SUPPLEMENTARY FILE 2 Description of measurements

Anterior, posterior and opening mechanical advantage (characters 1-3). 
Three continuous characters are related to mechanical advantage, a commonly used measurement in biomechanical studies across gnathostome jaws (e.g., fishes: Westneat 2003; Kammerer et al. 2006; Anderson 2009; Anderson et al. 2011; early tetrapods: Anderson et al. 2013; lissamphibians: Emerson 1985; squamates: Stayton 2006; turtles: Ponstein et al. 2024; archosaurs: Rayfield et al. 2007; Sakamoto 2010; Stubbs et al. 2013; Mallon and Anderson 2015; Nabavizadeh 2016; MacLaren et al. 2017; Navalón et al. 2018; Ma et al. 2020, 2022; Singh et al. 2021, 2024; Meade and Ma, 2022; Johnson et al. 2022; synapsids: Maynard Smith and Savage 1959; Benevento et al. 2019; Singh et al. 2021, 2024; Morales-García et al. 2021). Mechanical advantage measurements are derived from the interpretation of the mandible as a lever, in which the mandible rotates around a fulcrum (i.e., the jaw joint) and has an input moment arm that characterizes the muscle insertion site with which movement is achieved, and an output moment arm on which the movement is exerted (Westneat 1994, 2003). The ratio of input and output moment arms (i.e., in-lever divided by out-lever) generally determines the efficiency by which an input (=muscle) force is converted into an output force (=movement). Lower values of mechanical advantage signify a faster but less powerful action than higher values (Westneat 1994, 2003). The relative position of the fulcrum to the input and output moment arms and the relative lengths of the latter determine the type of lever. In a third-order lever, which is commonly applicable to gnathostome jaws (Stayton 2006; Anderson 2009; Anderson et al. 2011, 2013; Benevento et al. 2019; Singh et al. 2021), the fulcrum is posterior to the moment arms and the input moment arm is shorter than the output moment arm. In a second-order lever, the relative position of the fulcrum remains the same, but the output moment arm is shorter than the input moment arm resulting in a mechanical advantage greater than 1, so that bite force exceeds muscle force. This has been measured in the posterior bite of herbivorous hadrosaurid and ceratopsid dinosaurs (MacLaren et al. 2017) and various ecologically diverse extant turtles (Ponstein et al. 2024).
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Measurements required for Anterior Mechanical Advantage. Mandible drawing from Diadectes absitus MNG 14473

We use anterior and posterior mechanical advantage as measurements that characterize the force transmission of the jaw adductor musculature to anterior and posterior bites, respectively. In both, the in-lever is defined as the distance between the fulcrum (i.e., jaw joint) and the point of muscle action. We use the centre of the articular surface of the jaw joint as the starting point for all measurements that involve this structure. The point of muscle action is measured at the midpoint of the adductor fossa, as this is an easily identifiable and homologous structure among most tetrapod jaws (e.g., Romer 1956). Consequently, we quantify specifically the force transmission of the adductor fossa musculature. Various neomorphic adductor muscles insert laterally on the dentary in derived therapsid clades, in addition to the adductor fossa musculature (e.g., Crompton and Hotton 1967; King 1981; Cox 1998; Kemp 2009; Lautenschlager et al. 2017). These neomorphic muscles are not homologous with the jaw adductor musculature in other tetrapods. Since our study primarily focuses on the comparison between amniotes and non-amniote tetrapods, we do not consider these neomorphics. The out-lever in anterior mechanical advantage is the distance between the jaw joint and the anteriormost tooth. This includes procumbent teeth that extend anteriorly to the anteriormost point of the jaw, as in Orobates pabsti. The out-lever in posterior mechanical advantage is measured as the distance between the jaw joint and the posteriormost tooth. We do not consider fields of minute denticles, as these are not used in mastication. Some taxa bear large fangs on the coronoid or extensive dental fields on the prearticular dental fields, such as in Anthracosaurus russelli (Panchen 1981) and Edaphosaurus boanerges (Modesto 1995), respectively. We do consider these teeth in determining the most posterior tooth, as these structures are clearly used for food processing. In some specimens not all teeth are preserved or figured, which may underestimate posterior mechanical advantage in these specimens. Summarizing, anterior mechanical advantage specifies an ‘anterior bite’ (resulting in a minimum possible value for mechanical advantage), whereas the posterior mechanical advantage specifies a ‘posterior bite’ (resulting in a maximum possible value for mechanical advantage). All distances are measured as straight lines along the sagittal plane. In modern clades, herbivores generally display a higher mechanical advantage than non-herbivorous relatives (e.g., Maynard-Smith and Savage 1959; Stayton 2006; Navalón et al. 2018; Grossnickle et al. 2020; Ponstein et al. 2024). Jaw-closing speed is less relevant to herbivores and a stronger bite is helpful in cutting through tougher vegetation. 
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Measurements required for Posterior Mechanical Advantage. Mandible drawing from Diadectes absitus MNG 14473

