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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, Marton 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 rela-
tives) 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 com-
plete 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 =21 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 ecologi-
cal diversity. This is due to the relationship
between body size and a variety of ecological traits
directly linked to fitness, such as survival, prey cap-
ture, 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 rich-
ness has long been studied (e.g., Hutchinson and
MacArthur, 1959; May, 1988; McClain and Boyer,
2009), with research suggesting that niche subdivi-
sion 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 esti-
mates 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 Buffe-
taut, 1997; Young et al., 2014). Most teleosaurids
had an elongate tubular rostrum with a high tooth
count, dorsolaterally orientated orbits, a trans-
versely expanded premaxilla and anterior dentary,
and proportionally enlarged supratemporal fenes-
trae, thereby leading to an appellation of some-
thing akin to ‘marine gavials’ for the clade (Figures
1-2; Andrews, 1909; Andrews, 1913; Adams-Tres-
man, 1987; Vignaud, 1995; Hua and Buffetaut,
1997). But, were teleosaurids really just ‘marine
gavials’? The body-plan of teleosaurids has never
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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 per-
haps 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 com-
ponent of coastal, lagoonal and brackish ecosys-
tems during the Jurassic and Early Cretaceous.

While teleosaurids were a diverse and superfi-
cially 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, Pelago-
saurus typus Bronn, 1841, had a body-plan super-
ficially 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 skel-
etons and undertaking least-squares linear regres-
sion 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-to-
total body length equations of three extant species,
Alligator mississippiensis (Daudin, 1802), Crocody-
lus porosus Schneider, 1801, and Gavialis gangeti-
cus (Gmelin, 1789) results in significant size
overestimates. Additionally, we found that previous
body length estimates of teleosaurids are errone-
ous, as they have overestimated their potential
size. Finally, we used teleosaurid and metrio-
rhynchid 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) Steneo-
saurus 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.
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FIGURE 2. Comparative view of three fossil thalattosuchian crocodylomorphs: (1) teleosaurid Platysuchus multiscro-
biculatus SMNS 9930; (2) basal metriorhynchoid Pelagosaurus typus MTM M62 2516; and (3) metriorhynchid Crico-
saurus 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.

MATERIAL AND METHODS
Institutional Abbreviations

GPIT/RE, reptile collection of the Paldontologische
Sammlung der Eberhard Karls Universitat Tubin-
gen, Germany; MH, Urweltmuseum Hauff, Holz-



maden, Germany; MNHN.F, fossil collection of the
Muséum national d’Histoire naturelle, Paris,
France (CNJ, Canjuers locality); MTM Magyar Ter-
mészettudomanyi Muzeum, Budapest, Hungary;
NHMUK PV, vertebrate palaeontology collection of
the Natural History Museum, London, United King-
dom (R, reptiles); PETMG, Peterborough Museum
and Art Gallery, Peterborough, United Kingdom;
SMNS, Staatliches Museum fiir Naturkunde Stutt-
gart, 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 artic-
ular 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 least-
squares linear regression analyses, regressing CL-
TL and FL-TL. The program R served as the statis-
tical 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 dis-
association or distortion. Therefore, we ran two dif-
ferent 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 estimat-
ing 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 measure-
ment; 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 regres-
sion analysis were 12 large sub-adult and adult
specimens pertaining to Platysuchus multiscrobic-
ulatus (Berckhemer, 1929), Steneosaurus bollensis
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(von Jager, 1828) (seven individuals), S. edwardsi
Eudes-Deslongchamps, 1868 (two individuals), S.
leedsi Andrews, 1909, and S. priscus (von S6m-
merring, 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 addi-
tional 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 mea-
sured the two most complete skeletons of this spe-
cies 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 correla-
tion (y = 4.016x + 92.317, R2=0.9315, P (permuta-
tion) = 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 Alli-
gator mississippiensis (y = 7.127x + 9.478, R2 =
0.995, P < 0.0001). Thus demonstrating, that
although teleosaurids are often considered ‘marine
gavials’, their cranial-to-body length scaling ratio is
distinctly different (Figure 4). When the extant taxa
CL-TL equations were used to calculate teleosau-
rid 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 speci-
mens 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 esti-
mated 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
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TABLE 1. Measurements of the teleosaurid specimens used in the first set of regression analyses (i.e. the most com-

plete skeletons). All measurements in cm.

