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While conducting experiments on anuran larvae, both of
the present authors felt a need for a simple method of de-
termining and recording the developmental stage of the tad-
pole, preferably a method in which each morphologically
distinet stage would be assigned a number.

Such a system was established some years ago by Dr. Ross
G. Harrison for staging Amblystoma embryos. Illustrations
for these stages have recently been published by Hamburger
(’42). Gliicksohn (’31) established stages for Triton taeniatus
and T. eristatus, forms which differ significantly from Amblys-
toma in development. A system for the staging of frog em-
bryos has been worked out by Pollister and Moore (’37) and
by Shumway (’40, ’42).

As yet no comprehensive and systematic series of stages
has been published for the anuran larva, although many in-
vestigators have found it necessary to specify levels of de-
velopment attained by the larvae used in their particular work.
The simplest method has been that of giving measurements of
the larvae, either total length, or a ratio of the length of
certain parts (e.g., tail or limb) to the total body length. Since,
in amphibians generally, individuals at the same level of
morphological development may vary widely in size, due to

1 This study has been aided by a grant from the Dr. Wallace C. and Clara A.
Abbott Memorial Fund of the University of Chicago. The anthors wish to thank
Dr. Paul Weiss for providing facilities for the work, and for giving critical advice.
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different conditions of feeding or temperature, and also since
significant morphological changes often occur with but slight
accompanying change in absolute or relative measurements
of body parts, criteria based on size alone prove inadequate.

Among the systems of staging based more or less upon
morphological characters is that of Wintrebert (’05), who
described ten stages for Rana temporaria and R. viridis. The
first nine were concerned with the premetamorphic develop-
ment of the hind limb, while the tenth stage included the entire
metamorphic period. No figures were shown. Tschernoff (’07)
established a series of eleven stages for the development of
the hind limb in Rana arvalis (R. temporaria), apparently
unaware of Wintrebert’s work. The series started with the
hind limb bud of the 10 mm. tapole, and concluded with the
limb at metamorphic elimax. Tschernoff’s stages were arbi-
trarily selected to conform to his needs in his study of the
hind limb. A series very similar to that of Tschernoff’s was
set up by Emmett and Allen (’19) for Rana pipiens. They
also used eleven stages, all of which were premetamorphic.
According to Emmett and Allen, limb buds do not appear until
late in the larval period. Their tadpoles showed only the
earliest stages of limb development at 12 weeks. This is in
variance with our observation that the limb buds reach equiva-
lent stages as early as 1 week after the beginning of feeding.
As in Tschernoff’s case, the stages established by Emmett
and Allen are not suitable for the general purpose of com-
parison.

Etkin (’32) described sequentially the changes occurring
during anuran metamorphosis, but failed to assign stage
numbers to the various changes. Later Schreiber (’37), study-
ing Bufo vulgaris, proposed a sequence of eight stages. The
first of these included all of the premetamorphic period,
while the remaining seven were concerned only with meta-
morphic events. FKakin and Harris (’°45) mention a series of
fifteen stages for Hyla larvae without deseribing them in detail.

The purpose of the present paper is to establish a set of
closely spaced developmental stages for Rana pipiens larvae
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which will include the entire period from the end of embryonic
life to the fully metamorphosed frog.

MATERIALS AND METHODS

Eggs were obtained in September from two pituitary-in-
jected females, using the method of Rugh (’34). The egg
masses were divided into small bunches containing six to
twelve eggs each and kept in a water bath maintained at 20°C.
When the embryos reached embryonic stage 23 (Shumway,
’40), the 100 largest were distributed in pairs in fingerbowls.
Several equally advanced embryos were kept at room temper-
ature (about 25°C.) and the resulting tadpoles were used
throughout the study to indicate approaching changes in the
larger group. From embryonic stage 23 (Shumway) until
the end of the experiment the tadpoles were observed daily.
When the embryos reached stage 25 (Shumway), the fifty
largest were placed in individual fingerbowls with about 200
ce. of water.

Observation and recording of data were shared by the
authors. Each observed one-half of the animals daily, and
the other half on the succeeding day. After some experience
it became possible to subdivide the various stages further.
These fractional stages were independently identified by
either author when verification of the stage of a given animal
was requested by the other. As a rule both of us were in agree-
ment on the fractional stage aseribed to each animal; only
exceptionally did we differ by more than one-third of a stage
interval.

