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Dental histology and attachment tissues in  
Notosuchus terrestris (Crocodyliformes, Notosuchia): 
palaeobiological implications
TAMARA NAVARRO, IGNACIO CERDA, FRANCISCO BARRIOS AND DIEGO POL

The clade Notosuchia represents a successful lineage 
of Crocodyliformes that achieved a remarkable diver-
sity during the Cretaceous of Gondwana, especially in 
South America (Pol & Gasparini 2007; Pol et al. 2014; 
Pol & Leardi 2015). Notosuchians are usually charac-
terized by the presence of a heterodont dentition and 
a broad range of morphologies has been reported for 
their posterior teeth (including multicusped crowns), 
revealing an important diversity of trophic habits and 
feeding mechanisms (Clark et  al. 1989; Bonaparte 
1991; Wu et al. 1995; Buckley et al. 2000; Pol 2003). 
Although the dental anatomy has been thoroughly 
analysed in some taxa (e.g. Lecuona & Pol 2008; 
O’Connor et al. 2010; Ősi 2014), information regard-
ing tooth microstructure and dental attachment 
nature in notosuchians are still poorly explored. 

To date, the only comprehensive studies on noto-
suchian tooth histology has been recently published 

by Ricart et al. (2019) and Augusta & Zaher (2019), 
the first one being the only one that includes anal-
ysis based on thin sections. Based on a sample 
that included teeth from two Baurusuchidae, one 
Sphagesauridae, and two specimens of Mariliasuchus 
amarali Ricart et al. (2019) found interspecific differ-
ences regarding the enamel thickness (i.e. M. ama-
rali and Sphagesauridae have proportionally thicker 
enamel in comparison to Baurusuchidae), which were 
interpreted as indicative of variations in their feed-
ing habits. They also found that the distance between 
successive von Ebner lines in the dentine (parameter 
related with the tooth growth rates) exhibited a rather 
constant average thickness in the three taxa present. 
Surprisingly, such average thickness is greater than 
that of other archosaurs. 

Given its importance for systematics and palae-
obiology, the tooth implantation and the histology 
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of tooth attachment tissues has started to be deeply 
explored during the last years (e.g. Zaher & Rieppel 
1999; Budney et  al. 2006; Caldwell 2007; Maxwell 
et al. 2012; LeBlanc & Reisz 2013; García & Zurriaguz 
2016; LeBlanc et  al. 2017; LeBlanc et  al. 2018; 
Mestriner et al. 2021). Among sauropsids, archosaurs 
are characterized by a thecodont implantation (i.e. 
teeth are placed within a socket) (Peyer 1968; Zaher 
& Rieppel 1999; LeBlanc & Reisz 2013). In this clade, 
gomphosis (i.e. the teeth are attached at the jaw by a 
periodontal ligament, LPD) corresponds with most 
commonly recorded tooth attachment type. Whereas 
the presence of the tissues involved in the gomphosis 
(i.e. cementum, periodontal ligamentum and alveolar 
bone) have been conservatively maintained through-
out the evolution of amniotes, and their geometry, 
microstructure, distribution, and replacement rate 
exhibit an extraordinary variation among the differ-
ent clades of non-avian dinosaurs (LeBlanc & Reiz 
2013; LeBlanc et al. 2017). With the exception of some 
extant crocodylians, the tooth attachment histology 
of archosaurs has been mostly analysed for non-avian 
dinosaurs (e.g. Miller 1968; Zaher & Rieppel 1999; 
Fong et al. 2016; LeBlanc et al. 2017; Chen et al. 2018), 
leaving non-ornithodiran archosaurs poorly studied 
on this regard. Regarding dental attachment micro-
structure of notosuchians, there are not current data 
published to date.

