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 The present paper, the second of two reporting studies on the normal
 development of Scaphiopus bombifrons Cope, is concerned with the period
 from the beginning of gastrulation to the completion of metamorphosis.
 The later embryonic and earlier larval periods are divided into stages based
 upon external morphology and reaction capacities and upon the age at a
 given temperature (hours after fertilization at 23? to 25?C.). The time rec-
 ords are based upon observation of large numbers of living specimens for
 which the exact time of egg-laying was known.

 In 1934, tadpoles were kept until they had reached a length of about
 9 mm., at which time the last ones were killed and fixed. In 1935, and again
 in 1936 and in 1938, from 40 to 100 tadpoles were reared through meta-
 morphosis. They were kept either in culture dishes containing from 15 to
 20 specimens each, or in large cement tanks, and were fed filamentous green
 algae, raw beef liver, lettuce, the yolk of hard-boiled eggs, bits of lean
 chopped beef, and fragmented insects. Under these conditions and with this
 diet the laboratory specimens develop normally and metamorphose at
 practically the same age as those developing in the vicinity of Norman,
 Oklahoma, in their natural habitat.

 In each of three years, large series of fixed material were obtained for
 the study of every stage. Smith's fluid is superior to any of the other
 fixatives used for embryos from early formation of the neural structures to
 the time of hatching. Both Smith's and Bouin's fluids give good results on
 larvae from the time of hatching up to a length of about nine millimeters.
 For tadpoles from about the time the integument becomes transparent up
 to the time of metamorphosis, 10% formalin is the most satisfactory
 fixative of those used.

 OBSERVATIONS

 Stage 12 (seven hours.) Stage 12 begins, at seven hours after egg-laying,
 with the appearance of the dorsal lip of the blastopore, and extends up to
 the time when, three and one-half hours later, early neural structures first
 become visible externally. The blastopore lip appears, about 20? below the
 equator, in the form of a depression involving an area five to six cells in
 width, and about twice as long as wide. By the time elongation is notice-
 able the blastopore lip has assumed a crescentic shape (occasionally it is
 so at its first appearance). In any case, the lip at 12 to 15 minutes after its

 1 Contribution from the Zoological Laboratory of the University of Oklahoma. Summary
 of portion of Ph.D. thesis, 1939. The entire study was directed by Dr. A. Richards.
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 appearance is definitely crescentic. In some embryos in the dorsal lip stage
 there is an accumulation of brown pigment at the bottom of the blastoporic
 depression and on the cells of the dorsal lip. By the time the crescentic
 blastopore has become well established the occurrence of pigment in these
 regions is more common, and often there are pigment strands converging
 into the blastopore from some distance above it.

 As the blastopore lip continues to extend and approaches a semi-
 circular shape, the boundary between micromeres and transitional cells
 becomes more sharply marked. The blastoporic groove extends along this
 boundary line as a cleft which is at first shallow but which rapidly deepens.
 At 25 to 30 minutes after the appearance of the dorsal lip the blastopore
 has assumed a semicircular shape, and 15 minutes later it is established as
 a complete circle. One hour later, the yolk plug has a diameter only half
 that in the early circular blastopore stage. The blastopore remains circular
 until the diameter of the yolk plug has been reduced to about 15?, and then
 becomes ovoid. By this time, rotation of the gastrula has brought the
 blastopore into a posterior or slightly dorsal-posterior position.

 At about the middle of Stage 12 the outer jelly envelope surrounding
 the embryo begins to slough off, and comes to lie on one side of the inner
 jelly layer, where it remains attached in a cap-like manner.

 During the early phases of gastrulation the surface of the entire upper
 hemisphere has an irregularly rough and bumpy appearance, better marked
 in some embryos than in others. About the time the blastopore becomes
 complete there is formed, beginning usually on the dorsal side, a circle
 of sunken cells lying slightly above the equator and approximately opposite
 the yolk plug. As gastrulation continues, this circle of sunken cells moves
 toward a point opposite (or slightly ventral to the point opposite) the
 center of the yolk plug. Decrease in diameter of the circle during this move-
 ment results in its complete disappearance by the time the yolk plug has
 been reduced to a diameter of 16 to 20 degrees. Dissection of embryos and
 study of sections show that this circle marks the boundary of the roof of
 the blastocoele; thus it is analogous to the Scheidewandfurche of Crypto-
 branchus japonicus (Ishikawa, 1908, 1909) and to the septal furrow of C.
 allegheniensis (Smith, 1912). Correspondingly, the area enclosed by the
 circle of sunken cells is analogous to the Keimhohlensegment of Ishikawa
 and to the fenestra of Smith. Smith (1912) stated that he has found in the
 literature no other mention of similar structures except a description by
 Hatta (1907) of such a 'boundary groove' in the gastrula of Petromyzon.
 In Petromyzon, the groove is exaggerated to such an extent that in some
 cases it constricts the embryo into an hour-glass form. In Cryptobranchus
 allegheniensis, it takes the form of a definite furrow enclosing the fenestra,
 a clear and nearly transparent area which, in living embryos and in those
 fixed in Smith's fluid containing twice the usual amount of potassium bi-
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 chromate, is cut up into small polygonal areas each composed of several
 cells and separated by lines resembling cleavage furrows. In Scaphiopus,
 the septal furrow, although it takes the form of a circle of sunken cells
 rather than that of a sharply defined furrow, is well marked in both living
 and fixed embryos, and in the former its forward and upward movement
 marking the decreasing extent of the blastocoele is easily followed. The area
 analogous to the fenestra is not transparent, nor is its surface cut up into
 small polygonal areas by lines resembling cleavage furrows; in both living
 and fixed embryos, the area merely has an irregularly bumpy appearance.
 In each form in which it has been described the septal furrow is apparently
 passive in origin and a product of gastrulation. In both Cryptobranchus
 and Petromyzon, according to Smith, the egg contains considerable yolk,
 and the roof of the blastocoele is unusually thin; the occurrence of the
 septal furrow he regards as a remarkable case of convergence in purely em-
 bryonic characters. Since in Scaphiopus the roof of the blastocoele is not
 unusually thin, and since the septal furrow has not, to the writer's knowl-
 edge, been observed in any other anuran gastrula, it seems likely that its
 appearance may be due to the rapidity with which gastrulation takes
 place.

