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~Ulll!S o, lPBBDING THYROID GLANDS or VARIOUS !tYP.1!5 or 
Vlml!BBBATil3 fO !W>POLES 

Introduotlon. 

During the pa.at ten or more yearB oonsidarable work baa 

been done on the relationship ot the thyroid gland to metamorphosis 

in the tadpole, and oxperiments have been perfo1•med in the feeding 

ot both. th1roid gland itself nnd puro iodine to both normal tad-

poles and to specimens with the thyroids removed. 'l!he present 

paper reoords the results or experiments undertaken to dete-rmine 

the etteot on tadpoles ot the teediJlS' ot thyroids from different 

t1l'8a ot vertebrates and to determine whether or not thia etfeot 111 

oorrola. ted wl th the amount ot iodine contained in the different 

tbJroida, the experiments wore started in the ,:oologioal labora-

tor1 of Washburn Qollego, :to:peka, Kansas. but owing to the removal 

ot the wtiter, the later ones were carried on at the University ot 

Washington, Beattle, Washington, where all ot the maaauremeuts wero 

ma.de and the reaults tabulated, 

l Wish to expreBB JDJ thanks to Dootor Bennet •• Allen, ot 

the bouthern Branoh ot the UniveraitJ of Oalitomia, under whOse 

dirootion thia work was oarried on, for the help he baa given me, 

and for tho mat11 •~gestions he has made aa tho work progreaaed, 

and a-. thh paper was in preparation. 



LHtle has been written that can be oonsidered in tb3 

nature ot a studJ of the comparative ef'teots of :reeding different 

kinla ot thyroid glands to tadpoles, most of the literature on 

the relationship of the thyroid to the met8lllorphoeis c£ tadpoles 

covering other phases of the uubJeot. However, thyroids from 

several different kinds of animals, and glands from the san:e species 

but of ditterent iodine oontent have been fod. and some comparative 

work has been do?lEI, 

Gudernatsoh (1912 and 19l4J, the tirst .PliJra on to reoord the 

taot that tho feeding ot thyroid hastened the metamorphoeia ot tad• 

poles, :ted horse teyroid to tadpoles ot di t':terent ages, an4 also e. 

mixed diet or tbyroid and th~ue, West (1914) fed bull•!rog tad• 

polos "daily some two gl'a.in .Parka Davie & Oo, aneep thyroid tablet&", 

with poeitive reeulta, ani dllring the aame year, Morae, feeding liana 

pipien1, used :earn Davia & Oo.' s desiooa.ted t~roid extraot and 

A,:mour and Oo's, thyroid tablets as wall as tresh thyroid gland ob-

tained at a :r;e.oking houue, but killi not speoif'ied, all with poBi tive 

rosultis. He also :t'ound that positive reesullts oomparable to those 

produoed by feeding thyroid oould be obtained by using iodized amino• 

acid. ( 3 .. 5 ... Di•iodo-tyrosine) and also by feeding blood-protein iodine 

in the form ot a. oolID'lleroial produot onl led "1oda.lbine II manutaotured 

by ~al'ke Davia and uo. .Positive reeult.s were also obta.ined when 

thyreoglobulin nnd iodoteyrin, pa.rte o~ the thyroid oontaining iodine, 

were used. on the other hand, be obtained negative or no :results 
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when he tad leoithin, whioh oontains choline, extracted from the 

t}cyrold, potassium iodide, meteyl iodide, iodobenmoio aoid, iodox1-

ben11oio aoid, and 1'metallio" iodine. Also, the teeding of seA algae 

oontaining iodine and of starOh iodate aaused no acceleration ot 

motamorphosi11, -l!he sane was tru.e when he fed iodis:ed hen' a egg leoi-

th1n and iodized egg albumin. Hone ot ~orse's experiments were 

carried on in a oomparative wa;y. 

Lenhart (l~l6) ted dried and powdered human tqroide (both 

elmple end exothalmio goitres} and dog th~oid ot various iodine aon• 

tent, but how he obtained these dif:terent iodine paroentage, 1a no, 

•tated. Also he fed ox and sheep t1J1roid, but did not reoord these 

results. .In this aa88 the higher the per cent ot iodine tho more 

rapid was the metamorphosis o~ the tadpolea. oold and the toeding 

ot oraoker ormibs both tended to delaf the ohange. ~he following 

18&r Graham ted tumo:z:,oue human thyroid (adenomata} to the tadpoles 

ot JwuL pipiena, and tound thl.t the ettJeot wae oloealJ re1ated to the 

amount ot iodine oonto.ined in tbe f'ood, the aaim as in LenllQ.rt' e ex--

periments. However, there were some exceptions to this• no explaua• 

tion being given tor them. 

Gudernataoh ll91?) later pertormed some experiments where 

t~oid and thymus glunds were eaoh split ohemioallJ into seven pro• 

duote and tadpoles were treated with the aubate.naeo obtained, iha 

thJl"Oid nuoleo•proteina oauued the moet rapid differentiation, and the 

preolpitate trom an alooholio extraot produoed the greatest growth 

with the least d1tterentiat1 mh fhe other subatanoeo ronged. between 

theee two extremes in their aot ion. 



Rogot~ and Marine (1917J tound that artitioiall~ iodi1ed 

blood serum oauaed an inorease in the rate ot metamorphosis when 

ted to tadpoles, but that its aotion was not aa morked as th~t 

ot th:roid gland. 

Kendall (191 '1) isolated trom tho thyroid proteins an. 1o-

d1ne-oonta1ning oomPound in pure crystalline torm ha.v1Dg a oonstant 

iodine contont ot 60 per oent. Ha later called this substo.noe 

tbyroxin, and its identif1oat1on and properties were :further dia" 

ousaed by Kendall am Osterberg (1919) and again by .Kendall (1919). 

He tound tn.u.t this subatanoe produoed the ao-oalle:l hJperthyroid 

aymptoma, and was thereto re the aoti ve element in the thyroid gland. 

Rogoft {l.918) reduoed thpoxin still :turther and f'ed both the p:ro-

duot ot this reduction and the entire t~xin to tadpoles. Both 

sets ot speoimen.s lllGtwnorphoaed abnormallJ tast, those eating the 

tb1roxin being 1lightl7 in the lead. 

MoOord aul Marius (1918) tound tMt •:•.che et:reot of tbfroid 

t'eediJ>B on normal tad.poles -varied with the age ot the individual•"• 

and that 11irradi--.t1on ( uubJeotillB them to x"ro.7a) is wl thout apparent 

efteot UPon normal tadpole•, bu~ determines a alight but d1atln~t 

inorease in the aueoeptabllity of young tMpolea to thyroid atimulatlon". 

bwingl.e (1918a) ted Amour and Oo. ta powdered thyroid to tad-

poles ot Rana pipien1 with marked aooeler-tion ot met8lltorphoaiu re-

sulting. ~ho same year (1918b Ol:1d l9l~a) he tad tadpoles iodine orye-

to.11, iodoto:nn and potaasium iodide, o.ll with tho some positive re• 

ffllts, but thoee ted iodotorm were slower in metamorphosing while the 

potu.ssiU111 iodide had etill lese etteot trum when iodine oey1taJ.1 were 



used. ~he some author later (1919b) ted different ~uantities of 

iodine to tadpole, ot :Rana eylvatioa, and found thut the larger the 

amount the more rapid the tranaformu.tion. BrOlllide oaused no aooelera.-

tion. t,tlll la.tar (l919o) ha reported on the comparative et:reot of 

teedlng iodine to normw. tadpoles and to those with the teyrold gland 

removed. ilhe results were the amne in both 111sta.noea, but it ra-

fiU1red a 18.l'ger liuanti tt to produce an e~.iulll e:rteot in tbe ouse ot 

the thyro:ldleBB tu.dPoln, ~he speoies used was Buto lentiglJ1osus. 

