Downloaded from http://sp.lyellcollection.org/ at MINCY T on August 6, 2013

Geological Society, London, Special Publications

Growth curve of Aetosauroides scagliai Casamiquela
1960 (Pseudosuchia: Aetosauria) inferred from
osteoderm histology

Jeremias R. A. Taborda, Ignacio A. Cerda and Julia B. Desojo
Geological Society, London, Special Publications 2013, v.379;

p413-423.
doi: 10.1144/SP379.19

Email alerting click here to receive free e-mail alerts when

service new articles cite this article

Permission click here to seek permission to re-use all or

request part of this article

Subscribe click here to subscribe to Geological Society,
London, Special Publications or the Lyell
Collection

Notes

© The Geological Society of London 2013 Lye||


http://www.lyellcollection.org/cgi/alerts
http://www.geolsoc.org.uk/permissions
http://www.lyellcollection.org/site/subscriptions
http://sp.lyellcollection.org/

Downloaded from http://sp.lyellcollection.org/ a MINCY T on August 6, 2013

Growth curve of Aefosauroides scagliai Casamiquela 1960
(Pseudosuchia: Aetosauria) inferred from osteoderm histology

JEREMIAS R. A. TABORDA!2*, IGNACIO A. CERDA!? & JULIA B. DESOJO!:2

'CONICET, Consejo Nacional de Investigaciones Cientificas y Técnicas, Argentina

2Seccién Paleontologia de Vertebrados, Museo Argentino de Ciencias
Naturales ‘Bernardino Rivadavia’, Av. Angel Gallardo 470,
CI1405DJR, Buenos Aires, Argentina

3Instituto de Investigacién en Paleobiologia y Geologia, Universidad Nacional
de Rio Negro, Museo Carlos Ameghino, Belgrano 1700, Paraje Pichi Ruca
(predio Marabunta), Cipolletti 8300, Rio Negro, Argentina

*Corresponding author (e-mail: jtaborda@macn.gov.ar)

Abstract: Recent palaeohistological studies on paramedian osteoderms of aetosaurs revealed the
presence of growth lines (lines of arrested growth or LAGs) and a minimal or nonexistent second-
ary remodelling in the bone matrix of these elements. This feature allows the age of individuals to
be estimated through growth line count. In the present contribution we study the growth curve of
the South American aetosaur Aefosauroides scagliai. We estimated the age (obtained from LAG
counting) and body size (body length and body mass were used as proxies) of different aetosaur
specimens in order to reconstruct the growth curve of the South American species. The data
obtained for Aetosauroides scagliai were compared with that of other aetosaurs, such as Neoaeto-
sauroides engaeus, Aetosaurus ferratus, Aetobarbakinoides brasiliensis, Typothorax coccinarum
and Paratypothorax sp. Our results indicate that, if body length is considered as proxy, all
studied aetosaur specimens have a similar or almost identical growth rate. However, important
variations arose among aetosaur taxa if body mass is considered as proxy, which would be
related to a body morphology ranging from slender (e.g. Aetobarbakinoides brasiliensis) to very
wide (Typothorax coccinarum) morphotypes. In comparison with extant pseudosuchians (i.e. cro-

codylians), Aetosauroides scagliai possesses a relatively lower growth rate.

Aetosaurs are a clade of quadruped pseudosuchian
archosaurs from Upper Triassic continental beds
of South and North America, Europe, Africa and
India (e.g. Heckert & Lucas 2000; Parker 2008;
Desojo & Ezcurra 2011). This group of diapsids,
with a body length ranging from 1 to 6 m, is nested
within Pseudosuchia, the crocodylian lineage of
Archosauria. However, the high-level phylogenetic
relationships of the group within Suchia are cur-
rently a matter of debate (e.g. Gower & Sennikov
1996; Nesbitt 2007, 2011; Brusatte et al. 2010;
Desojo et al. 2012; see also Desojo et al. this vol-
ume, in press).