 Stage 13 (10? hours). Three and one-half hours after the appearance of
 the dorsal lip, and about the time the blastopore has become ovoid in
 shape, the position which the neural groove will occupy is indicated by a
 line of pigment extending forward from the blastopore. As the lateral lips
 of the blastopore approach each other this line becomes slightly sunken
 to form the neural groove, and the thickened margins of the medullary
 plate appear. One hour later, by the time the yolk plug is entirely with-
 drawn and the lateral lips of the blastopore are closely appressed, the
 neural groove has extended in length and the neural ridges are well marked
 in their antero-lateral and transverse portions. Sense plate and gill plate
 are indicated by slight thickenings. Posteriorly, the borders of the medul-
 lary plate are not yet elevated to form ridges. The neural groove is shallow
 and narrow, and is still marked by a line of pigment; anteriorly, it joins
 (or divides into) the two slightly sunken and deeply pigmented optic rudi-
 ments at the inner boundary of the transverse fold. No elongation has taken
 place and the embryo is still approximately spherical. The distance from
 the blastopore to the outer boundary of the transverse fold is a little less
 than 180?. During the later part of Stage 13 and the earlier part of Stage
 14 some of the embryos show faint and usually irregular transverse grooves
 in the neural plate and slight lobulations along the neural folds.

 During Stage 13 sloughing off of the outer jelly layer continues, although
 the layer remains as a cap-like mass adhering to one side of the inner jelly
 layer. The chorion has increased a little in diameter, and does not surround
 the embryo as closely as in earlier stages.
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 Stage 14-1 (12- hours). Stage 14-1 is reached two and one-fourth hours
 after the beginning of Stage 13. The embryo (Figs. 1 and 2) has elongated
 slightly in an antero-posterior direction. The neural folds have approached
 each other to a considerable extent, and their elevation has proceeded
 posteriorly to the level of the blastopore. The neural groove remains visible
 as a narrow pigmented line, slightly depressed, extending the full length
 of the neural plate from blastopore to anterior end. The transverse neural
 fold has extended posteriorly to a slight extent, overarching the neural
 plate and contributing to closure of the neural folds; in this process the
 optic rudiments are becoming covered. At the end of the next 25 minutes,
 the neural folds have come together and fused in the mid-region, but the
 tube is still open in the region of the head and in that portion extending a
 little distance anteriorly from the blastopore.

 Stage 14-2 (13? hours). Forty-five minutes after the beginning of Stage
 14-1, the neural folds have met throughout their entire length, and lie
 closely appressed, with the line of union marked by a deep median groove
 (Figs. 3 and 4). That portion of the neural tube just anterior to the procto-
 daeal pit is the last to close. The dorsal body line is in some embryos still
 almost straight, but in most cases it is slightly concave, head and tail being
 a little upraised above the mid-dorsal region. A vertical line has appeared
 indicating the position of the first branchial groove. In the mid-portion of
 the sense plate just ventral to the end of the line formed by union of the
 neural folds is a slight concavity; this will deepen to form the mouth de-
 pression, and in it at a later stage the stomodaeal invagination will appear.
 In most embryos both the upper and the lower portions of the blastopore
 remain open.

 Stage 14-3 (14 hours). Thirty minutes later, the line of fusion of the
 neural folds is marked only by a slight pigment line. The gill plate is more
 massive, and head and tail are upraised a little more (Figs. 5 and 6). The
 upper opening of the blastopore persists as a deep pit. At this time the chor-
 ion has increased somewhat in diameter, and is becoming less taut. A thin
 layer of the inner jelly envelope still adheres to it. In some embryos the
 outer envelope remains as a cap-like structure, while in others it has been
 lost.

