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RiSULI'S OF FEEDING HYROID GLANDS QF VARIOUS YIPES OF
VERTEBRATES TO TADPOLES

Introduction.

During the past ten or more years oonsiderable work has
been done on the relationshlp of the thyroid gland to metamorphosis
in the tadpole, and exporiments have been performed in the feeding
of both thyrold gland ltself and puro lodine to both normal tad-
poles and to specimens with the thyrolds removed. The present
paper reoords tha results of experiments undertaken to determine
the effect on tadpoles of the feeding of thyroids from different
types of vertebrates and to determine whether or not thia effeot im
correlated with tho amount of iodine ocontained in the different
thyroids. The experimenta were started in the zoological lsbora-
tory of washburn College, Lopeka, Kansas, btut owing to the removal
of tha wiiter, the later ongs were ocurried on at the Unlversity of
washington, Seattle, Washington, where all of the measuroments wore
made and the results tabulatad.

1 wish to express my thanks to Dootor Bennet M, Allen, of
the mouthern Branch of the Universlty of valifomia, under whose
direction thia work was ocarried on, for the help he has given me,

and for the many suggestlons he has made as the work progressed,

and as this paper was in preparation,
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LITERATURE .

Little has been written that can be considered in the
nature of & study of the comparative effects of fesding different
kimia of thyroid glands to tadpoles, most of the literature on
the relationship of the thyroid to the metamorphosis o tadpoles
ocovering other phases of the subjeot, However, thyrolds from
several dlifferent kinds of animals, and glands from the sams species
but of different lodine content have been fod, and some comparative
work has been dona.

Gudernatsoh (1912 and 1914}, the first person to record the
faot that the feeding of thyroid hastened the metamorphosis of tad-
poles, fed horse thyroid to tadpoles of ditfferent ages, and also a
mixed diet of thyroid and thymus. West (1924) fed bull=frog tad~-

poles “daily some two grain rarke Davis & Co. sheep thyroid tablets",
with positive results, axl during the aame year, Morse, feeding Hana
pipiens, wsed Parke Davis & Oo.'s desiococated thyroid extract and
Armour and Co's, thyroid tablets as well as fresh thyroid gland ob-
tained at a packing house, but kimd not specified, all with positive
rasults, He also fownd that positive resulits compurable to those
produced by feeding thyroid could be obtained by unaing lodized amino-
acld (3~b-Di~iodo-tyrosine) and also by feeding blood-protein lodine
in the form of & commercial mmoduct oalled "iodalbine® manufactured
by rarke Davis and Uo, FPositive results were also obtained when
thyreoglobulin and iodothyrin, parts of the thyroid containing iodine,

woere used. On the other band, he obtained negative or no results
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vhen he fed lecithin, which contains choline, extracted from the
thyrotd, potassium fodide, methyl iodide, iodobenszoic acid, iodoxy~
ben%oio aclid, and '"metallic” iodine. Also, the feeding of sea algae
oontaining iodine and of staroh iodate caused no accelsration of
metamorphosis. 4he sam was true when he fed lodized hen's egg lecl-
thin and ilodiged egg albumin. None of Morse's experiments were
carried on in a gomparative way.

Lenhart {1916) fed drisd and powdered mman thyroids (both
pimple and exothalmic goitres) and dog thyroid of various iodine conw
tent, but how he obtmined thess different iodine porcentages is not
atateds Also he fed ox and sheep thyroid, but did not record these
results. J[n this case the higher the por cent of lodine the more
rapid was the metamorphosis of the tadpoles. ¢Cold and the feeding
of oracker orumbs both tended to delay the ohange. the following
year Graham fed tumorous human thyroid (adenomata) to the tadpoles
of Rana piplens, and found that the affect was o6losely related to the
amount of lodine oontained in the food, the same as in Lenhart's ex-
poriments., However, there were some exceptions to this, no explana~
tion veing glven foxr them.

Gudernatsch (1917) later performed some experiments where
thyroid and thymus glunds were each split ohemically into seven pro-
ducts and tedpoles were treated with the substances obtaineds Tha
thyroid nuoleo-proteins ocaused the most rapid differentiation, and the
precipitate from an alooholio extraot produced the greatest growth
with the least differentliation. @©The other substances ranged between

theae two extremes in thelr aotion.
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Rogoff ond AMarine (1917) found that artifiocially lodized
blood serum caused an inorease in the rate of metamorphosis when
fed to tadpoles, tut that its uotion was not as morked as that
of thyroid gland.

Kendall (1917) isolated from the thyroid proteins an io-
dine~oontaining oompound in pure orystalline form having a constant
iodine content of 60 per cent. He later called thip substance
thyroxin, and its ldentiflcation and properties were further dis~-
ousged by Kendall and Osterverg (1919) and again by Kendall (1919).
He found thut this subatanoce produced the so-callel hyperthyroid
gymptoms, and was therefore the active element in the thyroid gland.
Kogoff (1918) reduocsed thyroxin still further and fed both the pro-
duot of this reduction and the entire thyroxin to tadpoles. Both
aots of speoimens metamorphosed abnormally fast, those eating the
thyroxin being slightly in the lead.

MoOord and Marius (1918) found thut '“the effeot of thyroid
feoeding on normal tadpoles varied with the age of the individuals",
and that “irradistion {subjecting them to x-rays) is without apparent
effeot upon normal tadpoles, but determines 2 slight tut distinet
inorease in the susoceptabllity of young tadpoles to thyroid stimulationr,

Swingle {1918a) fed Armour and Oo.'s powdered thyroid to tad-
poles of Hans pipiens with marked acoeleration of metamorphosis re~
sultings %he same year (1918b and 1919%) he fed tadpoles iodine orys-
tals, iodoform and potassium lodlide, all with the same positive re-
sults, but those fed iodoform were slower in metemorphosing while the

potugsium lodide had still less effect thun when iodine orystals were
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used., <he same suthor luter (1919b) fed different juantities of
jiodine to tadpoles of kana sylvatioa, and found that the larger the
amount the more rapid the tramsformution. Bromide oasused no accelera-
tion. utill later (1919c) he reported on the comparative effsct of
feeding iodine to normul tadpoles and to those with the thyroid gland
removed. ihe results were the same in both instances, but 1t re-
quired a larger yuantity to produce an eyual effeot in the ouse of
the thyroidless tudpolem. Ihe species used was Bufo lentiginosus.
Finally, iwingle (1923} gave an extended discussion of the literature
oovering thyroid and iodine feeding, and, followlng experiments on
the feeding of thyroldectomized and hypophysectomized frog larvue of
hana sylvatioca, reaffirmed his bellef thut lodine is the substance
essontial for anuran metamorphosis.

oammat and Allen (1919) fed tudpoles of Fana pipieons on dlets
of different kinds, the fat, oarbohydrate, protein and vitamine con-
tent of which wers lmown., They were abdle to alter the size of the
larvae anml the rate of metumorphoais, but the latter process was not
completed In uny experiment. rrom experiments performed by the sume
authora later (1920), the food used above was evidently practically
free from iodine, bocuuse when this halogen, eithex organic or in-
organic, wag udded to the diet, the tudpoles completed their metamor—
phosis.

ihe offeot of feeding thyrold gland to tuadpoles upon whioh
thyroldeotomy had been performed was reported by allen (1917) as
successful in one ocase in acoelerating metamorphosis, and the same

author (1919a) caused similar results in both Bufo and Rana tadpoles
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from which both the pituitary and thyroid glands bad been remowed
by feading them iodine mixed with flour.

smith and Cheny (1921) briefly report the feeding of dried
and fresh anterior~iobe, as well as three kinds of commeroial prepa-
rations of the same, to tadpoles, tne of the commsrcial products
whioh oontained iodine greatly in excess of the nommal amount,
hastened metamorphosis, but none of the other feedings did. lodine
as KI and ag thyroxin iodine were mdded to the dried gland in suf-
fiolent amounts to give an ilodine content identical with the more
active commercial product. ihis wam fed to normal and thyroidless
tadpoles, the food containing KI having no marked accelerating effeot,
but that comtaining the thyroxin iodine caused a hastened develop~
ment the same as the commercial produst with the high lodine content.

Unhlsnhuth (1921a) gives a very good summary of the literature
ocovering thyroid and iodine feeding experiments of the larvae of both
£rogs and salemanders, and later (1921b) the same writer reports the
reaults of kxeeping the tadpoles of Hana asylvatica in water whioh from
the eighteenth to the twenty-sixth day contained 0,005 gm. of Bayar's
fodothyrine por 1000 c.0. 0f water with the result that “ihe fore limba
broke through the walls of the gill ghamber on the thirty-third day
attor hatohing.” In similar experiments whers Inorganic¢ lodine was
used in place of ilodothyrine, the concentration varying from one to
ten drops of a 1/20 M solution of iodine per 1000 c.c. of watar, the
mortality was great, but “among the surviving larvae none hal metamor—

phosed at the termination of the experiment, noxr had the fore limbs
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broken through in a sirgle instamce;yet the limbs were considerabdly
further differentiated thun in the ocontrols."

‘'he physioal ohunges that ocowr in the tadpoles during the
process of metamorphosis and their relation to the thyroid gland
are disoussed by Swingle (1918a) ond by Allen (1918 and 19189b).

Dickerson {1907) and Wright (1914) were used in connection
with the identifioation and study of the 1life history of the tadpoles
used in these experimenta.

Regarding the sources of commsrclal thyroid preparations used
in the above reports and also in the experiments ocarried on by tie
writer, under date of Deoember 6, 1919, Armour and Uompany write,
“Our standardixed powdered thyroid substance is made from the glands
of sheep only", and u letter dated Decsmber 10, 1919, from Parke
Davis and Company says, "Practioally all of the supplies that we have
been preparing for some time past are derived from the thyroid glands

of hogs rather than thoss of sheap,"

Material and Methods,.

The species used for the first three series of expsriments
(A, B, and 0) was the oommon bull frog, Rana catesblana, oaptured near
Lawrenoa, Kansas. <hey varied somewhat in size, but so far us known
at the begimning of the experiments, they were all lesa than a year
olde The species used for the next eight series (D, B, ¥, Gy Hy X,
and L) was the leopard frog, Rana pipiens. These were collected in
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goveral small ponds in and near Yopeks, Kansas, by the author.

For the remainder of the experimonts (serles M, U, P and 8) the tree
frog, Hyla regilla, was used. whese were colleotsed in small ponds
and streams in anl near seattle, pashington, by the uuthore. The bull
froge woere kept in captivity for soms time beforse they were used, but
the experiments with the leopard frog and the %ree frog were started
within a short time after their capture in each case,

ihe series of experiments A and B on the bull frog were
carried on in two rooms of dlfferent vemperatures, other conditions
belng as neurly identloml as was possible to obtain, in order ta us-
oortain the effect, if any, of heat and cold on the rate of metamor-
phosis when agoelerated by different kinds of thyroid reeding.

The wwo serles X and I were also run on a comparative bdasls,
but here the amount of water in which the separate experiments were
kept was the variable quantity.

The remaining eeries, inoluding A and B, were performed for
tho main purpose of the undertaking, nsmely, to ascertain the effeoct
on tadpoles of the feoding of various kinds of thyroids, and to mee
whether or not the results were correlated with the iodine content
of the foods.

Regularity in the time of cleaning and feeding was maintained
throughout tha experiments. At 10 A.M. each day the foodl not eaten
during the pregeding twenty-four hours was removed, The larger chunks
wore soooped from the bottom of the container with a perforated section

1lifter, und the finer partioles were removed with a pipette. Great
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oare had to be used in t® removal of this, us it was sometimes hard
to distinguish from the exorsta of the tadpoles, especially in the
oase of the bull frogs.

At the sane time the water was changed. This was accomplished
by powring the contents of the jar or dish through s clean wire sleve,
and then placing ths tadpoles temporarily in a seocond olean Jjar. The
original jar was then thoroughly rinsed and cleaned under a running
tup, und the tadpoles wore returned to it. OCare was taken not to oon-
taminate one experiment with water from anothar, and every precasution
was teken in the handling of the spacimens und containers. After
removing the excess food and changing the water, the fresh food was
placed on the surface of the water, and the tadpoles usually began
to eut it at onoe.

Ten tudpoles weors used us the unit 1n most of the expsriments
excoept in 8, where the unit was twonty. »These were placed in a
single contalner and each container was oconsidered as a single unit
or experiment, In order to be sure of ohande selection of unimals for
each experiment from the originusl stock, each tima a serles wam
atarted, the taudpoles on hand wers placed in four jars, and then one
spocimon was taken with a dip net from each jar in turn und placed
in rotation in each of the contuiners making up the series. After
this distribution the individuals were owrefully mewmsured and re-
ocordeds In the case of the bull frogs, the meusurements were made
with u metric ruler, dbut in the cuse of Lant pipiens and Hyla regilla
u micrometer was useds In the latter case the upparatus consisted of

a Bausch & Lomb uptical Company mioroscope with a 7.5 micrometer eye-
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plece and u 40 mm. objeotive. The figures obtained were reduced to

millimevers in ordexr to huve a single standurd for ull measurements.

‘the dirferent serles were sturted on the dates memntioned in
each oase and were closed from two to three duys after the mortality
had reached 50 per oent of the total number of specimens in the
sories. An exception to this rule ocoourred in series A, B and C on
Runu outesblana, whioh was olosed while thers was still about 70
per cent of the totul number living.

The water used in the experiments performed ut Washburn Ool-
lege was Topeka oity water, which comes from artesian wells., The
water used at the University of washingtm ocmme from Lake Washington
whioch 18 fed by mountain stresms. The latter cumtaina a considerable
amount of plant and animal 1ife, but bdoth supplies are praoctioally
free from iodins,

The method of preparing the food fed in these expariments is
glven below, ‘he weighing was done on analytioal balances sensitive
to one~tenth milligram, but the limit of the weighing done was to the
milligram, Ordinary bottles were used as containers for the food.
These were carefully weighed and marked with a label corresponding to
one on the Jar in whioch were kept the tadpoles being fed the speoifio
foods Tho prepared food was placed in the bottle and it was again
wolghed. 4 record was kept of all food placed in each hottle (in al-
most every nase the supply had to be replenished more than oroe), and
the balance remaining at the end was subtracted from the total, No
welghing was done outalde the bottles.

For the ocare of the surplus food placed in the experimental
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Jars, but not euten, small pieces of filter paper were weighed, and
on these this excess portlon was placed each day. ‘‘hese pieces of
f£ilter paper were kept in drawers out of the dust, and after the ex-
periment was olosed they were thoroughly dried and weighed, <whe
difference between the weight of the filtexr paper alone and the paper

covered with the food gave the amount fed but not eaten.

Food.

