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 The Class Reptilia follows the Amphibia in the sequence of
 development among the tetrapods. The reptiles are poikilothermous,
 i.e., without a mechanism for the control of the body-temperature
 which changes more or less with the temperature of the surrounding
 medium. They are always covered with dermal scales, scutes, or
 bony plates, and are terrestrial or aquatic with an exclusively pul-
 monary mode of respiration. The heart has two auricles and gen-
 erally one incompletely divided ventricle (two ventricles in the
 Crocodilia and probably also in some of the extinct forms), and
 two systemic aortic arches. The skeleton is completely ossified. The
 embryo develops directly, i.e., without a metamorphosis, while en-
 closed in an amnotic sac, and is provided with an allantois. The oc-
 cipital region of the skull has generally an unpaired condyle for ar-
 ticulation with the anterior end of the backbone. In general the
 body is elongate and cylindrical.

 The reptiles arose as an offshoot of the embolomerous stego-
 cephalians (see this Survey, Part II, Trans. Kans. Acad. Sci., Vol.
 48, No. 3, Dec., 1945, page 294) at or before the middle of the
 Pennsylvanian period, for the fossil remains of well-defined rep-
 tiles have been recovered from deposits of this age in Ohio, Illinois
 and Kansas. Soon the land surface of the earth became the scene

 of a marvelous deployment of reptilian hosts into every available
 habitat, and some of them even returned to live in the sea. These
 changes in habit were not sudden, for the reptiles evolved through
 the slow accumulation of slight variations, during Carboniferous
 times-an interval of millions of years-when both they and the
 contemporary amphibians were changing in many ways, though still
 retaining to a greater or less extent in specific cases the old ancestral
 traits, modifying or replacing them as made necessary by new condi-
 tions of life.

 In short, from their first appearance the reptiles steadily ad-
 vanced in structure and in adaptation to varied habitats, producing
 before the close of the Paleozoic some of the most bizarre forms of
 vertebrates the world has even seen. These highly specialized and
 probably prematurely senescent reptiles did not survive the close of
 the Permian period, for the Triassic opened with relatively few
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 saurians, and these were mostly primitive, generalized types. But
 from these survivors there arose rather quickly many diverse lines
 of adaptation in consequence of which, throughout the whole Meso-
 zoic Era, the reptiles were in their heyday, dominating the land, con-
 quering the air, and invading the sea. They grew from forms whose
 length can be measured only in inches to some that were the largest
 animals ever to walk on dry land, approaching a hundred feet in
 length and weighing up to forty tons or more. However, huge size
 goeth before extinction, and the Cenozoic Era began with only a
 pitiful remnant of this class, namely, turtles and tortoises-even
 then of very ancient lineage-, lizards, snakes, crocodiles and their
 ilk, and lastly, but most interesting of all, the lone Sphenodon of New
 Zealand, truly a "living fossil", for all its near relatives lived in
 other parts of the world and became extinct in the Mesozoic.

 As we have shown, the amphibians, which were the direct off-
 spring of crossopterygian fishes, have retained so many ancestral
 characteristics that they have never become completely emancipated
 from the water. Hence the amphibians as a class have never been
 able to occupy dry land far away from the water's edge. But that is
 just what their more progressive offspring, the reptiles, succeeded in
 doing. Of course, no reptile, nor any other animal, can long remain
 active, or even live, without water. But the reptile learned how to
 provide moisture or to conserve it when on the driest land, e.g., on a
 desert; and in so doing, unconsciously of course, yet in a most in-
 genious manner, solved some very difficult problems which no
 amphibian had ever learned to do.

 Among these problems is that of desiccation. A frog confined in
 a dry room at a temperature of 800 to 900 Fahrenheit soon dries up
 and mummifies, despite the mucous glands in its skin, the function
 of which is to slow down evaporation of the body fluids through the
 skin and thus to delay or to prevent desiccation. Such an ineffective
 device is not sufficient to preserve life on really dry land, so the
 reptiles did away with these mucous glands entirely (hence, con-
 trary to popular impression, no reptile is "slimy") and covered
 their bodies, head, tail and limbs with horny scutes or scales to
 conserve the body fluids.

 Yet an even more difficult problem lay in the necessity to pro-
 duce an egg that could be deposited in dry sand or soil. Obviously,
 a jelly-coated egg like that of an amphibian is not adapted to such
 a situation. Its moisture content would quickly evaporate and the
 embi-yo would die. Such fatal desiccation is prevented by the en-
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 closure of the reptile egg in a semi-porous leathery or limy shell.
 This reduces the evaporation of its contained moisture to a mini-
 mum, while at the same time the shell is porous enough to permit
 slow diffusion of air through it. To further protect the embryo,
 there is put within the shell a large amount of albumen, food for the
 embryo as it grows in size and needs more room. Still more food to
 meet the requirements of the embryo is provided by the storage of
 yolk (largely lecithin) in a yolk-sac, an organ connected with the
 embryonic mid-gut. Then there was the further problem of a water-
 supply to satisfy the needs of the living, growing embryo. As the
 solution to this problem the reptilian egg contains a surprisingly
 ingenious device, for within it there is an aquarium (amnion) full
 of water in which the embryo is immersed and in which it lives like
 a fish or amphibian tadpole!

 The reptilian embryo, being a living organism, not only needs
 food and water, it must also have oxygen for respiration and it
 produces carbonic acid gas, a waste to be gotten rid of. So, there
 was developed another important device within the egg, namely, a
 sac whose walls are richly supplied with fine blood-vessels. This
 sac grows out from the hind-gut of the embryo until it flattens itself
 against the inner lining of the shell. In this favorable position it can
 absorb air through the shell and give off its waste carbonic acid gas
 to the outside world. As just noted, this respiratory device (allan-
 tois) is a sac; for purposes of respiration it could just as well have
 been a mere flap of vascularized tissue; but it is also utilized for an-
 other purpose. The living embryo has'other waste products-liquid
 or solid-to be gotten rid of. Obviously such wastes cannot be
 passed out through the shell, but must be stored up within it until
 the creature hatches. This necessity was met by the development of
 a cess-pool or septic-tank, i.e., this allantoic sac, a structure dis-
 covered and named by Aristotle in the fourth century B.C.; he like-
 wise discovered and named the amnion, or aquarium, mentioned
 above. As the result of all these devices the reptile can lay its eggs
 and produce its young on dry land.

 RELATIONS OF REPTILES TO AMPHIBIANS
 Living amphibians and reptiles are distinguished by so many

 characters, superficial as well as deep-seated, that no zoSlogist is
 ever in doubt with a specimen of either in hand. But fossil forms
 reduce the gap between these two groups to such an extent that it is
 sometimes very difficult or even impossible to assign a specimen
 definitely to the one or other group. A notable example is seen in
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 Seymouria, a Permian genus known in great, almost complete de-
 tail, yet those most intimately familiar with it are divided in their
 conclusions-to some it is a highly specialized reptile-like amphibian;
 to others it is a very generalized reptile that still retains many am-
 phibian-like characteristics.

 The most decisive criterion that would distinguish all amphi-
 bians from all reptiles is the universal occurrence in the former, but
 never in the latter, of an abrupt metamorphosis or change of form
 from an aquatic into a more or less terrestrial stage. But obviously
 this is a criterion that is not often easy to apply in the case of fossil
 species. In many of the extinct, so-called Amphibia the existence
 of a metamorphosis in their life-history is only a matter of inference
 because of their close anatomical resemblance to other forms in

 which a metamorphosis is known to occur. The paleontologist is,
 therefore, dependent ordinarily wholly upon discernible differences
 in the skeleton in making this distinction.

 Formerly the most important anatomical character for this pur-
 pose was thought to lie in the form, size and relations of the bones of
 the palatal region of the skull, where in the amphibian a large para-
 sphenoid extends forward to or nearly to the prevomers and between
 the two pterygoids which are generally widely separated by it. In
 the typical reptiles, on the other hand, the parasphenoid is much
 smaller in size relative to the adjacent elements; does not reach
 nearly to the prevomers anteriorly; but is crowded backward and
 reduced by the encroachment upon it of the enlarged pterygoids
 which meet in the median line in front of it. A pair of occipital
 condyles serves to articulate the skull with the anterior end of the
 backbone in all amphibians since the beginning of the Mesozoic.

 But it is now known that the earliest amphibians had the closed
 palate of the earliest reptiles, and they had only a single occipital
 condyle. In other words, the open palate with the elongated para-
 sphenoid was a later acquisition of the amphibians, and was not
 distinctive of the earlier species, and the same is true of the double
 (paired) condyles. The ancestral crossopterygians handed down
 only a single condyle to their amphibian children and reptilian grand-
 children; the former had, in general, acquired paired condyles before
 the close of the Pennsylvanian, there being in fact but one known
 Permian amphibian with only a single condyle. But the reptiles re-
 tained the unpaired condyle until much later; many, indeed, have
 never lost it, though some of the cynodonts developed two condyles
 shortly before they underwent their evolution into mammals.
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 The amphibians seem never to have had as many bones (phal-
 anges) in the fingers and toes as are found in the early reptiles;
 while, in contrast, no reptile is known to have had as many elements
 in the ankle (tarsus) as the early amphibians. But, as Williston
 long ago remarked, there is no doubt that the feet of the earliest
 reptiles, when discovered, will be found to be no different from the
 feet of the contemporary amphibians.

 The immediate effect of the adaptive changes effected by the
 reptiles was to give them such advantages over the amphibians in
 the struggle for existence that they quickly became dominant on
 the land and were able to occupy every possible sort of terrestrial
 habitat, where they had no significant competition except among
 themselves. The marvelous diversification of the reptiles, first in
 the Permian, later throughout the greater part of the Mesozoic
 Era, was due to these and various other adaptations. When the
 land areas no longer afforded sufficient room for their further in-
 crease, many of them re-entered the waters and long successfully
 maintained their supremacy in river, lake and sea over the fishes and
 amphibians. At last, a few found their way into the air and be-
 came efficient flying machines, doubtless holding in check for ages
 the eventual supremacy of the birds in that medium.

 The following table gives in an abbreviated form an outline
 classification of the Reptilia sufficient for our purpose here. It
 omits a number of orders and subordinate groups with which we
 are not directly concerned in this survey.

 CLASSIFICATION OF THE REPTILIA
 SUPERCLASS TETRAPODA

 CLASS REPTILIA
 SUBCLASS ANAPSIDA

 Order 1. Cotylosauria*
 Order 2. Eunotosauria*
 Order 3. Chelonia

 Suborder a. Amphichelydia*
 Suborder b. Pleurodira
 Suborder c. Cryptodira
 Suborder d. Trionychoidea

 SUBCLASS SYNAPSIDA*
 Order 4. Pelycosauria*
 Order 5. Therapsida*

 SUBCLASS EURYAPSIDA*
 Order 6. Protorosauria*
 Order 7. Sauropterygia*

 Suborder a. Nothosauria*
 Suborder b. Plesiosauria*

 Order 8. Mesosauria* (-Proganosauria*)
 SUBCLASS ICHTH YOPTERYGIA*

 Order 9. Ichthyosauria*

 *Wholly extinct.
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 SUBCLASS LEPIDOSAURIA (-DIAPSIDA)
 Order 10. Eosuchia*
 Order 11. Rhynchocephalia
 Order 12. Squarnata

 Suborder a. Sauria
 Suborder b. Mosasauria*
 Suborder c. Serpentes (=Ophidia)

 SUBCLASS ARCHOSAURIA
 Order 13. Thecodontia* (incl. Phytosauria*)
 Order 14. Crocodilia
 Order 15. Saurischia*

 Suborder a. Theropoda*
 Suborder b. Sauropoda*

 Order 16. Ornithischia*

 Suborder a. Ornithopoda*.
 Suborder b. Stegosauria*
 Suborder c. Ankylosauria*
 Suborder d. Ceratopsia*

 Order 17. Pterosauria* (=-Pterodactyla*)
 The Subclass Anapsida (from the Greek, meaning "without

 openings") is the oldest and most primitive division of the Reptilia.
 The members of this group are often called "stem" reptiles since
 they were the fount from which flowed the later adaptive radiations
 so pronounced in this class, first in the late Paleozoic and again in
 the Mesozoic. The anapsidans resemble the stegocephalian amphib-
 ians in having the temporal region of the skull wholly roofed over,
 or at most secondarily notched from the side, never perforated as in
 later sub-classes. Three orders of anapsidans are recognized, viz.,
 the Cotylosauria, the Eunotosauria, and the Chelonia-the first two
 long since extinct, the last alone with living representatives.

