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Big-headed marine crocodyliforms
and why we must be cautious when using extant species
as body length proxies for long-extinct relatives
Mark T. Young, Márton Rabi, Mark A. Bell, Davide Foffa,
Lorna Steel, Sven Sachs, and Karin Peyer
ABSTRACT
Body size is commonly used as a key variable for estimating ecomorphological
trends at a macroevolutionary scale, making reliable body length estimates of fossil
taxa critically important. Crocodylomorphs (extant crocodylians and their extinct relatives) evolved numerous 'aberrant' body-plans during their ~230 million-year history,
ranging from ‘hooved’ terrestrial species to dolphin-like pelagic species. Such clades
evolved distinct cranial and femoral scaling ratios (compared to total body length),
thereby making extant taxa unsuitable proxies for estimating their body lengths. Here
we illustrate that the fossil clade Teleosauridae also fits into this category. Teleosaurids
were a predominately shallow marine clade that had a global distribution during the
Jurassic. Known to have evolved a wide range of body lengths (2–5 m based on complete skeletons), there is currently no way of reliably estimating the size of incomplete
specimens. This is surprising, as some teleosaurids have been considered very large
(9–10 m in total length), thus making Teleosauridae the largest bodied clade during the
first 100 million years of crocodylomorph evolution. Our examination and regression
analyses of the best preserved teleosaurid skeletons demonstrates that: they were
smaller than previously thought, with no known specimen exceeding 7.2 m in length;
and that they had proportionally large skulls, and proportionally short femora, when
compared to body length. Therefore, while many teleosaurid species evolved a cranial
length of ≥1 m, these taxa would not necessarily have been larger than species living
today. We advise caution when estimating body length for extinct taxa, especially for
those outside of the crown group.
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INTRODUCTION
Body size is an important measure of ecological diversity. This is due to the relationship
between body size and a variety of ecological traits
directly linked to fitness, such as survival, prey capture, and reproductive success (e.g., Hutchinson
and MacArthur, 1959; Damuth, 1981; Peters, 1983;
Gaston and Blackburn, 1996; Kozlowski and
Gawelczyk, 2002; van Valkenburgh et al., 2004).
How body size variation interacts with species richness has long been studied (e.g., Hutchinson and
MacArthur, 1959; May, 1988; McClain and Boyer,
2009), with research suggesting that niche subdivision is partially driven by body size differentiation
among sympatric species (e.g., McDonald, 2002;
Colloca et al., 2010; Young et al., 2011). Body size
is also one of the few ecological variables that can
be readily measured from fossils for establishing
macroevolutionary trends. However, body size estimates in extinct taxa are subject to uncertainty due
to incompleteness of fossil specimens, or deviation
of their body-plan from that of extant relatives. This
particularly applies for taxa that superficially
resemble modern morphotypes, which are then
used for analogies, instead of investigating actual
body proportions.
Teleosaurids were a clade of semi-aquatic
crocodylomorphs primarily known from coastal and
lagoonal environments during the Jurassic Period
(Buffetaut, 1982a; Vignaud, 1995; Hua and Buffetaut, 1997; Young et al., 2014). Most teleosaurids
had an elongate tubular rostrum with a high tooth
count, dorsolaterally orientated orbits, a transversely expanded premaxilla and anterior dentary,
and proportionally enlarged supratemporal fenestrae, thereby leading to an appellation of something akin to ʻmarine gavialsʼ for the clade (Figures
1–2; Andrews, 1909; Andrews, 1913; Adams-Tresman, 1987; Vignaud, 1995; Hua and Buffetaut,
1997). But, were teleosaurids really just ‘marine
gavials’? The body-plan of teleosaurids has never
2