Specimen Femoral length Cranial length Total body length
Platysuchus multiscrobiculatus 20 45.5 279
SMNS 9930
Steneosaurus bollensis 34 78.5 461
GPIT/RE/1193/2
Steneosaurus bollensis 36 91 477
MH unnumbered A
Steneosaurus bollensis 24 59.5 312
MH unnumbered B
Steneosaurus bollensis 30.5 78 430
SMNS 54063
Steneosaurus bollensis 21.9 52.5 304
SMNS 52475
Steneosaurus bollensis 22.5 59 320
SMNS 51984
Steneosaurus bollensis 18.1 48 278
MTM unnumbered
Steneosaurus edwardsi 39 102 502
GPIT/RE/07286
Steneosaurus edwardsi 40.5 109 501.5
PETMG R175
Steneosaurus leedsi 29.8 88 428
NHMUK PV R 3806
Steneosaurus priscus 25 68.3 347

MNHN.F CNJ 78a

specimen measuring less than 3 m was overesti-
mated 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 metrio-
rhynchids were pelagic taxa with hypocercal tails

and flipper-like limbs), it was not expected that
teleosaurids would have proportionally longer cra-
nia 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 skele-
tons lacking at least 10—20 cm of the distal tail). All measurements in cm.

Specimen Femoral length Cranial length Total body length

Steneosaurus sp. 24 66 312

SMNS 51753

Steneosaurus bollensis 22 63.5 306.5
SMNS 51555

Steneosaurus bollensis 27 59 311

SMNS 51957

Steneosaurus bollensis 13.5 35.5 2275

SMNS uncatalogued

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

Specimen Femoral length Cranial length Total body length
SMNS 51753 17.5 42 233.5
MTM M62 2516 1.1 275 145
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FIGURE 3. Bivariate plots of cranial (1, 3) and femoral lengths (2, 4) plotted against total lengths for complete speci-
mens 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 spec-
imens 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, com-
pared to metriorhynchids, teleosaurids had propor-
tionally shorter femora (as a proportion of total
body length). It is currently unclear whether teleo-
saurids have a reduced femoral length, metrio-
rhynchids 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 +
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FIGURE 4. Comparative least-squares regression gra-
dient 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.

59.55, R2 =0.9458, P (permutation) = 0.0001) (Fig-
ure 3.4). As with the cranial analyses, the differ-
ences 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

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 gpcR 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.

Specimen Measured length Crocod_y lus Gawa_lls AIIlga.tor
equation equation equation

Platysuchus multiscrobiculatus 279 331.3 274.2 333.8
SMNS 9930
Steneosaurus bollensis 461 585.2 518.9 568.9
GPIT/RE/1193/2
Steneosaurus bollensis 477 681.4 611.6 658.0
MH unnumbered A
Steneosaurus bollensis 312 439.0 378.0 433.5
MH unnumbered B
Steneosaurus bollensis 430 581.4 515.2 565.4
SMNS 54063
Steneosaurus bollensis 304 385.1 326.1 383.6
SMNS 52475
Steneosaurus bollensis 320 435.1 374.3 423.0
SMNS 51984
Steneosaurus bollensis 278 350.5 292.8 351.6
MTM unnumbered
Steneosaurus edwardsi 502 766.1 693.2 736.4
GPIT/RE/07286
Steneosaurus edwardsi 501.5 820.0 7451 786.3
PETMG R175
Steneosaurus leedsi 428 658.3 589.4 636.7
NHMUK PV R 3806
Steneosaurus priscus 347 506.7 4433 496.2

MNHN.F CNJ 78a




PALAEO-ELECTRONICA.ORG

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

incm.

