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INTRODUCTION

At the beginning of the last half-century, the field of deserip-
tive embryology had been rather extensively covered, and the development
of representztives of most snimal groups had been describved, Since that
time, investigators, realizing that descriptive embryology alons is in-
adequate to provide an understand ng of many of the processes of develop-
ment, have for the most part turned toward experimentzl work, with the
result that descriptive phases of study have received but little atten-
tion, and the embryology of a number of animals remeins completely un-
known, Since one cen hope for an understanding of developmental pro-
cesses only when knowledge of the morphological features of development ’\
provides sn adequate foundation for experimental work, there still exists .
e need for work in deseriptive embryologzy.

In spite of the umusuel amount of interest attaching to toads of
the gemus Scaphiopus, the embryology of these forms has never been
studied. The present work has ag its sim 2 deseription of the normsl

development of Secaphiopus bombifrons Cope; it has been based mainly on

consideration of externzl structure, although doubtful points have in
meny cases been investigated by reference to serisl seetions., ZEvery
phase of embryonic and larval development has been repeatedly followed
in living specimens, and the study has been supplsmsnted by considera-
tion of an sbundance of preserved material, It has been convenient for

purposes of description to divide the developmentel process into & number

1
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2
of gtages based upon external morphology snd the age at a given temper-
ature (hours after fertilization at 23° to 25°G.). Each stege is con-
sidered as lasting until the beglnning of the suceeeding one, and des-
eription is based primarily upon the state of development which initiates

a stage. A complete time record based upon study of living material

1s presented in connection with the dsscription of steges.
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IATERTALS AXD !TLTHODS

l'aterial for study was obteined during the spring season of
each year from 1954 to 1938, inclusive. Adults (most often clasping
peirs) were taken from their breeding congresses before eggs had
been laid. In the laboratory pairx were isolated end put into cul-
ture dishes conteining tap water to a depth of asbout two inches. The
dishes were pertielly covered to prevent escape of the toads, and
were placed in a dark room. Under these conditions amplexation takes

plece and egg laging, which begins after one or two hours, will con-
timme oven when the toads ere taken into a lighted room. Eggs were
removed as soon as possible to finger bowls, Syracuse watch glasses,
or culture dishes labeled with the time of leying end with a number
assigned to the pair of adults producing thom. In some cases the
time of laying was known only within ome hcur, but in those eggs
chosen for time observations it was lmown exactly. Lggs and embryos
wore observed under e binocular &issecting mioroscope and, by meand
ol notes, desoriptions, and sketches, observations on development
were recorded as completely as possible and for ag meny embryos as
could successfully be studied., In a large number of embryos the
exect time of appearance of the various sets of cleavage furrows
was noted, and similar records were made for the appearance of all
structures and reections up to the time of hetching. Alterward,

lervae were observed at intervals, end the rete of growth checked

3
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4
as fully s possible up to the time of metamorphosis. Time records have
been based upon study of living material. Zven with temperature regulated
variatione exist which m:ke it juite difficult to yreparec a reliable re-
cord of the ages et vhich various structures appear; this is especially
true in case of the stages after hatching, since tadpoles of the same
age and living in the same enviromment vary greatly in size at any one
time, some being mich larger and some much smaller thzn the sverage. The
time record (thet is, the ages ai which each stage begins and ends) has
been complled after a careful study of all data gathered during the five
years.,

In 1934 tadpoles were kept until they hed attained e length of
about S mm,, at which time the last ones were fixed. In 1935 and 1936,
a number of tadpoles completed metamorphosis, and in the latter year a-
bout 40 young toads viere kept until the end of September (Trowbridge and
Trowbridge, 1937). In 1937, a small series of earlier stages was pre-
served by A, H. Trowbridge and turned over to the author for study. In
1938 tadpoles were again reared through metamorphosis.

Tadpeles were kept after hatehing and up to the time of transe
formation in large culture dishes, each containing from 15 to Z0 spcei-
mens. They were in all yeurs except 1935 fed filamentous grsen algas,
lettuce, the yolk of hard-boliled eggs, raw beef liver, bits of lean
chopped beef, ecnd fragmenied insects. In 1935 several hundred specl-
mons were allowed to develop in large cement tanks, and were fed mainly
on & liver diet. Under these conditions development wa:s not normal. A%
about the beginning of the third week the body became swollen and tur-

gid, in the hind leg a lurge amount of fluid collected beneath the inte-
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5
gument, ard In scme specimens the tail became bent end distorted. lost

tadpoles died before completing metemorphosis, None of tihese abnormal-
itles developed when the more veried diet was given in other years.

i Klatt (1927) observed that specizl diets may lead to malformstions of

.  the tail or tody in salamanders, and Noble (1931) has stated that "over-
: feedinngith liver frecuently leads to distended bodies and bent tail in
botih lervee and adult salamanders.” As the latter pointed out, u one-
sided diet should te avoided under laborztory conditions vhere healthy
animals are required.

During the Tirst years the developing embryos and tadpoles were
kept at a temperature rarging usuelly from 23 to 25 degrees Centlgrade,
but occasionally varying between 230 and 27° ¢. In 1938 the temperature
wes as nearly as possible maintained et between 230 and 250 C, and the
time schedules glven are the ones observed to hold at that temperature.

In 1934 a series of embryos and tadpoles up to a length of 9 mm.
was preserved, and in 1937 only a few (up to about Stage 8) were fixed,
but in the other three yeurs complete seriss from unclesved egg up to
fully transformed young toads were preserved. . number of fixatives
were used, and sbundant material for the study of every stage was ob-
tained., In each of three years e complete series was fixed and preser-
ved in 10% formelin. DBouints fluid was used for a series from blastula
to metamorphosing tadpoles; some of the larger tadpoles were cut open
to permit better penetration. Goldsmith's fluid (Goldsmith, 1929) was
used for a conmplete series. Another series was fixed in Smith's fluid,
either according to the formula of B. G. Suith (1912, page 91) or to

that of Galigher {1934, page 49). No attempt was made to remove egg
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membranes or jelly before fixation, since the presence of these was found
not to hinder penstration to any great extent. Goldsmith's fluid dis-
gsolves the jelly layers, leaving only the chorion surrounding the egg
or embryo. For removel of the envelopes before embedding,the specimens
were exposed for & short time to the action ¢f a one or {wo per cent
solution of sodium hypoecnlorite,which should be zgitated to hasten re-
noval of the jelly, It is mnecessary to rerove the embryos and wash them
thorouzhly in water as soon 2s the jelly is removed, bub wille the chor-
ion is still intact. Care in observing tils precaution precludes any
possibility of injury through dissolutlcen or disintegrstion of the sur-
face of the embryo.

Material intended for study of external festures was stored in
704 ethyl alcohol or in 5% formalin, depending upon the method of fixa-
tion, IlMaterial intended for sectioning vias imbedded a2s soon as possible
(in no cese more than four wecks) after fixation. Tertiery butyl alco-
hol was used as the dehydrating and clearing agent for a number of em-
bryvos and larvee, but in the mejority of cases ethyl eleohol, anilin
oil, end toluol were used, in the autnor's modification of the methed
of Hamlett (1930) for yolky material. For embryos up to sbout the time

of hatching, the steps from 70} elcchol ere as follows:

2/3 70% alcohol plus 1/3 anilin 1 hour
1/% 95% alcohol plus 2/3 anilin 1 hour
Pure anilin (charge once) 30 min.
2/3 apilin plus 1/3 toluol 1 hour
1/3 anilin plus 2/3 toluol 1 hour
Pure toluol (change several times) 1 hour
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444 shavings of paraffir. (53 to 55 M., P.), greduzlly increasing to

saturation, over & period of from 6 tc 12 hcurs. Keep at a tenperzture
of 3700,,.adding more paraffin i1f necessary, for several more hours.
Flece in the paraffin oven at 2 temperature of 5600., and add melted
pareffin at intervels of an hour or less until objeet is in pure para-
ffin., Change paraffin at least twice, Imbed after the embryo has been

in pure paraffin sbout two hou-s,

daterial prepared by either of the above uethods and stored in
tightly sealed jers in vhich a molst atmosphere is maintsined yields
excellent peraffin sections. Sections mey be cut as thinas 6 or 7
miera, zlthoush most of those pmepared were cut at either 8 or 10 miera.,
If slides are coated before staining and again before the finsl clear-
ing with 2 1% solution of celloidin there is no difficulty due to buck-
ling or loss of seetions,

Zubryos may be suceessfully oriented under a dissecting micro-
scope at the time of embedding. Such points of reference as the various
cleavage furrows and the gray corsscent cun &3 a rule be distinguished
witaout difficulty.

spterial fixed in Swith's fluid may be embedded by the anilin
method and sectioned successfully even after remsining three or four
yvesrs in formalin, although staining is not satisfactory. iven those
enbryos fixed and stored for several yeurs in formalin can be sectioned
by this method, but during staining secetions tend to fall off the slides
before coating with celloidin can be accomplished, This was attempted
only in those cases in which it was desired to seetion embrpos showing

points of especial interest.
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8
Smith's fluld and 104 formelin have been found the most satis-

factory fixatives for study of the externzl festures of cleavage. Form-
alin preserves the embryo in a form most closely approaching that of the
living one in that the furrows remain deep and definite and the blast-
omeres slightly rounded, color is faithfully preserved, and the gray
crescent is well marked. It has the fault, however, especially in the
early cleavage steges, of occasionally producing a slight dent or de-
pression near the animal pole or in the region of the gray crescent.
It also causes slight swelling, and after several years may bring about
destruction of pigment. tith fixation in Smith's fluid, the surfaces of
the blastomeres are more flattened, the furrows not quite as definite,
end the gray c¢rescent less well marked, although form and size of the
embryo are well preserved. For later blastulae (Stuoges 10 and 11) Smith's
fluid gives better fixation for external study than does formalin, since
the cell outlines are a little plainer, pigment is better preserved, and
there is no tendency toward collepsing. Imbryos and larvee flxed in
Goldsmith's fluid are so brittle that they can hardly be handled with-
out bresking, and cleavage furrows are not as well outlined nor pigment
as well preserved as after fixation in eilther formaslin or Smith's fluid.
Smith's fluid is superior to any of the others used for external
study of embryos from early formation of the neural structures to the
time of hutching. Bouin's fluld gives good results on larvae from the
time of hatching up to & length of about nine millimeters. Used for em-
bryos before hatching, it contracts the chorion close to the body, flat-
tens the early neural ridges, and sometimes causes a precipitation of

flocculent material inside the chorion and on the surface of the embryo.
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Early neural folds are not well shown after fixation in either Gold-

smith's fluid or forralin. The latter may csuse a dent in the dorsal
part of the body, and, in later stages up to the time of hatching, brings
about a slight amount of swelling., Smith's and Bouin's fluids give bet-
ter preservation of pigment in embryos from the time of appecrunce of
neural structures up to the time of hatching than do either formalin or
Goldsmith's fluid. Tadpoles from the time the integument becomes truns-
perent up to the time of metamorphosis can be fixed in formelin, which
preserves the body shape julte well,

Material fixed in Smith's, Goldsmith's, or Bouin's fluid sections
well when prepared by either the tertiary butyl aleohol or the anilin
oll method. Both Smith's and Goldsmith's fluids have been found to give
satisfactory fixation for nuclear study. In most cases, however, the
former has been used, as its results are much better for study of ex-
ternal aspects.

Although soms eggs and embryos were stained in toto with Galighers
alum-hematoxylin, with picro-carmine, or with Grenacher's alcoholic bo-
rax-carmine, the majority were stained on the slide with Heidenhsin's
{ron-hematoxylin or with Galigher's alum-hematoxylin, both without
counterstain, Iron-hematoxylin gives a sharp nuclear stain, btut the
yolk granules stain so deeply that they may, especially in the thicker
sections, interfere with observation of nuclei. Galigher's alum-hema-
toxylin stainé the nuclei sharply, the yolk granules lightly, and marks
out cell outiinea plainly.

It is estimated that during the course of the study at leasi

30,000 eggs, embryos, and larvae have been procured.
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All sketches have been drawn fram prese-ved materizl with the aid

of & camera lucida.
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STATUS OF SCAFHICFUS BOIBIFRONS COPE

As has been pointed out in & previous paper (Trowbridge ard
Trowbridge, 1937) the specific name bombifrons is used with some doubt.
The status of bombifrons has long been in dispute. Some authorities
(Ste jneger and Barbour, 1923, Slevin, 1928, and Ortenburger and Free=
mag, 1930) consider bombifrons e synonym of ha mondii. Others (Burnett,
1924, Taylor, 1929, and Gilmore, 1924) tresct bombifrons and he.mondii
as separate subspecies ¢f the species hanmondii. Still others (es Smith,
1934) consider the two as distinet species. Our zdulis have been iden-
tified by Hobart ii. Smith as bombifrons, but he agrecs with us that the
tadpoles are not typical of that spacies, The latter correspond with
the description by iright (1929) of S. bsmmondii Baird, save that the
medlan conical horany tooth in the roof of the mouth is present. all
tadpoles reared in the laboratory have been of the same type.

It has been indicated in the section on Food Hebits of Tadpoles
that differences in habitat and availadle food may cause slight differ-
ences among tadpoles of the seme form as regards body shape and size,
and degres of development of jaw muscles and cornified mouth parts.
Labvoratory-reared tadpoles havs been compered with tudpoles apparently
of the samé form taken from their naturel bebitet in pools near Norman,
as well as with specimens taken nser Colorado Springs and sent to us
by R, J. Gilmore. The lotier are of {wo types 80 distinct as to be

11
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12
separated at first sight and without the aid of a microscope; further

study shows thet one group corresponds with the description given by
£. H. Taylor (see Smith, 1934) for S. bombifrons, and the other, save
for the presence of the median tooth in the roof of the mouth, with
Wright's (1929) deseription of S, hammondii., It is concluded that en-
vironmental factors do mot bring about structursl differences great
enough to confuse the identity of the fomm.

Since our adults heve been identified es S. bombifrons Cope, and
gince that name hes been used in the preliminery publication, it is re-
tained in the present paper. To which species or subspecies the form
may evertually be assipned must await a more thorough study of the en-
tire gems thah has yot been made, and one which will take into considera-

tion both larval and e2dult characters.
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LIFE HISTORY
Notes from the lLiterature

Appearznce and Havits:

Since the tims of their discovery by Holbrook in 1842, spadefoot
toads of the genus Scaphiopus have, on account of their peculiar habits
and appearance as well as their rapidity of development, aroused more
interest among naturalists than have most other amphibla, Hargitt (1£88)

referring to Scachiopus holbrookii, wrote, "altogether, they are cer-

tainly the mogt peculiar and erratic of any of the order; and, under
the peculiar difficulties in the way of continuous study, it will be
long ere its life-history can be said to be thoroughly known." The ac-
curacy of this prediction is shown by the fact that even today, despite
the intorest attaching to spadefoot toads, their life history is but
incomwpletely known, and only scattered notes heve been written concern-
ing their development.

As to general appearance, Holbrook (1842) deseribed S. holbrookii
as follows: "This is a strange animal-~ an odd mixture of toad and frog,
having the teeth of one, and the rudimental posttympanal glands of the
other; it approaches, however, nearest the toad in its forms and hav¥its
eess The skin is very delicate, and though warty or granulated after

exposure, when first taken from its hold the Scaphiopus presents the

13
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14
etiolated appearance of a real subterranean animel ." Among the Anura

of Oklahoma, spedefcot toads are distinguished from all others by the
vertical pupil of the eye and the convex anterior interorbital region.
S. bombifrons differs from tomds of the genus Bufo in the absence of a
distinct parotid gland. The "spade™, a large cornified inner metatar-
sal tubercle with a frees cutting edge, is a further characteristic and
the one which gives the group its pame. Complete descriptions of Scap-

hiopus bombifrons Cope have been given by Cope in 1889 (as Spee hemmond-

;i_bombitf;ns Cope) . wnd more recently by Smith {193%).

Much of the mystery attached by esrlier authors to the life of
spadefoot toads lay in their belief that, while the animnls emerged
to breed during the time of heavy rains in the spring or summer, the
remainder of the yemr they spent in thelr subterranean burrows. Smith
(1934) has pointed out that this belief is probably due to the fact
that during the time of breeding the toads can be locsted in congress
by their calls, and it is largely under such conditions that they have
been collected. Even so, "if the cbserver does not happen to be on

hend at the right time and in the right place, the animals will escape

observation entirely." (Storer, 1925). .fter breeding, the toads ap-
parently secatter widely, and since they do not sing when they emerge
for food, they ore seldom found.

Even now i1t is not definitely known how freguently, aside from
their appearance at the time of breeding, spadefoot toads come out of
their burrows. Most observers have seen them only at night. Smith
(1934) has observed adults of S. bombifrons at night in the sand dunes

near Medora, Kansas, hopping about in considerable numbers in light
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showers. ILittle and Keller (1937) took two specimens of Se hamuondii

on bare adobe loam scil on the Jornada Zxperimental Range in Hew liex-
ico one afternoon, but concluded that they were probably driven out of
their burrows by the heat of a kerosene burner being used to eradicate
poisoncus plents. According to iiood (1935) adults of S, ha:mondii are
relatively cormon after sundown in the cottonwood belt along Green River
about fifteen miles southwest of Ourey, Utah. Aipparcntly young or ime
muature toads are taken more often on dry nights than are adults, Kell-
ogg (1932) found the young toads (S. hemmondii) coming out et night in
the summer months independent of rains (along the Powder River near
Powderville in Montana), Stone (1932) reported, for S. holbrookii in
the New Jersey pine barrens, that on two successive nights he and
others "ITound the open pine woods fairly well populated with the toads
and @ number of specimens were obtz=ined all of which seemed to be aboud
half grown (body length 1,50 inches)ty Allen (1932) found S, holbrookii
coming forth every night, the tewmperature permitting, during the latter
half of Maireh and the first part of April, 1932, in the bottom lands
of the Tchoutacaboueifa River mear bBiloxi, Mississippi; nonc of the
speeimens which were seen. or teken exceeded 25 or 30 millimeters in

" length, excepting one, a full grown individual observed on & night
attended by a light precipitation and on which ilmmature specimens were
noted to be more abundant. Linsdele (1938), in the Toyabe Mounteins
erea in central Nevads, found emergence of breeding cdulis of 5, ham=
pondii Baird independent of rainfall, and extensive foreging of young
ones in daylight hours. In August, 1932, he saw hundreds of recently

transformed toads active early in the morning, amd leter retiring into
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shallow excavatlons, sometimes covered with earth. In 1933, from mid-
kiey to mid-June, he found & large proportion of the 1932 brood had sur-
vived, and were foraging on the surface in daylight hours, being seen
most cften in early morning or late afternoon. By 8:00 a.m. most of
those in sight were burrowing, but & few were seen at mid-day on clear
hot deys. "Evidently they take advantage of the opportunity, whatever
time of yeer it comss, to feed. The long periods vhen the toads are
underground must result from necessity induced by unfavorsble conditions
and not from any particular choice for living in burrows."

Noble (1931) has pointed out that structure of skin often re-
stricts range of specles, since thin and delicate skins, as those possess
ed by spadefoots, are more subject to desiccation than are thicker and
more heavily cornified ones., However, the correlation betweon skin
structures and euviromment is not always close. "lizny SalicntiGe...
burrow to avoid desiccution, The Spade-foot Toads are equipped with
large metatarsal tubercles which sre doubtless of great assistance in
this operation."” Storer (1925) has pointed out that the digging equipe
ment wwitih which toads of the genus Bufc are varlously provided is de-
veloped to an extreme degree in the spadefoots, which are thus wnabled
to dig for themselves suitable indivilual sh:lters in whicu to spend the
daytime when the amount of atmospheric moisture is dangerously low. Gold
smith (1926} found that digging reactions are induced in 3. hammondii by
' evaporation, and that this species is sensitive to a humidilty change of
| 10 per cent at a temperature of 27° ¢,

Scaphiopus bombifrons usuelly chooses sand or soft ground for its

burrow. In burrowing, both newly-transformed and adult toads dig from
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the reer by means of the "spades", shuffling the hind limbs in quiek

movements., Adults are able to conceal themselves in 2 minu‘e or less;
young toads usuelly regulre from three to five minutes for the process.
In adults, the end of the muzzle and the frontal convexity are in some
cases covered with a black cornified layer, which is possibly of use
to the animnl in keeping the burrow open to the surfece, or in packing
the ground forming the walls of the burrow, This charecter is not con-~
stent, the horny materisl varying in amount z2nd position; it may be
found only on the tip of the snmout, or on top of the head from snout

to interorbital boss,

Breeding Places:

At the time of breeding spadefoots may getacr by the thousands
in their congresses. Dickerson (1913) wrote as follows of S, bombi-
frons: T"In its range it is very abundant, and so when it does appear,
every ditch and pool of water iay show representatives." Ortenburger
(1924) reported for 3. couchii and S. bombifrons, 13 miles north of
Tucson, Arizona, "In the series of roadside mmd puddles where the ob-
servations were made there were well over 1500 individuals by actual
calculation”,.

Apparently only temporary pools are chosen as breeding places.
Gilmore (1924) has stated that in the low rolling hills east of Colo-
rado 3prings, at the time of heavy rsins of eerly summer, the sangy
soil is saturated, und temporary pools are formed in the valleys; teo
these pools the toads migrete in incredible numbers, "The spadefoot

chooses temporary ponds in which to rear its young. In no cases have
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egzs or tadpoles been observed in permanent lakes, althouzh such lakes

are available. The ponds are roadside mud-holes and low areas in fields
renging from a few inches to a few feet in depth., The water is muddy
and warm.” Goldsmith (1926) agrees with these observations; during
the breeding season he transferred to a small permanent pool £ifty ad-
ults which failed to reappear, and which he concluded were probably
destroyed by the abundance of snekes in the pool. Little and Keller
(1937) observed hundreds of individusls and clasping pairs of S, ham-
mondii at ertifieial ponds and temporary pools after summer rains.
Hoore (1937) found S, bombifrons abundant in a roadside pool and in
terrace ditches at Stillweter, Oklahoms. Driver (1936) observed S,
holbrookii breeding in temporary rain pends in bottom-lands of the
Connecticut River near Northampton, lass., where they preferred the
pert of the pond over a recently plowed corn field to that over grass;

the eggs were dreped around submerged corn stalks,
Role of the Voice:

Concerning the role of the voice, Storer (1925) recorded the
following observetions: "Seapalopus, in combination with its digzing
equipment, has other characteristics which would seem of decided bene=-
£4it to an amphibian living cwid arid surroundings. The voice of the
male at spawning time is very loud, egualing or exceeding thot of Hyla

regilla and many times stronger then that of Bufo b, halophilus, Upon

the advent of rain in amount sufficient to form pools we may expect
thet the first male Scaphiopus to enter 2 rain pool would begin calling;

this would serve to attract females and other msles so that a breeding
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colony wuld be established guiekly. Rain pools do not necesserily al-

ways form in the same place in successive years. If, 885 we have reae
con to suppose, the adults are more or less scattered when in their bur-
rovs, the strong voice of the first male entering = pond suitable as a
breeding environment would serve to concentrate the local population
there,” Ortenburger (1924) stnted: "How the first ones find the pud-
dle; wme not determined, but after a few cclls of the first comers nume
bers cculd be seen coming directly towerds the sound of the ealis,
There can be little doubt that they were guided by the oalling of others
in the water.," Goldsmith (1926) has also indicated thet voice mey play
a pert in guiding toads to the pools.

The song of the male has been variously deseribed. Orternburger
(1924) deseribed that of S. harmondii (which he considers synonymous
with S. bombifrons) as "sounding mmch like a loud purr of & ecat but at
the same time having the metellic mechanicel sound of grinding gearsi
I% is given by the male while the animal is in the water, each time he
kicks his hind legs. The song leste but 1-2 seconds."” Gilmore (1924)
observed: "ifter arriving at the ponds the mele spadefoot indulges in
very vigorous nuptial song, whbch continues without interruption until
the meting hes been completed. The effect has been described as 'weird,
plaintive eries', 'hoarge and woeful', The individual song somewhat re-

sembles thet of Rans palustris.” Kellogg (1932) stated, for spadefoots

token in Yontana: "The eall of this toad is guite weird and unusual,
and may be likened to the squawk of some znimal when severely injured,
or a resonent ye-ow. Once heard this distinctive eall is not likely to

be forgotten.,”
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Time of Breeding:

It is quite generally agreed that the time of breeding is de-
pendent upon the rains of late spring or early summer. Some observers
have found only one breeding congress each year, and others more than
one. According to Smith (1934), Dr. E. H. Taylor has observed S. bombi-
frons to breed in Morton County, Kansas, as early as June 8, and as
late as August 8: “Specimens were teken....after very heavy rainfulls.
Large numbers congregated at breeding places. Three such groups were
Tound in a radius of two miles and more than fifty specimens were taken
on each of the two dates."” ©Smith continuwed: "It is probable that they
breed at any time coincident with the first heavy showers after the
middle of spring, even though it be so late as the last of summer. -It
has never heen proved that they lay more than once & year,” Gilmore
(192¢) hes stated that near Colorado Springs, Colorado, the time of
breeding is depesndent on heavy rains of early summer. Goldsmith (1926)
wrote of S. hammondii (probably the same form which Gilmore calls S,
hammondii bombifrons) +that, on the dry plains to the east of Colorado
Springs, after May 1, the breeding perlod of the individuals in the var-
lous areas depends entirely upon a local rainfall sufficient to f£1ll the
tenporary pools: "Rains insufficient to £ill the pools will often bring
out a portion of the toad population, which will breed and return to bur-
rows in the soil., 4 later rain will agein bring out a portion of the
individuals inhaditing the territory and these will go through thelir
breeding activities. This successional breeding has been observed to

occur two and three times in one season in single pools. A heavy rain
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in May or June results in a general breeding period which completes

this activity for the season," ILittle and Keller (1937) found in Hew
Mexico mating of large numbers of S. hammondii after the three import-
ant summer rains on Mey 23, July 24 and August 26, 1934. In the spring
of 1936 Moore (1937) observed three breeding congresses of 5. bombifrons
at Stillwater, QOklahoma. These were on iApril 28, May 8 and lMay 22,

with the main one on May 8., In the same spring only one congress, that
of May 8, occurred at Norman (Trowbridge and Trowbridge, 1937). 4As Moore
pointed out, the difference is apparently due to differences in climatol-
ogical data for the two regions. Driver (1936) reported for S. holbrookil
near Northampton, Mass., one appearance in 1833 and three, with eggs

laid at each, in 1934, Brandt (1936), in the case of S. holbrookii hole

brookii (Harlan) in eastern North Carolina, found a congress occurring
on Karch 20, 1933, after four days of warm heavy rains; similar con=-

ditions early in Mey of the same ysar failed to bring about another

congress.
On September 6, at Continental, in Santa Cruz Valley, Arizona,

Campbell (1933) found males of S, hammondii, Bufo cognatus, gnd B. wood-

housii ealling in temporary pools in a large open prairie, while the fe-~
males of each species were out in the grass, accompanied by numerous sub-
adults, apparently feeding. He concluded that probably the breeding sea-
son was over and the ovaries spent, but the mnles showed no diminution

of ardor.