been investigated in-depth, and neither is there a
reliable method for estimating total body length for
incomplete specimens. This is somewhat puzzling
given that teleosaurids are considered to be the
largest crocodylomorphs of the Jurassic, and perhaps also the earliest part of the Early Cretaceous,
with some species estimated to reach 9–10 m in
length (Krebs, 1968; Steel, 1973; Buffetaut, 1982b;
Young et al., 2014; Johnson et al., 2015; Fanti et
al., 2016). As such, teleosaurids were a key component of coastal, lagoonal and brackish ecosystems during the Jurassic and Early Cretaceous.
While teleosaurids were a diverse and superficially gavial-like clade, within their sister group,
Metriorhynchoidea evolved pelagic forms with
hypocercal tails, flipper-like limbs, and loss of
osteoderm cover (Metriorhynchidae; Figure 2.3).
However, the basal-most metriorhynchoid, Pelagosaurus typus Bronn, 1841, had a body-plan superficially similar to Teleosauridae – presence of
osteoderms, limbs not modified into flippers, and
no regionalisation of the tail (Figure 2.2). Were
early metriorhynchoids similarly “gavial-like” in
dimensions, prior to evolving the metriorhynchid
“dolphin-like” body-plan?
Based on our examination of teleosaurid skeletons and undertaking least-squares linear regression analyses of cranial and femoral lengths
against total body length, we demonstrate that
Teleosauridae evolved a unique body-plan which
had proportionally large crania and short femora.
We further demonstrate that using the cranial-tototal body length equations of three extant species,
Alligator mississippiensis (Daudin, 1802), Crocodylus porosus Schneider, 1801, and Gavialis gangeticus (Gmelin, 1789) results in significant size
overestimates. Additionally, we found that previous
body length estimates of teleosaurids are erroneous, as they have overestimated their potential
size. Finally, we used teleosaurid and metriorhynchid regression equations to estimate the
known body length of Pelagosaurus typus, show-
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FIGURE 1. Comparative view of four fossil teleosaurid crocodylomorphs used in the regression analyses: (1) Steneosaurus bollensis GPIT/RE/1193/2; (2) Steneosaurus priscus MNHN.F CNJ 78a; (3) Steneosaurus bollensis MH
unnumbered A; and (4) Steneosaurus bollensis MH unnumbered B. Scale bars equal 100 cm.
3
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FIGURE 2. Comparative view of three fossil thalattosuchian crocodylomorphs: (1) teleosaurid Platysuchus multiscrobiculatus SMNS 9930; (2) basal metriorhynchoid Pelagosaurus typus MTM M62 2516; and (3) metriorhynchid Cricosaurus suevicus SMNS 9808. Scale bars equal 50 cm.

ing that the metriorhynchid equation provides the
better estimate. We argue for caution when using
extant species as body size proxies for long-extinct
related clades, as errors can easily be made due to
differences in scaling ratios.

4

MATERIAL AND METHODS
Institutional Abbreviations
GPIT/RE, reptile collection of the Paläontologische
Sammlung der Eberhard Karls Universität Tübingen, Germany; MH, Urweltmuseum Hauff, Holz-
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maden, Germany; MNHN.F, fossil collection of the
Muséum national dʼHistoire naturelle, Paris,
France (CNJ, Canjuers locality); MTM Magyar Természettudományi Múzeum, Budapest, Hungary;
NHMUK PV, vertebrate palaeontology collection of
the Natural History Museum, London, United Kingdom (R, reptiles); PETMG, Peterborough Museum
and Art Gallery, Peterborough, United Kingdom;
SMNS, Staatliches Museum für Naturkunde Stuttgart, Germany.
Morphometric Abbreviations
CL, cranial length (length from the occipital condyle
to the tip of the snout); FL, femoral length (distance
from the most proximal point on the proximal articular surface of the bone to the most distal point on
the lateral distal condyle); TL, total body length
(length from the tip of the snout, to the tip of the
tail).
In order to investigate the two most widely
used methods of total body length estimation for
crocodylomorphs, we used two bivariate leastsquares linear regression analyses, regressing CLTL and FL-TL. The program R served as the statistical platform for this study (R Core Team, 2014).
While there are numerous teleosaurid skeletons
preserved (in particular from the Toarcian-aged
Holzmaden deposits), many of those specimens
are lacking most/all of the distal end of the tail (i.e.,
caudal vertebrae posterior to the terminal caudal
osteoderms) and/or have some post-mortem disassociation or distortion. Therefore, we ran two different sets of analyses: firstly, limiting ourselves to
the most complete specimens, and secondly using
an expanded dataset that included skeletons with
the distal-end of the tail missing (approximately
10–20 cm).
During the data gathering phase of this project
we attempted to create a third method for estimating body length, using snout basal width (i.e., the
snout width immediately anterior to the orbits). This
skull measurement was chosen as it was found to
be isometric during teleosaurid ontogeny (Vignaud,
1995). Unfortunately, most teleosaurid specimens
in our sample were unsuitable due to: dorsoventral
compression which exaggerated this measurement; and/or the skull being sheared or preserved
obliquely, distorting measurement values. For
these reasons we decided to exclude a third body
length estimation analysis from this study.
The teleosaurids included in the first regression analysis were 12 large sub-adult and adult
specimens pertaining to Platysuchus multiscrobiculatus (Berckhemer, 1929), Steneosaurus bollensis