Total body length estimates (cm)

. Total body
Specimen CL
length (cm)  CL complete . FL complete FL incomplete
incomplete
Platysuchus multiscrobiculatus 279 275.05 265.20 290.46 285.95
SMNS 9930
Steneosaurus bollensis 461 407.57 401.78 450.067 444 .43
GPIT/RE/1193/2
Steneosaurus bollensis 477 457.77 453.52 472.86 467.07
MH unnumbered A
Steneosaurus bollensis 312 331.27 323.14 336.06 331.23
MH unnumbered B
Steneosaurus bollensis 430 405.57 399.71 410.16 404.81
SMNS 54063
Steneosaurus bollensis 304 303.16 294.17 312.12 307.46
SMNS 52475
Steneosaurus bollensis 320 329.26 321.07 318.96 314.25
SMNS 51984
Steneosaurus bollensis 278 285.09 275.54 268.80 264.44
MTM unnumbered
Steneosaurus edwardsi 502 501.95 499.05 507.06 501.03
GPIT/RE/07286
Steneosaurus edwardsi 501.5 530.06 528.02 524.16 518.01
PETMG R175
Steneosaurus leedsi 428 445.73 441.10 402.18 396.89
NHMUK PV R 3806
Steneosaurus priscus 347 366.61 359.56 347.46 342.55

MNHN.F CNJ 78a

two datasets. Regardless of which dataset is being
used, femoral length when modelled against total
length is the preferred model over the use of cra-
nial 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 regres-
sion 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 regres-
sion CL-TL equations are largely comparable
(Table 7).The femoral length the metriorhynchid
FL-TL equation and the 16-taxon cranial length tel-
eosaurid CL-TL equation provide the best fit. It is
with the smaller specimen that the differences
become apparent. In MTM M62 2516 the metrio-
rhynchid CL-TL and FL-TL equations give the clos-
est 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 esti-
mation between the complete and incomplete data-
sets 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
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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  Adjusted AlCc
Dataset Model 2 2 p value AlC AlCc R
R R weight
Complete Total length ~ Cranial length 0.9315 0.9247 <0.0001 114.3449  115.6783  0.0075
specimens Total length ~ Femoral length ~ 0.9696 0.9666 <0.0001 104.5866 105.92 0.9925
All specimens Total length ~ Cranial length 0.9236 0.9182 <0.0001 152.9013  153.8244  0.0603
0.9548 0.9478 <0.0001 146.5062 148.5062  0.9397

Total length ~ Femoral length

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 12 complete teleosaurids All 16 teleosaurids Metriorhynchids
Specimen
length CL FL CL FL CL FL
SMNS 51753 233.5 256.97 261.96 246.57 257.65 217.58 247.94
MTM M62 2516 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 Complete Including
skeletons 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 ‘Steneosaurus’ species and Machimosaurus;

range of snout lengths, with longirostrine
(Platysuchus multiscrobiculatus, Steneosaurus bol-
lensis, S. leedsi, and S. priscus) and mesorostrine
species (S. edwardsi and S. obtusidens). Unfortu-
nately, brevirostrine Machimosaurus species could
not be included in the analyses as all known speci-
mens preserve less than half of the caudal verte-
bral 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 270%, mesorostry
being between 55-70%, and brevirostry is <55%.
Therefore, as there is a variation in snout length of
=215% 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
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Andrews, 1913; Vignaud, 1995; Young et al., 2014;
Fanti et al., 2016), which might be another contrib-
uting 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., pre-
dicting 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 Machimosau-
rus skeletons can be added to this sample. That
being said, our sample does include two speci-
mens of the large-bodied mesorostrine species



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 cave-
ats, 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 21 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 teleo-
saurids, like metriorhynchids, evolved proportion-
ally large skulls relative to their body length. Thus it
would appear that the evolution of proportionally
large skulls occurred early in thalattosuchian evolu-
tion and prior to the teleosaurid-metriorhynchid
split, and may have been an adaptive response to
living in a marine environment. It would be interest-
ing to explore whether other marine crocodylo-
morph lineages also underwent this
macroevolutionary trend.