All observations as to developmental stage were made under
a binocular dissecting microscope. The length of each tadpole
was measured at the start of each new stage. Younger larvae
were measured from snout to tip of tail to the nearest 0.1 mm.,
and those over 30 mm. were measured to the nearest 0.5 mm.
Observations on the smaller larvae were made in Syracuse
dishes. Only rarely did a very active tadpole require anes-
thesia (1.5% urethane) in order to permit its observation. In
each case anesthesia lasted only a few minutes. After the
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larvae reached a length of about 30 mm., observations were
facilitated by the use of a dish partially filled with blackened
paraffin into which a depression had been made. This depres-
sion was of such a size and depth that when the tadpole was
placed into it, the animal would lie on its side with its tail
resting on the flat surface of the paraffin. The developing
hind limb bud was thus brought into view without the use of
anesthesia and with a minimum of manipulation.

The average water temperature was maintained at about
20°C. throughout the experiment. The larvae were maximally
fed on freshly boiled leaf lettuce, that is, food was present at
all times. At first feces were siphoned out and well water
added once daily, but after the tadpoles reached a length of
40 mm. the water was completely changed every day. At meta-
morphosis the water level was reduced and stones were added,
permitting the young frogs to emerge from the water.

OBSERVATIONS

The larval period dates from the commencement of inde-
pendent feeding. This can be detected by the appearance of
food in the gut, which is distinctly visible through the belly
wall. In all cases observed, feeding began shortly after the
last of the embryonic stages described by Shumway. These
embryonic stages will be designated by arabic numerals.
‘Within the subsequent larval period, twenty-five stages have
been defined. They are indicated by Roman numerals to dis-
tinguish them from the embryonic stages. These larval stages
have been based, so far as possible, on the appearance of new
structures, or on readily detectable changes in structures al-
ready present. Characters involving pigmentation, although
easily seen and often quite striking, were found to vary con-
siderably between individuals, both as to color or intensity
and as to the relative time of appearance. For this reason
pigmentary changes were not considered as critical characters
for staging. Critical characters will be described first in the
legends accompanying the photograph of each stage. Follow-
ing these, in small type, are listed some of the more variable
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characters, changes which appear in the intervals between
stages, as well as additional notes.

The length of each animal was measured as it attained each
new stage, and the time interval between stages was recorded.
These figures are presented in the following table. The length
of the tadpoles, expressed in millimeters is plotted against
their age in days on the accompanying graph. Points on the
curve indicate the larval stages. These values are presented

TABLE 1

Table giving the mean length of larvae at each stage and the mean time interval
between stages.

STAGE ! LENGTH IN MM, ‘ STAGE INTERVAL IN DAYS
Embryonie 25 | 10.06 = 0.4 ! |
I| 12.69 =05 3.00 = 0.25
II| 1655 = 1.1 3.36 = 0.40
Limb bud stages IIT | 22.88 = 1.64 428 + 2,04 23.16
IV | 3346 =217 8.60 = 2.04
V| 3919272 3.92 + 1.59
VI| 43.26 + 244 3.06 = 0.81
VII | 4991 +2.34 4.95 == 0.83
Foot paddle stages VIII | 53.19 + 2.53 2.82 = 0.98 16.39
IX | 55.58 & 2.75 2.44 + 0.92
X | 5816 =+ 2.84 312 + 1.11
XI .  60.72 = 3.35 3.28 = 1.18
XII . 64.34 = 3.35 4.06 = 1.38
Foot stages, or XIII ©  67.49 = 3.28 4.96 + 1.80
premetamorphie XIV | 70.36 = 3.57 6.12 = 3.22 27.93
stages XV . 7218 + 4.05 4.46 = 2.58
XVI | 73.06 = 4.07 2.27 = 1.12
XVII | 7341335 2.78 = 1.41
XVIII | 73.79 = 2.95 3.29 + 1.61
XIX | 73.10 = 3.90 1.81 =+ 0.76
XX | 7028 + 3.87 2.21 + 090 |
Metamorphie XXI | 63.37 % 5.33 1.95 = 0.73 ! .
stages XXIT = 43.88 = 5.31 2.65 + 060 | 207
XXITI | 32.82 =+ 3.66 164 £063 |
XXIV & 25.68 = 1.76 319 =121
XXV | 2540 * 400 * 5

* Too few cases for statistical treatment.
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without any thought of having them accepted as standards for
the various stages, since other strains of frogs might have
different growth rates and attain quite different maximum
lengths, particularly if other methods of caring for the larvae
were employed.

