
Neurosensory evolution in thalattosuchian crocodylomorphs – Integrating 1 

Somatosensory and Visual Adaptations Across Ecological Transitions. 2 

 3 

Ashish Soni1*, Mark T. Young1,2, Charlotte I. W. Bowman1, Arthur Erb1, Julia A. Schwab3, 4 

Yanina Herrera4, Stephen L. Brusatte1  5 

  6 

1 
School of GeoSciences, Grant Institute, The King’s Buildings, University of Edinburgh, James 7 

Hutton Road, Edinburgh, EH9 3FE, United Kingdom  8 

2 
LWL-Museum für Naturkunde, Sentruper Straße 285, 48161 Münster, Germany  9 

3 
Oxford University Museum of Natural History, University of Oxford, Parks Rd, OX1 3PW 10 

Oxford, United Kingdom 11 

4 
Department of Biomedical Sciences, Heritage College of Osteopathic Medicine, Ohio Center 12 

for Ecology and Evolutionary Studies, Ohio University, Athens, Ohio, United States of America 13 

5 
Consejo Nacional de Investigaciones Científicas y Técnicas, División Paleontología 14 

Vertebrados, Museo de La Plata, Facultad de Ciencias Naturales y Museo, UNLP, B1900 La 15 

Plata, Buenos Aires, Argentina  16 

  17 

*
 Corresponding author: ashish.soni2000@outlook.com.  18 

 19 

Author ORCiDs: 20 

Ashish Soni: https://orcid.org/0009-0008-5962-3196 21 



Mark T. Young: https://orcid.org/0000-0002-7263-6505 22 

Charlotte I. W. Bowman: https://orcid.org/0000-0002-9412-798X 23 

Arthur Erb: - 24 

Julia A. Schwab: https://orcid.org/0000-0002-6229-7116 25 

Yanina Herrera: https://orcid.org/0000-0002-2020-1227 26 

Stephen L. Brusatte: https://orcid.org/0000-0001-7525-7319 27 

 28 

Abstract 29 

Thalattosuchians, an extinct lineage of Mesozoic crocodylomorphs, underwent a remarkable 30 

evolutionary transition from primarily semi-aquatic teleosaurids, through increasingly ocean-31 

adapted metriorhynchoids, to the fully pelagic metriorhynchids. Understanding how such a major 32 

habitat shift affected their sensory systems provides valuable perspective on vertebrate 33 

adaptations. Here, we present a comparative analysis integrating digital endocranial 34 

reconstructions from computed tomography (CT) scans of 22 skulls of crocodylomorph species, 35 

including extant crocodylians and a diverse range of thalattosuchians. Focusing on 36 

somatosensation and vision, we seek to gain new insights into sensory evolution in the group 37 

using statistical comparative methods. 38 

Our findings reveal that thalattosuchians, especially pelagic metriorhynchids, evolved 39 

significantly smaller trigeminal ganglia relative to skull size than non-marine crocodylomorphs, 40 

suggesting reduced investment in facial mechanoreception. Interestingly, visual structures (orbit 41 

and optic nerve canal dimensions) scale proportionally with skull size across thalattosuchians, 42 

reflecting proportional scaling rather than enlargement. This pattern suggests that 43 

metriorhynchids maintained visual reliance and any functional enhancement was likely achieved 44 



through optical or neural optimisation rather than cranial modification. These findings challenge 45 

assumptions of uniform sensory trade-off during aquatic transitions and highlight the importance 46 

of lineage-specific constraints in shaping evolutionary trajectories.  47 
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 51 

Introduction 52 

Major evolutionary transitions can radically transform organisms, reshaping their anatomy, 53 

behaviours and habitats. A particularly striking example is the return of tetrapods to aquatic life, 54 

which involves extensive modifications to their body plan. Among these transitions, cetaceans 55 

are often marked as a prime example in having evolved from terrestrial mammals into fully 56 

pelagic swimmers (Gatesy et al., 2013; Kishida et al., 2015; Thewissen et al., 2011). However, 57 

they were not the first to make this transition. During the Mesozoic Era, several reptilian groups 58 

such as ichthyosaurs, plesiosaurs and mosasaurs transitioned into marine environments, adapting 59 

to fill diverse ecological niches (Foffa et al., 2018; Forêt et al., 2025; Motani, 2009). 60 

