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Abstract — The metoposaurid Dutuitosaurus ouazzoui, from the Carnian (Upper Triassic) of
Southern Morocco is one of the best known temnospondyls; more than 75 specimens have
been found, including 15 sub-complete skeletons of various sizes from ImiN’Tanoute, a mass
mortality locality (Dutuit and Heyler, 1983, p.628) in the Argana Basin, Western High Atlas.
Ten femora, sampled from sub-complete skeletons belonging to a growth series, have been
sectioned at the mid-diaphyseal level in order to perform histological and
skeletochronological analyses. Sections from juveniles and adults show microstructures
typical of aquatic stegocephalians (absence of a free medullary cavity, presence of an
extensive spongiosa that merges gradually into a cortical compacta). Bone sections from
juveniles reveal a relatively high initial growth rate (no secondary osteons, cortex with wide
and densely vascularized growth zones, alternating with thin annuli or Lines of Arrested
Growth - LAGs-). Bone sections from adults indicate a decreased growth rate (less
vascularized external cortex, osteocyte lacunae parallel to the cortical stratification), probably
after the acquisition of sexual maturity, and a moderate amount of remodeling (presence of a
few secondary osteons, of erosion bays in the cortical compacta). Growth marks have been
correlated with environmental changes, likely to be seasonal cycles. Compactness profiles
have been quantified using ‘Bone profiler’. Comparison with profiles of extant taxa confirm
the hypothesis that Dutuitosaurus was aquatic.
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1. INTRODUCTION

Bone histology and skeletochronology are increasingly used to gain insights into the
biology of extinct amniotes such as Mesozoic reptiles (e.g. Horner et al., 2000) or Cenozoic
mammals (e.g. Buffrénil et al., 1990). However, this is not the case for non-amniotic extinct
taxa such as temnospondyls. Temnospondyls correspond to a stem-tetrapod clade that
includes species of a wide range of sizes (3 to 600 cm in total length) and shapes (brevirostral
salamander type to longirostral garhial type). Actualistic comparisons (i.e. comparisons with
extant relatives) must be used cautiously to address their physiology, ecology and ethology
because their relationships with other vertebrates are rather debated: according to recent
phylogenetical analyses, their extant sister-group could be either Tetrapoda (sensu Laurin and
Reisz, 1997) or Lissamphibia (Lombard and Sumida, 1992). However, temnospondyls show
exceptional preservation, with complete growth series ranging from larval to adult individuals
(reviewed in Steyer, 2000, 2001). Their ontogeny has already been studied using anatomical
observations, but little information is available on their bone histology (Dutuit, 1974; Ricqlés,
1975, 1977-1979; Damiani, 2000). Extensive histological descriptions of several
Metoposaurids (Ricqles, 1973) remain unpublished.

Bone histology and skeletochronology are rarely used to gain insights into ontogeny of
extinct taxa: a few exceptions are well preserved growth series of plesiosaurs (Wiffen et al.,
1995), dinosaurs (Horner et al., 2000), Triassic nothosaurs (Sanders, 1990), or Plio-
Pleistocene anurans (Esteban et al., 1998).

Dutuitosaurus ouazzoui (Dutuit, 1976) Hunt, 1993 belongs to the Metoposauridae, a
temnospondyl family widespread in the Triassic of Europe (Meyer, 1842; Koken, 1913;
Steyer, 1999), India (Lydekker, 1885), North Africa (Dutuit, 1967), North America (Leidy,
1856; Baird 1986), and perhaps China (Yang, 1978) and Madagascar (Dutuit, 1978).
Dutuitosaurus is considered by Hunt (1993, p. 81) to be ‘the most primitive metoposaurid’
although this author placed Apachesaurus and/or Arganasaurus as stem-group or sister-taxa
of the clade that includes Dutuitosaurus and Metoposaurus (Hunt, 1993, p. 88, fig. 18; that
contradicts his other statement because Arganasaurus branches off earlier than
Dutuitosaurus).

Bone histology of Dutuitosaurus ouazzoui (Dutuit, 1976; Hunt, 1993) has already
been studied on the basis of cranial (Dutuit, 1974, 1976; Dutuit and Heyler, 1975), costal,
femoral and humeral (de Ricqlés, 1975, 1978, 1989) sections. Here, we analysed femoral
sections from various growth stages and using qualitative and quantitative histological
techniques, as well as skeletochronology, in order to provide data about growth,
ecophysiology and paleoclimatology. This is one of the first growth series of an extinct non-
amniotic vertebrate studied with such methods.