Mating, Egg-laying, Retreat from Congress, eic.:

Mating begins soon after the spadefoots have entered the water.
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Amplexation is normzlly inguinal. Wright (1932), speaking of S. hol-

brookil, remsrked: "If heavy rainy weather is on they like other spec-
les of spudefoots will breed by day, even start first in the daytime
but darkness is the preferred period for spadefoots in general (S. hole
brookii, S. couchij.S. homnondii)." Gilmore (1924) has stated: "The
process of mating and egg laying ocouples from twenty-four to forty-
eight hours., If rains continue the adults may remain in the water for
several days; but more commonly they leave the pond inmediately after
the eggs have been laid."™ Ortenburger (1924) observed that the toads
loft the ponds during the dey and cume back after dark, none arriving
until after it was quite dark. Goldemith (1926) noted that "breeding
activities at a particular pool last two or three days and then end as
suddenly as they began, the lerge contingent of the population leaving
during & single night." Storer (1925) wrote of California spadefoots.
(S. hammondii),"once concentrated, spawning is evidently accomplished
with speed as indicated by the large number of eggs in similar stages
of development found in the pends near Santa Maria following the first
heavy laté spring rains.” Little and Keller (1937) saw in New Mexico
pairs of S. hammondii Baird both dey and night for several days after
prolonged reins,

According to Gilmore (1924), "The egg masses vary in size.
Lerge masses contuin 200 to 250 eggs, smaller ones 10 to 50, The mass
is attached to submerged vegetation, or to any objeet protruding from
the bottom. The mass is elliptical in shape."

Goldsmith (1926) has observed the retreat of S. hammondii from

their breeding congresses., '“When breeding asctivities are over, the
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adults move off up the drainage lines to the warm dry soil of the hills,
digeging shallow burrows for protection during the day. The distances

coversd per night by the advance of this migration vary from 60 to 150

meters."

Notes on Development:

Although it has been recognized for some time that spadefoots de-
velop with unusual repidity, no author has deseribed the process in any
detail, Shortness of the developmental period is a character of marked
benefit to an amphibian living in an arid envirommsnt. 4s Ruthven (1907)
pointed out, "The transient nature of the water bodies on the plains
nekes 1t necessary that the lmmature stages of the amphiblans of this
hebitat be brief." Even so, temporery pools often dry up before the
tadpoles heve had time to develop through metemorphosis. On August 1,
Rutiiven found six individuals (three males and three females) of S.
couchii Baird breeding in a small pool on the flood-plain of the Santa
Cruz River (mesquite association) near Tucson, Arizopa. "The pool was
small and shallow, owing its origin to a few showers that had occurred
previous to this date, one the night before. Five days later the pool
had becoms entirely dry end hundreds of tadpoles were dying in the mud.”
Driver (1936) near Northampton, Mass., found temporary rain ponds dry-
ing up and tadpoles (S. holbrookii) dying on the thirty-first day. At
Stillwater, Oklzhoma, Moore (1937) observed a remarkable resistance of
the tadpoles of S. bombifrons to drying. Zggs wers laid May 8. On
June 3, no water was left in the pool, and on June 4 twenty-five per

cent of the tadpoles were dead. "There was so little moisture that &
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farmer had driven a wagon through the place, and his tires made a de-
pression less than 1 inch in depth.™ In the late afternoon and even-~
ing of June 4 & rain of 1.62 inches fell, snd the next day the tadpoles
were s0 numerous that thelr losses seemed insignificant. "How long
they could withstand such unfavorable conditions is uncertain, tut they
were exposed to the direct sunlight of 13 days and abcut 75% survived."
# number of observations are available on the hatching period
of S. holbrookii. Nichols (1852) observed that five deys after he
found the spawn it had become tadpoles. Lbbott (1884) stated: "During
this interval (June 26-28) these enimals spawned, the eggs being attach-
ed to blades of grass and Blender twigs. The eggs hatched on the 2nd of
.Tul&...." According to Sherwood (1898) the hatching period is "about a
week", Overton (1915) recorded, on siugust 4 and 5, 1915, "a great con-
gress~-~ enormous numbers of eggs of the spadefoot and Fowler's toads
were readily identified in the pools. Cn the 7th, the eggs were hatched.
In Florids, Wright (1932) noted more rapid devclopment. "On August 18,
1928, we have the field note that two lots ‘are hatched early morning
of August 18, 1In fact, some in pond were almost hatched August 17 ab
noon or 1. days after laying. Certainly 1i-2 days after egg deposition
these have hatched. Water must have been 750 or 80° vhen rain ceme and
more when the sun came out.'" Driver (1934) found that the eggs hatched

o 0
in two days at a water temperature between 50 and 60 T Tadpoles
kept in tanks and fed on earthworms and scraps of meat developed hind

legs at the thirty-fifth to the thirty-eighth day, and the front legs
emorged and the young toads left the tanks at forty-eight to sixty-three

days. Tadpoles in natural ponds died when the water dried up on the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



2b
thirty-first dey. He believes the "reputed"” rapidity of development

may occur only with high mid-summer temperatures.

For S. couchii Baird, King (1932) has recorded that neer Tuocson,
Arizona, hatching takes place in one or two days: "The little tadpoles
grow rapidly and are sufficiently developed in a weex to meske thelr way
into the mud at the bottom of the puddle and all have vanished by two
weeks," Stecker (1908), for tho same species at waco, Texas, noted
that the eggs hatch in elght to ten days, the limbs begin to appecr on
the twentisth 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
ovidence. Strecker also reported that at Sante Maria hetching takes
place at not more than flve days, and that at seventeen days the tad=
poles have attained a total length of eighteen and onse-half to forty-
three millimeters.

A8 concerns S, banmondii, Storer (1925) has written the follow-
ing notes: “The embryonic developmenial period is found to be short.
The larval period is probably also short if we may judge by analogy
from the known fact in the case of the other two widely distributed
species of Scaphiopus in the United States. The newly trensformed
young spadefoot has at once the burrowing reflex of the species, which
it must, in the case of prairie ponds lacking 2 border of aquatic vege-
tation as temporary shelter, put to immediate use to proteet itself
from desiceation." For S, hammondii in New ilexico, Little and Keller
(1937) reported that thirty-six to forty-eight hours elapse between
laying and the tadpole stage.

The most extensive account of the development of any spadefoot

2,059 G

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



26
is the following one given by Gilmore (1924) for 8. hammondii bombi-

frons Cope:

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 contimed cloudy weather retarded
the hatohing.

The newly hatched tadpole is a trifle less than one~fourth of an
ineh in length. Within less than five days i{ has doubled in
size, Vithin 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. Two and one-half inches is the
maximim length of the ma jority of adults in any tadpole compmne
ity. A amsll minority attains three to three and three-guerters
inches in length. At about the thirtieth day after egs-laying,
arms begin to appear, and the process of transformation begins
to be evident in all parts of the animel. The complete absorp-
tion of the tail and the completion of remodeling of all struc-
tures 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....

4t no time during the season of growth are all tadpoles of even
epproximately the seme size., From ten to twenty per cent of
specimens known to have hatched at the same time are consider-
ebly larger than the avemage. OSome may be two to three times
the size of the average. These larger forms are frequently
found with smeller ones half eaten.

to

cod of Tadpoles:

Gilmore (1924) recorded the following observations on the food of
S. hammondii bombifrons,

The spadefoot chooses temporary ponds in which to rear its young.
In no cases have eggs or tadpoles been observed in permanent
laskes, although such lakes are available. The ponds are road-
side mud~holes and low areas in fields ranging from a few inches
to a few feet in depth. The water is muddy and warm. The vege-
tetion consists of such microscopic plants as have passed the
winter in a resting condition in the dried mud at the bottom.

A few plants of Harsilea, some of the coarser grasses, sedges
and rushes may be present. To the casual observer the ponds
seem unusuzlly barren., The animal life is rich and varied.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



27

Protozoa are present in abundsnce. Rotifers are cormon, Var-~
ious of the smaller worms are abundant. The larvae of aquatic
beetles, bugs and dipteras ere present in small numbers. 'The
dominant fauna consists of crustacesns, Of the phyllopods
several species of shrimp are numerous (Streptocephalus, Thom-
nocephalus, Apus, Estheria). Of the Cladocera, Dephnia and
other genera are represented, These attain to unusual size

and ebundance. Of the Copepods, Cyclops, Diaptomus, and other
genere are abundent,

In this environment, poor in larger plants, rich in animal
life, the spadefoot tadpole develops. This may account for
the development of the carnivorocus habit.

The structures about the mouth of the spade-foot tadpole are
2dmirably adapted for a diet of living animzls. The horny
jaws are constructed for seizing and holding prey. They are
capable of being opened to accommodate large prey. On the roof

1 of the mouth is a medlan hcrny recurved tooth, This is not

! found in herbivorous tadpoles. The 1lipS....are flet and thin
and probably assist in the capture and holding of prey. food
1s not swallowed whole as in the adult toad, but is held in
the jaws and sucked or torn to bits.

The feeding apparatus i3 operated by an unusual development
of mouth muscles, an adaptation probably assoclated with a
carnivorous diet.

Gilmore also stated:

The tadpoles of most frogs end toads are herblvorous and there-
fore have very long intestines. As thsy transform to the adult
condition they take only animal food, and the long intestine is
replaced by a short one. In the spadefoot the change from a
long to a short intestine seems to teke place before the begin-
ning of transformation. In fact, some specimens seem never to
have had a long intestine. It seems probable that the spade-
foot tadpole is departing from the traditions of its ancestors
and relatives and adjustin; itself to a new type of diet. This
adjustment is approaching perfection in the jaws, lips, roof of
the mouth, and jaw muscles, The long intestine character hes
not been eliminated, but 1s in process of elimdnation. It seems
to persist during ecrly tadpole 1ife and is later supplented by
a short intestine. The short intestine character will be sub-

. jeot to a wide range of variation until it has firmly estab-

§ lished itself on the race.

Cope (1889) recorded larvee (Spea hammondii bombifrons) from a

lake in Idsho eating grasshoppers, and noticed several specimens with
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‘the entire insects in their mouths. "In some instences the prass-
hoppers?' bodles were too large and projected from their mouths. These
precocious larvee were evidently air-breathers, and hopped about pre-
senting a wurious appearance as they dragged their large teils after
them,"

Little and Keller (1937) reported that tadpoles of S$. hemmondii
kept in the laboratory ate algae, lettuce and other vegetable matter,
insects, end small crustaceans, "Cennibalistic tendencies were ob-
served in the laboratory and at Frog Pond., Tadpoles ettached themselves
to other individuals which they slowly absorbed through their small
mouths until only outer skins were left."

Linsdale (1938) has recorded several observations on feeding
habits of the same form. At one time he saw many dead tadpoles scat-
tered on the bottom of & pool, and live ones feeding on them. One tad-
pole was seen feeding at the surface fily, wupporting its body vertically

with rapidly moving teil and working the mouth at the surface. Wood

(1935) in Uinteh County, Utsh, found in a small pond used for watering
cattle numerous large spadefoot larvae (_S_ . hermondii), with hind liubs
just developed, which "seemed to be feeding upon vegeteble matter either

contained in the cattle dung or growing upon it".
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Observations Made in the Vicinity of Norman

In the vicinity of Normen, field observations on the life history
of S. bonbifrons have been made in the spring seasons of 1934 to 1938,
inclusive, In the first three years field studies were made jolntly by
the writer and Mr.A., H. Trowbridge (see Trowbridge and Trowbridge, 1937).
In the spring of 1937 I was not present at the time of emergence of the
gpadefoots; lir. Trowbridge and Dr. A. N. Bragg have allowed ne to quote
frorm their field notes for this year. The writer 1s responsible, ex-

cept where it is otherwise indicated, for observutions made in 1938,

Breeding Season:

The following quotation and table (Table I) are taken from the
ebove-mentioned publication (Trowbridge and Trowbridge, 1937).

Follovwing & heavy rein on April 4, 1934, two specimens were
token from a deep ditch west of Norman, but none were found
elsewhere, On the night of Mey 5, 1934, the spadefoots were
out in large numbers. In 1835 the spadefoots did not appear
until April 28, when they were abundant in the ditches end in
the large pool south of the campus. They appeared on the night
of lay 8, 1936. In this area at least, and for as long as we
have studied it, the spadefoots have had a breeding range not
to exceed two weeks. It probebly varies in other regions of
the state, according to the spring rainy season.

As in Colorado, the time of breeding appears to be directly cor-
related with the season, znd e2lso vdth the amount of rainfall.
Gilmore does not give rainfall data for the years in which his
observations were mude, but we have compiled these deata for this
area from the official weather station situated in Normen, They
are summarized in Table I.
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TABLE I

THE DAILY AMOUNT OF RAINFALL FOR THE MONTHS IXMEDIATILY PRECEDING THE
FIRST BREEDING CONGRESSES FOP. A THREE-YEAR PERICD. THE RATINFALL
RECORD FOR EACH YEAR IS TABULATED OMLY UP TO THE DATE OF

THC BREZDING CCMGRESS CF TH~T YZAR

Konth 1934 1935 1936
April 4 1,55 inches lo rzins
April 15 W25 " in April
April 17 I35 M

fapril 18 .02 " 1-05 inCheB

April 19 L0 ¢ 1.35 @«

April 25 60 M 20 "

April 27 A9 0" 00 "

April 28 00 " 1.20

Key 2 00 7 1.07 indes
May 3 2.00 » 00
May 8 2,08
Total rainfall 4,94 inches 4,00 inches 3,66 inches

An inspection of Table I reveals a number of interssting factc,
Pirst, Scaphionus bombifrons did not lreed following the first
heavy spring rains of any of the three yeurs. Rather breeding
was de¥ayed until at least a totel precipitation of 3.66 inches
for the precedin; five or six weeks had fallen. Second, in all
cases a heavy rein was required te bring the toads out in nume
bers. Although the date are not included in the table, ruins
averaging from .73 t0 1.5 inchea fell after the breedin; dates,
some of them occurring zs late as the latter part of Kay for
all three years. Spadefoots have never appeared cfter the first
breeding congress, except in 1936, when a gravid female was
picked up in a pool formed in the Normun sireets following a
«23 ipch rain, liay 23, Kelther bave they appeared after heavy
reins in June or subseguent months. '

It seems to be certain that S. bombifrons in Oklehoma has a

well-marked breeding season, and that this season is definitely
correlated with c¢limstic factors and time of year.... The evi-
dence indicates a hereditary breeding pattern, more or less in-
fluenced by climatic ccnditions at the time the eggs are ready
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for leying.

In 1937 and 1938 distribution of rainfsll resulted in & late con-

gress in the former and an early one in the latter year. The data used

in Table II were obtained at the University weather station in Nommon.
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TABLE I1

Dally :mount of Rainfall in Inches During the Spring
Months of 1937 and 1938 *

Day hiay*3? June '37 liarch '38 april 38 iy '38
1 .Ol :
2 ele) i
3 .02 .48 +82
4 »005 C
6 1,17
7 o352 36 «48
8 +15 .110
9 +10
10 .57
12 «15
14 .44
15 46 «86 ;
16 «20 |
17 52 C {
18 84 !
19 +68 c
20 04 i
21 «15 +140 498 C 2,61 :
_22 +020 37 C 1.10
25 +640
26 1.820
27 256 +820
28 «20 1,580 C
29 + 96 C
30 +OL
TOTAL 2,15 5.48 5,135 £.99 7.40
b — e —3

*The total precipltation recorded for each dsy is that amount falling
between 7:30 4A.li, of the dey in cuestion and 7:30 AL, of the follovi-
ing day.

C indicates the occurrence of a breeding congress.
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During karch and the first part of April, 1937, but little rain
fell, In the latter pert of april raine of .50 and .94 inches were re-
corded on April 21 znd 22, respectively. During May, precipitstion
totaled 2.19 inches, the grectest amount in uny 24-hour period being
«96 inches on lMay 25, During June, there were no hecvy rains, and dur-
ing July {(not included in Table II) the total precipitation was only
«97 inches. In this year only one congress was held. On the night of
June 17 one was present in & middy temporary pool in & corn field one
mile directly south of the cempus. Dr. Bregg 2nd lr. Trowbridge col-
lected seven pairs of toads from this congress. Co the seme night, ac-
cording to Dr. Bregg, eggs were laid in buffalo wallows ia a pasture
at the end of Jenkins $trect. It is doubtful whether in this year any
tadpoles lived to complets metamorphosis. In the buffalo wallows just

mentioned, Dr. Bragg, virile watching the development of tadpoles of

Bufo cognatus, made observations on tadpoles of Scaphiopus which were
also present. Clutches of B. cognatus eggs were geen in btoth pools
June 18, and tadpoles June 21, On June 2% none remeined in one jool,
end only one in the other., The next day none were found. 3ince Scap-
hiopus tadpoles wers present in both pools, Dr. Bragg concluded the
Bufo tadpoles had been eaten by them, and possibly also preyed upon by
Dytiscid beetles present us the pools dried to u low level. He followed
the progressive drying of the pools witil on June 27 both were dry and
the mud was cracked, and there were no signs of tadpoles of either
Species.' A heavy shower fell on the morning of June 28, and in the
afterncon both pools contuined considerable wuter, but there was no

evidence of tadpoles. Dr. Bragg has written in his field notes,
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“Scaphiopus apparently could not withstand the drying of tae pools.
Perhaps they were not far cnough advanced to do so as Moore's were at
Stillwater.” From June 1% to June 25 his readings of water temperature

0
in the pools, taken in the aftermoon, very between 30°C. and 37 Ce
In 1938, the unusually large amount of rain which fell during

Yarch resulted in the occurrence of a breeding ccngrese earlier than any
other recorded for this region. After rains totaling & litile more than
five inches for the six preceding days, a congress was held the nights
of March 28 and 29. No spadefoots were heard during the afternoon of
March 28, but at 9:00 o'clock males were heard c¢zlling in the pond one-
half mile south of the campus {the same pend from which toads were taken
in 1934 end 1935), and in bodies of water on pasture land and in a wheat
f1eld between this pond and the end of Jenkins Street. One pair was
taken from the former pond at 9:15 P.l. Between this time and midnight
males were heard calling from various buffalo wmllows and roadside ditches;
they seemed to be quite wide-spread in their distribution., At 1:00 4.k,
two pairs were taken from the pool directly south of the campus. No
other pairs were seen at this time, and the males seemed fewer in number
than earlier in the night. When the pool was visited again between 3:00
and 4:00 4,1, there were markedly fewer males, and no females or pairs

were seen. The mumber of Bufo cognatus males in the pool was also small-

er than earlier in the night. At 1:00 Ad, Larch 29 the air temperature
ut the pond was 13.?50 C.

During the afternoon of March 29 spadefoots were calling in var-
ious roadside ditches and shallow pools between Normen and Purcell. Be=-

tween midnight andll:30 A.M. four pairs, one female, and a number of
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males were taken from the pool one-half mils south of the campus. A4All
peirs were taken in shallow water near the margins of the pool, rather
then in the deeper portions as in previous yesrs. Throughout the pool
the water was more shsllow than on the preceding night. At 12:15 AWM.

o
the air temperature was 19 C., and the water temperature near the middle

of the pond was 17° C. The next night{at 11:30 p.m,, Harch 30), accord=
ing to Dr. Bragg and Robert Taylor, no spadefoots were calling in this
pond.

Five pairs of toads were isolated in culture dishes in the labor-
atory and all produced eggs, beginning at 2:30 A.ll, and continuing until
early afternoon of the same day, Cleavege was slightly more irregular
thaen in previous years, and many eggs did not develop at all. As in
other years, almost none of the eggs laid during the late foremoon and
early afternoon developed,

During the afterncon of April 4 the pool from which specimens had
been taken was again visited. It was found to be completely dried up ex-
cept for accumulations of water about two inches deep in hoof prints in
the mud. No tadpoles were present in these depressions, nor were there
any traces of them on the pond bed., No.spadefoot tadpoles wers obtained
by seining in pools in the wheatfield and in the roadside ditches near
Jenkins Street. Consequently, it is uncertain whethsr the early congress
of March 28-29 was an entirely successful one. In all other ysars, cong-
resses have lasted only one night. lioreover, the fact that on each of
the two nights the pnumbers of toads became smaller as the nlght progress-
ed seems an indlcation that at least during the first night some of the

couples did not remain until egg laying had been ascomplished., No ex~
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planation can be attempted for the fact that only a minority of the eggs

laid in the laboratory developed. One would hardly expect breeding cong-
resses to ocour at a time when eggs and sperm were not ripe. On the ot-
her hand, on April 3 Dr. Bragg found in a pool one mile north of Norman
spadefoot embryos ready to hatch; it seems most likely the esggs from
which these developed were laid during the congress of lizrch 28-29, and
that their early development was retarded by low temperztures prevailing

immadiately after this congress. (At noon April 1 the temperature of water
o .
in an unheated room was u°c. and the air temperature 9 C. At 1:30 P.M,

the air temperature outside was 6° C.)

Ococurrence of several other congresses in 1938 is a further in-
dication that egg-laying was not general during that of March 28-29., On
April 4, Dr. Bragg reported hearing spadefoots calling in the pool be-
tween reilroad and interurban tracks. Calls were heerd south of the came-
pus the nights of April 21 and 22. (according to John Harms and Robert
Taylor), ani sgain on the night of May 19, at which time Dr. Bragg re-
ported finding spadefoots present in small numbers at seversl other places
Probatly the situation in this year was somewhat similar to that success=-
fonal breeding deseribed by Goldsmith (1926) as occurring in the dry hills
to the east of Colorado Springs. That the first congresd described
(Mapeh £8-28) did not complete the breeding activity for the season can-
not be attributed to insufficiency of rain, but possibly to its unusually

early date or more probably to the low temperatures prevailing.

Breeding FPlaces and Breeding Habits:

Congresses have been found to take place only in temporary bodies
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of water. The largest congresses observed have been those in a pond
vhich forms after heavy rains in a cultivated field one-hz=1f mile south
of the campus. In this pond the water is always muddy, and its depth,
depending on the amount of rainfall, has varied betwseen one and two feet.
Congresses were held here in 1934, 1935 and again in 1938, Muddy rosad-
side ditches and various pools in cultivated fields hzve besn found to
be used as breeding places, as have also buffalo wellows and temporarg
pools in pasture lands in which the water is clear. In 1938, a few tad-
poles were taken from a pool 52 feet wide and 172 feet long (measure-
ments obtained by Dr. Bragg) ;the water was clear, and its greatest depth
about two feet, Tadpoles of Bufo cognatus were present by the thousands
in the same pool.

Deylight appearance of spadefoots during the breeding season has
been recorded on two occasions. "On the afternoon of May 4, 1934, fol-
lowing & two-inch rain, spadefoots were heard calling about four o'clock
in the afternoon. By midnight they were present by the hundreds in the
pool south of the campus and mating was well under way." (Trowbridge
and Trowbridge, 1937). igain, during the afternoon of March 29, 1938,
after a congress the preceding night, they were calling in ditches and
pools in the vicinity of Norman and between Norman and Purcell. It
seems likely that, as Goldsmith (1926) and others have pointed out, the
first arrivals at a pool attract by their voices othees from some dis-
tance away. Males are responsive to or excited by the calls of other
meles; thié is shown by the fact that captured males as a rulse remain
quiet when they are at some distance from a congress, but begin to call

vigorously when carried closer.
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Males have been found to arrive at breeding pools earlier than

females and $o remszin after all the latter have disappeered. Congresses
have, as 2 rule, lasted only one night, and clasping pairs have been
taken on a second night on only one occasion {March 29, 1938),

The following quotation (Trowbridge and Trowbridge, 1937) sums
up observations on mating, egg laying, ete.

. In the Norman area mating apparently does not begin for several
hours after the males arrive at the pools., The meles lie out-

stretched and give their c¢all and, we believe, wait for the fe-
males to come to them,

Before mating, individual toads are easily captured, but after
clasping has taken place the toads become more wary., The great-
er part of a single swirming individual is easily discersibdle,
but only the heads and eyes of mated palrs show vhen a light is
fleshed upon them. These pairs are quick to take alarm and may
submerge almost instantly, but reappear on the surface within a
minute or two at no great distance from where they disappeared.
implexetion 18 inguinal, and the eggs must normally be laid
while the toads are swimming. We have found egg masses attached
to submerged sticks, clumps of grass, etc., it never on the bot-
tom of pools.

Zgg Magses, Rate of Development, etc.:

Only a few observations have been made on egg magses in the field.
4% 5:00 P. M, on May 10, 1936, Scaphiopus embryos were found in a buffalo
vallow in the high prairie in Johnson's pasture (about ten miles south-
west of Norman). The water was clear, not over four to six inches in
depth, and its temperature was 2800. These embryos were at the point
of hatching (when brought into the laboratory three hours later sll had
hatched) and were attached in clusters of four to twelve to submerged
vegetation., The emhryos (egge had almost certainly been laid during
the congress of May 8-9) were slightly more advunced in state of develop=

ment than those in the laboratory. Dr. Bregg found on April 3, 1938,
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some embryos in the seme stage, 2150 in smsll clutches; six were counted

in one mass, and none contained more than twenty. These also wers attach-
ed to grass stems and other plants about one to two inches below the sur-
face of the water. The embryos found in 1936 indiczte thet early de-
velopment is at least as rapld, and probably more rapid, in the field
than in the laboratory. Readings of water temperuture taken at various
times show that the afterncon temperatures, save during sudh times as the
cold weather following the first congress of 1938, are higher in the pools
than those at which material was kept in the laboratory; at night one
would expect them to be somswhat lower.,

During the spring of 1838 1 mude a number of visits with Dr. Bragg

to two pools in which he had been watching the development of tadpoles

of Bufo cognatus, and in which he had noticed also spadefoot tadpoles.
One of these pools is a buffalo wallow 204 by 23 feet yith water six to
seven inches dsep, located in a pasture just north of the Norman ceme-
tery. The water is clear, and the pool at the time of our visit con-
tained large floating mas:es of filamentous green algae. The pool on
fpril 25 contained thousands of Bufo tadpoles, and sores large spadefoot
tadpoles. BMany of the latter were congregated under a mass of floating
algae, maintaining themselves in & vertical position as they fed., Dr.
Bragg, without making eny effort of cateh all in the group, scooped up
thirty-one of these at one dip with a net., They were taken into the
laboratory and metamorphosed there at a slightly earlier date than did
those reﬁ:aining in the pool. By May 4 eight of those in the laboratory
had both front legs free and the tails partially resorbed; by liay 9 all

except one, which appeared abnormal, had transformed. On April 30 there

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



40

were no mors floating rmasces of algae in the buffalo wallow; the femp-
erature two feet from the margin wes SOOC. On May 7 Dr. Bragg noticed
in the wallow some tadpoles in which both front legs had emerged. On
May 12 three specimens were taken there in which metamorphosis was
completed save for the retention of a tail stub 3 to 5 mm., in length.
The young toads were sitting at the margin of the pool, with their heads
out of the water. At the same time specimens were teken which showed no
resorption of tails and in wh;ch the arms had not emerged. On liay 16
completely transformed young toads were cut on land near the margins of
the pool, and several tezdpoles remcined untrensformed in the pool. So
far as is knovm egg leying occurred in this pool during the congress of
¥areh 28-29, The rate of development was prebably retarded by the low
texperatures which followed this congress. It is believed that eggs
were laid 4n the pool at only one time; if this is true, these speci-
mens, like those observed by Gilmore (1924), show the same differences
in developmensal rote as do those reared in the laboratory.