The stages lend themselves to groupings on the basis of
certain characteristics. Thus, during stages T to V the limb
rudiment is essentially no more than a simple bud, and this
group of stages has been considered as the ‘‘limb bud’’ stages.
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Graph showing the average length in millimeters and average age in days of
larvae at each stage.

Between stages VI and X the bud is transformed first into a
paddle, and then the margin of the paddle becomes indented
as the several digits are marked off from each other. These
stages have been called the ‘‘paddle’’ stages. By the end of
the paddle stages the tadpole has reached 80% of its maximum
length, and spontaneous and reflex activity of the hind limb
has been established. The next group of stages has been
termed the ‘‘foot’’ stages, indicating more advanced develop-
ment of the hind limbs, and particularly the differentiation of
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the foot. They have also been called the ‘‘premetamorphic’’
stages, since they precede the period of rapid transformation,
or metamorphosis. They include stages XI through XVII.
The ‘‘metamorphic’’ stages include XVIII to XXV. They are
initiated by the regression of the cloacal tail piece, and end
when the resorption of the tail is completed. Stage XXV
represents the fully developed juvenile frog.
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PLATE 1
EXPLANATION OF FIGURES
LIMB BUD STAGES

Stage 1. The oral sucker elevations have completely disappeared. Four rows of
labial teeth are present, one preoral and three postoral.

The pigmentation of stage 25 larvae is exclusively embryonie, being
located in dark granules scattered through the epithelial cells. During
the interval between this stage and stage I, chromatophores appear
and become numerous on the dorsal and lateral surfaces, and extend
progressively ventrad. The limb bud at stage I is visible as a faintly
circumseribed elevation in the groove between the base of the tail and
the belly wall. The height of the elevation is less than one-half the
diameter of the disec.

Stage II. The height of the limb bud elevation (length of the limb bud) is equal
to one-half of its diameter.

The first row of postoral labial teeth is usually divided at the middle
to form a pair of crescents. On the dorsal surface of the head the
lateral line system is beecoming conspicuous as pigment-free lines,
especially in darkly pigmeunted individuals. The melanophore patches
covering the gill region on either side usually meet in a narrow band
ventral to the heart.

Stage I1I. The length of the limb bud is equal to its diameter.

Stage III is followed by a period in which the limb bud grows al-
most equally in diameter and length. The interval between this and
the following stage is comparatively long, but no obvions character
appears upon which to base a division of the interval.

Stage IT. The length of the limb is equal to one and one-half times its diameter.

Stage V. The length of the limb bud is twice its diameter. The distal half of
the bud is bent ventrad. There is no flattening of the tip.
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PLATE 2
EXPLANATION OF FIGURES
PADDLE STAGES

Stage VI. The distal end of the limb bud is flattened medio-laterally to form the
foot paddle. There are no interdigital indentations of the paddle margin.

Stage VII. The fourth and fifth toe prominences are separated by a slight in-
dentation of the margin of the foot paddle.

In this and the three following stages the margin of the paddle is
considered indented when the region between two future toe promi-
nences becomes slightly coneave. Melanophores usually appear seat-
tered over the bud at a much earlier stage. Soon after stage VII is
reached they tend to form a distinet compact pateh on the lateral
surface. Guanophores appear sporadically on the limb bud.

Stage VIII. The margin of the foot paddle is indented hetween toes 5-4 and 4-3.

The pateh of melanophores on the limb lengthens into a streak ex-
tending from above the knee bend to the foot. This character may
appear as early as stage VII, or be delayed until stage X.

Stage IX. The margin of the foot paddle is indented between toes 5-4, 4-3, and
3-2.

In most cases slight spontancous movements of the limbh proper
(flexion of knee and ankle) can be seen under the binoeular miero-
seope. These movements may not appear until the following stage.
As a rule, shortly after spontancous movements are observed similar
movements may be elicited by stroking the limb or tail base with a
hair. The melanophore streak often extends onto toes 4 and 5.

Stage X. The margin of the foot paddle is indented between all five toes. The
margin of the fifth toe weh (see below) is directed toward the tip of the third
toe.