 In the Cotylosaurs there is a large parietal foramen to accom-
 modate the third eye, and the nostrils are separate. The teeth are
 either conical or transversely elongated and cusped, in one or more
 rows upon the jaws. The skeleton throughout is primitive. The
 vertebrae are deeply biconcave (am phicoelous), often with a per-
 sistent notochord; sacral vertebrae are generally two in number.
 Both shoulder and pelvic girdles in the adults usually have their sev-
 eral elements fused together. Both the front and hind feet are five-
 toed, stubby and compact, with the phalangeal formula 2-3-4-5-3(4).
 Some of the most typical genera are only doubtfully distinguishable
 from embolomerous stegocephalians and were probably the root-
 stock from which, directly or indirectly, all the later types of reptiles
 arose. Ranging from one to ten feet, or more, in length, they varied
 greatly in size as well as in structure and habits. They were semi-
 aquatic, or marsh-dwelling, or lowland forms, never running speed-
 ily nor climbing. The body and legs were generally short and stout,

 *Wholly extinct.
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 never long and slender; the neck was always short. Probably the
 body was covered with horny epidermal plates or scutes, rarely with
 dermal ossifications. The earliest known member of the order

 (Eosauravus) was thus named by Williston and dates from the
 middle Pennsylvanian of Ohio; the latest are from the middle
 Triassic. None has been found in Kansas.

 The members of the second order, Eunotosauria, appear to
 have been directly ancestral to the turtles and tortoises, and are
 intermediate in structure between them and the cotylosaurs. Unlike
 the chelonians, but certainly to be expected in their ancestors, the
 Eunotosauria had teeth on the premaxillae, maxillae and palatines.
 Only a single species, Eunotosaurus africanus Seeley, from the
 middle Permian of South Africa, is known; its age fits very well
 into the hypothesis of its relationship to the chelonians since the
 earliest known member of the latter group is from the Triassic.

 The Order Chelonia, sometimes known as the Testudinata, has
 the skull completely roofed over as in the cotylosaurs, but, unlike
 the latter, the temporal region is usually exposed by emargination
 of the roofing bones; while the supratemporal, dermsupraoccipital
 and tabulars, present in the cotylosaurs, are absent in the chelonians.
 The body is more or less completely enclosed in an armor of bone
 comprising a carapace above and a plastron, or "breast-plate", below.
 While the phalangeal formula in the cotylosaurs is usually 2-3-4-5-3
 (4), in the Chelonia it is always reduced to 2-3-3-3-3, or even to
 2-2-2-2-2 or less in some cases.

 Were we not familiar with chelonians from early childhood,
 and were they very rare or even known only from fossil specimens,
 they certainly would excite in us greater interest than perhaps any
 other group of vertebrates. For, this is the only sort of animal that
 can, for safety's sake, withdraw its head, legs and tail to a position
 inside its ribs. Hence, no other order of reptiles is so distinctly
 marked off from all the others. As far back as their history is known

 (to the Triassic) their jaws are inclosed in a horny beak and only
 in the genus Stegochelys of the Triassic is there any trace of teeth on
 the jaws,* though the upper Triassic genus Triassochelys had small
 teeth on the vomer and parasphenoid in the roof of the mouth, but
 none on the jaws themselves. Unlike more recent chelonians, the
 short neck of Triassochelys was not retractile, so that the head could
 not be pulled back under the carapace for protection.

 *Tooth-germs have been reported in embryos of Trionyx, a soft-shelled turtle living
 in fresh water, but they never cut the gum, nor in fact are they ever more than mere
 rudiments of teeth.
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 Four suborders of chelonians are generally recognized, of which
 the first, the Amphichelydia, with a short, non-retractile neck, bi-
 concave vertebrae, a pelvis not united with the shell, and certain
 additional minor technical differences in the skull and the arrange-
 ment of the plates of the under shell (plastron), lived from the
 upper Triassic to the Eocene in North America and Europe. Here
 belongs the genus Triassochelys with its toothed palate. From Kan-
 sas, Cragin reported a member of this suborder under the name of
 Desmatocheiys. While in fact the type specimen (KUMVP, No.
 1200) came from Fairbury, Neb., but near the Kansas line, in the
 Benton Cretaceous, later specimens were actually found in this state.

 Williston described and named the type Desmatochelys lowii. The
 skull greatly resembles that of such living sea-turtles as Chelone, the
 Green Turtle, although with some conspicuous differences. The ver-
 tebrae of Desmatochelys even sulggest pleurodiran affinities. The
 skull is over eight inches long, nearly six inches wide across the
 quadrates, and almost four inches high. The mandible is over six
 inches long. The carapace is narrow in proportion to its length and is
 pointed behind, i.e., rather heart-shaped. Its plastron seems to have
 been somewhat similar to that of Protosphargis, a fossil relative of
 the living marine Leatherback Turtle. There are, however, appar-
 ently no living representatives of the suborder Amphichelydia.

 The second suborder, the Pleurodira, has no teeth and the head
 is withdrawn by being turned to the right or left to lie between the
 margins of the carapace and plastron. Found now largely if not
 wholly in the southern hemisphere, they formerly occurred in
 Europe and North America in Cretaceous and Eocene times, though
 no representative has been recorded in Kansas.

 The third suborder, the Cryptodira, includes the greater num-
 ber of chelonian species both living and fossil. They have the cara-
 pace covered with horny scutes; the neck bends in a vertical S-curve
 if retractile; and the pelvis is not fused to the carapace or plastron.
 Of the six families usually recognized, two are represented in Kansas
 by fossil species. The first of these is that of the Chelydridae, which
 includes the notorious living Snapping Turtle (Chelydra serpentina)
 and, among the fossil forms, Protochelys laticeps, described by Wil-
 liston in 1900. The type of this genus and species (KUMVP, No.
 1204) was collected by E. H. Sellards and J. T. Shearer from the
 Niobrara Cretaceous, on the Saline River in Trego County. The
 skull is about 412 inches long by approximately the same width
 across the quadrates. In shape, the carapace is broad and only
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 little pointed behind. As preserved it is rather flat, being only slightly
 convex above, possibly as the result of pressure while undergoing
 fossilization. It is about 30 inches long in the mid-dorsal line and
 29 inches across the broadest part. The dorsal surface is mostly
 smooth and differs from that in almost all its allies of the Cretaceous

 in being almost completely ossified.
 Another family of cryptodires with fossil representatives in

 Kansas, is that of the Cheloniidae, a group of sea-turtles that ranged
 in time from the upper Cretaceous to the Miocene in North America,
 and to the Recent in Europe. Here belongs the much-esteemed Green
 Turtle (Chelone mydas) whose range in time extends from the
 Oligocene to the present in European waters. At least five genera
 of fossil turtles from Kansas have been ascribed to this family,
 though such a position for two or three of them may be questioned.
 The other two are giants among American turtles, viz., Archelon and
 Protostega.

 The living Green Turtle (Chelone mydas) is a miniature of
 these old sea-turtles of the Cretaceous, which sometimes reached a
 length of 12 feet. The bony parts of their carapace were greatly
 reduced and the weight, thus lightened, was largely supported by
 the water. Since they probably had few or no marine enemies large
 enough to menace them seriously, the reduction in their armor could
 be safely made. Moreover, as they were strictly marine, and prob-
 ably never came ashore except to lay their eggs, their limbs, espe-
 cially the front ones, were modified into powerful paddles with
 broad, elongated webbed fingers without claws, by which they
 rowed themselves like a boat through the water.

 Archelon, first described by Wieland, comprised several species
 all of which lived in the great inland Cretaceous sea that crossed
 Kansas. The largest of these must have weighed, in life, three tons
 or more. They had a flat body and a short, non-retractile neck. The
 jaws were covered with a horny beak which was drawn out in front
 into a formidable hook. The rami of the lower jaw fused together
 only late in life.

 Protostega, first described by Cope, was in size and general
 build very much like Archelon, and also comes from the upper Cre-
 taceous of Kansas (KUMVP, Nos. 976, 986 and 2212). The top of
 its upper jaws was furnished with a hooked beak, but shorter than
 that of Archelon. The rami of the lower jaw fused together very
 early in life.

 Another genus of sea-turtle from the Cretaceous of Kansas is
 Toxochelys, comparable to the living Cheloniidae, though sometimes
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 assigned to a family of its own, the Toxochelydae. Toxochelys is
 very similar in form to the genera Chelone and Thalassochelys, hav-
 ing a low flat head, roofed over behind by the same bones of the
 skull, and provided with the large sockets for the eyes characteristic
 of the Cheloniidae. Its limbs are long powerful flippers. Toxochelys
 serrifer Cope, the smallest described species, was only about two
 feet in length, while T. latiremis Cope, the largest known species,
 reached a length in old individuals of six feet. Still another species,
 T. brachyrhinus (type: KUMVP, No. 1212), was described by Case
 from material in the University of Kansas Museum of Natural His-
 tory. In this species the individual bones of the skull are very simi-
 lar to those in T. latiremis Cope, but the proportions of the whole
 skull are very different. "Instead of the broad posterior end rapidly
 contracting anteriorly, the sides are much more nearly parallel, and
 the anterior end, instead of terminating in a sharp nose, with much
 divergent maxillaries, is so blunt as to give an almost square ap-
 pearance. The quadrates are nearly equal in height to those . . . of
 T. latiremis, though the skull is shorter and much narrower. The
 upper surface of the roofing bones shows a strong sculpture of deep
 pits and rugose lines, not observed in ... other species" (Case). The
 type of Toxochelys stenoporus is also in the University of Kansas
 Museum (No. 2060).

 In 1872 Cope described another fossil turtle, Cynocercus in-
 cisus, probably from the Niobrara Cretaceous of Kansas, but the
 type consists of such fragmentary material that little more can be
 said definitely about it other than that it appears to be related to
 Toxochelys.