Aetosaurs are characterized by the presence of
heavy armour composed of osteoderms covering
most of the body. Recent palaeohistological studies
on osteoderms of Sierritasuchus macalpini Parker
et al. (2008) and Aetosauroides scagliai Casami-
quela 1960 (Cerda & Desojo 2011) have revealed
important information about the growth pattern of
the armour. The latter authors concluded that in

‘Aetosaurine’ aetosaurs (sensu Parker 2007) the
osteoderm bone matrix lacks secondary remodel-
ling and an estimate of individual age is possible
by counting the lines of arrested growth (LAG) in
these elements (Cerda & Desojo 2011). Similar
studies in several dinosaur lineages were conducted
in the last decade (e.g. Erickson et al. 2004, 2006,
2009) and shed light on the palaeobiology of these
groups, as was the case in Tyrannosaurus (Erickson
2005). However, the study of growth dynamics in
aetosaurs has been neglected despite the poten-
tially important palaeobiological and evolutionary
implications.

The LAGs in extant reptile osteoderms are corre-
lated with annual interruptions of the individual’s
growth (Hutton 1986; Games 1990; Woodward &
Moore 1992; Tucker 1997; Erickson & Brochu
1999; Erickson et al. 2003). This correlation has
previously been used for age estimation in fossil
archosaurs, including crocodylians (Erickson &
Brochu 1999; Hill & Lucas 2006) and aetosaurs

From: NESBITT, S. J., DEsoJo, J. B. & Irmis, R. B. (eds) 2013. Anatomy, Phylogeny and Palaeobiology of Early
Archosaurs and their Kin. Geological Society, London, Special Publications, 379, 413-423.

First published online June 11, 2013, http://dx.doi.org/10.1144/SP379.19

© The Geological Society of London 2013. Publishing disclaimer: www.geolsoc.org.uk/pub_ethics


http://sp.lyellcollection.org/

Downloaded from http://sp.lyellcollection.org/ a MINCY T on August 6, 2013

414

(Parker et al. 2008; Cerda & Desojo 2011). Assum-
ing that the preserved LAGs in the aetosaurian
osteoderms were annually deposited, the age of indi-
viduals can be determined through counting the
number of LAGs present in the cortical bone.

In order to contribute to the knowledge of growth
dynamics in aetosaurs, in this contribution we
reconstructed a growth curve for Aetosauroides
scagliai employing age, body mass and total body
length estimates. The recovered growth curve will
allow comparisons with that of other aetosaurs.

Materials and methods
Analysed specimens

Although the present study is mainly focused on
Aetosauroides scaglai, we also examined and dis-
cussed other taxa for comparison. The studied taxa
comprise specimens assigned to six aetosaur
species and an indeterminate Aetosaurinae (sensu
Parker 2007) (Table 1). Aetosauroides scagliai was
the best-represented taxon of our sample, with a
total of four specimens from Argentina and Brazil
representing different individuals (PVL 2073, PVL
2052, MCP 13 and UFSM 11070). The specimen
PVL 2073 (holotype of Aetosauroides scagliai) has
an almost complete armour and its total body length
was estimated at about 2.4 m base on a quanti-
tative analysis (Taborda 2011). The materials of
Aetosauroide scagliai, identified as UFSM 11070
and UFRGS 11070, belong to the same individ-
ual but different elements were deposited in both
institutions in Brazil. Aetosaurus ferratus Fraas
1877 is also used in this study, 16 of the 25 spec-
imens included in the block SMNS5770 of Stutt-
gart, Germany (Schoch 2007) and the specimen
SMNS12670 were studied. Although several speci-
mens of Aetosaurus ferratus were examined, we
studied a single thin section of this taxon. Besides
Aetosauroides scagliai, two other South American
aetosaurs were also studied: the holotype of Neoae-
tosauroides engaeus Bonaparte 1969 (PVL 3525).
This specimen consists of complete skeleton and
dorsal armour (Desojo & Baez 2005). The total
length was measured and the body mass was esti-
mated. The other South American aetosaur included
is the holotype of the Brazilian Aetobarbakino-
ides brasiliensis Desojo et al. 2012 (CPE2 168),
composed of several articulated vertebrae, a few
poorly preserved dorsal osteoderms, ribs and some
appendicular bones (Desojo et al. 2012). This mate-
rial was used for body mass estimation and for thin
sectioning. The total length of Aetobarbakinoides
brasiliensis is estimated at 2 m (Desojo et al. 2012).
Finally, we also included two taxa previously
assigned to the Typothoracisinae (Parker 2007),
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Typothorax coccinarum Cope 1875 (NMMNH
P-56299) and Paratypothorax sp. (SMNS 1903).
Typothorax coccinarum is currently known by
fairly complete and articulated specimens from
New Mexico (USA), and we employed recent pub-
lished information from Heckert et al. (2010).
Regarding the studied material of Paratyphotorax
sp., we examined a complete and articulated un-
published skeleton (SMNS 1903) from Stuttgart
(Germany).