The food used In those experiments was prepared according to
the diractions of Dootor Allen, and after a fomula warked out by
him, although the proportions were modified by the writer. Ordinary
wheat flour, alfalfa flour end powdered thyroid were mixed with water
and rolled into flakes in the following manner: <The wheat flour was
run through a fine cheese cloth before using. In order to obtain al-
falfa flour, alfalfa mesl wds ‘purchased, and this was run through
aither two or three chesass oloths of varying coarseness of mesh, the
f£ingst being used last., ihe thyroid gland was thoroughly dried amd
all fat removed. It was then ground in a rough mortsay anl passed
twloe through a fine oheess oloth, ahe three flours wers then thor-
oughly mixed in a dry state, and water was added, and au thin paste
made. Lhie was spread thinly on glass and allowed to dry in the open
air over night. It was then placed in the oven for a short time, and
was peeled from the glass as flakes, +this was fed.
iwo different mixtures of these three flours werc used. The first one

(Formula A} was fed to the tadpoles in seriss A, B, M, O, P anl 8,
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The second (Formula B) was fed to the tadpoles in all ths remaining
series. <he following are the proportions in the two formulae:
Formula A - 2 parts wheat flour
# parts alfalfs flour
1 part thyroid.
Formula B - 2 parts wheat flour
1 part alfalfa flour
1 part thyroid
This made the proportion of thyroid (and therefore of iodim) less
when Formula 4 was used.

Samples of the beaf and the thyroids used in the following
experiments were psubmitted to Dr. Thomas G. Thompson of the Depart-
ment of Vhemistry of the University of Washington, Seattle, ¥ash-
ington, for chemlcal analysis in order to ascertain the iodine oon-
tent of the samoe ixoept the last two samples, they were all
dried and in powdered form, unmixed with anything else., Ihe two ex-
oepvions, veef soaked in iodine and calf thyrold treated in the
sameé way, were mixtures of these substances with alfalfa flour and
wheat flour, prepared as desoribed under Formula A for the preparu-~
tion of foods 1In fact they were part of the foods left over at
the end of the experiments, he resulta follows

Beef (used in ocontrol) « + « « o + + » 0.0004% lodine

Calf therid (raW) Vs e s e e 1 s e s 04 "

Beef thyroid (3 yrs., TaWle o s ¢ ¢ o 0 o0 "
Beef thyroid (mixed, cooked)s. ¢ s « o« o 401 "
Plg thyrold « o o o o ¢« ¢ v o o s o o & «02 n

Dogthyroid........o..... «20 "
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U. S. P, thyrold (Parke Davis & Coe) « . + +40% lodine
Ue 8¢ Py thyroild (Armour & 00e) « o o « « 23 n
Human thyroid « « « ¢+ o o s o ¢ s o« o o + «009 .

Buffalo thyroid « « ¢« ¢« o o o ¢ o o o o o <083 "

Cat thyrodd « o« o « ¢ ¢+ ¢ ¢« o o « o« s o« « 008 "

Boar thyrold <« ¢ ¢ ¢ ¢« ¢« ¢ ¢ o s ¢« » ¢« ¢« o025

Flounder thyroid. « o « ¢+ o s s s s s cos 4008 "

Beof soaked In 1oding « ¢« v ¢ ¢ ¢ ¢ o« o o« 06 "

0alf thyroid soaked in icdine « « « o ¢« &« 4138 "

‘hs method of analysis, guoting Dr. whompson, was us followss
“One gram of the powdered thyroid waa placed in a Farr Sulfur Bomb
and mixed with standard sodium peroxide. Material was burned in
the bombe After cooling, the mixture was dissolved in water and
filtered from small quantities of iron which came from the dbamb.
Thes solution was then treated with some freshly mrepured sodium hy~
poohloride and acidified with 1-1 phosphoric acid. Lhe chlorine was
boiled offs Upon cooling, the solution was then treated with 10 c.o.
of 10% solution of potaasium iodide. ihe iodine biherated is titrated
with standard sodlium thiosulphite solution. The strength of the
latter is approximately two hundredth normal.
*This method is largely similar to that of the U. 8. Ps, the

only modification being the process of burning of the thyroids The
Us 8¢ P recommends fusion in a nickel or iron oruaidble with sodium
oarbonate and potasgium nitrate. My modification of the method

greutly faoilitutes the burning of the muterial.,"
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The above figures apply only to the materlal used in ths
following experiments, as there is & wide seasonal variatlon in
the lodine content of the thyrold gland, as shown by the work of

Jeldell and Fenger (1914} and of Cameron (1914 and 1915]}.

Tabulations.

In the tables following, whioh show the results of the ex-
poriments on the tudpoles and ths amount of food and of iodine oom~
sumed 1n aach experiment, the following remerks are of uniform up-
plicat iome The letters used for the different experiments and
series ure to be interpreted as followss The firast letter repre-
sants the serles of experiments to be considered as u whole, anl the
second letter represents the unit (comtaiming ten tadpoles usually)
which was fed a cartain kind of thyroid durirg the time the exper-
iment wag running. Therefore these second letters stand for the
spacifio food fed in each experiment, and are to he interpreted as
followas

A, oontrol fed ordin«xy beef; B, ocalf thyroid; O, raw beef
thyroids D, cooked besef thyroidi B, pig thyrold; F, dog thyrold; G,
Us 5, Pe ¥arke Davis and Qompany's thyrold; H, U. S Ps Azmour aud
Co.'s thyroid; K, human thyroild; L, buffalo (Bison bison) thyrold;
N, oat thyroid; N, black or olnnamon bear (Ursus amsricenus) thyroid;
0, flounder (Platichthys stellatus) thyroid; P, oxdinary beef soaked
in ifodines Q, calf thyroid somked in iodine.
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¥hen measuring the living tadpoles before the start of the
experiments, three things were taksn into oonsidoration: the total
length, th® body length and the length of the appendages, The fore
legs wors invariably absent, and the hind legs were also wanting
in fana oatesblana, but were usually present in both Hana pipiens
and Hyla regilla, Wwhen it came to the examinatlion of the specimens
at the close of ths different experiments, the above items were again
taken into account, btwt 8180 the individuals were disseoted and the
length of the stomaoh and of the intestines were recorded, and ulso
the shape of the stomach and panoreas and the presence or absence
of the pronephros and the bladder. In all the tables all measure-
ments are recorded in millimeters and ull weights in grams.

In comparing the resulks of the different experiments with
each other 1t was found necessary to set up some more or less ar-
bitrary rule by which they could be mrasured in order to determine
the state or stage of metamorphosis reachad by the s pscimens In the
different units uat the time they wers closed, und from this Judge
the rate of developmant. It was soon found that no universally ap-
plicable standard could be taksn, but that each species would have
to be considered by somewhut different methods. A disoussion of
the means used in ocomparing the different speocimens will be found
under the ugoount of the experiments on euoh spedies.

In regard to the tables covering the amount of food and
iodine oonsumed, the total amount eaten was obtained by subtracting

from the total umount red the amount removed each day and afterward
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dried on filter paper. ‘the total amount of iodine saten was
ascertained from thoe ohemical analyses of the differemnt foods
used. In order to obtain the umounts eaten per day it was neces-
sary to huve scme uniform time measure so as to caloulate how
long each experiment hud rwn when compured to the remainder undsr
disuussion. This time measure unit wus obtained by adding the
nunber of days euch individusl in = single convainer or experi-
ment lived, and then dividing this number by the number orf indi-
viduals in the experiment, thus giving the uveruge length of life,
or the totul number of duys there was u full yuotu of specimens
in each experiment. An effort was made to give the tudpoles us
much us they would eat, but no more.

with some 1nd1\£{1a1 excepti ons, development of the fore legs
is generally indicutive of u change in the shape of ths stomuch and
panoreas from thut of the tudpole to thut of the adult. Also, a
similar statement cun Mo mcde regarding the presence or ubsence of
the pronephros and the gall bludde¥, the former disappearing and the
latter beginning to show a short time before the fore legs push out.
In the tabulation of the results of the experiments these ltems have
been omitted, but it is assumed that the above statements will be
borne in mind wlen oconsidering the results.

A1l the photogrgphs were taken of speolmens that had been
prepared in formaline for some time, Where only one from sash ex-
poriment is shown (series A, B and 0), a typloal or average sized

spacimen was used, In the oasaes where the entire experiment was photo~-
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graphed, they were arranged in the order of their death, unless there
was no variation in this, the ones dying first being plased on the
left end of the row, If & spoimen was lost in any way, i.,e., com=-
pletely eaten by the othsr tadpoles before his death was disocovered,
a ring was placed in the series to f£ill the vacant place. If &
speoimen was dried up or demaged so that it could not be used in

its proper place, & small lead slug was substituted. All the

photographs are natural size.



EXPERIMENTS ON RANA CATESBIANA,

Three serles of expariments, A, B and 0, were psrformed on
the tadpoles of Rana catesbiana., 4ll of these were carrisd on at
Washburn College, iopeka, Kansas, during the year 1920. As
stated above, two objects were in view in running these experiments.
Tthe first of these, shown in the results obtained in ell three of
the sorles, was to find out whather or not the feeding ot different
kinds of thyrold would huve identicel effeots on the rate of me ta-
morphoeim of the tadpolas, othsr omditions being equal, The second
obJeoct was to ascertaln what effeot, if any, temperature hal on the
rate of metemorphosis of tadpoles when fed the different kinds of
thyroid, other conditions being the smme, This latter entailed a
comparison of series A with series B, the formsr being carried on in
& heated room and the latter in an unheated one.

Both of these rooms ware loocatad in a stone building with
suoeptionally thick walls, thus allowlng for a minimum ohonge of tem-
perature inside In response to extemmal olanges. ‘fhe unheated room
(containing experiments B) was located on the third floor. It was
spacious and well lighted and ventilated f£rom the north armd wost,
The other room, in whioh series & was oarried on, was directly below
the above mentioned one on the second floor, anl was heated with steam
It was generally drior and less well ventllated than the upper un=-

heated room during the winter months, When weather conditions changed
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80 there was practlcally no difference between the temperatures
of the two roome, series B was brought down to the second floor
raom, and froan this time (June 1) on, both series were finished
in this room, thon the cooler of the two.

"he extremes and means of temperature for the two rcoms
are shown in wables I snd 11, the former being that for the un~
heated room in which ssries B was osrried on, aml the latter being
for the heated room whers series A was plaoed, All the tempera-
tures are recorded in centigrade.

Comparirg the temperatures of the two rooms, there was a
oonstant and rather murked Adifference between them from the sturt
of the reaord up to May £8, when they began to run practiosally the
same, ihe faot is, the comparative phase of series A and B, s0
far as difference in temperaturs was ooncerned, was closed Juns 1,
after the reocorded temparature of the twd rooms had been practiocally
the sama for four days, as it was apparent that it was no longer
posaible to obtain a marked difference in this respact between the
two rooms without appasratus or arrangements not avallable,

For the month of February, the unheated room ranged from 4.0°
to 13,6° cooler than the heated, with an average difference for the
month of 8,8°%  For Maroh, the extremes of difference were for the
unheated room from 1.6° warmer to 14.5° colder, with an average of
6,2° colder, Kor april it varied from 0,5° to 12,00 colder with
an uverage 6.4°, ¥or May the unheated room was from 1,0° warmer

to 7.26° oolder than the heated, with the average at 3,2° Te un~
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haated room averaged b.z° colder than the heated room for the en-
tire months of February, lMarch, April and May.

1he oontainers used in series A, B, and 0 were ordinary
bvattery Jars of approximately 3000 oc.o0. oapacitys, They were filled
to within an inoh and a half of the top, and were marked on the
outside so that the amount of water placed in them each day was
practically ildentiocal.

kegarding the method devised for detexmining the relative
state of metemorphosls reaohsd at the time the different experi-
monts were oclosed, undoubtedly all of the parts measured, that is,
total length, length of body, of hind legs, of fore legs, of stom-
ach and of intestines, are of more or less importance, but it was
early found there was some flustuation in total length and in the
longth of uppendages due t0 individual variations. 4% ths same time
it was seen that there was much less disorepanoy between individuals
from tha same units as to body, stomach and intestinal lengths, but
that out of these three, the more oertain measuremsnts could be
taken on the body and on the intestins. If the experiments in a
single serioes were classified ucscording to length of intestine, plao-
ing the unit with the specimens having the shortest intestlnes at
one end of the list us those most nearly developed into frogs, and
placing the experiment with the specimens having the longest intes~
tines at the other end, indicating that they had pusaed through the
least development, it was found thut with rare exceptions the experi-~

ments were listed in the sume order as if each item of the measurements
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Table I

Extremes and means of temperature in unheated room, 1920.

Month Low Righ Average
A M. P. Y. AMe  PJM. A M. PoM.
February 6.0 5.5 18.0 19.0 12.6  13.5
March 3,0 6.0 21.0 22,5 15,0 13,3
April 5.0 3.0 22.0 20,0 14,5 15.8
Hay 16,0 17.5 24,0 27.0 19.9 21.9
Table I1

Extremes and means of temperature in heated room, 1920,

Month Low High Average
A.M' P.M' A‘M. P.M. AOM. PDM.

Fehruary 1700 17-5 27-5 27-0 22.2 21.5
March 15.0 17.0 26,0 25.0 22,1 21.9

April 14.0 17.0 28.0 25.0 21.5 21,6
May 20.0 21.0 26,0 27.5 24,0 24,2
June 21.0 22,0 29.0 30,5 25,1 26,8

July 21.0 23.0 31,0 34.0 26,9 28.7
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was ranked and counted. However, the length of body must be con-
sldered us of eyual importance to the lemgth of intestine, and
their comparative relationship or ratio to each other wus finally
taken us the bast oriterion for judging the stage of metumorphosis
reached by the several experimemts. Uf course, this applies only
wvhen comparing individuals or groups of the same species.

In thsse same comparisons, however, one other factor besides
the measurements of the different parts must be taken into uocount,
+hat is, the date of death of the specimsns, or, in other words,
the length of time the experiment ran., It is evident that 1f all
moasurements were equal ut the olmse of two parallel experiments,
the specimens reaching this state of development in the shorter
time, i.,e., dying the sooner, would he considered as the more ad-
vanoed. <Taking this faot into oconsideration, it was declded that
the best measure by which to Judge the state of moe tamorphosis
reached was to use the number rssul ting from a multiplication of
tha ratio betwesn the length of the intestine to that of the body
by the numher of days the experiment ran us the coriterion, In
other woxds, it was assuned thut %x 6 =y, where a equala length
of intestine; b eyuals length of body; o, the number of days the
experimont ran; und y, the stage of metamorphosis reaohed at the
ond of the expeoriment, 48 a short intestine and a short body indi-
oate an advanced stage of metamorphosis, and s small number of days
during which the experiment lived usually denotos a rapid rate of
development, it is evident that the smaller the number y is the

more frog~like the specimen comcerrned must have been,
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The methods of onre and of feeding are desoribed above,
Yhe food for series A and B was prepared under fomula A, while
thut for series 0 was mixed under formulu B, The raesults of the

three series of experiments ure discussed below.