 The cryptodiran family Testudinidae includes the great major-
 ity of our land and river tortoises and terrapins living today. They
 have been represented in North America and Asia since the upper
 Cretaceous, and in Europe since the Eocene. One of our old genera
 is Testudo, that has lived in North America since the Oligocene, but
 is known to be represented in Kansas only since the middle Pliocene.
 The type of Testudo gilbertii Hay (KUMVP, No. 1245) is from
 Long Island, Phillips County, Kansas, while specimens (but not the
 type) of T. nebrascensis (KUMVP, Nos. 1250-51) are also in the
 K.U. Museum of Natural History from Logan County. Testudo
 diamondi (KUMVP, No. 1252) may have come from the same
 locality. In 1944, Dr. C. W. Hibbard reported a fossil land tortoise
 under the name Testudo riggsi from the Saw Rock Canyon fauna,
 middle Pliocene of Seward County, Kansas. The type (KUMVP,
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 No. 6789) consists of a nearly complete carapace and plastron, evi-
 dently of a mature individual several years of age. A second speci-
 men (KUMVP, No. 6790) probably represents the female, while
 the type seems to have been a male. This is probably the smallest
 known fossil species of Testudo from North America.

 The Trionychoidea, the last suborder, and in many respects the
 most highly specialized of the Chelonia, comprises the "soft-shelled"
 turtles of our rivers and lakes. No fossil representative has been re-
 corded from Kansas. Several other species of fossil turtles have
 been described from Kansas, but were based upon such fragmentary
 material as to be indeterminable now; hence they are omitted from
 our discussion.

 The SUBCLAS'S SYNAPSIDA, while comprising mostly generalized
 reptiles, was nevertheless not so primitive as the Anapsidans, from
 which they had obviously descended. The most characteristic spe-
 cialization in the synapsids was the development of a single tem-
 poral opening in the skull. This opening varies much in size but is
 always bounded above by the postorbital and squamosal bones. In
 other words, the completely roofed-over skull of the cotylosaurs
 had given place to one with a hole through its roof !

 Two orders are recognized among the synapsids, both extinct,
 one American and European, the other South African and Asiatic
 in distribution. These are known respectively as the Pelycosauria
 and the Therapsida. The latter is of supreme interest in connection
 with the problem of the origin of the mammals, but no representa-
 tive of this order is known from North America. The other order,
 the Pelycosauria, on the contrary, is not only characteristically
 North American but has yielded at least two fossil representatives
 from Kansas.

 The Order Pelycosauria is composed of reptiles that were still
 as primitive as many of the cotylosaurs in most of their skeletal
 characters. Their vertebrae were deeply biconcave (amphicoelous)
 and always included an intercentrum. Their limbs were primitive with
 the humeral (upper arm) and femoral (thigh) portions carried in
 a horizontal position, which gave these animals a sprawling posture
 and a waddling gait. They constitute a more diversified group than
 the cotylosaurs from which they differ constantly only in respect to
 the temporal perforation in the skull, a decidedly longer neck and
 usually longer and more slender legs. The pelvis is plate-like and
 lacks a foramen. They were apparently carnivorous, malacopha-
 gous, insectivorous, or vegetarian in diet, in different cases.
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 FIG. 1.-From a photograph by D'Ambra of a diorama in Dyche Museum showing two
 types of Pelycosauria: Dimetrodon in the center and at the left; and Edaphosaurus at the
 right foreground. Diorama composed by Mr. Bernard Frazer under the author's direction.

 While the earliest pelycosaur appeared in the middle Pennsyl-
 vanian, it was in the Permian that they produced some of the most
 bizarre forms yet to appear among all the reptiles. These were the
 so-called "fin-backed lizards" in which the spinous processes of the
 vertebrae in the neck, trunk and anterior part of the tail were more
 or less elongated, in some instances reaching 2f2 to 3 feet in height.
 Without doubt these long processes supported a dorsal "fin" or
 "sail" of skin, and probably other tissues as well, which could never
 be furled since there was no joint at the base of the spines. Some of
 these creatures, like Dimetrodon (Fig. 1), reached a length of
 eleven feet, and the sail was more than half that long and at its
 apex was nearly or quite three feet high. What the function of such
 an organ could have been is not at all clear and despite several sug-
 gestions one can only look at it in wonder. Evidently it was of no
 survival value for all possessing such a sail were extinct by the
 middle of the Permian.

 Discoveries of pelycosaurs in Kansas must always be rare,
 since the Permo-Carboniferous deposits in this state are mostly
 marine. Only such as met death close by the sea-side and whose re-
 mains had a chance to be carried down by a stream to salt-water, are
 therefore likely to be found. Yet at least three authentic pelycosaur-
 ian finds have been made in Kansas.*

 *The record of Clepsydrops from eastern Cowley County by Williston in 1898 was
 probably an incorrect identification. Since the specimen apparently has been lost no
 determination is now possible.
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 The first of these is a single specimen, Ophiacodon hilli Romer,
 1925, from the Fort Riley Limestone, in Wildcat Canyon, near Win-
 field, Cowley County. This is an average sized pelycosaur (type:
 Walker Museum, University of Chicago, No. 454) and is distin-
 guished by Romer from other nearly related species "by the unusual
 distal breadth of the humerus. . . . The sole specimen is of interest
 in that it is preserved in a slab of marine limestone. . . . The most
 remarkable feature is the unusually well-preserved series of ventral
 ribs, perhaps the most perfect seen in any pelycosaur" (Romer).
 Ophiaco,don hilli is comparable in size to the Texas species, 0. uni-
 formis, which Romer estimates to have weighed over a hundred
 pounds and to have reached a length of about five feet.

 Dunbar, in 1894, reported another pelycosaur, a fragmentary
 specimen of Edaphosaurus, found at Elmo, Dickinson County, in
 the Wellington formation. Edaphosaurus is one of the pelycosaurs
 with the elongated spinous processes supporting a "sail". In it,
 however, the spines are not simple as in Dimetrodon,t but bear
 short, peglike cross-bars of various sizes. Hence it has sometimes
 been referred to as the "telephone pole" reptile. Again, unlike Dime-
 trodon, it had its palate and the inner side of its jaws provided with
 a number of small teeth. It probably fed on small, soft invertebrates
 of various sorts. While most pelycosaurs had three sacral vertebrae,
 Edaphosaurus had but two.

 The most recently recorded pelycosaur from Kansas is a sphen-
 acodont described by the present writer from the Rock Lake shale
 member of the Lansing group, Missourian series, Pennsylvanian
 system, in Anderson County. To this species was given the name
 Petrolacosaurus kansensist-i.e., "the Rock Lake reptile of Kansas".
 The type specimen (KUMVP, No. 1424) is a nearly complete hind
 limb, with which was associated a nearly complete left half of the
 pelvis (KUMVP, No. 1425). The limb is about 7 2 inches in
 length, and indicates a lizard-like animal some 2 2 to 3 feet long, or
 possibly even longer. It is, therefore, much smaller than some of the
 Permian pelycosaurs, such as Dimetrodon.* Whether it had elon-
 gated neural spines like that and other sphenacodonts, cannot be
 determined in the total absence from the find of all its vertebrae,

 tDimetrodon is the large individual shown in the center of Fig. 1; Edaphosaurus is
 the reptile in the lower right hand corner. Photograph of a diorama in the University
 of Kansas Museum of Natural History, composed under the author's direction by Mr.
 Bernard Frazier.

 SFor a more extended and technical description of Petrolacosaurus the reader is re-
 ferred to the article: "New Mid-Pennsylvanian Reptiles from Kansas," by H. H. Lane,
 in these Transactions, Vol. 47, No. 3, March, 1945, pp. 381-390.

 *Some species of Dimetrodon have a skull 18 inches in length; they were probably
 the largest and most powerful, as well as among the most common carnivorous reptiles
 in the Permian.
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 but it probably did not have them, since its age is middle Pennsylvan-
 ian and the "sail-backs" are known only from the lower Permian.
 In all probability it was still more generalized, i.e., more nearly like
 the average pelycosaurian than like the later, bizarre, highly special-
 ized genera such as Dimetrodon and Edaphosaurus.

 The SUBCLASS EURYAPSIDA is characterized by the presence of a
 single temporal opening which, in contrast to that in the Synapsida,
 has its lower margin inclosed by the postorbital and squamosal, in-
 stead of lying below these bones. Moreover, the precoracoid is ab-
 sent from the pectoral girdle. The members of this subclass were
 mainly aquatic, or at least amphibious, types of the Permian and
 early Mesozoic. Two orders may be recognized here, the Protoro-
 sauria and the Sauropterygia.

 The Order Protorosauria was erected provisionally by Willis-
 ton to include the lower Permian Araeoscelis from Texas and the

 upper Permian Protorosaurus of Europe, and a few other rather
 peculiar genera. Romer assigns to it not only the genera just men-
 tioned, but certain others in addition. The protorosaurs appear to
 have been an early side branch of the cotylosaurs. Williston charac-
 terized the order as consisting of "quadrupedal, arboreal, terrestrial,
 or subaquatic reptiles one to six feet in length, with a single upper
 temporal opening between the parietal and the temporal arch, the
 quadrate fixed. Ribs in part or all single-headed, articulating with
 centra; a single coracoid, an interclavicle, and clavicles" present
 (see Williston, Osteology of the Reptiles, p. 259).

 The second order of synaptosaurians is that called the Saurop-
 terygia, in which the vertebrae have flat faces; the ribs are single-
 headed but articulate with the diapophyses rather than with the
 vertebral centra; only a single large coracoid on each side; the head
 or neck is more or less elongated.

 To one or the other of these two orders has been assigned the
 family Araeoscelidae by different authors. We are inclined to place
 it among the Protorosauria, following Williston and Romer. In ad-
 dition to the genus Araeoscelis from the lower Permian of Texas,
 there is a second, Podargosaurus, from the middle Pennsylvanian of
 Kansas. The species, Podargosaurus hibbardi Lane (type:
 KUMVP, No. 1423) is based on a single specimen consisting of a
 practically complete front limb, with which were associated a second
 front limb, the crural, tarsal and pedal portions of a hind limb, in
 obverse and reverse on two slabs of shale, a few trunk vertebrae, a
 few ribs, and a long series (30 or more) of caudal vertebrae. These
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 remains all pertain to the same individual, some of the parts men-
 tioned overlying others in the matrix, and all within an area roughly
 8x15 inches in extent. The form represents a genus and species not
 previously known.

 This specimen came from the Rock Lake shale member of the
 Lansing group, Missourian series, Pennsylvanian system, in Ander-
 son County, Kansas. The horizon is assigned by the Kansas State
 Geological Survey to the middle Pennsylvanian. The long slender
 limbs, the very long tail, almost thread-like at its termination, the
 single-headed ribs, the humerus with an epicondylar foramen-all
 these characters are strongly suggestive of the lower Permian
 Araeoscelis described many years ago by Williston. Beyond a
 shadow of possibility, Podargosaurus does not belong either to the
 cotylosaurs or to the pelycosaurs; its slender build and other re-
 semblances to Araeoscelis indicate its inclusion in that family. The
 age of Podargosaurus, middle Pennsylvanian instead of lower Per-
 mian, indicates merely that the earlier sauropterygians have not
 hitherto been found, and that the order originated further back in
 time than the previous records would lead one to believe.

 An important suborder of sauropterygians is that called the
 Plesiosauria, a group that ranged from the Triassic to the close of
 the Cretaceous, though there is reason to believe that it had repre-
 sentatives as far back as the Permian. They were especially promi-
 nent and important elements in the life of the upper Cretaceous sea
 of Kansas. They were marine reptiles varying in length from about
 six or eight feet up to fifty or more. Their limbs, both fore and
 hind, were modified into paddles in which the segments of the
 fingers and toes were often increased in number. In these reptiles
 locomotion was not accomplished by the sculling action of a powerful
 tail, but by the far more laborious~method of rowing by means of the
 paddle-like limbs. Because of the relatively slow rate of speed thus
 possible, the plesiosaurs had to make use of an elongated head or
 neck to secure their prey, which undoubtedly consisted largely of
 small fishes, squids, and other small fry.