Growth curve reconstruction

The growth curve reconstructions were first esti-
mated by three different parameters: body mass
(M), total body length (TL) and age.

Body mass. The most frequently employed equa-
tions for body mass estimates in reptiles are those
obtained from the studies of Dodson (1975) and
Anderson et al. (1985). The equation of Dodson
(1975), employed previously for mass estimation
in Alligator mississippiensis Daudin 1801 (equa-
tion 1), estimates M using 7L as a parameter. This
equation has been only employed for crocodylians
and it can only apply in specimens composed of
complete skeletons. In equation ‘1(a)’ obtained by
Anderson et al. (1985), M is estimated from fem-
oral and humeral minimal circumferences (FC and
HC, respectively) (equation 2). In the present con-
tribution, we applied Anderson et al.’s (1985) equa-
tion because the equation of Dodson (1975)
underestimates the weight of the aetosaur armour
(Taborda 2011). The former equation (Anderson
et al. 1985) is independent of the presence of body
armour because the minimum diaphyseal circum-
ference of the major weight-bearing bones (stylopo-
dial bones) is strongly related to the mass of the
animal, and weakly influenced by the varied forces
exerted on the limbs (Campione & Evans 2012):

M =097 x 107 TL>18 W
M = 0.078 (FC + HC)*73+0% @)

For the estimates of body mass, the equation of
Anderson et al. (1985) uses the sum of the minimum
circumferences of femur and humerus.

Blob (2000) noted that cursorial animals have
a direct relationship between the limb bone’s
shape and the body mass, and mention a positive
allometry in the circumference of limb’s bones to
compensate for the greater increase in stress with
increases in body mass. Also, the femur and
humerus are subcylindrical structures and slightly
clepsydroid; therefore, their points of greatest weak-
ness at the torsion and flexion are present in the
area where their circumference is minimal. These
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Table 1. Shows the measures of aetosaurs and estimated missing data (indicated with*) used for this study, and the maximum number of LAGs counted in the
histological cut and their estimated age

Taxon Specimen SL FL FC HL HC TL M M No. of Age
No. (mm) (mm) (mm) (mm) (mm) (m) (kg) (kg) LAGs (years)