We use jaw opening mechanical advantage as a proxy for velocity of jaw opening (Westneat 1994). Jaw opening mechanics in gnathostomes can be modelled as a first-order lever, in which the fulcrum (i.e., jaw joint) is positioned between the input and output moment arms (Westneat 1994). The input moment arm is the muscle insertion site for the jaw depressor muscles, which attach to the posteroventral end of the mandible, at the retroarticular process, but posterior to the position of the jaw joint. Thus, we represented the depressor musculature attachment site by the distance between the jaw joint and the posteriormost point of the jaw. The output moment arm is the part of the mandible that is rotated around the fulcrum and can thus be measured as the distance between the jaw joint and the anteriormost point of the mandible (or anteriormost tooth position as a functional equivalent). Jaw opening mechanical advantage is then again calculated by dividing the input moment arm by the output moment arm, and low values correspond to fast jaw opening movement and vice versa (MacLaren et al. 2017; Ma et al. 2020). As a result, herbivores are more likely to have higher jaw opening mechanical advantage values than carnivorous relatives (Ma et al. 2020).
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Measurements required for Opening Mechanical Advantage. Mandible drawing from Diadectes absitus MNG 14473


Maximum and average aspect ratio (characters 4-5). 
Flexural stiffness of the mandible is an important mechanical property that describes the resistance of an object to deformation caused by bending (Wainwright et al. 1976). Stiffness quantifies how much force is required to deform an object by a unit distance, but this cannot be measured directly from fossils. Stiffness is approximated by measuring the cross-sectional area of a beam (or jaw). Since the majority of jaws measured in this study are figured in mediolateral view rather than anteroposterior view, aspect ratio is chosen as a proxy for flexural stiffness (Anderson et al. 2011, 2013; Stubbs and Benton 2016; MacLaren et al. 2017; Benevento et al. 2019; Singh et al. 2021, 2024). Maximum aspect ratio is measured as the deepest cross-section of the jaw divided by jaw length. Some taxa boast extremely tall coronoid processes like Belebey vegrandis (Reisz et al. 2007) or deep ventral angular bosses like derived pareiasaurs (e.g., Tsuji 2013; Van den Brandt et al. 2021), resulting in a maximum depth that is much greater than the rest of the jaw. Therefore, this metric may overestimate stiffness in these groups. We additionally measure the average aspect ratio, measured as the surface area of the jaw in medial view divided by length twice. Gnathostomes that exhibit high bite force or orally process tougher food items are expected to have mandibles with a higher stiffness (i.e., higher resistance to dorsoventral bending). The combined use of maximum and average aspect ratio is still useful in comparing non-amniote tetrapod jaw depth to amniote jaw depth. Non-amniote tetrapods are likely constrained to a relatively shallow jaw depth, resulting in lower maximum and average aspect ratios overall.
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Measurements required for Maximum Aspect Ratio. Mandible drawing from Diadectes absitus MNG 14473



[image: MNG-14473_medial_AVGAR]
Measurements required for Average Aspect Ratio. Mandible drawing from Diadectes absitus MNG 14473


Relative articular offset (character 6). 
The offset between the jaw joint and functional tooth row determines the dental occlusion pattern (Anderson 2009; Anderson et al. 2013; Stubbs et al. 2013; Button et al. 2014; Benevento et al. 2019; Singh et al. 2021, 2024). Articular offset is measured by drawing a line through the functional marginal tooth row or equivalent. Again, fields of minute denticles are excluded in this regard. Then a line is constructed from the articular that intersects the functional tooth row line at a right angle. We treat this distance as the absolute value, i.e. do not discriminate between jaw joints ventral to the functional tooth row line, as Diadectes lentus (Welles 1941), or jaw joints dorsal to this line, as in Archeria crassidisca (Holmes 1989). This distance is divided by jaw length to obtain the relative articular offset. Taxa whereby the jaw joint is situated on the same line as the functional tooth row, i.e. with an articular offset of 0, occlude the teeth one-by-one, as a pair of scissors. This is more applicable to a carnivorous diet. On the other hand, taxa that process plants or other tough food occlude all their teeth at once, like a vice. This translates to taxa with a high articular offset.
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Measurements required for Articular Offset. Mandible drawing from Diadectes absitus MNG 14473