Finally, uwlngle (1923) gave an extended. disoussion or the literature 

oovor1ns tb1ro1d and iodine reeding, and, tollowins experiments on 

the teeding ot thyroideotomized and qpophyseotomlzed. f'rog larvt\8 ot 

~a 11lvatioa, reattlrmed his ballet tru:i.t iodine is the substance 

essential for anuran metamorphosis • 

.ammet and nllen (1919) fed tudpoles ot Rana. pipiens on diets 

ot ditterent kinds, the t~t, oarbollydrate, protein and v1tam1ne oon-

tent ot whioh were known. They were a.blo to n lte:r tho size ot the 

lanae a!Ji the rate o-t metwnorphoais, but the latter prooess was not 

completed in tmy experiment. l'rom experiments performed by tbe awne 

authora later (19~0), the food used above waa QVidently praotioally 

fl'ee trom iodine, beou.use when this halogen, either organlo or in-

organto, was added to the diet, the tasdpoles completed their metamo:r-

phoaia. 

J:he etteot ot teelling tb;yroid gland to tadpoloe upon whioh 

tbJroideotom1 had been performed was reported by Allen {191?) as 

a~ooe11tul in one oase in aooelerating metBDlor}':bosis, and th8 same 

author (1919a) oauaed similar results in both .Bufo and Rans tadpolee 



a. 

trom which both the pituital'f and teyro1d glands bad been rerno-ced 

by feeding them iodine mixed with flour, 

bmith and 0heny (192ll briefly rePort the feeding ot dried 

and treah anterior-lobe, ae well as three kinda ot oommeroia.l prepa-

rations ot thEI same, to tadpoles. one ot the oon:merolal produata 

whioh oontained iodine greatly in exoe&1 ot tlut no?mal amount, 

hastened ffletemorphosie, but none ot the other teedinss did. lodine 

ae KI and as t~oxin iodine were added to the dried slam in suf'• 

tiol.ent amounts to give an iodine content identioal with the more 

active oommeroio.l produot. ~his waa tad to no:nnal ancl t~roldleH 

tadpo le11, the food oontain1 t16 .KI having no marker:\ aooelera ti ll8' atteot, 

but that 0011tai ning the t~.roxin iodine oaused a baa toned develop-

ment the same as the oolllll8roial product with the high iodine oontent. 

tJhlenlntth (1921a.) glvoa a vary good eu:irmaey ot the literature 

oove:r1ns th1l'oid o.nd iodine teedillS' experiments ot the larvae o:t both 

trosa and ealamandera. and later (l92lb) the aarne writor ~eporta tho 

reaulta ot keeping the tadpole& ot l<ana aylvaUoa in water whiah tran 

the eighteenth to the twenty-sixth c1.a1 oontalnad 0.006 gm. ot .Be.Jer1 s 

1odotb1r1ne Por 1000 o. a. ot water with the result that "the toro 

brok8 througn the walls ot the gill ohanlbor on the tb1rty•thil'd clq 

attor hatohin~." In. similar ex.verimonh whor.a 1norsanio iodine was 

used in plaoe ot 1odothyr1ne, the oonoentrat1on var1ina trom one to 

ten dropa of a 1/~o :r.t solution of iodine por 1000 o.o, ot water, the 

mortality was great, but 11omons the surviving larvae none ha:l. metamor-

pboaed at the termination of the QXperiinent, nor had tho tore limbs 
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broken through in a. ai~le instause;yet the limbs were considerably 

fllrtber ditferentia.tod than in tbe controls," 

'J!he ~sioal ohlmges that ooour in tho tadpoles during the 

process of metamorphoais and their relation to the thyroid gland 

are diaousaed by Swingle (19l.8a] a.nd by Allen (1918 and 1919b), 

Diokerson (1907) and Wright (1914) were used in oonneotion 

with the identifioa.tion nnd study ot the life history of the tadpoles 

used in these experiments. 

ltegarding the souroes ot oommoro1al thyroid preparations used. 

in the a'bove reports and also in the experiments oarried on b;y tm 

writer, under date of Deo·amoer ;6, 1919, ,\rmour and uompany write, 

"Our atandardised powdered tlJ.1ro1d subatanae 18 JDe.de trom the gl anda 

of sheep only", and u. letter da1ied Deoember 10~ 1919, t:rom .Parke 

Davia and Oompa.ny SQ18, 11Praotioall;y all ot the auppliee that we have 

been preparing tor some time i:e,et are derived from the thyroid glands 

of hoga rather than those ot eheGP• 11 

Material and Method,. 

the apeoiea used tor the th-st three series of ex1)8riments 

(A, B, and O) waa tho oommon bull trog, Rana oatesbiana, captured near 

Lawrenoe, Kanaaa. •.,;they va.r1od somewhat in she, but so -rar t1B known 

st tho beginning ot the experiments, they were a1l less than a 19ar 

old, fha speoiea used tor the next eight si,riea lD, ~, li', o, H, K, 

and L) waa the leo:pard frog, Rana. pipiena. ~hese were oolleoted in 



10. 

aeveral mns.11 ponds in and near 'iopekn, Kansas, by the author• 

For the remainder of the ox:perimonts (series .M, o, :P and 8) the tree 

frog, Hyla regilla., was used. these were collected 1n small :ponds 

and streams in alXl. near l:ieattle, rrashington, by the uuthor. !fhs bull 

frogs were kept in captivity tor some tima before they were used~ but 

the experimente with the leopard frOB and the tree frog were started 

within a short tirns after their oaptur~ in eaoh case. 

:i:he sades of experiments A and. B on the bull frog were 

oarried on in two rooms of different ~emperatures, other oonditiona 

being ae ne~rly 1dent1oal as was possible to obtain, in order to as-

certain the efteot, it any, ot heat and oold on the rate ol metamor-

phoda when aooelo:ated by dif'te1•ent kinda ot thyroid. teeding. 

fhe two aeries K a.nd L were also run on a comparative 1,>S,sie, 

but here the amount of wu.ter in which the separate experiments were 

kept was the variable 41Umtity. 

~he remaining eeri&s, inoludiJ18 A and B, were performed for 

the .111w.n JjUrpoee ot the undertoJdng, namely, to aaoertain the u:tteot 

on t.a.dpolea ot the f'eoding ot various kinds of thyroida, and to aee 

whether or not thl reaUlta were oorrelated with the iodine oontent 

ot tha to oda. 