Even though Dutuitosaurus is the best known temnospondyl from Africa (with over 75
specimens, including 15 subcomplete skeletons of various sizes; Dutuit, 1976), its
paleobiology and palaeoecology remain problematical, as is the case for many others
metoposaurids (Hunt, 1993). For instance, it has been suggested that Dutuitosaurus was a
bottom-dweller, an ambush predator (the passive ‘death-trap’ model of Ochev, 1966), or a
mid/upper-water swimmer (the active predator model of Chernin and Cruickshank, 1978).



2. MATERIAL AND METHODS (Figures 1, 2)

The material consists of a growth series of 10 femora of Dutuitosaurus
ouazzoui belonging to juvenile and adult specimens from the Middle-Upper Carnian (Upper
Triassic, ‘Lower TS’ stratigraphical unit; Jalil, 1996) of ImiN’Tanoute (site nr. XIII; Dutuit,
1976), a mass mortality locality (Dutuit and Heyler, 1983) in the Argana Basin, Western High
Atlas, Southern Morocco (Fig. 1).

The studied femora (Fig. 2), sampled from sub-complete skeletons from the MNHN
collection and measuring from 79 to 157 mm in length, have been prepared and sectioned at
their mid-diaphyseal level. Sections have been mounted on glass slides and observed (i.e.
qualitative analysis) under ordinary and polarized transmitted light. Quantitative analyses
were made using ‘Bone profiler’ version 1.0.15 (Girondot and Laurin, in press) to quantify
and compare the compactness profile of bone sections.

3. HISTOLOGICAL DESCRIPTIONS AND SKELETOCHRONOLOGY
3.1. General features (Figs 3-4)

Sections from juveniles and adults, which range from 9.3 to 24.3 mm in diameter, do not
show a free medullary cavity, but an extensive spongiosa which merges gradually into the
cortical compacta, a microstructure typical of aquatic stegocephalians (Ricqles, 1977; Laurin
et al., 2000; Steyer et al., 2001). Juvenile and adult stages of these femora have been firstly
determined using growth markers (reviewed in Steyer, 2001) observed on associated skeletal
elements (Steyer, pers. obs.), and secondarily confirmed according to their various
histological structures (see below).

Growth marks such as annuli (thin layers corresponding to temporary decrease of
osteogenesis) or Lines of Arrested Growth (LAGs, corresponding to temporary cessation of
osteogenesis), have been counted on sections from both juveniles and adults. They are reliable
indicators of growth rhythm and are generally laid down annually in extant vertebrates
(Castanet et al., 1996).

3.2. Sections from juveniles (Fig. 3)

The sections from juveniles have sub-circular outlines and show no secondary
osteons. The cortex contains wide growth zones, alternating with thin annuli and LAGs.
The zones are densely vascularized. This fine structure reveals a cyclical growth but a
relatively high (for such poikilo-ectothermic organisms) initial growth rate, perhaps at least
until the acquisition of sexual maturity (Castanet, 1975; Steyer et al., 2001).

A maximum of six LAGs were counted in the sections from juveniles. According to
their shape and their distance to the center of the bone (i.e. the radius), the last LAGs (i.e. the
most peripheral one) in the sections from the late juveniles correspond to the first ones in the
sections from the early adults. But in bones of late adults, the first few LAGs could be
destroyed by bone remodelling during growth (see above). Both visible and estimated LAGs
have therefore been counted (Table 1).



3.3. Sections from adults (Fig. 4)

The sections from adults have pear-shaped outlines (Fig. 4A), which reflect a positive
allometric development of the adductor femoral crest. They are densely vascularized, yet the
cortical vascularization decreases toward the periphery, and the cortex is less vascularized
than that of the juveniles.

The external cortex, with osteocyte lacunae parallel to the cortical stratification (Fig.
4B), is mainly composed of a lamellar bone tissue, with primary osteons and vascular canals.
The canals are located either in zones (i.e. growth marks laid down during periods of active
growth) or annuli, the latter becoming very thin and dark LAGs. The LAGs are more closely
spaced in the external cortex than in the inner one. The progressive change from annuli to
LAGs is in relationship with a decreased growth rate, probably after the acquisition of sexual
maturity. The inner cortex is locally eroded and remodeled. The spongiosa shows a mainly
trabeculo-cancellous structure with secondary osteons, revealing a moderate inner remodeling
during growth (Francillon-Vieillot et al., 1990; Castanet et al., 1993).