Aetosauroides scagliai

PVL 2073 - 157.26 59.56 99.58 33.2 1.39%* 20.95 18.32 5 6

PVL 2052 - - 104.4 45.6 45.6 2.42% 78.7 68.05 21 22

UFSM 11070 - - 57.6 33.65* - 1.34%* 20.02 17.52 - -

UFRGS 11070 - - - - - - - - 8 9

MCP 13 - - - - - 1 - - 1 2
Aetobarbakinoides brasiliensis

CPE 2 168 - - 41.32 - 35.06 2% 12.27 10.78 >11 13 %
Neoaetosauroides engaeus Q

PVL 3525 - 172 80 99 42 1.86* 44.55 38.71 - - i
Aetosaurinae indet =

PVL 2091 - - - 168 87 - - 299.44 - - 8

MLP 61-VII-2-34 - - - - - - - - 1 2 =
Aetosaurus ferratus é

SMNS5770-S1 73 50 18.52* - 12 - 0.98 0.88 - - o

SMNS5770-S2 102 93 35.34* 56 20.09* - - 4.49 - - E

SMNS5770-S3 73 64.99* 14 43 14.31* - 241 2.15 - - it

SMNS5770-S4 78 56.88* 13 45.12%* - - - 2.01 - - é

SMNS5770-S5 96 79.03* - 50 16 - - 2.68 - - E

SMNS5770-S6 - 77 13 - - - - - - - N

SMNS5770-S7 104 87 16 - 20 0.83 4.25 3.77 - - 3

SMNS5770-S8 81 60.84* 19 46.16* - 0.73 - 4.12 - - é”

SMNS5770-S13 86 67.43* - 47.89* - - - 2.08 - - o

SMNS5770-S16 101 87.21%* 30.67* 47 16.09* 0.83 3.17 2.82 0 1 g

SMNS5770-S17 108 96.45% - 55.51% - - - 4.75 - -

SMNS5770-S18 117 108.32* - 58.63* - - - 6.26 - -

SMNS5770-S19 87 68.75% 36 48.23* - 0.79 - 39 - -

SMNS5770-S20 - 53 19.69* - - - - - - -

SMNS5770-S21 - 40 12 29 8.09* - 0.31 0.28 - -

SMNS5770-S22 - 89 33.78* - - - - - - -
Typothorax coccinarum

NMMNH P-56299 - 291.8 107 193 68 2.5 120.32 103.65 - -
Paratyphotorax sp.

SMNS 1903 - - - - - 2 - - 17 18
Abbreviations: FC, femoral minimum mid-shaft circumference; FL, femoral length; HC, humeral minimum mid-shaft circumference; HL, humeral length; M, body mass using Campione & Evans’ (2012) fn

equation; M’, body mass using Anderson et al.’s (1985) equation; SL, skull length; TL, total body length. W
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measurements are related to the body mass. Use of
an equation based on femoral or humeral length
could cause problems for individuals with different
relationships between the limb length and body size.
For instance, in Aetobarbakinoides brasiliensis,
which has limbs relatively longer than other aeto-
saurs (Desojo et al. 2012), the body mass estimated
as a function of femoral length is overestimated.
Other equations use the snout vent length (SVL)
(e.g. Blob 2000; Farlow et al. 2005); however, in
palaeontology, this method is impossible to apply
because, as opposed to living animals, in fossils
the position of cloaca is unknown.

Recently, Campione & Evans (2012) showed, in
their study of quadrupedal terrestrial tetrapods, a
good correlation between the body mass and the
total circumference of the stylopodia (humerus +
femur). In contrast to Anderson et al’s (1985)
analysis, Campione & Evans (2012) used a more
complete tretrapod sample in their analysis, with
mammals, as well as reptiles and lissamphibians.

log M = 2.754 log(FC + HC) — 1.097.  (3)

To compare the result of Anderson ez al.’s (1985)
equation (equation 2) with that obtained by Cam-
pione & Evans’ (2012) equation (equation 3), we
can make two observations:

e the results obtained from equations (2) and (3)
differed by approximately 10%;

e the result obtained using equation (3) is included
within the error range of equation (2); likewise,
the result obtained using equation (2) is within
the error range of equation (3) (Fig. 1).

These two issues show that the results obtained by
both equations are equally acceptable. However, in

J.R. A. TABORDA ET AL.

the present contribution we prefer to use Campione
& Evans’ (2012) equation to estimate the body mass
of aetosaurs, as used for other reptiles.