:Regularity in the time ot cleaning and. teed.1ng wius maintainod. 

throughout the exD8riments. At 10 A.M. eaoh d.ey tho tood. not eaten 

durinc the pr$0ed1ns twenty-tour houra waa ranoved. ~he larger chunka 

were saooped from the bottom or the oontainar with a l')ertorated aeotion 

lifter, und the finer particles were removed with u pipette. Great 



11. 

oare bad to be used in tl:e removal ot this, as it waa sometimes hard 

to distinguish from the exoreta o~ the tadpoles, espeoially in the 

oass ot the bull trogs, 

~t the amie time tho water was changed. ~his was uccomplished 

by pourina the contents ot the jar or dish through a. clean wire sieve, 

and then plaoing the tadpoles temporarl ly in a seoom olean Jar. ~he 

original jar was then thoroughlJ rinsed a.l1d. cleaned under a running 

t~p, und the tadpoles were returned to it. Oare was taken not to oon-

t,-minate one experiment with water from another, and every :precaution 

was taken in the handling of the spooi111ens and oontainera, After 

removing the exoess toed and ohang.lng the water, the fresh toocl was 

plaoed on the surface of the water, und the tadpoles uauallf began 

to eat it at onae. 

ten tadpole, were used ~s the unit 1n moat ot the experimenta 

exoopt in a, where the unit wwi ~wont7, ihese were placed in. a 

single oonta.lner and eaoh oontainer was considered a, B sinsle unit 

or experiment, ln order to be sure ot ohanoe seleation o~ wimala tor 

eaob experiment trom the original atoOk, eaoh tibl a ueries was 

started, the t..d.poles on hand. were plaaed in tour Jars• 11.lld then one 

speoimen was taken with n dip net :r1•om each Jar in tul"n und plaaed 

in rotation in euoh ot the containers makiDB up the aeries, After 

this distribution tho individuals were 01:1.refull1 measured and re-

oorded, ln the oaae ot th& bull frogs, the ~oueuramente wero made 

with Kmetrio ruler, but in tbe ouee ot ruma pipiens ond 1-cy'la regilla 

K miorometer used, ln the latter onae the Kpparatua oonaiated o~ 

a. Bauaoh & Lomb opUoal uompa.n;y miorosoope with a 7,6 mioromete:r eye-
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pieae and~ 40 nm. objeotiva. the figures obtained were reduoed to 

millimeters in order to >mve a single standard for all measurements, 

fhe dir:terent series were eturted 011 the da.tea mentioned in 

eaoh oase und were o.Losed from two to three du.ya u.tter the mortality 

had reached 50 per oent of tho total number ot specimens in the 

aeries. All exception to this rule ooourred in aeries A, Band O on 

Ru11B oa.tesbiuna, whioh wau closed while there wus still ~bout 70 

per oent or the total number living. 

'l?he w~ter used. 1n the experiments pertomed at Washburn Ool-

le~ !fopeka 01t1 "ater, whioh oomes fran artesian wellis. ~he 

water UBed at the Un1verlitJ ot Wallh1ngton. oame from Lake Washington 

whioh 1e ted by mountain atreame. ~he latter oontaina a oonaiderable 

wnouzit ot plant Blld aninw.1 lite, but both supplies are praotioe.lly 

free from iodine, 

Whe method ot p:reparing the food fed in those e.xperimen~a is 

given below, ~he weighing was done on antll.ytioal bslanoes sensitive 

to one .. tenth milligram, but the liJllit ot the weigh1Jl8 done waa to the 

ni1lligra, Ordinary bottlea wero used aa oontainera for the food. 

~heee were oaretully weighed and ma.rked with a label oorreaponding to 

one on the Jar in whioh were kept the tadpolee being ted the epeoitlo 

tood, the pre::i;ared food waas plaoed in ;he bottle and it was again 

we1ghod, A reoord was ke,Pt ot all food plaoed in eaoh bottle ( in al-

most ever1 aaee the eu:pplf had to be replenished mor-e than oroe), am 

the ba.lanoe rl3llaining at the end was subtra.oted fran the total. No 

weighing was done outside the bottles. 

i'or the oare ot the uurplus tocxl plaoed in the expe:rlment-3. 



13, 

Jars, but not ea.ten, small pieoes ot tilter paper ware weighed, and 

on these this exoess portion was placed eaoh da.y. ~hese pieoea of 

tilter paper were kopt in drawers out of the dust, and after the ex-

periment was olosed they were thorouehlJ dried and weighed. ~he 

ditterenoe between the weight ot the filter pa.per alone and. the ]?Bper 

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

ll'ood. 

!L'he food used in thaee experiments wa.s prepared aocordi11g to 

the directions of Dootor Allen, and atter a to11nula worked out by 

him, although the proportions were modified b~ the m-iter. Ordinary 

wheat flour, a.Ualfa flour and pov.dered thyroid were mixed w1th water 

and rolled into tlakee in the following manner: ~he wheat flour wai, 

run through a fine oheeae oloth beto re using. ln order to obtain al• 

talta flour, altalta :meal was 'purobaeed, a.nd this ~s run through 

e1 ther two or three oheqse oloths of varying ooareeness ot mesh, the 

:Uneet being used lo.st, ~he thyroid gland was thoroughly dried an:1. 

all tnt removed. It was then sround in a rough mortar am passed 

twice through a. fine oheese oloth, ·.i:he three tl ours were tmn thor-

oughly mixed in a dry state, and water wae added, and a thin paste 

made. this was spread thinly on glass and allowed to dry in the open 

air over night. lt was then plaoed in the oven :for a. short time, and. 

was peeled from th.G glass as flakes. ;ibis was ted. 

two dltt&rent mixtures of' those three flouH wero U8ed. ihe tirst one 

(Fomula A) wae t'ed to the tadpoles in ser1ea .:.., B, .M, O, .P am e. 
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~he seoond {formula B) was fed to the tadpoles in all the remaining 

series. ~he following are the proportions in tho two formula.es 

Formula A - 2 pa.rte wheat flour 

parts alfalfa flour 

1 part thyroid. 

Iformula B - 2 parte wheat tlo\11" 

l pa.rt alfalfa flour 

1 part thyroid 

~his made the proportion of thyroid land therefora of iodi:ra) lose 

when 11'ormula a was us ed. 