Here we describe and interpret the microstruc-
ture of the tooth and tooth attachment tissues of 
Notosuchus terrestris, which represents the first noto-
suchian described worldwide and the most abundant 
crocodyliform species in Argentina during the Late 
Cretaceous (Lecuona & Pol, 2008; Barrios et al. 2017). 
Regarding Notosuchus feeding habits, the elongated 
articular facet for the quadrate and the tooth wear 

facets have been employed to infer fore-aft mandibu-
lar movements and omnivorous or even herbivorous 
feeding habits (e.g. Fiorelli & Calvo 2008; Lecuona & 
Pol 2008, Ősi 2014). Such inference has been chal-
lenged in a recent contribution that proposes a car-
nivorous habit for this species based on analysis of 
tooth complexity (Melstrom & Irmis 2019). Taking 
into account the current knowledge about tooth and 
tooth attachment histology of archosaurs, the main 
aims of this work are: (1) to examine and compare the 
enamel thickness of N. terrestris with other pseudo-
suchians, particularly notosuchians (i.e. M. amarali, 
Sphagesauridae, and Baurusuchidae); (2) to test pre-
vious hypotheses about carnivorous versus omnivo-
rous/herbivorous feeding habits of N. terrestris based 
on the enamel thickness; (3) to evaluate the premise 
that Notosuchia presents a higher dental growth rate 
(inferred from distance between von Ebner lines) 
than other archosaurs; and (4) to examine and com-
pare the tooth attachment of N. terrestris with other 
archosaurs, particularly pseudosuchians, evaluating 
the hypothesis of conservatism in the microstructural 
and spatial distribution of the involved structures. 

Material and methods 
An incomplete mandible of Notosuchus terrestris 
(MPCA-PV 250) was examined (Fig. 1). The spec-
imen was found in the ‘Paso Cordoba (or Paso 
Cordova)’ locality (near General Roca city, Río Negro 
Province, Argentina), in sediments of Bajo de la 
Carpa Formation (Río Colorado Subgroup, Neuquén 
Group). This unit has been considered as Santonian 
in age (86–83 Ma) (see Garrido 2010 and references 
therein). The specimen corresponds to an individual 

Fig. 1. Incomplete lower jaw of Notosuchus terrestris MPCA-PV 250 sampled for histological analysis. Anterior is toward the left the image. 
A, oclusal view. B, left lateral view. C, ventral view. Sp: splenial bone; dent: dentary bone.
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Fig. 2. General view and relative position of the studied sections 
of Notosuchus terrestris MPCA-PV 250 lower jaw. A-E, general 
view of the complete sections. The schematic representation of 
the lower jaw indicates the sites and orientation of each section. 
The sections include sixth molariform: (A,C,D) 1st to 5th molars 
and 6th (B,E). A,C,D anterior is toward the left and B,E ventral is 
toward the down image. Schematic figure of the N. terrestris lower 
jaw modified from Barrios et al. 2018. Ling, lingual side; Lab, labial 
side; mec, Meckelian canal. 

that preserved an almost complete skull and incom-
plete postcranium, which has been previously stud-
ied by Pol (2005) and Barrios et al. (2018). It must be 
noted that the specimen has been incorrectly labelled 
with the collection number 237 in Barrios et al. (2018). 
Five thin sections were obtained from the left mandi-
ble; two transversal (i.e. vertical sections) and three 
parallel (i.e. longitudinal or occlusal section) to the 
mandible main axis (Fig. 2). The transversal sections 
cuts the 6th molariform and the longitudinal sections 
include the 5th-1st molariform teeth (Fig. 2). 

Measurements of particular histological parame-
ters (e.g. enamel thickness) were made with ImageJ 
software (Schneider et al. 2012). The values were stan-
dardized to facilitate comparison with the bibliogra-
phy. For this we calculated the percentage that enamel 
and the cementum thickness represent relative to 
the tooth crown and root radius, respectively. For 
the crown radius calculation, we divided the average 
between the longest and the minor axis of the crown 
in transverse section by two. The tooth root radius 
was obtained from a different manner. For this, we 
considered half of the labiolingual root diameter. We 
chose this diameter for comparative purposes (pub-
lished data on cementum thickness and root diameter 
in crocodiles is derived from labiolingual sections of 
tooth bearing bones (Fong et al. 2016, LeBlanc et al. 
2017, Bramble et al. 2017). 

Dental attachment tissues 
nomenclature and definitions

Alveolar bone
The alveolar bone (‘attachment bone’) surrounds 
the socketed tooth and it is separated from the jaw-
bone by the reversal line. The matrix can be formed 
by different bone tissues (e.g. woven fibred bone) 
depending on its growth rate (Budney et  al. 2006). 
In Crocodyliformes, this tissue is poorly vascular-
ized and formed by woven fibred bone (LeBlanc et al. 
2017). During the tooth replacement, the alveolar 
bone is partially or completely reabsorbed, leaving 
remains of one or more generations that are separated 
by reversal lines. The bone between the teeth is called 
interdental bone and in the case of Crocodyliformes 
is formed by alveolar bone and its microstructure can 
vary during the ontogeny (Miller 1968). 