(von Jäger, 1828) (seven individuals), S. edwardsi
Eudes-Deslongchamps, 1868 (two individuals), S.
leedsi Andrews, 1909, and S. priscus (von Sömmerring, 1814) (Figures. 1, 2.1; Table 1). Our taxon
choice covers most of the known teleosaurid fossil
record, with species from the Lower Jurassic
(Platysuchus multiscrobiculatus and Steneosaurus
bollensis), the Middle Jurassic (S. edwardsi and S.
leedsi), and the Late Jurassic (S. priscus). The
second analysis included the first set, plus an additional four specimens that have been referred to
Steneosaurus sp. and S. bollensis from the Lower
Jurassic of Germany (Table 2). All teleosaurid
measurements were recorded first-hand by MTY,
MR, LS, SS, DF, and KP. In order to determine the
scaling ratios of Pelagosaurus typus, MR measured the two most complete skeletons of this species known to us (Table 3).
RESULTS
Cranial Length versus Total Body Length
Least-squares regression analysis for CL–TL
using the 12 most complete teleosaurid specimens
resulted in a highly statistically significant correlation (y = 4.016x + 92.317, R2 = 0.9315, P (permutation) = 0.0001) (Figure 3.1). The teleosaurid CL-TL
equation is noticeably different from those of extant
species reported by Young et al. (2011) (based on
data from Woodward et al., 1995; Sereno et al.,
2001): Crocodylus porosus (y = 7.696x - 18.914,
R2 = 0.990, P < 0.0001), Gavialis gangeticus (y =
7.416x - 63.212, R2 = 0.991, P < 0.0001), and Alligator mississippiensis (y = 7.127x + 9.478, R2 =
0.995, P < 0.0001). Thus demonstrating, that
although teleosaurids are often considered ʻmarine
gavialsʼ, their cranial-to-body length scaling ratio is
distinctly different (Figure 4). When the extant taxa
CL-TL equations were used to calculate teleosaurid body length estimates, the differences were
notable (Table 4). With increasing cranial length,
the divergence becomes more extreme, such as
the two ~5 m long Steneosaurus edwardsi specimens being estimated as 7.6 m and 8.2 m when
using the Crocodylus equation (Table 4). Even
using the longirostrine Gavialis as a proxy results
in a large overestimate, with these specimens estimated as 6.93 m and 7.45 m long, respectively.
The only (very slight) underestimate was
obtained when using the Gavialis CL-TL equation
for Platysuchus multiscrobiculatus. This outcome is
unique to Platysuchus, and not related to total
length as the complete Steneosaurus bollensis
5
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TABLE 1. Measurements of the teleosaurid specimens used in the first set of regression analyses (i.e. the most complete skeletons). All measurements in cm.
Specimen