BERIXS K,

deries i was started with elghty bull frogs (Rans catesbiuna)
on Februury 6, 1920. IThese were divided into eight groups of tem,
ard euoh group pluced in a single contuiner., 7Ths room in which
these experiments were carried on wus heated unt il June 1, when
the heat was turned off for the remsinder of the swmer, Ths
measursmaents st the beginning and at the ¢lose of the experiments
are shown in Iable I1I, and the wnounts of food and iodine eaten
are recorded in Table 1V,

At the beginning of ths experiments the specimens averaged
vary nearly the same in both total length und length of body, there
being no hind legs visible in any individwal. At the close they ar-
runged themselves into well degined groups, the first of which oom-
prised the first five (A4, AB, AO, AD, and Al) and the second, the
remaining three units (Ar, AG and AH), 4in the first group evident-
ly the most robust specimens were in AB, us this experiment leud in
total und body lemgth und also in length of intestine, und was a
olose second in hind leg and stomuoh length. <The order of these
first five, beginning with the largest, was AB, A%. AA, AD and AE,

the latter being as distinctly at the bottom of the 1list as AB was
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at the top, but the other three being hardly distinguishable from
eaoch other, 7The second group consisting of the last three experi~
ments was not hard to arrange in & seguence, the order of which was
AH, AG and APF. The AF specimens wore tho smallest and showed the
moat marked develomment of the appsndages amd shortening of the in-
testine, all three of which features point to the most advanced
stags of metamorphosis. Waking the standard set for determining the
stoge of metamorphosis, L.e,, the produst of the length of intes-
tine times the number of days the experiment was carrlied on, and
ocombining the two groups, the units fall into the following a-der,
beginning with the specimens showing the slowest metamorphosis and
passing to the most rapidly developing oness AB, AC, AA, AD, AE, AH,
AG and AF.

Turning to Table IV, which shows the amount of food and iodine
consumed by the tadpoles in each experiment, it is evident from the
amount of uneaten food removed that probably the first five experi-
ments (AA, AB, AQ, AD and AE) were under fed if anything, as they
ran for approximately 180 days 1in each ocase, and yat tha meximum
gnount removed in any experiment was only .065 grame in AE. No
record was kept of the amount of food removed in AA (control], but
it was a small amount only. In the last three units (AR, AG and AH)
it would seem as if an excoessive amount of the food was not eaten,
and therefore was removed. In fact, the €£irat five units (AA, AB,
AC, AD and AR} were fed approximately ten times ag much as the ro-
maining thwee (AF, AG and AH), and at the same time they ate practi~

oally all they were fed, while the last threa mentioned left a
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largs proportion of their food untouched, A similar condition ex-
isted in all the experiments performed, not only on Rana catesbiana
but elso on Rana pipiens and Hyla regilla. At the outset of a
series, all the tadpoles would eat readily, but after a short time
those being fod food containing a relatively high per oent of
iodine would geem to stop eating, growing sluggish very rapidly,
ard as metamorphosis advanced, would lie inert in the bottom of the
container, 4his always resulted in a deoided difference in the
total amount of food eaten by units developing with abnormal papid-
1ty and by those passing through the period of metemorphosis at n
more normal rate., ‘he total amount of food eaten was also closely
assoclated with ths number of days ths experiment ran, so wa would
expeoct the first five (AA, AB, AC, AD and AE) units to have aon~
swned much more than the last three (AR, AG and AH) because the
formex were fed for from six to eight times as long as the latter.
Regarding the total amount of iodine eaten in each experiment,
we find this seme grouping did not exist, but a new one arose. AB
was far in the lead with .00419 grams, followed by AH with ,00R37
grams. The remalnder, with the exgeption of the control, AA, formed
u middle group with considerable variation within iteelf, while the
amount of icdine eaten by the ocontrol was wery emall. This change
in grouping was dua partially to the total amount of food consumed,
but more to the faot that there was a wide difference between the
lodine oontent of the different foods, the last three belng especial-

ly well provided with it,
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Whon it comes to ths yusstion of the smount of lodine eaten
dally, the last column indicates that tha three exporimsnts, AP,
A and aH,showed approximately ten times as much lodins eaten
daily as any of ths others, except aB, and they oonsumed between
two and three times as much as thut one. The amount eaten in Ai,
the control, was ,00000017 gram which was very much less than any
of the othors.

In oomparing Tables 1II and 1y, that 1s, the condition of
the specimens at the end of the expsriments with ths amount of food
end iodina oconsumed, the units arranged themselves in the follow~
ing ordex;
Davelopment (beginning with least) AB, AD, AA, AD, AR, AH, AG, AP
‘‘otal food (beginning with most) AB, AC, AA, AD, AR, AH, AF, AG
Total lodim (beginning with least) AA, AC, AD, AG, AE, AF, AH, AB
Daily food (beginning with most) AB, AC, AD, AA, AE, AH, A¥, AG
Daily lodine (beginning with least) A\, AD, AC, AR, AB, A6, AF¥, AH

1t is evident that in this sorles thore was a more or less
olose correlation amorng all these items with the notadble exaeption
of experiment AB. Next to this, there was the most variation from
the developmental oxder in the total amount of lodine eaten by each
unit. with slight variations, in all the oases exocept thesa, we
have the least development assoolated with the largeat total and
daily smounts of food eaten, and the least =mount of Lodine oonsumed
daily.

In series a it appeurs that the total amount of lodine oon-

sumed had 1little to do with hastening metemorphosis, becauss the
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experiment showing the least developmental change (AB) consumed
the groatest total amount, while 4G consumed less than half as much
as AH, and yet AG reached & stage of developmont in twenty-three
days which was pructioelly the same as that reached by AH at the
end of thirty-two days. In comparing the rate of development with
the smount of daily lodine coxnsumption, however, it will be seen
that there was a very close correlation, with the single exception
of AB again,

Photographs of typical specimens taken from each of the ex~
poriments of series A are shown on Ylate I, figs. 8-15, Thare was

vory little variation among the specimens of 8 single expsriment.

SERIES B

Ap stated above, series B was run parallel to series A under
identically similar conditions except that £rom February 6, the date
of starting, to June 1 the former was coniusted in an unhsated room
while the latter was ocarried on in a room supplied with heat and
hence somewhat warmexy and drier. The detalls ooncerning this varia-
tion in temperature are given iln Tables I and Il. The objeot in
carrying on series B under different oconditions was to assartain
whether or not temperature hed any effect on the rate of metamor-
phosis of frogs fed the dlffersnt kinds of thyroid. it the same
time theseo experiments were used as a cheok on serles A. ‘fhe equip-

moent ugsed and the material fed were identical with those of series A.
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In studying .able v, which shows the msasurements in series
3 both bofcere und aftor the experiments were jerformed, it will de
seen thut ulmost everything that was said concerning the similar
figures in series A (as shown in ‘fable 111) can be ropeated here
with slisht variation. itho specimens were very uniform in sise
at the openin of these exjeriments, with no hinl logs visidle in
any oass, but it was soon discovered that two specimens - one in
BA and anothor in 8B -~ were evidently a ysar older than the remain-
inyg onea. anese woro left in the units and developed into typloal
young fregey the Vall being entirely absorbed, However, thoy wore
not considered in gotting the sver.uge reasurements of theose ex-
porimants.

As coocurred in serlies i, tho exparimonts again group themselves
iutv two divislone, the first five being in the one where the lemst
matmaorghosis oocourred and thoe last three belng in a group whers mate~
amorphosis was well advanced. Again taking the product of the
length of intestine times the numbdor of days as the ariterion for
Julgl ng the state of dovelopment, it will be sesn that the order, be~
ginning with the experiments showing tho least development, wag us
tollowas HD, BB, BA, B0, BE, B&, BF and BH,

Uomparing the state of developmsnt at the closo of the experi~
ments with the amounts of food mnd lodine oonsumed us shown in
vable YI, woe find the following rolationships:

Dovelopment (bezinning with least) BD, BB, BA, BC, 3%, 5G, BP, BH,
total focd {beginning with moat) BB, 3A, ED, BC, BE, BH, BF, BG,
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potal lodine {beginning with least) BA, BC, BD, BE, BG, BF, BB, BH.
paily food (beginning with most) BB, BA, BD, BC, BE, BH, BF, BG.
Daily lodine (beginning with least) B34, BC, BD, BE, BB, BG, BF, BH.
Again we find, us in series A, a olose correlution between all these
L temse, With the exception of experiment BB, which showed a markedly
large amount of iodine consumed, both total and daily, oompared %o
the slow rate of metamorphosis of this unit. ihere was also oon~-
siderable change of positioniof the units in the total amount of
fodine eaten from that found in the line indicating rate of deval-
opant. These same two exceptions coourred in series A. Again
we oan say that with sams varlations we had the least development
asaociated with the largest tdal and daily amounts of food eaten
and, the leaat amount of lodine consumed daily.

Photographs of average specimens from each of the units in
this series are shown on Ylate I, figs. 16-23, The varlation among
the spocimens in a sirgle experiment was very slight with the ex~
ception of the two cases mentioned above,

In the summary on experiments pexrformed on Rana oatesblana
will be found some further disoussion of this series, and also a oom-

Parison of it with series A as to effact of tamperature.

BERIES O.

The expariments recorded under series G were on Rana catesblana,

and were atarted on June 15, 1920, and were olosed August 4. Tha
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omditions under which these exporiments wers carried on were very
nearly the same as those for series A, that is, they ware in the
game room, were placed in the same size containers, snd the water
used was the same., The avarage temperature for the total time was
naturally several degrees warmer in the oase of U, due to the season
of the year. 4<he specimans used wers from the same lot as for both
series A and B. he total number of specimens used was fifty, dls~-
tributed us followss Ui, 6; UB, uG, OD, and 0k, 6 eachj UF, CG and
¢H, 7 each. 3ihe focd used had a less iodine content than that in
gories A and B as it was preparsd under formula B instead of farmu-
1a A as in former cuses. %he purpose of the experiments was to
ocheck on the results found in the ¢wo former seriea. Tha measure~
mante taken at the begimning and olose of these experiments and
the food and lodine eaten ure recorded in Tables VII and VIXI.

At tha beglnning, the apeoimens were somewhat larger and more
mature than was the omse ut the start of either A or B, tut at the
olose their development hed reached very neerly the same stage as
the corresponding previous ones. 1he grouping at the olose ugain
showed the two olasses, the more mature inolwding the three laat
groups, and the least developed, the first five., Judged by the aamo
standard as used in previous oases, thelr arrangement in the order
0of the state of thalr develommant, beginning with the more tad-pole-
1ike, followss OR, CD, 0B, GO, OA, CH, OF and CG.

Tha gorrelations between the state of development at the
olose of the experiments and ths smount of food and iodine oconsumed

(Table VIII} follow;
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Development (beginning with least) ¢B, uD, 0B, GC, GA, OH, UF, CG.
potal food (beginning with most) ¢p, CA, OG, CB, GB, CP, CH, CG.
Total iodine (beginning with least) CA, ¢O, ¢D, CK, UH,UF, CG, OB.
Dailly food (beginning with most) 0A, uc, UD, OE, 0B, OF, OH, 0OG.
Da2ily iodine (beginning with least) OA, ©D, 0Q, CE, OB, CH, CF, CG.
A8 In former series, we had a wide variation from the expected in
tho oase of UB regarding both the total amount of iodine cmsumed
and also in the daidy consumption of the sameé, OCA and OB also
showoed rather wide variation in the samse respect. In fact, there
appoared to be hare less uniformity botween the atage of develop—
moent and the total iodine omsumption than ocourred in either of
the previous series,

In examining Tabdble VIII, it will be seen that much smaller
amounts were fed in the experiments of this serles and at the same
time very little uneaten food was removed, the latter faot indi-
cating, at least in the first five units (CA, 0B, 00, OD and OE}, the
probability of underfeeding having occurreds On the other hand, the
short longth of time this series ran acoounts for the smallness of
the total consumption of food. The actusl maximum period covered
was f£ifty days, but this is reduced to thirty in the tadble becsuse
the number of days there recorded presuppoges ten speoimens in each
unit, and there were lees in this serles from the beginning.

(ne other faoctor not shown in the tables probably enters into
these results, eapeolally in the very rapid metamorphosis of the

apecimens in units CF, UG and GH., %his factor is temperature.
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7his serles was curried on during the summer months, and the avoerage
nheat was owslderably higher than ocourred in eithsr series A or B.
she average mornlng temperature for the last hulf of June was 25,1°
and for Jduly, 26.90, making the average morning temperaturse 26,3°
for thoe entire series, The utternoons uveruged slightly wurmer,
being 26.5% for the lust Imlf of June und 28.7° for July, meking
the total uveruge for the afternoons 28.0°, From wables I und
11, it will be seen thut the averages for series A wera 23.6° for
the forenoons and 24.1°% for the ufternoons, while for serises B they
were 19.0° und 20.0° respectively.

The figures (24 to ¥1) on Plute Il show uverage specimens
takon from the eight experiments in series C. There was praocticul-
1y no variation smong the individuals in u single unit.

Further discusslion or this serlies will be found below,.
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SUIRARY OF EXPERIMERTS ON RARA CATESBIARA

In ooneidering the stage cf develcyment reached by the spec-
imgne in the different experiments, it lg recessary to compare the
repults as shown in the separate serles, 'inese are shovm in Fig, 1
vhere the letters ropresent the parallel oxpariments in whioh the
ghwma food was fed, and the numbers stand for the relative rate of
matamorphosis of the different exporiments, the higheat being tha
most fully develeopsd, and thorefore having had the most rapid rate.
¥ho average for the three series is also showns Therue was some
variation between all threo of the series, this belng the groatost
in the oase of thoss fod on pig thyroid (B}, followed by those fed
on cooked beef thyroid (D), while the deg thyroid experiments (¥)
showed the least differance.

while msny of the oonditions under which these thres sorioes
wore oarried on wora identioal, there were some noteworthy dif-
forences., Cme of those was the matter of the nature of the food,
pories A and B being fed food prepared under formula A, while the
food uaed in sories C was prepared undor fommla B. fThat meant
that the first two series had a food of stronger thyroid and thare-
fore of iodine content, but as thls was uniform for all the ex-
perimonta in a series, 1t would have no offeot on the compari-
son of series U with the other two, Howaver, it would tend

ta mnka tha differaences botwoun the rates of motamorphosis in the
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sameé series more murkeds A socond fagtor thut was guite different

in the three series, that of temperature, anl in sdditlon the specimens
in sories ¢ were five months older at the time of sturting than those
in either series A or B. Another fuctor entering into at least parts
of Bll three series wus thut purallel experiments in different series
were ourried on for different lemgths of time, due usuully to the
different rates of development. All of the experiments in series G
wore of shorter durution thun the ocorresponding ones in series A and B.
Basides these there wus some vauriation in the way the different speci~
meng resoted to the feeding of the ssme materiul, upd in some units
ohanoe apparently threw together groups of samewhat physiologically
similar individuwals with the result thut the total of their reactions
differed in measursble quantity from units fod the same materiul but in
other series.

The stages of development of the three serles &, B, and 0, taken
a¢ 8 whole, arrange themselvas in the following order, begimning with
the one that showas the least changes B, fed calf thyrold; D, fed cooked
beat thyroid; 0, fed raw beef thyroid; A, oontrol and X, fed pig thyroid
(tied); H, fod Armour and Co.'s thyroid; G, fed Parke Davis amd Co.'s
thyroid; ¥, fed dog thyrold.

