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While most early limbed vertebrates possessed a fully-roofed dermatocranium in their 

temporal skull region, temporal fenestrae and excavations evolved independently at 

least twice in the earliest amniotes, with several different variations in shape and position 

of the openings. Yet, the specific drivers behind this evolution have been only barely 

understood. It has been mostly explained by adaptations of the feeding apparatus as a 

response to new functional demands in the terrestrial realm, including a rearrangement 

of the jaw musculature as well as changes in strain distribution. Temporal fenestrae 

have been retained in most extant amniotes but have also been lost again, notably in 

turtles. However, even turtles do not represent an optimal analog for the condition in 

the ancestral amniote, highlighting the necessity to examine Paleozoic fossil material. 

Here, we describe in detail the sutures in the dermatocranium of the Permian reptile 

Captorhinus aguti (Amniota, Captorhinidae) to illustrate bone integrity in an early non- 

fenestrated amniote skull. We reconstruct the jaw adductor musculature and discuss its 

relation to intracranial articulations and bone flexibility within the temporal region. Lastly, 

we examine whether the reconstructed cranial mechanics in C. aguti could be treated as 

a model for the ancestor of fenestrated amniotes. We show that C. aguti likely exhibited 

a reduced loading in the areas at the intersection of jugal, squamosal, and postorbital, 

as well as at the contact between parietal and postorbital. We argue that these “weak” 

areas are prone for the development of temporal openings and may be treated as the 

possible precursors for infratemporal and supratemporal fenestrae in early amniotes. 

These findings provide a good basis for future studies on other non-fenestrated taxa 

close to the amniote base, for example diadectomorphs or other non-diapsid reptiles. 
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FIGURE 1 | 3D model generated from the scan of OMNH 44816 in left lateral (A), right lateral (B), dorsal (C), ventral (D), anterior (E), and posterior view (F). 

Abbreviations: an, angular; ar, articular; co, coronoid; de, dentary; ep, epipterygoid; f, frontal; ju, jugal; la, lacrimal; mx, maxilla; na, nasal; op, opisthotic; pa, parietal; 

pal, palatine; pb, postorbital; pf, postfrontal; pp, postparietal; pra, prearticular; prf, prefrontal; pbs, parabasisphenoid; pt, pterygoid; q, quadrate; qj, quadratojugal; 

sep, septomaxilla; spl, splenial; sq, squamosal; stp, stapes; sup, supraoccipital; sur, surangular; vo, vomer. 
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RESULTS 

Preorbital Region 

Temporal Region 

FIGURE 2 | Simplified cross section of a skull suture, illustrating the 

terminology used in this manuscript. 
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FIGURE 3 | Isolated bones in dorsal, ventral, lateral, medial, anterior and posterior views. Articulation areas with other bones are colored. Left and right angular, left and right articular, left and right coronoid, and left 

and right dentary are shown. Scale bar = 10 mm. For abbreviations see caption to Figure 1. 
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FIGURE 4 | Isolated bones in dorsal, ventral, lateral, medial, anterior and posterior views. Articulation areas with other bones are colored. Left and right splenial, left and right surangular, left and right maxilla, and 

left and right vomer are shown. Scale bar = 10 mm. For abbreviations see caption to Figure 1. 
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FIGURE 5 | Isolated bones in dorsal, ventral, lateral, medial, anterior and posterior views. Articulation areas with other bones are colored. Left and right prearticular, left and right lacrimal, and right nasal are shown. 

Scale bar = 10 mm. For abbreviations see caption to Figure 1. 
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FIGURE 6 | Isolated bones in dorsal, ventral, lateral, medial, anterior and posterior views. Articulation areas with other bones are colored. Left and right epipterygoid, left septomaxilla, left and right frontal, and left 

and right prefrontal are shown. Scale bar = 10 mm. For abbreviations see caption to Figure 1. 
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FIGURE 7 | Isolated bones in dorsal, ventral, lateral, medial, anterior and posterior views. Articulation areas with other bones are colored. Left and right pterygoid, left and right palatine, right jugal, and left and right 

quadratojugal are shown. Scale bar = 10 mm. For abbreviations see caption to Figure 1. 
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FIGURE 8 | Isolated bones in dorsal, ventral, lateral, medial, anterior and posterior views. Articulation areas with other bones are colored. Left and right postorbital, left and right postfrontal, left and right parietal, 

and left and right postparietal are shown. Scale bar = 10 mm. For abbreviations see caption to Figure 1. 
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FIGURE 9 | Isolated bones in dorsal, ventral, lateral, medial, anterior and posterior views. Articulation areas with other bones are colored. Left and right squamosal, Left and right quadrate, Left and right stapes, 

Left and right opisthotic, parabasisphenoid, and supraoccipital are shown. Scale bar = 10 mm. For abbreviations see caption to Figure 1. 
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FIGURE 10 | Suture types observed in the dermatocranium of OMNH 44816 and their position in the skull. 1, butt joint; 2, tongue-and-groove joint; 3, slot joint; 4, 

Type-A interdigitation; 5, Type-B interdigitation; 6, Type-C interdigitation; 7, stepped joint; 8, stepped interdigitation. Terminology mostly after Jones et al. (2011). 
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FIGURE 11 | Points of measurements for suture thickness in OMNH 44816 

as indicated in Supplementary Table 2. 
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Cranial Kinesis and Elasticity in 
Captorhinus aguti 

FIGURE 12 | Rough position of the jaw adductor musculature in the temporal dermatocranium of OMNH 44816 in medial (A) and ventral view (C); as well as of the 

internal adductor and constrictor musculature in the palate and epipterygoid in dorsal (D) and lateral view (E), and the insertion of all named muscles onto the 

mandible in medial view (B). AME, adductor mandibulae externus; AMEM, adductor mandibulae externus medialis; AMEP, adductor mandibulae externus 

profundus; AMES, adductor mandibulae externus superficialis; AMI, adductor mandibulae internus; AMP, adductor mandibulae posterior; CID, constrictor internus 

dorsalis; PST, pseudotemporalis; PTD, pterygoideus dorsalis; PTV, pterygoideus ventralis. 
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FIGURE 13 | Cross section through the temporal region of OMNH 44816 in posterior view highlighting the internal contacts of the dermal bones. (A) Anterior 

temporal region; (B) posterior temporal region. (C) 3D view on the dermal sutures in the temporal region of OMNH 44816. Dashed lines indicate potentially weak 

areas that could correspond to temporal openings in other early amniotes. 
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FIGURE 14 | Drawing of the skull of Captorhinus aguti after Fox and Bowman 

(1966) with possible origin sites for temporal openings in the hypothetical 

ancestral amniote. 1, squamosal-postorbital-parietal intersection; 2, 

jugal-squamosal-postorbital intersection; 3, jugal-squamosal-quadratojugal 

intersection. Sites 1 and 2 are the most likely origin sites for a taxon similar to 

Captorhinus. Site 3 occurs especially in Parareptilia. Temporal openings in 

early Synapsida and Diapsida formed probably by fusion of two of such origin 

sites (see also Werneburg and Abel, 2022). 
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