Owing to the incomplete preservation and/or
preparation of some specimens, we cannot obtain
direct measurements of FC and HC in all of the
sampled taxa. The missing data were estimated
from linear regressions between different measure-
ments of several skeletal sections. We use the data
set of Farlow et al. (2005) for Alligator mississip-
piensis, in addition to the new data set of aetosaurs,
in order to obtain a new equation. Employing our
aetosaur (Table 1) and combined with Farlow’s
crocodylian data sets (Farlow et al. 2005, table 2
of supplementary data), we compared the femur
length (FL) with FC and humerus length (HL)
with HC. These comparisons revealed that the rela-
tionship between length and minimum midshaft
circumference of these two stylopodial bones
approached a lineal function in crocodylians and
aetosaurs (Fig. 2). Linear regressions were obtained
through the minimum squares method. The obtained
equations are:

FC = 0.3913FL — 1.0479 “4)

HC = 0.4536HL — 5.3306 (5)

We employed these two equations to estimate
the minimum midshaft circumference in specimens
in which only femoral or humeral lengths could be
measured. In Paratyphotorax sp. (SMNS 1903),
the appendicular skeleton is still unprepared, thus,
we could not obtain measurements of any stylopo-
dial bone (only the total body length of the
individual).

140
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M [ke]

60+

NMMNHP-56269 [*

PVL2052 |

40 pvLas25[%
201 UFSMM070|‘§|‘; PVL2073 )
SMNS5770-S7 [ cre2168
0 : ; : . : : . : -
06 08 1 1,2 1,4 1.6 18 2 2,2 24 26
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Anderson # Campione

Fig. 1. Comparison between results obtained with Anderson et al.’s (1985) equation (square) and Campione &
Evans’ (2012) equation (rhombus) for body mass estimations in aetosaur analyses. The lines indicate the range of error for
body mass estimation in both equations (solid line for Anderson ez al. 1985 and dotted line for Campione & Evans 2012).
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Table 2. Crocodylians data taken and modified from
Huchzermeyer (2003)

Age (years) TL (m) M (kg)
0 0.24 0.08
0.08 0.36 -
0.83 0.45 0.24
1 0.34 1.84
1.25 0.72 2.15
1.7 0.75 1.41
1.75 0.81 1.74
2 1.1 5
2.7 1.12 4.1
3 1.39 8.7
3.8 1.46 9.18
4 1.65 13.18
6 2.07 37.75
9 2.52 62.3
10 2.78 106.45
11 2.86 118.75
6 1.68 15.45
9 2.05 39.3
10 2.19 51.35

Abbreviations: TL, total body length; M, body mass.

Age estimation. The age estimation in aetosaurs
was conducted by counting the number of LAGs
(Fig. 3) in 18 osteoderms from different regions
of the armour (paramedian, lateral, ventral and

250
(@) f(x) = 0,3769x - 4,4956

200

$
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Q o
== ¢

100+

50

0 T T T T T
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B et vides scagliai ™ Aet

4 Typothorax coccinarum £ Living crocodyles
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appendicular) collected from Upper Triassic out-
crops in Argentina and Brazil (Table 1). Palaeohis-
tological preparations were made following the
methodology described by Chinsamy & Raath
(1992) at the Departamento de Geologia of the Uni-
versidad Nacional de San Luis (Argentina). Osteo-
derm thin sections were studied under normal and
polarized light through a binocular microscope
housed at the Coleccion Nacional de Paleovertebra-
dos of the Museo Argentino de Ciencias Naturales
‘Bernardino Rivadavia’ (Buenos Aires, Argentina).
At least two transverse sections were obtained from
each osteoderm. Since the LAG count varies in
some individuals, even within the same osteoderm
(see below), the age estimation was based on the
maximum number of LAGs observed in each indi-
vidual. The absence of intensive secondary remo-
delling in ‘Aetosaurinae’ osteoderms (Cerda &
Desojo 2011) implies that all counted LAGs rep-
resent the complete set formed in an osteoderm
during the life of the individual. However, given
that extant crocodylians ossify their osteoderms
about 1 year after hatching (Chiappe et al. 1998;
Vickaryous & Hall 2008), an additional year was
added to the counted age for a more accurate esti-
mate. With the exception of the specimen assigned
to Paratypothorax sp. (SMNS 1903) (for which
the number of LAGs was obtained from Scheyer
et al. 2011), all of the LAGs were directly counted
from the thin section illustration made by two of