Banwlea of the beef and. the thyroids uaed in the following 

experiments were aubmitted to Dr. ·llbomae o. 'J1hompson o~ tba De_pa.rt-

ment of Ubemistry or the University or Washington, Seattle, Wash-

ington. for chemical analysis in order to asoe~tain the iodine oon-

tent ot the sane. Ex:oept the last two samples, they were all 

driod and in :powdered form, UllJJlixed with anything else. :che two ex-

oe))tiona, beet soaked in iodine and calf thyroid treated in the 

amne wq, were mixtures ot these substances with al:t'a.lta f'lot\r ani 

wheat tlou.r, _prepared aa desoribed under Formula A tor the prepar~-

tion ot food. In faot the1 were part of the foodu let't ovo:r at 

tho end of ti» experiments. ~he results tollowa 

Beef (used in oontrol} •• • • • • • • 0.0004." iodine 

Oal.f thyroid (raw) • • • • • • • • • • .04 II 

Beet thyroid (3 yrs., raw). • • • • • • .01 " 
Beet teyroid. (mix.ad, cooked). • • 4 • • .01 II 

Pig thyroid • • • • • 4 • • • • • • • • • 02 fl 

Dog thyroid • • . • • • • . • • • • • • .20 ti 



u. 8. P, thyroid (Parke Davis & oo.) • • • .40% iodine 

u. s. P. thyroid (Armour & oo. J • • • . • .23 It 

Human thyroid .009 ,, 
• • • • • • • • • • • • • • 

Buffalo thyroid ,053 II • • • • • • • • • • • • • 
Oat thyroid .ooa II . • • . • • • • • • • . • • • 

Bear thyroid .026 ,, 
• . . • . • . • . • • • • • 

Flounder thyroid. .008 n . • • • • • • • • • ... 
Bao£ soakod in iodine • • • .06 II • • • • • • • 

Oalf thyroid soaked in iodine • • . • • • .135 II 

~ha method ot analyeia, ~uoting Or, ~hompson, was ue follows, 

110ne gram o:t' the powdered thyroid was plaoed in a !'arr sulfur Bomb 

and m~ecl with standard uodiUJll i:ieroxidth .Material wna burned. in 

the bomb. Attar cooling, the mixtul'8 waa dissolved in water lltld 

filtered trom small "i.uant1 ties ot iron whioh omne trom the bomb. 

'&he solution was th.en treated witb aome froahly irepared aodium hy-

poohloride and aoiditied with 1-1 phosphorio aoid, ~he ohlorine was 

boiled ott. Upon oool1ng, the solution was then treated with 10 o,o, 

ot lCY}, aolution ot potassium iodide, 5.1h8 iodine Mborated is titrated 

wUh standard aoa.ium thioaulphi te solution. ~he strength of the 

latter is approximately two hundredth normal. 

"Thia method b largely 81ml l.a.r to that. ot the u. a. :P., the 

only modifioation beillg the prooess ot burning of the t~roid. ~he 

u. a.~. reoormnend1 fusion in a nickel or iron oruoible with sodium 

carbonate and potassium nitrate. Hy modifioation of the method 

gret1tly f'aoi 11 tut ea the burning of the l1ti. tarial. " 



~be above figures ap_ply onl;r to t:ba material used in the 

tollowi~ experiments, ae thare is a wide seasonal variation in 

the iodine oon tent ot the thyroid gland, as shom by the work ot 

~eidell and Fenger (1914) and of Oameron (1914 and 1915). 

~abulations. 

ln the "ables :tollcwing, whioh shON the i-esul ta of the ex-

pc,riments on the tadpoles and the wnount ot tood and o:t iodine oon.-

awned 1n aaob. ex;periment, the tollowl ng rema.rka are ot unitonzi u.p-

plioat 1on., fhe letters used for the di:tterent experini:,nts and 

eerie• ure to be interpreted as follow81 ~ho tlrat letter repre-

sGnts t.be aerie& of experilllents to 'be oonsid.ered ae u. whole, aul tbs 

aeoond latter represents the unit (omta.1Jling ten tad.Poles usually) 

which waa ted a certain kind of th1roid durirs the time the ex:Per-

iment wa11 running, i:heretore these Hoond letters stand :tor tm 

epeoitio tood ~ad in eaoh expel'lment, and al'e to be interpreted e.s 

tollow11 

A, oontrol ted ordina,- beet, B, onlf thrro1d1 o, raw beet 

teyroid1 D, oooked beet thyroidt E, pis t~oids F, dog thyroids G, 

u. Ile .P, .i'a;rke Davis encl Oompany' B thJl'Old1 .a, u. a. P. Amour il'lid 

c:o. 1 a. tqroid1 Jt, human thyroids Lt b~ttalo (Bhon bison) tbJi-oida 

Jl, oat ~roida !f, bla.ok or oinnamon bear (Ursua mnerioanus) thyroid; 

o, tlound.er (Platiohthya stellatua) thyroid; P, ordinary beet soaked 

in 1od1neJ q, oalt thyroid aoaked in 1od1ne. 
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When measuring the living tad.poles betore the ata.l't of tm 
experiments, three things were taken into oonsidera.tions the total 

lellgth, th> bo:iy length and the length of the a.p_pendages. !J!he tore 

legs were invariably absent, anl the hind legs were also wanti :ng 

in fuma oatesbiana. but ware usuall1 present in both lf.ana pipiena 

mid Hyla reg111a. nhen it oame to the examination ot tbt specimens 

at tm oloee of the different experiments, the above iterm were &&gain 

t~en into oooount, but also the individual& were diseeoted and the 

length ot tha stomaoh and ot the intestines were reoorded, and ~lso 

the aha.pa ot tbs atom.a.oh am :is,noree.a and the p:resenoe or abaenoe 

ot the pronepbroa and tbe bladder. In all the tables all mea.aure-

mente a.re reoorded in millimeters and ull weights in grams. 

ln oomparing the reaul~a o-f the di:Cterent experiments with 

each other 11i was tourld. neoessary to set up sane more or less ar-

b1tral'7 rule by whioh they oould be rraasured. in order to determine 

the state or stage ot metamorphosis reaohed by the s i:eoimen11 in the 

different uni ts t&t the time they were oloaed, tt.nd from thiB Judge 

tho rate ot developneut • lt was soon tound that no universally ap-

plioable standard could be takBn, but tbtl.t each apeoia1 would have 

to be oonaidered b~ somewhat d1£terent tnethoda. A diaouselon ot 

the means used in comparing the dit:tere~t apeaimena will be tound 

unde~ the aooount ot the exi:eriments on eaoh· apeolea. 

In regard to the tables oovering the amount of f'ood. and 

lodi?JQ oon1umod, the tota.l amount oaten was obtained by eubtre1oting 

trom the total 11111ount ted thG amount removed eaoh day o.ul t:(,tterward 
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dried on ~llte~ paper. ~he total amount ot iodine eaten was 

ascertained troD1 tho ohemioal tU18lyses ot the diff'arent foods 

used. In order to obtain the urwunts eaten per day it was neoea-

eary to hwe sane unitorm time meusure so as to caloulate how 

long eaoh exporlment hud run when coml)ured to the remainder under 

disaussion. Thie time measure unit wus obtained by adding the 

number o-r da19 et1oh individulil in tt. Bingle oon~ainer or experi-

ment lived, and then dividing this numbor by the number o-t 1ndi-

v1dut3.l& in the experiment, tbus giving the uvar~e length ot lite, 

or the totw. number or days there wue u tu.Ll 1:1uotu ot speoimene 

in each experiment. An et":f'ort WtLB made to give the 1.wipolas a.a 

muo.11 21s the7 would eat• but no more. 

'' with aome imiv,.uw. exoepti ons, development or the tore l•s• 
1a generally indicative ot .H, ohtmBe in the shape of tl:B etomu.oh and 

panoreas from tb:Lt. or tbt t.adpole to thu.t ot the adult. Also, a. 

s1le1lar statement oun be J11c;de rega:rdill8 the preaenoe ol" 11tbsenoe ot 

the pronepbroa wid the gall blii.dder., the former diaappear1~ and tba 

latter beginning to ahow a ahort time betore the torQ lega piDh out. 