Among these secondarily aquatic reptiles, thalattosuchians are particularly significant, 61 

representing one of five independent transitions into marine habitats within Crocodylomorpha, 62 

and the only one that culminated in fully pelagic open-ocean swimmers (Wilberg et al., 2019). 63 

While other marine reptiles have been extensively studied, thalattosuchians remain 64 

comparatively less investigated. They comprise of two major clades: Teleosauroidea and 65 

Metriorhynchoidea (Young et al., 2024b). Teleosauroids were semi-aquatic and superficially 66 

resembled extant gharials, with dorsally directed orbits and elongate snouts (Andrews, 1913; 67 



Buffetaut, 1982; Hua, 1999). However, they were also morphologically diverse and inhabited a 68 

range of habitats, such as marine, brackish and freshwater environments (Foffa et al., 2019; 69 

Johnson et al., 2020; Jouve, 2009; Martin et al., 2019). Metriorhynchoids represent a key stage in 70 

this evolutionary transition, exhibiting progressively stronger marine adaptations relative to 71 

teleosauroids, culminating in the fully pelagic metriorhynchids. Basal metriorhynchoids, such as 72 

Pelagosaurus typus, retained some semi-aquatic features while already showing early 73 

adaptations to open-marine environments (Pierce et al., 2017; Young et al., 2024b), and it is from 74 

within this grade that the fully pelagic metriorhynchids emerged. These derived forms evolved 75 

streamlined bodies, paddle-like limbs, hypocercal tails and a strongly reduced or absent 76 

osteodermal covering, reflecting a complete ecological shift to open-ocean environments 77 

(Andrews, 1913; Fraas, 1902; Young et al., 2010, 2024a; Spindler et al., 2021). 78 

The exceptional fossil record of thalattosuchians, together with extant crocodylians 79 

providing a modern baseline, enables detailed investigation of their neurosensory adaptations to 80 

marine life. Comparative studies of other secondary aquatic transitions, such as in cetaceans, 81 

reveal recurring patterns of sensory trade-offs in which certain systems are enhanced while 82 

others are reduced (Berta et al., 2014; Humphries & Ruxton, 2002; Kishida et al., 2007; 83 

Thewissen & Williams, 2002). Whether thalattosuchians underwent similar modifications or 84 

followed a distinct evolutionary trajectory, however, remains unresolved.  85 

To begin addressing this question, it is necessary to first consider how key sensory 86 

systems function in other aquatic amniotes. Vision is a key sensory system shaped by the 87 

transition to aquatic life. Vision depends on the eyes and their neural connections, particularly 88 

the optic nerve (cranial nerve II), which transmits visual information from the retina to the brain 89 

(Herrera et al., 2019). In aquatic environments, light intensity decreases rapidly with depth, 90 



imposing strong selective pressures on eye size and retinal sensitivity. Many secondarily aquatic 91 

vertebrates evolved enlarged eyes and optic nerves to maximise light capture and visual acuity in 92 

dim or turbid conditions (Kröger & Katzir, 2008; Mass & Supin, 2007; Motani, 2009; Churchill 93 

& Baltz, 2021). Some cetaceans, for example, possess optic nerves with reduced fiber density but 94 

enlarged “giant” axons (up to 15 µm in diameter) that decrease neural transmission time and 95 

enhance the rapid detection of prey (Dawson & Perez, 1973; Dawson et al., 1982; Mazzatenta et 96 

al., 2001). Similarly, ichthyosaurs developed exceptionally large orbits and scleral rings 97 

indicative of acute visual sensitivity, enabling predation under low-light or mesopelagic 98 

conditions (Humphries & Ruxton, 2002; Motani et al., 1999; Schmitz & Motani, 2011). 99 

Together, these examples show how aquatic adaptation refines the eyes and optic nerves to 100 

optimise vision underwater. 101 

Building on the importance of vision, the sense of touch, or somatosensation, forms one 102 

of the most direct channels through which vertebrates perceive their surroundings. It is mediated 103 

primarily by the trigeminal system, which originates from the brainstem and forms the trigeminal 104 

ganglion within the endocranial cavity (George & Holliday, 2013; Lessner & Holliday, 2022). 105 