Femoral length

Cranial length

Total body length

Platysuchus multiscrobiculatus
SMNS 9930

20

45.5

279

Steneosaurus bollensis
GPIT/RE/1193/2

34

78.5

461

Steneosaurus bollensis
MH unnumbered A

36

91

477

Steneosaurus bollensis
MH unnumbered B

24

59.5

312

Steneosaurus bollensis
SMNS 54063

30.5

78

430

Steneosaurus bollensis
SMNS 52475

21.9

52.5

304

Steneosaurus bollensis
SMNS 51984

22.5

59

320

Steneosaurus bollensis
MTM unnumbered

18.1

48

278

Steneosaurus edwardsi
GPIT/RE/07286

39

102

502

Steneosaurus edwardsi
PETMG R175

40.5

109

501.5

Steneosaurus leedsi
NHMUK PV R 3806

29.8

88

428

Steneosaurus priscus
MNHN.F CNJ 78a

25

68.3

347

specimen measuring less than 3 m was overestimated in size (Table 4).
The CL-TL teleosaurid equation also differs
from its sister taxon Metriorhynchidae (y = 5.506x 8.162, R2 = 0.997, P < 0.001; Young et al., 2011).
While a difference was anticipated (as metriorhynchids were pelagic taxa with hypocercal tails

and flipper-like limbs), it was not expected that
teleosaurids would have proportionally longer crania in relation to total body length.
Least-squares regression analysis for CL-TL
using all 16 teleosaurid specimens also resulted in
a statistically significant correlation (y = 4.139x +
76.871, R2 = 0.9236, P (permutation) = 0.0001)

TABLE 2. Measurements of the teleosaurid specimens added to the second set of regression analyses (i.e., the skeletons lacking at least 10–20 cm of the distal tail). All measurements in cm.
Specimen

Femoral length

Cranial length

Total body length

Steneosaurus sp.
SMNS 51753

24

66

312

Steneosaurus bollensis
SMNS 51555

22

63.5

306.5

Steneosaurus bollensis
SMNS 51957

27

59

311

Steneosaurus bollensis
SMNS uncatalogued

13.5

35.5

227.5

TABLE 3. Measurements of the Pelagosaurus typus specimens. All measurements in cm.
Specimen

6

Femoral length

Cranial length

Total body length

SMNS 51753

17.5

42

233.5

MTM M62 2516

11.1

27.5

145
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FIGURE 3. Bivariate plots of cranial (1, 3) and femoral lengths (2, 4) plotted against total lengths for complete specimens only (1, 2) and for all specimens (3, 4). In each case a line of least-squares regression is fitted along with a
shaded area representing the confidence interval around the regression model.

(Figure 3.3). The differences between these two
equations are minor, and using them to estimate
the total body length of the 12 most complete specimens results in only slight estimation differences
(by up to 10 cm, Table 5).
Femoral Length versus Total Body Length
Least-squares regression analysis for FL–TL
using the 12 most-complete teleosaurid specimens
resulted in a statistically significant correlation (y =
11.40x + 62.46, R2 = 0.9696, P (permutation) =
0.0001) (Figure 3.2). When compared to the FL-TL

equation of metriorhynchids, the same significant
difference is apparent (y = 12.693x + 25.817, R2 =
0.966, P = 0.0076; Young et al., 2011). Oddly, compared to metriorhynchids, teleosaurids had proportionally shorter femora (as a proportion of total
body length). It is currently unclear whether teleosaurids have a reduced femoral length, metriorhynchids elongated their femora, or if there is
some combination of the two.
Least-squares regression analysis for FL–TL
using all 16 teleosaurid specimens also resulted in
a statistically significant correlation (y = 11.32x +
7
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59.55, R2 = 0.9458, P (permutation) = 0.0001) (Figure 3.4). As with the cranial analyses, the differences between the complete and incomplete
specimen equations is minor, and using them to
estimate the total body length of the twelve most
complete specimens results in only slight length
estimation differences (again, by up to 10 cm,
Table 5).
Comparison of Teleosaurid Regression Models

FIGURE 4. Comparative least-squares regression gradient plot, of cranial length-to-total length, with the solid
line representing Teleosauridae, and the dashed lines
representing (1) Crocodylus, (2) Alligator, (3) Gavialis,
and (4) Metriorhynchidae, respectively.