While our regression analyses result in signifi-
cantly smaller body length estimates for teleosau-
rids, 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
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FIGURE 5. Comparative view of estimated body length
of large-bodied teleosaurids (see Table 8). (1) Machimo-
saurus rex (holotype); (2) Machimosaurus hugii
(referred specimen from Krebs, 1968); (3) Machimosau-
rus mosae (neotype, grey silhouette is the lost holo-
type); (4) Machimosaurus buffetauti (holotype, grey
silhouette is the specimen from Buffetaut, 1982b); (5)
Steneosaurus edwardsi (referred specimen from John-
son et al., 2015); (6) Steneosaurus obtusidens (holo-
type); (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 body-
plan was unique. They had, relative to total body
length, proportionally large crania and proportion-
ally short femora. Not only were they distinct from
extant taxa, but also from their pelagic sister taxon
Metriorhynchidae. As such, they cannot be charac-
terised 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 crocodyli-
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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 fem-
ora proportions when compared to Metriorhynchi-
dae are intriguing. It is currently unclear why a
predominately coastal/lagoonal clade like Teleo-
sauridae would have taxa with proportionally larger
skulls and shorter femora than a pelagic clade that
was common in open-shelf environments. It per-
haps suggests that teleosaurids were more aquati-
cally adapted than previously thought. More
research into this tantalising possibility is required.
Another possibility is that no well-preserved teleo-
saurid skeleton is actually as complete as we cur-
rently 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 stud-
ies, it would: 1) further highlight that we cannot use
superficially similar taxa as proxies for body length,
2) demonstrate that after teleosaurids and metrio-
rhynchoids 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 environ-
ments, were acting upon even the earliest mem-
bers 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 cra-
nial length, of 215%, is possibly why the femoral
equations are a better fit (as is the elongation of
the supratemporal fenestrae and the resultant pro-
portional increase in post-orbital length). Our pref-
erence 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,
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our results further highlight how extant proxies are
unsuitable for long-extinct related subclades, espe-
cially 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; Far-
low 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.

ACKNOWLEDGEMENTS

We would like to thank P. Hurst (NHMUK
Image Resources), L. Cazes (MNHN), and M.
Szabé (MTM) for specimen photography, R. Allain
(MNHN), R. Schoch (SMNS), R. Hauff (MH), H.
Stoéhr (GPIT), and G. Wass (PETMG) for collections
access. We also thank the two anonymous review-
ers for their constructive comments. MTY received
support for his collection visits to Paris (FR-TAF-
4021) and Stuttgart (DE-TAF-5132) from the SYN-
THESYS Project (www.synthesys.info/), which is
financed by European Community Research Infra-
structure Action under the FP7 “Capacities” Pro-
gram. MR was supported by a Marie Curie-
Train2Move fellowship.

REFERENCES

Adams-Tresman, S.M. 1987. The Callovian (Middle
Jurassic) teleosaurid marine crocodiles from Central
England. Palaeontology, 30:195-206.

Andrews, C.W. 1909. On some new Steneosaurs from
the Oxford Clay of Peterborough. Annals and Maga-
zine of Natural History, eighth series, 3:299-308.

Andrews, C.W. 1913. A descriptive catalogue of the
marine reptiles of the Oxford Clay, Part Two. British
Museum (Natural History), London.

Berckhemer, F. 1929. Beitrage zur Kenntnis der Kroko-
dilier des schwabischen oberen Lias. Neues Jahr-
buch fiir Mineralogie, Geologie und Paldontologie,
Beilagenband 64B:1-59.