 During Stage 14-1 movement of particles can be seen in the fluid sur-
 rounding the embryo, an indication that ciliation is becoming established.
 Rotation begins in some embryos in Stage 14-2, at about the time the head
 and tail become slightly upraised. In others it may occur slightly later, but
 in all cases it has begun before Stage 15 is reached. At about the time
 rotation begins the head comes to lie slightly higher than the rest of the
 body, and the embryo, although inclining slightly to one side, is supported
 mainly on the ventral surface of body and tail. Ciliary beat is evidently in
 such a direction as to move the head up and over. As a result of ciliary move-

 69



 MINNIE S. TROWBRIDGE

 12' 45"

 1 2

 13' 30'"

 3 4

 STAGE 14-3 (/
 14' 00"

 5 6

 STAGE 15-
 t5' 30"

 7 8

 C

 9

 STAGE 17
 20' 0o"

 STAGE 18
 23' 30"

 13

 28' 00"

 STAGE 16
 17' 00"

 10

 Qa--

 12

 14

 15 16

 EXPLANATION OF FIGURES

 Stages in the Late Embryonic and Early Larval Development of Scaphiopus bombrifons. Cam-
 era lucida drawings, X9.

 ment and the action of gravity, the embryo moves in a clockwise or counter-
 clockwise direction, with the head rising higher and higher, until at a certain
 point the embryo becomes overbalanced and falls slowly to one side, to-
 ward the outside of the circuit. The circuit is then repeated, with over-
 balancing occurring each time at about the same point. Embryos rotating
 in a clockwise direction fall toward the right side after upraising of the
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 head, while those rotating in a counterclockwise direction fall toward the
 left side.

 Stage 15 (15? hours.) About one and one-half hours after the beginning
 of Stage 14-3, embryos have reached the stage of development shown in
 Figures 7 and 8. The body has elongated, and the chorion has expanded;
 inside the latter the embryo is still straight, that is, length of body and
 diameter of chorion are about the same. The tail length is between one-
 fourth and one-third the total body length. Well-marked elevations indi-
 cate the position of the pronephros and its duct. The second branchial
 groove has formed and appears in external view as a vertical depression
 posterior to the first one. The outlines of the three primary brain vesicles
 are indicated. The auditory sacs or otocysts appear as crescent-shaped
 areas on the sides of the head, and lateral to and slightly above the mouth
 depression is a pair of invaginations marking the location of the olfactory
 organs. The head of the embryo, as viewed from the front, is about twice
 as long as wide, and the mouth depression, which has deepened and elon-
 gated dorso-ventrally, now extends over about half its length, reaching
 ventrally almost to the adhesive organ. The latter appears as a widely
 U-shaped depression more heavily pigmented than the surrounding ecto-
 derm. From the mid-dorsal region of the body to the tip of the tail the ecto-
 derm overlying the neural tube is drawn into a thin ridge, the first indica-
 tion of the formation of the dorsal fin or web of the tail. Elongation of the
 tail has increased the distance from its tip to the proctodaeal pit, giving to
 the latter, comparatively speaking, a more ventral position. The cap-like
 outer jelly envelope is still retained in the case of some embryos.

 Stage 16 (17 hours). One and one-half hours later, embryos appear as
 that shown in Figures 9 and 10. The tail is now about one-third the total
 length of the body, and the total body length slightly exceeds the diameter
 of the chorion. The ventral edge of the tail from just above the proctodaeal
 pit almost to the tip is becoming flattened laterally in an early stage of fin
 formation. From the crest of the head, as viewed from the front, there ex-
 tends downward a pigment area in wide wishbone-shaped formation; each
 of the two ends of this area joins one of the depressed olfactory placodes,
 which are also heavily pigmented. The eyes appear as swollen dark-colored
 areas lying slightly posterior to the olfactory placodes.

 Stage 17 (20 hours). Three hours later, elongation has taken place to
 such an extent that both head and tail are curved to one side or the other

 as the embryo lies in the chorion (Figs. 11 and 12). The tail is about one-
 half the total body length. The third branchial groove is faintly indicated
 posterior to the first two. The body is slender from side to side, and deep
 dorso-ventrally. The head is long and narrow, with the olfactory placodes
 deepening into pits, the mouth depression deeper, especially in its upper
 half, and the adhesive organ more ventrally located.
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 A certain amount of variation exists in the manner of rotation. Due no

 doubt to the change in body shape, embryos as a rule now lie on one side,
 with head and tail upcurved, and rotate usually in a clockwise direction in
 lying on the right and counterclockwise if on the left side. The head lies at
 at much higher level than the tail. Although at one point in the circuit of
 rotation the head rises higher than at other points, there is no pronounced
 overbalancing.

 At the beginning of Stage 17 the first spontaneous muscular movements
 appear in the form of a slight contraction in the dorso-lateral neck region.
 A little later the head may be moved to one side once to several times.
 Shortly afterward, the tail also is capable of these movements, and head
 and tail may be flexed at the same time, both in the direction of curvature
 of the embryo. Muscular movements are at first slow, but soon become
 more rapid. In this stage they have not been observed to be strong enough
 to reverse the direction of curvature of either head or tail.