From this centre arise three principal branches of cranial nerve V: the ophthalmic, maxillary, and 106 

mandibular nerves, which transmit mechanoreceptive inputs from the integument to the brain 107 

(Holliday & Witmer, 2008; Leitch & Catania, 2012). In aquatic environments, where light and 108 

chemical cues are often unreliable, this system frequently becomes enhanced to detect water 109 

movement and mechanical vibrations. Pinnipeds and sirenians, for example, possess enlarged 110 

trigeminal ganglia and highly innervated vibrissae capable of tracking hydrodynamic trails left 111 

by prey (Hanke et al., 2013; Jones & Marshall, 2019). Similarly, extant crocodylians also rely 112 

heavily on trigeminal input: their integumentary sensory organs (specialised epidermal 113 



structures), concentrated around the snout, detect minute changes in surface pressure and 114 

vibration (Leitch & Catania, 2012; George & Holliday, 2013). These examples highlight the 115 

evolutionary versatility of the trigeminal system and its capacity to compensate for reduced 116 

reliability of other sensory cues in aquatic environments. 117 

Within this broader context of sensory evolution, thalattosuchians offer a model for 118 

examining how major environmental transitions shape sensory systems. They have shown to 119 

possess large orbits, which have been interpreted as indicators of well-developed vision and a 120 

reliance on visual cues for hunting in open-marine environments (Massare, 1988; Young et al., 121 

2010). By contrast, previous studies towards their somatosensory abilities have suggested that 122 

thalattosuchians exhibited a simplified trigeminal canal with limited branching, implying 123 

reduced facial mechanoreception relative to extant crocodylians (Bowman et al., 2022). 124 

However, these interpretations remain largely qualitative and derived from limited specimens. 125 

Quantitative endocranial analyses are needed to clarify whether thalattosuchians followed 126 

broader aquatic trends or developed a distinct sensory pattern. 127 

Here, we investigate the neurosensory evolution of thalattosuchians through the use of 128 

computed tomography (CT) scans and phylogenetic comparative analyses of endocranial sensory 129 

structures associated with somatosensation and vision. By analysing thalattosuchian crania, 130 

alongside those of extant crocodylians, we herein investigate two hypotheses present in the 131 

literature:  132 

 (1) Thalattosuchians had reduced facial somatosensory capabilities compared to other 133 

crocodylomorphs in our sample (Bowman et al., 2022). 134 

(2) Metriorhynchids were vision-based hunters (Massare, 1988; Martill et al., 1994; 135 

Young et al., 2010; Bowman et al., 2022). 136 



[Insert Figure 1 here, in double width] 137 
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 153 

Materials and methods  154 

Specimens 155 

The dataset comprised CT scans of 22 skulls, including nine species of extant crocodylians, two 156 

“protosuchians”, two notosuchians, one early diverging neosuchian, two teleosaurids, one 157 

metriorhynchoid and five metriorhynchids (Tables 1 and 2; see Fig. 1 for the phylogenetic 158 

relationship and age ranges for the dataset). 159 



[Insert Figure 2 here, in double width] 160 

 161 

CT Scanning and Segmentation 162 

Each skull was CT-scanned at various facilities, resulting in differences in resolution and voxel 163 

size (Supplementary_data_file: Sheet1). Segmentations were performed in Materialize Mimics 164 

25 using the multiple-slice edit tool and a stylus, allowing for the reconstruction of the brain 165 

endocast, olfactory system (including olfactory bulb and tract), trigeminal fossa (housing the 166 

trigeminal ganglion of the cranial nerve V), and the optic nerve canal (cranial nerve II) (see Fig. 167 

2) (Abel et al., 2012; Lessner & Holliday, 2022; Pérez-Ramos & Figueirido, 2020; Witmer et al., 168 

2008).  Segmentation techniques followed established anatomical guidelines (Cerio & Witmer, 169 

2022; Di-Poï & Milinkovitch, 2013; Grigg & Gans, 1993; Kuzmin et al., 2021; Lessner & 170 

Holliday, 2022; Pierce et al., 2017; Witmer et al., 2008). 171 

 172 

Measurements 173 

Following segmentation, 3D models were generated from the finalized masks using the 174 