In the tabulation ot the res~lts of the exi:ierimontu theBG itflllB bave 

been omitted, but it la assumed that the above statements will be 

borne in mind wmn oonsiderir.g tm results. 

All the photogr4pbe were taken o-t spooimens that had be<m 

propired in tormaline tor aom& time. Where only one from eaoh ex-

periment is uhown ( aeries J., l3 and O) , a typioal or average shed 

spqoiman was uaed. In the oases where the entire exl)8riment was photo--



19. 

graphed, they were arranged in the order ot their dee.th, unless there 

waa no variation in this, tbs ones dying :f'il'St being plaoed on the 

left end ot the raw. If a BIBOinxm was lost in an;y wa~, i,e., oom-

pletely ea.tan by the other tadpoles before his death was disoovered, 

a ring wa, placed in the series to fill the vaoant piaoe. lt a 

speo11118n was dried up or damaged so that it oould not be used in 

ita proper plaoe, a small lead slug was substituted. All thEt 

photographs are natural size. 



.EXPERnmN'l!B ON RANA OATmBIANA, 

ii'hree series of exl)8riments, A, B and O, were perfonned on 

the tadpoles of Rana oatesbiana.. All of these were aarried on at 

Washburn Uollege, '.i!opeko., Knll8ae, duri~ the yanr 1920. Ae 

stated above, two obJ eots were in view in running these experiments, 

~ho first of these, shOVIJl in the results obtained. in all three ot 

the series, waa to find out whether or not the feeding or different 

kinds o-£ thyroid would btive identioal effeots on the rate of w ta-

morphosi1 ot the tadpoles, other ocndi tions being e'Lual. 'l'he seoond 

objeot was to auoertain what efteot, if anr, temperature hul on the 

rate ot metamorphosis of tadpoles when fed the different kinds of 

t~ro1d, otht;tr conditions being the same, ~his latter entailei e. 

oompariaon of sories A with aeries :B, the former being oarriod on in 

a heated room and the latter in an unheated one, 

Both ot these rooms ware looatod. in a atone building with 

eaoeptionally thick walls, thus allowing for a minimum ahnnge of tom• 

perature ineide in response to external oninges, ~ha unheated roO!ll 

(oontaining experiments B) was located. on the third floor. .ct wo.s 

eioe,o1ous and well lighted and ventilat&d fl'()m the north ~m weat. 

Tho other room, in which series A was oarriod on, wa.o di reotly below 

the above mentioned one on the second floor, a.n:l we.a heated with steani 

It was generally d.rior and less well ventilated than the upper un-

heated roan during the winter months, When -woathor oondi tions oha.nged 
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ao there was praot1oally no difterenoe between the temperatures 

ot the two rooms, aeries B was brought dovm to the aeoond floor 

room, and i'rcm this time (Juno lJ on, both series WGre tiniehed 

1n this room, tlen the cooler ot the two, 

'.i!he extremes and means ot temperature tor the t\\o rcoma 

are shov.n in tables l and ll, the f'ol"Uler being that for the un-

heated room in which aeries B was oarri ed on, atd the latter beine 

tor the heated rooin where series A was plaoed, All the tempera-

tures are reoorded in centigrade, 

O~pari~ the ttJnperaturea of tie two rooms, there was a. 

oonstant am rather mHl'ked difference between them from the st~t 

of the reaord up to May 28 1 when they began to run praotioally the 

same, ihe faot is, the comparative phase ot series A and B, so 

tar as difterenoe in temperature was oonoerned, was closed Juno 1. 

after the recorded temperature or the two rooms had been praot1oe.lly 

the aame for tour dB1& • aa it was apparent that it was no longer 

posaible to obtain a marked differenoe in thie reepaot between the 

two rooms Without ap,PUratua or arrangements not available, 

.l!'or the rnonth of .l:!'ebruary, the unheated room ranaed from 4, o0 

to 13.6° cooler than the heated, with an average ditferenoe for the 

month ot e,e0 • For Maroh, the extre1nea ot ditferenoe were for the 

unheated room from 1,6° warroer to 14.5° oolder, with nn averuge ot 
6,~0 oolder. Eor April it varied from o.5° to l~.o0 colder with 

an uverage 6,4-0 • For Hay the unheated room wa.a from 1.0° wal'l118r 

to 7,~6° colder than the heo.ted, with the averl;\ge at 3.2°. ihe un-
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heated room averaged b.i:$0 oolder than the heated room for the en-

tire months ot Februa.ry, JJaroh, April and Uay. 

·.the containers uaed in series A, B, and O were ordinary 

battery Jars ot approximately 3000 o.o. oapaoity. ~hey 'Were filled 

to within an inch nnd a half or the top, and ware marked on the 

outside eo that the emount ot water placed in them each day was 

praotioally identioal. 

Regarding the method devised for deta:nnin:ir.s the reb.tive 

state of metamorphosis reached at the time the different experi-

ment, were olosed, undoubtedly all of the parts xneaeured, that is, 

total length. length o £ body, of hind legs, ot fore less, ot atom• 

aoh and ot inteatinea, ~re or more or less impcrtanoe, bu.t it was 

early found there was eome fluotuation in total lo11gth and in the 

lensth of 1:1.ppenda.ges due to individual variations. .\t the same time 

it waa seen thnt there was much leaa diaorepanoy between individuals 

tl'Om the aarne unita as to bodJ, atomaob and intestinal lengths, but 

that out ot these three, the more oertain meaeu~emente oo"ld be 

taken on the bo~ and on the intestine. U' the experimenta in 

single aeries were oJ.aseified a:,.ooording to length of intestine, plao .. 

ing the unit 'With the speoimens having the shortest intoetinQB at 

one end of the liet ~a those most nearlJ~eveloped into frogs, and 

plaoing the experiment w1 th the speoimen, having the longest intea-

tines ut the other end, indicating that they had pusaed through the 

least developnent, it waa found th!lt with rare exoeptiona the experi• 

ments were listed in the aHme order as it eaoh item o~ the meaaurements 
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Tar.le I 

Extremes and means of temperature in unheated room, 1920. 

Month L01t High Average 
A. M. P. M. A. iA. P.M. A. M. P. M. 

February 6.0 5.5 18.0 19.0 1:2.6 13.5 

Jlaroh 3.0 6. O 21.0 22,5 15.0 13. 3 
April 5,0 a.o 22.0 20.0 14.5 15. 8 

May 16.0 17.5 24.0 27.0 19.9 21.9 

'Pahls It 

Extremes and means of temperature in heated room, 1920. 

Month Low High Average 
A. M. P.M. A. M. P. M, A.M. P. M. 