(b) 100

f(x) = 0,4536x - 5,3306

Mg

HC
g

0 T T T T T T T T T
20 40 60 80 100 120 140 160 180 200 220

HL

us ferratus & Neoaetosauroides engaeus [ Aetosaurinae indet

¢ Farlow’s data Linear regression

Fig. 2. Relationships between length and minimum mid-shaft circumference (both in mm) for the femur and humerus.
(a) Relationship between the femoral length (FL) and minimum mid-shaft circumference (FC) for aetosaurs and
crocodylians. In both groups the relationships is linear. (b) Relationship between the humeral length (HL) and the
minimum mid-shaft circumference (HC). The relationship between these variables is linear, and is similar for aetosaurs

and crocodylians.
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Fig. 3. Lines of arrested growth (LAGs) in a lateral
osteoderm of Aetosauroides scagliai (PVL 2052).

(a) Transversal thin section of the osteoderm.

(b) Schematic drawing of the same specimen showing
the position of nine of the 22 preserved LAGs. (¢) Detail
of the lateral cortex (box inset in a) showing the 15 outer
LAGs. The scale bar equals 10 mm (a, b) and 0.5 mm (c).

the authors (J. B. Desojo & I. Cerda in Scheyer
et al. 2011). We could not obtain thin sections from
the articulated juvenile specimens of Aetosaurus
ferratus preserved in block SMNS5770 but we
took histological data from one paramedial osteo-
derm of SMNS12670. Although we could not take
measurements from SMNS12670 because of its
fragmentary condition, we considered that it had
the same age as SMNS5770-16 because they are
similar-sized individuals. (High-resolution versions
of Fig. 3 are available from the authors on request.)

Problems with LAG counts

In some aetosaurian specimens the LAG count
varies between different osteoderms, and even
within the same element. This observed variation
appears to be related to two major reasons,

J.R. A. TABORDA ET AL.

(a)

anterior bar

Fig. 4. Photograph and drawing of an aetosaur
paramedian osteoderm showing the best locations for
thin sectioning. (a) Paramedian osteoderm of
Aetosauroides scagliai (PVL 2073) in external view.
(b) Schematic drawing of an aetosaur paramedian
osteoderm. The internal numbered lines represent four
deposited growth lines. Growth mark number 1 encloses
the centre of ossification. Dashed lines indicate
transversal (¢, d) and parasagittal (e, f) sections. (c)—(f)
Transversal and parasagittal sections showing variations
in the LAG count. Note that the best sections are those
that crossed the centre of ossification (d & f). The scale
bar equals 10 mm.

excluding that of secondary remodelling because it
was absent or minimal in our whole sample. The
first reason is related to the histological preserva-
tion of the samples. For example, the diagenetic
alteration observed in the sections obtained from
the paramendian osteoderm of Aetosauroides sca-
gliai PVL 2052 precluded the observation of the
innermost deposited LAGs. The second reason for
variation is related to the plane in which the osteo-
derms were sectioned. Owing to the different pat-
terns of aetosaur osteoderm early development,
particularly in the paramendian osteoderms (Cerda
& Desojo 2011), the section plane would not include
the centre of ossification of the element (which is
enclosed by the first deposited growth mark).
Thus, the number of LAGs is always underesti-
mated (Fig. 4). The best areas for thin sectioning
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of paramedian osteoderms (transversal or parasa-
gittal) appear to be lateral to the dorsal eminence
of the osteoderm because the centre of ossification
is displaced towards this area (Cerda & Desojo
2011).

Results and discussion

This is the first study of growth dynamics in aeto-
saurs, and provides new and substantial information
about the mode and developmental differentiation
of diverse taxa within the aetosaur lineage. In
order to shed light on Aetosauroides scagliai
growth dynamics, we reconstructed growth curves
using the information obtained from mass (M),
total length (7L) and age. For comparative purposes,
we also plotted these variables for the other aeto-
saurian taxa examined here. In addition, we also
plotted the same data for extant crocodylians (data
obtained from Huchzermeyer 2003) to compare
them with those in aetosaurian curves. The reason
for this comparison is based on the fact that croco-
dylians are the closest extant relatives to aetosaurs
(e.g. Gauthier 1986; Nesbitt 2011).