Gudernatsch (1914) found by feeding mammalian glands to four
species of amphibian larvee that, next to the thyroid group, liver-fed
tadpoles showed the most rapid progress in differentiation. Fossibly
liver fed to tadpoles brought into the laboratory czused them to meta-
mosphose a few days eerlier than did those of the same group left in

the pool.

Food Habits of Tadpoles:

Tadpoles reared in the laboratory have been observed to take

both animal and vegetable food as soon as the mouth parts are well
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enouzh developed to permit feeding. Cannibalistic tendencies have been

observed as early as thirty-three hours after hutching, end at the same
age both algee and liver are tasken eagerly. From this time up to the
onset of metemorphosis tadpoles consums, in comparison with their size,
an enormous czmount of algae. In addition, raw beef-liver, lean beef,
hard-boiled egg yolk, lettuce, and fragmented insects have been taken,
Algae and liver seen to be the preferred foods.

It hes been found that in thelr natural habitat tadpoles of the
same species also eat quantities of plant focd. As has been noted, lergs
tadpoles in the buffalo wallow near the Norman cemetery were on April 295
observed feeding on algee. These tadpoles were somewhat larger and
heavier than those kept in the laboratory, the belly especially being
mich larger, rounder, and softer., They were found when dissected to
have the stomach and gut crammed with algee; particles of soil and sand
were also in evidence, cnd in some cases a few Copepods were present.
Since Bufo tadpoles were living in the smme pool, one would expect that
they also were eaten; il so, their remains were not recognizable. In
81l cases the intestine was very long and mch coiled. Tadpoles of the
seme specles and probably of the same age were taken, also on Sprbl 25,
from a lerge clear pond one mile north of Norman, between the railroad
and the interurban tracks, This pond contained but little algae, and
the tadpoles taken from it were slightly darker in color then those from
the buffalo wellow, while their bellies were firmer end less rounded end
the jaw mseles mich better developed., Tedpoles from both these habitats
had lerger and softer bodies, better developed jaw muscles, and 1lips a

little more heavily cornified than had those reared in the leboratory,
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A group of tadpoles collected near Colorado Springs end sent to the

viriter by R, J. Gilmore differed from laboratory-reered specimens in
the same respects.

Tadpoles developing in the type of pond described by Gilmore
(1924) must necessarily live almost entirely on animsl food. The same
is doubtless true of tadpoles which in the region z2round Norman develop
in mddy pools end roadside ditches. One is led to wonder to what ex-
tent, under these conditions, their food i1s made up of tadpoles of their
own as well as of other species., Tadpoles in the laboratory have been
found to eat dead tadpoles of their own species, and, in at least one
case, at an early age living tadpoles were attacked and their tails eaten
off. In 1934, "we placed about 200 spadefoot tadpoles in a tank which

contained approximately 1,000 Bufo ecognatus tadpoles. Before many days

none of the smaller Bufo tadpoles remained.” It seems certain the latter
were attacked and killed by the spadefoot tadpoles.

A large tadpole of Scaphiopus bombifrons which was teken from &

pool and brought into the laboratory on May 12, 1938, provided us our
first view of a spadefoot tadpole attacking and killing another tadpole.
It seized a Bufo tadpole about ten millimeters in length near the niddle
of the body and held on for a mimute or two, working its jaws and ap-
parently meking an effort to eat the victim. The dead and broken tad-
pole was then abandoned, and was shortly taken up by two other spadefoots,
one seizing its head and the other its tail. As they heared the middle
of the body each jerked at the dead badpole until it was finally broken
apart, after which each spadefoot finished eating the portion held in its

mouth.
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Tadpoles teken from pools have been found to have the stomach
and gut crammed with long filements of algae. Ia the lzboratory, tade
poles. seize upon masses of algal filzments and swellow them as fast as
they are eble, without meking any effort to break up the mess., Pleces
of liver or fragrients of soft-bodied irsects x-:hic'h are sufficiently
small are tekez inte the mouth entire, although they are chewed before
being swallowed, ihen the yolk of a hard-boiled egg is erumbled inbto
the dish and settles to the bottom, tadpoles often move about with head
down asnd mouth close to the bottom of the dish as they feed. Vhen large
pleces of liver are put into the culture dish or tznk groups of tadpoles
soon collect around them, easch individusl nibbling snd jerking in an ape
parent effort to remove smell pleces. Occassionslly a tadpole may selze
and svim away with a plece of liver larger than its own Lody.

It seems that the tadpoles, while predominantly ecarnivorous, are
not too strietly liaited in their hebitat and food requirements, and that
their body. hhape snd size &s well as their degree of development of jaw
mscles and cornified mouth parts depends to a certain extent on the

character of Tood availsable,
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OBSERVATIONS
; Uncleaved Egg

The eggs of Scaphiopus bombifrons when lald in the laboratory co-

here in masses usually consisting of ten to fifty but occasionzlly of as
many as eighty to one hundred eggs. Before the Jelly layers swell the
individusl eggs of a mass are easily separated; later, they are held to-
gether quite firmly through cohesion of the gelatinous envelopes to one
another, Occasionszlly the envelope of 2n egg may be united to that of
sn adjoining one by a short connecting cord which is quite elastic and
which shows no spirel structure, In most cases numercus long fine
strends of gelatinous material adhere to the emvelopes and apparently
ald in holding the eggs of a mass together,

The egg complement, as computed from the number of eggs laid by
individusl females smd from dissection of females tzken at the beginning
of breeding congresses, ie rughly from 400 to 700, Strecker (1908)

has stated thst the complement for Scaphiopus couchlii at Waco, Texas,

ie from 342 to 528, and Storer (1926) has judged that for Scaphiopus

. hammonfiii in California it is sbout the same,

; In connection With the description and naming of egg membranes,
1 it should be pointed out that some confusion exists as to the use of

? the terms "vitelline membrane' and chorion, This difficulty was

. 44
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pointed out by van Bambeke as long ago as 1360. He noticed that cer-
tain of the enveloping layers had not been mentioned at all by somse
authors, and that in different works the same name had served for tot-
ally different structures. Smith (1926) has remarked:

In the frog the thin membrane c¢losely investing the egg, but

separable fram it, is usually ealled the vitelline membrane--

a term which by some is limited to primsry egg membrands, while

others apprly it to any thin membrane shosely surrounding the

ezg.
The "vitelline membrane" of Triton and of the Axolotl, which corresponds
to the membrane of the egg-cell (Eizellemembran of Rerck) in the frog,
van Bambeke found to be involved in cleavage, and the chorion, the truns-
parent homogeneous layer next outside it, not so involved, Smith (1912)

found in the female Cryptobranchus of 30 to 35 cm., body length the ra=-

pid development of two non~cellular membranes closely investing the e8jg
within the follicle. The inner of these, the zona radista, becomes at
the time of maturation a simple ccll wall to the egg, while the outer
one, the zona pellucida, persists as the 'vitelline membrane! (quotation
marks Smith's). He found the zona radiata arising from the peripheral
eytoplasm of the ovocyte, and considers it a primary egg membrane; the
zona pellucida is formed, he consluded, as a product of cellular act-
ivity of the foilicle, and is therefore a secondary egg membrane. In

a more recent paper (Smith, 1926) he has termed the latter a chorion.

The chorion in Cryptobranchus takes no part in cleavage, but remains

as a spherical sac enclosing the euwbryo until in post-gastrular stages
it is ruptured and cast off. The inner membrane, on the other hand, is
found to be involved in the process of cleavage.

Since in Scaphiopus there has been no study of oogenesis or forma=-
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tion of mombrenes, no stutenent ocun be mude @g to the mennor of forma-
tiorn of the investmeonte of the egg. However, study of wmembrune forma-
tion in werious sauran eggs has showm that the proecess is usually much

es that deseribed by Saith for Cryptobranchus. Lioreover, authors for

the moat pert agree thut the thin prircexry inrsr membrane scereted by
the egg itself siould be ezlled tie vitelline mombrune, und the tarm
choricn applied to the thin tut tough secondury mesbrane secretoed by
the follicle and separated after fertilizaticn from tie surlface of the
egg by the perivitelline spuce. OSince in Seuphilopus the thin inner
nembrane gserves as the eell-well of the vitellus or egy proper, and
since it is involved in eleuvuge and may by analogy be presumed to be
¢ primery membrarve, it will be referred to ea the vitelline membrane.
The term chordon will be applied to that thlcker membrene whiich sur-
rounde the egg and vhich persists as & sac (Figs. 154 to 157) encloging
tis exbryo up to the tiwe of hutohing.

The vitelline membrane is, of course, discernible as such only
in sections. ifter swelling of the jelly envelopes hus occurred, the
chorion appears 28 @ gpherieal sac surrounding the egzg and separated
from it by & short distance., Outside tae chorion and clozely adhercnt
to it is g rzther donse and highly refractive jelly layer avarsging.05
mme in thickmess. The second and outermost jelly leyer is mmeh softer,
quite clear and transparent, and averaget .4 mme in thickness; its ocuter
surface tukes the form of & vory thin and slightly opaaue film. Doth
Jelly layere have attained their full thickness by the time the first
cleavage furrous appea,.

Bggs of Seaphioms bowbifrons have an uverege diameter of 1.0

mr., with no appreciable difference between vertical and horizoantal
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diameters. Size variations are considerable even among eggs produced
by the same female; in one such lot of eggs, diameters were found to
vary from 1,01 mm, to 1,61 mm., Iggs 1.01 mm, and 1.02 mm, in dia-
meter, although rather rare, haye been observed tc continue develop-
ment and to form perfect but small tadpeles, In this connection,

Chambers (1908) has foind thet in Rapa temporariu wnd ii.esculenta the

slze of cells of a tadpole or young frog is in direct relation to the
size of the individuels and thet therefore the size of the young anl-
mal is determined by the initial size of the egg.

Pigmentation is light in the egg of Scaphiopus bombifrons, the
animal hemisphere being light brown in color and the vegetal creemy=
vwhite. The gray crescent can in most cases be distinguished, althou-h
not as easily as in later stages, when the various cleavege furrows
furnish landmarks of use in determining its position. Since there is
no black pigment, the crescent does not appear gray, but is marked
rather by a lighter brown pigmentation and a higher extension of the
non~pigmented region than that characterizing the opposite portion of

the egg. The fosette germinative of van Bambeke or fovea germinative

of Max Schultze is plainly evident in most uncleaved eggs; it marks
the position which is or has been occupled by the nucleus. Pits mark-
ing the point of entrance or attempted entrance of spermatozce ere
prosent at various points in the animal hemisphere, and have been ob-
served at times to persist throughout the second cleavege.

The outer gelatinous layer of eggs, whether laid in the lebor-
atory or collected from submerged vegetation in pools, is usually

coated with particles of sand., It seemed likely that this coating
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had been acquired in the cloasca of the femsle, and dissection of a num-
ber of females tzken from breeding congresses has supported the truth
of this assumption; 1in most ca:ues the cloaca has been found to contain
a large quantlity of sand., Coetings on the envelopes are sometimes go
heavy as to interfere with observation of the developing embryos, and
in any case necessitate removal of at least the outer layer of jelly

before embsdding and sectioning can be undertaken.,
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Stage I
Pirst Cleavage

Ths first clecvege furrow spvears from forty to fifty (occesione
ally only thirty) mimutes after deposition of the egz. At its fl ret
apperrence the groove is ghallow and smooth, As it deepens, small

wrinkles apresy on ehch side of it and soon coalesce to form deep and

well-defined Faltenkrenzen similor to those descrided dy Wilson (1896)

as oceuring in Chororhilug (= FPsendacris) triserietus. In the snimel

hemi sphere the groove progresses ropidly and, when completed super-
fieirlly, leaves the bdlastomeres quite widely separated., There ig never
any tendency toward fusion end di sepnesrance, and mbsequent respnesrance,
of the furrow sf ter esch clerv=ge, as hes been described in some Sz2lientia
(Wilson, 1896). On the other hand, first =8 well as later furrows in the
snimel hemisphere rcmain quite widely open for a slort time after com-
rletion of the groove vith the blastomeres rounded and diverging stmngly
from the groove, The groove then gradually narrowa znd the dlzstomeres
become more clossly anpressed, zlthough still smevhat rounded and fsir-
ly well geparated, At no time in development are the furrows ever fused
or indistinguishable; rother (Figs, 146, 147, and 151), they remain re-
markebly dietinct, The grester depth =and openness characteristic of

newly formsd furrows is pot long retained,
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Pirst and second furrows can be distinguished by their appearance for
only a short time after the sceond is completed, and by.the .time the
third set of furrows is well established the first two are as a rule in-
distinsuishable. Similarly, by the tims either the fourth or the fifth
furrows are completed the preceding sets are alike in appearance, 1iith
decreasing size of the cells, the distinction in appearance between re-
cent and older furrows becomes less marked.

Progress of the first furrow is slower in the vegetzl than in the
animal hemisphere; the advancing furrow, save for its wider ends, is

é narrow, and the blastomeres separated by it lie rather closely appressed.
’ It 1s completed exterrnally in from nine to fourteen minutes.

The studies of lorgan and Tsuda (1894), Morgan and Boring (1903),
Brachet (1906) and Jenkinson {1906) show that, in the Anura studied by
theri, in the majority of cases the first cleavage plane coincides with
the median plane of the gray crescent, in some cazes it may lie at right
angles to the plane of syrmetry of the crescent, and in fewer cases
there are varying degrees of departurs from coincidence. In Scephiopus,
study of later cleavage stages, particularly the second and the fourth,
supports this general conclusion. vhen the first furrow pagses through
or near the middle of the gray crescent, the egg is usually divided in-
40 two blastomeres of e-ual or nearly equal size; when the plane of the
furrow is at right cngles to the plane of symmetry of the orescent, the
two blastomeres are as a rule unequal in size, the dorsal one being the
smaller. Of S7 embryos measured with this point in mind, 72 were divided
into blestomeres of approximately ejusl size, and 25 into blastomeres of

definitely unegual sizse.
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SPAGE 2
Seecond Clezvege

Second cleavage furrows appear from ten to filteen minutes afier
the beginning of the first furrow. At this timd the first furrow hes
usually been completed externally. The second furrow is, like the first,
vertical, advances ra>idly in the animal and more slowly in the voge-
tel hemisphere, and is mirked in the former by the occurrence of Falt-
enkranzen, walch are not, howvevep, cuite as wide and deep us those ac-
compunying formetion of the first furrow. 4As is the case in most An-
urda, secgond furrows appear first at a point or points zlong the firss
furrow, and progress downward. OSecond furrows departing from a single
point on the first furrow usually form st both t:eir upper and lower
ends & straight line at right angles to the first furrow (Fig. 1).
when in the two blastomeres they dep:rt from the upper and reach the
lower pole at different points along the first plane of division, a
ofoss—line or polar furrow is formed at ezch pole. 4&Almost inveriably,
when a cross-line occurs at the upper pole, one is formed alsc ut the
lower pole, the two lying at right angles to each other. Figures 2
and 6 illustrate the type of clecvuge which leads to the establishment
of a polazr furrow. The latter consists of that portion of the first

furrow which lies betwsoen the points of departure of the second furrows;
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; it is at first straight, but later (Figs. 7 and 8) tecomes obligue

: through shifting of blastomeres. Living materianl has presented no evi-
dence that the polar furrow, as Liorgan (1897) stated, "may be brought
about even subsequent to division by & shifting or read justment of
the blastomeres on one ahother." Of 113 embryos measured in the four-
cell stage, in talrty-one czses the second furrows form & single straight
line at right angles to the first. In 82, o segmental furrow is present,
varying in lengtn from .029 mm. (the shortest line considered to con-
stitute a segmental furrow) to .29 mm., with an averaze of .12 mm.

Figures 10 to 14 inclusive illustrate exumples of those cberrant
cleavages which signify abnormality and approaching death of embryos.
In those shown in Figures 10 to 13 inclusive, there is extreme in-
equglity in size of the four blastomeres, Figure 14 reprssentz an em-
bryo in whioh the first furrow is verticzl and the second horizontzl
and lying at the approximate bounde:y between plgmented and non-pig-
mented areas.

Variation in size is shown by two embryos sketched in ¥igures 15
and 163 their respective dlameters are 1,01 mm, and 1.61 mm,

Study of more than 200 embryos, fixzed at a time when the second
furrow was either incomplete or very recently completed, has shown that
there exist between the plane of the first furrow and the plane of
symmetry of the crescent, and betwsen posltion of the gray e¢rescent and
size of blastomeres, the same relatlconships thet have been described us
occurring in a number of other Anursa. The plane of the first furrow
usuelly (Figs. 1 to 3, 7, 8, ete.) coincides with the plene of symmetry

of the crescent; in some cases (Figs. 4 and 5) it lies at right angles
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to the plane of the latter, and in a& few cases (Figs. 17, 83, 95 and
105) there are varying degrees of departure from coincidence of either
the first or the second furrow with the plane of the crescent. ithen
the first furrow bisects the gray ersscent and divides the embryo into
two bla:tomeres of equal size, the second furrow as a rule (Figs. 3,20,
and 22) separstes two smaller dorsal from two larger venirzl blasto-
meres, A first furrow +the plans of vhich lies at right angles to the
median plane of the croescent tends to seperate the embryo into a smaller
dorsal and a larger ventrel blastomere (Fig. 19). hen the plane of
neither the first nor the second furrow coincides with the medien plane
of the crescent (Fig. 17) that blastomere which lies nearest the middle
of the crescent tends to be the smallest, while the one oprosite it is
lergsest, and the other two are intermediate in size. Figures 17 to 22
inclusive illustrate ermbryos of the mere cammon types.

In those embryos in which elther the {irst or the second furrow
geparates two smeller dorsal from two larger ventrzl blastomeres, it is
difficult to determine whether the furrow in yuestion lies to the dorsal
side of the upper pole, or to the lower pole, or of both. Except when
polar furrows are present, the first and the second furrow, as seen in
surface view, each usually forms u circle, since both their upper and
their lower ends meet ns straight lines. Second furrows sometimes
curve toward the dorsal part of the embryoc from their point or points
of origin at the first furrow (Figs 19 and 20). Oceasionally (Figs.18,
21 and 22) the first two furrows intersect in such & way as to form
acute and obtuse angles at both upper and lower poles. Newport {1851)

observed the eccentrice origin (at a greater or less distance from the
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pole) of the seconf furrows, and concludsd that they always foram sege
monts lergoer on omo side tamn on the other., In Ambystomn, Eycleshymer
{1898) found the second set arising at the pole or =t a gremter or
less distarce from it, and also desoridbed acute and obtuse angles
forzed by the firsat and second furrows in such & way as to give riee
to an X.

It 1s particularly intercsilng to note that in Scaphicpus bombi-
frong there can be distinguished as eurly ss the baglnning of the sec-
ond clezvsge & dorsal eccentric arez of accelorated cell diviston in-
diocztive of the bilaterzlity of the endryo, “hea the first furrow has
peased through or nesr the middle of the grey crescent, the sccond
furrows form in both blastameres at the sare time (Fig. 3). ‘then,
homever, the plapne of the first furrow lies ot right #ngles o the plane
of the crescent, the second furrvow forms ez lier in the dorael then in
the veniral bla:tomers. The number of embryos wnich illustrate this
latter point is rather smell, for the embryo must be one in whiek (1)
the firat furrow lies transverse tc the plane of tho gray erescent or
varies only & fow degross from this position, (2) the position of the
oraagent csn be estatlished with certzinty, =nd (3) observetion is
rade or fixetion aoccomplisied st the time wher the secord furrow is
just appearing, Out of & large number of ewbryos only seven were
found which met all these conditions. In one of these, the beglnning
gecond furrows are ogqually well advanced in the two blastomeres, In
the ranﬁining eix, the furrcow in the dorsal blastomers 1s more ad-
vanoced than that in the ventr:l bdlastomere. In four cazes {Fige., 4 and
5) the sasccnd furrow, while present and well defined over a distance

of about 50° in the dorsal blsstomere, has nmot appesred at sll in the
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ventral blastomere. In one case, early second furrows ars prasent in
both blastomeres, but that in the dorsal cell is deeper and betiter de-
fined, 1In the ramaining embryo (Fig. 6) there is a striking and prob-
ably not truly representative difference in degree of development of
second furrows in the two blustomeres., It is concluded that ths con-
dition described in these embryos rapresents the first appesrance of

a dorsal eccentric area of acceleretad.cell division which is express-
ive of the bilaterality of the embryo and which, as is shown in dis-
cussion of succeeding stages, perslsts throughout development as far
as the various cleavages have been followed, This ea:ly appearance of
a dorsal reglion of accelerated cell division foretelling the position
of the median plane may be considered a sign of differentiation which,
as such, gives a basls for understanding of the later stages in dévelop-

ment .
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Explanation of Figures

Stsge 2 Second Cleavage

In ﬁgurél 11lustrating cleavage stages, the view is, unless
otherwise indicatad, that of the upper hemisphere,

In figures i1llustrating e!ther the upper or the lowsr hemis-
vhere, the gray crescent lies, unless otherwige indieated, at the left,

Inoomplate furmws, regardless of their state of developmaht,
are represented by broken lines,

All sketches XAO,

1, Second furrows meting to form a straight line at the upver pole.
2, Type of cleavare leading to estoblishment of a polar furrow,

3. Early gsecond furrows in an embryo in which the plane of the first
cleavage coincides with the plane of the gray crescent,

4. ERarlier formation of second furrow in the dorsal blagtonmere,

S. As Flg, 4.

6. Abnormel acceleration in formetion of seoond furrow in the dorssl
blastomere,

7. ZEnbryos with polar furrows of varying lengths,

8., Embryos with polar furrows of varying lengths,

9, Enmdryos with polar furrows of varying lengths,

10 ¢ 14.. Aberrant cleavages indicating sbmormality snd spproaching
death of smbryos, Fig, 13 represents the £ray orescent side of the
embryo shown in Fig, 12, In the emdryo shown in Fig. 14 the first
farrow is verticsl and the second horizonmtal,

15 and 16, BEabryos 1llustrating size variations,
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17 to 22, ZXE=bryos showing the more owrmon types of cell arrangement
after completion of the second farrows,
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STABE 3
Third Cleavage

Third cleevege furrows appear from ten to fifteen minutes after
the beginning of the second furrows, which by this time are as a rule
externally complete. The third furrow is superficially completed in
any one blastomere two or three minutes after its first appeerance.

Faltenkranzen are not so0 well marked as those accompanying the forma-

tion of the first and second furrows. At the upper vorder ef the fur-
row they are fairly well marked, and at the lower border a few very |
shallow and transitory ones eppear.

At the third cleavege the first external indicatican of furrow
formation is the appearance of a faint line clearer or lighter in color

then the surrounding erea; such a clear band (lams de fracticnnement)

preceding appearance of the peripheral furrow has been described by
Goette (1875) and also by van Bambeke (1880). In non-pigmented por-
tilons of the embryo this line appears only ss a narrow clear band.:

In pigmented regions it appears as & clear and sharply defined pigment-
free band., The surface of the embryo along the center of the clear
band soon becomes slightly sunken, so that the early furrow appears .
as 8 longiv-shaped depression. Through extension and deepening of

this depression the furrow is finally completed superficially. The

leme de fractionnement is not, as a rule, evident during formation
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of the first and second furrows, although in a few cases it has been
seen to be faintly 1ndi§ated in the lower hemisphere, In all succeed-
ing cleaveges, so far as they have been followed, formation of furrows
takes place in the manner as that described for the third set.

Since it becomes necessary in a consideration of cleavage o0 re-
fer to the various states of development of individual furrows, some
systen of terminology must be devised in order to facilitete reference
and description. Consequently, vhile it 1s redognized that a continuous
process such as formation of furrows cen be only roughly divided and
only inadequetely described by these terms, cleavages furrows in their
setages of formation and superficial completion are referred to as yvery

early, early, medium, almost complete, and complete., A furrow which,

although no groove 1s actually present, is indicated by the presence
of a clear band, is termed very early. One present in the form of a
slight depression over part or all of the distance which it will tra-
verse 1s referred to as early. A furrow is considered complete only
when it has extended across the entire surface of the cell which it
will divide, when ih all parts of its length the bottom of the groove
is no longer visible, and when, in the upper hemisphere, the blasto-
meres separated by it are rounded and strongly divergent from the
groove., A furrow which 1s complete throughout all but & very small

part of the distance which it is traversing is termed almost complete,

while one which for any reason is intermediate between early and alwost
conmplete is referred to as medim_n.
It is necessary also to have some system of designation of cells

for the purpose of defining their position with reference to the gray
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crescont. In embryos in which one of the first two cleavage planes
coincides with the median plane of the crescent, those blustomeres on
the side on which the crescent lles may be considered dorsal, and those
on the opposite side ventral, In ceses with discordance up to 450.
¢6lls lying nezrest the center of the c¢rescent may be tsrmed dorsal
median, This sytem of designctlon has been used by recent authors, as
for exauple Hall (1931) and Votquenne (1934), as well as by earlier in-
vestigetors, and its use 19 well established.

During the third cleuavage there is a well-umarked tendency, Obe
served botk in living and in fixed erxbryos, for the furrows btoth o
appear and to be compleoted earlier in the dorsal than in the venitral
blastomeres. Fifty exmbryos fixed in the early part of Stage 3 wers
studied with this point in mind., In six of the exbryos, an early third
furrow is present in eacih of the four blastomeres, The remaining 44
etbryos, as is shown in the fullowing swmary, all give ei¥dences of
accelerated cleavege in the cell or cells lying in the region of the
gray erescent; number of easses is indieated by the number at the left
and stages of development of furrows in the stetoments at the rigat.

8----=== Very early in the two dorsal cells, not visible in
the two ventral cells.

Vo Early in the two dorsal eells, very early in the two
ventral cells.

lemvonea Almost complete in the dorsal median cell, early in
the two adjacent cells, very early in the ventral
- median cell.