February 17.0 17,5 27., 27.0 22,2 21.5 

Maroh 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 

Ma.9 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 2,.0 31,0 34, 0 26.9 28. 7 
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was ranlc8d and counted. However. the lell8th ot bod1' must be oon-

Bidered u.s ot e'iual importance to the length of intestim, and 

their comparative relationship or ratio to eaoh other ~e finally 

taken ae the best criterion £or judging the stage of metw.oorpboeia 

reached by the eevera.l experiments, ot oourse, this applies onl1' 

when comparing individuals or groups ot the same s:peoies. 

ln these same comparisonat however, one other faotor besides 

the measurements or the di:t'ferent parts must be taken into ~ooount. 

~hat is, the date ot death o~ the apeoimena, or, in other words, 

the length ot time the experinlent ran. lt ia evident tllat it all 

1118Ba"rements were e'iual u.t the olme o:r two parallel ex,Perlmenta, 

the speoimens reaohing this state of development in the shorter 

time, 1,e., dyitl6 the sooner, would be considered as the more ad• 

vanoed, ~a.king this ::raot into oonsidera.tion, it was deoided tbat 

the beat moa.aure by whioh to Judge the state of ne tsmorphoe:la 

reached was to use the number resulting :from~ multiplioation ot 

the ratio between the length o:t tho inteetinl) to that ot the body 

by the num~er 0£ days the experiment ran liB tho oritarlon. In 

other words, it was asaunecl th1&t x o : y, wmre a. e'tuala length 

ot intestine; 'b 8-!uals length of bod1"; o, the number o't da~ the 

experiment rBll; and 1, the stage ot me.tamorpltoais rea.ohed at the 

end of the ex,PQiriment. ~a a short intestine and a short body 1ndi-

oate an tLdvanced stage ot matarnorphoais, Blld. a small number o:t da.ys 

during which the ex:periment lived usually denotoa a rapid rate ot 

rlevelopnent • it ie evident that the smaller the n\lfflbel' y is the 

more frog-11.ke the specimen oomerrtel must have been, 
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'.£be metho c1a ot oare and ot feeding are deeori bed above. 

~he to ocl tor aeries A and .B was prepared under £0 imul11 A, while 

thut ror aeries O was mixed under fo:miul~ B, The rae~lts ot the 

three series of experiments lire discussed below. 

BEBI.h» I. 

Series 1. was started. with eighty ~ll trogs (Rana outesbiwia) 

on ~eb~ry o, 1920. i~se were divided into eight groups ot ten, 

ai,i e~oh group pluoed in a single container, ~he room in whiob 

these experiments were oarried on WK& he~ted until June l, when 

the heat wa.a turned ott for the ramuinder ot the eummer, !ebe 

measurements ~t the beginnins and at tho close of tba experimen ta 

~re shown in ~able lll, and the ttmounts ot food and iodine eaten 

are reoorded in ~able 11. 

At the beginning ot th9 experilDenta the speaimona averaged 

very nearlJ the same 1n both tota.l length aJXl length ot bo~, there 

'being no hin(l legs visible in "'rl1 individ.ua.l. At the close they ar-

ranged themselves into well detined groups, the first ot whioh com-

prised the first ti ve (AA., AB, AO, 1'D, nnd a) and the seoond, the 

remaining three units (Ai, AG and AX), .i.11 the first group evident-

ly the most robust specimens were in AB, l\a this experiment leu.d in 

total um bo~ leJJgth u.ui also in length of intestine, and was a 

olose aeoond. in hind leg and stomaoh length. 'ihe order ot theau 
d. 

rirat rive, beginni:ng w!'th tbe largest, was AB, A.JI, AA, AD and AE, 

the latter being .as distinotly at tbe bottcm of the liet as AB was 



at the top, but the other three being hR.l'dlydistinsuiehable from 

eaoh other. ~he seoond group conaietins of the last three experi-

ments was not hard to arrange in a. ee1;tuenoe, the order ot whioh was 

AH, AG and AF. !l!he AF e;paoimena wore tm snalleat and showed th& 

moat marked developnont ot the a_pp3ndagas aul shortening of tl'S in-

testine, all three o:r whioh teaturee point to the most advanoed 

stage o:r metamorphosis. 'iaking tho standard set tor dete:nninbig the 

stage ot metamor,phosie, 1.a., the product ot the length of intes-

tine times the number ot days the experiment was oarried on, and 

001nbining the two groups, the units tall into the f'ollOY1ing Cll"'der, 

beginning with the epeoimens showing the ala.vest metamorphosis and 

paaBing to the mos.t rapidly developing onees AB, .A.~, AA, AD, AE9 All, 

AG tmd AF, 

Turning to ~able IV, whioh allows the amount ot food am iod ioo 

oonsumed by the tadpoles in each experiment, it ie evident trom tho 

amount ot uneaten food removed that probably the t1 rat five ex:peri• 

menta (AA, AB, AO, AD and AE) wero under f'ed if anything, ae they 

ran tor approximatali 180 days in eaob oase, am yet thai maximum 

amount removed. in any experiment was only .065 grame in AE. No 

record was kept ot the amount ot tood. removed in AA (oontroll, but 

it was a amall amount only. In the last throe uni tu (AF, AG end All) 

it would seom as it on exoeseive amount of the food was not eaten, 

and thorefore was removed. In fact, the crirat five units (AA, AB, 

AO, AD and AX) were fed approximately ten times as much aa the re-

maining tb21oe (AF, AG and AH), and at the same time they ate :praot1-

oall1 all they were fed, v.b.ile tho l<LfJt three mentioned lett a 
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large proportion of their £cod u.ntouohed. A similar oond.ition ex• 

iated in all the ex_periments performed, not only on Rana oa.tesbinna 

but a.lac on Rana pipiens and Hyla regilla. At the outset of~ 

series, all the tad.poles would eat readily, but after a short time 

those beins :f'od. f'ood oontaining a relatively high per oent of 

iodine would seem to stop eating, growing slugBieh very rapidly, 

and as metamorphosis advanoed, would lie inert in the bottom of the 

container. ~his always resulted in a daoided differenoe in the 

total wnount of food eaten by units developing with abnormal rQpid-

ity and by those :passing through the period of metamorphosis at a 

more normal rate, ~he total amount of food oaten was a.leo oioeely 

aeaooiated with tba number of days the experimont ran, so wa would 

expeot the tirot five (AA, AB, AO, AD and AE) units to have oon-

sumed muoh more than the last three (Al, AG and AH) beonuse the 

former were fed for from eix to eight timae as long aa the latter. 