 Stage 18 (23 ? hours). Stage 18 (Figs. 13 and 14), which is reached three
 and one-half hours after the beginning of Stage 17, is the one immediately
 preceding hatching. The tail, which is now a little more than half the total
 body length, no longer projects upward, but forms a straight line with the
 dorsal body surface. The nasal pits have deepened, and are heavily pig-
 mented. Both mid- and hind-gut have elongated. Bud-like structures on
 the surface of the first and second branchial (second and third visceral)
 arches form the first indication of outgrowth of the external gills. Muscular
 movements are stronger and more rapid, but become violent only in the
 later part of the stage.

 Stage 19 (28 hours). At 28 hours of age, embryos have reached the stage
 of development shown in Figures 15 and 16. In most cases hatching takes
 place at about this time although in some embryos it may occur in the
 later part of the preceding stage and in still others not until the later part
 of Stage 19.

 Embryos at the beginning of Stage 19 average about five millimeters
 in length. The third branchial arch as yet shows no indication of formation
 of gill filaments. The mouth depression has assumed an elongated diamond
 shape with the ventral part longer and narrower than the dorsal and the
 lateral portions representing the corners of the larval lips; at its greatest
 depth a translucent appearance indicates the thinness of the oral plate.
 Muscle segments are plainly indicated from the region above the pronephric
 body back through the proximal two-thirds of the tail. Heart beat is visible
 at this time and gill circulation becomes evident soon afterward as the
 gill filaments become more nearly transparent.

 Rotation continues as the time of hatching approaches, but becomes
 noticeably slower. Muscular movements become strong and violent; they
 consist mostly of flexure of head and tail toward each other in a sudden
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 contraction, during which the two may touch. Youngstrom (1938), in a
 study of the development of behavior and reaction capacities in Anura,
 found some animals holding for one-half minute or more a deep 'U' contrac-
 tion, comparable to the coil stage in Ambystoma. In Scaphiopus, this does
 not occur. At times, contraction of muscles on the side of the body opposite
 the direction of curvature may be strong enough to bring about a reversal
 of curvature. For some time before hatching muscular movements re-
 semble those made in swimming, except as they are limited by restraint
 from the chorion. Embryos freed from the chorion in the latter half of
 Stage 18 are capable of swimming for a short distance.

 As the time of hatching approaches the chorion, which now has a diam-
 eter two to two and one-half times that in the cleavage stages, becomes soft
 and thin and loses its tautness. As the embryo rotates slowly, the entire
 anterior surface of the head is in contact throughout the cycle of rotation
 with the chorion, which as a result is bulged out, the deepest part of the
 bulge being that caused by the crest of the head. The curved tail may also
 cause a bulge in the membrane, so that the latter assumes an elongated
 shape. Immediately before hatching rotation becomes very slow, and in
 some embryos may almost stop. As a rule emergence takes place in the
 following way. The membrane where it is stretched tightly across the crest
 of the head apparently gives way so that a small hole is formed. The head
 then begins to emerge, and the rest of the body, propelled by ciliary action,
 follows slowly and gradually. In one-half minute or less the curved tail
 suddenly emerges and the embryo falls to the bottom of the culture dish.
 In nearly every case the adhesive organ becomes attached to the chorion
 during emergence. The hole left in the chorion is as large as or larger than
 the body of the embryo, and its edges are clean-cut, as if torn. I have not
 been able to observe the first formation of the opening, since the membrane
 where it is stretched over the surface of the head is practically invisible in
 surface view. It seems likely that gradual pressure coupled with a process
 of dissolution of the membrane makes the first small hole, which is enlarged
 mechanically by tearing as the head and body pass through. Muscular
 movements do not as a rule take place during emergence of this type.

 In some cases violent threshing or butting movements of the embryo
 make the first break in the membrane; when this happens the chorion im-
 mediately wrinkles and collapses. If the break occurs near the head, the
 latter soon begins to emerge. Other embryos have been observed to break
 the membrane by movements of the tail; the tear may be quite large, and
 eventually movements (either ciliary or muscular) of the embryo bring
 about its escape. One embryo before hatching had its adhesive organ
 attached by a strand of gelatinous material to the inner surface of the chori-
 on, and was rotating around the point of attachment; finally, in threshing
 about, it broke the membrane with its tail.
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 Newly hatched larvae fail to straighten out at once, but for a short time
 remain lying on one side with head and tail upcurved. In this position and
 when not attached to the chorion, they move slowly along the bottom of
 the culture dish by means of ciliary action. Immediately after hatching
 they are capable of swimming for short distances. Larvae that become
 attached to the chorion during emergence also make vigorous swimming
 movements, and within an hour or two most of them have freed themselves
 (c.f. Savage, 1937). In the latter half of Stage 19, larvae are able to swim
 to the surface of the water in a finger bowl or culture dish; as they do so,
 they spiral either to the left or to the right.