Bronn, H.G. 1841. Untersuchung zweier Gavial-Skelette
und der Gaumen zweier andern aus den Boller Lias-
Schiefen, mit Ricksicht auf Geoffroy's Genus Teleo-
saurus, p. 5-30. In Bronn, H.G. and Kaup, J.J. (eds.),
Abhandlungen Uber die Gavial-artigen Reptilien der
Lias-Formation. E. Schweizerbart'sche Verlagshand-
lung, Stuttgart.

Buffetaut, E. 1980. Position systématique et phylogéneti-
que du genre Pelagosaurus Bronn, 1841 (Crocody-
lia, Mesosuchia), du Toarcian d’Europe. Geobios,
13:783-786.



Buffetaut, E. 1982a. Radiation évolutive, paléoécologie
et biogéographie des crocodiliens mésosuchiens.
Mémoires de la Société Géologique de France,
60:1-88.

Buffetaut, E. 1982b. Le crocodilien Machimosaurus VON
MEYER (Mesosuchia, Teleosauridae) dans le Kim-
meridgien de I'Ain. Bulletin trimestriel de la Société
Géologique de Normandie et des Amis du Muséum
du Havre, 69:17-27.

Buffetaut, E. and Ingavat, R. 1980. A new crocodilian
from the Jurassic of Thailand, Sunosuchus thailandi-
cus n. sp. (Mesosuchia, Goniopholididae), and the
palaeogeographical history of South-East Asia in the
Mesozoic. Geobios, 13:879-889.

Clark, J.M. 1994. Patterns of evolution in Mesozoic Croc-
odyliformes, p. 84-97. In Fraser N.C. and Sues H.-D.
(eds.), In the Shadow of the Dinosaurs: Early Meso-
zoic Tetrapods. Cambridge University Press, Cam-
bridge and New York.

Colloca, F., Carpentieri, P., Balestri, E., and Ardizzone,
G. 2010. Food resource partitioning in a Mediterra-
nean demersal fish assemblage: the effect of body
size and niche width. Marine Biology, 157:565-574.

Damuth, J. 1981. Population density and body size in
mammals. Nature, 290:699-700.

Daudin, F.M. 1802. Histoire Naturelle, Générale et Par-
ticuliere des Reptiles; ouvrage faisant suit a I'Histoire
Naturelle générale et particuliere, composée par
LECLERC DE BUFFON; et rédigée par C. S. SONNINI,
membre de plusieurs Sociétés savantes. Tome Sec-
ond. F. Dufart, Paris.

Eudes-Deslongchamps, E. 1868. Note sur le squelette et
la restauration du Teleosaurus cadomensis. Bulletin

de la Société Linnéenne de Normandie, 28 série,
2:381-473.

Fanti, F., Miyashita, T., Cantelli, L., Mnasri, F., Dridi, J.,
Contessi, M., and Cau, A. 2016. The largest thalatto-
suchian (Crocodylomorpha) supports teleosaurid
survival across the Jurassic-Cretaceous boundary.
Cretaceous Research, 61:263-274.

Farlow, J.O., Hurlburt, G.R., Elsey, R.M., Britton, A.R.C.,
and Langston, J.W. 2005. Femoral dimensions and
body size of Alligator mississippiensis estimating the
size of extinct mesoeucrocodylians. Journal of Verte-
brate Paleontology, 25:354—369.

Gaston, K.J. and Blackburn, T.M. 1996. Range size—
body size relationships: evidence of scale depen-
dence. Oikos, 1996:479-485.

Gmelin, J.F. 1789. Caroli a Linné, Systema naturae per
regna tria naturae, secundum classes, ordines, gen-
era, species, cum characteribus, differentiis, synony-
mis, locis. Tomus 1 Pars 3. G.E. Beer, Lipsiae.