3.4. Individual age and size

The maximal diameter of the mid-diaphysis generally increases with femoral length.
The latter also increases with total body length (with a ratio of 1/70, from the snout to the tail
extremity) (Table 1), but the number of observed and estimated LAGs do not increase
regularly with size.
In this work, the number of LAGs has been considered, rather than size, in order to
estimate individual age. Individual age and size (i.e. number of LAGs x femoral length) are
slightly better correlated by a polynomial curve of second degree (Fig. 5; with a

correlation coefficient R2 = 0.922) than by a linear curve (the correlation coefficient of

which is R2 = 0.906). The slope of this polynomial curve is slightly stronger during the
juvenile than during the adult stage. This suggests a decreasing growth rate during
ontogeny. The spacing between the first few visible LAGs is fairly large and even, but
starting at the 6th identified LAG, this spacing decreases steadily. This is interpreted as a
possible acquisition of sexual maturity. The longevity of Dutuitosaurus is of at least 12
cycles (the maximum number of estimated LAGs). This age corresponds to individuals
with a femoral length of 157 mm and a total body length reaching about 2.2 m (the longest
known temnospondyl is Mastodonsaurus from the Triassic of Germany, with 6 m of total
body length; Schoch and Milner, 2000, and the largest is a Brachyopoid from the Triassic
of Lesotho, with 1.5m of skull width; Steyer and Damiani, in press).

3.5. Palaeoecology

Microstructure observed in sections from both juveniles and adults of Dutuitosaurus
(see above) suggests that development of this temnospondyl took place in the aquatic
environment. Moreover, densely vascularized growth zones observed in the sections from
juveniles (see above) suggest that its development was cyclical but with a relatively high
initial growth rate, perhaps at least until the acquisition of sexual maturity. This could confirm
previous analyses made on cranial sections of Dutuitosaurus (Dutuit and Heyler, 1975) where
large natural cavities, observed in the otic flange and the pterygoidal complex, have been
linked with a pneumatization of the auditory complex, and perhaps with relatively high
metabolism.



The evidence indicates that juveniles grew more rapidly than adults, as in many extant
and extinct taxa. A common explanation for this phenomenon is that rapid body length and
mass increase limits predation on the juvenile individuals (Wiffen et al., 1995; Horner et al.,
2000).

Compactness profiles for each section have been quantified using ‘Bone profiler’
version 1.0.15 (Girondot and Laurin, in press), a new tool to statistically analyse and compare
bone section compactness profiles (Fig. 6). These profiles have been statistically compared
with those of femora of 24 extant taxa, whose mode of life is well known (Laurin et al.,
2000). Both juvenile and adult profiles of Dutuitosaurus resemble those of several
predominantly aquatic taxa, such as the chelonian Pelusios subniger. In these taxa, the slope
of the profile is gentle; this reflects the gradual transition between the cortical compacta and
the medullary spongiosa. Furthermore, the global compactness is fairly high (about 77% in
Pelusio subniger, and from 61% to 81% in Dutuitosaurus). Terrestrial taxa are usually quite
different. For instance, the profile of the predominantly terrestrial anuran Bufo marinus has an
abrupt slope (Fig. 6) that reflects the absence of a spongiosa and a lower global compactness
(about 56% to 65%). This strongly suggests that growth of Dutuitosaurus took place in the
aquatic environment.

Taphonomical observations of the Dutuitosaurus material from ImiN’Tanoute showed
that the adult skeletons fossilized in the center of a basin of several meters in width, just under
the juvenile ones; the latter stand at the periphery of this basin (Dutuit, 1976). According to
Dutuit and Heyler (1983, p.628), this spatial organisation of the growth series is due to either
environmental conditions (a rapid mass mortality in a coastal fluvial environment) or
biological conditions (the juvenile individuals were relatively less aquatic and could have
lived in relatively shallower water).