liege.rdi:us the total amount ot iodine eaten in each experiment, 

we find this some grouping did not exist, but a. new one arose. AB 

was tar in the lead with .00419 grE111e, tallowed by AH with .00~37 

grams. The remainder, with tha exoeptlon of the control, AA, fonned 

/;i. middle group with ooMiderable variation within itoelf, while the 

amount of iodine eaten by the oontrol waa wory small. ~his change 

in grouping was due ,Partially to the total amount of tood oonaumed, 

but more to the faot that there ~as a wide ditfarenoe between the 

iodine content of the different focds, the last three being especial-

ly well provid8d with it, 
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Whon it oomaa to the 11ueation ot the amount ot iodine eaten 

daily, the last column indioatea that the three J...P, 

AG and JJI, showed approxitnahly t.on times a.a muoh iodine eaten 

daily a, any ot the others, exoept ;.B, and they consumed between 

two and three times a11 muoh as that one, i:he amount eaten in :.A, 

the oont.rol, waa .00000017 gram whioh waa very much loss thwi o.ny 

ot the others, 

In oomparlng Tables lll anci lV, that is, the condition ot 

tho speo1mene at t.he end ot the exporiments ,rith tho amount ot tood 

snd iodine oonsumod, the unite arranged themaolvBB in tho tollow-

1ng order, 

.Devolopnent (beginning with loaat) AB, AO, AA., il, AB, AH, A.G, A.1 

'.Cotal tood (bog1nn1rg with moat) AB, AC, AA, AD, AB, AH, AF, AG 

'rotal iodim ('beginning with leaat) M, AO, AD, AG, AB, AF, AH, AB 

J)a.il1 tood (beginning with moat J AB, AO, AD, il, Al, AH, Af, AG 

Dail.J iodim (beginning with least) .u, AD, AO, u, AB, AO, AJ, AH 

lt is evident that lu this eeriea thoro Ttas a. more or len 

01010 oonelation amoi:g ell these items with tho notable exoeption 

ot ex.(JOriment ,i\B, Next to th1e, there waa the mo1t variation trom 

1ihe dovelopnontal order in tho total amount ot iod1no eaten b1 eaoh 

unit, .with slight variationa, in all the oaaoa exoept theoo, we 

havo tho leaat deYelop:nent aa1001ated with the largeat total and 

da1l1 amounts ot tood eaten, and tho lea.et amount ot iodine oon1Qn!Od 

da1l1. 

In aerio1 ;., it a1>peu.rs that the total amount ot iodine oon• 

awned had. 11 tUo to do with ba1tenill8 metamoJ'Phoeia, beoawse the 
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ex!)eriment showing the least developnental ohange (AB) consumed 

the greatest total amount, while AG oomumod less than half as muoh 

as AH, llJld yet AG reaohed a stage of develo:prnont in twenty-three 

days whioh was praotioally the same as that reaobed by AH at the 

end of thirty-two d~s. In oomparing the rate of developnent with 

th& amount ot daily 1odim oo:csumption, however, it will be seen 

that there was a very olose oor.relation, with the single exoeption 

of AB again, 

.11hotographs of typical spoairnena taken tran eaah of the ex-

,P8rimente ot ue:tt1es A are shoWl. on Flate I, tiga. 8•16, '?here was 

very little variation amons the speolmens of a si~le experilll8nt, 

SERIBB B 

As stated above, series B was run ;parallel to aeries A under 

1dentioally similar oondi tions exae:pt; that fran .li'ebruu.ey 6, the date 

ot starting, to June l the former waa oomuoted in an unheated room 

while the latt;or was oa.rried on in a room aupplied with heat and 

henoe somewhat warmer ,md drier, ~he details oonoerning thie vta1a-

t1on 1n temperatu.ro are given in fa.blee 1 and 11. ~ha objeot in 

oarrying on aeries B under different oonditiona was to SB08rta1n 

whether or not tempe:ra~ure had any et:f'eot on the rato ot metamor-

phosis of trogs ted tho different kinds ot tqroid. At tbe same 

time tmse experiments were used as a oheok on series .A.. mhe equip-

ment used and the material ted wore 1dent1oal with those ot eeriae A, 
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Ir: etu~lng 1onblo , 1 which sho'WI the roaaaure:,ents in series 

:, ·00tb oorore um. a.ttor the &t110rl:Dentu wero 1iertort'l8d, lt. will be 

eoen that l&l.rnoet ever:;thillf; t:t-.. :tt wne said cor.oeming tho u1m112&r 

(lRuro11 in soriea A laa sb,.:,wn in '.l'ablo .1.ll J can be ropentod here 

1"1 th I l11~h\ variation, i'ho 11;,ecimena were vo r:; u.uitorm ln aize 

at tha 01ie11ln!; Gt these oxper1menta, wlt.h no hlntl legs via1ble in 

wi:.i· onse, b~t lt was aoon tlioaovored that two s1>eol::iona .. one in 

SA :md. anoti',or ln !:tB - wore evidently a ~ear oldor tha.'l the romain-

int; cmoe, 1oiwue Wijr.:J loft. in tbo units Md develorod into t:,ploal 

;;ourit; tress, tho tall boing onUrEtl;y ub1orbed, lf~•ovor, tho1 wore 

not oonai~ered in getting the aver,:i.£8 moaauremonta ot those ex-

_porlmcn:ita. 

Aa ooourre4 in HriH •• tho e:xperbent.e again tiroup tbemaelvea 

into t\\'O dlvialona, t.be tint the beins ln tbe one whero the leaot 

met~or;aosla ooourred and Ulo lae\ three being in 11. group •bere met• 

wnorphoail waa well advanoed, .pin tak1ng tho procluo~ ot the 

longth ot 1ntea-Uno Umoa tho nwubor ot dft1& H tho ar1ter1on tor 

Juilg1 rg iho 1tat.o ot dOTolopnent, U will be aten that tho order, be ... 

t,;1miine with the experlmentn allwing the lea1t dol'elopnont., wu au 

tollawaa BD, .BB, BA, .BO, u, 00-, Br and BH. 

Oac:par1ng the 1tato ot devolopl!IOnt at tho oloee ot the oxperl--

mont11 wUh \hi IIUIOunte ot tood and iocllno oonawned. u, ahown in 

table vl, we tind. tbe tollov1na rolat1oJ11h1.P111 

DoYllopment ( bogl Ming wU.h loa1 !i J ltl) t BB, B.\, BO, Bi• BO, Bl, BH. 

1:ota.l toed {ber1nn1ng with moat) 



36. 

!i?ot-al iodine {beginning with leust) BA, BC, BD, BH, BG, BF, BB, BH. 

Daily food (beginning with most) BB, BA, BD, BO, BE, BH, BF, BG. 

Daily iodine l beginning with least) BA, BC, BD, ~.E, BB, BG, BF, BR. 

.A.Bain we :f'ind, u.s in aeries A, a olose oorrelation between all these 

1 toma, with the exoeption o-r experiment BB, whiob showed a markedly 

1arge amount ot iodine oonsumed, 'both total and daily, compared to 

the slow rate of metamor_phosis ot thia unit. ~here was also oon-

e-J.derable ohango of poa 1t1oni;Of the units in the total amount 01' 

iodine eaten from that tound in the line lndioating rate ot de-val• 

oprent. ~hese same two oocoeptione ooourred in series A. Again 

we oan say that with sane Yarlations we had the loast developnent 

asaooia.ted. with the largest tdal and daily amounts of tood eaten 

and. the leaat amount of iodine oonaumed daily • 

.Photographs Qt a-verago upooimena trom aaoh ot the uni ta in 

this series are shown on !>late I, figs. 1&.-23. fhe variation among 

the apeo imana in a si ~le e:xpsriment was vari alight with the ex ... 

oGption of the two oaees mentioned above. 

In the swnnary on experiments performed on Rana oateab1ane. 

w1.ll be found some fllrther diaousoion of thia eerloa, and alao a oom-

parieon ot it with 11eriee A aa to etteot of temporatuto. 