Calculate 3D function in Mimics (All measurements are available in the 175 

Supplementary_data_file: Sheet2). 176 

Diameters of the orbits, optic nerve canals, and trigeminal fossae were measured using 177 

Feret’s diameter, defined as the distance between two parallel tangents on opposite sides of an 178 

object. It works well in measuring irregular structures as it captures their true spatial extent 179 

without assuming geometric symmetry (Pabst & Gregorová, 2007; Walton, 1948). Both 180 

maximum and minimum Feret’s diameters were recorded and averaged to obtain a representative 181 

value. Measurements were taken in coronal view from a central point within each segmented 182 



structure, with five readings taken anteriorly and five posteriorly. The mean of these ten readings 183 

was used for subsequent analysis. 184 

To test the hypotheses, scaling relationships among the above sensory structures and 185 

skull size proxies were evaluated. Trigeminal fossa diameter, which closely reflects trigeminal 186 

ganglion size and hence somatosensory capabilities (Bowman et al., 2022; George & Holliday, 187 

2013; Lessner et al., 2023), was compared to intervestibular width: defined and measured as the 188 

distance between the left and right vestibular chambers of the inner ear. This metric provides a 189 

robust proxy for overall skull size because it remains structurally stable through fossilization and 190 

is less affected by taphonomic distortion (Higgins et al., 2024; Schwab et al., 2020). Similarly, 191 

orbit and optic nerve canal diameter (Hall et al., 2009; Kay & Kirk, 2000; Lautenschlager et al., 192 

2023) were also examined against intervestibular width to assess overall visual investment. 193 

 194 

Statistical Methods 195 

We employed a phylogenetic comparative framework to test differences in the relative size of 196 

cranial neurosensory structures among crocodyliform clades. Analyses were conducted in R 197 

(v4.5.1; R studios IDE) using a time-calibrated strict consensus phylogeny derived from TNT 198 

analysis. The TNT scripts for the analyses were taken from Young et al., (2024b). These scripts 199 

were run as provided in that study, with the only modification being the addition of Enalioetes 200 

schroederi based on Sachs et al., (2024). The resulting tree was pruned to match the sampled 201 

taxa for each dataset, and branch lengths were assigned using the “equal” method in the strap 202 

package (Bell & Lloyd, 2015), which distributes time evenly between dated nodes. All linear 203 

measurements were natural log-transformed prior to analysis to linearise allometric relationships 204 

and satisfy model assumptions. 205 



We used ANCOVA to test whether thalattosuchians, and specifically metriorhynchids, 206 

differ from the rest of the dataset in the relative size of neurosensory structures, fitting models of 207 

the form 208 

log (structure size) ~ log (body size proxy) × Taxa 209 

 Where “Taxa” is a binary factor (thalattosuchians vs. non-thalattosuchians and 210 

metriorhynchids vs non-metriorhynchids). The interaction term assesses differences in regression 211 

slopes, while the main effect of Taxa tests differences in intercepts.  212 

To account for phylogenetic non-independence, we performed PGLS using the pgls 213 

function from the caper package (Orme et al., 2013). Each PGLS model used the same formula 214 

as the ANCOVA and was fitted to a comparative data object linking the pruned, time-scaled 215 

phylogeny with the measurement dataset. Pagel’s lambda (λ) was estimated by maximum 216 

likelihood in each model to quantify the strength of the phylogenetic signal. 217 

All the results arising from R codes can be found in the Supplementary_data_file: Sheet3 218 

and Sheet4. The TNT scripts, along with the resultant .tre file and R pipeline are available at: 219 

https://doi.org/10.6084/m9.figshare.30836687 220 

 221 

Exclusions 222 

Due to preservation and reconstruction challenges, certain species were excluded from specific 223 

analysis. Protosuchus haughtoni (BP/1/4770) was excluded from trigeminal ganglion analysis 224 

due to incomplete preservation of the trigeminal region. Metriorhynchus cf. ‘M.’ brachyrhynchus 225 

(NHMUK PV OR 32618), Plagiophthalmosuchus gracilirostris (NHMUK PV OR 33095) and 226 