The fit of each of the two regression models
(CL-TL and FL-TL) across both datasets, including
all specimens and the reduced dataset with only
the most complete specimens, were assessed
using a maximum likelihood approach. For each of
the four models the bias-corrected form of the
Akaike Information Criterion was calculated using
the AICc function available in the qpcR package
(Ritz and Spiess, 2008) for R (R Core Team, 2014).
These AICc values were then transformed into a
weighted value representing the probability of the
model; here this is performed independently for the

TABLE 4. The 12 most complete teleosaurid specimens used in the regression analyses, with their recorded lengths
and estimated lengths using the cranial-total body length equations of three extant species (Alligator mississippiensis,
Crocodylus porosus, and Gavialis gangeticus). All measurements in cm.
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Specimen

Measured length

Crocodylus
equation

Gavialis
equation

Alligator
equation

Platysuchus multiscrobiculatus
SMNS 9930

279

331.3

274.2

333.8

Steneosaurus bollensis
GPIT/RE/1193/2

461

585.2

518.9

568.9

Steneosaurus bollensis
MH unnumbered A

477

681.4

611.6

658.0

Steneosaurus bollensis
MH unnumbered B

312

439.0

378.0

433.5

Steneosaurus bollensis
SMNS 54063

430

581.4

515.2

565.4

Steneosaurus bollensis
SMNS 52475

304

385.1

326.1

383.6

Steneosaurus bollensis
SMNS 51984

320

435.1

374.3

423.0

Steneosaurus bollensis
MTM unnumbered

278

350.5

292.8

351.6

Steneosaurus edwardsi
GPIT/RE/07286

502

766.1

693.2

736.4

Steneosaurus edwardsi
PETMG R175

501.5

820.0

745.1

786.3

Steneosaurus leedsi
NHMUK PV R 3806

428

658.3

589.4

636.7

Steneosaurus priscus
MNHN.F CNJ 78a

347

506.7

443.3

496.2
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TABLE 5. Estimated body lengths for the 12 most complete teleosaurid specimens used in the regression analyses. All
four regression equations generated herein are compared against specimen recorded total lengths. All measurements
in cm.
Total body length estimates (cm)

Total body
length (cm)

CL complete

CL
incomplete

FL complete

FL incomplete

Platysuchus multiscrobiculatus
SMNS 9930

279

275.05

265.20

290.46

285.95

Steneosaurus bollensis
GPIT/RE/1193/2

461

407.57

401.78

450.067

444.43

Steneosaurus bollensis
MH unnumbered A

477

457.77

453.52

472.86

467.07

Steneosaurus bollensis
MH unnumbered B

312

331.27

323.14

336.06

331.23

Steneosaurus bollensis
SMNS 54063

430

405.57

399.71

410.16

404.81

Steneosaurus bollensis
SMNS 52475

304

303.16

294.17

312.12

307.46

Steneosaurus bollensis
SMNS 51984

320

329.26

321.07

318.96

314.25

Steneosaurus bollensis
MTM unnumbered

278

285.09

275.54

268.80

264.44

Steneosaurus edwardsi
GPIT/RE/07286

502

501.95

499.05

507.06

501.03

Steneosaurus edwardsi
PETMG R175

501.5

530.06

528.02

524.16

518.01

Steneosaurus leedsi
NHMUK PV R 3806

428

445.73

441.10

402.18

396.89

Steneosaurus priscus
MNHN.F CNJ 78a

347

366.61

359.56

347.46

342.55

Specimen

two datasets. Regardless of which dataset is being
used, femoral length when modelled against total
length is the preferred model over the use of cranial length (Table 6).
Comparison of Regression Equations for
Pelagosaurus Typus
Due to the unfortunately small sample size of
Pelagosaurus typus specimens (n=2), we could
only compare the various thalattosuchian regression equations estimates with known body lengths.
For the larger of the two specimens (SMNS
51753), the over- and under-estimates provided by
using the teleosaurid and metriorhynchid regression CL-TL equations are largely comparable
(Table 7).The femoral length the metriorhynchid
FL-TL equation and the 16-taxon cranial length teleosaurid CL-TL equation provide the best fit. It is
with the smaller specimen that the differences
become apparent. In MTM M62 2516 the metriorhynchid CL-TL and FL-TL equations give the closest approximation to actual body length (Table 7).