Relative ‘dental row’ length (character 7). 
The greater the section of the jaw that is covered by teeth or equivalent, the more the animal can vary in bite force and speed (Anderson et al. 2013; Stubbs et al. 2013; Button et al. 2014; Stubbs and Benton 2016; MacLaren et al. 2017; Benevento et al. 2019; Singh et al. 2021, 2024). For this character, the total length of the functional marginal tooth row or equivalent is measured and divided by jaw length. Edentulous taxa like derived anomodonts bear a cornified sheath – the rhamphotheca (Benoit et al. 2018). In these taxa, the length of the shearing portion of the dentary is measured instead (Singh et al. 2021).
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Measurements required for Dental Row Length. Mandible drawing from Diadectes absitus MNG 14473


Relative adductor fossa length (character 8). 
Muscle force is proportional to the cross-sectional area of the muscle (Anderson et al. 2011, 2013). The strength of the adductor musculature, then, can be approximated by measuring the length of the adductor fossa (Anderson et al. 2011, 2013; Button et al. 2014; MacLaren et al. 2017). In most tetrapods, the adductor fossa delimits the insertion site of jaw adductor musculature and acts as a recognizable and homologous landmark (e.g., Romer 1956; Barghusen 1973). However, in derived therapsids such as dicynodonts, gorgonopsians, therocephalians and cynodonts, there is no clearly delined adductor fossa (e.g., Barghusen 1968). In dicynodont anomodonts, the medial adductor musculature inserts on the posteriormost section that is enclosed by the surangular and prearticular (King et al. 1989). In gorgonopsians and therocephalians, the insertion site is a small, posterior, dorsal groove on the prearticular (e.g., Kemp 1969; Van den Heever 1987). These regions are measured instead. The length of the adductor fossa or equivalent is then divided by jaw length.
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Measurements required for Adductor Fossa Length. Mandible drawing from Diadectes absitus MNG 14473

Relative symphysial length (character 9). 
[bookmark: _GoBack]The symphysis is an important biomechanical structure in withstanding shear, bending and torsional stresses (Porro et al. 2011; Walmsley et al. 2013) and is thus related to the robustness of the mandible (Foffa et al. 2024; Singh et al. 2024). Symphysial length is measured as the maximum anteroposterior length along the symphysis (Stubbs et al. 2013; MacLaren et al. 2017) in medial view. This value is then divided by jaw length.
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Measurements required for Symphysial Length. Mandible drawing from Diadectes absitus MNG 14473

Remarks: Measurements 1,2,3,6,7,8 and 9 are usually performed in lateral view, as jaws are most frequently figured in that view. However, some of the required functional landmarks are obscured in lateral view, such as the posterior extent of the tooth row, the adductor fossa and maximum extent of the symphysis. For example, the measurements of Anderson et al. (2013) could not take into account the dental field in Edaphosaurus boanerges extending beyond the coronoid process (figured in Modesto 1995), thus underappreciating posterior mechanical advantage in this taxon. MacLaren et al. (2017) also noted this, as the various ornithischian dinosaurs in their dataset wield dental batteries extending medially beyond the coronoid process. The authors argued to take the maximal extent of the tooth row in lateral view for consistency, but ultimately this decision underestimates mechanical advantage and thus functional disparity. Another issue pertains the adductor fossa. In tetrapodomorphs and early tetrapods the adductor fossa faces dorsally, so that Anderson et al. (2011, 2013) could reliably measure its extent in lateral view. In more derived tetrapods, however, the surangular crest is raised dorsally and the adductor fossa faces medially (e.g., Ahlberg and Clack 1998), obscuring its extent from lateral view. Both the relative length of the adductor fossa and the midpoint of this fossa are relevant functional landmarks. Lastly, the precise section of the mandible that sutures with its counterpart at the symphysis is only shown in medial view. These issues are remedied by performing all biomechanical measurements on specimens in medial view.
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