Eopneumatosuchus colberti (MNA V2460), were excluded from vision analyses because of 227 

missing and/or deformed orbital structures. 228 



 229 

Results 230 

Somatosensation proxy  231 

There is a strong correlation between trigeminal fossa diameter and intervestibular width. This 232 

correlation is statistically significant, with an R² = 0.88 (adjusted R² = 0.86) across the data 233 

(PGLS, p < 0.001; Fig. 3). However, the strength and form of this relationship differ among the 234 

groups analysed. 235 

In the thalattosuchians versus non-thalattosuchians analysis, a significant interaction term 236 

is observed (ANCOVA: p = 0.012; PGLS: β = −1.100, p = 0.020), indicating that 237 

thalattosuchians exhibit a shallower regression slope (slope = 0.373) than the non-thalattosuchian 238 

dataset (slope = 1.474). While the ANCOVA did not detect a difference in intercepts (p = 0.397), 239 

the PGLS shows a significant taxon effect (p = 0.008), suggesting a higher intercept for 240 

thalattosuchians when accounting for phylogeny. 241 

A similar pattern is observed for metriorhynchids, with a significant interaction term 242 

(ANCOVA: p = 0.017; PGLS: β = −0.845, p = 0.022), indicating that metriorhynchids also 243 

exhibit a shallower regression slope (0.369) than the non-metriorhynchid dataset (1.215). The 244 

main effect of taxa approaches significance (ANCOVA: p = 0.070; PGLS: p = 0.060), suggesting 245 

a possible difference in intercepts. 246 

In both PGLS models, Pagel’s λ was near zero (λ < 0.001 for both thalattosuchians and 247 

metriorhynchids), indicating negligible phylogenetic signal in the residuals. Overall, trigeminal 248 

fossa diameter scales positively with intervestibular width across all groups; however, 249 

thalattosuchians show shallower regression slopes relative to the rest of the dataset. 250 

[Insert Figure 3 here, in double width] 251 



 252 

Vision proxies 253 

For vision, three separate analyses were carried out to test for overall visual investment between 254 

groups: Optic nerve canal vs orbit, optic nerve canal vs intervestibular width and orbit vs 255 

intervestibular width 256 

There is a strong, statistically significant correlation between optic nerve (CN II) canal 257 

and orbit diameter across crocodylomorphs (p < 0.001 for both thalattosuchian and 258 

metriorhynchid datasets; Fig. 4). The models show high explanatory power (R² = 0.93) and a 259 

negligible phylogenetic signal (λ ≈ 0). Neither the taxon effect nor the interaction term is 260 

significant (p > 0.2), indicating similar scaling between the groups. 261 

In contrast, the correlation between orbit diameter and intervestibular width is 262 

inconsistent across groups. Orbit size does not scale significantly with skull size among 263 

thalattosuchians (p = 0.158), whereas a strong relationship is observed in metriorhynchids (p < 264 

0.001). This contrast indicates that visual scaling relationships differ within Thalattosuchia, with 265 

metriorhynchids showing more tightly constrained, proportional scaling of orbit size with skull 266 

size than thalattosuchians as a whole. 267 

Additionally, the optic nerve canal diameter scales positively with intervestibular width 268 

in both comparisons (p < 0.001), with low phylogenetic signal (λ < 0.001). However, 269 

thalattosuchians exhibit a significant negative taxon effect (β = −1.010, p = 0.008), implying 270 

relatively smaller CN II canals for their skull size compared with other crocodylomorphs. 271 

Interestingly, removal of the teleosaurid Macrospondylus bollensis produces a significant 272 

positive correlation between orbit size and intervestibular width (p < 0.001) and the negative 273 

taxon effect observed in CN II versus intervestibular width disappears when the metriorhynchoid 274 