B m e Complete in one dorsal cell, early in the other dor-
sal c¢0ll and in the two ventral cells.

few=w=-=- Complete in onse dorsal cell, medlem in the other dor-
sal cell and in the two ventral cells.
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Fewewnne Compleate in one dorsal cell, medium in the other dor-
gal eell, eerly in the $wo ventrsl cells,

14--w-~ Complete in the two dorszl cells, early in the two
ventral cells,

9ewsmmew Complete in the two dorsal cells and in one ventral
cell, medium in one ventral cell,
Figures 23 to 27 illustrate embroys showing accelerstion of cleav-
ege in the dorsal dlastomeres,
The third cleavege furrow is parﬁcﬁlaﬂy interesting as consider-
ed from a comparztive standpoint. As Smith (1912) has pointed out, a
vertical third cleasvege is cheractsristic of heavily yolk-lsden snd

highly telolecithal egzs, as those of the fl ghes generzlly., In urodeles
the condition 1s intermediate,

"In Cryptobrancius the vertical type prevsils; in Desmognathus
Necturus, ang ﬁegctxlus there i3 incrersing irreeuh;ity: in
Amblystoms the third cleavage is latitudinsl.® (Saith, 1912),

In S8alientia, with eggs less heavily yolk-laden, the plane of
cleevage 18 latifuding), However, there are in sll cases deviatione
from the type, and the mile i{s far from absolute, Thus in Uryptobranchus
(8mith, 1912) the third furrows, vhich as & mle depart from the gecond
at a short distance from the upper pole, usually extend obliquely in

$he lower hemisphere to the first furrow at some distance from the polet

8mith therefore considersd that the third furrows are in genersl

"intermedinte dotween m true meridionsl and a tme latitudinal
cleavege but approach xore nearly to the former type.®

In gome caees he found one or more tmly latitudinsl third furrows,

Hilton (1304, 1909) found regular and verticel third furrows in only
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two or three of a number of Deamognathus eggs, cleavage being irregular
in the others. According to Eycleshymer (1904) and Eycleshymer and
#ilson (1810) it appears that a type cannot be recognized for the third
cleavage of the egg of Necturus; the irregularity is greater than in
Oryptobranchus and there is & more marked tendency for the third fur-
rows to coms in latitudinelly. In Diemyetylus (Jordan, 1893) there is
even greater irrcgularity, and "with the completion of the second fur~
row all consistent regularity 1s at an end." Jordan and Eyeleshymer
(1894), who studied variations in cleavage in the eggs of Ambystoma
panctatum, Diemyctylus viridescens, Rana palustris, and Bufo variabilis,
found that a surprising proportion of eggs swerved from the amphidian
"type". In Ambystoma some of the third oleavages were vertical. In
a batch of frog eggs from one mother, the third furrow was found to be
truly horizontal in only 29 out of 69 eggs, the other 40 showlng con-
siderable variation; in some embryos equatorial furrows appeared in
three quaedrants, and a true vertical in the other, while in others
three cleavage planes were vertical and one horizontal, and in still
others the whole third set of furrows was vertical., They concluded
that in general about one~half of the eggs fall to form a true first
equatorial plane in all four quadrants, and stated "All of our observe-
tions tend to emphasize the fact that great variation: is a frequent
occurrence in the early cleavege stages of the Amphiblen egg. We have
found irregularity to be the rule, regularity the exception.”

In Seaphiopus the third furrow departs less from the "typical”
condition than does that of many Amphibia. The furrow is in the pajor-

ity of cases latitudinal, departing from either the first or the second
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furrows. It lies on the ventral side of the embryo approximately at

the boundary between pigmented and non-pigmented areas, and on the dor-
sal side slightly below this boundary. Varietion exists mainly in the
fact that some furrows tend toward obliquity. It has been noted that
in Rena palustris Jordan and Eycleshymer found a considerable propor-
tion of truly verticel furrows, that is, furrows with the upper end
located at or near the upper pole, in 2 position normally occupied by
the upper ends of the fourth furrows. In Scaphiopus no truly vertical
furrows have been observed; even those few whieh take & direotion in-
termediate between horizontal and vertical have their upper ends lo-
cated in or near the position normal for 2 latitudinel third furrow.
In 80 of 8 series of 122 fixed embryos, the third furrow is con-
sidered horizontal in all four gquadrants., These embryos are of the
types shown in Figures 28, 29, and 30, that is, the furrows in all
four blastomeres are at approximately the same level, so that all
four micromeres lie in one plane; in them, the furrows in adjacent
quadrants may meet exmetly (Fig. 29), tut more commonly there is a
slight distance separating the points at which the third furrows

join the first or second furrows, and subsequent shifting of blasto-

meres has produced a furrow (Fig. 30) similar in appeerance and me-
thod of formation to the polar furrow of the four-cell stage. 1In 32
of the 122 embryos, a condition is found similar to that shown 1in

Figs. 31 and 32; that is, one or more of the third furrows is slightly

obligue, with the result that it meets the vertical first or second
furrow at some distance from the adjacent third furrow, and the lower

portion of the micromere separated by it lies nearer ths eguator than
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do those of the other thres. In ten embryos of the series the tene
dency toward obliquity is carried still further; in ezch embryo one or
more of the furrows tekes a direction intermediate between horizontal
and vertical, and joins the meridional furrow below the equator (Figs.
33 and 34) or not far from the lower pole (Figs. 35 to 40). The two
embryos shown in Figures 41 to 46 illustrate the closest approach
found Yo a vertical third furrow.

4 relationship is found to exist between presence or absence of
a polar furrow and obliquity of third cleavage furrows. Embryos with
no polar furrow or with a very short one have all been found to fall
into the first of the three above-mentioned types. On the other hend,
all of those embryos whiech can be classed under the second and third
types possess & polar furrow of some length, and the micromere with

the obligue third furrow is located at one end of the polar furrow,

rather than being one of the two mieromeres. the upper boundaries

of which constitute the poler furrow. Viewed in this 2ight, the forma-
tion of an obligque third furrow,or of one not markedly oblique but lo-
cated nearer the equator than are the othér third furrows, is not sur-
prising. Since the upper boundary of the micromere in question is at
some distance from the upper pole, formation of an obligue or low
third furrow merely tends to prevent extreme inequality in size of

the four microineres. On the other hand, an obligue third furrow mey

at times, partiocularly when it is located on the ventral side of the
embryo, result in formation of a micromere much larger than the other
three (Fig. 33).

In an earlier publication (Trowbridge and Trowdbridge, 1937) it

1
!
i
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was noted that as the time consumed in cleavage decrezses, the time

spent-in rest increases. Evidently this is due merely to the fact that
with decreasing size of blastomeres, furrows are completed more quick-
ly in the later than in the earlier cleavages. A cereful summary of

the time of appearance of data on sets of cleavage furrows from the

f£irst to the eighth (as far ac they have been followed in living em~
; bryos) shows that they can most accurately be deseribed a&s occurring

at ten to fifteen minute intervals.
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Bxplanation of Figures

Stage 3 Third Clesvage

2%-27, Accelerated cell division in the dorsal cells.

Furrow complete in ons dorsal cell, early in the other, very esarly
in the two ventral eells,

Furrows cmmplete in the doréal cslls, esrly in the ventral cell at
lower right and medium in the one a2t upper right,

Farrows complets in dorsal cells, medium fn the ventral cell at lower
Mght, and early in that at upper right,

Turrowe completed in all cells sxoept one of the ventral tw,

Latersl aspect of the embryc shown in Fig, 26,

. to 30, Views of respectively, upper hemisphere, left side, and right

gide of an embryo in which 211 of the third furrows lie at approx-
imately the seme lovel,

and 32, Embryos with ons or more oblique third furrows,
Embryo with a markedly oblique third furrow ir blastomere s,
Bame embryo tilted slightly to show the oblique furrw,

to 37, Views of upper hemisphere, side, snd lower hemiephere, re-
spectively, of an embryo with a markedly obligque third furrow,

to 40, Views as above of a2 similer embrvo,

0 43, Views from the same respective asspects of sn embryo with one
third furrow aprroaching a vertiesl position,

to 46, Same respective views of snother embryo illustrating the same
point,
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STAGE 4
Fourth Cleavage

Fourth cleavage furrows are initiated from ten to fifteen min-
utes after the beginning of the third furrows, which are by this time
always completed. They neerly 2lweys are first seen in the micro-
meres, and are completed in these cells in from one to two mihutes.
The furrow appears first about midwey between the upper ani the lower
margin of the cell which it will divide, and, as it extends, may be
completed first in some cases at the upper and in the other cases at
the lower end. Formetion of the furrow in any cne macromere follows
closely that in the micromere above, and occasicnelly the two appear
‘ simultaneously. In any case, the furrow is always present in a macro-
| mere before it is ocompleted in the micromere sbove, Fourth furrows
in the macromsres depart from the third cleavage plane and progress
| downward. According to data from the study of living embryos, they
are completed in the meoromeres about three minutes later than in the
micromeres, and thus from five to six minutes after they first are %o
be seen in the latter cells. Small and transitory Faltenkranzen have
been noted at the rou;'th and subsequent cleavages, but have not been

studied in any detail. Schultze (1863) has described Faltenkranzen

as ogourring at the fourth and fifth cleavages, and Hilson (1896)
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hag observed that in Chorophilus triseriatus they form at least up to
the 128 cell stags,

As concerns location and direction, the fourth furrows are typi-
cally vertic¢al, although they usuelly do not reach the upper and rarely
the lower pole. Embryos with furrows incomplete in the micromeres give
a better picture of location and direction than do those with the cleav-
age completed, since in the latter the first two furrows, coincident
with shifting and readjustment of blastomeres, are often drawn away
fron their original positions. In some embryocs (Figs. 47, 48, and 49)
all four furrows in the micromeres are vertical, In others (Fig. 50)
one or more may extend downwerd at right angles from ons of the first
two furrows. Again, one or more of them may be oblique or may approach
a horizontal direction (Figs. 51 to 54). Figure 55 represents an embryo
with fourth furrows so recently completed that shifting of mieromeres
has not as yet occurred.

During the fourth cleavage acceleration of cell division in the
dorsal blastome;;es is pot as & rule manifest with the first appearance
of the furrows; as is shown in Figures 47 to B4, early cleavage lines
appear at about the seme time in all four micromeres. In living em-

bryos, however, as well as in those fixed at a slightly later stage,

it is evident that cleavage is completed first in the dorsal cells

(Figs. 58 to 62, and 147). In these embryos and in similar ones fourth
furrows in the maeromeres also tend to be further advanced in the gor-
sal than in the venbral region.

| The majority of embryos in the sixteen-cell stage show a bilateral

arrangement of mieromeres; such a situation has been noted by many authoms,

|
|
5
|
|

. |
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among them Schultze (1863) and Roux (1883). The most common type of
bilateral arrangement is thet characterized by the occurrence of the
eight mieromsres in tvwo more or less definite parallel rows of four
cells each, the arrangement being such thut the cells lie ia an e-
longated configuration., This type of arrangement results when all of
the fourth furrows meet one of the first two furrows, and is acdent-
uated by shifting and readjudtmont of micromeres after completion of
the cleavage. It is best marked in those embryos in which mo polar
furrow: is present and in vhich the two fourth furrows in adjacent
micromeres reach approximately the same point on that furrow (first

or second) which forms the dividing line between the two rows of cells
(Fig. 63). In case either one or both of these conditions does not
exist, the resulting configurations are similur to thbse shown in Fig-
ures 64, 65, 67, 69, 71, 73 epd 74, Ir these embryos, that furrow
which forms the dividing line between the gwo groups of four cells
does not remein stralght, but is drawn into a zlg-zag line, and the

bilaterality of micromere arrangement 1s not so plainly evident.

Since at this time first and second furrows are indistinguishable, it
cznnot bs stated definitely in any case whether 1t is the first or the
second which is joined by the fourth furrows and which thus comss to

form the dividing line between the two rows of cells, However, since
! the gray crescent usually lies at one end of the micromere configmra=

| tion.{slthough sometimes at one side and occasionazlly in an intermediate

position); and since the orescent has bcen found in most cases to be bi-
sected by the first cleavage plane, it wuld seem that the furrow in

question is usuelly (and possibly alweys) the first.

{
|
i
i
i
i
i
|
|
i
i
|
i
|
i
;
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Embryos exkibiting a slightly different tyve of bilaterality

in micromere arrangement result when the fourth furrows in two adjacent
micromeres join one of the two first furrows, and those in the other

two micromeres join the other (Figs. 75 and 76) or reach the inter-
section between the two (Fig. 77). In embryos of this type, location

of the grey crescent is most often as thet indicated in Figure 76, and
occazionally as that shown in Figure 753 in a few cases 1ts median plane
lies at an angle of 450 or less from either of the two positions indicatel

Configurations more oxr less intermediate in type between the two
shove-mentioned are formed vhen one fourth furrow joins one of the first
two furrows and the remaining three join the other (¥igs. 78, 79, 81,
and 82),

In some embryos bilaterality of miocromere arrangement is not pre-
sent, nor do the micromeres lie in an elongated configuration. Four of
them may extend to or near the upper pole, alternating with four which
are separated from it by a greater distance (Figs. 83, 84, and 148).

In these embryos, arrangements of micromeres is roughly radial., Other
verintions in the configuration of cells are illustrated in Figures 86
and 89,

| Although somp sixteen-cell embryos are rather difficult to inter-
pret, recognition of the fourth furrows is nearly always possible. Re-
cently completed fourth furrows in the upper hemisphere can be recog-
pnized by that depth and openness characteristic of newly formed fur-
rows, A little later, vhen this distinotion no longer holds, fourth

furrows ¢an nearly alweys be distinguished in the lower hemisphere;

in most of the embryos studied they are not guite completed, and, when

|
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they have been cempleted, their points of intersection with the verti-

cal first or second cleavage planes are usually loczted ot some dis-
tance from the lower pole. Since the fourth furrow in a micromere
and thet in the mecromere below it usually depart from zboui the seme
point on the third furrow, the identify of the plene in a micromere
is, in all but the most irregular and urnusual cases, estcblished by
the positioan of that in the macromere. Moreover, even in unusual types
of cleavage (as those shovm in Figs. 82 and 86) if one or more of the
fourth furrows can be identified (as in Fig. 68) one has z guide to
the location of the others, as they alternate with the first two fur-
TOWB.,

Fourth furrows in the macromeres usually foll short of the lower
pole. The most comaon type of cleavage is that shém in Pigures 66
and 70; 1t is the type found as a rule in embryos with micromere ar-
rengements as those shown in Figures 63, 65, 67, 69, 71, 73, 74, 75,
and 76, In thesc embryos the fourth furrow in a macromere joins at
sonw distance from the lower pole that vertiesl first or second fur-
row other than the one joined by the fourth furrow in the micromere
| avove; if the furrow separcting the micromeres into two rows or four
cells each be the first, then the fourth furrows jJoin the second in
the lower hemisphere, and vice versa. The macromeres below those four
micromeres lying nezrest the upper pole do not reach the lower pole,
| while those below the four micromeres lying somewhet removed from the
upper pole (at the two ends of the elongeged configuretion of miero=
meres) do border on the lower pole. Thus four of the macromeres lie

relstively high, and four low, and the result is a nearer spproach to

i
r
|
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equality in sigze than would otherwise be attained, At the some tiwe,

there is formed e maoromere configuration of four cells lying om each
gide of a vertical furrow, Wth the long axis of the configuration at
right angles to that formed by the micromeres,

Occasionally (ﬂg. 72) in one or more of the macromeres the fourth
formw may join the seme vertieal furrow as that joined by the fourth
furrow in the mieromsre above, In rare cases (Fig, 85) all of the fourth
farrows reech the lower pole, Other clesvage patters in the lover hemis-
vhere are shown in Figures 80 and 88, In the embryo represented in the
latter figure an 'oblique fourth furrow hes divided 2 macromere into two
celle of highly unemal sigse,

In connection with the faot that ole av&ge furrows, as for example
the fourth ones, do not gensrslly pass through a comon point at the
upver pole, Reuber (1883) postnulated the existence of » Polflucht snd

ngsumed thet the furrows "alle suchen den Pol gu vermeiden", However,

furrows do ocezsionally resch the pole, and ag Jordan and Xycleshymer
(1894) have pointed out, rather thzn their "avoiding" the pole, mech-
enical eell-gstresses are rarely o sdjusted thet they interseet at the
vole,
In an attempt to determine the peweentage of embryos in Stage
4 vhich con be classified under the warious type ¢ described, a series
of 278 embrySe was studied, in addition to thoss represented i{n the gketches;
the results of the study are shown in Table III, The first snd second col-
unng of figures glve, respectively, the number of the figure revmresenting
an individial embryo, and the number of specimens {of the seriea of 278)

which resemdle in the matter of micromere arrangement the embryo in gquestien,

|
I
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TABLE III
Types of Micromere Arrsngement after the Pourth Cleavege in
Embryos of Scephippus bombifrons Cope
Figure Number Potal Ho, Percentage of
Rumber of cases of cases Entire Series
63 25
64 5
656 23
67 34
Bilateral 69 20
M cromere 71 24
Arrengement 73 38
of First 74 3
Type
- 172 61,87
Bilateral
Micromere 75 9
Arrangement 76 19
of Second ™ ]
Type 37 13.31
Arrgngement 78 or 79 12
Intermediste 81 18
Between one fourth fur-
Mrat and row resches in?
Second tersection of
Types 1st and 2nd 3 33 11,87
Radial 83 B
Arrangement 84 9
14 5.036
60
Irregular 61
Arrangement 86 22
89
22 7.914
Totsl Number
of Cases 378 278
Total
Percentage 100,000
i
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As is shorn in Table IXI, 61.87% of the embryvos constituting the

series have the micromeres srranged in two more or less definite rows of
four cells each, 13.31% exhibit a slightly different type of cell arrange-
ment (as {llustrated by Figures 75, 76, and ?7), and 11,87% have the micro-
meres lying in a dilaternl configuration intermediste between the two types
sbove mentioned, Thus 87,05% of the total number of embryos exnibit a
bllateral configurotion of micromereas. In 5,036%, the arrangement of
cells are erranged in an irregular manner, Although the series of specl-
mens 13 not large enough to serve ss a basis for computation of reliadble
percentages, it is evident that certealn typea of ambryos ocour much more

often than do others,
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Explanation of FTigures

Stege 4 Tourth Clesvage

47, to 54, Embryos showing location and diraection of early fourth fur-
rove,

65. % 57, Embryo in which fourth furrows zre e recently completed that
shif ting of cells has not occurred; views of, respecti vely, upper
hemigphere, left side, and lower hemisphere,

68, to 62, Acceleration of clecvege in dorsal blastomeres,

58, Turrows complste in dorsal micromeres, snd in dorsal macromeres come
plets over three-fourthe of dlstance to lower ends, Furrows in vent-
ral micromeres medium, in ventral macromeres very early over the upper
half of the distance they will traverse,

59, Turrows emplete in dorsal mioromeres amnd early in dorsal macromeres,
early in ventrzl micromeres, very early in one ventrsl macromere and
not yet evident in the other,

60, Furmws complete in the dorsal micromeres, medium 4in the ventrsl microe
meres, Furrow early in the dorsal macromere at lower left end almoxt
completsd in that st upper left, very serly in esch of the tw ven-
tral macromaeres,

61, Yurrow completed in one dorsal micromere, medium in the other three
micromeres, almost complete in one dorssl macromere, medium in the
other, and not yet evident in the ventral macromeres,

62, Side view of the embryo 1llustrated in Mg, 61, The furrow in micro=
mere al-a2 approaches a horizontel direction end thst 4in mseromere
ad-g4 19 oblique,

63:89, Various types of cell srrangement after completion of the fourth
furrows, Fig, 66, 68, 70, 72, 80, 85, and 88 represent the lower
hemisphere of the embryo shown in each case in the preceding figure,

! Fgure 87 reprezents a side view of the embryo which is shown in

’ Flguree 88 and 88, and i{n which sn oblique fourth furrow has sepsrated

teo mgoromeres highly unequel in sarface areas.

l
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STAGE 5
Fifth Cleawage

Fifth cleavage furrows appear from ten to fifteen minutes after
the beginning of the fourth furrows, Like the latter, they usually
are seen first in the micromeres, and are completed superficially in
any one cell in from one to two minutes, In the macromeres they form
slightly later, and are completed from one to three minutes later than
in the micromeres., Howsver, this relationship may be disturbed by
earlier formation of furrows in the dorsal blastomeres, so that occas~
icnally the fifth furrow may be almost completed in one or more of the

macromeres before it has appeared in some of the micromeres (Figs. 90

and 93). Acceleration of clesvage in the dorsal blastomeres, which is
i well marked during this cleavage, is shown in the embryos illustrated in
Figures 90 to 97, 149 and 150, These embryos have been chosen as
representative of more than forty illustrating the same point. Only
one embryo (Fig. 98) has been found in which fifth furrows are not
better developed in the dorsal than in the ventral cells.

As concerns direotion of the fifth cleavsge planes, cleavage
is seen. to be more regular in Scaphliopus then in many other inura.
The figures of Jordan and Eycleshymer (1894) show that in the four

genera of Amphibia studied by them the fifth furrows are quite irre-
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gular, They stated, "The appearance of the fourth set of furrows ale
most invaeriable merks the end of any constancy whatever in the rila-
tive position of the blastomeres." According to Morgan {1897); "Dur-
ing the fifth cleavage-period the irregularities in the division of
the cells is generally so great that we cannot speak definitely of
eny special direction of the new planes. Nevertheless there is & ten-
dency for some of the new furrows to came in a} right angles to the
last planes of division. Therefore, many and occasionully all of the
fifth cleavage-planes are horizontal.” In Scaphiopus the fifth fur-
rows are neerly always letitudinai and approgimately at right angles
to the fourth division planes; in most embryos, they are so in all sixe
teen blestomeres, Occasionally one or more of the furrows mey be ob-
ligue or vertical, Figure 96 illuetrates an embryo in which cne of the
micromeres is being divided by a vertical furrow., In the embryo rep-
resented in Figure 97 the situation is somewhat difficult of interpre-
tation, but 1t seems likely that one of the four micromeres of the
eight-cell stage was divided by an almost horizontal fourth furrow,
so that the two resulting micromeres were elongated in the latitudinsl
direction; in each the early f£ifth furrow is vertical. In one embryo
three of the sarly fifth furrows are vertical. Apparently the direction
of the fifth cleavage planss, as well as that of others, depends some-
what upon the Bhape of the cells divided off by earlier cleavages, s
the furrows tend to come in at right angles to the longer axis of the
cell as seen in surface view. In so far as the external aspect of a
blastomere is indicubive of the shape of the entire cell,. this pheno-

menon is.in agreement with the rule of Errara. (Lewis, 1926) that the
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"ineipient pertition-wall of a dividing cell tends to be such that its

area is the least possible by which the space content cen be enclosed.”
At the completion of the fifth cleavage thirty-two blastomeres
are present, lying in four more or less definite horizontal rows or
circlets. In most cases, as would be expected from the bilateral
arrangenent of the micromeres in the sixteen-cell embryo, the eight
micromeres of the first or uppermost circlet assume an elonguted forme-
ation consisting of tvio rows of four cells each. In other embryos they
may be either roughly radial in plan, or may haove no apperent regular-
ity. These eight cells tend to be a little smeller than those of the
circlet below. They may be trianguler, quadrangular, pentagonal, or
hexagonal in surface view, while those of the second and third cireclets
are nearly always quadrangular, and usually rectanguler., In almost
every embryo, and espeecially in those of the bilateral type, about two
of the eight cells of the first circlet extend into the zone of light
pigmentation constituting the gray crescent; they may be only slightly
i lighter in color than are the opposite micromsres, their lower portions
may be only very lightly pigmented, or the entire cells may be light
in color. The second circlet of cells elways extends into the dorsal
zone of light pigmentation, so that two or rarely three cells are
lightly pigmented or almost non-pigmented. There is in most cases. &
sharp demarkation in degree of pigmentation between the cells of the
gecond and those of the third oirclet; this follows of course from the
fact that the third furrow approxinately divides the pigmented from the
non-pigmented portion of the embryo. Cells of the third circlet may
| be only lightly pigmented on the side of the embryo opposite the cres-

cent, and are elways without pbgment, that is, as light in color as the
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vegetal portion of the embryo, in the region of the crescent. Cells

of the second and third eirclets are of approximetely the seme 8ize,
although individual differences exist. In the three upper circlets
dorsal cells are as a rule smaller than ventral cells. The eijht
macromeres nearest the lower pole retain the same type of arrangement
a8 in the precedinz stage. They may show, depending on degree of pige-
mentation of individual embryos, no trace of pigmentation, or the upper
parts of those cells on the more darkly pigmented side of the embryo
may be falntly tinged with brown. Figures 99 to 104 represent views
of a "typical" embryo at the thirty-two cell stage.

Up to and including Stage 5 cleavage has been comparatively
regular in that, in every stage, embryos show from surface view the
expected number and a more or less orderly arrangement of blastomeres.
However, with the beginning of the fifth cleavage, in some embryos a
factor enters in vhich tends to modify this condition. This 1s the
formation in some blastomeres of a fifth cleavage plane oblique to the
surface, As & result one of the dsughter cells has a large and the
other only a small surface area., Cells of the latter type migrate
or are pushed inward soon after the furrow is completed. This process
is the first step in transition of the wall of the blastula from a
siggle cell-layer to that of several cell-layers in thickness.

Inward movement of cells of this type has been observed in living
embryos, and the various stages of the process are shown also in fixzed
materials Figures 105 to 115 illustrate embryos in which one or more
of the fifth furrows is separsting or has separated blastomeres highly

unegual in surface area; Figure 116 shows some of the cells in surface
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view, In embryos in which the cells with small surface area lie at the

same level as the other blastomeres, it is evident that only a short
time hes elapsed since completion of the fifth furrows, since in some
(Figs. 105 to 111) the furrow is incomplete in one or more of the hlasto-
meres, and in others (Figs. 112 and 113) there is as yet no indication
of formation of sixth furrows. In fifteen other embryos of this typse,
with the cell in guestion lying at the same level as the other blasto-
meres, there i8 no indication of formation of the sixth furrows, except
that in one case, in the dorsal cells of the second circlet, the mmelei
are in anaphase or in early telophase, ~In a few embryos with no evi-
dence of sixth furrows, the cell has been found to be slightly de-
pressed (Fig. 114) or to lie definitely below the level of the other ‘
blastomeres (Figs, 115 and 151). In each of two other embryos with the
¢ell in question lying at a much lower level, early sixth furrows are
present in three dorsal cells of the second e¢ireclet; and in another of
the same type, seven cells, located in both dorsal and ventral regions
of the second and third circlets, exhibit very early or early furrows.
In the later part of Stage 6 the immlgrating cells are seen to be al-
most completely hidden from view, and study of sections has shown that
is them the sixth cleavage planes are paratangential or obligue to the
surface.