 Softening of the capsule and initiation of hatching are believed by a
 number of authors to be due to secretion from the frontal gland. A secre-
 tion of this type has been shown by Bles (1906) in Xenopus and by Jaensch
 (1921) in two species of Rana to initiate the hatching process. Fahrenholz
 (1925) figures the secreting cells as forming a distinct organ in Alytes.
 Noble (1926) has described similar cells in Alytes obstetricans and in several
 other forms, among them Scaphiopus holbrookii. In Alytes he found the cells
 most numerous in a band between the eyes and in an A-shaped cluster on
 the snout. In Scaphiopus holbrookii, the swollen and apparently secreting
 cells are found not only in the frontal gland region but also between this
 band and the adhesive organ. Bragg (1940b) found that, although several
 factors seem to be involved in the hatching of anuran embryos, and that
 differences in details of the process in the different species are due to the
 relative importance or unimportance of these factors, the primary causal
 factor involved seems to be a secretion (or two secretions) which soften
 the jelly and chorion. Since the frontal gland has been found in Scaphiopus
 holbrookii, it seems likely that it is present also in S. bombifrons, and that
 its secretion is responsible for the marked softening of the chorion which
 precedes hatching.

 Stage 20 (30? hours). Two and one-half hours after hatching, presuming
 this occurs at the beginning of the preceding stage, most larvae are from
 5 to 5.5 mm. in length. They still lie most of the time on the side. Although
 they swim for a short distance with the ventral surface down, they are
 unable to orient themselves while at rest. External gills are well developed
 on the first three branchial arches. The mouth depression has widened
 laterally and shortened dorso-ventrally, and its outlines approach toward
 the shape of the larval lips. The oral plate has not yet been perforated.
 Occasionally one finds an embryo at this stage still unhatched.

 Stage 21 (33 hours). At five hours after hatching, larvae vary in length
 from 5.5 to 6.5 mm. The swimming ability is better developed, but larvae
 are still unable to orient themselves while at rest. The eyes are plainly evi-
 dent in surface view, and at the beginning of the stage dark pigment is
 present on the dorsal part of the body. During the middle and later parts
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 of Stage 21 many of the larvae attach themselves to objects by means of the
 adhesive organ, which reaches its greatest development during this stage.
 The lips are assuming the characteristic tadpole shape, and around the
 mouth small protuberances indicate the beginning of papilla formation.
 Mouth and anus have not yet opened. The opercular or gular fold is just
 beginning to form.

 Stage 22 (43 hours). Stage 22 is reached 15 hours after hatching. Length
 has increased but little, most larvae measuring about 6.5 mm. Pigmenta-
 tion is better marked. The gular fold has formed across the entire ventral
 surface as well as above and in front of the external gills. Both mouth and
 anal openings are present, and the larval lips are well formed. The gut
 shows one transverse fold. The adhesive organ has begun to retrogress, and
 is no longer used for attachment. Larvae can now orient themselves on
 the ventral surface while at rest, showing only a slight tendency to fall to
 one side or the other. The lateral body width is almost as great as the
 dorso-ventral depth.

 Stage 23 (52 hours). At 24 hours after hatching, larvae vary from 6.5
 to 7.5 mm. in total length. The opercular fold has extended further pos-
 teriorly. Pigmentation is now well developed on the dorsal surface of the
 body. Larval jaws show at this time the beginning of cornification. The
 papillae around the mouth are larger than in the preceding stage, and the
 fold on which they are located protrudes. The hind limb bud is evident as a
 small rounded protuberance.

 Stage 24 (58 hours). Stage 24 is reached about 30 hours after hatching.
 The opercular fold has covered the gills on the right side, but not those on
 the left. The row of papillae surrounding the mouth is completely formed,
 but teeth have not yet appeared. The integument is beginning to become
 transparent, and jaw muscles can be seen through the ventral body wall.
 Cornification of the jaws is heavier than in the preceding stage, and both
 animal and vegetable material are taken as food.

 Stage 25 (64 hours). At the beginning of Stage 25, body shape is practi-
 cally the same as in the preceding stage, but there has been some increase
 in size; in a representative specimen, the body, tail, and total lengths are,
 respectively, 3 , 5?, and 84 mm. The gular fold has by this time completed
 its growth, and the spiracle is present as a latero-ventral opening. Teeth
 have not yet appeared. Pigmentation is a little more dense than in the
 preceding stage. The integument is now quite transparent, and, through
 the ventral body wall, jaw muscles, heart, gut, etc., are plainly visible.

 Later Larval Development and Metamorphosis. From Stage 25 to the on-
 set of metamorphosis, satisfactory criteria are lacking for division of the
 developmental period into stages. Moreover, those variations in rate of
 development which have been noted in earlier stages become
 even more marked during this period. The measurements given in Table 1
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 are those of single specimens considered as representative of their respective
 age groups.

 By the twentieth day, tadpoles have as a rule attained their maximum
 size. Body length at this time varies from 20 to 23 mm., tail length from
 30 to 39 mm., and total length from 50 to 62 mm. Body and tail lengths
 are not necessarily closely correlated. In some cases the maximum total
 length is not reached until four to five days later, as the tail may continue
 to lengthen slightly up to that time.