As stated before, series A and B were carried on under different
temporature condlitions during the firat four montha for the purpose of
detormining whother or not that fastor would oause any marked variation
in the effeot of feeding the different kinls of thyroid. During this
pariod experiments f, § and H in both series died, and so a comparison

of them introduces no new faotors. In the cass of the other five, A, B,
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¢, D and X, howaver, while the first four months were oarried on und or
guite different temperature cormitions, tha last two were spent in the
peme room under ldentiocal ciroumstances, This would naturally be very
likely to ocause someé obliteration of any differences that might have
developad between the two series during ths first part of the experiments.
Pirast, comparing experiments A¥, AG and AH with BF, BG and BH re~
speotively, it will be seen from wables III and V that the speoimens in
eaoh instance averaged very nearly the seme in total size and slze of
various parts both at the beginning of the work and at its close, But
it will ve noted by Tables IV and VI that tha units BF, BG and BH lived
for approximately three times as lomg as did thelr companion expsriments
in serias A., In other woxds, it took them three tims as lmg to yeach
the samo stage of dovelopment. rrom those seme tables, we £find that
these thiee units of series B ate appraximately twice as muoh total food
ad total iodime as AR, AG and AH, tut due to ths longer tims they ran,
thelr dally conauwmption was only about two-thirds that of the latter.
Turning now to the temperature of the two series as showm in
Tables I and 1I, during Yebruary amd March, the only months during
which experimsnts ¥, G and H of both series were running parallel, the
difference between the rooms in which series A and sories B were baing
yun was during Febmary, 9.6° for the morning and 8,0° for the after-
woon, and during Maroh, 7,1° for the morning and 8.6° for the afternoon.
In other words, sories B was Japt under = temperature of slightly less
than 8,5° oolder than series A during the time those units fed ¥, G amd

H were running parallel,
Oomparing experiments ¥, O and H of these two series, thenm, all

oonditions exoopt temperature being the same, in view of the faot thut



the sam stsge of development was reached in the gorresponding units
of eash series, it would seem that u lowsring of the temperature about
846° caused a slowing up of the metavolic processes to approximately
one~third of what they were when the tedpoles were kept in the wammer
place,

Vory similar results to the above mre shown in the thres last
units (F, G ard H) of series O when they are compared to the same
three units of serles A and B, This series was carried on in the sams
room as was gerles A, but was not started until three months after
oxperiments AF, AG end AH had been closed, consequently the temper-
ature was uite different, The average for Pebruary and March, the
time these three of the A series were living, was 22.2° for the morn~
ing and 21.7° for the afterncon, while for June, when the correspond-
ing units of the ¢ series were being osrried on, it was 26.1° for both
morning and afternoon making a difference of 3.6° in favor of the 0
serien, It will be seen by ocomparing 1ables III and VII that the
tadpoles in these two corresponding groups of experiments were very
nearly the mseme aize at the starts At the oclose, in both series they
wore by far the most advanoed, but in series A the tall and body were
somewhat shopter and the legs were better developed. Also, the
stomach and intestine were shorter in sories A. All of these things
indioate AF, AG and AH had advanced to a somewhat later stage of de~
velopment than had the corresponding units of series O when thoy died.

Two other faotors, both mentioned above, besides temperature were
different in series ¢ to what they were in series A, both of whioch would
favor & more rapld development, The first of thase was that these

speoimeng woere six months older than those in series A when it was
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started, and the second was that formmla B was used in the preparation
of the food for series U, while that of series A was prepared under
formula A, hence the G experiments recelved food somewhat richer in
thyroid. also in comparing Wables IV amd VIII, it appears tmt OF snd
CG ate more food dally than AF apd AG respeotively, and that all three
0f the U experiments consumed more iodine daily, the latter omdition
being the least marked in the last pair of exporiments, Hs Admitting
that these two faotors hastened in a measurable degree the develop-
mont of the last three units in series O, it yet seems apparent that the
warmer temperature had considerable to do with the shortening of the
pariod of similar developmant to a third of the time takem by series A.
Turning to the first five experiments in the three series, A, B,
Cy D and B, in order to determine what affest the different tempora-
ture conditions had on them, a study of ¥ables III, ¥ and VII, and
Fige 1 fails to show any tmiform differences upplioable to all three
seriess It is possibvle, in faot probadble, that if thase expariments
had besn curried on for a sufficient length of time under different tem-
perature conditions, they would also have shown that a lower temperature
oansed delay in metamorphosis when these foods were fed. Or it may be
possible that differences hetween series A and B were obliterated by
thelir being under identical (wewvm) conditions during the last two
months they were oarried on.
¥rom the above fasts, it seems mafe to conclude that if Kana

ontesblana are fed dog thyroid (E), Parke Davis and Uo.'s thryroid (G)
amd Ammour and Uo.'s thyroid (H), all othexr conditions being similar,

a lower temparature will delay the time of metamorphosis. A difference

of approximately 845° caused matamorphosia to be delayed about three
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times as long as when the tadpoles were fed the ssme substances under
warmer conditions. On the other hand, no difference in rate of meta~
morphosis was discernible when ocontrol (A}, oalf thyroid (B), raw beef
thyroid (C), cooked beef thyroid (D) or pig thyroid (B) were fed under
similar variations of temperature.

Turning to the question as to what, if eany, relationship there
was botween the stage of development uttained und the food and iodine
oonsumed, we buve this graphically shown in Fig. 2 whioh is based on
the information contained in #ables IV, VI and VIII, Th® line repra-
senting the atage of development reached is that of the average for
the three series A, B and 0, Both the total and daily iodine lines
are drawn g0 thut the higher the point is the more thore waus eaten,
vhile the food line is just the reverse, the higher it is, the less
there was omsumed. The experiments ure rearranged in order to make
& regular ourve for the atage of development line. The total amount
oaten is omitted from the graph because 1t 80 closely follows the line
for duily food, being om-third of a spuoe lower for experiments 0 and
D, but otherwise exactly the same.

‘there was 8 closs relationship between the smownt of food, both
totul and dajly, omsuned and the state of development reached, as these
two 1lines parullel each other quite olosely through wll the experiments.
Lhe totul amount of food cmsumed would nsturally be olosely assoclated
with the length of time ths experiment was ocarried on, dbut thls does not
apply to the daily consumption. ihe experiments fed A, oontrol, B, calf
thyroid, ¢, raw beef thyroid, and D, cooked beef thyrold, consumed dla-
tinotly lurger quantities of food thun the other experiments, those fed
K, pig thyrold, lagging only a short distanoe behini, while—tho-last
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while the last three, F, dog thyroid, @, Parke Davis and Company's
thyroid, and H, Armour and CUompany's thyroid, were much behind in
both daily and total consumption. As stated before, this lack of
food oconsumption was dus to the tadpoles in these three last experi-
ments refusing to eat anything after the first few days of the ex-
Poriment, <They ate as well and mrobably as much for the first fourth
of the time they lived, tut after that were seldom seen to eat at
all; and yat they ocontinued to metamorphose rapidly, becoming per-
coptably smaller and more frog-like each day., ¥Food consumption in
the tadpole is prodably dependent upon the ocondition of the alimen~
tery ocanal, and this in turn serves as a measure of developmont. Just
a8 the alimentary tract shortens so does ths ability to eat diminish.
“his is oorrelated with ths natural faot that must take place as the
animal undergoes changes from adaptation to one kind of food to adap-
tation to another. In the experiments mentioned above (F, G and H)
this change in the physiological ocondition of the alimentary oanal
was evidently due to the excessive amount of iodine contained in the
food.

vihen it oomes to the question of whether ox not there was any
ocorrelation between the stage of develomment reached and the amount
of iodine oconsumed, 8 first glance at Fig. 2 might lead one %o say
there was nons, but a closer study disproves this statement,

¥irst, taking up the total amount of iodine consumed: this
naturally will be related to the total amount of food eaten and to
the par oent of lodine in the partioular food., This accounts for the

decidedly large amount of iodine eaten by experiments B, fed calf
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thyroid, and for the very small amount in experiments A, ocontrol.
With these two exceptions, the total iodine line follows more or
less olosely the developmental line, but not quite as olosely as
does the food lins.

Yurning to the dally amount of iodine oconsumed in each oase,
here we find that experiments A, control, still had the least oon~
sumption, tut experiments B had dropped from the highest to the
fifth place. However, both A and B show the most marked variation
from the developmental line here as in the oase of total iodine con~
sumed. But on the whole, the daily lodine line is oconsiderably
oloser to the developmental line throughout its length than the
total lodine 1line is, and with the exoesptions of experiments A and
B, its points approximate the developmental 1line oloser than the
food line does,

Why expsriments A showed o high degree of developmentex oor-
rolated with a large amount of food and a low amount of iodine eaten
while experiments B showed a low state of dovelomment correlated with
a8 large amownt of food and a high amownt of iodine consumed 1s not
oleare. These were both exceptions to what seems to be the general
plan of more davelopment being assoociated with asmall amounta of f£ood
axd large smounts of iodine eaten., Kegarding the B experiments, it
is possible that the age of the thyroid fed was responsible, as all
the remainder were fed thyroids takon from mature animals while that
used in the units B was talken from calves, <This would mean that
either the iodine content of the calf thyroid was in oombination with

other thinge which made it leas available for use by the tadpoles,
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or some element usually nesociated with the iodine was less abundant,
or some repressing (so far as the iodine or iocdine~containing ele-
ment is concerned) substance was in the young thyroid, but not

present in the old.
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BXPERIMERTS ON BANA PIPIENS

The experiments on Eana pipiens were oarried on during the summer
of 1920, the firat being started June 20 and the lust one olosed July 2.
The first five series, D, &, ¥, ¢ and H, were run for the parpose of
determining ths effect of feeding different kinds of thyroids to tad-
poles of this specles and recording the variutions, if any existed.
Series K and L were performed in order to determine whather or not tle
uowmt of water in whioh the specimens woere kept during the experiment
had any effeot on the results, They were all conducted in the room in
which the previously desoribed series A and O were performed, all the
conditions being ident igal with the exgeption of the food formula and
the sixe of the oontsiners. Whe food wus prepared under formula B,

A8 the tadpoles of Nans pipiens ure muoh smaller than those of Rans
oatesbiuna, smaller dishes were used, Those for sexries D, &, ¥, &, H,
and X were about five inohes in diumeter and half us deep, each being
£illed with approximately 200 ce0s 0f water. ror series L, larger
shullow dishes eight inohas in diumeter were used, in which 1000 o.c.
of water was placed,

The tadpoles of Hana piplens develop into frogs dwring the one
season. Uonseguently u shorter time was necessary to oomplete a series
of exporiments. 1t will be noted that most of tha specimons used
had rudimentury hind legs presemt when the experiments started, a oon~
dition not true in hans cutesblana.

In determining the stage of development reached ln the different
exporiments, it was found thut the methoed wsed in the experiments on

tha bull frog was not sutisfuctory in the case of Rana pipiens, Oocnse-
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guently a new method was daevised which based the determination large-
ly on the ratio between the body length aml leg length, but also took
into consideration the length of time the experiment ran., That is,
%x ¢ =y, vhore a equals body length; b equels hind leg length; o,
number of days the experiment ran; and y, the stage of development
resohed. ‘the smaller y is, the more advanced is tho stage of metu-
morphosis. Uf the several leg measurements, those of the hind legs
were chosen because after they start to develop they grow cmtinu-
ously during the life of the tadpols and ars always in plain sight
and easily measureds In somd few instences other meusuremente were
also used, especially the intestinal length and that of the fore legs,
but these were only oonsidered when the results from the above formu-
la were 0l0se. Baoh experiment, excepting thos® in series F, con-
slsted of ten specimens, making a total of eighty tadpoles used in

each series, The results aro discussed below,

BERIES D.
Saeries D, on Kana pipiens, was started Jume 20, 19x0, and wus
closed July 20, +ihe results of these experimenta sre shown in ¥'ables

IX and X.
At the olose, the experiments fell into the followlng order when

olassified a8 to stage of dovelopment reached, the one showing the
slowest rate ooming firats DU, DA, DD, DB, D, DH, OF and DG. These
arranged themselves into two distinot groups similar to those found
in the previous series, the first five being distinotly less devel-
oped than the last three. faking up the items enumerated in

Tabvle X, their relation to the order of development is as followas
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Develorment (beginning with least) oc, b», b0, DB, DE, DH, D¥, DG
Total food (beginning with most) DB, DB, DA, DD, DO, DF, DH, DG
Total lodine (begimning with leust} DA, DO, DD, DH, DE, DG, Dr, DB
Daily food (beginning with most) DB, DA, D, DD, DG, DF, DG, DH
Dally 1odine (beginning with least) DA, DG, DD, DE, DH, DB, DG, DF

At the start of the experiments, the specimens of the different
units averaged very nearly the same size., Those in DA were slightly
largex than the rest, while those in DD and DE were somawhat smallay,
but these differences were hardly great emough to effect the results
a8 shown by the faot that the unit DE forged ahead into fifth place by
the end of the experiments in spite of this initial bandicap.

Regarding the total amount of food consumed, as shown in Tabdble X,
there was not a great deal of differonce among the first five experi-
ments, DA, DB, DO, DD and DX, and the same oan be sald of the daily con-
sumption, “he unit DC ate the least in both instances, while DB used
the most. iaven if the differencs is not great between these two, yot
it must be talmn into omeideration whan the rate of matamorphosis is
considered, as the former developed to a less degree than the latter,
as soen aboves, The last three units, DF, DA, and DH, oonsumed much
less food thun the first five, <This 1s asscolated with the short time
they lived~-eight to eteven days~~as compared to the much longer period
of llfe of the first five-~twenty~three to twenty-seven days. Also,
the unite DF, D3 and DH acted very much like the corresponding experi-
monte on kana oateasdblana did, ‘hey ceased fesding shortly after the
experiments were started, and lay inert in the bottom of their omtainers.

The same grouping that was soen for food consumption does not hold
when the total amount of iodine is cogaidereds %ho unit DB lead with
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DF, D@, DE and DH following in the order namad, while the remaining
three, DA, DC and DD, wers a considerable distance behind., “his con-
dition 1s oorrelated to the iodine cmtent of the food and to the
amount eaten, ¥hen the daily lodine oonsumption is omsidered, the
number of days the experiments ran comes into the consideration.

Here we find that DF and DG were away in the lead, with DB and DH
following with approximately half ss mich, while the rest hed a oon-
siderably lower amount.

At the close of the experiments, there was & genaeral inverse cor-
rolation between the amount of food omsumed and the stasge of develop~
ment roeached, but it was not universal, as DB, fed oalf thyroid, DG,
fed raw beef thyroid, and DE, fed pig thyroid, were all exceptions.
But with the exception of DB, there was a markad tendenoy for those
whioh regeived the most iodine, both as to total anl daily amounts, to
develop the fastest.s This sume tendency for the experiment that was
ted 0alf thyroid (DB) to show less development in the presence of high
iodine consumption was noticeable in the experiments on Rana catesbiana
ag woll as here.