Godoy, P.L., Bronzati, M., Eltink, E., Marsola, J.C.A,,
Cidade, G.M., Langer, M.C., and Montefeltro F.C.
2016. Postcranial anatomy of Pissarrachampsa sera
(Crocodyliformes, Baurusuchidae) from the Late Cre-
taceous of Brazil: insights on lifestyle and phyloge-
netic significance. PeerJ, 4:€2075. https://doi.org/
10.7717/peerj.2075.

PALAEO-ELECTRONICA.ORG

Hua, S. 1999. Le crocodilien Machimosaurus mosae
(Thalattosuchua, Teleosauridae) du Kimmeridgien du
Boulonnais (Pas de Calais, France). Palaeonto-
graphica Abteilung A, 252:141-170.

Hua, S. and Buffetaut, E. 1997. Crocodylia, p. 357-374.
In Callaway, J.M. and Nicholls, E.L. (eds.), Ancient
marine reptiles. Academic Press, San Diego.

Hutchinson, G.E. and MacArthur, R.H. 1959. A theoreti-
cal ecological model of size distributions among spe-
cies of animals. American Naturalist, 93:117-125.

Johnson, M.M., Young, M.T., Steel, L., and Lepage, Y.
2015. Steneosaurus edwardsi (Thalattosuchia,
Teleosauridae), the largest known crocodylomorph of
the Middle Jurassic. Biological Journal of the Linnean
Society, 115:911-918.

Krebs, B. 1968. Le crocodilien Machimosaurus. Memoria
dos Servigos Geologicos de Portugal (Nova Série),
14:21-53.

Kozlowski, J. and Gawelczyk, A.T. 2002. Why are spe-
cies’ body size distributions usually skewed to the
right? Functional Ecology, 16:419-432.

Marsh, O.C. 1869. Notice of some new reptilian remains
from the Cretaceous of Brazil. American Journal of
Science, 47:390-392.

May, R.M. 1988. How many species are there on earth?
Science, 241:1441-1449.

McClain, C.R. and Boyer, A.G. 2009. Biodiversity and
body size are linked across metazoans. Proceedings
of the Royal Society B: Biological Sciences,
276:2209-2215.

McDonald, R.A. 2002. Resource partitioning among Brit-
ish and Irish mustelids. Journal of Animal Ecology,
71:185-200.

Pierce, S.E. and Benton, M.J. 2006. Pelagosaurus typus
Bronn, 1841 (Mesoeucrocodylia: Thalattosuchia)
from the Upper Lias (Toarcian, Lower Jurassic) of
Somerset, England. Journal of Vertebrate Paleontol-
ogy, 26:621-635.

Peters, R.H. 1983. The ecological implications of body
size. Cambridge University Press, Cambridge.

Pol, D., Leardi, J.M., Lecuona, A., and Krause, M. 2012.
Postcranial anatomy of Sebecus icaeorhinus (Croco-
dyliformes, Sebecidae) from the Eocene of Patago-
nia. Journal of Vertebrate Paleontology, 32:328—-354.

R Core Team. 2014. R: A language and environment for
statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URL http://www.R-proj-
ect.org.

Ritz, C. and Spiess, A.-N. 2008. gpcR: an R package for
sigmoidal model selection in quantitative real-time
polymerase chain reaction series. Bioinformatics,
24:1549-1551.

Sauvage, H.-E. and Liénard, F. 1879. Memoire sur le
genre Machimosaurus. Mémoires de la Société
Géologique de France, 3eme série, 4:1-31.

Schneider, G. 1801. Historiae Amphibiorum naturalis et
literariae. Fasciculus secundus continens Crocodilos,
Scincos, Chamaesauras, Boas. Pseudoboas, Ela-



YOUNG ET AL.: TELEOSAURID SIZE ESTIMATION

pes, Angues. Amphisbaenas et Caecilias. Friederici
Frommanni, Jena.