 At the fourteenth day, chromatophores have appeared on the hind leg,
 a slight constriction indicates the position of the joint between metatarsals

 TABLE 1. Growth in Length of Tadpoles of Scaphiopus bombifrons from the
 Fourth to the Twentieth Day

 Length (mm.)
 Age (Days)

 Body Tail Total

 4 4.5 6.5 11

 6 6 9 15

 8 7.5 10 17.5
 10 8 12 20

 14 14.5 19 33.5

 17 18 26 44
 20 22 30 52

 and tibia and fibula, and the distal portion of the leg is broadened and
 flattened. At the seventeenth day, the rudiments of all five digits are visible,
 and a second joint is indicated proximal to the first one. By the twenty-
 second day, the digits of the foot are longer, and the limb as a whole is
 much larger and better developed; the metatarsal tubercle has formed,
 but shows no indication of cornification. On the twenty-third day, the
 tubercle is partially cornified on its free edge, and by the twenty-fifth day
 it is completely cornified.
 Teeth first appear on the sixth day. By the twenty-second day the
 mouth is widening from side to side, and the tadpoles feed less voraciously
 than in earlier stages. The horny larval jaws are lost between the twenty-
 fifth and the twenty-eighth day; tadpoles have been observed to feed up
 until the time when both mandibles have completely disappeared.
 Formation of eyelids is indicated at the twenty-second day by the
 presence of small ridges of integument. By the twenty-third day, the eyes
 are surrounded by definite folds. Two days later, eyelids are well formed
 and the eyes are definitely protuberant. By the twenty-third day, the ridges
 which in earlier stages surround the nostril have flattened down. By this
 time, also, the integument has become slightly rugose over the entire dorsal
 surface of the body.
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 At about the twenty-eighth day, one or both of the fore limbs emerges,
 the left usually appearing first and the right at any time up to one day
 later. At this time, the horny larval jaws or mandibles have been lost, the
 skin is definitely rugose and is assuming color markings similar to those of
 the adult, and resorption of the tail fin has begun. The tongue is present,
 the mouth wide, and the muzzle has the shape characteristic of that of the
 adult. All five digits of the hind foot show the beginning of cornification
 at the tips. As soon as both front legs have emerged the young toads spend
 part of their time out of the water, and may partially bury themselves in
 sand.

 During the day on which the arms emerge, the length of the tail is re-
 duced 8 to 11 mm. On the three following days, the reductions in length are,
 respectively, 5 to 7 mm., 3 to 5 mm., and 1 to 2 mm.

 By the thirty-second day, metamorphosis is practically completed. Of
 the tail there remains only a whitish stub from one to three millimeters in
 length. Color markings on the dorsal surface of body and legs are similar
 to those of the adult. The burrowing instinct is fully developed, and the
 young toads bury themselves in sand or in soft soil. Small arthropods are
 taken as food (Trowbridge and Trowbridge, 1937). At the end of the next
 four or five days, the tail stub has completely disappeared.

 Since the exact age of spadefoot embryos and larvae developing in na-
 ture is not usually known, and since temperature and amount and type of
 food available vary widely under field conditions, it is difficult to compare
 the rate of development and time of metamorphosis of laboratory-reared
 tadpoles and of those developing in their natural habitat. In one instance,
 it is believed that embryos developing in a buffalo wallow hatched a few
 hours earlier than did those in the laboratory. In the spring of 1938, a few
 three-weeks old tadpoles were brought into the laboratory and metamor-
 phosed there about three days earlier than did those remaining in the
 pool. This speeding-up of metamorphosis may have been due to the liver
 included in the diet; Gudernatsch (1914) found by feeding mammalian
 glands to four species of amphibian larvae that, next to the thyroid group,
 liver-fed tadpoles showed the most rapid progress in differentiation. In
 general, however, rate of growth and time of transformation correspond
 fairly closely in laboratory-reared tadpoles and in those developing in
 nature both in Central Oklahoma and (Gilmore, 1924) in the vicinity of
 Colorado Springs, Colorado.

 DISCUSSION

 Food Habits of Spadefoot Tadpoles. Gilmore (1924) noted that the struc-
 tures about the mouth of the spadefoot tadpole (Scaphiopus hammondii
 bombifrons) are well adapted for a diet of living animals, and pointed out
 that the unusual development of mouth muscles operating the feeding ap-
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 paratus may be an adaptation associated with a carnivorous diet. He found
 that the change from a long to a short intestine seems to take place before
 the beginning of transformation, and that some specimens seem never to
 have had a long intestine. He was unable to determine the food habits of
 the smaller tadpoles, but believed them to be strictly carnivorous; the larger
 larvae he found to feed upon shrimps, insect larvae, and smaller tadpoles.
 Cope (1889) recorded larvae (Spea hammondii bombifrons) from a lake in
 Idaho eating grasshoppers. Little and Keller (1937) reported that tadpoles
 of Scaphiopus hammondii kept in the laboratory ate algae, lettuce and
 other vegetable matter, insects, and small crustaceans; cannibalistic
 tendencies were observed in the laboratory as well as in larvae developing
 in nature. Linsdale (1938) at one time saw many dead tadpoles (S. ham-
 mondii) scattered on the bottom of a pool, and live ones feeding on them.
 One tadpole was seen feeding at the surface film. Wood (1935) in Uintah
 County, Utah, found in a small pond used for watering cattle numerous
 large spadefoot tadpoles (S. hammondii), with hind limbs just developed,
 which "seemed to be feeding upon vegetable matter either contained in
 the cattle dung or growing upon it."