 What Williston wrote in 1903 is largely true today: "There are
 few orders of reptiles, so long and so widely known as are the
 plesiosaurs, of which our knowledge is more unsatisfactory." At the
 date when Williston wrote these words thirty-two species and
 fifteen genera had been described from the United States, but most
 of them were based upon such fragmentary material that their
 certain identification is now impossible. The number of plesiosaur-
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 ian species described from Kansas is well over a dozen, all from the
 Cretaceous. Stability and clarity in the classification of this group
 can never be attained until vastly more material is collected in the
 field and the types and other specimens already in the museums
 have been subjected to a thorough, critical analysis.

 FIG. 2.-Some life of the Upper Cretaceous in Kansas: the long-necked plesiosaur is
 Elasmosaurus; the two short-necked ones at the rear, Trinacromerum. The bird in the fore-
 ground is Hesperornis. From a drawing by Melvin Douglas.

 In Kansas there were two general types (Fig. 2), one with a
 short broad head borne on a very long neck; the other with a very
 long slender head carried on a short neck. The pectoral and pelvic
 girdles have their ventral elements greatly enlarged into plates that
 almost constitute a plastron, or, rather two, since they are not con-
 tinuous throughout the central part of the belly, where a series of
 parasternal ribs (nine or so in number) occupies the interspace.
 One striking feature is the great variation in the number of cervical
 vertebrae, ranging from as few as eleven in the Plesiosauridae to
 as many as seventy-six in the Elasmosauridae.

 One interesting habit of the plesiosaurs, at least of the long-
 necked forms, was noted long ago by Williston, who commented on
 their "habit of swallowing siliceous pebbles, sometimes of consider-
 able size and in considerable quantities; as many as a peck have been
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 found among the remains of a single animal. . . . These pebbles,
 moreover, were carried in the plesiosaur's stomach until reduced to
 very small dimensions, indicating clearly the smallness of the pyloric
 orifice and the complete digestion of the food material." This is
 certainly circumstantial evidence that the plesiosaurs may have had
 a gizzard like a chicken. Moreover, these siliceous pebbles are not
 such as occur anywhere in Kansas. They must have been obtained
 hundreds of miles away along the coast of the Cretaceous sea bor-
 dering the Black Hills of South Dakota; hence it is evident that the
 plesiosaurs were no mean voyagers.

 In common with nearly all aquatic reptiles, the plesiosaurs had
 a ring of well-developed sclerotic plates in the eyeball which gave
 protection to the eyes under varying water-pressure, an indication
 that these animals were in the habit of diving to considerable depths.
 In common with nearly all the other larger marine vertebrates the
 bones of the plesiosaurs are soft and spongy, easily broken or
 crushed, clearly indicating that they were not bottom feeders but
 captured their prey, diving and pursuing it under water like cor-
 morants or penguins. They were probably not speedy swimmers,
 for while their bodies were not so broad and flat as those of turtles,
 yet they were not fashioned along the lines of a swift-swimming fish.
 Moreover, their paddles were quite small in comparison with the
 size of the body, and the tail was so small as to be useless as an
 organ of propulsion. They must have progressed slowly by rowing
 after the manner of turtles rather than swiftly by the sculling action
 of the tail, like the mosasaurs and crocodiles.

 No evidence of the manner of reproduction in these reptiles
 has come from our Kansas specimens, though the Old World forms
 support the idea that they brought forth their young alive. How-
 ever, leg bones of embryonic plesiosaurs have been found several
 times in Kansas, but not in association with the remains of adults.

 The latest classification of the plesiosaurs is that of Dr. T. E.
 White, of the Museum of Comparative Zoology at Harvard Uni-
 versity, who recognizes nine families, largely on the basis of varia-
 tions in the structure of the shoulder girdle. At least four of the
 nine families are represented by species recorded from Kansas. The
 first of these is that called the Plesiosauridae. Three species from
 this state have been more or less provisionally referred to the genus
 Plesiosaurus, although when more fully known one or all may be
 referred to a different genus. Plesiosaurus gulo (type: KUMVP,
 No. 1329) was described by Cope from the Fort Pierre Cretaceous;
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 P. mudgei (KUMVP, No. 1305), from the "Comanche (lower)
 Cretaceous of Kansas", was described by Cragin in 1894; while
 P. gouldii (type in KUMVP, but not numbered), likewise from the
 "Comanche Cretaceous", was described by Williston in 1907. The
 last species, P. gouldii, "is much larger than P. mudgei and its dorsal
 vertebrae differ in the form of the centrum, which is peculiarly
 heart-shaped. . . . The species is referred to Plesiosaurus because no
 better place for it is known; in all probability it really belongs to
 some other genus. The species was based upon several dorsal verte-
 brae in fairly good preservation" (Williston).

 The second family of plesiosaurs recorded from Kansas is that
 of the Polycotylidae, established by Williston in 1908. Two genera
 and six species have been described from remains found in this
 state. The genus Polycotylus, with 26 cervical and 28-29 trunk ver-
 tebrae, was erected by Cope for the species P. latipennis; the Kansas
 record rests upon seven or more specimens, the first of which, a com-
 plete paddle, is the type (KUMVP, No. 5916) and was found by
 George A. Allman of Wallace, Kansas, in the upper Niobrara chalk
 on the Smoky Hill River, east of Fort Wallace. Another specimen
 (KUMVP, No. 1308) was collected by H. T. Martin, in the Nio-
 brara of Logan County, in 1894; a third (KUMVP, No. 1312) was
 found by Charles H. Sternberg in 1895, also in the Niobrara of
 Logan County; the fourth (KUMVP, No. 1316) came from the
 Benton Cretaceous of Russell County; and four others (KUMVP,
 Nos. 1320, 1321, 1323 and 1324) came from the Niobrara of Wal-
 lace County.

 Williston described a second species, Polycotylus dolichopus,
 from Kansas, the type of which is in the Museum of Yale Univer-
 sity.

 Closely related to Polycotylus is Cragin's genus Trinacromerum
 from the upper Cretaceous of Kansas, with its large, long-snouted
 head, numerous small teeth, and 19 to 23 vertebrae in the neck, which

 is only slightly longer than the head. There are 30 or fewer trunk
 vertebrae and 3 sacrals. Cragin's specimen, T. bentonianum, was
 collected in the "Benton Cretaceous", and is characterized by the
 presence of an interclavicular foramen, previously unknown in
 plesiosaurs. It shares with Polycotylus the presence of an interptery-
 goidal vacuity, anterior to the parasphenoid, unknown in any other
 reptiles. The slender parasphenoid separates two long narrow open-
 ings between the pterygoids, which Williston called the "parasphen-
 oid vacuities", though suggesting that they may really be the internal
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 nares. The name Trinacromerum indicates the presence of three
 bones in the epipodial row, i.e., in the forearm and shin, though it is
 now known that a fourth may be present in articulation with the
 distal end of the humerus or femur. Two of these represent the
 ulna and radius (or tibia and fibula) of land forms, the homologies
 of the others, which may be called "accessary epipodials", are not
 clear. The paddles of Trinacromerum are remarkably long and slen-
 der.

 FIG. 3.-Type of Trinacromerum osborni in the K.U.M.V.P. From a photograph by D'Ambra.

 Williston also described T. anonynzum, the type of which was
 collected by Mudge from the upper Benton Cretaceous of Kansas,
 "three miles south of the Solomon". A second specimen (Yale
 Museum, No. 1129) was collected in 1873 by Joseph Savage from
 the same locality and doubtless from the same formation. One of
 the finest and most complete specimens of plesiosaur in the world
 (Fig. 3) is that now known as Trinacromerum osborni (type:
 KUMVP, No. 1300) which was collected in 1901 "in the chalk of
 western Kansas" by Charles H. Sternberg. The skeleton, just ten
 feet long, was mounted by the late H. T. Martin, and comprises 19
 vertebrae in the neck, 30 in the trunk, and 25 in the tail, which how-
 ever tapers very abruptly toward its tip and may have had a very
 few more caudal vertebrae. Williston in the original description of
 this specimen notes that "there are not a few new and strange
 characters presented by this skeleton, especially in the skull, . . . such
 as the presence of two separate and disconnected supraoccipital
 bones, peculiar frontal bones, the presence of a quadrato-jugal, and
 of a well-ossified sclerotic ring, etc. The pectoral girdle, which, with
 the pelvic girdle, is marvelously complete and undistorted, has a
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 large interclavicular foramen, never before observed in these ani-
 mals, though present in other forms."

 Williston mentions without name or description other species
 of plesiosaurs (probably of the genus Elasmosaurus) which he had
 seen from "Fort Benton deposits of Kansas", e.g., one, "of which
 a considerable part of the vertebral column is preserved at the Mu-
 seum of the University of Kansas, is of great size, the dorsal centra
 measuring five inches or more in diameter, with a very long neck
 and small anterior cervicals. The specimen is from near Beloit. It
 represents a distinct species that may provisionally be referred to
 Elasmosaurus." (See large individual in Fig. 2).

 Recently E. S. Riggs, formerly honorary curator of vertebrate
 paleontology, KUMVP, has described a new species of plesiosaur
 from the Greenhorn Limestone formation of Kansas, under the
 name of Trinacromerum willistoni. The skull, fifty vertebrae, many
 ribs, pectoral and pelvic girdles, but no paddle bones, are described
 and figured. This specimen (KUMVP, No. 5070) "was found by a
 road crew in December, 1936, while making a cut on U. S. highway
 81 south of Concordia.... The horizon is ten feet below the Jetmore
 Chalk member in beds which, farther west of this, have been classi-
 fied as Hartland Shale member, Greenhorn Limestone formation,
 Cretaceous series."

 This species is related to T. osborni, but differs in having the
 premaxillaries extending farther back; in having a larger maxillary
 series of teeth (at least 34 as compared to a possible 26 in T osborni),
 interclavicle relatively much larger and lacking the foramen. The
 skull is long and tapering with narrow face and short cranium. The
 specimen is apparently fully adult and shows no such juvenile char-
 acters as are evident in T. osborni. The skull is nearly 27 inches long
 and the mandible 31. Of the 50 vertebrae, 15 are cervicals, including
 the atlas and axis which are co6sified.

 The third family of plesiosaurs with a species known from
 Kansas is that called the Plesiosauridae Seeley, 1874. Its represen-
 tative from this state is Brachauchenius lucasi Williston, from the

 "Benton Cretaceous near Delphos, in Ottawa County, Kansas." It
 is now in the National Museum, Washington, D. C. It was named
 in honor of the late F. A. Lucas, at that time director of that mu-
 seum. The skull is over 43 inches long, intermediate between Trin-
 acromerum and Elasmosaurus. The parietal region lacks the thin
 high crest of Trinacromerum and Polycotylus, and is low and round-
 ed on its upper surface. The teeth are fewer and smaller than in
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 these genera, and are coarsely striated. However, the most dis-
 tinctive characters of Brachauchenius are the broadly united pala-
 tines, the small number of 13 cervical vertebrae, and the absence of
 vascular foramina on the under side of the cervical centra.

