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The rhynchosaurian archosauromorphs are an important and diverse group of fossil

tetrapods that first appeared during the Early Triassic and probably became extinct during

the early Late Triassic (early Norian). Here, the early evolution of rhynchosaurs during

the Early and early Middle Triassic (Induan-Anisian: 252.2-242 Mya) is reviewed based

on new anatomical observations and their implications for the taxonomy, phylogenetic

relationships and macroevolutionary history of the group. A quantitative phylogenetic

analysis recovered a paraphyletic genus Rhynchosaurus, with “Rhynchosaurus” brodiei

more closely related to hyperodapedontines than to Rhynchosaurus articeps. Therefore,

a new genus is erected, resulting in the new combination Langeronyx brodiei. A body

size analysis found two independent increases in size in the evolutionary history of

rhynchosaurs, one among stenaulorhynchines and the other in the hyperodapedontine

lineage. Maximum likelihood fitting of phenotypic evolution models to body size data

found ambiguous results, with body size evolution potentially interpreted as fitting either

a non-directional Brownian motion model or a stasis model. A Dispersal-Extinction-

Cladogenesis analysis reconstructed the areas that are now South Africa and Europe

as the ancestral areas of Rhynchosauria and Rhynchosauridae, respectively. The

reconstruction of dispersal events between geographic areas that are broadly separated

paleolatitudinally implies that barriers to the dispersal of rhynchosaurs from either side of

the paleo-Equator during the Middle Triassic were either absent or permeable.
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INTRODUCTION

The Permo-Triassic mass extinction occurred ∼252 million years ago, and produced a dramatic
change in the composition of floral and faunal communities (Raup and Sepkoski, 1982; Erwin,
1994; Looy et al., 2001; Benton and Twitchett, 2003; Fröbisch, 2013; Benton and Newell, 2014;
Smith and Botha-Brink, 2014). In the case of vertebrates, numerous new lineages first appeared or
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TABLE 2 | Fit of four different models to the body size evolutionary history of Rhynchosauria.

Time calib. BM OU EB BM + trend Stasis

AICc % AICc % AICc % AICc % AICc %

Mean 22.447 54.264 25.116 14.289 25.092 14.457 25.226 13.520 27.947 03.469

Upper 47.550 <0.001 46.932 <0.001 41.549 00.001 44.580 <0.001 27.947 99.851

Lower 21.767 55.360 24.065 17.543 24.744 12.493 24.811 12.085 27.947 02.519

Upper* 29.813 00.392 32.111 00.124 25.676 03.101 25.984 02.658 18.859 93.725

Time calibration abbreviations: Mean-Upper-Lower, time-calibrated trees with means, upper bounds and lower bounds, respectively, of chronostratigraphic uncertainty; Upper*, time-

calibrated tree with upper bounds of chronostratigraphic uncertainty pruning Teyumbaita and Hyperodapedon spp. Other abbreviations: %, percentage of data explained after AICc

weights; AICc, mean of the corrected Akaike’s Information Criterion; BM, Brownian motion; calib, calibration; EB, early burst; OU, Ornstein–Uhlenbeck.

FIGURE 11 | Paleobiogeographic analysis of rhynchosaurs based on a global phylogeny of the group. Results obtained from DEC

(Dispersion-Extinction-Cladogenesis) analysis. The temporal scale at the bottom is in millions of years.

2.5 times that reconstructed for the ancestral condition of
Rhynchosauria. The largest known rhynchosaur is a referred
specimen of Hy. huxleyi, with a lower jaw length or ∼470mm
and an estimated skull length of 420mm (ISI R4, Chatterjee,
1974). This species is from the Upper Triassic of India and
represents one of the youngest and most derived rhynchosaurs
(Figure 10B). Therefore, the optimization of skull length in the

phylogenetic tree of rhynchosaurs could be considered consistent
with one of the prerequisites of a Cope’s rule scenario (i.e., overall
increase of body size in the evolutionary history of a lineage;
Cope, 1887), and the other prerequisite (i.e., active trend) should
be tested with an evolutionary model fitting analysis.

Maximum-likelihood model fitting suggest that the evolution
of body size in rhynchosaurs is better explained by a Brownian
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Motion model (BM) in the calibrations with the age means and
lower bounds (i.e., BM explains more than 50% of the data;
Figure 10C; Table 2). As a result, under this model the increase
in body size in hyperodapedontines and stenaulorhynchines can
be explained as a non-directional exploitation of morphospace
from small-bodied ancestors with a lower size constraint (i.e.,
passive diffusion or the “Stanley effect”; Albert and Johnson,
2011; Zanno and Makovicky, 2013). The presence of some cases
of size reduction with respect to the reconstructed ancestral body
size (e.g., R. articeps, I. genovefae, Hy. gordoni) likely contributes
to a better fitting of a non-directional model over an active
directional trend. When the phylogeny was calibrated using
upper age bounds, stasis explains more than 99% of the data
and favors the absence of an evolutionary trend. As a result,
under both of these alternative evolutionarymodels, the increases
in body size in the evolutionary history of rhynchosaurs do
not represent an active trend and, therefore, the hypothesis of
Cope’s rule is not supported (Cope’s rule is the result of an
active directional trend; Kingsolver and Pfennig, 2004; Hone and
Benton, 2005).