Pelagosaurus typus was excluded. Given the small thalattosuchian sample (n = 6), these shifts 275 

most likely reflect statistical noise and sampling limitations rather than genuine functional 276 

divergence. Nevertheless, these results indicate that orbit and optic nerve scale proportionally 277 

across crocodylomorphs, with negligible variation among groups. Once phylogeny is accounted 278 

for, neither thalattosuchians nor metriorhynchids show clear deviation from the general trend, 279 

suggesting proportional scaling of visual structures. 280 

[Insert Figure 4 here, in double width] 281 

 282 

Discussion 283 

Somatosensation  284 

The trigeminal neurovascular canals, which support facial mechanoreception via structures like 285 

integumentary sensory organs (specialised epidermal structures that detect external stimuli), 286 

show complex branching patterns in extant crocodylians (Lessner et al., 2023). These canals 287 

enhance environmental sensitivity in semi-aquatic habitats. However, in thalattosuchians, 288 

especially metriorhynchids, this branching is reduced, with only two major canals running in 289 

parallel (Bowman et al., 2022; Leitch & Catania, 2012), whereas extant crocodylians typically 290 

have numerous branches diverging from the trigeminal canal, forming a more complex network 291 

(Lessner et al., 2023). 292 

Previously, Bowman et al., (2022) reported no significant difference in trigeminal 293 

ganglion size between extant crocodylians and metriorhynchoids. Our results, however, show 294 

that the trigeminal ganglia of metriorhynchids exhibit a reduced allometric scaling relative to 295 

skull size proxy (intervestibular width). This reduced scaling suggests a lower relative 296 

investment in trigeminal structures compared to other crocodylomorphs. When paired with the 297 



lack of extensive trigeminal innervation of the rostral bones in thalattosuchians (see Bowman et 298 

al., 2022), these findings support the hypothesis that this clade ancestrally lacked the 299 

sophisticated rostral somatosensory abilities seen in modern crocodylians (George & Holliday, 300 

2013; Lessner et al., 2023) and retained this limited sensory system throughout its evolution. 301 

It remains uncertain whether this apparent reduction represents a true sensory regression 302 

or a reflection of phylogenetic placement. From our dataset, it remains difficult to determine 303 

whether thalattosuchians had reduced trigeminal ganglia, or if their relative size simply reflects 304 

their basal position within the crocodylomorph tree. However, previous studies help address this 305 

uncertainty, suggesting that highly elaborated facial mechanoreception may be a derived trait of 306 

Neosuchia or crown Crocodylia rather than the ancestral crocodylomorph condition. Bowman et 307 

al. (2022) proposed that the complex ISO network evolved within Neosuchia following a 308 

nocturnal bottleneck (Emerling, 2017) as sensory compensation for reduced visual acuity, and 309 

Lessner et al. (2023) identified a stepwise increase in trigeminal canal complexity along the 310 

lineage leading to extant crocodylians. Under this framework, thalattosuchians may have 311 

retained an ancestrally limited trigeminal system rather than secondarily reducing it. Broader 312 

sampling, including more sphenosuchians, protosuchians, and diverse metriorhynchids, is needed 313 

to clarify these evolutionary trends. 314 

Taken together, these results suggest that metriorhynchids exhibit a distinct 315 

somatosensory pathway, characterised by limited trigeminal investment and less complex 316 

neurovascular branching compared to extant crocodylians.  317 

 318 



Vision 319 

Complementing the patterns seen in somatosensation, the visual system of metriorhynchids 320 

appears conserved. In many secondarily aquatic tetrapods (e.g., ichthyosaurs, plesiosaurs and 321 

pinnipeds) the shift to marine environments is often accompanied by prominent visual 322 

adaptations, including enlarged orbits and modified ocular structures to accommodate 323 

underwater vision (Churchill & Baltz, 2021; Kröger & Katzir, 2008; Motani et al., 1999; Schmitz 324 

& Motani, 2011). In contrast, our analyses show a consistent relationship between orbit size, 325 

optic nerve canal size, and skull size across crocodylomorphs, indicating that metriorhynchids 326 

followed the same proportional scaling pattern as their non-marine relatives. Even when 327 

phylogeny was accounted for, we found no significant differences in slope or intercept for either 328 

orbit or optic nerve canal sizes between groups, supporting the interpretation that visual 329 

structures scaled proportionally despite ecological and morphological divergence. These results 330 

indicate conservation over enlargement of visual features, although they do not preclude the 331 

possibility that metriorhynchids relied on vision for hunting, as subtle optical or neural 332 

adaptations could have enhanced their visual capabilities.  333 

The pattern observed here is consistent with broader evidence that secondarily aquatic 334 

vertebrates often retain the fundamental geometry of the eye while modifying only its optical 335 

components to function underwater. Kröger and Katzir (2008) showed that in many lineages 336 