 The fourth family of plesiosaurs represented in Kansas is
 called the Elasmosauridae Cope, 1870. Six genera and species are
 recognized by Welles, the latest student of this group. The type
 genus is Elasmosaurus Cope, of which a skeleton about 42 2 feet
 long is in the Museum of the Philadelphia Academy of Science. The
 cervical vertebrae number 60 to 76, the largest number found in any
 vertebrate, and are longer than high, with short, single-headed ribs.
 This is an upper Cretaceous form found not only in North America,
 but also in Russia, Australia and New Zealand. The type species is
 E. platyuris Cope, and the type specimen, described by Cope in 1868,
 was found "in a ravine 15 miles NW of Fort Wallace, Kansas. The
 ravine debouched into the Smoky by the Henshaw Springs." Geo-
 logically speaking, it came from the Basal Pierre, upper Cretaceous,
 and is notable for being the largest known plesiosaur.

 A second genus is called Styxosaurus by Welles and the type
 species is Styxosaurus snowii (Williston) ; this specimen (KUMVP,
 No. 1301) came from Hell Creek, Logan County, Kansas, in the Nio-
 brara Cretaceous, and was described by Williston in these Transac-
 tions for 1891, under the generic name Cimoliasaurus. Welles recog-
 nizes a third form as Thalassonomosaurus marshii (Williston) from
 the Niobrara Cretaceous of Logan County; this was described in
 1906 by Williston as "Elasmosaurus ? marshii". The type is No.
 1645 in the Museum of Yale University. A second species, T. nobilis
 (Williston), from the Fort Hays limestone, basal Niobrara, in Jewell
 County, is also in the same museum (No. 1640). Welles has called
 a fourth genus Thallasiosaurus, the genotype of which is T. ischiadi-
 cus (Williston), from the Niobrara Cretaceous of Logan County. In
 addition to the type (KUMVP, No. 1327), it is represented in the
 University of Kansas Museum by a number of other specimens. It
 was more massive than Trinacromerum osborni.

 A fifth genus (the last so far recorded from Kansas) is Ogmo-
 dirus, with one species, 0. martinii Williston and Moodie, from the
 Cretaceous of Cloud County (type: KUMVP, No. 441). "It is of
 peculiar interest", as its authors point out, "in presenting certain
 intermediate characters between the Elasmosauridae and Plesio-

 sauridae, the two distinctive families of long-necked plesiosaurs.
 The two families differ, aside from the skull, especially in the struc-
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 ture of the pectoral girdle." The material upon which this genus is
 based "was collected in 1909 by Mr. C. Boyce in Cloud County, as-
 sociated with the remains of another plesiosaur, and presented by
 him to the University of Kansas. Its horizon is probably the Fort
 Hays limestone of the basal Niobrara, though possibly, but improb-
 ably, from the uppermost horizon of the Benton." In this genus the
 cervical vertebrae are short, being almost as wide as long, and in-
 crease gradually in size from fore to aft.

 The next order of reptiles with fossil representatives in Kansas
 is that termed the Squamata, which includes lizards, mosasaurs,
 snakes, and some other related forms. The snakes (Serpentes or
 Ophidia) may be quickly disposed of here, for no fossil serpent has
 actually been described from this state, although in a number of in-
 stances fragmentary remains, such as isolated vertebrae or portions
 of jaws have been found and recorded from late Tertiary and
 Quaternary deposits, but such elements have not been sufficiently
 diagnostic for specific or even generic identification. The same re-
 marks apply to the lizards except for four species described by
 Dr. E. H. Taylor from the Rexroad formation, upper Pliocene, about
 sixteen miles southwest of Meade, Meade County, Kansas.

 Gilmore in 1928 recorded 27 genera and 63 species of fossil
 lizards from North America, of which only three species were from
 all the Miocene, Pliocene and Pleistocene, and Olson in 1937 re-
 ported a new saurian genus, Tetralophosaurus, from the Miocene of
 Nebraska. Hence Taylor's report of four new species and one new
 genus from the upper Pliocene alone, in Meade County, is highly
 significant. Two of the three previously recorded species belong to
 living genera, i.e., one, a "horned toad", Phrynosoma, and the other,
 a "collared lizard", Crotaphytus. Two of Taylor's new species like-
 wise represent two living genera, while his other two are assigned
 to a new genus of somewhat doubtful affinities, Eumecoides.

 The material from Meade County was collected by Dr. C. W.
 Hibbard and party, from the University of Kansas Museum. It is
 all from the Rexroad fauna, upper Pliocene. One of Taylor's new
 species is Cnemidophorus bilobatus (type: KUMVP, No. 5084), of
 a size somewhat larger than most living species of that genus, in-
 cluding C. sexlineatus which lives in Meade County today. A second
 specimen of this "whip-tail lizard" (KUMVP, No. 5081) was ob-
 tained at the same place. This genus belongs to the family Teiidae,
 established by Cope in 1871.

 Taylor's second species is Eumeces striatulatus. The type
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 (KUMVP, No. 5079) indicates a form larger than most species of
 Eumeces living in southwestern Kansas, being most nearly ap-
 proached by E. obsoletus, which, however, has decidedly smaller
 teeth than those of the fossil species. At least three other specimens
 (KUMVP, Nos. 5080, 5079A, and 5129C) are referred by Taylor
 to this new species.

 The remaining two new species described by Taylor are as-
 signed to a new genus, Eumecoides. The genotype, E. hibbardi
 (type: KUMVP, No. 5099) was collected by Hibbard in 1936. It
 differs from the second species of the genus, E. mylocoelus (type:
 KUMVP, No. 5115) in the number and shape of its teeth. E. hib-
 bardi has only 18 mandibular teeth, which are only moderately com-
 pressed laterally, while E. mylocoelus has 21 to 23 mandibular teeth,
 which are strongly compressed. The relationship of this genus to
 Eumeces is indicated more by general conditions than by any series
 of close specific resemblances.

 The totally extinct group of the Mosasauria presents quite a
 different picture. No assemblage of extinct reptiles can exhibit a
 larger assemblage of fossil remains in the museums of the world
 than can the mosasaurs, and no other region, larger or smaller, has
 been equal to Kansas as a collecting ground for them. "Since the
 first specimen was discovered by Dr. Turner, of Fort Wallace, in
 1868, and taken east by Le Conte, to be shortly afterwards de-
 scribed by Cope, many thousands of these animals have been col-
 Icted" (Williston) in this state. Yale has over a thousand specimens.
 largely collected by Marsh and his field parties; several hundred are
 in the University of Kansas Museum, collected by Williston, Mar-
 tin, and others; while many more have gone from this state to other
 museums both in America and abroad. As a group, mosasaurs are
 now known from four remote regions of the world-North and
 South America, Europe and New Zealand.

 Five genera have been recorded from Kansas: Tylosaurus,
 Platecarpus, Brachysaurus, Mosasaurus, and Clidastes. These are
 large to very large marine lizards, apparently not far removed from
 the living monitors (Varanus), but with paddle-like limbs, ending in
 short, webbed, clawless feet, and with only seven cervical vertebrae.
 The head is more or less elongated, as is the body also. The tail is
 long and compressed, to serve as the chief organ of locomotion in
 the water. The mosasaurs varied in length from six or eight to
 forty, or perhaps even fifty feet. The most striking structural pe-
 culiarities are: (1) the union of the anterior ends of the mandibular
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 rami by a ligament; and (2) a true hinge-joint just back of the
 mandibular tooth-row between the angular and splenial elements of
 the lower jaw. In common with most other aquatic reptiles there is
 a ring of sclerotic plates in the eyeball. There is no sacrum and the
 pelvis is greatly reduced.

 The mosasaurs flourished during the upper Cretaceous times
 but were probably descended from subaquatic lizards of the late
 lower Cretaceous period. Though the first mosasaur was found in
 1780 in Belgium, the generic name, Mosasaurus, was not applied to
 it until 1822, when Conybeare coined the word from Mosa, the Latin
 name for the river Meuse, near which it had been found, and saurus,
 the Greek for lizard.

 Three types of mosasaurs are recognized, all of which are rep-
 resented by specimens from Kansas. The first type includes surface
 swimmers only, with body and tail elongated. The trunk comprises
 as many as 35 vertebrae, while the tail has a pronounced subterminal
 dilation in the vertical plane. The vertebral articulations are
 strengthened by the development of zygosphenes; the wrist and ankle
 are composed of well-ossified elements, and there is little or no in-
 crease in the number of the phalanges. This type is represented by
 the genera Mosasaurus and Clidastes (Fig. 4). Secondly, there is
 the type of deep-sea-dwelling forms in which the neck and body are
 decidedly shorter, the latter with only 22 dorsal vertebrae; the tail
 is more uniformly flattened; the wrist and ankle are less well ossi-
 fied, and the phalanges are present in increased numbers. This type
 is exemplified by the genus Platecarpus. The third type comprises
 the deep-water, diving species which have the head longer and the
 ear-openings protected by heavy cartilages; a relatively short neck
 and body, the latter with only 22 vertebrae; the tail much longer and
 greatly compressed; the wrist and ankle elements almost entirely
 cartilaginous; and the phalanges much greater in number. In general
 they are of large size, in the case of Tylosaurus sometimes over forty
 feet in length. All the mosasaurs were doubtless covered with small
 imbricating keeled scales very similar to those on the living monitor
 lizards, as shown by distinct impressions of the scale-covered skin of
 Tylosaurus proriger in the University of Kansas Museum,
 (KUMVP, No. 1075).

 The genus Tylosaurus includes moderately large to very large
 species with not to exceed a total of 120 vertebrae. In the paddles, the
 ankle and wrist are mostly not ossified; the phalanges are very
 numerous and the fifth finger is not reduced. The hind paddles are
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 FIG. 4.-Clidastes, from the original drawing by Sidney Prentice. First published by
 Williston, Univ. Geol. Survey of Kansas, Vol. 4, Part 5, Plate 71, 1898.

 as large as the front ones. The snout is much extended anterior to
 the teeth, while the nares are situated well back, half-way, at least,
 toward the eyes.

 The first mosasaur ever described from Kansas was Tylosaurus
 proriger Leidy. The type, now in the Museum of Comparative Zo-
 ology, Harvard University, was found in the vicinity of Monument
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 Rocks, a Cretaceous formation in Gove County. This is the most
 common mosasaur in this state and occurs at nearly all horizons in
 the Niobrara beds. It is represented by several specimens in the
 University of Kansas Museum, among which may be mentioned a
 skull (KUMVP, No. 1033); and No. 1029 which came from the
 mouth of Twelve Mile Creek, a tributary of the Smoky Hill River
 in Logan County.

 Tylosaurus dyspelor Leidy, with a length of 35 feet and a head
 4 feet long, is larger than most other species of Kansas tylosaurs.
 The type specimen, in the Yale University Museum, came from the
 Niobrara chalk near Fort McRae, New Mexico, but there are speci-
 mens from Kansas, such as KUMVP, No. 1032, from the mouth of
 Twelve Mile Creek, Logan County. The most reliable specific dis-
 tinction in this species is its very much larger size and not any unique
 structural differences. Its skull is 40 inches or more from the tip
 of the snout to the occipital condyle, while the mandible is 48 or more
 inches long. The quadrate is seven inches or more in length, but
 resembles in shape the same element in other tylosaurian species
 (Fig. 5).

 Tylosaurus micromnus, originally described by Marsh, cannot be
 identified by the characters given by that author. However, Mer-
 riam and later students state that it may be distinguished from the
 two preceding species "by its smaller size, by the more lightly
 formed bones of the skeleton, and by the shape of the quadrate."
 Nevertheless its distinctness is truly problematical and it may
 eventually prove to be only a young individual of either T. proriger
 or T. dyspelor. The same remark may be made concerning Tylo-
 saurus nepaeolicus Cope.