 Tadpoles of S. bombifrons reared in the laboratory take both vegetable
 and animal food as soon as the mouth parts are well enough developed to
 permit feeding (c.f. Trowbridge and Trowbridge, 1937). Although fila-
 mentous green algae and raw beef liver are the preferred foods, lettuce, lean
 chopped beef, the yolk of hard-boiled eggs, and fragmented insects are also
 taken. Cannibalistic tendencies become evident mainly when insufficient
 food has been provided. In one case, larvae which had not yet been fed at 33
 hours after hatching attacked one another; a number of the smaller speci-
 mens had the tails almost completely eaten off, but were still living when
 found. Trowbridge and Trowbridge (1937) presented indirect evidence that
 the larger tadpoles kill and feed upon smaller specimens of their own species,
 as well as smaller Bufo larvae. More recently, the writer has on one occa-
 sion and Bragg (1940a) on several occasions seen a Scaphiopus larva attack
 and kill a smaller tadpole of Bufo cognatus.

 It has previously been noted (Trowbridge and Trowbridge, 1937) that
 tadpoles fed mainly on a raw beef or liver diet do not develop normally
 (see also Klatt, 1927, and Noble, 1931). As Noble pointed out, a one-sided
 diet should be avoided under laboratory conditions where healthy animals
 are required.

 Scaphiopus tadpoles developing in certain types of pools in the vicinity
 of Norman have been found to eat quantities of plant food. In one large
 buffalo wallow in which the water was clear and floating masses of green
 algae were present, many large tadpoles were observed feeding on the algal
 masses. These tadpoles when dissected were found to have the stomach
 and intestine crammed with algae; in all cases the intestine was long and
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 much coiled. Tadpoles taken from another large pool of clear water also
 were found to have been feeding extensively on algal material. On the
 other hand, spadefoot tadpoles developing in the type of pond described
 by Gilmore (1924) must of necessity live almost entirely on animal food.
 The same is doubtless true of those which in the vicinity of Norman de-
 velop in muddy pools and roadside ditches. It seems likely that under these
 conditions their food is to a considerable extent made up of tadpoles of
 their own as well as of other species; Bragg (1940a) believes tadpoles of
 S. bombifrons in one instance to be chiefly responsible for the complete
 disappearance of Bufo larvae from a pool.

 Literature on the Development of Scaphiopus. Several observations are
 available on the hatching period of Scaphiopus holbrookii. Nichols (1852)
 observed that five days after he found the spawn it had become tadpoles.
 Abbott (1884) stated: "During this interval (June 26-28) these animals
 spawned, the eggs being attached to blades of grass and slender twigs. The
 eggs hatched on the 2nd of July. . ." According to Sherwood (1898) the
 hatching period is "about a week." Overton (1915) recorded, on August
 4 and 5, 1915, "a great congress-enormous numbers of eggs of the spade-
 foot and Fowler's toads were readily identified in the pools. On the 7th,
 the eggs were hatched." In Florida, Wright (1931) noted more rapid de-
 velopment: "On August 18, 1928, we have the field note that two lots 'are
 hatched early morning of August 18. In fact, some in pond were almost
 hatched August 17 at noon or 14 days after laying. Certainly 1?-2 days
 after egg deposition these have hatched. Water must have been 75? or 80?
 when rain came and more when the sun came out'." Driver (1936) found
 that the eggs hatched in two days at a water temperature between 50? and
 60?F.

 For S. couchii, King (1932) recorded that near Tucson, Arizona, hatch-
 ing takes place in one or two days; "The little tadpoles grow rapidly and are
 sufficiently developed in a week to make their way into the mud at the
 bottom of the puddle and all have vanished by two weeks." Strecker
 (1908), for the same species at Waco, Texas, noted that the eggs hatch in
 eight to ten days, the limbs begin to appear on the twentieth to the twenty-
 third day, and on the twenty-seventh to the thirtieth day the young toads
 leave the water with their tails still in evidence. Strecker also reported that
 at Santa Maria hatching takes place at not more than five days, and that
 at seventeen days the tadpoles have attained a total length of 18- to 43
 mm.

 As concerns S. hammondii, Storer (1925) wrote the following notes.
 "The embryonic developmental period is found to be short. The larval

 period is probably also short if we may judge by analogy from the known
 facts in the case of the other two widely distributed species of Scaphiopus
 in the United States. The newly transformed young spadefoot has at once
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 the burrowing reflex of the species, which it must, in the case of prairie
 ponds lacking a border of aquatic vegetation as temporary shelter, put to
 immediate use to protect itself from desiccation."

 For S. hammondii in New Mexico, Little and Keller (1937) reported
 that 36 to 48 hours elapse between laying and the tadpole stage.

 The most extensive account previously given of the development of
 any spadefoot is the following one by Gilmore (1924) for S. hammondii
 bombifrons.

 "The incubation period as observed in the field seems to be less than
 48 hours. This is probably due to the very warm condition of the water.
 In 1924, long continued cloudy weather retarded the hatching.