Cementum
The cementum is a mineralized tissue similar to the 
bone (Francillon-Viellot et  al. 1990; Budney et  al. 
2006) and is located around the dentine at the tooth 
root. Based on the presence of cells, cementum can 
be characterized as cellular or acellular. Whereas the 
acellular cementum forms a layer located adjacent to 
the dentine, cellular cementum (particularly thick) 
is located further away from the dentine (Budney 
et  al. 2006; LeBlanc & Reisz 2013; LeBlanc et  al. 
2017). The cementocytes, the cells that secrete the 
cementum, are trapped in the calcification process 
resulting in a granular appearance and giving this 
layer its name. In Crocodylomorpha, both layers 

Slices were prepared following standard proce-
dures (Cerda et  al. 2020). Thin sections were pre-
pared at the palaeohistological laboratory of Museo 
Provincial ‘Carlos Ameghino (Cipolletti city, Río 
Negro Province, Argentina). The samples were exam-
ined with a petrographic polarizing microscope 
(BestScope and Leica DM750P). The histological 
nomenclature and definitions applied in the present 
study are based on Francillon-Vieillot et al. (1990), de 
Ricqlès et al. (1991) and LeBlanc et al. (2017). 
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are present in the location mentioned above, being 
the cellular cementum thicker towards the root apex 
(LeBlanc et al. 2017). 

Periodontal ligament (PDL)
The collagen fibre bundles of the periodontal liga-
ment extend between the cementum and alveolar 
bone and become incorporated into both tissues, and 
being identified as Sharpey’s fibres are composed of 
collagen fibre bundles (Miller 1968; Nanci 2013). 
The difference between ankylosis and gomphosis 
attachment is mainly based on the degree of min-
eralization of the periodontal ligament. While in 
ankylosis the ligament is entirely mineralized, a very 
important portion of the same remains unmineral-
ized in the gomphosis (Peyer 1968; Zaher & Rieppel 
1999; LeBlanc & Reisz). 

Results 
The teeth of N. terrestris are not ankylosed to the 
jawbones. Instead, they are implanted in distinct 
alveoli in typical thecodont fashion. It is worth 
noting that, before sectioning and in occlusal view  
(Fig. 1), the posterior teeth are located within a  
single alveolar groove enclosed between the splenial 
and the dentary, which suggest that the boundaries 
between successive alveoli does not reach to the dor-
sal margin of the jaw. Only two replacement teeth 
are recorded. These are being formed inside the pulp 
cavity of the functional tooth. The tooth root and the 
alveolar surface are separated by a periodontal space 
that is filled with sediment. The sectioned portion of 
the jaw includes part of the dentary and, in a smaller 
proportion, the splenial. Despite that the sample has 
been altered by diagenesis and exhibits abundant 
fractures in several areas, the main histological fea-
tures are still discernible. 

Tooth histology
Since the obtained sections mostly correspond to the 
root of the teeth, enamel is absent in most of our sam-
ples. A very thin layer (0.01 mm = 10 micrometres) 
of birefringent tissue observed in the remains of a 
replacement tooth (i.e. molariform) appears to be the 
only remains of enamel (Fig. 3A). This layer represents 
0.37% of the total radius of the dental crown. A more 
detailed characterization of this tissue cannot be per-
formed beyond its optical properties. The dentine (i.e. 
orthodentine) forms the bulk of each tooth and exhib-
its a homogeneous appearance in all thin sections  

(Fig. 3A, B). Its thickness varies according to its posi-
tion on the tooth. The dentine is an avascular tissue, 
which exhibits abundant micro-canals (i.e. dentinal 
tubules) that extend perpendicular to the pulp cav-
ity toward the outer surface of the tooth. The den-
tine exhibits numerous concentric faint bands, which 
are spaced approximately 0.017  ±  0.001  mm apart 
(Fig. 3B). The shape and spacing between successive 
bands is consistent with daily lines of von Ebner (i.e. 
incremental lines). The spacing between successive 
lines of von Ebner can only be measure in some areas 
because the diagenetic alteration of the sample.