(from marine reptiles to pinnipeds) adaptation to an aquatic environment typically involves 337 

changes to the cornea and lens rather than to orbital structure. Additionally, quantitative analyses 338 

across archosaurs further demonstrate that orbit dimensions scale predictably with skull size, 339 

following general allometric trends that persist despite ecological and morphological 340 



diversification (Lautenschlager et al., 2023). Together, these studies suggest that visual structures 341 

can remain relatively stable even amid ecological transitions.  342 

Interestingly, previous studies have noted potential orbital changes linked to the marine 343 

transition in thalattosuchians. Endocranial reconstructions of the basal metriorhynchoid 344 

Pelagosaurus typus show relatively large, laterally positioned orbits interpreted as early 345 

adaptations to open-marine predation (Pierce et al., 2017). Similarly, geometric-morphometric 346 

analyses by Young et al. (2010) found that some derived metriorhynchids developed more 347 

streamlined skulls with proportionally larger orbits. Our results, however, indicate that these 348 

features fit within the broader crocodylomorph trend, suggesting variation among species rather 349 

than a major shift in visual structures.  350 

Other marine reptiles display more radical visual transformations: for instance, 351 

Ophthalmosaurus and other ichthyosaurs evolved massive eyes to increase sensitivity and acuity 352 

at depth (Humphries & Ruxton, 2002; Motani et al., 1999), while cetaceans show a spectrum of 353 

orbit and eye modifications ranging from enlargement in deep-divers to reduction in murky 354 

freshwater forms (Churchill & Baltz, 2021). For metriorhynchids, however, evidence for routine 355 

deep or mesopelagic foraging remains limited (Young et al., 2010; Massare, 1988; Motani, 356 

2009). Considered together, these examples and our findings highlight the diversity of visual 357 

evolution in aquatic amniotes, demonstrating how different lineages variously modify, conserve 358 

or reduce visual structures in response to their sensory demands. 359 

These findings, however, are subject to a few limitations. The number of thalattosuchian 360 

specimens available for comparison is limited, and the instability of results when individual taxa 361 

are removed (Macrospondylus bollensis and Pelagosaurus typus) demonstrates the leverage 362 

individual specimens can exert on regression parameters. It is also important to note that these 363 



inferences are based on orbit dimensions, which are an imprecise proxy for actual eyeball size. 364 

While orbit and eyeball size generally correspond in many taxa, cranial soft tissue, scleral rings, 365 

and evolutionary cranial modifications can cause significant deviations (Schmitz & Motani, 366 

2011). Furthermore, methodological limitations must be considered. Orbit and optic nerve 367 

measurements may not fully reflect sensory capability, and taphonomic distortion or 368 

segmentation variability can introduce measurement uncertainty. These factors underscore the 369 

need for cautious interpretation and highlight the importance of future studies using additional 370 

proxies such as the aperture of the scleral ring. 371 

Ontogeny also constitutes a limitation. For instance, Montealtosuchus arrudacamposi is 372 

regarded as a subadult, which could influence the dimensions of its endocranial structures. 373 

However, given the restricted notosuchian sample size (n = 2), together with the ontogentic 374 

patterns documented in the vestibular system (see Schwab et al., 2022) and brain morphology 375 

(see Jirak and Janack, 2017) of extant crocodylians, the impact of this single subadult is unlikely 376 

to substantially alter our results. Nevertheless, future work incorporating broader ontogenetic 377 

series of extant crocodylians could help clarify how growth stages can affect neurosensory 378 

structures such as the trigeminal ganglion and the optic nerve. In summary, while 379 

metriorhynchids demonstrate morphological and ecological divergence from other 380 

crocodylomorphs, their visual system appears to have remained relatively conserved. While 381 

absolute orbit sizes may have increased in some species to enhance visual capabilities in marine 382 

environments, the relative scaling of these visual structures remained consistent with that of their 383 

terrestrial and semi-aquatic relatives. Taken together, these findings neither confirm nor 384 

contradict the idea that metriorhynchids were vision-based hunters and suggest that any 385 

enhancement in visual capacity likely occurred within conserved cranial proportions.  386 