Using any of the teleosaurid equations yields a
noticeable overestimate, between 29.9–39.8%.
While the sample size is small, there is tentative
evidence to suggest Pelagosaurus typus had
metriorhynchid-like scaling ratios.
DISCUSSION
Body Length Equations
Surprisingly, the difference in body length estimation between the complete and incomplete datasets is very limited (see above; Tables 5 and 8). A
possible explanation is that all the specimens are
incomplete, and the expanded dataset only
includes specimens where the loss of the distal tail
is more noticeable. Alternatively, the missing distal
portion of the tail of the incomplete specimens was
not as extensive as originally thought.
The maximum likelihood approach shows that
when femoral length is modelled against total
length, it is the preferred model when compared to
cranial length (Table 6). A posteriori, this is perhaps
9
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TABLE 6. Statistics for the results of the regression analyses comparing the fit of both the cranial and femoral lengths
with the total body length, conducted individually for complete specimens only and for all specimens. The best fitting
model is highlighted in bold.
Multiple
R2

Adjusted
R2

p value

AIC

AICc

AICc
weight

0.9315

0.9247

<0.0001

114.3449

115.6783

0.0075

Total length ~ Femoral length

0.9696

0.9666

<0.0001

104.5866

105.92

0.9925

Total length ~ Cranial length

0.9236

0.9182

<0.0001

152.9013

153.8244

0.0603

Total length ~ Femoral length

0.9548

0.9478

<0.0001

146.5062

148.5062

0.9397

Dataset

Model

Complete
specimens

Total length ~ Cranial length

All specimens

TABLE 7. Estimated body lengths for the two Pelagosaurus typus specimens measured herein. All six thalattosuchian
regression equations are compared against specimen recorded total lengths. All measurements in cm.
Total body
length

Specimen
SMNS 51753
MTM M62 2516

12 complete teleosaurids

All 16 teleosaurids

Metriorhynchids

CL

FL

CL

FL

CL

FL

233.5

256.97

261.96

246.57

257.65

217.58

247.94

145

202.76

189.00

190.69

185.20

143.25

166.71

TABLE 8. Estimated body lengths for large-bodied brevirostrine/mesorostrine teleosaurids, namely species in the
genus Machimosaurus, and Steneosaurus edwardsi and S. obtusidens. All measurements in cm. Measurements in
bold are estimates and/or based on reconstructed elements.
Total body length estimate
Species

Cranial or femoral length

Including
incomplete tails

Machimosaurus rex (holotype)

155 (CL; Fanti et al., 2016)

714.80

718.42

Machimosaurus hugii

149 (CL; Krebs, 1968)

690.70

693.58

Machimosaurus mosae (holotype)

130 (CL; Sauvage and Liénard, 1879)

614.40

614.94

Machimosaurus mosae (neotype)

96.5 (CL; Hua, 1999)

479.86

476.28

Machimosaurus buffetauti

100 (CL; Buffetaut, 1982b)

493.92

490.77

Machimosaurus buffetauti (holotype)

93.5 (CL; Young et al., 2014)

467.81

463.87

Steneosaurus edwardsi

53 (FL; Johnson et al., 2015)

666.66

659.51

Steneosaurus obtusidens (holotype)

116 (CL; Andrews, 1913)

558.17

556.00

unsurprising given that teleosaurids evolved a wide
range of snout lengths, with longirostrine
(Platysuchus multiscrobiculatus, Steneosaurus bollensis, S. leedsi, and S. priscus) and mesorostrine
species (S. edwardsi and S. obtusidens). Unfortunately, brevirostrine Machimosaurus species could
not be included in the analyses as all known specimens preserve less than half of the caudal vertebral column (i.e., as in the Machimosaurus mosae
Sauvage and Liénard, 1879 neotype skeleton;
Hua, 1999). These snout classifications are based
on the ratio of preorbital length to cranial length,
with longirostry being a ratio of ≥70%, mesorostry
being between 55–70%, and brevirostry is <55%.
Therefore, as there is a variation in snout length of
≥15% within Teleosauridae, it is possible that this is
why the femoral equations are the better fit.
Although, within a sub-clade of teleosaurids there
is a trend of anteroposteriorly elongating the
supratemporal fenestrae (i.e., Callovian-Tithonian
10