3.6. Palaeoclimatology

Growth zones are commonly laid down during favourable environmental conditions,
while annuli or LAGs correspond to unfavourable conditions in which growth is slowed or
stopped. The presence of both zones and annuli or LAGs in Dutuitosaurus probably results
from seasonal changes in the local climate where it lived, even though the zones and annuli
may also have had an endogenic component (Buffrénil, 1980; Castanet et al., 1977, 1996).
Damiani (2000) similarly inferred local climate seasonality using histological observations on
mastodonsaurians from the Triassic of Australia.

The flora and fauna from the stratigraphic level of the Argana Basin (‘Lower T5’, a
red siltous and clayed sandstone, Upper-Middle Carnian, Upper Triassic; Jalil, 1996), where
our material was found, are composed of Equisetum, Equisetites, Phyllopoda indet.,
actinopterygians (Colobodontidae, Redfieldiidae, Brookvaliidae), lung-fishes
(Arganodontidae, ‘Ceratodus’, Coelacanthidae indet.), other temnospondyls (4lmasaurus),
dicynodonts (Kannemeyeridae), Rauisuchia indet., phytosaurs, and a prosauropod (review in
Jalil, 1996). This association has been suggested to indicate a sub-tropical and seasonal
climate (Dutuit, 1976, p.28-31). This corroborates our hypothesis on seasonality based on
clear growth mark alternation during bone tissue deposition.



4. CONCLUSION

Ontogenetic changes in the bone histology of Dutuitosaurus ouazzoui are revealed by
two distinct but nonetheless gradational growth stages: juvenile and adult. These stages are
distinguished not only by morphological (i.e. external) markers (reviewed in Steyer, 2001),
but also by changes in the histological patterns in femora at each stage, and by the number
and relative placement of LAGs.

This histological analysis of femora complements data previously obtained from
cranial (Dutuit, 1974, 1976; Dutuit and Heyler, 1975), costal, femoral, and humeral sections
(de Ricqlés, 1973, 1975, 1978, 1989). Bone structure of the femoral growth series confirms
the aquatic lifestyle of Dutuitosaurus, as already deduced from its morphology (e.g. limb
proportions, lateral line system on the adult skull roof), but also reveals modifications in the
growth rate, and perhaps seasonal changes in the local environment. De Ricqles (1973)
inferred potential ecological changes during the ontogeny of Dutuitosaurus and Buettneria:
the more compact and less vascularized cortex of the smaller individuals suggests an
amphibious lifestyle rather than a fully aquatic one, inferred from sections from adults. This is
also supported by limb proportion changes along the growth of Buettneria (Olsen, 1951).
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Table 1. Mid-diaphysal diameter, femoral length and LAGs of the studied sections of the
metoposaurid temnospondyl Dutuitosaurus ouazzoui (Upper Triassic of Morocco).

Nr. max. diaphysal femoral length number of the LAGs

MNHN- diameter (mm) (mm) visible estimated

AZA 117-1 10.6 79 2 2

AZA 115-2 (Fig.3) 9.3 63 3 3

AZA 114-2 12 76 4 4 JUVENILES
AZA 107-2 13.5 87 2 5

AZA 72-2 12 101 6 6
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Figure 1. Paleogeographic map of the Upper Triassic (after Scotese and Golonka. 1992),
showing approximate location of the Argana Basin, Southern Morocco. Abbreviations: NAM,
North America; Gon, Gondwana.

Figure 2. Growth series of 10 femora of Dutuitosaurus ouazzoui, from the Carnian (Upper
Triassic) of ImiN’Tanoute, Southern Morocco.
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Figure 3. Femoral section of juvenile Dutuitosaurus ouazzoui (Upper Triassic of Morocco)
(MNHN AZA 115-2). At least 3 LAGs are counted (see arrows). Scale bar 1mm.
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Figure 4. Femoral section of adult (A) Dutuitosaurus ouazzoui (Upper Triassic of
Morocco) (MNHN AZA 74-2) with its external cortex (B) showing at least 7 closely
spaced LAGs (see arrows). Scale bar Imm.
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Figure 5. Individual age (LAGs) and femoral size of Dutuitosaurus ouazzoui (Upper Triassic
of Morocco).
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Figure 6. Evolution of the femoral compactness profile of Dutuitosaurus (Upper Triassic of
Morocco) during its growth, and comparison with the extant taxa Pelusios subniger and Bufo
marinus. Compactness (c¢) and distance to the center (dc) in % of the section radius.
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