Tooth attachment tissues
The dentine of the roots is lined by cementum, which 
can be divided into two distinct layers: acellular 
and cellular cementum in MPCA-PV 250 (3C-F). 
Whereas the thickness of the acellular cementum is 
rather invariable, the thickness of the layer of cellu-
lar cementum exhibits variation, even within a sin-
gle tooth. Both layers occupy between 18 and 22% of 
the total radius of the tooth root. We must note that 
these values were not taken in the sites, in which the 
cementum has the greatest thickness, which implies 
that can be higher. The acelullar cementum lies adja-
cent to the dentine of the root and consists of a thin 
(0.034  mm) band of birefringent tissue (Fig. 3C-F). 
There are no particular variations in terms of the 
acellular cementum thickness. The acellular cemen-
tum band is covered by a layer of cellular cementum, 
which is avascular and possess abundant cemento-
cyte lacunae (Fig. 3D-F). The surface of the cellular 
cementum is irregular, possibly due to postmortem 
alterations. The cellular cementum is comparatively 
much thicker than the acellular one, reaching a max-
imum thickness of 0.66 mm. The thickness of the cel-
lular cementum is not homogeneous around the tooth 
root, being thicker toward the root apex. Longitudinal 
sections reveal that the cellular cementum extends 
beyond the root crown boundary of functional teeth. 
Cementocyte lacunae are mostly ovoid shaped and 
tend to be more abundant in the vicinity of the acel-
lular cementum (Fig.  3D-F). The cellular cemen-
tum contains Sharpey’s fibres, which represent the 
mineralized portions of the periodontal ligament. 
Longitudinal sections of the teeth (i.e. transverse sec-
tion of the jaw) reveal that Sharpey’s fibres penetrate 
obliquely the cementum surface (Fig.  3G). In this 
regard, these fibres ascend from the inner portion of 
the cellular cementum (i.e. adjacent to the acellular 
cementum layer) to the cellular cementum surface. 
Sharpey’s fibre density is not homogenous, being 
more abundant in some areas than others.
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Fig. 3. Histology of tooth and tooth attachment tissues in Notosuchus terrestris (MPCA-250). A, general and detailed view of the crown 
section showing enamel and dentine. Note the strong birefringence of the enamel. B, detailed view of dentine. Von Ebner lines are signed 
with arrowheads. C, general view showing a tooth root, alveolar bone and jawbone in transversal section. D, detail of the tooth root (square 
inset in C) showing dentine and cementum (acellular and cellular). E,F, detail of acellular and cellular cementum. Note the high density of 
cementocyte lacunae toward the dentine. G, general and detailed view of Sharpey’s fibres in the cementum. H, general and detailed view of 
the jawbone and the alveolar bone which are bounded by a distinct reversal line. I, J, K detail of alveolar bone, which is formed by woven 
fibred bone (I) and parallel fibred bone (J and K). L, Sharpey’s fibres in alveolar bone marked with black arrowheads. A,C,D, F,H,I,J,K: cross 
polarized light with lambda filter; B,E,G,L: normal transmitted light. Abbreviations: ab, alveolar bone; ac, acellular cementum; cc, cellular 
cementum; de, dentine; jb, jawbone; pc, pulp cavity; rl, reversal line.

Each alveolus is lined by a distinct layer of alveolar 
bone, which is separated of the jawbone by a reversal 
line (Fig. 3H). The alveolar bone reveals an import-
ant variation regarding its microstructural features. 
The bone matrix of the alveolar bone varies from 
well-vascularized woven fibred bone to poorly vas-
cularized or even avascular parallel fibred bone or 
crossed parallel fibred bone (sensu Cerda et al. 2018) 
(Fig. 3I-K). Although crossed parallel fibred bone was 
first described for osteoderms, this tissue has been also 
recognized in other elements as appendicular bones 

(Pereyra et  al. 2020). The less vascularized alveolar 
bone is mostly located toward the alveolus surface. 
Several generations of alveolar bone are separated by 
reversal lines representing accumulations of previous 
generations of tissues caused by various episodes of 
resorption. Sharpey’s fibres are recorded in the alveo-
lar bone (Figs. 3K, L, 4A, B). In this regard, Sharpey’s 
fibres in the alveolar bone are commonly more abun-
dant in those areas in which these extrinsic fibres are 
also abundant in the cellular cementum of the adja-
cent tooth root. Consistently with the observations in 
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the cellular cementum, the Sharpey’s fibres penetrate 
obliquely the alveolar bone surface, descending from 
the inner portion of the alveolar bone (i.e. near the 
jawbone) toward the alveolar surface. Sharpey’s fibres 
maintain their continuity even in those areas of the 
alveolar bone that exhibits resorption lines. It is worth 
to note that alveolar bone and cellular cementum 
exhibit similar appearance in some areas. 

