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Cyclical growth rings on the articular surfaces of zygapophyseal processes: a brief review 
For a short review of the modern and extant tetrapod taxa that have cyclical growth rings on the articular surfaces of zygapophyseal processes rings, we examined vertebrae of some fossil (late Permian seymouriamorph Karpinskiosaurus secundus, chroniosuchian Chroniosuchus licharevi, pareiasaur Scutosaurus sp. and the Late Cretaceous large-sized neosuchian Kansajsuchus extensus) and living (salamander Ambystoma mexicanum (axolotl), toad Bufo sp., lizard Varanus sp, snake Python sp., indeterminated crocodile, turtles, different paleognath and passerine birds, and placental mammals) tetrapod taxa. All fossil specimens are stored at the Paleontological Institute (PIN), Russian Academy of Sciences, Moscow, Russia, while specimens of modern tetrapods are housed in the osteological collection of the Department of Vertebrate Zoology, Saint Petersburg State University, Saint Petersburg, Russia.
Among studied vertebrae of living tetrapods, we found cyclical growth rings on the articular surfaces of zygapophyseal processes in lissamphibians (salamanders, frogs), lepidosaurian (lizards, snakes) and archosaurian (crocodiles) diapsids (Figs. S3-S4). We did not observe cyclical growth rings on the articular surfaces in turtles, birds and mammals. The zygapophyseal growth rings in small-sized birds and mammals could absent because they reach adult size very fast (in weeks to months), and then effectively cease linear growth (Woodward et al., 2013). The absence of zygapophyseal growth rings in turtles (and possibly in large-sized birds and mammals) could be a result of bias (=small sampling) and further studies of distribution of zygapophyseal growth rings among tetrapods are needed. 
If present, the zygapophyseal growth rings are visible as waves spreading from the proximal boarder of articular surface (Figs. S3-S4). The numbers of zygapophyseal growth rings vary among studied taxa and maximal number was observed on the vertebrae of a large adult snake Python sp. (Fig. S4D-F). In axolotl (neotenic salamander Ambystoma mexicanum), the zygapophyseal growth rings are visible only on the bone surface and indistinct on the calcified cartilage (Fig. S3D-F). In contrast to axolotl, the zygapophyseal growth rings are prominent on the surface of calcified cartilage in a toad (Bufo sp.) (Fig. S3A-C), a crocodile (Crocodylidae indet.) (Fig. S4A-C), a lizard Varanus sp. (Fig. S4G-I) and a snake Python sp. (Fig. S4D-F). Number of zygapophyseal growth rings generally corresponds to the size of vertebrae (and to a presumable individual age): in a medium sized axolotl we observe 4, in a large-sized toad – 6, in a medium-sized crocodile (neural arch not fused with the centrum) – 6, in a large-sized monitor lizard – 5, and in a large-sized python – about 25 growth rings (Figs. S3-S4). Our age estimations are generally in accordance with previously published data on longevity and growth of these or closely related taxa (e.g. Malacinski, ‎1978; Gittins et al., 1982; Madsen and Shine, 2000; de Buffrénil and Hémery, 2002; Tucker et al., 2007; Kutrup et al., 2011).
Among studied vertebrae of fossil tetrapods, we found cyclical growth rings on the articular surfaces of zygapophyseal processes in the late Permian seymouriamorph Karpinskiosaurus secundus, pareiasaur Scutosaurus sp. (Fig. S5) and chroniosuchian Chroniosuchus licharevi, in the Late Cretaceous large-sized neosuchian Kansajsuchus extensus (pers. observ., 2018) and in mosasaur ?Halisaurus sp. (Dmitriy Grigoriev, pers. comm., 2018). 
Revealed similarities between A. exsecratus and modern cryptobranchids, a comparable number of the external zygapophyseal and the inner cyclical growth rings (namely LAG’s) in one specimen of A. exsecratus (Fig. 2) and a general correspondence of number of zygapophyseal growth rings to the size of vertebrae (and to a presumable individual age) in some modern tetrapods (Figs. S3-S4) support the zygapophyseal skeletochronology as an effective approach which can be used separately or together with a classical skeletochronological analysis (see description of this approach in Petermann, Gauthier, 2018). The presence of cyclical growth rings on the articular surfaces of zygapophyseal processes is characteristic feature for many groups of tetrapods and this makes zygapophyseal skeletochronology potentially useful for future paleobiological studies of fossil tetrapods (Petermann, Gauthier, 2018; this study).
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