The Aetosauroides scagliai growth curves only
represent a trend line because we considered that
the sample size cannot indicate the real growth
curve of Aetosauroides scagliai. Therefore, these
curves are only descriptive and are not used to
make predictions.

TL—-age

Both curves for Aetosauroides scagliai and croco-
dylians show a different trend for the relationships
between 7L and age (Fig. 5a). The slope of the aeto-
saur growth curve is lower than in crocodylians,
which means a lower growth rate in Aetosauroides
scagliai. This interpretation differs from that of
previous studies of aetosaur bone histology (i.e.
de Ricqles er al. 2003, 2008; Cerda & Desojo
2011). Based on the LAG count, and comparing
with extant and fossil crocodylians taxa, Cerda &
Desojo (2011) proposed a similar growth rate
between Aetosauroides scagliai and Alligator mis-
sissippiensis. In addition, de Ricqles et al. (2003,
2008) proposed that phytosaurs, aetosaurs and
poposaurs grew in a manner much more similar to
crocodylians than ornithodirans.

Our results indicate that, compared with other
pseudosuchian archosaurs, Aetosauroides scagliai
was characterized by a relatively slow growth rate.
If the reaching and maintaining of high growth
rates through ontogeny was a basal characteristic
of archosauriforms (de Ricqlés er al. 2003, 2008;
Cubo et al. 2012), the relatively slower growth
rate in Aetosauroides scagliai inferred from our
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data indicated a derived condition in this taxon
(and probably other aetosaurs), possibly gained
independently from extant pseudosuchians. Inter-
estingly, in a recent publication of Cubo et al
(2012), histological data reveal that another aeto-
saur (Typothorax coccinarum) also demonstrates a
relatively slower growth rate compared with other
non-ornithodiran archosaurs. The data obtained
independently for Aetosauroides scagliai and Typo-
thorax coccinarum suggest that aetosaurs were
characterized by a lower growth rate in comparison
with other pseudosuchian archosaurs.

We observed that the growth curve obtained for
Aetosauroides scagliai also appears to be similar to
Aetosaurus ferratus, Paratyphotorax sp. and Aeto-
barbakinoides brasiliensis. This result indicates
that these taxa possibly have a similar 7L growth
pattern independent of body shape. However,
since these data are based in single individuals
rather than an ontogenetic series, a more abundant
sample of these other aetosaurian taxa is necessary
for a more accurate comparison.

M-age

The curve obtained for Aetosauroides scagliai has
a very different trend to that of the extant crocody-
lians (Fig. 5b). The curves of body mass show a
rapid increase in crocodylians, but a lower and
almost constant rate for Aetosauroides scagliai. It
seems that this constant increase in the body mass
observed in Aetosauroides scagliai could differ
from that of Aetobarbakinoides brasiliensis. The lat-
ter species exhibits the same relationship between
TL and age to that of Aetosauroides scagliai but
the estimated body mass depicted a lower value
than expected compared to an Aetosauroides sca-
gliai of the same age. As was previously mentioned,
it is necessary to include more specimens of Aefo-
barbakinoides brasiliensis to corroborate this
observation.

We can not compare Aetosauroides scagliai’s
trend line with that of Aetosaurus ferratus because
the data of the latter are located far from those of
Aetosauroides scagliai (Fig. 5b).

M-TL

Based on our results, we plotted the relationship
between body mass and total body length for aeto-
saurs (Fig. 5c). Although we could not directly
compare the aetosaur curve with that obtained for
crocodylians (but both curves would be similar in
shape), two individuals of the same size but lying
on different curves can represent individuals of
very different age (Fig. 5a).