 387 

Implications 388 

Our findings demonstrate that thalattosuchian sensory evolution was neither uniform nor strictly 389 

directional, but rather a modular rebalancing of modalities driven by ecological pressures and 390 

phylogenetic constraints.  391 

The comparative simple branching of the trigeminal system in Metriorhynchidae (and 392 

amongst thalattosuchians more broadly; Bowman et al., 2022) suggests that facial 393 

somatosensation foraging was not important for prey detection. This diverges from the rich facial 394 

mechanoreception and complex branching seen in extant crocodylians (Leitch & Catania, 2012; 395 

George & Holliday, 2013) and should caution against uncritical comparisons with modern 396 

analogues, emphasizing the need to interpret sensory systems in their specific functional and 397 

ecological contexts. 398 

Conversely, the hypotheses that metriorhynchids were vision-based hunters (Massare, 399 

1988; Martill et al., 1994; Young et al., 2010; Bowman et al., 2022) remain plausible although 400 

unconfirmed based on our data. Our findings show that visual structures (orbits and optic nerve 401 

canals) are relatively consistent across Crocodylomorpha, while some species exhibit relatively 402 

large orbits (Pierce et al., 2017; Young et al., 2010), these deviations fall within the expected 403 

variation and do not indicate a clade-wide enlargement. This highlights the limitations of using 404 

orbit and optic nerve canal dimensions as proxies for visual capability and highlights the need for 405 

cautious interpretation, as any enhancement in visual performance in metriorhynchids likely 406 

occurred within conserved cranial proportions. 407 

The pattern observed in thalattosuchians gains broader significance when placed in the 408 

context of other secondarily aquatic tetrapod lineages. A simple sensory trade-off model would 409 



predict that reduction of one modality is compensated by enlargement of another, yet evidence 410 

from other secondarily aquatic vertebrates increasingly supports a more complex picture. In 411 

ichthyosaurs, endocranial reconstructions reveal concurrent enlargement of the optic lobes, 412 

olfactory region and cerebellum (Marek et al., 2015), indicating simultaneous enhancement of 413 

multiple systems. Among marine mammals, cetaceans show dramatic enhancement of auditory 414 

processing alongside olfactory reduction, pinnipeds retain well-developed vision alongside 415 

vibrissal mechanoreception and sirenians elaborated their trigeminal system independently of 416 

either solution (Berta et al., 2014). The common thread across these lineages is not a universal 417 

sensory hierarchy but lineage-specific rebalancing driven by ecological context and phylogenetic 418 

history (Motani, 2009). Thalattosuchians fit this broader pattern, showing reduced 419 

mechanosensory investment alongside conserved visual proportions, reflecting the specific 420 

demands of open-ocean predation rather than any generalised aquatic sensory template. 421 

Taken together, the sensory evolution of thalattosuchians appears modular: facial 422 

somatosensation shows reduction, and vision remains consistent with potential species-level 423 

variation. This pattern underscores that secondarily aquatic transitions can produce a mix of 424 

retained, reduced or subtly modified modalities rather than a uniform sensory shift. 425 

 426 

Conclusion 427 

This study sheds new light on the sensory evolution of thalattosuchians, revealing a mosaic 428 

pattern of adaptation shaped by ecological pressures and phylogenetic constraints. In 429 

metriorhynchids, appear reduced compared with other crocodylomorphs and the visual structures 430 

maintain relative consistency with crocodylomorphs overall. These divergent trends suggest that 431 

sensory systems evolved modularly rather than through uniform enhancement or reduction. 432 



Taken together with the dramatic changes in the metriorhynchid vestibular system (see 433 

Schwab et al., 2020), these patterns support a model of modular sensory evolution, wherein 434 

different modalities respond independently to environmental pressures. This flexible 435 

reorganisation, rather than strict functional trade-offs, aligns with broader trends observed in 436 

other secondarily aquatic vertebrates (Berta et al., 2014; Marek et al., 2015; Motani, 2009). 437 

Together, these results demonstrate how combining neuroanatomical, ecological, and 438 

phylogenetic perspectives can reveal the diverse evolutionary pathways of vertebrate sensory 439 

systems and establish a comparative framework for interpreting sensory evolution during major 440 

habitat shifts. 441 
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