sizes estimated using Moran's /, and phylogenetic
conservatism of species range size measured by Moran’s / on subtrees without branch length

recalculation
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Table 1 Studies of range size phylogenetic conservatism for various clades and time intervals.

Useofa  Phylogenetic

Clade n Analytical method . Range variable Source
phylogeny signal
Spearman’s rank Geographic
Molluscs (fossil) 172 correlation of sister Yes Yes range Jablonski, 1987
species pairs in km
L . Nested ANOVA . Cotgreave &
Birds: Australian 559 (orders) Yes Yes Grid cells Pagel, 1997
Birds: New World 3901 Nested ANOVA Yes No Grid cells Gaston &
) Blackburn, 1997
Birds: Spearman’s rank No (pairs of
. 46 correlation of sister sister taxa ~ No Grid cells Webb et al., 2001
Anseriformes .
taxon pairs only)
Freckleton et al.,
Sunfish 21 Pagel's A Yes No Area 2002, reanalysing
Pyron, 1999
Freckleton et al.,
Suckers 47 Pagel's A Yes Yes Area 2002, reanalysing
Pyron, 1999
Australian Freckleton et al.,
marsupials 165 Pagel's A Yes Yes Grid cells 2002, reanalysing
up Johnson, 1998
Latitudinal Freckleton et al.,
Lepidoptera (UK) 38 Pagel's A Yes No range (based on 2002, reanalysing
grid cells) Dennis et al., 2000
No (pairs of
Birds 103 Range size asymmetry sister No Grid cells Webb & Gaston,

of sister taxon pairs species 2003
only)



Molluscs (fossil)

Birds:
Psittaciformes

Herbaceous and
woody plants

Molluscs (fossil)

Birds

Terrestrial
mammals

Birds: Sylviidae

Birds: North
American

Carnivores,
Artiodactyla and
Primates

Birds

Mammals (fossil)

Water beetles (10
lineages)

South American
avifauna

Trilobites

56

349

57

172

103

4745

26

65 pairs
of sister
species

891

1136

220

174

2869

38

Range asymmetry of

ancestor-descendant
pairs

Moran's [ at various
taxonomic ranks

Nested ANOVA at
various taxonomic
ranks

Spearman’s rank
correlation of
ancestor-descendant
pairs

Spearman’s rank
correlation of
ancestor-descendant
pairs

Moran's / and Pagel's

A

Regression associated

to Mantel tests

Randomization test on
range size symmetry

GLS model

incorporating spatial

and phylogenetic
components and
Pagel's A
Spearman’s rank
correlation of sister
species pairs

Blomberg's K statistic

and Pagel's A

Blomberg’s K and
phylogenetic

eigenvector regression

Comparison of
species-range size
distribution of
simulated and
empirical data

(Kolmogorov-Smirnov

two-sample D*

statistic) and Pagel's A

Pagel's A and
Blomberg’ s K

No (pairs of
ancestor-
descendant
only)

No
(taxonomy)

No

Yes

No (pairs of
sister
species
only)

Yes

Yes

Yes

Yes

No

Yes

Yes

No

Yes

No

Yes (species
and genera)

No

Yes

Yes

Yes

Yes

Yes (but
weak)

Yes

Yes (genera)
No (species)

Yes but weak
and not for all
lineages

Yes but not
directly

Yes

Geographic
range

in km (no
further details)
Area, grid cells
and latitudinal
range
Landtitudinal
range and area
(based on grid
cells)

Geographic
range
in km

Grid cells

Area

Area

Latitudinal
range

Area

Area

Proportion of
localities of
occurrence area

Area

Grid cells

Coastal distance
(km) and
latitudinal extent

Webb & Gaston,
2003, reanalysing
Jablonski, 1987

Blackburn et al.,
2004

Qian & Ricklefs,
2004

Hunt et al., 2005,
reanalysing
Jablonski, 1987

Hunt et al., 2005,
reanalysing Webb
& Gaston, 2003

Jones et al., 2005

Bohning-Gaese et
al., 2006

Waldron, 2007

Freckleton & Jetz,
2009

Mouillot &
Gaston, 2009

Carotenuto et al.,
2010

Abellan & Ribera,
2011

Borregaard et al.,
2011

Hopkins, 2011



Yes but driven

Terrestrial 231 Blomberg’ s K, Pagel's Yes by the size of Area Machac et al.,
carnivorans A and Moran's / geographic 2011
domain
North American 508 Blomberg’ s K and Yes Yes (but Area + Morin &
trees Moran's / weak) latitudinal range Lechowicz, 2013

Detailed references are given in Appendix S1 in the Supporting Information. Abbreviations: n, number of taxa; PS,
phylogenetic signal indicating whether a significant positive phylogenetic correlation has been reported for the range size data
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623
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625

of each clade.

Table 2 Phylogenetic conservatism of species range size as measured by the Moran’s / and Pagel's A.

Spatial scale

Temporal Range variable
interval & MED NWE Western Tethys
Moran’s I/ Pagel's A Moran’s/ Pagel'sA  Moran’s/ Pagel's A
n 43 sp 22 sp 117 sp
Extent of
Early 0.113%* 0.395%* -0.040 7.933e-05  0.021%* 0.180
. . occurrence
Pliensbachian
n 66 sp 29 sp 147 sp
Latitudinal range 0.085%**  0.393***  (.024* 5.074e-05  0.034** 0.346%*
n 14 sp 5sp 33sp
Extent of -0.081 7.933e-05 -0.228 0.925 -0.052 7.437-05
DAVOEI occurrence
n 17 sp 7 sp 38 sp
Latitudinal range 0.015 0.062 -0.184 4.745e-05 0.016 5.706e-05
n 22sp 11sp 57 sp
Extent of 0.145%* 0390 0154 4.745¢-05 0.022%  0.197
IBEX occurrence
n 29 sp 13 sp 66 sp
Latitudinal range 0.191** 0.656** -0.003 0.597 0.004 0.036
n 33 sp 12 sp 67 sp
Extent of 0.143**  0.487**  -0.155 4.745¢-05  0.042* 0.261*
JAMESONI occurrence
n 49 sp 16 sp 87 sp
Latitudinal range 0.024* 0.439%** -0.063 6.919¢-05 0.058%**  (0.455%%*

Abbreviations: n, number of species considered in the analyses; sp, species; MED, Mediterranean province; NWE,
North-West European province. Note: ***p < 0.001, **p < 0.01, *p < 0.05, no symbol = not significant.
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Figure 1 Biostratigraphical and palacogeographical context of the early Pliensbachian. (A) Ammonite
chronozones (Page, 2003; Gradstein et al., 2012) and their approximate absolute ages (Gradstein ef al.,
2012 ; Ogg et al., 2016). (B) Palacogeographical reconstruction of the western Tethys and adjacent areas
with the palaeolocation of the 104 fossil localities used here. NW European localities are represented by
circles and Mediterranean localities are represented by squares. Abbreviations: Ad, Adria bloc; Africa,

African bloc; Anatolia, Anatolian bloc; Eurasia, Eurasian bloc; Ib, Iberian bloc.

Figure 2 Species-level phylogenetic hypothesis for early Pliensbachian ammonites (after Hardy et al.,
2012) together with their province(s) of occurrence. Inter-species phylogenetic distances correspond to
branch lengths between each species pair in the phylogeny. Abbreviations: MED, Mediterranean; NWE,

North-West European.

Figure 3 Distribution of latitudinal ranges and extent of occurrences for early Pliensbachian ammonites

of the western Tethys and adjacent areas. Note the typical strongly right-skewed distribution.
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