Complete
skeletons

‘Steneosaurus’ species and Machimosaurus;
Andrews, 1913; Vignaud, 1995; Young et al., 2014;
Fanti et al., 2016), which might be another contributing factor. Thus, both preorbital and postorbital
lengths are subject to macroevolutionary trends in
Teleosauridae.
Teleosaurid Body Length Estimation
With the resultant regression equations, we
can attempt to estimate the body lengths of the
largest teleosaurids. However, two points must be
noted: firstly, this involves extrapolation – i.e., predicting total body lengths greater than the range of
the specimens used for the regression analyses;
and secondly, the lack of brevirostrine specimens
in the sample. As such these estimates should be
treated as preliminary, until complete Machimosaurus skeletons can be added to this sample. That
being said, our sample does include two specimens of the large-bodied mesorostrine species
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Steneosaurus edwardsi, the sister taxon to the
blunt-toothed durophagous teleosaurid sub-clade
(Young et al., 2012), and both specimens have
skulls greater than 1 m in length. With these caveats, it is noted that the ‘gigantic’ species are not
estimated to be as large as previously supposed
(e.g., Krebs, 1968; Steel, 1973; Buffetaut, 1982b;
Young et al., 2014; Johnson et al., 2015; Fanti et
al., 2016). The ‘gigantic’ size estimates of between
9.0–9.5 m for Machimosaurus hugii (Krebs, 1968;
Steel, 1973; Young et al., 2014) and 10.0 m for M.
rex Fanti et al., 2016 are not supported. Our
regression equations yield smaller estimates of
approximately 6.9 m and 7.15 m, respectively
(Table 8; Figure 5). Moreover, the largest known
Middle Jurassic crocodylomorph, Steneosaurus
edwardsi, is estimated to be around 6.6 m long,
and not approximately 7 m long (as in Johnson et
al., 2015). Note that the M. mosae body length
used in Young et al. (2014), Johnson et al. (2015),
and Fanti et al. (2016) were incorrect, as they
added cranial length to the reported body length
measurement of Hua (1999). Thus, the erroneous
total body length measurement given in Young et
al. (2014) resulted in an overestimation of these
taxa.
Although many teleosaurid species evolved a
skull length of ≥1 m (e.g. Andrews, 1913; Krebs,
1968; Buffetaut, 1982b; Vignaud, 1995; Young et
al., 2014; Fanti et al., 2016), their corresponding
body lengths were not greater than those seen in
large extant crocodylomorph taxa. Therefore teleosaurids, like metriorhynchids, evolved proportionally large skulls relative to their body length. Thus it
would appear that the evolution of proportionally
large skulls occurred early in thalattosuchian evolution and prior to the teleosaurid-metriorhynchid
split, and may have been an adaptive response to
living in a marine environment. It would be interesting to explore whether other marine crocodylomorph
lineages
also
underwent
this
macroevolutionary trend.
While our regression analyses result in significantly smaller body length estimates for teleosaurids, they still would have been the largest
crocodylomorphs of the Jurassic. The largest
known crocodylomorph of the Early Jurassic was
Steneosaurus bollensis (>5 m; Westphal, 1962), in
the Middle Jurassic it was S. edwardsi (6.6 m), and
during the Late Jurassic it was Machimosaurus
hugii (~6.9 m) (Figure 5). Currently it is unclear
whether Machimosaurus rex (~7.15 m) was the
largest crocodylomorph of the pre-Aptian Early
Cretaceous, as the ages and body sizes of the