The speoimens used in seriea D as they appeared at the olose of
the exporiments are sham on Plate 1II, figs. 32 to 39 inoclusive,
There was s great deal more individual variat fon apparent in this
species than in the ll-frog, as soma of the specimens reached the
frog atage and died while others 8till resembled balf grown tadpoles
in all respsctes This was probably due to individuml differences re-
garding the rates of metabolism and of development, iIn some Qases
there was prodbably & differsnce in the ages of the different specimens

at the heginning of the serles.
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SERIES B,

Series K on Kana pipiens was run as a parallel to series D,
all the oconditions boing the same. sxperiment DA was used as the con-
trol for this meries also, but is hers listed again as BA, The re-
sults ure shown in Tables XI and XII,

A% the commencement of the experiments, the average size of the
8pecimons in the different wnits was yuite uniforms On the whole,
they averaged slightly larger than those used in series D, the larg-
o8t bveing in units i and 56, and the smallest in the omtrol, XA.

At the end of ths exporimants, the wnits took on the following
order, putting the experiment showing the least development first;
KA, U, D, nB, E¥, &f, KA and B@. From a study of the tables and
of Plate IV, figs. 40 t0 47 inolusive, whioch show photographs of this
saries, it will be seen that the units group themselves into two well
marked divisions ugain, as in all previous series, the last three
having developed muoh fastor than the first fiva.

Taking up the items oovered in Lable XII, their relation to the
order of dovelopment is as follows:

Doevelopment (beginning with least) FEA, &C, ED, BB, EB, Ef, EH, EG.
PTotal food (beginning with most)  &A, KB, ED, BB, XO, EH, KG, EF.
Total iodine (beginning with least) XA, KO, KD, Ei, H¥, KB, £H, NG,
Daily food (beginning with moat) KB, ED, KAY XR, %G, KH, EG, BF.
Duoily iodine (beginning with least) £A, BO, kD, KK, KB, BF, EH, EG.

Here in series n the total food ooneumed in the different ex-
porimenta runs almost parallel to the stage of development, the most
being eaten by those showing the least advanoe in matamorphoaiss The
oorrelation between daily oonsumption and rate of development is not

«uits so oloses Foegarding the iocdine eaten, both am to daily and total
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amounts, there is a rather closs ocorrslation in position, the former
being exaotly the same excopt for a slight shifting among the last
three units, while in the latter cass, this shifting inoludes the
last four experiments.

Furning again to Table XI1, in regard to the total amount of
food consumed: there is no great difference among the first five ex~
periments, sA, uB, KU, kD and &, but all of the last threo wits,
b¥, kG, and sH, foll below these to a marked extent. As to the
daily wmount, the same is true, but we £ind & somewhut larger vari-
ation in the first group, and the amount that the last three con-
swaed is not nearly as low in proportion as when the total is con-
sidered. Both these facts are dus to the differance in the mmbar
of days the experiments ware carried on. in the first group, the
time extended from twenty-five days in the control, A, to twenty~
one days in =B, fed calf thyroid, while in the second group, the
units wore fod for about a third as long.

<he unlt xG consumed the largest total amount of iodine, fol=-
lowed closely by kH and ©&B. Next oame EF and sBE with approximately
one~half as large an amount, followed by D, x50 and mA in that order.
But this order was not retained when it oame to the dally consumption,
again due to the variation in the number of days the different units
were carried on. MHere we found 10 far in the lead, followed by EH
and. BA. +hen after a considerable gap came tha remaining five in
the same order as when the total amount was oconasidered,

As in series D, thers was considerable variation in ths rate

of matamorphosis dn each experiment, Ihis is shown on Plate IV, figs.

40 to 47 inoclusive.
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SERIES F.

Series ¥ was on Rana Pipiens, and waa started om Juns 20,1920,
aul olosed July 20, This series was the same as series D and B in
overy way exoept that the unit used was seven in each experiment
instead of ten. DA was used as the control for this series as
woll as for the two preceading, but was here ocalled FA.

Due to the faot that bacterial infection started in experiments
¥B, ¥C, ¥D and FE and killed twenty-one of the total twenty-eight
specimens in these units six days after they were started, the re~
sults obtained 8o far as tmse partiocular ones were omocerned were
of no value. %Ihe remaining three, FF, 34, ond FH, wore not affeocted
by the baoteria, <They developed at approximately the ssme rate as
the oorresponding units in series D and X, and their arrangement at
the olose of the experiments was in the following order, beginning
with the one showing the least rapidity of develomments?G, IF, FH.

The relationship between rate of development and the amownt of

food and lodine omsumed ig shown belows-

Develomment (begimning with least) ¥G, FF, FH
Total food (beginning with most) ¥P, FH, ¥Q
Total iodine (beginning with least) ¥a¢, FH, ¥¥
Dailly food (beginning with most) FF, ¥4, 70
Daily ifodine (veginning with least) PH, Fr, ¥

The results of the experimsnta of this sories are omitted from
the general discussion of the work on Rana pipiens, and the tables

are not inoluded because of their unsatisfaotory nature,
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SERIES @,

The expsriments in series & were on Fana pipiens, and were
started July 7, 1920, and were olosed July 8. They were oarried

on wder the same aonditions as the former series D, E and ¥,
They conslsted of ten specimens in each unit, and were fed under
fomula B, Tables AIII and XIV give the results in tabular form,
and Plate ¥, figs. 48 to b5 inolusive show the spescimens at the
0lose of the experiments.

These were «ll smaller tadpoles than had been used in the pre-
vious experiments, and probadbly dwe to this their metamorphosis was
somewhut more rapid, Also ths mortality was greater than in previous
sots, except in the case of series F where baoterial trouble sat in.
This high deasth rate was probably due to the amall size of the speci-
mens, and also to the high temperature during July. The ocontrol, G4,
fared worse thun any other single experiment, and it was due to thile
faot thut the lot were olosed & week before it was originally intended
to do so. For these reasons the resulis are not as trustworthy as
thosa shown in series D and 5 7The bottle containing the spocimens
from @B was broken in transportation and the speoimens dried up., It
was impossible to examine the internal organs in this instanoce, dut
the external measwrements were taken and they are used in estimating
the rate of development. fihe same method for determining the rate of
development was used in this series and the following one as in series
D and &, but here the shortness of the time tho experiments were al-
lowed to run and the immaturity of the speoimens nt the stort made it

apparent thut the results obtained from the use of the formula

-%x 6 = y were not as ucourate us in the oases of the previous series,

vaking thias into consideration a study of the
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dimensions leads one to conolude the order of development at the
olose of the experiments was as follows, beginning with the one show~
ing the least metamorphosis: G, @B, GD, GO, GE, GH, 6§, GF,

Comparing this order with the food aml icdine saten as shown in
Table XVII, we got the following;
Development (beginning with lesst] GA, GB, GD, GO, GE, GH, €d, G
Total food (beginnipg with most) GB, GE, G0, GA, GD, GG, GH, GF
Total lodine (begimning with least) GA, GD, GO, 68, GF, GH, GB, GG
Daily focd (beginning with most)  GB, BA, OE, GG, GG, GD, GH, GF
Daily iodine (beginning with least)} GA, 6D, GU, GX, GB, GF, GH, GG

Again the experiments fell into two groups, the ons showing the
least development consisting of GA, GB, GO, GD and GE, while the one
showing the more advanced stage of metamorphosis cmtained the last
three, UF, GG and GH, #his is in llne with what oocurred in all pre~
vious series. Also the single experiment, GB, consumed an exgeption-
ally large amount of iodine, both total and daily, a condition shown
in all provious units where oalf thyroid (B) was fed, The amount of
food eaten, both total amd dally, appears to have had 1little correla-
tion with the rate of development, as it varied in one experiment in
one direotion snd in the next in the opposite way. But in regard to the
amount of lodine cmsumod; with the single exception of GB as Just
stated, the relationship between both the total and the daily amounts
and the rate of developmont was exoeptionally close in all the wmits,

doing into the ywestion of food oonsumption more in detail it
will be geen from ¥able XIV that the experiment GB ate nearly twioce as
mugh food both as to total and daily amounts an eny other single unit.
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Just why this group ate so much is not clears txcept for this one
ouse, there is no decided di fference ameng the group comprising the
first five experiments, (A, BB, GC, GD and GE, in either total or
daily amounts. 4ihe second group, comprising the last three experi-
monts, G¥, GG and GH, ate a much smallor total amount of food, but
dus to the fewer days they ute, the daily smount is little less (none
in the oase of GG) than the lowest ones of the preceeding group.

In regurd to the total amowmt of iodine eaten by the different
wnits, GG was well in the lead, followed by GB, GH and GF in this or~
der, the remaining four experiments being far behind these. In daily
casumption of iodine, ths sam order mevailed except that GB fell
below both UH and G¢F, due to its having been fed approximately three
times ms long as the other two, MHere ugain, us in the case of the
total oonsumption of iodine, the remaining four units fell a long ways
behind the others.

& study of Plate v, figs. 48 to b5, shows there was little varia-
tlon among the individuals of the single experiments in this saeries,
this being in murked oontrast to the omti:ition preovailing in the two
previous onesy In this ouse, the reuson for more wniformity is proba-
bly due to the fact the spocimens were much more nearly the same in
slge at the commencement of t¢he experiments thin they were in elther
series D or s, Also, series @ ram for a fowrth less length of time
than did the two preceeding wunes; hence, thoy hud less time to develop

individual variations due to dirferont metabolic rates.
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BERIES H.

ihe experiments in series H were parallels in every way with
those in series &, and experiment ua wus used us the control for ser-
ies H also, it being designated us Hi in this discussion. .a stated
before under serles G, the control used was not vory aatisfactory, us
the mortality wus abnormally high, cuusing tho olosing of this :nd tle
previous series a weok berore the time intended. <his together with
the small size of the specimens used made the results obtained less
acourate thun In series i and B which covered this sume specles. %he
rosults are shown in Zables XV and AY¥l and tho specimens on FPlate vl.

The same methods of estimating the stugs of maturity wore used
as in series G. Beginning with ths one showing the least dovolop-
ment, the following was the oxder at the olose of the experimentss
HA, HO, unfisén. HH, HF and HG.

At the beginning of the series, the different units avoragoed
nearly the same size. At the oloss oomparing the rate of develop-
ment with the food and iodine eaten =8 shown in ¥able XV1, we had:

Developmnt {beginning with least) BA, HG, BB, H¥, HD, HH, Iy, Ba.
rotal food (beginning with moat)  HC, HB, EA, HE, HD, MB, HF, FG.
Total icdine (beginning with least) EA, HD, HE, HC, HY, HF, F5, H.
Dally food |(bsginning with most)  HC, HA, UB, HE, o4, ¥F, BG, HD.
Daily iodine (bogiuning with least) FA, W, HE, ¥C, HB, HF, EG, HH
In studying this oomparisom, it will bo seen that so far as both total
and daily consumption of food were concorned, thore was a oloso oorro-
lation between these and the rate of development exoopt in the oase of
dally food in experiment HD, Both the total and dally mmounts of lo-
dine esten showed conaiderable variation from the rate of dovoloprment.

the experiment fed B, oalf thyroid, d1d not sot in itw usual manner.

iWhis food gonerally secmed to causa & slow
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rate of metamorphosis in previous series, buf the large amount of

it saten resulted in an abnormally high iodima oonsumption, both as
to total and deily amounts, when these wers compared to the stage of
development reached. In this series the unit HB ate more than any
other experiment except HC, and the total amount of lodine oonsumed
was surpassed only by HG and HH. However, in the amount of iodine
eaten daily, experiment HF was also above it.

With minor ohanges within the divisions, th® same major group-
ing of experiments as to rate of development and as to the amounts of
food and of iodine oonsumed was found here as in the previous series
G Also, ap in this previous saries, there was very little varia-
tion among tha individuals of the experiments probably for the sams
reasons. Photographs of the specimens in series H taken at the close

of the work ars shown on Plate VI, f£igs. B6 to 63 inolusive.

BERIES X AND L
Series K and L were run 8s parallel sats of experiments in order
to asoertain whether or not the volume of water used had any effect

on the results, as it had been discoversd that the effeots of foed=

ing dog thyroid and Parke, Davis armd 0o.'s anl Armour and Uo.'s propa-
rations wers the moet rapid in cansing premature metamorphosis, these
throe were chosen as tha foods for this oomparative study. %he son-
ditions under whioh thase were carried on were identical with those
of series D, B, F, 0 and H exoept for the volume of water used. 7Zhey

wore fed under formula B, The experiments in series K were xepd in

shallow dishes containing £00 c.0. of wator, and those in series L
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vore in dishes containing 1000 c.c. of water. The latter containers
wore larger than the former, so the depth of water in both was practi-
oally the same. The water was carefully measured each day as changad.
they were started July 3, 1920, and finally closed July 14. However,
each palr, exocept ths controls, wore closed on the day when the last
specimen in one of them died, That is, as soon as the last spacimen
in an experiment dled, the remaining speoimens in the corresponding
exporiment in the other series were killed. 7he dates of closing

follows
KA ard LA on July 14, ten EA and nine LA killed,

KF and LF on July 10, ten LF killed,

KG and LG on July 11, ten LG killed, and

KH and LE on July 14, nine LH idlled.
The results of these exporiments are shown in fables XVII to XX in~
clusivae.

In comparing Tables XVII and XIX, it will be seen that tho speoci-
mens in the experiments were practically the same size at the start,
and that the oontrols, KA and LA, were the same at the end, unless LA
oould be oonsideréd as somewhat more developed than KA. On the other
hand, with the posaible exoeption of length of intestine, K¥, KG and
XH wers markedly more mature in all respects than ths ocorresponding
L¥, LG and LH., Also, the faot that the specimens in the experimonts
in series K, with the exception of the control, reached their maximum
atage of develpyment possidle under the exparimental omditions and
died before the corresponding ones in peries L did, would indiocate
the same, Btill further, an sxamimtion of Flate VII shows the same

condition without question, From these faots, it 1s evident that sories
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X, with the exception of KA, the oontrol, daveloped more rapidly in
A0 o.c. 0f water than did series L in 1000 c.o.

Turning to the amownt of food and iodine consumed in the oorres~
ponding experiments as shown in Tables XVIII and XX, it is soen that
the K series lefd the L series in amount eaten with the exaeption of
XKH and LH, where the reverse was true. In the oase of KF anl LPF,
however, this lead was so slight that it prohably had 1ittls to do
with the results, but the same oannot be sald of KA and LA, nor of Ko
and LG. In both these oases the K exporiments consumed from two to
four times as much as the oorresponding L ones, certainly enowgh to
acoount for any more rapid development the former may have shown, As
stated before, K@ developed mors rapidly than LG, but it was hard to
distinguish muoh 8ifference between the spooimens in XA and LA, the
tvo oontrols, at the oclose of tha experiments. So it is evident that
at least in the cases where dog thyroid (F) and Armour ani Ooi's
thyroid (H) ware fed, it was not the greater amount of food consumed
that oaused the mors rapid developmant, but it must have beon the only
other variable yuantity, that is, the amount of water in which the
apecimens were kept.