Jawbone histology
The sectioned portion of the jaw is formed by both 
dentary and splenial bones. The best-preserved por-
tions reveal that both elements are formed by a com-
pact cortex encircling a reduced core of cancellous 
bone tissue. The Meckelian canal, when preserved, is 
lined by a layer of compact bone formed by parallel 
fibred and crossed parallel fibred bone (Fig. 4 C, D). 
In the general terms, the jawbones are formed by 
parallel fibred bone, crossed parallel fibred bone and 
lamellar bone (Fig. 4D-F). Vascularization is rela-
tively low and consists of longitudinally oriented 
simple vascular canals. Sharpey’s fibres are observed 
in the sampled elements. However, their location 
and density strongly vary in the different regions of 
the jaw. In this regard, whereas Sharpey’s fibres are 
absent of poorly developed in some areas, in others 
they are profuse, blurring the structure of the primary 
bone matrix and even reaching the dental alveoli 
(Fig. 4F-H). Sharpey’s fibres are particularly abundant 
at the ornamented portions of the dentary. The outer 
cortical region of these areas exhibits an undulated 
surface, with distinct valleys and crest. Dense bun-
dles of Sharpey’s fibres penetrate perpendicularly to 
the jaw main axis and are more abundant at the crests 
(Fig.  4H). Distinct structures, interpreted as large 
vascular spaced entirely obliterated by lamellar bone 
tissue (i.e. the vascular space appear to be completely 
filled by lamellar bone), are recorded in the dentary. 
The same are oriented roughly perpendicular to the 
jaw main axis and they are delimited by a resorption 
line. Lines of arrested growth (LAGs) are recorded in 
both dentary and splenial bones (Fig. 4H). Cancellous 
bone, when preserved, consists of short trabeculae 
formed by secondarily deposited lamellar bone tissue. 
Remains of coarsely compacted cancellous bone are 
recorded in the ventral portion of the jaw (Fig. 4I). 

Discussion

Enamel thickness
There is no current consensus about the feeding hab-
its of Notosuchus terrestris. In this regard, Fiorelli & 

Calvo (2008) suggested, based on anatomical char-
acters of the skull, an herbivorous diet for this noto-
suchian. On the other hand, based on the degree of 
morphological complexity of the crown surface, 
Melstrom & Irmis (2019) inferred carnivorous feed-
ing habits for N. terrestris. 

Both the enamel thickness and the degree of sym-
metry regarding its distribution in the tooth crown 
have been related with feeding habits (Hwang 2005; 
D’Emic et al. 2013). Whereas herbivorous vertebrates 
have usually thick enamel asymmetrically distributed, 
carnivorous forms have an enamel that is compara-
tively thinner and symmetrically distributed (Hwang 
2005; D’Emic et al. 2013). To our knowledge, infor-
mation regarding these parameters in omnivorous 
animals is unknown. The relative enamel thickness 
of N. terrestris (0.37% as mentioned above) is notice-
ably reduced in comparison with the reported for 
Sphagesauridae (3.8–5.2%); Mariliasuchus (4.3–6.8%) 
and Baurusuchidae (2.1/2.9%) (Augusta & Zaher 
2019; Ricart et  al. 2019). Regarding absolute values, 
the enamel of N. terrestris is also reduced (0.010 mm 
thick) in comparison with other notosuchians 
(Sphagesauridae 0.26–0.36 mm; Mariliasuchus 0.06–
0.15 mm; Baurusuchidae 0.06–0.08 mm). Therefore, 
the enamel thickness recorded in N. terrestris is rela-
tively and absolutely smaller than other notosuchians, 
even those than have been proposed as essentially 
carnivorous (i.e. Baurusuchidae, Carvalho et al. 2010, 
2011). Our results regarding enamel thickness (enamel 
distribution cannot be assessed with confidence) 
are compatible with the enamel thickness found in 
carnivorous notosuchians. Nevertheless, since the 
enamel thickness of N. terrestris was obtained from a 
single tooth sectioned in the basal area of crown, the 
values might not be representative and this inference 
must be taken with caution.