 "The newly hatched tadpole is a trifle less than one-fourth of an inch
 in length. Within less than five days it has doubled in size. Within another
 five days it has attained a length of one inch. The legs then begin to develop.
 Fifteen days later it has reached its maximum size.... At about the
 thirtieth day after egg-laying, arms begin to appear, and the process of
 transformation begins to be evident in all parts of the animal. The complete
 absorption of the tail and the completion of remodeling of all structures into
 adult form is accomplished by the fortieth day.

 "In 1921, specimens were found to be completely transformed after
 thirty-six to forty days. In 1923, the shortest observed period was thirty-
 nine days ..."

 Taxonomic Status of Scaphiopus bombifrons Cope. The taxonomic status
 of S. bombifrons has long been uncertain. Some authors (Stejneger and
 Barbour, 1923, Slevin, 1928, Ortenburger and Freeman, 1930, and Wright
 and Wright, 1933) have considered hammondii and bombifrons as synony-
 mous or as but minor variations of a single species, while others (Burnett,
 1926, Taylor, 1929, and Gilmore, 1924) have treated the two as separate
 subspecies of hammondii. On the other hand, more recent investigators
 (Smith, 1934, Tanner, 1939, and Bragg, 1941) agree in considering the two
 as distinct species.

 As concerns the spadefoot which occurs in the vicinity of Norman, it
 has been pointed out (Trowbridge and Trowbridge, 1937) that, although
 all of the adults collected have been typical S. bombifrons, all of the ad-
 poles reared in the laboratory as well as all of those collected from natural
 pools agree, except for the presence of the median conical horny tooth in
 the roof of the mouth, with Wright's (1929) description of the tadpoles of
 S. hammondii. Tadpoles collected near Colorado Springs and sent to the
 writer by R. J. Gilmore are of two distinct types, one group corresponding
 with the description by E. H. Taylor (See Smith, 1934) for S. bombifrons
 and the other, except for the presence of the median tooth,2 with Wright's

 2 In these tadpoles as well as in those collected near Norman or reared in the laboratory,
 the degree of cornification of the protuberance forming the base of the median tooth is some-
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 description for S. hammondii, as well as with the specimens collected near
 Norman or reared in the laboratory. Bragg (1941), on the basis of studies
 made in Oklahoma and at Las Vegas, New Mexico, has concluded that S.
 hammondii and S. bombifrons are distinct species, that of the two only S.
 bombifrons occurs in the vicinity of Norman, and that (as is suggested by
 the situation described in the present paper) the tadpoles of both species
 were, in their descriptions, ascribed to the wrong parents. In view of these
 findings, it seems that S. bombifrons, to which the form occurring near
 Norman was previously referred (Trowbridge and Trowbridge, 1937) is
 the correct name and that it should be retained.

 Appreciation is expressed to Dr. A. Richards for helpful suggestions and
 constructive criticisms throughout the course of the work; to Mr. Albert
 H. Trowbridge and Dr. Arthur N. Bragg for help in the collection of ma-
 terial; and to Mr. Larry M. Watkins and Mr. G. Hortin Jensen for help
 with the line drawings and the lettering.

 SUMMARY

 The present paper, the second of two reporting studies on the normal
 development of Scaphiopus bombifrons Cope, is concerned with the period
 from the beginning of gastrulation to the completion of metamorphosis.
 The later embryonic and earlier larval periods are divided into stages based
 upon external morphology and reaction capacities and upon the age at a
 given temperature (hours after fertilization at 23? to 25?C.). Both living
 and fixed material were used in the studies; the time records are based upon
 observation of living embryos and larvae for which the exact time of egg-
 laying was known.

 Development in the later embryonic and larval periods, as well as in the
 cleavage stages (Trowbridge, 1941) is exceedingly rapid. Gastrulation be-
 gins at seven hours after egg-laying. Three and one-half hours later, early
 neural structures become visible externally. At the end of the next three
 hours, the neural folds have met and fused throughout their entire length.
 Hatching takes place at the age of 28 hours. At 58 hours, the larvae are
 beginning to feed. The maximum body size is reached at about the twentieth
 day. About eight days later the fore limbs emerge, and by the thirty-second
 day metamorphosis is practically completed. Rate of growth and time of
 metamorphosis have been found to correspond fairly closely in laboratory-
 reared specimens and in those developing in nature in the vicinity of
 Norman.

 what variable. In a few specimens the tooth exists only as a non-cornified protuberance, in most
 it is heavily cornified, and in the remainder its expression varies between these two extremes.
 Tadpoles developing in their natural habitat tend to have the cornification of the median tooth,
 as well as that of the lips, better developed than have the laboratory-reared specimens.
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 During gastrulation the roof of the blastocoele is bounded superficially
 by a circle of sunken cells which is analogous to the septal furrow of Crypto-
 branchus and the boundary groove of Petromyzon. Apparently Scaphiopus
 is, in the occurrence of this phenomenon, unique among the Anura.

 Rotation of the embryo begins at around 14 hours, and the first spon-
 taneous muscular movements appear at about 20 hours. The factors in-
 volved in hatching are (1) softening of the chorion, presumably by secre-
 tions from a frontal glandular area, (2) ciliary action, and (3), in some
 cases, muscular movements. Embryos become motile several hours before
 hatching occurs.
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