Turning to a more detailed study or events in connection with
theses two series, after the first two days the experiments were oar-

ried on, with the exceptian of tho omtrols, KA, and LA, 1little food

was oconsumed in any of the units., 4<'hat is, almost all of the food

actually eaten by the tadpoles was consumed during the first two days.
After that, the #poocimens stayed on the bottom of the oontainers,
motionless practically all the time except when disturbed, uhe flakes

of food were placed on the surface of the water direotly after it had
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been changed every morning at ten o'clook, They floated there until
they became waterlogged whon the sunk to the bottom of the dish,
and remained there until they were removed the following morning.
The question arises us to PYust why the specimons in the
azaller amount of water developed so muoch faster thun the ones in
the larger amount, It seems to the writer that the only answer to
this is to assume that some aotive substance whioh oouses accslora-
tion of metamorphosis in the tadpoles had dissolvoed out of the food,
and that this was nuturally five times as comoentrated in the ex~-
poriments of series K as in those of series L because it was in one-
£ifth as muoh waters It acted through ths body wall and mpembranes
of the tadpoles, its action being the sams, with the possible exoep-
tion of speed, as when taken into the alimentary oanal, ‘Fhe specimens,

geries K, in the more ocomcentrated solution would naturally reaot more

rapldly than those, series L, in the wealker one., That the larvas of

frogs and toads do not swallow water but rather absordb it through the
integument is the oontention of Boulengor (1914), whioh im in line
with the above omolusion. Also, Swingle (1919c) perfomed some ex-
poriments on the larvae of Bufo lentlginosus in whioh he did not vary
the smount of water in whioh they were kept, ut did place them in
golutions considting of different concentrationa of iodine with the
result that those whioh obtained the most lodine moetamorphoased the
most rapidly, Thla would be in line with the present results, except
that here it is not olear Just what the aotlive substance is that dis-

solved out of the food and caused the speeding up of metamorphoais,
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However, it is quite clear that this active substance was eithsr
lodine or some compound of whioch icdine was u part, as a chemical
analysis was made of the Parks Davis and Company's thyroid prepara-
tion (used in the preparation of food G) after it had been soaked
for twelve hours in water, then thoroughly dried and ground to a
powder. It was found that the iodins content was only 0.112
per cent where it was 0.40 per cent beforo it was soaked., AV the
oend of half the period the food was in the watoer, almost three-
fourths of the iodine content had dissolved out. 4he same mothod

of making the chemical analysis was used here as in previous cases.
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SUMMARY OF EXPERIMENYS O RANA PIPIENS

A summary of the results of tho experiments on Rana pipiens
entalls a comparison of the series D, B, 6 and H, %his is graph-
ically shown in fig. 3 where the letters repreosent the kind of food
and the numerals the runk of the experiment in relation to the other
units., The lower the number is the slower the rate of development
wase 48 stated before, ths regults of series ¥ are not imluded in
elther the graphs or the discussion following because, wlith the possi-
ble exceptions of the ¥F, FG and ¥H experimenta, they were question-
able owing to baoterial action.

In these series all of the canditions under which they were
carried on were identigal with the possible exoeptionuof temperature,
Lven in this respeot there was less than half a degree variation be-
tween the average for series D and i on the one hand and series @
and H on the other.

There was much less variation betwoen the different series in
the case of Kana pipiens than was seen in the experimenta on Rana
catesblana, The largest differonce was in the ossa of those fod U,
raw beef thyroid, On the whole, with thig one exoeption, the rate of
development among similar units In the difforent serlos is remarkably
uniform. The average rata of development for all the four series is
as follows, beginning with the one showing the slowest rates A, oon-
troly U, raw beef thyroid; B, calf thyroid; D, oooked heef thyroidg
B, plg thyroid; H, Armour and Vo,'s thyroid; ¥, dog thyroid; G, Farke

Davis and Co.'s thyroid,
In regard to the relationship of the rate of development to tho
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D F F G R

Series ) ~——— Serieg B — ——— Series G---------
Series H—-—-~ Average

Fig, 3, Rxparinents on Rana pipiens, Graph showing
the comparative stagdses of develnpment rsached in the experi-

konts comprising series D, £, G and H; also the average for

the four series,
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Pid. 4, Expsriments on Rana pipiens., 3raph showing the
relationship hetween the averass stage of developaent reached
and the amounts of food and ioiine consuwed in thse different

experinents,
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material eaten, we turn for information to Tables IX %o XVI in-
olusive. The averages of the total food and the total amd dally io-
dine oonsumad for the fowr series was taken, anl th graph shown in
fig, 4 was mude from these, 7he average rate of doevelopment for
the four series is algso shown, the experiments being urranged so
that this line will form a regular curve. he ourve for the daily
food was omitted because it follows so olosely the total food line
that the one muy bs oonsidered as standing for both items for all
praotiocal purposes, ihe lower numerals on the graph stand for
slower rate of development, and o less amount of icdine oconsumed.
Regrading the food, the reverss is trua, the lower number standing
for the lwrger amount eaten.

Regarding the relationship between ths amount ¢0f food eaten
and the rate of development, with the exceptions of experiments B,
fed oalf thyroid, and possibly E, fed pig thyroid, it sppears that
the more rapid the rate of mstamorphosis the less the umount of
food comsumed, 'the exceptions are so few that it is very probable
tho astatement holds tiua for all feeding experiments on tadpoles,
especlially when it is remembered thut thers wus even more uniformi-
ty betweaen these two items in the experiments on hans oatesdblana

than there is in the series undexr discuassion here,

There is a very olose ocorrelation between tl® rate of develop-
mont and the amount of lodine, both total and daily consumed with
the one exoeption of exporimenta B, fed oslf thyrold, <hat is, the
more iodine consumed the mare rapid the rate of motamorphosias In
the oase of oxperiments B, they consumed an equal or largor total

of ioding thun the units &, fed pig thyroid, or ¥, fed dog thyroid,
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or H, fed Armour and Company's thyroid, aml yet each of these de-
veloped much more rapidly. On the other hand, the only experiment
0f these three that B surpassed in daily consumption of iodine was
E. This correlation between the amount of iodine eaten and the
rate of development is much olearer here than was the oase in the
expariments on fsna ocatesbiana.

this exoeptional behavior on the part of the specimens in
experiments B seems to always be apsociated with a very large total
consumption of iodine, tut the smount of this substance eaten daily
is not relatively so high due to the faot thut these units invari-
ably were long lived. This would indicate thut it was not the total
amount of iodine consumed that oaused the acceleration of metamor-
phosls 80 muoh us it was a large wmount used dally., In ull of the
sories of expsriments on Hana pipiens tha last thres units, ¥, fed
dog thyroid, &, fed rarke bavis und dompany's thyroid, and H, fed
Armour und Yompany's thyrold, developed with the greatest rapidity.
However, in every one of ths four series, the units fed B, ocalf
thyroid, ocnsumgd as much or moxe total iodine that at least one of
these three, and in the oase of series D, almost twlioe us much as
any of tham., Again in this case no explanution oan be glven for the
exceptional conduot of the speclmens in experiments B, unless it wus
that the age of the thyroild hud samathing to do with it.

A full disoussion of geries K and L, carried on to determine theo
effaect of the umount of water in whioh the expsriments were kapt on

the results of thyroid teoding is given mubove under the treatmemt of

those series. “he rosults there obtained probably indicate thut the

sotive substunce 0of the thyroid glands dissolves out into the water
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in which the specimens ars kept, and this ruct probadly sacounts
for the rapld rate of metumorphosis of the last three exysriments
in euch series, ¥, fed dog thyroid, &, feod rarke Davis and Oompany's
thyroid, and H, fed Armour und vompany's thyroid, a speed associated

with small food consumption and u pructically inert condition after

ths first two or three duys.
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EKXPERIMENTS ON HYLA REGILLA

The experiments on Hyla regllla, the tree frog, were oarried on
during the summer of 1922 at the Universlty of Washington, Seattle,
Washington. <Thsir purpose was to ascertain further tha effacts of
feeding the different kinds of thyroid previously used, to add to
these material fram other species, and to study the reactions of a
new genus to thyroid feeding, whe oonditions under which the experi~
monts were performed were as marly identical with thoss for the ones
that were done in Ksnsas &8 it was possible to makes them, They were

prlaced in shallow white enamel~ware dlshes of a oapacity of 1250 o.0.
whioh were filled abaut two~thirds full. These dishes were kapt on
tables in a emall room with two large windows opening towards the
southeast, "he summer was exoceptionally smoky, and the illumination
on the exporiments was probably about the same as in ths ocase of all
proviocus ones, 7hs meathods of oaring for the specimens, feepding, eto.,
wore tho same as used in all the preceeding series. All the food was
prepared under fomula A, The temperature, recorded in oentigrade,

will be found in Fable XXI.

Table XXI.

Extremes andfhieans of temperatura, 1922.

Month Low High Average
AOHO POH' AOHO Pt“. ADHO Poub

June 18.0 19,6 24,0 8.5 B0.7 2l.6

July 18.5 20.0 24.b6 %8,0 Rl.4 28,0

Aug\l’t 18.0 19.0 26.0 £6.0 19.8 _l.Y
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Several new kinds of food were used In theds series, amd all of
the previow varieties wore tried at least once. ihe new kinds, with
their letter symbols, follows K, human thyrold, L, buffalo thyroid;
M, oat thyroid; N, bear thyroid; 0, flounder thyroid; P, beefr soaked
in fodine; Q, oalg thyrold soaked in iodine,

The same method of determining stage of develoment reached at
the time of olosing the different experiments was followed as in the
Previous series on Hana pipiens, The number of specimens in each
experiment in series M, 0 and P was ten, while in series B8 it was

twanty.

SERIES M

Seriss M corsisted of axperiments on Hyla regilla which were
started June 6, 1922, and were olosed June 27, “he following Xinda
of foods were feds A, control; U, raw beef thyrold; G, Parke Davis
and Cos's thyroid; H, Armow amd Go.'s thyroid; K, buman thyroid, L,
butfalo thyroid; M, oat thyroid; ¥, bear thyroid; 0, flounder thyroid,
Lhe results of these expariments wre shown in £ables XXII and XXIII,

In the beginning, the specimens in the different units averaged
about the same size exocept that those in MG and MO were slightly mmall~

or than the rest, At the olose, in spite of this handioap, KG had

made the most rapld advanoement, Frm a study of Table XXII, taking

into oongideration the length of time the different experimonts ran,
one is 1lad to the conclusion that the following wns the arrangement
of the units at the olose, so far as stato of develomment was oon-

oexrned, beginning with the om showing the slowest progress; MA, MO,

MG' W, Lm, m» n' m md “ai



Summary of measuresents in series

Tatle XXII

U before and

after feeding.

Lensth in am.

Before After
No. Hame Total Rody 111323 Total Rody gégg For? le?s S:g‘;,' 12232-
¥A Control 17.36 7.62 - 19.07 8.09 0.49 - - 2.19 42.14
UC Beef raw 16,58 7.58 -  17.07 7.54 0.54 ~ - 2,09 33,25
UG P.D. an3 Co. 15.84 6.96 - 9.70 4.30 0.75 -  0.22 1.44  9.61
R A. and Co.  17.67 7.90 - 10,04 5.09 0.36 =~ - 141 7,35
UKk Human 17.74 8.11 -  11.86 5.62 1.01 - - 1.57  9.70
UL Baffalo 17.55 8.09 -  12.60 5.92 1.13 =~ - 1.69 13.40
¥¥ Cat 17.10 7.61 -  16.44 6,57 1.96 - - 2.03 17.78
UR Bear 17.46 7.63 - 12,25 5.48 1.41 - - 1.52 17.15
M0 Flounder 16.24 7.04 -  19.49 €.78 0.46 - - 2.39 .11

‘g8



Amounts of food and iodine in series M.

Table XXITI

Onit used, gram,

No. Name

Ast.fed Removed

Total eaten

Food

Eaten daily

Todine | Days | Food IQdine
A Control -369 «123 «186  .000000+ 14 .01329 .000000011
UC Resf raw «256 «111 .145 .000003 13 .01115 .000000223
US P.D. and Co. <207 -154 .013  .000010 9 .00144 .000001111
UR A. and Co. «202 .183 .013  .000009 11 .00173 .000000813
MK Human .093 .063 .035 .000001 11 .00318 .000000057
UL Buffalo «175 «125 .050 ,.000005 10 .00500 .000000530
M Cat 124 .030 094 .000002 13  .00627 .000000100
UN PRear +164 .114 .050 .000003 17  .00294 .000000147
KO0 Flounier +274 073 .196  .000003 14 .01400 .000000224

‘o
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Comparing tihis with “able XXIII, where the amowmt of food anmd
iodine oonsumed is shown, we £ind the following relationshipss
Developmont (beginning with least) MA, MO0, NG, MM, ML, N, MK, MH,
Total food (veginning with most) MO, MA, MO, MM, ML, MN, MK, KH,

E E E

Total lodine (beginning with least) MA, MK, MM, MO, MO, MN, ML, MH,
Daily food (beginning with most) N0, MA, MC, MM, ML, MK, MN, MH, NG
Daily iodine (beginning with least) WA, 8K, MM, MN, KO, MO, ML, MH, MG
From the above it will appear that there was a very aloss inverse
correlation betwsen the amount of food eaten and the rate of develop-
ments Thim applied to both the daily and total mmounts. In regard
to the lodine, however, with the exception of the first four experi-
monts, £ad A, oontrol; ¢, raw beef thyroid; ¢, Park Davis and Co.'s
thyroid; and H, Armour and Co.'s thyroid, there scemed to be 1ittle or
no relationship. ihe experiment fed on K, human thyroid, showed an

oxoaptionally low lodine cmsumption in relation to the rate of de~

velopment. On the other hsnd, in the case of MO, fed flounder thyroid,

the raverse was true, but not in so marked a degree.
The oosumption of food in this series was exceptionally amall,

the reason for this was not oclear, ut it was not beocause the epeoie

mena did not have an gpportunity to eat, ms in every instance a oon-

siderable portion of the matarial fed was removed. 0f oourse there

was a oorrespondingly small quantity of iodins eaten also. In spite

of thaese faots, tlere was oonsiderabdle difference in the length of
time the expoeriments ron, and 8 marked difference between the various
units ut the olose of the work, both things indicating a distinot

differenoe in the rates of developmet,
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The units ocomposing this series arranged themsselves into four
well marked groups when the rate of develommemt or stags of motumor—
phoals reached, was considered. Beginning with the group showing
the least change, they were as followws (1) Mi, MC and MO; {2} ML,
MY and MNj; (3) MK; (4) M¢ end MH., #he grouping was as distinot and
exaotly the sams when the total amount of food omsumed was cmsldered,
and the gsame was true of ths dally food with the single exception of
experiment MK whioh ate suffioient to throw it into the second group.
However, when oonsidering the total amount of iodine saten, this
grouping entirely disappeured with the single exoeption of the fourth
one, the two units of which had by far the most lodine. ihis was

al30 true when the daily lodims oonsumptionwks oconsidered.

SERIES O.

The experimonts on Hyla regilla llsted under series O were started
June 16, 1928, and were olosed July 8 following. they were carried on
wnder identioal oonditions to those under which the experiments in

sories M were run, tat in this osse all of the different kinds of food

80 fay tested were msedi Tha resulta are shown in Tablés XXIV and XXV.