 Platecarpus Cope, 1869, has the trunk short and the tail long;
 the hind limbs functionally pentadactyl; the ankle and wrist not
 completely ossified. The species belonging to this genus are medium-
 sized mosasaurs with a very obtuse snout which does not project
 beyond the teeth. The teeth are slender and recurved. The nares are
 situated well forward. The total number of vertebrae is 116, of
 which 86 or more are caudal.

 A mosasaur described by Cope as Platecarpus crassartus, from
 the Fort Pierre of extreme western Kansas, may not have been
 correctly assigned to this genus, but may belong to Williston's genus
 Brachysaurus, otherwise not recorded from Kansas, but originally
 described from the upper Cretaceous of South Dakota. In the shape
 and relative size of its limb bones and vertebrae it differs from typical
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 FIG. 5.-Right quadrate bone of Tylosaurus proriger. Nat. size. Drawn by Miss Ann
 Murray, artist on the staff of Dyche Museum.

 Platecarpus, the limbs being much smaller, and Cope himself noted
 that in this species the vertebrae are as much distinguished for their
 shortness as those of P. latipinnis are for their elongation. The arti-
 cular faces are but little broader than deep, and their planes are
 slightly oblique. The inferior face is somewhat concave in the long
 dimension. The zygapophyses are stout and there are no distinct
 rudiments of zygosphenes.

 Platecarpus ictericus Cope, 1870, was the first species of this
 genus described from Kansas. However, except for size, specific
 characters are difficult to note. It is the largest of all known species
 of Platecarpus. One specimen in the Yale University Museum (No.
 68) was "found by Mudge on the South Fork of the Solomon river,
 in Graham County," in 1875, and "is especially valuable in showing
 the natural position of the digits and their relations to each other.
 ... There were at least four phalanges in the first finger, six in the
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 second and third, five in fourth, and four in the fifth" (Williston).
 The paddle as preserved is 29 inches long and must have been at
 least two inches longer when complete. The head is 23 inches from
 the tip of the snout to the occipital condyle, and is thus very small in
 comparison with the size of the paddle.

 Platecarpus coryphaeus Cope, 1871, is the best known and most
 common species of all the Kansas mosasaurs. The type and accom-
 panying specimens were found by Mudge "on the north bank of the
 Smoky Hill river, 30 miles east of Fort Wallace, Kansas" (Cope).
 In this species the premaxillaries are short and obtuse; the maxillae
 are relatively short and stout; the broad frontal is deeply emargi-
 nated posteriorly for the reception of the parietal and bears a thin,
 sharp median carina along its posterior half; the postfrontal usually
 touches the frontal, but does not articulate at all with the squamosal;
 the jugal is stout and somewhat L-shaped; the pterygoid has 10
 teeth arranged in a reverse curve; the moderately large parietal
 foramen is usually wholly within the parietal at its posterior end;
 the quadrate (Fig. 6) has a greatly elongated suprastapedial process,

 FIG. 6.--Left quadrate bone of Platecarpus coryphaeus. Nat. size. Drawn by Miss
 Ann Murray.
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 but the alar process of the upper articular surface is short and
 stout; there is a large oval stapedial pit rather high on the inner
 surface. The dentary comprises more than half the entire length
 of the mandible, and bears 11 teeth, with 8 or 10 foramina in a row
 below them exteriorly. Back of the middle of the mandible there is
 an imperfect joint between the angular and splenial bones, which
 admitted motion in both lateral and vertical directions, but chiefly
 the former.

 Williston lists three other species of Platecarpus, namely, P.
 mudgei Cope, 1870; P. gracilis Marsh, 1872; and P. simus Marsh,
 1872, but inclines to the opinion that they are really all synonyms of
 P. coryphaeus Cope, 1871, though he acknowledges that his con-
 clusion may be erroneous, since these species were inadequately
 described by the original authors. If his opinion be correct, P.
 mudgei would replace the name P. coryphaeus on the ground of
 priority.

 The type of Platecarpus mudgei consists of a series of vertebrae
 and portions of the skull and scapula, collected at a point six miles
 south of Sheridan, Wallace County, Kansas. Cope based his dis-
 tinction of this species on the rudimentary zygosphenes in the
 vertebrae, the plane proximal articular surface of the quadrate, and
 the opening of the auditory meatus on an obtusely angled ridge, not
 sunk in a depression as in other species.

 Platecarpus planifrons (Cope), 1874, is a doubtfully valid
 species based on "a large part of the cranium, including the quad-
 rate bone, cervical and dorsal vertebrae and fragments of other
 elements." Cope himself assigned the species to Clidastes where it
 certainly does not belong. While Williston assigns it to Platecarpus,
 he acknowledges that the functional zygosphenes indicate rather the
 genus and species Sironectes anguliferus Cope, where it probably
 should be placed.

 Platecarpus clidastoides Merriam was based on fragments of a
 skull and some vertebrae. A translation of Merriam's account indi-

 cates that this species "is characterized by the peculiar parietal that
 shows anteriorly a low, three-cornered field in the middle of which
 is the comparatively small, round parietal foramen". It was origi-
 nally collected by Charles H. Sternberg "on the Smoky Hill river",
 but without indication whether it came from the Niobrara or the
 Fort Pierre.

 Merriam described another species of this genus under the
 name Platecarpus oxyrhinus, distinguished from all other species by
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 the elongation of the rostrum, as in Clidastes except the elongation
 is not so great (translated from Merriam). The collector and
 locality are the same as in the last preceding species.

 MOSASAURINAE

 This subfamily was established by Williston to contain the
 genera Mosasaurus and Clidastes, and is characterized by the tetra-
 dactylate hind feet; the fully ossified wrist and ankle bones; the tail
 much compressed distally; chevrons co6ssified with the centra; ros-
 trum short, obtusely conical; and the quadrate small, with a supra-
 stapedial process of only moderate length.

 MoSASAURUs Conybeare, 1822
 In this genus the zygosphenes are vestigial or wanting, and this

 very slight character seems to be the only one, aside from size, that
 separates Mosasaurus from Clidastes. The various species of Mosa-
 saurus are very large, some of them among the largest of the family,
 while those of Clidastes are either very small or at most of only
 moderate size. There is no known species of the genus Mosasaurus
 from Kansas.

 CLIDASTES Cope, 1868
 This genus comprises small to moderately large species, all of

 which are slender. The obtusely conical rostrum is formed by the
 short premaxillaries, which project but little in front of the teeth.
 The moderately dilated external nares lie anteriorly on the rostrum.
 The quadrate is relatively small, the suprastapedial process reach-
 ing to about the midle of its length (Fig. 7). The vertebrae have
 functional zygosphenes. The chevrons are long and coossified with

 FIG. 7.-Right quadrate bone of Clidastes velox. Nat. size. Drawn by Miss Ann Murray.
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 the caudal centra. The tail is much compressed and the posterior
 spines are much elongated, making the tail a very efficient organ of
 locomotion. The limbs are small, the hinder less than the front ones
 in size. In the hind foot the hallux ("big toe") is vestigial or absent.

 At least eight species of Clidastes have been described from
 Kansas by Cope, Marsh, Merriam, Williston and Case, of which no
 less than five are indeterminable or synonyms of previously named
 species.

 Clidastes stenops Cope was described in 1871 from "Kansas".
 It is distinguished by the absence of the usual anterior expansion of
 the prefrontal bone over the, orbit, in which respect this species
 more nearly resembles Platecarpus; yet in every other respect it is
 a true Clidastes.

 Clidastes tortor was described by Cope in 1871. The material in
 the Museum of the University of Kansas consists of one nearly com-
 plete skeleton (KUMVP, No. 1000) and the incomplete remains of
 five others. The first was collected by West in "the Kansas chalk",
 probably Niobrara. This is certainly the most common species of
 Clidastes found in this state. This species had been previously de-
 scribed by Marsh as Edestosaurus dispar; other synonyms are E. rex
 Marsh and Clidastes medius Merriam. Among its distinctive char-
 acters are: "The articular facets in the cervicals are a broad, trans-
 verse oval, faintly emarginate above for the neural canal. The
 quadrate has the same general form as in [other species of Cli-
 dastes], but the external angle is situated farther back, and has a
 notch in its posterior margin directly above the meatal pit. The pos-
 terior superior process is shorter, with a compressed free end. The
 teeth are curved and somewhat compressed. The enamel is smooth
 and shows faint indications of broad facets on the basal half. There

 were at least 15 pterygoidal teeth. The coracoid is not emarginate."
 (Marsh).

 Clidastes velox is represented in the University of Kansas
 Museum by a practically complete skeleton and skull (KUMVP,
 No. 1022).

 Clidastes westii Williston and Case, 1892, was based upon a com-
 plete lower jaw, quadrate, fragments of the skull, the larger part of
 the vertebral column, and the incomplete fore and hind paddles. The
 estimated length of the entire vertebral volumn, as given by Williston,
 is 15 feet 4 inches. The skull was nearly two feet long, so that the
 total length when alive may have been slightly over 17 feet, making
 this one of the largest species of the genus. It was very much stouter
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 than either C. velox or C. tortor, which about equalled it in length.
 "It is upon these remarkably stout proportions, and the shape of the
 articular faces ... that the species is chiefly disitnguished from those
 previously known. The articular surfaces of the basal caudal verte-
 brae are remarkably triangular in shape, with the angles rounded
 and the sides of nearly equal length.... The paddles ... show much
 stouter proportions than in any other known species" (Williston).
 The type (KUMVP, No. 1026) was collected by Charles H. Stern-
 berg, from near McAllaster, in the Fort Pierre.

 Ancylocentrum overtoni (Williston), (type KUMVP, No. 950),
 from the Fort Pierre Cretaceous, Cheyenne River, Custer County,
 South Dakota, collected by T. R. Overton in 1894, has been erron-
 eously credited to Kansas by O. P. Hay.

 For an interesting and valuable comparison of the three genera
 of mosasaurs most common in the Kansas chalk, the reader is re-
 ferred to Williston's paper, "Restoration of the Kansas Mosasaurs",
 in the report of the University Geological Survey of Kansas, Vol.
 IV, pp. 209-216, 1898.

 ARCHOSAURIA

 Crocodiles, dinosaurs, pterosaurs, and related reptiles consti-
 tute the Subclass Archosauria, or "ruling reptiles". All are charac-
 terized by the presence of two temporal fossae; no teeth on the
 palate; no parietal foramen; no supratemporal, interparietal nor
 tabular bones in the skull. The vertebrae are variable. Character-

 istically bipedal, though some are secondarily quadrupedal, such as
 the crocodiles and ceratopsian dinosaurs.

 Of the archosaurs, the Order Crocodilia stands at the top of the
 living reptiles, and they occur in Asia, Africa, Australia, North and
 South America, and the West Indies. This order includes three
 distinct types: (1) the crocodiles in the stricter sense, with a trian-
 gular head, the jaws rounded in front and the powerful teeth irregu-
 lar in size; (2) the alligators and caimans, with broad and flat head,
 the sides of which are almost parallel; a pair of large teeth on the
 lower jaw fits into pits or sockets in the upper jaw when the mouth is
 closed. In the crocodiles such a tooth is received into a groove on
 the outside of the upper jaw, and is exposed when the mouth is
 closed. (3) The gavials, now confined exclusively to rivers of inter-
 ior India, in the torrid zone, are distinctly more aquatic than the
 crocodiles and alligators, and resemble the more ancient crocodiles
 in having the snout greatly elongated and very slender.