Since the cells in question have been found to possess an inter-
nal portion darge enough to meke their size approximately equal to that
of the neighboring cells, thelr inward movement can probably be explain-
ed on a purely mechanicael basis; with shifting and readjustment of blast-

omeres after completion of the cleavage, cells shaped as they are would
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tend to be pushed invard by pressure of the surrounding blastomeres

with jreater surfece area.

Blastomeres with markedly small surface area are usually tri-
angular or wedge-shaped in surface outline. They lie as a rule in
the uppermost cirelet of micromeres. In one embryo (Fig., 109), which
was of an unusual {ype even before the fifth furrows appeared, the
cell belongs in the second circlet. In the slongated bilateral type
of micromere configuration the blastomere with asmell surface arees has
always been found to lie at one end of the configuration, with no ap-
purent reletionship to location of the gray crescent. In embryos of
the type shown in Figures 114 and 115, 1t also lies in the first cir-
clet, and is the upper daughter cell of one of those four micromeres
of the sixteen-cell stage which lesy somewhat removed from the upper
pole, It seems evident that the locationof these cells is not deter-
minative, but that they occur in various positions,

Inward migration of cells during the fifth cleavage takes place
in only a minority of the embryos,

Reed (1904) made a study of the embryo of frog (species not
astated) to detormine how the interior cells arise. Her sections
ahowed that as late as the end of the ¥2-cell stage all the cells
are divided by cleavage planes which appear on the surfacs. Beglnning
with the fifth cleavage, however, some of the micromeres are divided
obliguely, giving rise to some cells that are partly submerged. These
cells have the appearance of being pushed into the interlor, since the
porticn visible in external view is smll as compared with the portion

lying meinly within the embryo. At the next cleavage, she stated, a
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cell of this kind would give rise to one cell extending to the surface

and one entirely internal.

|
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Explanation of Yigures

Stege § TFifth Cleavage

80, to 97. Acceleration of cleavage in dorsal blastomeres,

90, TYurrow complete betwsen al and a2, medium in the other dorssl micro-

meres, almost complete I macronere e3-a4, not evident in my of the
ventral blastomeres,

91, Furrows complete in the dorsel micromeres, erly in the ventrzl micro=
meres, not evident in any of the macromsres,

921 Furrow commlete between sl md a2, and batween bl end b2, Furrows
nediunm in cl-a2, 41-42, and hl-hz very early 1n ¢ 31-21 fl-f2, mad
gl-g2. Early furrows in a3-34 and in_b3-b4.

93,  Turrows complete between al and 23, bl and b2, 2nd ¢l and g2, Furrow
redium in d1-43, eerly in el-e2 snd inm m-hz and very early in f1-£2

and gl-g2, 83 1: almoat completely aeperated from a4, Very early
furrow in hz-h4

94, Turmwa medum in bl-b2, cl-o2, sd 4142, early in el-ad, very esrly

in the four ventral mieromres Furrows very esrly in mecromerea a3
#4 and h3-h4,

98, TFurrows early in gl-a3, bl-b2, and glea2, very early in 41-42 very e=rly
in el-e2 and ﬂ-fz Eo furzors avident in macromerss,

96, Tarrows early in al-g2, bl-b2, md d1-42, very early in gl-e2 and in the
four ventral micmmeres. h'o furrovwy evldent in mcmmeres.

97. Turrows complete between al and a2, bl and b3, end ¢l =md ¢2, medium
in el-e2, and early in 41-32, fl-f2, gl-g2, and hl-h2, Nurrows very
early in macromeree b3-b4 and o3-c4, The dape and position of cells
d1-42 and el-e2, together with the verticel fifth firrows, indicates

that the two cells in question were separated by a horizontal fourth
furrows,

98, Cleavage not accelerated in the dorgsl blastomeres, Furrows medium
in bl-b2, al-a2, hl-h2, and gleg2, early in fl-f2, and very early in
el-c2, "A'i-az ma el-oz No furrows evident in macromeres,

99,-1104, Views of upper hemisphere, dorsal side, ventral side, right oide,
left side, and lower hemisphere, respectively, of one of the more
‘tupleal! 32-cell emdryow,

105-115, Embryos in which one or more of the fifth furrows is geparazting
or has separasted hlastomeres markedly uneqisl in surface z2rea, In
those shown in Figs, 105 to 113, the cell with gmall gurface ares lies
gt approximately the same level as do the other blastomeres; in those
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shown in Figa. 114 ané 115, 1t is pertizlly submerged,

116, Surface views of
1, Cell g, Mg. 108

2, cell b, fig. 105
3. Oell g, Pig. 106
4. Cell g, Pig, 107
5, Celld, Pig, 107
6, Cell a, Mg, 108
7. Oell g, Fig, 109

8. Cell bl and mrrounding cells, Fig, 114
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ST4GE 6
Sixth Cleavage

Ten to fifteen minutes after the beginning of the fifth furrows
those of the sixth cleavage appear. At this time in mony of the blasto-
meres a small dark spot, plainly visible in both living and fixed em=
bryos, indicates the position of the nucleus with its surrounding mass
of brown pigment granules, These dark areas are best sesn in dorsal
cells of the second and third circlets, although they are‘sometimes
visible also in wentrsl cells of these two circlets, in cells of the
first circlet, and in the mascromeres. In later blastulae these dark
areag indicating the position of the nucleus can be seen in practice:
ally all the extemnal cells and under a sufficieatly high magnifica-
tion their movements during the various phases of the mitotic cycle are
easily observed. Appearance of the areas is due to the fact that, with
steadlly decreasing size of blastomeres, the nuclsl are coming to lie
nearer the surface; sections show thet flettening of cells has not yet
occurred.

In Stage 6, as in the prceceding ones, the dorsal blastoméres
constitute an area of accelerated cell division expressive of the bi-

* 1atera1ity of the embryo (Figs. 117 to 120). At the sams time, appear-
ance of furrows in the cells of the second and third circlets at a time

when few or none are present in cells of the uppermost circlet suggests

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




107
a marginal acceleraticn of cleavage. Almost all embryos (Figs. 118

to 122) with early sixth furrovs exhidit this apparent marginal aceel-
eration, but it is particularly well shown in the embryo represented
in Figure 121, However, study of sections shows that in usually from
tahree to four of the central cells of the uppermost circlet the sixth
cleavage planes are paratanéential or are formed obligue to the sur-
face, and consejueantly the furrows do not appear in external view,
Nuclel of cells of the second and third circlets have been found not

to be further advanced as concerns stage of mltosls than those of
eells of the first circlet. However,this latter finding cennot bde
considered &s evidence against the occurrence of accelsrated marginal
division, since, as is pointed out in the discussiop of Stage 8, even
in those exbryos in which theme exists undoubted acceleration in form-
ation of cleavage furrows in the dorsal blastomeres, the nuclel of dore
sal and ventral cells are not in appreciably different stages of mite-
osis. On the other hand, the formstion in at least some of the cen-
tral cells of cleavage furrows not visible at the surface leads to

the conclusion that there is no real evidence in support of the occur-
rence of margincl acceleration of cleavage. In Cryptobranchus, Smith
(1912) found after the sixth cleavage a deficiency in number of micro-
meres a8 éompared with the total theoretical expectation, and sinee his
sections showed that x;o horizonte) divisions had occurred in the cen-
tral region, although some had taken place in the marginzl row of micro-
meres, concluded that cell division was taking plece more rapidly in |
the marginel than in the central region of micromeres-- "a condition

which may be the beginning of that accelerated development of the
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margin, the later expression of which is almost whélly internal.”

As concerns direction of furrows, the sixth cleavage is predome
inantly vertical. In the second and third circlets, which at the end
of the fifth cleavage consist of cells ususlly rectangular in surface
view and elongated in the latitudinel direction, sixth furrows are al-
most always vertical, although occasionelly oblijue. In cells of the
uppermost group of micromercs the direction of the cleavage plane waries
a great deecl, In some cells, perticularly in those vhich are elongaped
in a meridional directior, it may be obligue to latitudinal; in others
it may be vertical, and in still others, as has been stated, the pleane
of cleavage 1s either paratangential or oblique to the surface, Fur-
rows in the eight macromeres mey be vertical, obligue, or horizontal,
In embryos similar to the ones shown in Figures 99 to 104 those four
cells which do not extend to the lower pole nearly alweys divide by a
vertical or oblique furrow (Fig. 125), while in the other four furrows
are often obligue to horizontal (Figs. 123 and 124). In the latter
cells the position of the furrow varies, and the deughter cells may
be either egual or merkedly unequal in surface view. Agsin, the four
macromeres extending to the pole mey divide by a vertical furrow. In
a few erbryos (Fig. 124) it is indicated that in one or more of the
yolk cells a paratangentizl cleavage plane or one obligue to the sur-
face is formed; study of sections shows that planes of these types do
occur et this time in at lsast some embryos.

Geils which began their inward migration during Stage 5 are sesen
in the later part of Stage 6 to be almost completely submerged. OSixth

furrows often form in such a way as to give rise to cells with amall
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surface erea which in the later part of the stage begin to move inward.
These cells are often located in the central portion of the region of
micromeres {Fig. 122). Occasionslly they are found also in the second
circlet (Figs. 118 and 119), in which cuse they are long and narrow,

or they may (Fig. 117) be formed at the outer margin of the uppermost
group of micromeres. Evidently the cells in question are at the sixth
clezvage not limited $o any one arsa, but may oceur anywhere from the
upper pole to the margin of the large yolk cells, Inward migration

of cells is of quite common occurrence in Stage 6.
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STAGE 7

Seventh Cleavage

Seventh furrows appear from ten to fifteen minutes after the be~
ginning of the sixth furrows, which are at this time 2ll completed
superficially, In most embryos &t the beginning of the seventh cleav-
age the number of cells visible at the surfuce is less than the theo-
retical expectation, due to formation of paratangential cleavage planes
or planes obligue to the surface and inward movement of cells during
the two preceding stages. This discrepancy is noted especially among
the central micromeres near the upper pole. In the embryo shown in
Figure 126, for instance, there ars apparently fif{een macromeres,
fifteen colls in the third eirclet, sixtesn in the second, and enly
eleven, including the small centrel and partly submerged cell, in the
uppermost group, In this last group of cells, moreover, usually three
or four of the centrsl miocromeres are noticeably larger in surface
area than are the surrounding cells; they are evidently those which
at the sixth cleavage were divided by paratangential cleavage furrows.

Seventh furrows vary somewhat as to direction. While some may
be ve;tical and some obligue, the majority of them are latitudinal,
all of them showing a tendency to come in at right angles to the longer
axis of the cell, As is shown in Figure 126, the dorsal area of accel-

erated cell division is still ekident. No appearance has been seen
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which suggests marginal acceleration of cleavage,

Throughout this stage those cells which began their inward move-

ment during Stage 6 are seen to be well submerged. AS hes been stated,

they lie in various positions, but occur gquite conmonly at or near the
upper pols. No evidence has been seen of formastion of cells with very

small surface area during the seventh cleavage,

It 18 to be expected that, since some cells show a tendency to
divide more rapidly than others and furrows do not all appear simult-

aneously, the last division of & group will fall progressively nearer
in time to the first of the next group, and the distinection between

sets of furrows will eventually be lost. In Scaphiopus, embryos with

early seventh furrows show that acceleration of cleavage in the dorsal

blastomeres 18 not contributing to loss of synchrdnism, since dorsal

cells are dividing, as in earlier stages, only slightly in advence of

ventral eells, With the seventh cleavage, however, the tendency to-

ward loss of synchronism is menifest in a lag in macromers division

more marked than that in earlier stages. This point is illustrated
by embryos similar to those shown in Figures 127, 128 and 129. In
these three embryos the seventh furrows are apparently completed in
all the micromeres and transitional cells at a time when no furrow
(Figs. 127 and 128) or only one furrow, and that an early one (Fig.
129), has appeared in the macromeres near the lower pole. Seventh
cleavage furrows in these large yolk cells are completed only three
to four mimutes before the beginning of the elghth cleavege. In some
of the macromeres seventh furrows fail to appear at the surface; since

sections show that after completion of the seventh cleavage some of

i
. .E - . . . -
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these cells have been divided by paratangential cleavage planes, it

can be assumed such was the case in the cells in guestion,

After completion of the seventh set of furrows, cleavege becomes
quite irregular. Xach embryo apparently cleaves according to a pattern
of its own, and embryos can no longer be even roughly grouped ihto types.
The tendency toward alternation of vertical and latitudinal sets of fur-
rows becomes disturbed, and cleavage planes occur in almost any direct-
ion., Blastomeres can no longer be distinguished as constituents of a
partidular circlet, and their shape and distribution vary a great deal,
They tend to be pentagonal or hexagonsl in surface view, rather than

triangular or quadranguler es in preceding stages.
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Explangtion of Figures

Stages B and 7 Sixth and Seventh Clesveges

117-120, Acceleration of cleavage in dorsal cells,

One medium snd four eerly furrows in dorsal edlls, One cell of the

first circlet is being divided into blastomeres of highly unequel
surface area, :

Farrow complete in one dorsel cell, early in fowr, very eerly in
two., Among ventral cells, furrows medium in tw cases, warly in
four cases, One cell of the second circlet is being divided into
parts unequal in surface area,

Farrow complete in one dorsal cell of first circlet and in one

of second circlet,zakl other furmws early., Two cells of the sec-
sodd clrclat are being divided into blastomeres of unequal surface
area,

Among dorsel cells, two medium furrows in cells of second circlet,
and early furrows in one cell of second circlet a2nd in one of third
circlet, Very early furrows in two ventral cells.

Apparent marginal accelerstion of cleavage. Early to medium fur-
fows in fifteen oells of the second and third circlets, and none in
the eight cells of the first circlet nor in the elght macromeres,

Apprarent marginal acceleration of cleavege, A cell near the upver
pole is being divided into blastomeres of unequal surface ares,

and 124, Sixth cleavages in the lower hem!isphere,
Macromeres of the embryo shown in Pig, 123,
1, fThose of the left side (with reference to gray crescent)

2. i‘hosg of the right side (with reference to the gray cres-
cent),

Barly seventh furrows, sli ghtly further advanced in dorssl than
in ventral cells,

to 129, lower hemispheres of three embryos in each of which the

seventh cleavsge is completed amng the micromsrea snd transitional
cells,
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Stage 8

After completion of the seventh cleavage it becomes convenient
for purposes of description to discuss development in terms of arbie
trarily fixed stages. Each stage is considered as extending to the
beginning of the succeeding stage, although, in each, deseription is
based meinly on embryos in thet state of development which initiates
the stage. Stages 8, 9, 10, and 11 each extends over several cell
generations,

Stage B8 begins, at 2% :to three houre after thé egg hes been
laid, with the first appesrance of the eighth set of cleavage furrows.
In certain blastulse at the beginning of the stage there are a few
large central cells near the upper pole, but in most this is not the
case, mWos with early eighth furrows show thet dorsal cells are
still cleaving slightly in advance of ventral cells. In severzl em-
bryos nearly all the dorsal micromeres and dorsel transitional cells
are in apparent telophase and early to msdium furrows are present;
in a number of the ventrasl micromsres and ventral transitional cells,
slightly earlier furrows are present. Macromsres in these embryos
show no indications of furrows.

Although in all cleavages from the second to the eighth, in-
clusive, it has been shown that undoudbted acceleration exists in form-

ation of cleavage furrows in the dorsal as compared with the ventral
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blastomeres, there is not during any of these cleavages any apprecia-
ble difference in stage of mitosis between nuclei of the dorsal and
ventral cells when considered as groups. ©Such minor differences as
have been found to exist are no more than those slight variations which
exist among nuclei of cells of either region as considered in itself.
No doubt this zccounts for the facet that, as far as it has been fol-
lowied, acosleration of cleavage in dorsal blastomeres does not result
in an inereasing disturbance of synchronism; at the eighth cleavage,
for instance, there 1s no greater discrepancy between times of appear-
ance and completion of furrows in the dorsel and in the ventral blast-
omeres than there was at the third or fourth cleavage. That synchron-
iam still exists among the micromeres and transitional cells at the
end of Stage 8 is shown by the fact that the nuclel of these cells are,
as seen in sections, all in practically the same stage of mitosis.
Thus it is obvious that at least up to the end of Stage 8 the smsller
size of dorsal cells has not been brought sbout by the occurrence of
more divisions among them than amohg the ventral cells. In this cone
nection, it may be noted that in the four Amphibia which they studied
Jordan and Eycleshymer (1894) found synchronism existing as long as
they were able to follow cleavages in the living embryo (up to the
tenth set in Ambystomr).

Small cells extend, at the middle of Stage 8, about to the
equator, the number of and area covered by them heving been increased
by addition of emall cells cut off at the upper parts of the macromeres.
Below 1ie cells of an intermediste size (about two in any one msridian)

and around the lower pole from four to eight larger yolk cells or macro-
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meres, The dorsal portion of the embryo is, as in earlier stages,

characterized by the presence of smaller cells and less pigment as com-
pared with the opposite region. In embryos fixed in formalin those
cells in the region of the gray crescent have a slightly translucent
appearance, During Stage 8 it is no longer possible to distinguish
first and second furrows in the upper hemisphere, In the lower hemis-
phere, however, it is ususlly possible to locate the intersection of
the first two furrows. With the approximpate location of the lower

pole thus revealed, it can as a rule be determined that on the dorsal
side of the embryo, as compared with the ventral, the smsll cells
extend slightly nearer this pole and that the transition between smaller

and larger cells is more gradual.
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St_age 9

Stage 9 is reached about one hour after the beginning of the preo-
ceding stage, Outlines of the micromeres ere still plainly visidble at
a negnification of fifteen diameters, At the beginning of the stege
there are present in ony laterel meridian (thut is, a meridian in the
laterzl rather than in the dorsal or ventrsl pert of the blastula) a-
bout twenty micromerss, seven transitionsl cells, and thres macromeres.
Since 1% is almost impossible to follow early furrowe_ in cells s0 amall,
external festures give no clue as to whether the dorsal portion of the
embryo still conatitutes an area of acoelersted cell division nor &s %o
the extent to whick synehronism peraists,

In all embryos the entire pigmonted hemisphere has a splotciaed
appeurance due to the faet thet, whereas in earlier cleavege stages
pigment hes extended equelly over the surface of the blastomeres and
down into the furrows, it now fails {0 extend down into the fufrows
or into those portieons of the cells immediately adjncent to furrowa.
This condition arises in the latter half of Stage 8, and persists in
succeeding stages. In embryos in whieh this pceuller distribution of
plegment first bdcumes evident there 1s an appearance which suggests
downward movement of certain cells towsrd the germ ring, but which
may be due only to that shifting and reerrangement of cells whech

follows cleavages; at the boundsry between pigmented and non-pigmented
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ocells one often sees in various meridisns one or more pigmented cells
extending down into the zone of non-pigmented ¢ells and entirely sur-
rounded by these latter excopt at the top. During Stage 9 the seme
eppoerance is noted.

In this stage, as in the preceding one and the two succeeding
cnes, ths dorscl portion of the embryo is marked by t o : <«.u g0 of
small and lighily pigmented celle, vol by the slightly lower artansion
of emall eslls and the more gredu:l transiticn betwecr . 1l . o L e
colls in the dors:! then in the ventral region. In each of the four
stuges, this ertern:1 evidence of bilaterality ic parallcie” v ovi-
dence of bilateranlity in the intermsl structure of blestulae; the
dorsel wall of the blastocoele is as & rule thinncr than il veantral

wall,
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Stage 10

One hour after the beginning of Stage 9, and about five hours
after egg-laying, embryos have reached the beginning of Stage 10. Both
micromeres and macromeres are much emaller then in the preceding stage,
but cell outlines in any pert of the blastula can be seen at a megnifi-
cetion of forty diameters. About thirty micromeres, ten transitional
cells, and five macromeres appear in surface view in any one lateral
meridian. The peculiar distribution of pigment noted in the two pre-
ceding stages persists, but cells and their pigmanted.areas are 80
much smaller that under low magnifications the blastula has a speckled
appearance., That a considerable amount of downward movement of micro-
meres has taken place is evidenced by the extension of pigmented cells
to, and in the luter parts of the stage slightly below, the equator.
Pigmented cells often extend downvard as irregulerly shaped and not
very sharply delimited bands or tongues separated by areas of light-
colored cells, Dorsda micromeres and transitional cells remain small-

er and lighter in color than ventral ones.
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Stage 11

Stage 11 (that of the late blastula) immsediately precedes gapte~
rulation., It begins about six and one-half hours after egg-leying,
and extends to the first appearance of the dorsal lip of the blasto-
pore, Externally, it differs from Stage 10 only' in the smaller gsize
of the blastomeres and in the slightly lower extension of pigmented
calls, Cell-outlines can still be seen at a maegnification of forty
diameters, but only with an illumination which throvs into relief the
surface of the embryo. About fifty mieromeres, fiftéen transitional
cells and eight macromeres appear in & lateral meridian, The Mspeck-
led" appearance is retained, but it is noted that the pigment 1is not
alwaye equelly distributed emong the cells of a certain ares, some
having a mich lighter or darker pigmentation than do the neighboring
cells, Dorsal and ventral reglons can still be distinguished, Meas-
urement of 52 embryos shows thet there has been no appreciabdle in-
crease in total size throughout the cleavage period; the average dia-
meter is the sams as that of the uncleaved egg. The chorion hes not
inereased in diameter, and both inner and outer jelly envelopes remein
the same thickness as in the egg just before the first clecvage.

According to Bellamy (1919) the gre:test downward movement of the
germ ring takeé plece in the region of the future dorsal lip, indicat-

ing that growth in length (between the apical pole and the germ ring)

i
|
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is greatest and proceeds most rapidly in the sagittal plane. T"At the
time of gastrulation some of the material included in the dorsal 1lip
cells is certainly not less than_looo from whers 1t was in the four-
cell stage." Dirken (1932) and others have described similar cell
movements. In Scaphiopus, at the beginning of Stage 11 pigmented cells
extend downwerd about the same distance in all meridians, Vithout ex-

perimental work, no statement can be made as to whether or not down-

werd movement is greatest among the dorsal cells,
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Stage 12

Stage 12 begins, at seven hours after egg-laying, with the appere-
ance of the dorsal lip of the blastopore, and extends up to the time
when, three and one-half hours later, early neural structures firat be-
come visible externally,

By means of & very simple experiment it was shown thet the method
used in locating the dorsal portion of the embryo in this stage, as well
as in the four preceding stages, is trustworthy. Twenty-one embryos
with the dorsal 1lip just appearing were selected at random, that is,
without reference to whether or-not the dorsal region was plainly marked,
and were orlented with the animal pole uppermost, so th&t the blastopore
lip was not visible. The embryos were exemined one at a time, and that
portion characterized by smaller and lighter plgment spots was assumed
to be the dorsal region. In all except one c¢ase, in which the situation
was doubtful, the dorsal lip, vhen the embryo was turned over, was found
to lie in the region which had been assumed to be dorsal,

At the time the first indication of the dorsal lip appears small

pigmented cells extend sommwhat below the equator. The blastopore lip
appears, about goo below the equator, at the boundary between these
cells and the larger light-colored transitional cells,at a plece where
the transition in cell-size and degree of pigmentation is rather abrupt.

It appears first as & shallow irregularly shaped depression varying
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somewnat in appearance in different embryos, but usually elongated

in the equatorial direction end ebout twice as long as wide, with

the deepest part of the depression exactly at the border between the
two types of cells. The depression, which is at first so slight as

to be visible only when the dorsal portion of the embryo lies in
partial shadow, involves an area five to six cells in width. At

this time the surface of the gastrula both ebove and below the dor-
sal lip curves graduelly into the depfession. Deepening progresses

at first with little incresse in length of the depression, and the
slope of the sides becomes more abrupt. By the time elonzation of

the blastopore lip is noticesble the letter hes assumed a creacentic
shape (occasionully it is crescentic at its first eppearance). In

any case, the lip fiftecn minutes after its appearence ls well estab-
lished as a crescent. ‘iith elongation the depression narrows and
deepens, and the inwerd slope of transitionel cells into it becomes
more gentle, while the portion forming the dorsal lip dips abruptly
down into the groove, As gastrulation proceeds and the depression
narrows until visible only as a cleft, the cells on both sides of it
descend abruptly into the cleft. In some embryos in the dorsal and
crescentic lip stages there is an accumulation of brown pigment at the
bottom of the blastoporic depression and on the c¢ells of the dorsal
lip. By the time the crescentic blastopore has become well established
the occurrence of pigment in these regions has become 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 & semi-
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circuler shape, the boundary between microwrss und transiticnal cells

bescomss more sharply marked, The blastoporic groove extends along this
boundary line as a cleft which 18 at first slight but which rapidly
deepens. At atoaut thirty minutes after appeerance of the dorsal 1lip
the blastopore has assumed a semi-circuler shape, and fiftean minutes
Inter it is established &8 a complete circle., As the blastoporie
groove lengthens the ¢ircular area composed of non-pigmented cells
becomss smaller due to ocntinued downward movement of the germ ring,
80 that the ventral lip is completed =t & lower level than that at
which the dorsal invezination first eppeared., The bLlestopore lip at
any stege until it becomss oircular forms an arc of that circle of
gteadily decreasing dismeter which marks the boundary detween micro-
meres and yolk cells, |

One and three-fourths hours sfter appeaerance of the dorsal 1lip,
the yolk plug has a dismeter only half thet in the early circular
blastopore stage. At about this time the outer jelly envelope begins
to slough off.