From the former tadle, taking into consideration the mumber of
days each expoviment ran, afier they were all through, the following
sooms to be thair arrangement, beginning with the one showing the

sloweat rate of developments O, OB, ¢D, OB, O, 00, (M, ON, OL, UK,

CH, OG and OF.
The relationship between the rate of development and the eémount

of food and iodine consumed was as followss
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Development (beginning with leust) 04, 0B, OD, OE, OC, 00, o, oN,
oL, OK, OH, 0G, OF.
Total food (beginning with most) oA, 00, 00, 0K, O, ON, OB, OD,
0L, 0z, O, OF, OH.
votal lodine (begimning with least)oA, oD, OE, oo, @f, OK, oC, ON,
oL, 08, OH, OF, 0G.
Daily food (begimning with most) uva, 0C, 00, ON, OK, OM, OG, OB,
oL, op, O, OE, CH.
Dally iodine (beginning with least]OA, 0D, OM, 0O, OK, OE, ¢c, ON,
0B, OL, OH, OF, 0G.

It ocan again be said that thoss units showing the least de~
velopment omsumed the most food as a rule, both as to daily and total
smounts, “he experiment which was fed K, human thyroid, was the most
marked exception to this, as it showed a rapid rate of development
assoolated with a comparatively large amount of food eaten, Kxoeptions
in the other direotion, i.e., a slow rate of metamorphosis asaocianted
with a oomparatively small food oonsumption, were found in the experi-

ment fed B, pig thyroid, and to a less axtent in tho wunits fed B, calf

thyroid, and D, cooked beef thyroid.
hogarding the lodine consumption, & lurge amount was generally

assooloted with a rapid rate of development. <=here weres two exceptions

to this--ono in the case of the expariment fed K, human thyroid, where a
rapid rate of metamorphosis went with a comparatively small amount of
iodine eaten, especially regarding the dally amounts, and a second in
the case of the unit VB, fed aalf thyroid, where the development was
glow Wut the amount of lodine oomsumed was high,

Ab the start the spocimens used in this series wore considara-
bly smaller than those used in sories M, but were yuite uniform in size.
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At the close, the units could be divided into tiree large groupsy

those which had undergone a consideradble change, thoss which had de-
veloped to only a slight degree, and those which oocupied a middle posi-
tion in relation to the other two groups., OF, 0G, QH, OX, OL and ON
showed the most rapid develorment; OR, 0B, 0C, D, 0¥ and 00 undsr-
went the least, while the middle groap consisted of the mingle experi~
ment CM. The last three of the first group, X, OL and ON, approach
this middle group, dus to the faot that it took them & considerably
longer time to develop than it did the f£irst three.

SERIES P,

Series P, on Hyla regilla, was started July 4, 1922, and was
closed July 18, The specimens used in this sorlies wore oonsideradly
smaller at the start than those used in the two preceeding series.
This fact probably accounted for a high rate of mortality which oansed
the series to be closod at ths end of two weeks whereas thw preceeding
ones had been oarried on for thres. For this reasom, the resmilts of
these experiments were not satisfaotory and are not included in the
sunmary of exporimnts on Hyla regilla following. the following
foods were useds FPA, comtrol; PE, pig thyroid; P¥, dog thyrold; ro,
Parke Davis and Oo.'s thyroid; PH, Armowr and Co.'s thyroid| FK, human
thyroid; PL, burfalo thyroid; A, cat thyrold; FN, doar thyroids PO,

flounder thyroid.
It was very hard in a sories that had rm far as short & timo os

this one had and hence showed little differentistion between same of
the units to place them in order so as to show relative rapidity of
development, beoause the more slowly devoloping sxperiments hed not
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had suffioient time to differentiste. The following arrangement is
as ucourate as could be made under these conditioms. Beginning with
those showing the slowest rate of develoment, they fell into approx-

imately the following orders; IX, PA, »O, PR, PN, PK, FL, FH, PF and PO.

BERIES §

The last experiments on Hyla regilla, seriss 9, wore started on
Augunat 10, 1923, and were closed August 3l. In this series eaoch unit
had twenty specimems in it, otherwise the conditions under which they
were performed were the same as for the three preceeding series., Tha
results are shown in 4ables XXVI amd XXVII. In the latter table the
number of days the experiments xan is figured on the basis of there
being only ten speoimens in each unit, thus making these numbers on &
uniform basis with all the other series.

In addition to the fools used in the previous experimonts on Myla
regilla, two new ones were added hore, They were P, beef soaked in
lodine, and Q, calf thyroid soaked in iodine. The former was preparsd
by soaking some of the cpoked bheef from the same lot as that used in
the control (A) for fortySeight hours in a strong solution of i{odine
which had been made by dissolving iodine orystals in 963 alcohols 2hip
was then thoroughly dried and msde into the regular food under foimula A,
For food R, the sama thipng was donme with oalf thyroid talwn from tie
samao lot as that used in making food B,

As to the rate of development, takirg into ommsideration the
length of time the experiments ran, the data in Table XXVI shows the
following to be the order, beginning with the slowest; 84, 8Q, 8r, S0,
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iM, 5K, 85 and 6N, As in most previous series, thers was a distinot
grouping of the units into a division whioh developsd comparatively
rapidly, anl anothsr one which developed much slcower, In the former
group of rapid developors we oun place SK, SL and 5N, the latter
showing this in the most marked degrees at the close ¢ the series,
the specimens in these units all hud the typlosnl dwarfed appsarance
characteristic of precosious development dws to thyroid feeding, The
group showing little development, conslating of experiments Si, Uy,
80, SP and 5M, did not show this abnoimal appoarance. There was u
heavy mortality in experiment 5P, the oause of whioch ls disougsed balow,
The relationship between the rate of development and tho amount
of focd and iodine oonswned as shown in ‘wable AXVII was as follows:
Development (beginning with leust) 84, 5Q, 8P, $0, 8¢, 9K, SL, 9
Potal food (beginning with most) 8A, 5Q, ©P, 850, SN, 8K, 3K, 8L
Dotal iodine (beginning with least) SA, BX, BK, 80, SN, 4L, 9P, 4Q
Daily food (beginning with moat ) 83, YA, 9P, 80, SW, 8K, &M, 8L
Daily icdine (beginning with loast) BA, sM, SK, u0, SN, oL, &P, 3§
Regarding the total amount of zood, the oontrol, BA, snd the unit

fad onlf thyroid soaked in icdine, 5Q, oonsumed over twice as muoh AS

eny other unit, and yat theso same WO ghowed the lowest rate of de-

velopaent. Bxperiment §N, fed bear thyroid, was the only murked ex-

osption to a olose relationship betwoen rapid development and small a-
mount of food consumed.

qurning to the yuestion of iodine und its rolation to tho rate of

metamorphosis; both uK, fed human thyroid, and yM, fed oat thyroid,

showed o relatively low 10vdine consumption, both tote) and daily, cam-
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bined with a yrather rapid rate of development. Exaotly the reverse was
true in the oase of the units 5P, fed ordinary beef soaked in iodine anmd
5Q, fed calf thyroid soaked in iodine. fThese two experiments are dis-
oussed further below, In the remai ning four units a large consumption
0f lcdine was associated with a rapid development, or the reverse.
these were similur conditions to those shown in serles M and 0, except
thut foods P and Q were fod for the first timo in the present seriss,
In the two experiments that were fed on food soaked in iodine,
3P and 5Q, we finml a very slow rate of development associuted with a
large consumption of food, as was usually the case in all the experi-
aente, At the same tims, these units apparently oonsuwved the most io-
dine, both as to total and daily amounts, of any of tlms experiments in
this series. In faot, acoording to Table XXVII, the spscimens in 8P
ate about elghteen times as much total lodine and over twenty-five
times as muoh each day as those in 5L, the next highest, whiloe those
in 8Q oonsumsd in all eighty times as much as the apecimens in 8L, and

their relative dsily oonsumption was about the sama, At firast sight it

would appaar that these resmults were al marked variange with the general
tendenoy as shown in praotically all the other experiments here performed,

but a oloser exsminution of the experiments throws considerable doubdt

upon such a supposition. The aspecimens in these two units were very

aotlive, and those that survived omtinued so until theywere killed,
The mortality in BP was high Jjust after the series wus started, as 1t
wue also in 8@, but in the foymer oase this high death rate kept up for

in the.{atter,
8 longer time than,ds 1s shown in Table XXVIIL which gives tho dates

of the death of tho specimens in these two oxperiments, 'This high mor-

tality was probably dus to tho exceasive smount of frees lodine present,



98.

Table XXVITI
Dates of death of specimens in experiments

P and Q in series S,

wn
E=]

Date SP

Aug, 11

" 12

" 13

u 14

] 15

" 16

noo17

" 13

n 19

n m

" 21

" 22

n 23

n 24-30

Killed n 31

Total
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as it 18 toxic in too large yuantities. Individusl variation among the
gpecimens would account for the survival of some and thy death of
others. From a ousual examinstion of the food removed, it seemed evi-
dent that a considerable psr cent of the added iodine in both these
foods was dissolved out of the food by the water in whioh the tadpoles
lived. In order to determine whather or not this was the case, a
ohemical analysis was made of the food Y, oalf thyroid soaked in io-
dine, after it had been in water for two hours. It was thoroughly
dried, and the analysis was mide by the same method used in all pre-
vious determinations. -i'he analysis of this food at the beginning of
the experiment showed a 0,135 per cent iodine ocontent, while after it
had been in the water for two hours, it had onlyo,o0s61 per cent lodine
in it. From the method of preparing foods P and §, i.6., sonking the
beef and oalf thyroid in icdine, then drying, and mixing this prepara~
tion with wheat flour and alfalfa flour to maks the paste which was
fed, it 1s probable that there was very llttle of the iodine thab en~
tered into combination with the other substances, ns was evidently

the case when Allen (1919a) fed iodine mixed with flour, This would

account for the large per cent which was so readily separated from

this food by scaking for a short time. It 1s evident that thig would

tend to reduce the amount of lodine the speoimens aotually congumeil

to a large extent and this reduction would be more marked the longor

the food remained in the water uneaten. But the tood first ooneumed

must have been high in iodine content, and alse, as mentionod dbeforo,
according to Boulenger (1914) and Bwingle (19196), tadpolos absord

water and hence in all grobability lodine dissolved in 1%, through

the integument, Nevertheless, the amount of iodine vhioh was eaton



100.

and absorbed by the specimens in experiments 5P and 5Q was probably
small,

In expariment &P, fed ordinary beef scaked in iodine, there
Was no trace of thyroid m terial, but in the wmit S3, fed calf thyroid
souked 1n iodine, one-fifth of the food was thyroid. <ihe presence
Of this large amount of thyroid, and the attendant iodine which was
part of it, apparently nad little effect beoause what slight differ-
énce there was notioceable betwsen ths rates of development in these
two experiments was in favor of 8P, tho one without any thyroid.
However, it must be remembered that of all the different kinds of
thyroida uged in tho mreceeding experiments, the ons which had the
leaat effeot in hastening me tumorphosis was this same oalf thyreid,
oven In spite of the faot that the specimsns eating it always con-
sunod a proportionately larger smount of iodine than other units de-~
veloping more rapidly.

The genarally accepted idea is that the feeding of ilodine to
tadpoles of the tallless smphibia will cause an agoeleration of meta-
morphosis. i'his 1s largely based on the work of Swingle (1918a, 1918bD,
1919b, 19190 and 1923} and of Allen {1919a}, In regard to the effect
of feeding iodine to the larvae of salamanders, on the other hand,
Uhlenhuth (192la, 192%a and 1922B) found it had no effeoct in haaten-~
ing metomorphosis. 1n the present experimonts (8P and fiQ), it would
appear that the feeding of am iodins-soaked food to the tadpoles of
Hyla regilla had no effeot in hastening metumorphoais, dut it im cer-
tain that the epecimens actuaslly obtained a very much smaller amount
of iodine than the figures in Table XXVII would indicate, and 1t is

reasonable %o believe that further sxperimentation will show thut
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this form is no exception to the othar anurans. also, the high rate
of mortality in these two experiments (Table XXYIII) reduced the
number of specimens so g8reatly that it is obviously not possible to

draw definlte conclusions from the small number remaining.

SUMMARY OF EXPERIMENT'S ON HYLA REGILIA,

The work on liyla regilla omsisted of four series of ex-
periments, M, O, P and S. In this summary and comparism of the
difforent experiments, those of series ¥ ars omitted for reasons
statod before. . oomparison of the different rates of development
of corresponding experiments in the three series and the uvorage of
the same are shown in fig. § whare the numeruls represent the oom-
parative rate of metamorphosis, the lowest being tho slowest, and
the letters the experiments and the food consumed by thems In com=
puting the average rate, series U was given twico as much welght us

olther of the others because it had twice as many individuals In each

exparlisnt,
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Rxperinents on Hyla regilla,

Graph showind the con~
parative stages of developnent reached im the experimente compries-

ing series %, O and §; alsc the average for the three reries,
Series 0 and the average are toth represented ty the average line

tetween A and B, and [, and M as they are identioal tetneen these
points,
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The oonditions under whioh these several series were carried on
woere identical, with the rossible exception of temperature, But in
this respect the variation was only slight, as shown in iable XXI.

The following is the order in which the experiments fell in
regard %o their average rate of development, beginning with the slow-
est: ., control; B, ocalf thyroids b, cooked besf thyroid; i, pig
thyroid; v, flounder thyroid; v, raw beef thyroid; M, cat thyroid;

K, human thyroid, and L, buffalo thyroid (tied); N, bear thyroid; H,
Armour and Go.'s thyroid; ¢, Parke Davis and C0.'s thyrolds v, dog
thyroid. <rhose fed B, D, §E and & were only in one series, while C, G,
end H were omitted from the last series. ‘ihere was a remarkably alight
difference in the rate of development in the corresponding experiments
in the different series, Units X, fed human thyroid, and N, fed bear
thyroid, showsd the least uniformity.

In studying the relationship between the uverage rate of devel-
opment and the amount of food and iodine consumed 1t was found necessary
to divide the experiments on Hylas regilla into two groups owving to the
fact that all of tha series did not cover the ocomplete list of foods

uged, dut at the same time the groups can be compared due to the prea-

enaca in both of them of three of the wnits, ihe first of these groups

oonsiated of those fed foods &, B, U, D, ¥, ¥, G and H, the samd ones
used in the experiments on the tadpoles of Rana oatesblana gnd kana
The relationships of this group of experiments are shown

pipiens.
Phe second group consisted of the units fed A, G, H, K,

*he

in figure 6.
L, M, N amd O, and their relationships are shown in figure 7.

data from whioch these graphs are made 1s contained in Tables XXII to
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KXVIT inclusive. whe same urrangement of tle exporiments so #8 to
glve a gradual advance in rate of development from the slowest to the
fastest was made as in the summaries of provious series, ihe higher
the number on the legt of tin graph, the more rapid was the develop~
ment of the specimens in the sxperimsnt. rhe higher numbers also
8tand for a larger consumption of iodine, but the reverse 1s true of
the food, the lower the number the more food there was eaten.