 The earliest known crocodilian is a little fellow about a foot or



 A Survey of the Fossil Vertebrates of Kansas 321

 so in length from the Triassic of Arizona, known as Protosuchus, of
 which a practically complete skeleton with much of its dermal armor
 is known. It is notably similar to the thecodont reptiles which were
 ancestral to the dinosaurs and birds as well as the crocodilians. Yet,
 despite its thecodont resemblances, Protosuchus is unmistakably a
 crocodile with a rather short but pointed head. Its hind limbs are
 much larger than the fore legs, and its body and tail were protected
 by large rectangular plates or scutes strongly suggestive of those in
 Dakotasuchus described below.

 The only fossil crocodilians known from Kansas, occur in the
 Cretaceous. With one exception they are represented by such frag-
 mentary remains that little can be said about them. One such speci-
 men was described-but not named-by Williston from the lower
 Cretaceous of Clark County. From the Benton, upper Cretaceous, of
 Kansas Cope described another crocodile, Hyposaurus vebbii, on the
 basis of a single anterior cervical vertebra, which is 37 mm. long;
 diameter anteriorly, 32 mm. vertically and 31 mm. horizontally. It
 is shorter and stouter than the corresponding vertebra of Hyposau-
 rus rogersii from the New Jersey Cretaceous. Cope's specimen was
 obtained in a bluish stratum encountered in digging a well in Brook-
 ville, Saline County, Kansas.

 By all odds the most complete specimen of a crocodile ever
 found in Kansas is one found sometime before 1910 by a geologist,
 Mr. A. Wheeler Jones, who presented it to Kansas Wesleyan Uni-
 versity. It was enclosed in a concretion of Dakota sandstone such as
 occurs in large numbers a few miles west of Salina, Saline County,
 where the specimen was undoubtedly collected, though the exact
 location is not now known. This is apparently a mesosuchian croco-
 dile and was described in 1941 by Professor M. G. Mehl of the
 University of Missouri, under the name of Dakotasuchus kingi. The
 present writer is indebted to Dr. Mehl for all the information he has
 in regard to this crocodile. Apparently the animal when first en-
 closed in the concretion may have been complete, but through weath-

 ering parts are now missing. As Dr. Mehl points out, one of its
 most striking features is the presence of a semi-rigid dorsal shield,
 comprising twenty pairs of rectangular plates covering completely
 the top and sides of the animal from the mid-length of the neck to
 the base of the tail. Perhaps the missing part of the tail was also
 covered with such plates, completing a striking resemblance to Proto-
 suchus, noted above. Measured along the convex surface, this shield,
 as preserved, is about 50 inches long and over 17 inches wide. While
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 the number of pairs of these plates corresponds to the number of
 vertebrae overlain by them, the vertebral spines and the plates were
 apparently not fused together. All the plates are more or less rec-
 tangular in shape with their lengths two or three times their widths,
 and the posterior margin of each overlaps slightly the anterior mar-
 gin-of the next succeeding plate. A more or less rigid armor of four
 or five rows of heavy, closely fitting polygonal plates, mostly hexa-
 gonal, almost completely covered the ventral surface of the body.
 Many of these plates are 1 cm. or more in thickness. There are pre-
 served 21 consecutive vertebrae extending from near the middle of
 the neck to and including the base of the tail. The two sacral verte-
 brae, as well as a modified lumbar, articulate with the pelvis through
 sacral ribs. A typical crocodilian character is the presence of a sys-
 tem of ventral ribs in the abdominal portion of the trunk. The
 shoulder girdle is represented only by natural molds from which Dr.
 Mehl secured nearly perfect plaster casts of the scapula ("shoulder-
 blade") and coracoid. The scapula is somewhat over 6 inches long
 parallel to its posterior margin, while the coracoid is 8 inches, or
 slightly more, along its greatest diagonal. An interclavicle is pres-
 ent in the form of a long, slender, spatulate element that is compara-
 tively thin. All parts of the pelvis are represented, with a very large
 acetabulum to receive the head of the femur, and the whole is
 typically crocodilian. Assuming the usual crocodilian proportions of
 the missing skull and tail parts, the specimen indicates a total length
 in life of between ten and twelve feet. It was a mature individual.

 The limbs are missing, but, "if as Williston suggested, the broad
 short scapula is indicative of stout, powerful legs, Dakotasuchus was
 probably more at home on the land than in the water. This is in
 keeping with the comparatively heavy flexo-rigid armor and may
 well account for the scarcity of remains of this type of crocodilian"
 (Mehl).

 The type material is preserved in the museum of Kansas Wes-
 leyan University at Salina, and was specifically named "kingi" in
 honor of Professor King, former dean of the college, through whose
 kindness Dr. Mehl was permitted to study the specimen.

 There is in the University of Kansas Museum of Vertebrate
 Paleontology at Lawrence a series of over 50 tracks of a large Cre-
 taceous crocodilian, discovered by Mr. C. T. Brandhorst of Sylvan
 Grove, Lincoln County, Kansas, at a site a few miles southwest of
 that town. Dr. C. W. Hibbard and the late W. S. Long collected
 over fifty of these tracks from an area about 7x10 feet in extent.
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 They are large sized impressions and may well have been made by
 an individual of Dakotasuchus kingi. No actual remains of the
 animal that made these tracks have been recovered.

 In the Jurassic the crocodilian line diverged into two, one of
 which is that of the mesosuchians which persisted from the Jurassic
 into the Cretaceous, producing along the way a great variety of forms
 adapted to varied environments. This is the line to which Dakota-
 suchus most likely belongs, though definite familial assignment
 must await the recovery of its skull since much of crocodillian clas-
 sification is based on skull characters. The second line led into the

 living crocodilians.

 DINOSAURS

 Dinosaur remains are exceedingly rare in Kansas, largely, no
 doubt, because deposits of Mesozoic age in this state are wholly
 marine in origin. Only five such finds are known to the present writ-
 er, all but one consisting of very fragmentary material. In 1872
 Marsh described the type of one from the Niobrara Cretaceous of
 the Smoky Hill River valley "in western Kansas" under the name
 of Hadrosaurus agilis, but which is now known as Claosaurus agilis.
 In 1902 Williston recorded a specimen from the Comanchean (low-
 er) Cretaceous of Clark County, collected several years previously by
 Dr. C. N. Gould, allied to Creosaurus or Allosaurus, but while doubt-
 less a new species, "the material preserved is too incomplete to
 furnish even generic characters", hence he did not name it. An-
 other dinosaur is represented by a single vertebra of a small aquatic
 type (KUMVP, No. 1398) from the Fort Pierre Cretaceous, near
 McAllaster, Logan County, collected many years ago by a University
 of Kansas Museum party and described but, again, not named by
 Williston. A fourth find consisting of six dermal plates and part of
 the skeleton, collected by the late Charles H. Sternberg, was de-
 scribed and figured by Dr. G. R. Wieland, under the name of Had-
 rosaurus sternbergii. The fifth and last find known to the present
 writer includes parts of the skull, vertebrae, ribs, chevrons, part
 of a scapula, much of the pelvis, an almost complete right hind leg
 and foot, and parts of the left hind leg, the humerus, ulna and
 radius of the right front leg, the distal ends of the left radius and
 ulna, two anterior metapodials, and about one hundred nearly com-
 plete dermal scutes, with fragments more or less complete of nearly
 two hundred other scutes.

 This specimen was collected by Mr. Virgil B. Cole from the
 Niobrara Cretaceous of Gove County, Kansas, about 11 miles south
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 and a little east of the town of Hackberry in the eastern part of
 that county. It was sent in 1930 to the University of Missouri, where
 the remains were studied and described in 1936 by Dr. M. G. Mehl.
 The specimen is of particular interest not only because it is far more
 complete than any previously known dinosaur in this state, but it
 belongs to a little known group of specialized ankylosaurids and af-
 fords evidence of a marine adaptation in this form that is of more
 than ordinary interest. Dr. Mehl, to whom the present writer is
 indebted for all his information on this specimen, described it as a
 new species under the name of Hierosaurus coleii. The type is listed
 as No. 650 V. P., University of Missouri, and represents a flat bodied
 ornithischian dinosaur with a total length, including a moderately
 long, slender tail, of about 15 feet. Though only a part of the skull
 was recovered, the indications are that it was highly arched both
 transversely and antero-posteriorly. Only one tooth, probably man-
 dibular, is complete enough to show details of the crown pattern.
 This is a spatulate element, nearly flat on the inner, and convex on
 the outer face of the crown, the cutting edge of which has a large
 median apical denticle and four slightly smaller accessory denticles
 on both its anterior and posterior edges. This tooth is very similar
 to one of Stegosaurus and had it been found disassociated from the
 skeleton it would probably have been ascribed to that genus.

 "That Hierosaurus coleii was strictly aquatic seems fairly cer-
 tain. The limb bones are hollow and of comparatively delicate
 structure. The armor, too, shows no tendency to fuse into a more
 or less solid carapace such as was useful to the smaller of its land
 dwelling relatives. The attitude of the limbs was not such as to per-
 mit efficient progress on the land. The hind foot at least was dis-
 tinctly paddle-like with movement between the lower leg and the
 metatarsals limited, but the toes were capable of remarkable back-
 ward flexing.

 "Hierosaurus coleii presents a peculiar combination of char-
 acters that confuse relationships. . . . It seems likely that it turned
 to an aquatic adaptation not long after the start toward diversity
 among the stegosaurid group. One culmination of this diversity was
 Stegosaurus and another a distinct trend toward the more or less
 perfectly armored Nodosauridae with such startling products as
 Palaeoscincus. Hierosaurus seems to have traveled a short dis-

 tance along the normal nodosaurid line of development and then
 turned toward aquatic adaptation. It combines in this way a more
 ancient foot structure, in some respects, and a more primitive den-
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 tition than most of the Nodosauridae. To the writer (Mehl) it
 seems most logical to place Hierosaurus in the family Nodosauridae
 and, regardless of its many differences, with the panoplosaurid
 group." (Mehl).

 PTEROSAURIA

 The most highly specialized of all the ruling reptiles were those
 that acquired wings and the power of flight. This occurred twice, in
 one case producing those reptiles commonly called "birds", and in
 the second instance resulting in the order of the Pterosauria. While
 not directly ancestral to the birds, these flying reptiles were derived
 from the same stem-stock, known as the Thecodontia, a Triassic
 group that also gave rise to the crocodiles and dinosaurs. The pter-
 osaurs were already well developed in the Jurassic where the earliest
 yet known occur and during this period attained their maximum in
 numbers and variety. Only a few persisted into the Cretaceous, when
 they were represented in Kansas by the largest species that ever
 arose in this order. The Jurassic pterosaurs were small-some no
 larger than the common house sparrow-well provided with teeth
 and in a few with a tail that was very long and carried a terminal
 expansion which served as a rudder in directing the course of flight.
 In all pterosaurs, the wing consists of a membrane (patagium) sup-
 ported mostly by the forearm and the greatly elongated fourth
 finger. The hind limbs in all are relatively so weak and frail, and so
 inserted into the pelvis, as to suggest that walking on them must have
 been very difficult, if not absolutely impossible.