FIGURE 5. Comparative view of estimated body length
of large-bodied teleosaurids (see Table 8). (1) Machimosaurus rex (holotype); (2) Machimosaurus hugii
(referred specimen from Krebs, 1968); (3) Machimosaurus mosae (neotype, grey silhouette is the lost holotype); (4) Machimosaurus buffetauti (holotype, grey
silhouette is the specimen from Buffetaut, 1982b); (5)
Steneosaurus edwardsi (referred specimen from Johnson et al., 2015); (6) Steneosaurus obtusidens (holotype); (7) Steneosaurus bollensis (based on MH
unnumbered A). The skull drawings are modified from
(Fanti et al., 2016 and Young et al., 2014). Scale bar
equals 1 m.

giant pholidosaurids Sarcosuchus hartti (Marsh,
1869) and Chalawan thailandicus (Buffetaut and
Ingavat, 1980) are uncertain.
CONCLUSIONS
Herein we show that the teleosaurid bodyplan was unique. They had, relative to total body
length, proportionally large crania and proportionally short femora. Not only were they distinct from
extant taxa, but also from their pelagic sister taxon
Metriorhynchidae. As such, they cannot be characterised as 'marine gavials', as they evolved an
unusual body-plan that makes using extant proxies
for body length estimation unsuitable. Thus, we
add Teleosauridae to the growing list of crocodyli11
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forms that evolved scaling ratios distinct from
extant crocodylians (Farlow et al., 2005; Young et
al., 2011; Pol et al., 2012; Godoy et al., 2016).
The differences in teleosaurid crania and femora proportions when compared to Metriorhynchidae are intriguing. It is currently unclear why a
predominately coastal/lagoonal clade like Teleosauridae would have taxa with proportionally larger
skulls and shorter femora than a pelagic clade that
was common in open-shelf environments. It perhaps suggests that teleosaurids were more aquatically adapted than previously thought. More
research into this tantalising possibility is required.
Another possibility is that no well-preserved teleosaurid skeleton is actually as complete as we currently think. Perhaps, teleosaurids evolved an
elongate distal tail with very small, short caudal
vertebrae. This would, however, not explain why
the Holzmaden skeletons (which are preserved in
the Posidonia oil-shale; Figures 1.1, 1.3, 1.4, 2.1)
do not show such an elongated terminal caudal
series of vertebrae.
There is tentative evidence to suggest that the
basal-most metriorhynchoid, Pelagosaurus typus,
had metriorhynchid-like scaling ratios. If this can be
supported with larger sample sizes in future studies, it would: 1) further highlight that we cannot use
superficially similar taxa as proxies for body length,
2) demonstrate that after teleosaurids and metriorhynchoids split, they may have retained a similar
looking body-plan but quickly evolved very distinct
scaling ratios, and 3) lend further support for the
close affinity of P. typus and metriorhynchids (e.g.,
Buffetaut, 1980; Vignaud, 1995; Young et al., 2012;
Wilberg, 2015; Fanti et al., 2016; contra Clark,
1994; Pierce and Benton, 2006; Young and
Andrade, 2009). It could be that the evolutionary
pressures that resulted in teleosaurids becoming
adapted for lagoonal/coastal ecosystems, and
metriorhynchoids for open-sea pelagic environments, were acting upon even the earliest members of these clades.
Maximum likelihood modelling supports the
use of femoral length, rather than cranial length, as
the metric for estimating total body length. The
variation in teleosaurid snout length relative to cranial length, of ≥15%, is possibly why the femoral
equations are a better fit (as is the elongation of
the supratemporal fenestrae and the resultant proportional increase in post-orbital length). Our preference for basal snout width rather than cranial
length as the method for length estimation could
not be realised due to the dorsoventral deformation
and/or shearing of the fossil sample skulls. Finally,
12

our results further highlight how extant proxies are
unsuitable for long-extinct related subclades, especially with new data from complete skeletons. Until
now, data from complete skeletons was scarce and
teleosaurids were not generally considered to have
had a body-plan that deviated from the norm of
extant crocodylians (although see Hua, 1999; Farlow et al., 2005). As such, we argue caution when
using extant crocodylian regression equations for
any taxon not considered to be a semi-aquatic
eusuchian, and more generally for taxa that are not
part of a crown group.
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