In regard to the relationship between the smount of food eaten

and the rate of development: it seems that the less food oonsumed the

mere rapid the development, wifth some exceptiona, This would be the

8Xpooted relationship, as the units showing the more rapid metamor-
phosis were naturally the shortest lived, and oconsequently ate for the

shorter pericd., In the first group mentioned above, as shown in Fig.é6,

the relationship of the smount of food oonsumed to the rate of devel=
opment varies to a oonsiderable extent, but this is at least partially

due to the faot that the graph represents the raesults obtained from

only a single experiment in most of the cases. +The lines parallel

each othar much more oclosely when the relationships of the seoond

group, shown in Fig.7, are considered,
“he relationship between the averaga rate of metamorphosis and
Lc.&auff«

both total and daily lodine consumpticn oan be considered as one,o

very little variation betwoen the total and the daily iodine 1lines.
In the case of experiment 0, fed flounder thyroid, the smowmt saten

daily is proportionately somewhat higher than the total smowmt, but

otherwise the two lines are almost parallel. In a goneral way, large

lodine consumption went with fast development, But experiment B, fad

cal? thyrold,was a marked exception to this as 1t showed a proportiona
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utely high jodine consumption in connection with a slow rate of de-
Volorment, a conlition apparently usual for experiments fed with this
Preparation. Also, the units D, fed cooked beef thyroid, K, fed
huwman thyroid, and M, fed oat thyroid, were Just the reverse to B,
ehowing an exceptionally low Lodine oonsumption assooiated with a
more rapid rate of metamorphosis. As stated before, it 1s posaidle
that the age of the thyroid in food B hal something to do with the
faot that it appeared less active in proportion to the amount of

f1odine gontained in it than did the other thyroids. But this does

nat acoount for the other exceptionss 1t seems probable that the
aative agent of the thyroid gland varies in intensity in different
aninals, and that the per cent of iodine contalned in the gland 1is
in a goneral way a gauge by which its aotion may be estimated, but
that there are more or lesa marked exoeptions to this, and the ex~
ceptions may extend in efther direotion from what might be called
the normsl.

Experiments 8P, fed beef soaked with lodine, and 5, fed oalf
thyrold soaked with lodime, are not dimousged in this summary because

they were treated in detalil under the genoral discussion above.
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GENERAL SUMMARY,

In comparing the results of the different series weo find that
the firgt elght experiments in each series uniformly arranged them-
8elves in two groups, the first showing a slower rate of develcmaent
and the second a more ropid one. Invariably ths unita fed A, control,
B, ocalf thyroid, ¢, raw bees thyroid, », cooked boef thyroid, and &,
Pplg thyroid, were found in the first group, und those fed i, dog
thyroid, ¢, rarke Davis and vo.'s thyroid and H, armour amt Go.'g
thyroid, were in the segond, thore was sane variation in the arrange-
mont of the experimonts in tha different sorles 43 ghown by the rollow
ing ocompurison where ths units are arranged in order, the one which
showed the slowest rate of development baing pluoed firss

Reny ocatesdianu B, b, G, A, 5, H, &, P.
Hana pipisns 4,6, B, D, B, H, P, G
Hyla regilla A, B, D, K, 0O, H, ¢, F.

The variution within the two groups mentioned sbove wus ocnsiderabdle

and seemed to follow no rule. J[In series b vhere additional xinds of

food were used, we find thut the units fod ¢, flounder thyroid, showad
the slower rate of development oharactoiristio of the first group a-
bove, while those fod K, humen thyrcid, L, tuffulo thyrcld, apd W,
bear thyroid, had s distinotly rapid metamorphomis, thus placing them

in the second grmp, althowgh they all bad a slower rate thun thuse

fed either ¥, G or He ‘he experimente fed M, out thyrvia, were mid-

way between these groupe 80 far as the rate of development went.

Regarding the relationship between the rate of development and
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the amounts; both total and daily, of food eaten, it may be said that
wlth feow Sxoeptions, the greator amownt of food conswmed was assooiated
With the slower rate of development. As stated before, this is corre-
lated with the length of time the experiments ran, as those living
longer would naturally eat a greater amount, and the longer 1ived ex-
Periments were the ones that developed the slowest.

A8 to the correlaticn between the amount of iodine used and the
Tate of development, it may be said that with some excsptions the great-
OF amount of fodine consumed wus sssooisted with the more rapid rate ot

development, One marked exception to this was seen in all the experi-

ments fed on B, ealf thyroid. In these there was invariably a very

high relative amount of iodine eaten compared to a muoh slower relative

rate of development, Also, in the experiments on Hyla regilla, those

fod K, human thyroid, M, oat thyroid, and D, cooked besf thyroid,
showed the opposite condition, namely, 8 low lodine consumption to-
gother with a relatively rapld development and in the experiments on

Rana catesbiana, those fed 4, oontrol, showed the same condltion.
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CGONCLUSI (B3,

Tho following are the conclusions reached from a study of
the foregoing experiments;

1. ‘Lhose tadpoles that develop thoe mo st rapldly eat the least,

this being due to the faot that the longer lived individuals have
more opportunity for food consunption,

. A lower temperature tends to slow up the proocess of meta-
morphosis, However, there was little evidence that it effeoted
the rate of development of the specimens fed one kind of thyroid
&ny more than it did those fed other kinds.

3. In experiments where thyrold is fed to tadpoloes, while the
rate of motamorphosis is usually related to the amount of lodine
consumed by the specimens, those obtaining the larger mmounts,
both total and daily, developing the more rapidly, yot thero are
distinot exceptions to thia.

4. 'These exceptions to the above ssem to be assoolated with some

specific kinds of thyrold. for inatance, oalf thyroid may be fed

in large enough quantities so that a relatively large amount of
iodine is ocomsuned, and yet no correspondingly rapid metamorphosis

ensued. Un the other hand, human and cat thyroid seem to preduce

an abnormally rapid developmont when the mnall amount of lodine

consumed is omsiderod.

6. iso0d soaked in iodine, and honoe Having a much higher iodine

ocontent thun the same food not 80 treated, does not always appear
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to have u greater srfeot in uccelerating the rato of metamorphosis
than untreated food.

G+ ¥rom the adove (4 and §) it would appear probable that the
Lodine ulone is not the aotive agent in the thyroid gland, but
hat it is combined with or purt of the uotive ugent, and that

this latter varies in composition in the glands of different ani~-

mals,

7+ whe larger the volume of water in which the specimens were
¥opt, the slower was the rate of development. 'whis indioates that
the aotive substance of the thyroid not only acts thxrough the ali-

mentury oanal, tut also dissolves out of tho food and affeots the

tadpoles through their integuments.
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PLATR 1

Rana oatesblana

from experimont AA,
From exporiment AB,
Fram experiment AC,
From expariment AD,
¥rom exporimont AR,
From exporiment AR,
From expariment AG,

From experiment AH,

¥rom exporimont BA,
From oxperiment BB,
From experiment BQ,
From experiment BD,
¥From exporiment BE,
¥rom expariment BF,
From exporiment Ba,

From experimeny BH,

control, fed bosf.

fed oalf thyrold.

fod raw beef thyroid.

fed oooked beef thyroide.

fod pig thyroid.

fad dog thyroid.

fod Yarke bavis and Uo.'s thyroid.
fod Armour and Co.'s thyroid.

oontrol, fed beef.

fod calf thyroid.

fod raw beef thyroid.

fod cooked besf thyroid.

fed pig thyroid.

fed dog thyroide

fed Parke Davis amd Oo.'s thyroid.
tod Axmowr amd Go.'s thyroid,

fho spocimens showm in Figs. 9, 10, 11, 12, 16 and 20 were

disspoted bofore the photographs ware takon.

the specimens photographed were indlviduals as near the aver-

sga for the exporiment thoy ropresent as it waa posaldle to obtain.
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PLATE 1X
Rana oatesbiana

Fige %4, irom experiment CA, control, fed bheef.

rig. 26, Krom experiment OB, fed oalf thyrold.

#1gs 46, From experiment UC, fed raw beef thyroid.

rig, 8% ¥rom experiment 0D, fed cooked beef thyroid.

Figs 28« Prom experiment OB, fed pig thyroid.

rigs 29, From experiment OF, fed dog thyrold.

Fig. 30, From experiment C@, fod Parks Davis and 0o.,'s thyroid.

Fige 31, srom experiment OH, fed Armowr ampd Co.'s thyroid.

7he spscimen shown in i'lg., 27 .was disseoted before the
phot cgraph was taken.

The speolmama photographed were individuals as near the
avorage for the oxperiment they represent as it was possidle

to obbtain,
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34
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38,
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PLATE 111

Rana pipiens

bpeoimens in expariment DA,

vpecimens in experiment DB,

in experiment DU,

Specimons

Bpeoimens in experiment DD,

opeoimens in experiment DE,

Specimens in experiment DF,

Speoclmans In experimemnt DG,
Company's thyroid.
Speclmens in experiment DH,

vompany's thyroid.

rigs 36, the first two specimens

control, fed beef.

fod calf thyroid.

fed raw beef thyrold.
red cooked beef thyroid.
fed pig thyroid.

fed dog thyrold.

fed Parke Davis and

fod Armowr and

fran the left were dried up,
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40,

41,
42,
43,
44
45,
46,

47,

PLATE IV
Rans pipliens
opeoimens in experiment EA, ocontrol, fed beef.
#his experiment was also the oontrol for series D,
and ls, therefore, a duplicate of Fig. I=2.
Bpecimens in experiment KB, fed oalf thyrold.
4peoimans in expariment KRG, fed raw heet thyrold.
Bpeoimons in experiment KD, fed cooked bteef thyroid.
bpeoimens in experiment KE, fed pig thyrold.
bpooimens in experiment BF, fed dog thyroid.
Specimens in exporiment kG, fed Parke Davis and
CGompany's thyroid.
bpecimens in experiment EH, fod Aamour and
vompany! s' thyroid.

In Fige 42, the firat fowr specimens from th left were

partially eaten before being removed from the experimemt. ‘Phe

lead alug in Fig. 46 repreyents a specimen that acoidently

dried up in transit and ocould not be photographed.
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Fig. 48,
Flge 49,
#ige B0
Fig. 61,
Pig. B2,
Fig, b53.
Rig. B4

*ig. bb.

PLATE V

Rana piplens

Ypeoimons in experiment GA,
Speoimens in experiment GB,
Specimens in experiment GO,
Bpooimens in experiment GD,
Bpecimens in experiment GE,
Specimens in experiment GF,
Bpocimens in experiment GG,
Uompany's thyroid.
Specimens in experiment GH,

Oompany's thyroid.

oontrol, fed beef.

fod oalf thyroid,

fed raw beef thyroid.
fod cooked beef thyrold.
fod pig thyroid,

fed dog thyroid.

fod Parke Davis and

fod Axmour and

The rings in rigs. 49, 81, B3 and 65 represent speocimens

that died and were oonsumed by the other individuals, leaving

no trace,

“he lead slugs in Fige. 49 and 56 represent spaci-

mens that acoldently dried up in transgit and oould not he

photographed.
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b7,

B9
60,
61,
62,

63,

PLATE V1
Rana piplens

Speoimans in experiment HA, oontrol, fod beef.
This experiment was sleo the oontrol for seriles
@ and is, tlereforse, s dupliocate of Fig. 48.
Bpaocimens in exporiment HB, fed oalf thyroid.
Specimans in experiment HC, feod raw beef thyroid.
Speoimena in experimsnt HD, fed ocooked beef thyrold,
Bpeoimens in experiment HRE, fed pig thyroid.
8pacimens in ¢xperiment HF, fed dog thyroid,
8peoimons in experiment HG, fed Parke Davis anl
Uompeny's thyroid.
8peoimons in experiment HH, fed Armour and
Company's thyroid,

The rings in ¥ige., 56, 57, 60 and 61 represent specimens

that died and wera consumed by the other individuals, leaving

no tracod.

The load alugs in ¥lge., 68, 69 and 60 represmnt

spaocimens that acoldently dried up in transit and could not

be photographed.
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PLATE VII

Rana pipiens

The first four figures, 64 to 67 inolusive, represent
expariments thut were oarried on in containers holding 200 ¢.0.
of water, while the last four, 68 to 71 inolusive, are photo-
graphs of similar experiments in whioh the smount of water

was 1000 o,0,

Fige 64« Speolmens in experiment KA, control, fed bheef.

Fige 6bs Bpeoimens in experiment K¥, fed dog thyroid.

#ige 664 Specimens in experiment K3, fed Parim Davis and
Gompany's thyroid.

Figs 67, Opecimens 1n experiment KH, fed Armour ard Jo.'s thyroild.

rig. 68, OSpeoimena in experimemt LA, dontrol, fed beef,

¥ige 69, Oopecimens in experiment LF, fed dog thyroid.

Fige 70, BSpeoimens in experiment LG, fed Parke Davis and
vompuny’s thyroid.

Figy 71, Bpeoimens in experiment LH, fed Armowr and Co.'s thyroid.

In rig. 68, the first specimen from the left was dried up.



teedsr st

65

'

I I B

ooy

?Y??§§‘§vgse

!

€7

y

C3 vy g

O S B

S

@ & < @



	FN-000001
	FN-000002
	FN-000003
	FN-000004
	FN-000005
	FN-000006
	FN-000007
	FN-000008
	FN-000009
	FN-000010
	FN-000011
	FN-000012
	FN-000013
	FN-000014
	FN-000015
	FN-000016
	FN-000017
	FN-000018
	FN-000019
	FN-000020
	FN-000021
	FN-000022
	FN-000023
	FN-000024
	FN-000025
	FN-000026
	FN-000027
	FN-000028
	FN-000029
	FN-000030
	FN-000031
	FN-000032
	FN-000033
	FN-000034
	FN-000035
	FN-000036
	FN-000037
	FN-000038
	FN-000039
	FN-000040
	FN-000041
	FN-000042
	FN-000043
	FN-000044
	FN-000045
	FN-000046
	FN-000047
	FN-000048
	FN-000049
	FN-000050
	FN-000051
	FN-000052
	FN-000053
	FN-000054
	FN-000055
	FN-000056
	FN-000057
	FN-000058
	FN-000059
	FN-000060
	FN-000061
	FN-000062
	FN-000063
	FN-000064
	FN-000065
	FN-000066
	FN-000067
	FN-000068
	FN-000069
	FN-000070
	FN-000071
	FN-000072
	FN-000073
	FN-000074
	FN-000075
	FN-000076
	FN-000077
	FN-000078
	FN-000079
	FN-000080
	FN-000081
	FN-000082
	FN-000083
	FN-000084
	FN-000085
	FN-000086
	FN-000087
	FN-000088
	FN-000089
	FN-000090
	FN-000091
	FN-000092
	FN-000093
	FN-000094
	FN-000095
	FN-000096
	FN-000097
	FN-000098
	FN-000099
	FN-000100
	FN-000101
	FN-000102
	FN-000103
	FN-000104
	FN-000105
	FN-000106
	FN-000107
	FN-000108
	FN-000109
	FN-000110
	FN-000111
	FN-000112
	FN-000113
	FN-000114
	FN-000115
	FN-000116
	FN-000117
	FN-000118
	FN-000119
	FN-000120
	FN-000121
	FN-000122
	FN-000123
	FN-000124
	FN-000125
	FN-000126
	FN-000127
	FN-000128
	FN-000129
	FN-000130
	FN-000131
	FN-000132
	FN-000133
	FN-000134
	FN-000135
	FN-000136