Dental growth rates
Based on the distance between successive von Ebner 
lines in the dentine, Ricart et  al. (2019) propose 
that notosuchians exhibited higher tooth growth 
rates than other archosaurs, including other croco-
dyliforms (such as neosuchians). Specifically, they 
found that this parameter in non-avian dinosaurs 
and neosuchian crocodyliforms were lower (between 
0.014–0.019 and 0.012–0.019 mm respectively) than 
those reported for notosuchians (0.024–0.025 mm). 
Based on these results, Ricart et  al. (2019) suggest 
that at least part of the notosuchian lineage (i.e. 
Sphagesauridae, M. amarali and Baurusuchidae) may 
be characterised by a high rate of daily deposition 
of dentine throughout most of their lives. The aver-
age recorded for N. terrestris (0.017 mm), however, 
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departs from the above mentioned notosuchians, 
being more similar to the ones recorded for other 
archosaurs (Fig. 5). These results do not support exis-
tence of a uniform pattern regarding tooth growth 
rates in notosuchians and suggest, instead, that some 

degree of variation actually occur in this diverse lin-
eage. Interpreting this data within the phylogenetic 
affinities of N. terrestris (Pol et al. 2014) indicates that 
the low tooth growth rates recorded for this taxon 
correspond with the plesiomorphic condition of other 

Fig. 4. Tooth attachment and jawbone histology in Notosuchus terrestris (MPCA-250). A, general and detailed view showing cellular cemen-
tum and alveolar bone. Sharpey’s fibres are present in both cementum and alveolar bone. The asterisk indicates the space formerly occupied 
by periodontal ligament in life. B, general and detailed view of Sharpey’s fibres in alveolar bone. C, D, general (C) and detailed (D) view of 
the jawbone in transversal section. E–H, general (E, F) and detailed (G, H) views of jawbone in longitudinal section. The image showed in G 
corresponds with the box inset in F. Sharpey’s fibres are detailed in F and G. In H, a black arrow highlighted a line of arrested growth (LAG). 
I, coarsely compacted cancellous bone. A, B,H, normal transmitted light; C–F, cross polarized light with lambda filter and G cross polarized 
light. Abbreviations: ab, alveolar bone; cc, cellular cementum; mec, Meckelian canal; Sf, Sharpey’s fibres.
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crocodyliform clades. This could indicate that higher 
rates are a derived feature independently acquired by 
the clades of Mariliasuchus+Sphagesauridae and by 
Baurusuchidae. Alternatively, an equally parsimoni-
ous scenario is that higher rates appeared in the com-
mon ancestor of all these forms and the condition of 
N. terrestris represents a reversal to the plesiomor-
phic condition (Fig. 5). Data on other notosuchians 
is required to test these two alternative hypotheses. 
The functional significance of the derived condition 
is difficult to establish based on the current data, since 
there is not an apparent correlation between this fea-
ture with feeding habits or another possible factor.

apomorphic arrangement reported for hadrosaurid 
dinosaurs (Bramble et al. 2017, LeBlanc et al. 2017). 
The acellular cementum histology of N. terrestris does 
not exhibit particular differences with the condition 
reported for other archosaurs. The cellular cementum, 
on the other hand, exhibits some degree of variation 
among archosaurs regarding its thickness. The relative 
thickness of N. terrestris is higher (18–22% of the root 
radius) than that recorded in Alligator missisipiensis 
(4%, from LeBlanc et al. 2017 fig. 7) but resembles that  
of Caiman sclerops (23% from Bramble et  al. 2017 
fig. 3) and therefore this may represent an apomorphic  
condition of mesoeucrocodylians or a more inclusive 
clade. Although there is no much data available for 
dinosaurs on this regard, both the relative and abso-
lute cementum thickness in this group appears to 
be lower than the recorded one for N. terrestris. For 
example, theropods and sauropod dinosaurs exhibit 
values of 6 and 9–10% respectively (from Fong et al. 
2016, fig. 2 and García & Cerda 2010, fig. 2). The 
increased cementum thickness in these mesoeu-
crocodylians (N. terrestris and C. sclerops) possibly 
provides a reinforced attachment of the tooth to the 
alveolus in comparison with other archosaurs in 
which the cementum is less developed. An increased 
attachment could be a response to diverse factors, but 
one possible explanation is that mesoeucrocodylians 
have a strong sutural integration of the skull bones 
that has been related to the development of large bite 
forces (Erickson et  al. 2003; Pol et  al. 2013; Gignac 
& Erickson 2016). Irrespective of its possible func-
tional implications, the cementum thickness does not 
appear to be a conservative feature among archosaurs, 
nor even within crocodyliforms. 