During the early phases of gactruletion the entire uprer hemis-
phere hus an irregularly rough and bumpy appeurance, better murked in
some embryos thon in others, A4bout the time the blastopore becomes
complete there is formed, begianing usually on the doreal side, a circle
of sunken cells (Fig. 152) lying slishtly above the equator and approxe-
imitely 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. Decrezse in dla-

meter of the circle during this moverent results in its complete dis~
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appearance at the time the yolk pluz has deen reduced to a diameter

of about sixteen to twenty degrees. Dissection of embryos and study
of sections show that this circle of sunken cells marks the boundary
of the roof of the blastocoele; thus it is analogous to the'Scheidewand-

furchetor 'septal furrow'of Cryptobranchus japonicus and Cryptobran-

chus allegheniensis as described by, respectively,Ishikawa (19081909)

and Smith (1912). The area enclosed by the 'septal furrow' mey be con-

sidered analogous to the ‘'Keinmholensegment' of Ishikawa and to the

'fenestra' of Smith (1912). It is not. twansparent, nor is its sur-
face cut up into small polygonsl areas each comprised of several cells
and separated by lines resembling cleavage furrows, as is the case in

Cryptobranchus allegheniensis. In both living and fixed embryos of

Scaphiopus, the area merely has an irregularly rough'and bumpy appoer-
ance,

Smith (1912) stated that he has found in the litersture no other
m-ntions of similar structures except a description by Hatta (1907)
of such & 'boundery groove' in the gastrula of Petromyzon. In Scap-
hiopus the 'septal furrow'} elthough it takes the form of a circle
of sunken cells rather than that of a sherply 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, I have found no mention of such a furrow in any other
anuran ga:-trule, Both Hatta and Smith have concluded that the furrow
is passive in origin and a product of gastrulation. In both Crypto-

branchus and Petromyzon, according to Smith, the egg contains consider-

able yolk, and the roof of the blastocoele is unusually thin; the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




i
!
i
!
i

129

occurrence of the 'septal furrow' he regards as a remarkable case of
convergence in purely embryonic characters. In Scaphlopus also the
furrow is apparently passive in origin; since the roof of the blasto-
coele is not urusually thin, it seems possible that the appesrance of
the furrow may result from the rapidity with which gastrulation tekes
place,

The blastopore lip remeins circular until the diameter of the
yolk plug has been reduced to about fifiteen degrees, and then becomes
ovoid., By this time, rotation of the gastrula has brought the blasto-

pore into a posterior or slightly dorsal-posterior positicn.
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Stage 13

Three and one-half hours after appearance of the dorsal 1lip, and
about the time the blasbopore has become oveld in shupe, the position
which the neural groove will occupy is marked out by a line &f pigment,
not very sharply delimited, extending forward from the blastopore. A4s
the lateral lips of the blastopore approach each other this line be-
comes slightly sunken to form the peural groove, and the thickened mare
glns of the medullary plate appear. One hour later, by the time the
yolk plug is entirely withdrawm and the lateral lips of the blastopore
are closely appressed, the neural groove has extended considerably in
length and the neural ridges are well marked in their antero-lateral
and tranaverse portions. HNo elongation has taken place and the eubryo
is still approximately spherical. The neural ridge is narrower and
lower in its transverse portion than it Is laterally. Sense plate and
2ill plate are indicated by slight $hickenings. Posteriorly, the bor-
ders of the medullary plate are not yet elevated to form ridges. The
neural plate is lightly pigmented throughout its entire area, while the
various regions of the neural ridge are more heavily pigmented, part-
icularly at the inner boundary. The neural groove is shallow and

narrow, and is still marked by a line of pigment; anteriorly it joins

(or divides into) two grooves which extend into two slightly sunken

i and deeply pigmented areas (optic rudiments) located in the inner border
i
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of the transverse fold., The distence from blustopore to tne outer
boundary of the transverse fold falls a little short of 180 degrees.
Fifteen minutes later (Fig. 153) the optic depressions are deeper,

and sense plate and gill plete are further elevated, Evideances of
segmentation of the neural plate inside the neural ridge in these em-
bryos, as well as in those in the early part of Stage 14, are expressed
faintly if at all.

During stege 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 jJelly laysr; the latter is at this time still adherent to the
chorion, The chorion has at Stage 13 increzsed a little in diameter,
and does not surround the embryo as closely as in earlier stages. 4B
development proceeds and growth in length of the embryo occurs, the
chorion expands a great deal, and by tae time of hateching it has at-
tained a diameter from two to two and one-hslf times {that in the

cleavage stoges.

;
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Stage 14

14-.1, 3Stage 1l4-1 is re-ched two and one-~fourth hours ufter the
beglnning of the preceding stage, or one hour later than the stagze
shown in Figure 153, The embryc (Fizs. 130, 131) hzs elongated clightly
in an antero-posterior directicn.' The neural folds have approached each
other to a considerable extent, and their elevztion has proceeded poste
eriorly to the level of the blastopore. Sense plate and gill plste are
fairly well defined. The neursal groove remains visible as g narrow
pigmented line, slightly depressed, extending the full length of the
neurzl plate from blastopore to anterior end. The transverse neural
fold hes extended postericrly to a slight extent, overarching the neu=-
ral plate and contributing to closure of the neural folds; in this pro-
cess the optic rudiments ere becoming coversd. In the embryo sketched
they are still indicated, =2nd the crescent shaped area at the anterlor
end of the neural plate and just inside the transverse fold is deeply
pigmented. The neural tube is open more widely in its enterior half
(heed region) than elsewhers.

During Stuge 1l4-1 rovement of particles can be seen in the fluld

surrounding the embryo, indicsting that ciliation is becoming established.

In Rara tenporuria.also,streaning of suspended granules is first seen at

about this stage, according to Assheton (1896).
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14-2, Twenty-five minutes later (Fig. 154) 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. The sense plate is better

developed, and the zill plate im scme embryos shows evidences of be-
coming divided into an anterior and a posterior part. The eibryo has

elongated a little more than in Stage 14-1,

14-3, it the end of the ne?ct twenty minutes, the neurzl folds
have ccme together and fused throughout their entire lengih, and lie
closely appressed, with tie line of union merked by a deep median
groove (Tigs. 132, 133), That portion of the neural tube just anter-
ior to the proctodaeal pit is the lust to close. The‘dorsal body-line
is 4in some embryos gtill almost straight, but in most cases it is
eligshtly concave, head and teil being a little upraised above the
mid-dersal rezion., 4 vertical line has appcared indicating the posie-

tion of the first brenchial grove. In the mid-porticn of the sense

plate just ventral to the end of the line formed by union of the neural

folds is a slight depression; this will deepen to form the mouth de-
pressiocn, and in 1t st a later stege the stomodeeal inveginaticn will
appear., In most embryos both the upper and the lower portions of the

blastopore remain open.

14-4, Thirty minutes later, the lins of fusion of the neural
folds is marked only by = #light plgment line. (Fizs. 134, 198). The

g11l plate is more massive, and head and tail upraised a little more.

i
!
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The upper opening of the blastopore persists as a deep pit. Ait this
time the chorion has inorezsed somewhat in diemeter, and is becoming
less taut. 4 thin layer of the inner jelly envelope still adheres to
it. In some embryos the outer envelope remains as a cep-like structure,
vhile in othere it has been lost.

Rotation begins in some embryos in Stage 14~3, at about the time
head and tail become slightly upcurved. In others it may occur slight-
1y leter, but in all cases it 18 well established by Stage 15-4. Up
to about Stage 14-3 embryos lie with the ventral surface down. At about
the &ims rotation begins the head comes to lie slightly higher than the
rest of the body, and the embryo, although inelining slightly to one
gside, is supported m=inly on the ventral dgurface of body and tail,
Ciliary beat is evidently in such a direction as to move the head up
and over, but gravity provents the completion of such a movement. As
a result of the two forces, the embryo moves in a clockwise or counter-
clockwise direction, with the head rising higher and higher, until at
a certain point it becomes overbzlanced and topples to one side, toward
the outside of the circuit. The eircuit is then repeated, and toppling
occurs sach tims at about the seme point. KLabryos roteting in a clock-
wise direction fall on the right side after upraising ¢f the head, while

those roteting in a counterclockwise direction fall on the left side,
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Explenation of Figures

130, Stage 14~1. Dorsal view.
131, Stage 1l4-1, Lateral view..
132, Stage 14-3. Dorsel view.
133, Stage 14-3. Lateral view,
134, Stage l4-4, Dorsal view.

135, Stage 14-4, Leteral view.

|
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Stage 15

15-1, Stage 15~1 (Fig. 155) is reached sixty minutes after the
beginning of Stage 14-4, or fifteen hours after egg-laying. 4 second
external branchial groove is present as a vertical depression posterior
to the first one. The position of pronephoros and pronephric duct are
indicsted externally by raised areas, Messaeblastic somites are begine
ning to be faintly indicated in the mid-dorsal region. The rmwouth de=-
pression has deepened aund elongated dorso-ventrally, and the position
which the adhesive orgen will occupy is marked by & slight accumla-
tion of pigment, as yet not very deéfinitely delimited. Elevation of
head and tail are better marked. The line of fusion of the necural
folds is stlll indicated by & narrow band of pigment, At the post-
erior end of this band the proctodaeal pit is now seen as & slightly

elongated depression.

15-2, @ne-half hour later, embryos have reached the stuge
shown in Pigures 136, 137 and 138, The body hus elongated more, end
the chorion has expanded; inside the latter the embryo is still straight,
that is, length of body and diameter of chorion are about the seme.
The tail length s between oneofourth and one-third the lepgth of the
body. AThe elevation marking the position of the pronephros is higher

and better marked, and that indicuting the duct extends further post-
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eriorly. The cutlines of the three primary brain vesicles are indica-
ted. The auditory sacs or otocysts appear as crescent-shaped spots on
tiue sides of the head. Lateral to and slightly above the mouth de-
pression is & palr of invaginations marking the location of the olfac-
tory organs, The head of the embryo, as viewed from the front, is now
about twice as long as wide, and the mouth depression extends over about
half its length, reaching ventrally almost to the adhesive organ. The
latter is now definitely established as a widely U-shaped depression
more heavily pigmented than the surrounding ectoderm, £rom the mid-
dorsal region to about ths tip of the tail the ectoderm overiying the
neural tube is drawn into a thin ridge, the first indication of the
dorsal fin or web of the tail., Elongation of the tail hes increased
the distance from its tip to the proctodaeal pit, giving to the latter,
comparatively spesking, a more ventral position. The cap-like outer

jelly envelope is still retained in the case of soie embryos.
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Explanetion of Figures

136, Stage 15-2. Dorsal view.
137, Stege 16-2., Lateral view,

138. Stage 15-2. Antero-ventral view,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



142

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




143

Stage 16

One and one-helf hours later, at seventeen hours after egg~
laying, embryos appear as that shown in Figures 139, 140, and 1506,
The tz2il has elongated more, end is now about one-third the length
of the body., The total body length has slightly exceeded the dig=-
neter of the chorion, so that as the embryo lies within the membreane
the tall is samewhat curved. Due to the sharp upcurve of the tail,

he dorsal line of the body is gquite concave, while the ventral line
is 8411l strongly convex. The ventral edze of the ‘tail from just
above the proctodaeal pit almost to the tip is becoming flattened
laterally in an early stuge of fin formation. The mouth depression
has deepened. From the crest of the head, as viewed from the front,
there extends downward & pigment arez in wide wishbone~shuped forma-
tion; each of the two ends of this ares joins one of the depressed olfac-
tory placodes, which are also heavily pigmented. Although the point
hes not been studied in sections, it #eems likely that this pigmented
area may indicate the position of those glands the gecretion of waich
softens the chorion before hatehing tekes place. The eyes appeur as
swollen dark-colored areas lying slightly posterior to the olfactory

placodss.
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Explanation of Figures

139, Stage 16. Lateral view.

140, Stage 16. Antero-lateral view of heed.
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Stage 17

Three hours later, at twenty hours after egg-laying, elongetion
has proceeded to such an extent that both head and tail are cmrved to
one side or the other as the embryo lies in the chorion. (Fig. 1al).
The tall is about one~half the body lemgth, and the angle of elevation
of tail above body is less sharp. A third branchial groove is fainte
ly indicated posterior to the first two. The body is slender from
side to side, and deep-dorso-ventrally. (Fig. 142). The head (Fig.
143) is much longer and narrower, with the olfactory placodes deepen-
ing into pits, the mough depression deeper, especially in its upper
half, and the adhesive organ more ventrally located.

4 certain amount of variation exists in the manner of rotation,
Due po 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 & clock-
wise direction if lying on the right and counterclockwise if on the
left stde., The head lies at a muckh higher level than the tail, Al-
though at one point in the circuit of rotation the hesd rises higher
than at other points, there is no promounced toppling. At times em-
bryoe may, while turned slightly to one side, rest mostly upon the
ventral portion of the body and rotate much as in earlier stages.

At the beginning of Stage 17 the first spontansous muscular move=

ments appear. The earliest movement fomsists of @ slight contraction,
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vith wrinkling of the integuments. in the dorso-lateral neck regicn,

A little later the head may be moved to one side once to several times.
8hortly afterward, the tsil alsoc 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. Musoular 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.

{
§

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




;
)
|
I
t
!
|

148

Stage 18

Stage 1€, (Figs. 144, 145, end 157), which is reached three and
ons~helf hours after the beginning of Stage 17, is the one immediately
preceding hatching. The embryc has elongated a little more, and both
head and tall are curved as it lies in the chorion. The tail, which
is now a little more than helf the body length, no longer projects up-
ward, but forms a straight line with the dorsal body surface. Its
thin dorsel portion, which will become the tail fin, curves up well
above the tall proper. The nasal pits have deepened, and are heavily
pigmented. 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., The adhesive organ is better developed., Muscular movements
are stronger and more rapid, Head and tail may be moved separately
or at the same time, MNovements in the early part of this stags may
be sudden, but are not violent, as they become in the later part of

the stage and just before hatching.
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Explanation of Figures

141. Stege 17. Dorsal view, -
142, Stege 17, Lateral view,

143, Stege 17. Antero-lateral view of head.
144, Stege 18. Lateral view,

145, Steage 18. Antero-ventral view of head.
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Stage 19

A% twenty-eight hours of age embryoa have reuched ths stage of
develogment shown in Figure 158, In most cases hatching iakes place at
this stage, although in some embryos it mey occur in the later part of
the preceding stege, and in still others not until the later part of
Stege 19.

The embryo chosen as representative of Stage 19 is five millimeters
in length. 'On the first and second branchial arches the outgrowths
(sarly gill filaments) =re longer than in the preéeding stage. The third
branchial arch is more pronounced, but as yet shows no indication of
formation of gill filaments. The stomodaeal pit or mouth depress-
ion . is still long in the dorso-ventral direction, and is quite deep.

At 1%s8 greatest depth a ¢ranslucent appearance indicstes the thinness
of the oral plete., The depression has assumed an elongated diemond
shape, with the ventral part longer and narrower than the dorsal, &nd
the lateral portions representing the corners of the larval lips. The
body is still deep dorso-ventrally, as compared with the width later-
ally. Muscle segments are plainly indicated from the region above the
pronephric body back through the proximal two-thirds of the tail. The
fusion between rectal and proctodaeal walls has not yet become perfor-
ated, Heart beat is visible at this time, and gill eirculation becomes

evident soon afterward, as the gill filaments become more nearly trans-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




163
parent,

Rotation continues as the time of hatching approaches, but be-
comes noticeably slower. Embryos lie part of the time on the side and
rotate es in Stage 17. Musculer movements become much stronger and
gulte violent; they consist mostly of flexure of head and teil toward
esach other in a sudden movement, during which the two mey touch. Young-
strom (1938), in a study of the development of behavior and reaction
capacities in Apura, found some animals holding for one-half minute or
more & deep 'U' contraction, comparable to the coil stage in Smbystoma.
In Scaphiopus this does not occur. At times, contraction of muscles
on that side of the body opposite the direction of curvature may de
strong enough to bring about 2 reversel of curvature, If during this
process the curvature of the head is reversed befére the intisl flex-
ure is completed in the eaudal region the 'S reaction' (Coghill, 1908)
is produced, although the position is not maintalned for more thap one
or two: seconds. For some time before hatching muscular movemsnts re-
semble those made in swimming, except as they are limited by restraint
from the chorion. Embryos artifically freed from the chorion in the
latter helf of Stage 16 are capable of swimming for a short distance.

As the time of hatching approaches the chorion, vhich now has &
diameter two to two and one-half times that in the cleavage steges,
becomes soft and loses its tautness. It can eusily be dented in by
pressure, flattens somswhat through contact with the surface upon
which it rests, and is sometimes accidentally broken and removed when

either living or fixed embryos are drawn into a large-mouthed pipette.

. Softening of the capsule end initiation of hatching are believed by a
I
i
|
i
|
{
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number of authors to be due to secretion from the frontal gland. A se-

cretion of this type hes 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 distinet
organ in Alytes, Noble (1926) has described similer cells in Alytes
obstretricans and in seversl other forms, among them Scapiiopus hol-
brookii, 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 hol=-
brookii, the swollen and apparently secreting cells sre found not only
in the frontal gland reglon but also between this band and the adhesive
organs, He has stated: "In all higher frogs which have tadpoles hatch-
ing into the water the frontal organ probably functions as the releas-
ing mechanism. This frontal organ is freguently indistinct and without
a histological examination its limits cannot be determined."” Since the
frontal organ has been found in Scaphiopus holbrookil, it seems likely
that 1t occurs also in S. bombifrons, and that its secretion is respon-
sible for the marked softening of the chorion which precedes hatching.
The hatching process has been observed in & pumber of embryos.
As the embryo rotates slowly, the entire anterior surface of the head
is in contaet throughout the cycle of rotation. with the chorion,which
is bulged outward, the deepest part of the bulge being that caused by
the dome-shaped top of the hesd. The curved tail mmy also cause &
bulge in the chorion, so that the latter has an elongated chape. Imme-
diately before hatching, rotation becomes very slow, and in some embryos
may almost stop. As & ruls emsrgence takes place in the following way.

The embryo is almost at rest, with the dome-shaped top of the head meking
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a pronounced outward bulge in the chorion. The dome of the head then

begins to emerge, and the rest of the body, propelled by ciliary act-
ion, follows slowly and gradually. In one-half minute or less the
curved tall suddenly emerges and the embryo falls to the bottom of
the dish. No muscular movements heve been observed to take place
during emergence of this typs. In nearly every case the adhesive
orgzun becomes attzched to the chorion during emergence. The hole left
in the chorion is as large as:.or lerger 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 chorion vhere it is
stretched tightly over the surface of the heed is almost invisible in
surface view. It seems likely that graducl pressure coupled with a
process of dissolution of the membrane makes the first small hole,
which is enlarged mechanically by tearing as the head ané body psss
through.,

In some oases violent threshing and butting movements of the en-
bryo muke the first breek in the membrane; when this happens the lat~
ter immediately wrinkles and collapses. If the break occurs near the
heed, the latter soon begins to emerge slowly. Other embryos have
! been observed to break the membrane tiarough movements of the teil; the
tesr may be quite large, and evontually movements of the smbryo bring
about its escape. One embryo before hatching had its adhesive organ

attached by & strand of gelatinous muterial to the inner surface of the

‘ chorioxi, end was rotating around the point of attachment; finally, in

threshing sbcut, it booke the membrane with its tail.

Newly hetched larvee fail to straighten out at once, but for a

|
}
i
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ghort time remain lying on the side with hez=d and tail upcurved, In

this position and when not atteched to the chorion, they progress slow-
ly along the bottom of the culture dish by msans of ciliary movement,
Immediutely after hatching they can progress a short distance by swim-
ming movements, mostly while lying on one side, although they are cap-
able of swimming for a second or two with the ventral surface down.
Larvaee that are attuched to the membrane also make vigorous swimming
movements, and within en hour or two most of them haye freed them-
selves, In the latter half of the stage, larwae are capable of swime
wing 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,

According to Savage (1937), it is commonly believed that tedpoles
after hatching feed on the envelopes, to vhich théy ettach themselves,
Obviously this is impossible, as the mouth is at this time not open.
Sevage found that tadpoles of several species seem to develop faster
when allowed to remain on the envelopes, but concluded that the under-
lying cause is not likely to be found to be nutritive. He has pointed
out, in connection with increase in size before opening of the mouth,
that an animsl forming cavities and Hubular organs out of solid and
less agueous material must increzse in size. 1t has, however, been
shown that if dissolved orgenic materisl is present in high amounts
in the water, tadpoles at a later stage than Savaggls ocan absorb nutri-

ment from solution (Krogh, 1931). In Scephiopus, ettachment to the chore

ion takes place only incidentally to hatching. Free larvae have never

been observed to attach theomselves, while those that are attached free

themselves, as as hns been steted, within an hour or two.

1
t
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Stage 20

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
mn, in length. They still 1ie most of the time on the side. Although
they swim for a short distance with the ventral surface down, they are
still not capable of orienting themselves while at rest, and fall to
one side or the other., Occasionally one finds a larva at this stage
8till unhatched., The eye, lying behind and xlightly above the nasal

pit, remains visible only as a dark area, ZExternel 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. The adhesive organ is slightly better developsd

than in the preceding stage.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




!
i
1
1
|
i
,

|

1568

Stuge 21

At five hours after heatching, with tody lengths varying from
5.5 to 6,5 mm,, the swimming =bility is better developed, it larvae
are still unable to orient themselves wiile et rest. The eyes are
Plainly evident in surface view, and at the beginning of the stage
dark pigment is present on the dorsal part of the body. During the
middls and later parts of Stage 21 many of the larvee attach them=
selves to objects, such as the side of the dish, by mezns of the azd-
hesive organ. In this position they rest on the wventral part of the
body, but at other times they lie on the side. At the beginning of
the stage the lips are assuming the cheracteristlie tadpole shape, and
around the mouth smell protuberances indicate the beginning of papilla
formation. Nouth and anus have not yet opened. The opercular or

gular fold is just beginning to.form.
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Stage 22

Stage 22. (Figure 159) is reached fifteen hours after hatching.
length has increused but little, most larvee measuring about 6.5 mm.
Pigmentation is better merked. The gular fold has formed across the
entire ventral surface as well as above and in front of the external
¢llls, Both mouth and anal openings are present, bhe larval lips are
well formed, and papillae are larger. The eyes are well developed,
and the nostrils deep. The gut shows one transverse fold. The ad-
hesive organ has begun to retrogress, and larvag no ionger attach
themselves by it. larvae can now orient themselias on the ventral
surface waile et rest, showing only a slight tendency to fall to one
sids or the other. The lateral body width is almost as great as the

{ dorso-ventrél depth.

|

t
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Stage 23

At twenty-four houms after hotching, larvee vary fram 6.5 to
7.5 mm, in length. Specimens in exzctly the same stage of develop~
ment may vary considerably in length and in other meusurements. The
opercular fold has extended further posteriorly. Pigmentation is
now well developed on the dorsal surface of the body. Larval jaws
show at this time the beginning of cornification. The papillae a-
round the gouth are larger thaen in the preceding stage, and the fold
on which they are loceted protrudes. The hind limb bud is evident

as a small rounded protubsrance.

l
!
i
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Stage 24

| Stage 24 (Figs. 160 and 161) is reached about thirty hours af-

ter hatching, or fifty-eisht hours after egg-leying. The larve photo-

graphed is 8.5 mm. in length, although in:the majority of specimens. at

this stage of development the length is somewhdt less. The opercular

The row of papillae surrounding the mouth is completely formed, but

teeth have not yet appeared. The integument is beginning o0 become

trangparent, and jaw muscles can be seen through the ventral body
wall., The gut shows more coils than in the preceding stege. Corni-

ficatlon of the larval jaws is better developed, and both algae and

liver are tzxen as food, At thirty-three nours after hatching & nume-

ber of living tadpoles have been found in which ell of the tall ex-

cept a regged stub had apparently been eaten off by other tadpoles;
51 smaller specimens are the ones most often attacked, Dead tadpoles
i during this as well aa later stages are also eaten, Evidently the
‘ tadpoles take either animal or vegetsble food as soon as the jaws

arse well enocugh developed to permit feeding.

!
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Stage 25

Stage 25 begins at the age of sixty-four hours. Body shape is
practically the same as in the precediny stage; but there has been
somg increase in size; in a specimen chosen as representative, the
body, tail and total legnths are, respectively, 3, 55, and 8 5/4,mm.
The gulaxr fold has by this time completed its growth, and the spir-
acle is present as a latero-ventral opening. The larval jaws are
well cornified, but the teeth hzve not yet appeared, Pigmentation
is & little more dense than in the preceding stege. The integu-
ment is now quite transperent, and, through the ventral body wall,

jaw mscles, heert, gut, etc., are pleinly visible,
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Later Larval Development and Metamorphosis

Tarval development from Stage 25 to the onset of metamorphosis
is & metter mainly of change in size and shape of body, degree of de-
velopment of limbs, ete; accordingly, sttisfactory eriteria are lacking
for division of the period into steges. Moreover, thoge variations
in rate of development whiéch have been noted in earlier stazes become
even better marked during this period; in each group of tadpoles of
exactly the same age there are merked differences in size, and, in addi-
tion, tadpoles otherwise in a ocomperable stage of development vary
somewhat in length and size of body. The mezsurements given in
Table IV are thoge of single specimens chosen as representative of
the various aze groups. Since by the twentieth dey tadpoles have as
& rule attained their mexismum body size, measurements are given only

up to that tims,

Table IV

Growth In Length of Tadpoles of S. bombifrons Cope from
the Fourth to the Twentieth Days. iAge is computed
from the time of egg laying.

Fee 1n Dage Tenath in Milimeters
. Body Tail Total
4 4.5 6.5 1
6 6 9 15
8 7.5 10 17.5
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Table IV. cont'd

Age in Days Length in Millimeters
Body Tail Total
10 8 12 20
14 14.5 19 33.5
17 18 26 44
20 22 30 52

By the twentieth day, the body length of tedpoles varies from
20 to 23 mm,., tail length from 30 to 39 mm,, and total length from 50
to 62 mm., In some cases the maximum total length 1s not reached until

four or five days later, as the tell may continue to lengthen up to

thet time, Body and tzil lengths are not necessarily correlated.
At the fourth day, chromatophores have appesred on the hind leg,
a slight constrietion indicates the position of the joint between me-

tatarsals and tibia and #ibula, and the distal portion of the 1limb 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 mach larger and better developed;
the metatarsal tubercle is well marked, but shows no indication of
cornification. On the twenty-third day, the tubercle is partielly
connified on 1ts free edgs, and by the twenty-fifth day it is com-
pletely cornified.

Teeth first appear on the sixth day. By the twenty-second day

the mouth i1s widening from side to side, and, elthough larvel testh
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and jaws are still present, the tadpoles feed much less voraciously
than in earlier stages. The horny larval jaws are lost between the
twenty-£ifth and the twenty-eighth day; tadpoles have been observed
to feed up until the time vhen both mendibles have completely dis-
appeared.

Fordation of eyelids is indicated at the twenty-second day by
the presence of small ridges of integument; by the twenty-third day,
each eye is surrounded by a definite fold of integument. Two days
later, the nictitating membrane is evident and the eyes sre definitely
protuberant. By the twenty-third day, the ridges which in earlier
stages surround the nostril have flattened down,

By the twenty-third day, the integument has become slightly
rugose over the entire dorsal surface of the body. |

At about the twenty-eighth day, one or both of the fore limbs
emerges, the left usuelly appeering first and the right at any time
up to one day later. At this time, the horny larval jaws or mandibles
have beenrn lost, the skin is definitely rugose and is sssuming the
color markings of the edult, and resorption of the tail fin has begun--
that is, both dorsal and ventral portions of the caudal fin are re-
duced in size and somewhat thickened and opaque, and the total length
of the tail has been reduced a little. The tongue is well developed,
the mouth wide, and the muzzle has the "pug-dog" shape characteristic
of that of the adult. All five digits of the hind foot show the be-
ginning of copnification at the tips. As soon as both front legs have
emerged the young toasds spend part of their time out of the water, and

may partially bury themselves in sand..
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During the day on which the arms emerge, the length of the tail

is reduced 8-11 mm. On the three followlng days, the reductions in
length are, respectively, 5 to 7 mm., 3 to 5 mm., and 1 t0 3 mm,

By the thirty-second day, metamorphosis is practically completed.
0f the tail there remains only a whitish stub, 1-3 mm. in length.
Color markings on the dorsal surface of body and legs are those of the
adult. The burrowing instinet is fully developed, and the young toads
bury themselves in send or in soft soil., Smell insects are taken as
food (Trowbridge and Trowbridge, 1937). During the next four or five
days the tail stub disappears entirely.