As toes 4 and 5 lenghten, the angle of the interdigital noteh formed
by the margin of the web becomes more acute. This ehange is used in
identifying the stages from X to XIII. The half of this web adjacent
to the fifth toe is, for convenience, referred to as the fifth toe weh.
If a line coineiding with its margin be extended, it will be seen to
pass successively through the tips of toes 3, 2, and 1 and the prehallux
(line AB in the drawing of stage X, and arrows in the photographs
of succeeding stages).
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PLATE 3
EXPLANATION OF FIGURES
FOOT STAGES OR PREMETAMORPHIC STAGER

Stage NI. The margin of the fifth toe web is dirccted toward the tip of the
second toe.
The third toe usually has a melanophore streak.

Stage XIT. The margin of the fifth toe web is directed toward the tip of the
first toe.
Meclanophores often appear upon the second toe.

Stage XIIT. The margin of the fifth toe web is directed toward the prehallux.

Stage XII". Pigment-free patches appear at the metatavso-phalangeal joints,
where the proximal toe pads will later develop.
At about this same time the ‘“brow spot’’ appears as a light spot
in the midline slightly anterior to the level of the eyes. The naso-
laerimal duet, developing as a cord of cells between the nostril and
eve, is visible through the skin as a light line.

Stage XV. The proximal toe pads appear.
Proximal toe pads (subarticular pads) are the wart-like elevations
which develop on the ventral surface of the toes at the metatarso-
phalangeal joint (arrow).

Stage XFVI. The middle toe pads appear.
This is the second row of toe pads. They form at the first inter-
phalangeal joint on toes 3, 4, and 5.
Stage XVII. The distal toe pad appears at the second interphalangeal joint on
toe four.

The cloacal tail-piece is unreduced (see photograph, and note on
following stage). Reflex withdrawal of the eyeball can frequently be
elicited at this stage.
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PLATE 4
EXPLANATION OF FIGURES
METAMORPHIC STAGES

Stage XVIIT. The cloaeal tail-piece has disappeared.

In the previous stages the cloaea opens externally by an extension
through the ventral tail fin called the cloneal tail-piece. It becomes
progressively more prominent until stage XVII, after which it begins
to regress. The complete disappearance of the tail-piece marks stage
XVITL

Stage XIX. The skin window becomes cleared.
The wall of the gill ¢chamber at the point where the fore-legs will
Iater protrude becomes thin and transpavent. The dise-shaped elear-
ing is referred to as the skin window (arrow).

Stage XX, One or hoth fore-legs have protruded.

When the fore-legs first protrude the mouth furnishings are still
characteristieally larval, the labial fringes being complete and the
horny beak still present. During the following stage interval the
horny beak is shed and resorption of the labial fringe begins at the
median part of the labium.

Stage XXI. The angle of the mouth has reached a point midway between the
nostril and the anterior margin of the eye.

At this point in the metamorphie period rapid changes in the mouth,
pharynx and tail begin to oceur. The gape of the mouth commences
to widen soon after stage XX. The angle of the mouth extends
progressively caudad and, when viewed from the side, passes certain
land-marks which serve to indicate the attainment of stages XXI,
XXTI, and XXIII. The approximate extent of the gape is indicated
in dorsal view by the relative position of a slight indentation of the
margin of the jaw (arrow). A remnant of the labial fringe persists
as a tuft at each corner of the mouth. The beginning of the resorp-
tion of the gills and the operculum is evidenced by the darkening of
the opercular tissue (X). The tail assumes a darker and less trans-
parent appearance than in the previous stage. The dorsal and ventral
fins are shrunken and the length of the tail is considerably reduced,
although it is still Jonger than the extended hind limb.

Stage XXII. The angle of the mouth has reached the level of the middle of the
eye.

The extent of the gape is indicated in dorsal view by the relative
position of an indentation in the margin of the jaw (arrow). The
remains of the operculum are still darker in color and more re-
stricted in extent (X). The tissue of the tail is also darker. Dorsul
and ventral fins have almost disappeared, and the tail is now shorter
than the extended hind limb.
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PLATE 3
EXPLANATION OF FIGURES
METAMORPHIC STAGES

Stage NXIII. The ungle of the mouth has reached the level of the posterior
margin of the eyeball.
No labial fringe remains. The opercular patch (X) is still further
reduced.

Stage XXIV. The aunular ring of the tympanic cartilage is barely perceptible
under the skin.
The opercular patch has been reduced to a dark line running from
the tympanic membrane to the base of the fore-leg. A stub of the
tail still remains.

Stage XXV. The tail is completely gone,

The completion of resorption of the operenlum and tail is indicated
by the disappearance of dark tissue from the respeetive regions.
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