The histology of the alveolar bone in N. terrestris 
presents some differences in comparison with other 
archosaurs. In extant crocodyliforms (LeBlanc et  al. 
2017) and in non-avian dinosaurs, including cer-
atopsians (Erickson et al 2015; LeBlanc et  al. 2017), 
basal ornithopods (Chen et al. 2018) and saurischians 
(García & Cerda 2010, García & Zurriaguz 2016, Fong 
et al. 2016), the alveolar bone is formed by regularly 
distributed woven fibred bone. The alveolar bone in 
N. terrestris is formed either by woven and parallel- 
fibred bone. Woven fibred and parallel fibred bone 
are characterized by different rates of formation, 
which are higher in the first. The variability recorded 
in N.  terrestris indicates local variations in the rates 
of the alveolar bone formation. Such variability has 
not been recorded in other archosaurs and could be 
related to eruption patterns and/or dental replace-
ment in the jaw. 

Fig. 5. Simplified phylogeny of Archosauria showing values of 
distance between successive von Ebner lines in different taxa. The 
phylogenetic relationships are based on Pol et al. (2014).

Dental attachment tissues
As in other Crocodyliformes, the dental attachment 
of Notosuchus terrestris is a gomphosis, characterized 
by the presence of three attachment tissues: cemen-
tum, alveolar bone and PDL (Miller 1968; Berkovitz 
& Sloan 1979; McIntosh et al. 2002; Enax et al. 2013; 
Mestriner et  al. 2021). The identification of these 
attachment tissues presented here are the first for a 
notosuchian crocodyliform and allows comparisons 
with other toothed archosaurs, including non-avian 
dinosaurs and other pseudosuchians. The cemen-
tum distribution (i.e. roughly homogenously around 
the tooth root) resembles the condition reported 
for other pseudosuchians (LeBlanc et  al. 2017) and 
non-avian dinosaurs, including saurischians (García 
& Cerda 2010, García & Zurriaguz 2016), ceratop-
sians (Erickson et al. 2015; LeBlanc et al. 2017) and 
basal ornithopods (Chen et  al. 2018). This distribu-
tion of the cementum likely represents the plesiom-
orphic condition for archosaurs, and differs from the 
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Conclusions 
A detailed study of the dental histology and attach-
ment tissues of Notosuchus terrestris was presented. 
Although a direct correlation between enamel thick-
ness and feeding habits is still controversial, we found 
that the relative and absolute enamel thickness of 
N. terrestris is more similar to the reported for car-
nivorous notosuchians such as Baurusuchidae. The 
dentine microstructure allowed us to infer (from the 
distance between successive von Ebner lines) that 
the tooth growth rates of N. terrestris are reduced in 
comparison with other notosuchians. This result does 
not support the existence of a particular, clade spe-
cific tooth growth rate for notosuchians. Concerning 
the tooth attachment in N. terrestris, the same corre-
sponds with a typical gomphosis, which involves the 
presence of cementum, alveolar bone, and periodon-
tal ligamentum. However, the spatial arrangement of 
these tissues exhibits the plesiomorphic condition for 
archosaurs and the new data support a high degree of 
conservatism of this feature. The limited data avail-
able on the absolute and relative cementum thickness 
indicates mesoeucrocodylian crocodyliforms have an 
increased thickness relative to other archosaurs. In 
this sense, N. terrestris exhibits the highest values of 
absolute and relative cementum thickness among the 
analysed crocodyliforms. Different from other archo-
saurs, in which alveolar bone is only formed by woven 
fibred bone, the alveolar bone of our specimen is 
formed by both woven and parallel fibred bone, which 
indicates local variations in the rates of the alveolar 
bone formation. 
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