Sereno, P.C., Larsson, H.C.E., Sidor, C.A., and Gado, B.
2001. The giant crocodyliform Sarcosuchus from the
Cretaceous of Africa. Science, 294:1516-1519.

Steel, R. 1973. Crocodylia. Handbuch der Paléoherpetol-
ogie, Teil 16. Gustav Fischer Verlag, Stuttgart.

van Valkenburgh, B., Wang, X., and Damuth, J. 2004.
Cope’s rule, hypercarnivory, and extinction in North
American canids. Science, 306:101-104.

Vignaud, P. 1995. Les Thalattosuchia, crocodiles marins
du Mésozoique:  Systématique, phylogénie,
paléoécologie, biochronologie et implications
paléogéographiques. Unpublished PhD dissertation,
Université de Poitiers, Poitiers, France.

von Jager, G.F. 1828. Uber die fossile Reptilien, welche
in Wiirtemberg aufgefunden worden sind. \Verlag der
J. B. Metzler'schen Buchhandlung, Stuttgart.

von Sémmerring, S.T. 1814. Uber den Crocodilus
priscus, oder ein in Baiern versteint gefundenes
schmalkie-feriges Krokodil, Gavial der Vorwelt.
Denkschriften der Koéniglichen Akademie der
Wisseschaften zu Miinchen, 5: Classe der Mathema-
tik und Naturwissenschaften, 9—82.

Westphal, F. 1962. Die Krokodilier des deutschen und
englischen Oberen Lias. Palaeontographica Abtei-
lung A, 118:23-118.

Wilberg, E.W. 2015. What's in an outgroup? The impact
of outgroup choice on the phylogenetic position of

14

Thalattosuchia (Crocodylomorpha) and the origin of
Crocodyliformes. Systematic Biology, 64:621-637.
Woodward, A.R., White, J.H., and Linda, S.B. 1995.
Maximum size of the Alligator (Alligator mississippi-

ensis). Journal of Herpetology, 29:507-513.

Young, M.T. and Andrade, M.B. 2009. What is Geosau-
rus? Redescription of Geosaurus giganteus (Thalat-
tosuchia, Metriorhynchidae) from the Upper Jurassic
of Bayern, Germany. Zoological Journal of the Lin-
nean Society, 157:551-585.

Young, M.T., Bell, M.A., Andrade, M.B., and Brusatte,
S.L. 2011. Body size estimation and evolution in
metriorhynchid crocodylomorphs: implications for
species diversification and niche partitioning. Zoolog-
ical Journal of the Linnean Society, 163:1199—-1216.

Young, M.T., Brusatte, S.L., Andrade, M.B., Desojo, J.B.,
Beatty, B.L., Steel, L., Fernandez, M.S., Sakamoto,
M., Ruiz-Omefaca, J.l., and Schoch, R.R. 2012. The
cranial osteology and feeding ecology of the metrio-
rhynchid crocodylomorph genera Dakosaurus and
Plesiosuchus from the Late Jurassic of Europe.
PLOS ONE, 7:€44985.

Young, M.T,, Hua, S., Steel, L., Foffa, D., Brusatte, S.L.,
Thiring, S., Mateus, O., Ruiz-Omefiaca, J.l., Havlik,
P., Lepage, Y., and Andrade, M.B. 2014. Revision of
the Late Jurassic teleosaurid genus Machimosaurus
(Crocodylomorpha, Thalattosuchia). Royal Society
Open Science, 1:140222. http://rsos.royalsocietypub-
lishing.org/content/1/2/140222



	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
	Introduction
	Material and methods
	Institutional Abbreviations
	Morphometric Abbreviations

	Results
	Cranial Length versus Total Body Length
	Femoral Length versus Total Body Length
	Comparison of Teleosaurid Regression Models
	Comparison of Regression Equations for Pelagosaurus Typus

	Discussion
	Body Length Equations
	Teleosaurid Body Length Estimation

	Conclusions
	ACKNOWLEDGEMENTS
	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