 Two general tendencies are manifest in the history of the ptero-
 saurs: (1) a gradual reduction or loss of the teeth from in front
 backwards and their replacement by a horny beak like that in birds:
 and (2) an increase in size from the little Pterodactylus of the Jur-
 assic to the gigantic Pteranodon (Ornithostoma) of the upper Cre-
 taceous of Kansas, which reached an extreme of 28 feet from tip
 to tip of its outspread wings. The latter had also a long toothless
 beak, while the back of the head was prolonged into a flat plate,
 nearly as long as the beak. This seemingly served as a rudder to
 guide its flight. Several specimens of Pteranodon are in the museum
 of the University of Kansas. The more notable of which (KUMVP,
 No. 976 and 986) includes the skull as well as the wing bones. An
 even better skull is No. 2212.

 With the extinction of the pterosaurs in Kansas before the
 close of the upper Cretaceous, they disappeared completely from the
 earth, leaving dominance of the air to their distant cousins, the birds,
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 which were far better adapted to succeed in the struggle for exis-
 tence. Probably, like the dinosaurs that passed away at the same
 time, the pterosaurs had become too large for their bodily machinery
 to function properly.

 GLOSSARY

 adaptation: fitness in structure or function for a particular kind of environ-
 ment; the process of becoming so adjusted.

 alar process: a wing-like projection, or process.
 allantois: an embryonic sac growing out from the hind-gut of an embryo

 reptile, bird, or mammal, serving for respiration and storage of excretions.
 amnion (amniotic sac): a thin membraneous sac filled with watery fluid, that

 encloses the developing embryo in reptiles, birds, and mammals.
 angular: a bone forming the angle at the rear end of the lower jaw.
 aortic arch: a large artery arising from the ventral aorta and leading into

 the dorsal (or systemic) aorta.
 arboreal: living in trees.
 atlas: the first vertebra of the neck, which connects directly with the skull

 (from Greek mythology, where the giant Atlas supports the world on
 his shoulders).

 auricle: the receiving chamber, or chambers, of the heart, into which the large
 veins open to return the blood to that organ.

 auditory meatus: the external channel or canal leading to the middle ear,
 from which it is separated by the ear-drum.

 axis: the second neck vertebra, about which the atlas rotates to turn the skull.
 bipedal: two-footed; walking on the hind feet only.
 carapace: the hard armor covering the back of a turtle.
 carina: a keel or ridge for the attachment of muscles.
 carnivorous: feeding on the flesh of animals.
 caudal: pertaining to the tail, or posterior part of the body.
 centrum (pleural, centra): the body of a vertebra, which bears various pro-

 cesses.

 ceratopsian: a horned dinosaur.
 cervical: pertaining to the neck.
 chelonian: a turtle or tortoise.
 chevron: a V- or Y-shaped bone attached to the ventral side of caudal ver-

 tebrae.
 clavicle: a bone in the shoulder girdle; the "collar bone".
 condyle: an articular process on a bone taking part in a movable joint.
 co6ssified: joined together by the growth of bone tissue.
 coracoid: a prominent bone in the shoulder girdle of reptiles and many other

 vertebrates.
 cormorant: a swimming, diving fish-eating bird.
 cranium: the skull, especially that part enclosing the brain.
 crossopterygian: a primitive fish with lungs and lobed fins.
 crural: pertaining to the lower leg region, or shin.
 cryptodiran: a common type of turtle which can withdraw its head into its

 shell by means of a vertical S-shaped bend of the neck.
 cynodont: one of a primitive group of early reptiles that had its teeth differ-

 entiated into incisors, canines and cheek-teeth; "dog-toothed".
 dentary: the chief bone in the lower jaw, which bears teeth.
 dermal: in, of, or derived from the skin.
 dermsupraoccipital: in reptiles, a dermal plate of bone forming the expanded

 upper part of the occip:tal complex of bones, at the back of the skull.
 desiccation: the act or condition of drying out.
 diapophysis: a lateral process on a vertebra.
 emarginate: notched in the margin.
 embolomerous: having the vertebral centra divided into two cylindrical parts

 (intercentrum and pleurocentrum), one lying behind the other.
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 epicondylar foramen: an opening near the distal end of the upper-arm bone
 (humerus).

 epidermal: of or derived from the outer layer of skin (epidermis).
 epipodial: pertaining to the lower arm or lower leg (shin); said of bones

 such as the ulna and radius, or tibia and fibula.
 facet (articular): a smooth area to facilitate the movement of a bone at a

 joint.
 femoral: pertaining to, or located in the region of the thigh (see femur).
 femur: the lone bone in the upper leg extending from the hip to the knee.
 fibula: the smaller of the two bones of the lower leg or shin.
 foramen: an opening in or through a bone.
 fossa: a groove, or depression.
 genotype: the typical species of a genus.
 habitat: the natural or usual dwelling place of an individual or group of

 animals.

 hallux: the first, or big toe on the hind foot.
 humeral: pertaining to the humerus: located in the upper arm.
 humerus: the long bone in the upper arm extending from the shoulder joint

 to the elbow.
 insectivorous: feeding upon insects and related small animals.
 intercentrum: one of the separate elements in a reptilian vertebra (see embolo-

 merous, above).
 interclavicle: a bone in the anterior median part of the chest region (thorax)

 between the proximal ends of the two clavicles ("collar bones").
 interclavicular: lying between the proximal ends of the clavicles.
 interpterygoidal vacuity: a vacuity between a pair of pterygoid bones (see

 pterygoid).
 invertebrate: an animal without a backbone; backboneless.
 jugal: a bone occupying the central part of the arch of "cheek bones".
 lecithin: a rich compound constituting the chief part of egg yolk.
 malacophagous: feeding upon hard-shelled animals, such as clams or crabs.
 mandible: the lower jaw.
 mandibular ramus: one of the two bones constituting the lower jaw; generally

 distinct except in the higher mammals where the two are fused at the
 front of the jaw.

 maxilla: the bone in the upper jaw bearing the canine and cheek teeth.
 meatal pit: a pit in the quadrate bone of certain reptiles, leading to the middle

 ear.

 meatus: the external canal or channel leading in to the middle ear; closed in-
 ternally by the ear-drum.

 metamorphosis: extreme change of form; applied to the transformation of a
 tadpole into a frog, or caterpillar into a butterfly.

 mosasaur: one of the extinct marine lizards of the Mesozoic Era.
 nares: nostrils; internal or external openings of the air passages in the head

 of a vertebrate.
 neural canal: a passage-way through the vertebral column to enclose the

 spinal cord of the central nervous system.
 notochord: the elastic cellular axial rod in early embryos of all vertebrates;

 it is either surrounded or replaced by the vertebrae in the higher forms.
 occipital: a bone constituting a part of or the whole of the posterior part of

 the skull; a multiple element in reptiles.
 ossified: composed of bone.
 palatal: pertaining to or occupying the palate, or roof of the mouth.
 palatine: a bone forming a part of the palatal region of the skull.
 parasphenoid: a long, often dagger-shaped bone, lying in the median ventral

 axis of the skull of most amphibians and some reptiles.
 parasternal (ribs) : situated near the sternum or breast-bone; said of ribs

 that join the sternum.
 parietal: a bone (or pair of bones) forming the roof of the cranium, between

 the frontal and the occipital.
 parietal foramen: an opening in or between the parietal bones for the accom-

 modation of the third eye in many amphibians and reptiles.
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 patagium: the extensive membrane stretching between the fingers and the
 body to form the wing surface in pterodactyls and bats.

 pectoral: pertaining to the shoulder.
 pedal: pertaining to the foot.
 pelvis: the hip bones collectively.
 penguin: a flightless, fish-eating bird of the southern hemisphere.
 pentadactyle: five-fingered or five-toed.
 phalangeal: pertaining to the phalanges.
 phalanges: the series of small bones in the fingers and toes of vertebrates.
 plastron: the "breast-plate", or hard bony protective plate on the ventral side

 of the body of a turtle.
 pleurodiran: one of a group of turtles which cannot draw its head straight

 back, but lays its head and neck to one side between the margins of its
 shell for protection.

 pollex: the first finger, or thumb, of the hand or fore foot.
 postorbital: a bone in the skull lying just back of the orbit of the eye.
 precoracoid: a bone of the shoulder girdle of reptiles lying in front of the

 coracoid, on the ventral side of the pectoral region.
 premaxilla: the front bone of the upper jaw, which bears the incisor teeth.
 prevomer: one of a pair of bones (often bearing teeth) in the front part of

 the palatal region of the skull in reptiles.
 pterygoid: one of a pair of bones on the base of the skull just posterior to

 the palatines.
 quadrate: that bone in the skull of amphibians, reptiles and birds, with which

 the posterior end of the mandible articulates.
 quadrato-jugal: in many reptiles, a bone just back of and in series with the

 jugal, forming a part of the arch of "cheek-bones".
 radiation: branching out from a common center; diversification along various

 lines from a common ancestral stem.
 radius: one of the two bones in the fore-arm; sometimes, as in man, capable

 of rotation so as to turn the hand over.
 ramus (pleural, rami): a branch; one of the two halves of the lower jaw,

 which may or may not unite by coossification in front to form the man-
 dible.

 rostrum: the anterior part of the snout region; in some reptiles, a bone
 anterior to or over the premaxillae in this region.

 sacral: pertaining to the sacrum.
 sacrum: one to several vertebrae (In the latter case, often fused together),

 which articulates with the pelvis or hip-bones.
 saurian: a reptile (from the Greek, meaning "lizard").
 sclerotic plates: a ring of flat bones lying in the eye-ball which gives addi-

 tional strength.
 scute: a plate of dermal or epidermal orig'n on the body surface of a reptile.
 Sphenodon: a small, very peculiar, lizard-like reptile confined to New Zealand;

 noted for the possession of a third eye.
 spinous process: the dorsal median process of a vertebra.
 splenial: one of the bones in the lower jaw of reptiles.
 squamosal: a plate-like bone on the side of the skull; it forms a part of the

 "temporal" bone in man.
 squid: a molluse related to the octopus.
 stapedial pit: a pit which accommodates one end of the stapes, or stirrup

 bone, of the middle ear.
 stegocephalian: an extinct type of amphibian the head of which was roofed

 over solidly with bone ("roof-headed").
 subaquatic: partly living in the water.
 supraoccipital: the upper bony element at the back of the skull in many

 reptiles.
 suprastapedial process: a process of the quadrate bone in the mosasaurs lying

 over the stapes (or, "columella").
 supratemporal: a bone of the skull in reptiles lying above the squamosal.
 tabular: a bone occupying the postero-lateral corners of the skull in many

 reptiles.
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 tarsal: pertaining to the ankle (tarsus).
 temporal (region) :a bone, or region in the skull occupled by the squamosal

 in reptiles; by the temporal in man.
 terrestrial: living habitually on the ground, as a horse or man.
 tetradactyle: four-fingered, or four-toed.
 tetrapods: animals with four legs.
 tibia: one of the two bones in the lower leg or shin; generally the larger of

 the two, the other being the fibula.
 ulna: one of the two bones in the fore-arm or front leg of a tetrapod; gen-

 erally the larger of the two, but may be reduced, especially in mammals.
 vascular foramen: an opening through a bone for the passage of a blood-vessel.
 vascularized: provided with blood-vessels.
 ventral rib: a rib lying in the ventral wall of the body and articulating above

 with a "true", or parasternal, rib.
 ventricle: the lower chamber (or two such) in a vertebrate heart.
 vomer: a median bone in the anterior part of the facial region of the skull.
 zygapophyses: processes on the anterior and posterior faces of vertebrae

 which add strength to the intervertebral articulations.
 zygosphene: a peculiar type of articulating process, in addition to the zyga-

 pophyses, on the vertebrae of certain reptiles. It is often a triangular
 projection fitting into a corresponding depression in the next adjacent
 vertebra.
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