We observed that the information available for
Neoaetosauroides engaeus matches the curve for
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Fig. 5. Growth curves. The blue line indicates the relationship between body length, body mass and age in
Aetosauroides scagliai, and the green line indicates the same relationship in crocodylians. (a) Relationship between
corporal total length (7L) in metres and age in years. (b) Relationship between body mass (M) in kg and age in years.
Note that Aetobarbakinoides brasiliensis has alower value of body mass than expected in an A. scagliai individual of the
same age. (¢) Relationship between M in kg and TL in metres. Aetobarbakinoides brasiliensis possesses a lower body
mass value than expected for its total body length and Typothorax coccinarum is heavier than expected.

Aetosauroides scagliai. However, it is not the case
for Aetobarbakinoides brasiliensis and Typothorax
coccinarum. In the latter taxon, the estimated M is
larger than that obtained for Aetosauroides scagliai
at the same TL. By contrast, Aetobarbakinoides
brasiliensis possesses a lower M value than was
expected for Aetosauroides scagliai for an individ-
ual of the same age and 7. The deviations observed
in Aetobarbakinoides brasiliensis and Typothorax

coccinarum would be the result of a different body
shape. Typothorax coccinarum was a more robust
animal than the other aetosaurs analysed, with an
elliptical body in dorsal view and elliptical trunk
cross-section. By contrast, Aetosauroides scagliai
has a subrectangular, narrow body in dorsal view
and a subcircular trunk cross-section. Accordingly,
we can assume a proportionally greater body
volume for Typothorax coccinarum than for other
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(a3)

Fig. 6. Schematic comparison of corporal morphologies between Typothorax coccinarum (a) and example of an
aetosaur with a narrow body (b); in lateral view (— 1), dorsal view (—2) and thoracic cross-section (— 3). (Modified from
Walker 1961 and Heckert et al. 2010.)

aetosaurs (Fig. 6). By contrast, Aetobarbakinoides
brasiliensis was described as a gracile aetosaur
(Desojo et al. 2012), a hypothesis that is here bol-
stered by a lower body mass than proportionally
expected in other aetosaurs (Fig. 5b, c). As stated
above, the data for Aetosaurus ferratus are not
comparable with the trend line of Aetosauroides
scagliai because Aetosaurus ferratus is away from
the extrapolation zone.

Conclusions

The distinct differentiation between the estimated
body mass for Aetobarbakinoides brasiliensis and
Typothorax coccinarum and that expected for an
Aetosauroides scagliai individual of the same age
and total length is evidence of a clear division into
at least two aetosaurs morphotypes (i.e. narrow or
wider forms). Aetosaurus ferratus, Aetosauroides
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scagliai and Neoaetosauroides engaeus would
share similar growth curves because they have the
same body morphotype. By contrast, different body
shapes (wider in Typothorax coccinarum and slen-
der in Aetobarbakinoides brasiliensis) result in a
deviation from the Aetosauroides scagliai growth
curve. Finally, it is possible that all aetosaurs had
rather similar growth rates when body length was
employed as body size proxy, independent of the
size of the animal. This aspect is purely speculative
and needs to be supported by a larger sample to
arrive at a more robust conclusion. The present
work represents the first approximation of aetosaur
growth dynamics. In the future, new data will allow
us to construct a more precise growth curve that
will contribute to the understanding of the growth
model in this group of archosaurs.
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Appendix

Institutional abbreviations

CPE, Collection Municipal, Sdo Pedro do Sul, RGS,
Brazil; MPC, Museo de Ciéncias e Tecnologia, Porto
Alegre, Brazil; MLP, Museo de la Plata, Buenos Aires,
Argentina; NMMNH, New Mexico Museum of Natural
History and Science, Albuquerque, USA; PVL, Paleonto-
logia de Vertebrados, Instituto Miguel Lillo, Tucuman,
Argentina; SMNS, Staatliches Museum fiir Naturkunde,
Stuttgart, Germany; UFRGS, Universidad Federal do Rio
Grande do Sul, Porto Alegre, Brazil; UFSM, Universidad
Federal de Santa Maria, Rio Grande do Sul, Brazil.
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