There is a certain amount of variation in the time at which the
fore legs emerge, and a corresponding varietion in the time at which
metamorphosis is completed. As has been indicated, in many spscimens
it 15 completed at about the thirty-second day. In a few cases the
front legs have emerged as ecrly as the twenty-sixth day. By the

thirty-£ifth day, metamorphosis is completed in sll except 2 few in-

dividuals which were smell in size and reterded in stage of develop~
ment, Retarded individuals metamorphose later and usually at & some-
whet smaller size than do the other tadpqles. Adolph (1931) found
that tedpoles of Rana pipiens and R. gylvatica retarded by crowding
metamorphosed at & small size but et a later time than did the con-
trol group. In Scaphiopus, it has been observed that the larval per-
iod may be greatly prolonged by reterdation of growth due to insuffi-

cient food.

, i
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DISCUSSIONR
Degree of Reglarity of Cleavage

Few gstudies are availsble for a comperison of the degree of reg-
ularity of cleavage in the various Sslientla, since investigztors hgve for
the grester part described only the 'typloel' condition, md, beyond
stoting that irregularities are common, have feiled to mske eny wore
specific statements, ¥ith the expeption of those studies {Morgan and
Tsuda, 1894, Morgen and Boring, 1903, Brachet, 1906, Jenkinson, 1906,
etc,) which are concerned with veristion in the plane of the first or
second oleesvege with reference to that of the gray sresocsnt, the study
nade by Jordsn and Eycleshymer (1894) on the clesvage of the amphibian
ova 1s, to the writer's knowledge, the only one in which an attempt hes
been made to determine the extent and frequency of cleavage voriations,
Ag a remlt of their study, Jorden and Eycleshymer conciuded that irrs-
gularity in the enrly eleavage otages of t!'m amrhibian embryo ias the

rale, and regularity the exception,

In Scaphiopus, on the other hand, extremes of varistion end of

irregularity have rarely been found to take place, The most irregular

and bizarre olesaveges have bdeen noticed fn many cases to appesr only in

those embryos wvhich are abnormal and in which development cesses and

death occurs scon afterward, As a result, the atypical cleavages of
167
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extreme types can be assumed to signify the abnormality and approeching

death of the embryos in which they occur. Embryos of this type elmost
without exception are spotted and slightly swollen in appearance, a
characteristic which one learns to associate with abnormality, and

which is distinguishable also in fixed embryos. It is unfortunate that,
due to time limitations imposed by the speed of development, no detailed
obgervations have been made on ths fate of embryos in which highly atypi-
cal cleavages occur; in order to attack the problem, one could perhaps
make use of the method of Rugh (1934) to obtain embryos in small lots
and at times other than the breeding season.

As stated earlier, in fixed materiel embryos which are moribund
can be distinguished by their appearance, and it is in these that the
most aberrant cleavages appear. Embryos of this type hame not been in-
cluded in the study of eleevgge. except inva fow ceses in whieh the
situation has been explained. For example, in connection with the sec~
ond cleavage, 1t has been pointed out that Figures 10 to 14 illustrate
examples of those aberrant cleavages vhich signify the abnormzlity and
approaching death of embryos, In the same section it is also noted that
in the embryo shown in Figure 6 there is a striking and probably not
truly representative difference in degree' of development of second fur-
rowe in the dorsal and in the ventral bdlastomere; <the embryo in question
had to a slight extent that aspect which can be described as "spoiled”.

Although it is quite difficult to differentiate in every case be-
tween those cleavages that merely depart somewhat from the typical con-
dition and those which indicate abnormality and presage the death of an

embryo, the appearance of an embryo at the time an aberrant cleavage
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occurs is usually sufficient to enable one to recognize and to inter-
pret the condition. In this connection, it may be pointed out that an
interesting situstion was noted in the latter part of March, 1938, when
eggs were obtained after an unusually early breeding congress. Large
numbers of eggs failed to cleave at all, and a number of otherd died
after either the first, second, or third cleavage; as a rule only one
or possibly two aberrant cleesvages precede death of the embryo. In this
year, most embryos that completed the third cleavage continwed develop-
ment to form perfect tadpoles, although in many the cleavages were
slightly more irregular than had been the case with other lots of eggs.
Moreover, a greater number of abnormalities among larvae were observed
in this year than in other years. Although an attempt was made to re-
move spoiled eggs and embryos from living ones, this could not always

be done as completely or as soon as it should have been, and one is led
to wonder whether products of deterioration might have affected dsvelop~
ment; this factor of course was not responsible for the fact that many
oggs failed to cleave at all or that embryos died after one of the first
three cleavages.

With the several exceptions already stated, only embryos that were
normel in appearance have been chosen tc illustrate variations in cleav-
age. With material so chosen, it becomes evident that cleavage in Scap~
hiopus 1s not subject to as great variations as in some other Amura. The
firat two cleavages have in every case been observed to be vertical, and
variations have been shown to exist only in such minor matters as the
points of departure of eecon& from first furrows, formation of acute and

obtuse angles et both upper and lower poles, variation in the relative
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8lzes of dorsal end ventral ocells, etc., As concerns the third cleavage,
Jordan and Eycleshymer found that in Rana palustris about half the em-
bryos failed to form & true "first equatorial” plane in all four gued-
rants. Out of 69 embryos, only 29 showed truly horizontal third furrows;
in some of the remaining 40, eguatorizl furrows appeared in three gquad-
rants, and & true vertical in the fourth, in others three planeas were
vertical and ons horizontal, while in still others the whole third set of
furrows was vertical. In Scaphiopus, on the other hand, no true vertical
third furrows have been observed-- that is, furrows with the uper end
located at or near the upper pole. In 80 out of a series of 122 embryos,
the third furrow was considered horizontal in all four quedrants. In 32,
one or more of the furrows was found to be slightly obligue, so that it
Joined the vertical first or second furrow at some distance from the ad-
Jacent third furrow; however, the obliquity was not so great but what
the furrows could still be considered horizontal in all guadrants. In
ten embryos, the tendency toward obliguity had been carried further, and
usually one or occasionally two of the third furrows had taken a direction
intermediate between horizontel and vertical, Even those two embryos of
this last group which showed the closest approach to & vertieal third fure
row had one end of the furrow located in or near the position normz=l for
a third furrow., In this connection, it was shown that a relationship ex-
ists between presence or absence of a polar furrow and oblijuity of third
cleavage furrowse.

Jérdan and Eycleshymer stated also that, by the fourth cleavege,
there is almest invariabdbly an end of any constancy whatever in the rela-

tive position of blastomeres. In Seaphiopus, this is certainly not the
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case. Fourth furrows have been found in the majority of cases to be vert-

ical, although occasionally (Figs. 51 to 54) one or more of them mey be
obliqus or ma=y approach a horizontal direction. After completion of the
fourth furrows, most embryos show a more or less definite bilateral apre
rangement of micromeres and macromeres; many of these are of the types
shown in Figures 63-65, §7, 69, 71, 73, and 74, and others of the types
shown in Figures 75-77. Again, arrangement of cells may be roughly radial
(Figs. 83, 84, and 148), and in a few cases other verietions exist in con~
figurations of cells., Since nearly all embryos can be classed into types,
it becomss evident that regularity still exists to a ceertain extent,

Even at the fifth cleavege, the direction of furrows is in Secap~
hippus fairly regular; the furrows are neai'ly always latitudinal and ap-
proximately at right angles to the plane of the fourth division, and in
most embryos they are so in all sixteen blastomeres. Occasionally one
or more of them may be oblique to vertical. An irregularity in direction
of a cleavage plane as a rule rqsults in irregularity in the immediately
succeeding plane; for instance, in those rother rare cases in which one
or more of the fourth planes approached a horizontal direction, fifth
furrows in the cells in question are vertical (Fig. 97). At the comple-
tion of the £ifth furrows, the thirty-two blastomeres are arranged in
four more or less definite horizontal rows or circlets.

At the sixth cleavage, furrows in the second and third circlets
of cells are nearly always vertical, although occasionally oblique. In
the first apd fourth circlets, the direction of cleavage planes varies
a great deal. During this as well as the preceding cleavage, regularity

of arrangement of cells is somewhat modified by the formation of furrows
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obligue to the surface and by the inward migration of blastomsres., Dur-

ing the sixth and succeeding cleaveges the situation is further affected
by formation of paratangential cleavage planes which divide cells into
external and wholly internal blastameres. At the seventh cleavage, the
number of cells visible at the surface is less than the theoretical ex~-
pectation; the direction of furrows is predominantly latitudinal, al-
though there is a considerable amount of variation, In later cleavages
the tendency toward alternation in direction of planes of division is
disturbed to an even greater extent, and cleavage becomes guite irregu-

lar,
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Establishment of Bilaterality

In the higher animsls, the most obvious feature of organization
is that expressed by the term bilateral symmetry. Since dilaterality
is & feature of fundamental importence in the organization of the eme
bryo, it may be expected to appear very sarly in ontogeny. The problem
of tracing its origin is one of considerable interest, and one particul-
arly wishes to determine at what time and in what manner it is first ex-
presced,

Amphibian eggs, llke many others, appear when unfertilized to be
radially symmetrical around the primary axis of the ovum, which may be
considered as a line passing from the uppsr or active pole through the
center of the egg to the lower or insctive pole. The aetive pole is
early indiceted by such phenomens as "secretory activity, accelerated
yolk metabolism, formation of pigment, position of nucleus, expulsion
of polar bodies, etec." (Eycleshymer, 1915), or; in genersl, by 2 high
rate of mstabolic processes (Bellamy, 1918). It is at or neer this pole
that the first cleavage furrow makes its appearance. Although its loca-
tion varies somewhat in the different Amphibla, and there are diver-
gences qi‘ opinion as to its position even in a single group (see for‘ ox-
ample Eyocleshymer, 1915, Pfluger, 1883, Roux, 1888, 0, Hertwig, 1882,
Korgan, 1894, and Goodale, 1911), the future head end of an embryo can

be determined rather early in development. On the other hand, the median
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pPlane of the body may lie in eny one of a number of meridians, and the

guestion arises as to which one of these meridians will represent the
median plane,that is, what structure, appesrance, or phenomenon will
foreshadow the definite bilaterality of the embryo,

Attempts to show that the amphibian egg exhibits bilaterslity
from the beginning of oogenesis have fziled to produce any conclusive
evidencelin support of the view, However, it has been determined by
numerous observers (Roux, 1883, 1885, Schultze, 1900, liorgan and Bore
ing, 1903, Weigmann, 1927, and others) and is quite generally accepted
that after fertilization and before cleavage the egg of the frog possess-
es a bilaterality which foreshadows the definitive bilateral symmetry of
the embryo and which is expressed superficielly in the formation of the

gray crescent. Roux (1887) deseribed the gray crescent as forming on

the side of the egg opposite the point of sperm entrance, as did also

Schultze (1900), although the latter concluded the crescent arises in

a preformed region, However, external influences acting at the time

of fertilization may exert an influence in determining direction of the
median plane (Jenkinson, 1909, Weigmenn, 1927). The latter found that,

| in Bana fusea and Rana esculenta, although the grey crescent fixes the
position of the dorsel side and therefore determines bilaterallity, grav-
ity as well as compression between glass plates can influence the di-
rection of bllaterality; in compressed eggs, the median plane is shown
to be independent of the fertilization meridian. According to Herlent

i (1911),'since in pricked frogs' eggs the gray crescent forms witiout

relation to the point of pricking, the egg probably has an initial bi-

i laterality of its own which is overridden by the stimilus introduced by
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the spermatomoon; Loeb (1921) rsised over twenty par#themgonotle frogs

to an advanced and some to an adult stage, All these facts indicate that
there is no essentisl relationship between the fertilization meridisn and
the estcblishment of bilaterality., In this connection 18111e (1919) has
nade the following statementa:

The relationship which has been shown to exist in certain cases

mst therefors depend upon a eertain time relationship in the

course of the two processes, The influences radiating from the

spermatosoon establish a gredient from its original excentrie

position, which may influence the M reotion of the plane of

symmstry in which there is sl so a gradient, if ite determination

is synchronous, as in the freg,

Although in esrtein specles of emphidia there ia sn approach to
coincidence between ef ther first or second clesvsge furrovw sad the median
plane, it 4z hecoming recogniged that there i no direct relstionship be-
tween the direction of the esrly furrows and the esteblishment of bilat-
erelity, Newport (1851) first observed that in the msjority of cases
the plane of the first cleavags coincides with the median line of the
embryo, and numerous observers later confirmed his observztion, Roux
(1885), Schultze (1887), Morgen and Teuda (1894), Kopsch (1900), Brachet
(1906) end others have demonstrated they, on the other hand, there are
cueses in vhich the two planes 4o not colncide, and it iz now quite gen-
erally recognized that dilaterality %8s estzbliched by the position of
the grsy crescent, and thet coineidence batween the plane of the first
or second furrow and the median plene of the embryo exists only when
the plane of the furrow in quecstion coincides with that of the crescent,
Brachet (1503, 1905) demonstrated by experiment that each of the first

two blastomeres of the frog embryo ean produce an entlre embryo only

vhen the plane of the first furrow coincides with the plsne of bilater-
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| slity previcusly detarmined =nd indicsted by the position of the gray
orescent, McClendon (1909, 1910) conciuded that each of the first tw
blastomeres of the egg of the tree~frog Chorophilus triseristus is toti-
potent only vhén the first cleavage furrow bigeets the gray creseent,
Eyelechymr (1804) found &n the living ege of Necturus no fixed relation
between the early cleavezs furrows and the median plane of the embryo,
In Oryotobranchus, Smith (1915), using a veriety of methods, foand no
constznt relation between the first cleavage furrmow and the medien plsne
of the gastrula, Jordan and Byoleshymer (1894) from observstions on the

living segmenting eggs of Ambystoma punetatum, Diemyotylus viridescens,

Rans palustria, and Bufo varisbilis concluded:
The firast end ascond cleavage planes undergo, even in the earl-
fer stoges, extensive torsion, Rverything indieates that the ex-
tent of this shifting incrasses gre=ztly in later stages, 7This
led us to conclude that the earlier cleavsge planes and the en-
brycnie axes have no vital conneetion and that the coincidence
vhere 1t exists i3 of no fundamentsl significence,
Bycleshymer's later (1904) study of cleavsge in'the living egg of Nect-
urus revealed the geme type of irregularity., 8imilar varistions have
been observed in practicnlly all claases of vertebrates,
The inevitable conclusion from such a mass of evidences cannot
be other then that neither the position or & rection of clesw

age grooves hag the slightest significence as for as the aset-

ting)aqoe.rt of definite embryonic areass is concerned. (Eyclashymer,
1918),.

A pumber of anthors consider thet sooner or later bllaterality be-
comes evident in Bhe clasvaege pattern of the embryo 28 a rewsult of ine
oreesed cellulzr astivity on one side of the micromere region. This area
of acco];erated cell division llee on the side on which the dorsel lip of

the blastopore will sppear, end, in thoge forms in which bilasterality is
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indicated in the presence of the gray crescent, is located in the region

of the creacent.

With the recognition of these areas of accelerated cellular act-
ivigy, the one at the active pole, indicating the position of
the future head of the embryo, the other at the side of the egg,
indicating the position of the forthcoming blastopore, it nec-
essarily follows that the median plene of the embryo mmst co-

incide with a line passing through the centers of the two.
(Bycleshymer, 1915).

Assheton (1905) maintained thet two such main centers of growth plag an
important part in the organization of the vertebrate embryo, and that
recognition of them is essential to a correct appreciation of embryonie

processes. As Eycleshymer pointed out, while there are minor differences

of opinion as to the extent and time of érigin of this area, there is no
question as to 1ts location or significance. Eyecleshymer continued:

¥hen these observations were first published in 1898, many gques-
tioned the existence of such & secondary area of cellular act~
ivity. Yet a search through the literature showed that such an
area had been observed in meny groups of vertebrates., Lwoff
found such an area at the posterior end of the embryo of Am-
phioxus. The figures of the segmenting blastodises of Elasmo-
branchs, given by Balfour, Ruckert, Gerbe and Sobotta all show
thet in these forms such an area is present. In the Reptilia,
Vay's studies on Tropbdonotus show that an area of small cells
represents the posterior end of the embryo. v. Koelliker first
ealled attention to such an area in the blastodisc of the chick
and suggested that it determines the position of the posterior
end of the embryo, The later investigations of Duval and Kionka
leave no doubt as to the frequent and probebly constant appear-

ance of this area in the locality which later becomes the post-
erior end of the embryo.

Eycleshymer (1898) found this area of accelerated cell division occurring
in Ambystoms in the late blastula state. In Nesturus he found (Eycleshy=-
mer, 1904) that as early as the fourth or fifth cleavage the cells on
one sidé begin to divide more rapidly than any others, excepting those

of the primary area, "It was possible to predict in this form the
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median plane of the forthcoming embryo at an extremsly early state of

cleavege.® These ¢wo areas, occurring respectively in the late and
early amphibian blastula, he regarded as genetically continuous.

De Bussy (1905) stated that in the blastodisc of an embryo of Cry-
ptobranchus japeniocus with forty micromsres he observed no secondary cen~
ter of accelerated cell division, although Smith (1912) has called atten-
tion to the fact that hid drawing of the embryo strongly suggests the ex-~

istence of such a center, In Cryptobranchus allegheniensis, Smith (1922)

observed eccentric development of the micromeres in both the eerly and
late blastula stages; the former bears no constant relation to the db-
rection of the median plane of the embryo, but the latter he considered
as undoubtedly an expression of the definitive bilateral symmetry of the
embryc.

Schultze, in 1900, described the bilateral organization of the late
blastula of the frog., Ishikawa (1908, 1909} described a similar conditiam in

the embryo of the glent salamander of Japan (Megalobatrachus sieboldii).

Morgan and Boring (1903) noted that the pigmented cells on the gray eres-
cent side of the frog embryo are slightly smaller from the beginning than
the other pigmented cells, Morgan and Tsuda (1894) found that in the
eggs of Rana the less denssly pigmented half very early in segmentation
shows signs of a more rapid developmsnt end growth than the darker and
ptgmented side, and determined that the blastopore appears first on the
less pigmented and further developed side of the egg.

Notes and drawings of developing Bufo eggs made by C. U, vWhitman
in June, 1894, (see Eycleshymer, 1915),show that he was able to disting-

uish the secondary area of accelerated cell division as early as the
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advent of the second furrows.

then the first cleavage groove runs in the plane of symmetry
the second cleavage grooves are at right angles and appear at
about the same time in both halves as shown in Figs, 3 and 4,
v¥hen the first cleavage groove is transverse to the plane of
symmetry the second cleavage grooves do not appear at the same
time, but the one on the lighter side of the upper hemisphere
appears first.... The blastomeres on the posterior (blasto-
poric) side are smaller than on the anterior side, from the
very first. It is the blastoporic side that takes the lead
in division and the cells are smaller here all the way up to
the time when the blastopore appears.

In Scaphiopus, bilaterality iz undoubtedly esteblished at the be=-
ginning of gastrulation; that invagination which initiates formation of
the blastopore lip appears first, as in other Anura, on the dorsal side
of the embryo, Consegquently, any character or phenomenon which in earl-
ier stages 1s found t0 be in constant connection with or persistently
characteristic of the dorsal region may be considered an indicator of
bllaterality. Since the dorsal reglon is charactexrized and in part
distinguished by the presence of the gray crescent throughout devslop-
ment £rom fertilization up to the formation of the dorsal 1lip, appear-
ance of the crescent may be taken as the first evidenee of establishment
i of bilaterality.

In connection with the relationship of cleavage planes to that of
the orescent, 1t is shown in the figures illt_xst:a‘bi.ng the cleavage stages
that altﬁoush ir many cases (Figs. 1 to 3, 7, 8, etc.) the plane of the
first eleavage coincides vith the middle of the gray crescent, and in
| fewer cases the second furrow biseots the orescent,(Figs. 4, 5, etc.)
there are at times varying degrees of departure from cqincidence. (Figs.
17, 83, 95 and 108). Moreover, it would be impossible, in view of the

torsion of furrows and shifting of cells which follows cleavages, for

1
, |
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either one of the two first furrows to separate the material of the
embryo into two parts, ome of which would give rise to the right - ..
and the other to the left side of the forthooming animal. Torsion of
cleavage furrows has been shown in the early cleavages to be more marked
in those embryos in ﬁhich a polar furrow forms at the second cleavage
(Figs. 9, 18, 31, 35, etc.), tut it occurs to a considerable extent also
in those embryos in whiech no polar furrow is formed. In later stages
(Figs. 60, 83, 97, ete.) torsion of furrows becomes even more marked.
From these considerations, it becomes obfious that any coincidence which
may exist between the location of the early cleavage furrows and the
median plane of the embryo is only inoidentel, and that direction of
furrows hes no significance as concerns indication of bilaterality.

It has been showm in the discussion of and figures for the var-

ious cleavage stages that at every cleavage from the second to the
eighth, inclusive, the dorsal region or region of the gray erescent 1is

characterized by an acceleration of cell division. The occurrenca of

this eccantric area of accelerated cell division may be considered a
phenomenon always associated with the region of the gray erescent, and
{ therefore an expression of the bilaterality of the embryo. So far as
I have been able to determine, Whitman (see Eycleshymer, 19135) is the
only other investigator in the field of emphibian embryology who has
deseribed the appearance of the dorsal eccentric ares of accelerated

coll division as early as the beginning of the second cleavage. Ky~

| cleshyﬂsr found that the area in question becomes evident in Necturus
at the fourth or fifth cleavage., Smith (1922) accepted as evidence

that eell division had proceeded a little more rapidly on one side of

1
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the embryo than on the other the facts that the cells in the former

region were smaller in surface view and more numerous, and that the
cleavage furrows were in this region more uniformly complete; he was
able to distinguish the area ¢f accelerated cell divisiom during his
Stege 5 (fifth cleavage). In late segmentation immediately preceding
gastrulation he considered that the cleavage pattern as seen in sur-
face view enables one to predict the side on which the blastopore is
to appear, since on this side & more rapid multiplication of cells has
occurred and the micromeres and transitional cells as a rule approach
nearer the vegetal pole. A number of investigators have merely steted
thet the dorsal cells take the lead in division and are from the first
smaller than the ventral eells. In the present paper, figures are
given showing the actual earlier appearance or eariier campletion (or
both) of furrows in the dorsal cells at each cleavage from the second
to the seventh.

In Scaphippus the dorsal portion of the embryo is further char-
aocterized by the ocourrence of c¢elle smaller in size than those in the
ventral portion of the same embryo., The same situation has been des-
cribed in practieally every other Anuran the development of which has
been studied. It has been shown in the discussion of Stage 8 that at
least up to the end of that stage the amaller size of the dorsal cells
is due not to the ocourrence of more divisions among them, but merely
to the fact that they are smaller from the beginning than are the vent-
ral cells, During succeeding stages up to the time of appearance qf
the dorsal 1ip of the blastopore, the dorsal portion of the embryo, and

partioularly that part of it lylng near the median plane of the gray
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oresgent, is distinguished by the presence of cells smaller in size

and more lightly pigmbnted than those in corresponding positions on the
opposite side of the blaestula, and by the slightly lower extension of
small cells and the more gradual transition between mgall and large
cells in the dorsal region. These features of the dorsal portion of
the blastula are a constant characteristic up to the tims of appearance
of the &orsal 1lip, and constitute & continucus evidence of differentia-
tion indlcative of bilaterality.

The internal structure of early and late blastulae, as well as of
embryos in the various cleavage stages, gives & further evidence of bi-
laterality of the embryo., The blastocoele, from the tims of its first
indication at the eight-cell stage up to the beginning of gastrulation,
is, as a rule, sccentrically located, due to the faet that the dorsal
wall is slightly thinner then the ventral wall. Since synchronism in
cell division among the micromeres and transitional cells has been
shown to persist at least until the end of Stage 8, it is obvious that
during this period the eccentric position of the blastocoele is dus only
to the faect that dorsal cells are from tﬁe first smaller then ventral
colls, What the underlying causes of inequality in thickness of the
dorsal and ventral walls may be during Stages 9, 10, and 11, is not
definitely knowmn; certainly the situation is due partly to the same
fact as in earlier stages, but, since it is not known to what extent
thickness of the walls is affected by oell movements during these
stages, fhe entire complex of causes is not undersicod. At any rate,
this internal evidence of bilaterality corresponds with the external

evidences manifest in the presence of the gray orescent, the small size
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of dorsal cells, and the area of accelerated cell division ¥nown to ex-

ist throughout the early oclsavages.