It should be taken into account that the maximum recorded
or estimated skull length of each species is used for the analyses
and these values can be easily affected by sampling artifacts. Low
sample sizes may be correlated with lower maximum body sizes
and the failure to sample fully grown individuals would affect the
results. Therefore, the lower sample sizes of early Middle Triassic
rhynchosaurs in comparison with those of the late Middle and
Late Triassic (e.g., from the Manda beds and the Ischigualasto,
Santa María, and lower Maleri formations) may result in an
artifactual pattern of increased body size in the stratigraphically
youngest species. However, there is no single evidence of a large-
bodied rhynchosaur in Early Triassic or early Middle Triassic
beds worldwide and several of these early rhynchosaur forms
seem to be skeletally mature individuals (Benton, 1990). As a
result, the data used here seems to not be strongly affected
by a size sample bias, but an increased rhynchosaur sample
and better chronostratigraphic resolution, especially in the late
Middle Triassic-early Late Triassic time span, will be crucial
to test in the future the ambiguities in the evolutionary model
fittings by the different time calibrations and the general results
of the analyses recovered here.

Paleobiogeography
The Dispersal-Extinction-Cladogenesis analysis reconstructed
the origin of Rhynchosauria as most likely occurring in Western
Gondwana (the area that is now South Africa; 61.7%; Figure 11),
in agreement with previous qualitative statements (Butler et al.,
2015), with this reconstruction preferred over a widespread
ancestral range that included the current regions of South
Africa and Europe (38.3%). Central Laurasia (the area that
is now Europe) is reconstructed as the ancestral area of
Rhynchosauridae (80.4%) and this ancestral range is retained
in the four successive nodes that lead to Hyperodapedontinae
(83.2, 100, 100, and 95.8%). As a result, if Western Gondwana
is interpreted as the ancestral area of the whole group, at least
one dispersal event from this area to Central Laurasia must
have occurred in the Induan-late Anisian. The ancestral area

reconstruction of the node that includes stenaulorhynchines
does not favor strongly any particular distribution, but the most
likely are the ranges that include the current regions of South
America and Tanzania-India-Madagascar (39.8%), Europe and
Tanzania-India-Madagascar (19.9%) and South America and
Europe (19.9%). The reconstructions of the stenaulorhynchine
node imply an expansion of the range of rhynchosaurs into
South America and Tanzania-India-Madagascar and, if the most
likely ancestral reconstruction is considered, a vicariant event
between South America and Tanzania-India-Madagascar during
the Anisian. The base of Hyperodapedontinae possesses several
poorly supported ancestral area reconstructions, but the area
that is now Europe is included in the ancestral range in
77.2% of them. The current regions of South America and
Tanzania-India-Madagascar are included in 28.3 and 22.8%
of the reconstructions, respectively. Therefore, the most likely
reconstructions imply a range expansion into South America
and/or Tanzania-India-Madagascar during the late Anisian-early
Carnian time span. The reconstructions of the successively
more deeply nested nodes of the Teyumbaita + Hyperodapedon
clade include an ancestral range of Europe and South
America as the most likely hypotheses (47.5–63.0%). However,
paleobiogeographic events within this clade are not discussed
here because several species of the genus Hyperodapedon were
not included in the analysis, including species collected in North
America, India, and Africa.

In conclusion, the ancestral area reconstructions of the
evolutionary history of rhynchosaurs imply dispersal events
between broadly paleolatitudinally separated geographic areas
(e.g., current regions of Europe, South America, and Tanzania-
India-Madagascar). We note that ancestral area reconstructions
such as these can be severely affected by incomplete sampling
and missing data, and these results may change as additional
rhynchosaur taxa are discovered and described, and as taxa
such as Ammorhynchus and Mesodapedon are incorporated
into phylogenetic analyses. However, as currently reconstructed,
these biogeographic events imply that barriers to dispersal
of rhynchosaurs across the paleo-Equator were either absent
or present but at least temporarily permeable. This result
is in agreement with the proposed cosmopolitan distribution
of tetrapod species during the Middle Triassic, occurring in
an interval when all the main landmasses were part of the
supercontinent of Pangea (Shubin and Sues, 1991; Ezcurra,
2010). The paleobiogeographic history of hyperodapedontines
goes beyond the scope of this paper, but its future study may
shed light on the tempo and mode of the establishment of a
different, more provincialized biogeographic scenario that has
been proposed for the Late Triassic (Ezcurra, 2010; Whiteside
et al., 2011).
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