In short, it can be stated that bilaterality of the embryo is first

indicated by the position of the gray orescent, and that it is further

evidenced in external aspect by the occurrence of a dorsal area of ag-

celerated cell division and by certain morphological features which

characterize the dorsal portion of the embryo, and in internal aspect

by inequality in the thickness of dorsal and ventral walls of the blast-~
ula.

i
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Devalopment sl Rate

Differsnces in development »l rzte smong enimsls have been des-
crived snd their csuses discussed by mumercus suthors, The following
quotstion and ststement of the problem ie from Stockard (1921),

"It 18 a generelly known fact thet the sggs of different specles
do not progress at the same rate of development aven during com=
parsble stages. The lengths of time between fertilization and the
first clesvege and the rates st vhich the early cleavsges follow
one another may differ decidedly mong the egze of aven closely
related forme, These d fferences in developmental rete are prob-
sbly fundsmentally connected with diffarences in chemiesl strue-
ture of the egg substances, and in particular with the different
rates of oxidation of certain stuffs, It is a well-known chemicsl
fact that very slight differences in composi tion between substances
may cause very greast differences in thelr oxidstion cepacities,

The efforts on the part of numerous embryologists to associate

the differences in rste of cleavege and time required to attsin
certain stoges of development with the sixe of the egg, the sjount
and positicn of the yolk mbstances, or even the types of clesvage
have not been satisfactory. Certsin meroblastic eggs develop mach
faster than gertain holoblastic ones, while other holoblaatic egge
have a rete of cleavege far more rapld than ths meroblastic tyves,
| A1l of the so-celled laws of cleavage rates besed on morphologlesl
i differences among egg types have been found to fail so desidedly
when applied in general that one is foreed to seek more deep-
seated caunes for the differences in developmentsl rete,

At the present time we can onlr state that sach causes prodbsbly
resids in the differences in chemicsl mske-up of the sevarsl
speclies of sges.,. The rate of development certninly denends,
particularly during later stages, on the smount of food aveil-
! able, but the supply of oxygen and the dezree of tempersture at
| which development is taking place have a far more striking in-
i fluence on the rate, Cessation of development aleo ocars much
more promptly from ebsence of oxygen or sudden changes in temper-
§ ature than from asny other natursl modificstions which hapven in
T the environment, These facts point decidedly to the rate of de-
|

| velopment as being dependent uron kind snd rate of chemical
change, most pertléularly upon rate of oxidation, The egg probebly
has a definite coefficient of metebolism dependent upon the inter-

i
!
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agotion of 1ts specific chemicel structure and the given environ-
ment in which it normally develops, The rate of development re-

sults from both the internal quelities of the ege end the nature
of the mrrounding enffronment,

The present extremely erude stzte of our knowledge of the chem-
istry of development will permit of no more srtisfactory stote-

ments of the principles underlying differences in developmental
rate than those which have daen attempted above,"

Moore (1933), efter finding that eggs of Dendraster fertilised

with sperm of Strongylocentrotus have the cleevage tempo of their own

svecien, and thsot nuclented and non-nuclezted fragments when fertilized
show {ime Intervels for clesvage identical to those for the whole egg,

concluded that nelther sparm nor egg nucleus hes any effect on segmentn-

tion temno, but that reactions of cytoplsem aslone determine 1t; he sug-

gested thet clervage resction dependsg unon s mbstance of granulsr cher-

acter in the cytoplasm,

As concerns thoss differences in developmentsl rete wiich occur
smong the Amphibls, Jorden 2nd Eycheshymsr (1894) have shown that the
inter-cleavsge pericds in urodelsn eggs sre much longer then the corres-

vonding periods {n smuron eggs, snd thet the whole course of urdoelen

and enuran development iz merked by a similsr disparity in time, They
concluded that the inter-clesvege period does not depend on the size of

the egg, elthough the quentity of yolk exerts an influence upon the speed

with whi ch furrows cut their way to the lower pole. "We gee no esasve,

cell division depends upon the innets end inherited tendencles of the
cytoplasm and mucleus, rather then upon the size of the ovum,*
In Scephimpug, the rate of development shroughout the entire

embryonic and lervel period is more rapid than th#t which has been

descrived from smy other smphidbian,

‘ therefore, from the conchision that in this instance the repidity of
l

|

g

|

% The cleavege M visions in part-
z
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icular tske place with surprising speed; they are smong the pgst repid

cell divisions ever observed, The Hllowing tadle (Table V) provides
a comparison of cleavage retes in severzl Amphibia and in one teleost;

the latter, Brachydenio rerio, is included only becsmse its cleavege

rate, like thet of Scaphiopus, is extremely wapid,
Souraes of dots used in Table V sre as follows

Memyctylus viridescens, Ambystome punctstum, Bana pslustris, =d Bufo

variabilis-~ Jordan and Tycleshymer (1894)

Chorphilus $riseriatus-- Wilson (1896)

Bens sylvatica-- Pollister and Moore (1937)

"The Frog"es Reed {(1904)

Pelobates fuscus-— van Bambeke (1868)

Brachydanic rerio-- unmublished memuscript by Roosen-Runge, of Brown
Univerd ty.

A number of other data are avzilable on cleavege rete in Anurs,
although they are not complete enough to be included in a teble. For ine
stance, Newport (1851, 1863, 1854) determined that the egg of the frog

beging to segment in from four to five hours after fartilization, and that

divisions take place st intervsle of about one hour, It ig eommonly stated,
{  in generelized descriptions of the emdryology of the frog, that cleaveges
occur a2t intervals of sbout onme hour,

Teble V shows, =ze om woudl expect, that there is = correlation
betmeen rete of clesveze eand length of the period betwsen fertiliszetion and
the esppecerence of the first furrow; this ig particnlarly well illustrated
by comparison of the datz for urodelan and for mursn emdryos, In _Sem-
hiopus and in the teleost Ersnhydenio, with short interclesvage periods, the

time eXspsed before the firat cleavage is also short,
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TABLE V
Duration of Cleavage Divisions in the Early Em}
Seven Anurans, and One Teleost

Diemyetylus Ambystome  Rana Bufo Chorophi L
viridescens punctatum palustris veriabilis iseriat

Fertilismtion to
first cleavage

10 hours 10 hrs Li=5 hrs Lie5 hrs

"irst

Completed
Tntervel between
1st and 2nd 2 hours 1hr50 N | Ihr.l5 ¥. | 1hr.5 M. Lo-45 min.
Seoond
Completed
Interval between
2nd and 3rd 1hri5 8. | 1 hre55 Mo | 1hr.15 M. | 1 hour 30 min.
Third

Completed 15-18 Nin.
Interval between

3rd and Lith 1 hr. O ¥. 2 hours 1 hour 1 hour 15-20 Min.
Fourth
Completed
Interval between
Lith and 5th 1hr. 50 M. 1 hr. 1o M} 1 hour
Fifth
Completed
Interval between
5th and 6th (2 nrsli5 ) | (Ihr.35 K.)
Sixth
Completed
Interval between
6th and 7th (2hrs. LSH) (ihr. 254.)
! Seventh
Completed
Interval between
Tth and 8th (Ihr. 25M.)
Interval between
8th and 9th (1hr. 25M.)
Tatervel between
' 9th and 10th (1hr. 30M.)
interval between
10th and 1lth
Tnterval between
1lthand 12th
Interval between,
12th and 13th

(<}
Tempersture 18 ¢ 18 ¢ 18° ¢ 18° ¢

(Time in parentheses refer to individual oeses, no;‘

|
| - '
| |
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TABLE V

ions in the Early Embryos of Two Urodeles,
) and One Teleost

it BhabtE Satia Fop T Laifes reme
hrs 2hrs . J0M 3 hrs 30«50 min. | 25 min.
. 1 br. 9«1} min.
‘.5 M. LO-L45 min. 30 Min Plus| 50 M. hr. 10-15 Nin. |20 Min.
| 30 Mo 9-1; iin.
ur 30 min. lhre 30 Mo | 1 hre | 1k hr. 10-15 #in. | 194 Min.
15-18 Min. 10 M. L¥5 uin.
hur 15-20 Min. 30 M.plus | 55 M. 10-15 ¥in. | 19 Min.
S Hin.
uy 5 M. 10-15 Min. | 18 min.
Gub Mine
55 M. 10-15 Min, | 173 Min.
6<8 1n.
i 50 M. 10-15 Min. | 18% Min.
!1 T=11 Mine.
L5 M. 10-15 Mine | 19 Min.
55 M.
‘{ 55 Mo 20% Min.
1 hr. 20 Min.
50 Me
1 hr. 154
| " c 18° ¢ 12-10°c | 23.25° ¢ 25° ¢

i

;findividual oases, not averages)

i
i
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It has not been definitely determined whe ther or not cach embrye,

in the case of Scaphiopus, possesses a clecvese rhythm of i ts own, and
vhether the rhythm varies mach among different embryos, The setes of fur-
rows as a mule sappear at ten ® fif teen minute intervels, although occas-
ionally one of sixteen or seventsen mirmtes is observed, At one tims,
vhen the temperature was allowed to dmp to 19° C., intervels up to 22
minutes elapsed between some of the sets of furrows, The rhythm remsins
practicslly constant as far as the cleavsges have been studied, The data
obtrined by Reed (1904) also {ndicnte a fairly cnstant rhythm during the
early cleavesges, although it 1s suggested that by the time the twelfth
cleavsege is completed the division rete is slowing down a little,

A comparligon of the rate of cleavsge of Sosphiopus end that of
Pelobates 18 of egpecial interest, since the two ané closely related
forms, Van Bambeke's data shows that, in the latter, the interclesvage
period is sbout one and one-hglf houra, while three hours elapse between
fertilization and the first cleavage, However, comparison is complicsted
by the fact that the embryocs of Pelobates were developing at a temperature

of 12°-14° ¢, . and those of Secaphiopus 2t one of 23%.28° ¢,

In Chorophilus trissriatus, according to Wilgon's data, cleavsge

is quite rapid; intervsls of 40-45, 30, and 15-20 minutes occur between,
respectively, the first md second, second and third, and third and fourth
sets of furrows, Wilson believed thzt dsvelopment in the embryos he
studied was more rapid thsn normal, siﬁce they had bemn kept st atamper-

ature of 0° C. for eight hours before observation was dbegun,

Bregg (1938) has fomd thet cleavages tokes plzece rapidly in embryos

of Bufo cognatus, selthough the rate does not equal that in Sesphiopus,

"An embryo in the two-celled stage when first observed passed through
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two divisions én forty-five minutes, Some embryos reached the thirty-two

or sixty-four cell stages {n one and ons-helf houre*

The shortness of the interclesvage period in Sesphiopus s psredlel-
ed by the repldity with which furrows are completed, Jorden snd Eycleshymer
(1894) found that slthough o 28 of egg =nd quantity of yolk do mot £ffect
the intercleavsge period, they do hats an unmistakable influence on the
speed with which furrows it thelr way to the lower pole, Prom thie stand-
point, it is perticnlerly interesting to note that in Scaphiopus both the
first md the second furrows cut their way to the lower pole and sre oome
pleted externslly in from nine to fourteen minutes, even though the egg is
not perticularly small one and contains no lees yolk than do those of sey-
eral Amara in which a much longer time is required for completion of fur-
rows, The average dlameter of eggs of Scsphiopus bombifrons is 1.6 mm,

The aversge dimmeter of eggs of Scephiopus bombifrons $s 1.5 mm, Bragg

(1837) has reported that the avercge sige of eggs of Bufo cognatus is 1,18

mm,, snd Wfight (1933) has stsated thot eggs of Bana pelustris end Rena

sylvatica are, respectively, 1.6 azm, and 1,8 to 2.4 mm, in diameter,

It wes stated in a previous paver (Trowbridge and Trowdbridge,
1937) that as the time spent in clesvege decresses, that svent in rest
incresses, It hes ¢ nce been concluded, however, thet the dleavages
oceur at rather regular intervals, and that the pBenomenon noted hzs no
real significance, Raech of the first two clesvages, as 13 shown in Tsble
Y, requires from nine to fourteen mimtes for its completion, due, no
doubd, to the fset that esch mist trsverse the embryo from upper to lower
poles, The third cleavage 18 completed in sny one esll in from two to
three minutes after 1ts firet appesrence, but, since the furrows form more

rapidly in dorsal then in ventral cells, from four to five minmutes are
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required for completion of the set of furmwws, As cleavage contimies,

the vealls that are to bde divided becoms amaller, and, even though the lag

in dvision {n macromeres cmses the entire period onmmed in cleavags to

be extended, it 1s still mt as long as in the case of the first two cleav~

ages, By the time of completion of the meventh set of furrows, lag in

division in the macromeree is more markedly prolonging the veriod conmmed
in cleavage,

Later as well gs earlier phases in the developmentszl process of
Scaphiovus are ommpleted more rapidly then in other Amurs, The dorsal lip
of the blzstopore appesrs at seven hours af ter egg-laying. Thirty mimtes
later the 1lip has asamed a semi-circular shape, and at the end of mother

fifteen minutes it exists as = complete eircle, About one md three-

fourths hours after ths beginning of gestmlstion, the blastopore has a
dismeter only half that in the early circular blastopore stage, Three
and one-half houre after appeerance of the dorssl lip, the yolk plug hes

been reduced to = dismeter of fifteen or twenty degrees, the bdlastopors

1ip has Decome ovold in shape, and gastrulation is practically completed,
Early neursl structures aprear externally at about this time, Ons hour
later, the yolk plug is entirely hidden mnd the leteral lips of the
bla'stapore are closely sprressed, In Felobstes fuscus, the blastopore
1ip appears at 43% hours of ter egz-leying. The sem stage is resched

in Rena gylvaties at nineteen hours, =nd in Cherpohilus triseriatus at

twelve hours, According to Bragg (1938), ia Bufo cognstus: " Young blastulae
sdvenced to yolk-plug steges in five lours at a temperzture of 25-30° c.,

£l though many developed at & slower rate under closely compareble con-

di tions, Castrulation i a mch slower process then cleavage and it often

takes seversl hours fyr the yolk-plug to become overgrown completely.®
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In Chorophilus trigeriatus, gastrulstion begins at twelve hours after the

first cleavege, and the blastopore closes at the fifteenth hour, Pfluger
in 1883 deascribed the first trace of the dorssl lip ef the dlastopore as
appearing in Bufo cinerens at eighteen hours of ter feftilization; at
twenty-threes hours the lip of the blestopore had gsmmed a2 crescenties

and at twenty-four hours a semicirculer shape., One-hzlf hour later, the

blastopore was estrblished ss a circle. At 31%‘Hours, retation of the
gastrula had drought the blastopore into a posterior poeition,

In Socaphiopus, the poel tion of the neurel groove 13 at ten rnd
one~half hours after fertiligzation (that is, at three and oneShslf hours
after the sppearance of the dorssl 1ip) marked out by 2 line of pigment.

Three hours later, the neural folds have come together and fused through-
out their entire length,

In Bena sylvatics, fourteen hours elspse be-

twoan gprearsance of the neural groove and clomre of the neurel folds,

Hatching tokes place in Scaphiopus at the age of twentyeeight
hours,

In Bans sylvatics, it des not occur until an age of more than

ninety hours, According to Bragz (1936), larvae of Bufo cognatus hateh
at about fifty-three hours,

Hinckley (1882) indiceted that the larvas
of a tree-tosd (species not atsted) éhich she studled esceped from the
wembranes at forty-eight hours, Wilson (1896) stated that in Choro-

philus triseriatus hstching ocours during the asdond or third dsy, or by
the end of the third day,

Lorved of Scsphiopus bombifronsg attsin thelr maximum eize of body

at sbat the twentieth dey. The fore legs emerge at about the twenty-

elghth day, and by the thirty-second day mstamorphosis $s completed,

There 18 a2 possibddlity that an umusuzlly rapid rate of development

might remlt in the telescoping of certain stagss, or in the occurrence
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of cases of heterochrony. Hovevefgého precent study has not brought

to 1light any phenomena of this type, On the other hand, { ¢ seems that

the fgpid rete of development 18 obvious in all phases of embryonic md
larvel life, and that it 16 not mom strikingly expressed in connection
with any one structure or set of structures than with othere,

Anuren embryos sné larvae show differences not only in the rate

of development of morphological features, but aleo in the time of develop~

ment of varicus reaction cspecities, Specimens of Sesphiovus bdombifrons

have been observed to be remarkably active and vigorous during the early

iarval life; this charseteristic is particulerly striking when compnrigon

is made v th other tedpoles, Spontaneous muscular movements begin st the

age of sbout twenty hours, and within m hour or two become quite strong;

es the time of hatching espproaches, movements resemble those made in

N
PO

svizming, end st times beoome 80 violent =23 %o result in rupture of the

chorion, Swimming sbility is developed ezrly, snd emdryos freed from
the membrend during the latter half of Stage 18 {tvo to two and one-hel?
hours before hatching would normally occur) are asble to swim for short

distences, In Bufe cognatus, slthough active muscular movements are

evident before hetching, the young tadpoles do not swim muech until about

ten hours after hetching (Bragg, 1936), ZEmbryos of Bufo woodhousi! wood-

BIUNPEREE
[ P

houeil resred in the lsboratory by Dr. Bragg and ¥r ¥V, O, Johnson have
been observed to de even lster in the development of remotion cepscities:

sccording to Youngstrom (1938), embrycs of Bufo ¥oodhousi! woodhousii sre

. e

at hatching pre-motile, A tadle (Table I) given by the latter mthor

fllnstrates differences in the time of development of reaction capacities

in 2 number of other Amre; slthough Acris gryllus and Pseundacris triseriata

|
\

\

|

%

are fres-swimming at the time of hatching, Rans areolats and Hsna pipiens “
|

i

1

E
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are non-motile or at the stage of bdeginning motility, and Rana eclamitens

and Bana catesbeiana are at the stage of bdeginning motility.

After hatching, larvae of B, cognatus, when not attached to the
Jelly, lie on the lateral surface and 4o not svim much until atout tem
hours af ter hetchingl When sbout tMrty hours 0ld, all awim in a spiral
path, At about seventh hours, they begln to lose the tendeney to spirsl
and then swing widely from side to slde with only =n oscasionel turning
over, At about nirnety hours after hatching, =11 spirslling cezses
(Brsge, 1936), Larves of Scavhiopus are merkedly mre active, Those
which becone attached to the chorion during hatching usually ‘free them-
selves in en hour or two; tlose not 8o attached swim immedi ately, One
hour sfter hatching they are able to swim in a spiral_ path to the sur-
face of the water in a finger bowl or culture dish, At fifteen wurs
after hatching, larvae ¢an orient themselves and swim with the ventral
surface down, showing only a slight tendency to fell to ore side or the
other,

It seems possidble that the great energy snd vigor of movement
exhidited by larvoe of Scephiopus may, at leest to a certain extent, be
correlated with their predaceouns hsbits,

Dr. Bragz, in a study (in menuscript) of amphibien deutoplasm snd
its relation to embryonic and lerval development, hes found that in Scap-
hiopus the yolk aeems to be used =zt e slightly earlier pericd then in the
other four forms ztudied (Bufo cognatus Say, B, Woodhousii woodhousii
(G4rard), Rana sphenosephela (Cope), and Triturus torosus)., He has sug-

gested that this earlier utilization of yolk may be correlated with the

exceptionally high rate of development, elthough both he and the writer
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believe that it may also be correlated with the high degree of muscular
activity,
The question msy be raised as to whether the rate of development

recorded for Scsphiopus bombifrons =t a temperature of 23% ¢o 25° C. is

the so-called normal rate, since it is s well mown fact that external
conditions affect rate of development, In this connection, Stockard
(1921), King (1903), and Hertwig (1894, 1896, 1897, and 1899) have shown
or pointed out that slthough a wide range of decrease in developmentel
rate can be experimentslly cbtalned in the egss and embryos of Amura by
exposure to low temperatures, acceleration of the usuallrate by high
temperatures takes place only to a limited degree under natural conditions
and but slight ineresses in developmental rate have been experimentally
obtained, Hertwig (1897) defined the optimum temperature as "die Temer-

atur bei welcher gich der Entwicklungsprocess bel allen Blern mit der

grossten Beschlsuniguns ohne eine anffallige Storung und Abweichung von

der Norm vollzeiht.* The optimum tempersture has been found to be not

o
far from 28 O, for unsegmented egzs of Bufo lentiginosus, md 30° to 3100.

for later stages (King, 1903), For Bana fusea, the optimm is 20° ¢. for
the ungegmented egg and 2400. for embryos in later stages of development
(Hertwig, 1899). King believed it may be possible to show that the tamper-
ature most favorable for the development of anuran eggs depends to a cer-

{ tein extent on the time of year at which the eggs are deposited, and Hoad-
ley and Brill (1937) have reviewsd literature showing that there is a
correlation between the breeding season of an amphibian and the behavior
of 1ts eggs under various temperature conditions, Acording to the latter,

Dr, Gertrud Hermes has found that Rans piplens, Rana sylvetica, and Bufo
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americenus, which have slightly different dreeding seasons, also show
differences in thelir remonses to various tempersture condi tions; a temper-

aturs of 29° C. permite normel development in Bufo ambkriconus, dut not in

the other tw, If this relationship does exist, one wuld expest the
optimumn temperature for the development of eges, ewbryos, and larvas of
Bcephiopug to be higher than 22° %o 28° C., since the egzs are as & rule
1aid lste in the spring or even during the summer and develop at the
relatively high temperatures usually prevsiling at these times, Temper-
ature readings teken in pools neer Normam show that embryos and lervae at
times develop in nature st a highér tempersture than that meinteined in
the laboratory, On May 10G, 1935, emdryos just at the point of hatching,
end gomewhet advanced in stage of development than embryos ralsed in the
laboratory and almost certsinly of the same age, were tzken fro s buffalo
wallow in which the water temperature was 28° G, On April 31, 1928, the
water temperature in a pool in which spedefoot tadpoles were developing
was found to be 30° C. Between June 19 and June 35, 1937, Dr, Bragg se-
cured in pools contsining spadefoot tsdpoles water temperature readings
varying from 30° to 37° . Xo doubt {n warm sumy weasther the tempersture
of water in the type of pools in which egge of Scsphiopus are deposited
is higher, at leest during the sfternonns, than that at which leborstory
gpeclipens developed; at night one would expect it to be somewhat lower,
Stockard (1921), as well es others, has emphasized tho fact that
oxygen suppdy, like tempsrature, has a marked effect on rate of develop®
ment; wile increase in this factor accelerates the normal rate bt
slightly, reduction may dring abmt a marked dscrease in developmentel
rate, In an atterpt to guard asgainst crowding and insuffiolency of oxy-

gen supply for embryos and larvse developing in the lsghoratory, only a
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relatively snall number of specimens was kept in eny one ailturs diech,

and the water was changed from once to three or four times dsily, De-
velopmental rate under these conditions was practically the same as that
of specinens kept in large cement tanks,

Sapply of food i3 known % have a marked effect on the rese of
growth of tedpoles & ter hatching. All laborstory-reared specimens ware
supplied with an abundance of both snimal end vegetsble food, As is
stated in enother section, comperison of tadpoles brought into the lebore
atory et an gagze of sbout three weeks with those of the same group remaine-
ing in the pool indicstes that in the former the onset of metamorphosis
wes reached a little earlier than in the latter, possidly doe to the feed-
ing of beef liver, BEven ao, tadpoles reayed in the laboratory agree
quite closely as concerns time of metamorphosis with tlose transforming
| in thelr naturnl habitst (ses section on Life History), Moreover, the
rate of growth of laboratory-reared epecimens ig similar to that recorded

vy Silmors (1924) for tadpoles of the same species developing inm pools,

In view of thase facts and observations, it is someluded thet,
| while it may be impossible o state exactly what the so-called normal
| rate of development may be for a species, the time relationships observed

and recorded in the development of Seaphiopus bombifrons are as tmly

representstive as 1t is possible b meke them,
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Formation of a 'Septsl Furrow' During

Gastrulation

It has been pointed cut thst during gastmletion the boundery of
the roof of the blsstocoele is indiczted in externsl view by the presence
of e circle of sunken cells analogous to the 'boundary groove! of Patro-
myzon and to the 'Scheldewandfurche' or 'Septal furrow' of Cypptobranchus
Jepenicus and O, allegheniensis, Jipparently in esch form in which it

hes been described the septel furrow is passive in origin snd is a pro-

durct of gastrulation, In both Petromyzon snd Cryptobranchus, the egz

ocontaina considersble yolk, and the roof of the blestocoele is umusuelly
thin, In Petromyzon, the groove igs exsgmersted to such sn extent thet in
gome cases 1t constricts the embryo into an hour~glass form, In Crypte-
branchus, it takes the form of a definite furrw enclosing the fensstra,
a clear and nesrly transpsrant ares widch, in living embryos and in those
fixed in Smth's fluld contsining twice the ususl mount of potsssium
bichromste, 1t is cut up into smell polygonel aress each comvosed of
saversl cells and separated by lines resembling cleavage furrows. In
Seephioous, the entire upper hemisphere assimes an irregularly rough and
bunpy spresrance during the early pheses of gastrulation, and after the
geptal furrow has been estsdlished this syreerance 1s ratained in the aree
eorrasponaing to the fenestra, Since the roof of the dlastoooele ig not
unusually thin, and since the ssntal furrow has not been observed in ay

other amiran gastrlae, it seems likely that i1ts appearsnee may be dve to
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the spoed vl th which gastrulati n tekes place. The formetion of a sep-

tal furrow is in itself of no great importance, tut its occurrence in the
gastrula of three forms m more closely related then are Petrodyson,

Cryptdhranchus, and Sesnhipuws is en interesting exemle of convergemse
in purely enmbryonic characters,
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1, The embryonic snd larval development of Seasphiopns bombifrons Cope is

deseribed in greater part with reference to external features and in

smeller part with reference to internal struckure., The early develop=

mentsl period is, for purposes of degoription, divided into stsges
besed upon age and upon morphologicel features, 4

2, A complete time record derived from study of living material is pre-
sented in connection with the deseription of atages.'

3. Development in all phases of embryonic and larval life has been found
to be exceedingly rapid, Yor example, (1) the early cleavages appear

4t ten to fifteen minmute intervals, (2) gastrulation begins at seven

hours sf ter fertilization end is completed four and one-hslf hours
later, (3) the neursl tube i mmpletely closed three hours of ter
the first sppesrance of thenneursl groove, (4) hatching tskes place

at the age of twenty-eight hours, and (5) metemorphosis is completed

on the thirty-seecond dgy.

4, Throughout the early clsavage atages there can be distinguiched a
dorsel sccentric area of accslersted ecell division indicative of the
bilaterality of the embryo; thisaemss first appears at the second

cleavege, end is evident at zl1 succseding cleavesges as far as they

can be followed, The superficial cleavage pattern of later blastuale

exhibits a Mlateral symmetry which wmrresponds with the definitive

199
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bilaterslity of the embryo and which {s parzlleled by internal eviC
dences of bilaterality,
Transition of the roof and wsll of the blastocoele from a single to
a seveml cell-layered condition begins with inwerd migration of
oells at either the fifth or the gixth cleavegs, Formation of fur-
rows which divide eells into externsl end vholly intermal blasto-
mereg first takes plsce at the sixth cleavags,
During gzstrulation the roof of the blastocoele ie bounded super-

ficlelly by a cirele of sinken cells which is malogous to the

'septzl furrow' of Cryptobranchus or the 'boundary groove' of Petro-
myzon; 80 far es is now known, Scapbiopus is, in the ocecurrence of

this phenomenon, unique among the Amum,
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Explanation of Figures

Miscellaneous cleavage stages. Smith and formalin fixation. X11.
Stage 4. Earlier completion of fourth furrowx in dorsel micro-
neres. Gray orescent at lower left. Formalin fixation. X35.
Stagel 4, Micromeres in a roughly radial errangement. Gray
crescent at left. Formalin fixation. X20.

Stege O. Earlier appearance of fifth furrows in dorsal micromeres,
Grey crescent below. Formalin fixetion. X15.

Stege 5. Earller completion of fifth furrows in dorsal micromeres,
Cray crescent at left. Formalin fixation. X185,

Stege 5. Embryo showing a small partielly submerged cell after
completion of the fifth cleavage. Gray crescent at upper left.
Formalin fixation. X28.

Stage 12. Embryo showing during gastrulation a circle of sunken cells
in the upper hemisphere. Smith fixation. X10,.

Stege 13 (one and one-fourth hours after beginning of the stage).
Smith flxation. X22,

Stage 14-2. Swmith fixation., X22.

Stage 15-1, Smith fixation, X15.

Stage 16, Formalin fixetion. X13,

Stege 18, Formelin fixation. X12,

Stage 19. Newly hatched larva, Bouin fixation., X13.

Stege 22. Formalin fization. X12,

Stage 24, Formelin fixation, X13,

Stage 24. Same larva as in Fig, 160. X13.
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