5ERIJ!S O. 

The ex]?8riments recorded under aerie~ o were on 1<ana oateabiana, 

and wore started on June 16, 1920, and were olosed August 4+ ~he 
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oanditions under which these exi:srimonts were oarried on were var-, 

nea~lJ the same ae those tor series A, that is, they were in the 

s8Jl18 room, were plaoed in the same size containers, ond the water 

used was the same. ~he average temperature for the total time was 

naturally several degrees warmer in the oase ot u, due to the season 

of the year, ~he speoimens used were from the same lot as tor botb 

aeries A and B, ~he total number ot speoimens used was fifty, dis-

tributed ~B follGWBs UA., 6; OB, uo, OD, and o~, 6 eaoh, or, CG 8lld 

uli, '1 aaoh. 1he :toed used had a leSB iodine oontent than that 1:n 

ueries A and .B as it was prep,aed under formula B instead ot fonnu-

la A as in tormer oases, Iha pllrpoae of the experiments WQB to 

oheok on the reaults found in tho two fOrJ118r series. fhe .measure• 

manta taken at the beslmt1138 and olose ot these experi1111mta and 

tllo food and iodine eaten are reoorded in ~ables VII and VIII, 

At tllo beginning, the apeoimens were somewhat larger and 1nora 

mature than was tb.e onse at the start ot oither A or B, but at tha 

oloee their develO,P1?1ent had reaohed very nearl1 the 1arne stage as 

tho oorrespon11ng previous ones. xhe groupinB at the oloae 1&pin 

ahowed the two olaesea, the more mature inolucUng the tbroa lu~ 

srou.pa, and. the l.east develo,P8d., tbe tirat five. Judged bf tho aamo 

atando.rd ae used in previous oases, their arro.ngemont in the order 

ot the state ot thalr developnent. beginning with the more tad .. polo-

11ke, tollowss OB, OD, OB, 00, OA, OH, Of and CG. 

the oorrelationa between the etate ot develop=ent ~t thcl 

oloae ot the ex_perlmen t1 nnd the mount ot tood and iodine oone"Ulltd 

(~able Vlll) tollows 
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Develop:nent (beginning with least) \JB• OD, OB, 00, OA, CH, OF, OG. 

~otal food (beginning with most) OD, OA, 00, OB, OB, OP', OB, CG, 

~otal iodine (beg1nnil'18 with least) OA, co, OD, O.K, UH,uF, 00 1 OB. 

Daily .food (beginning with moat) OA., \JO, OD, OB, OB, OF, OH, OG, 

Daily iodine (beginning with least) OA, OD, oo, OE, OB, OH, OF, oo. 
AS in :rormer aeries, we had a wide variation from the expected ln 

the oase of OB resarding both the total 111J10unt ot iodine o cnswned 

and also in the dalif oons'Ulllption ot the same. OA and OB also 

showed rather wide variation in tbe same res:peot. ln taot, there 

up.:poared to be hero less uniformity bot.ween the stage of develop-

ment and the total iodine oons1.Unption than ooourred in either ot 

the previous series. 

In 8XEl!Din1ng !!!able VIII, it will be seen that muoh Blllaller 

mnounta were ted in the experiments ot this series and at the same 

time very little uneaten foocl. waa removed, the latter taot indi-

cating, at least in the firet tive units {CA, OB• oo, OD and OB), the 

probab1lit~ ot underfeeding havii,s ooo'Ul'red, On tbe other hml, tho 

short length or time this aeries ran aooounte tor tho amaUneas ot 

the total consumption ot tood. The aotual JaSXimwn period covered 

waa fitty d~•, but this ie reduoed to thirty in the table beoau10 

the number ot days there recorded presuppoeea ten epeoimene in oaoh 

unit, and tbere were lna in this se:r1H trom the beginning. 

One other taocor not ahov.n iu the tables probablf enters into 

theee reaulta, eapeoially in the very rapid metamorphoaia ot the 

apeoimenu in units OP, OG and oa. thia taotor is te~perat,u,e. 
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This series was ol:ll'ried on during the summer months, and the u.vernge 

hea.t was oonsidorubly higher than ooourred in oither series A or .B. 

·i•be u.verage morni11g temperature i'or the last hul:f of June was 25, l 0 

an-1 ~or July, 26.~0 , makil'8 the average morning temperature 26,3° 

-tor the entii-e series, Tbe 1:1.i'ternoons 1:1.veruged slightly Wli.:rmer, 

being ~6.5° :for tho l1:1st half or June und 28,?0 ror July, making 

the to-cul "varage for the afternoons 2e.0°. From ~ables l ~nd 

l l • it will bo seen tlllit the averages for serios A were 23, 6° for 

the .forenoons and i4,1° for the artornoons, whllo for aeries B they 

were 1.~.0° imd ~o.o0 respeotively, 

~ha figures (24 to ~l) on ~lute Il show uvarage specimens 

tokon from the eight exporiments in serios o, There was pruotioal-

J.y no -varie1,tion umong the individu1:1.ls in tt. single unit. 

i:o'urther discussion or this sori es will be found 'below. 
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sm£URl' OI mPlffl.umN'?S Oft RANA OATliSBlW 

In oone1der1ns the stage of dovelcpnent reaobod b1 the apeo-

mna ln the ditteront experl!ti;)nt,s, it lo neoossa.ry to oompare the 

n1ult1 as shom in the aepa.rate serleu. ',i:hoee are ehown in fig. 1 

whore tho let tern represent the parallol oxPQrimente in which tho 

eamo rood wau fed. and the numbers stand ror the roln.tivo rate ot 

metomor pbosia ot tbQ diff'oront exporlrD8nt.s t the hi sheet being tba 

most tully developed, and therefore bttving Md tho most rapid rate. 

~e G.Vera.so tor tlle three aorieu 1B also aboitrn. lfhoro was r,ou,e 

"larh.tion botween all thr-oe of tho uerioa, thie being the sroatoat 

1n tho oaoe of tho~ tod on pig tb.Jroid (BJ, tollowod. by thou ted 

on oooked beet thyroid (D), while the dog tlqroid exper1Ul8nta (F) 

allowed t.be least d1ttorenoe, 

While Dl8ll1 ot tho ocm.dit.iona under which t.hoee tbrH eorloa 

W$ro oarriod on wore 1dentioal, tbero weN aoee not-oworthJ d.1:t• 

teronooa. One ot thoue wa, UMt JM.Htu• ot tho nature ot the food, 

aeries A and B boiDB t'&d food proparod under tomntla A, while bhe 

food uaod in 1oriea c was prepal"ed undor tolfflQla B. That moant 

tbat tho tirst two uoriea had. a toed ot 1tronser tlcyT014 and Uloro .. 

tore ot lodino content, 'but aa th 18 wu uiilt'orm tor n.ll tho ox .. 

permnia in a aeries, it would bavo no ott,ot on tlw oo~par1• 

oon ot sori.eu o with U\o other t-wo, Howovor, it would hnd 

t~ mnkR tha differanoea botweun t.ha ratoo ot motamorphoaiG in tho 
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aeries more ID1£:rkecl. A. aeooul taotor that was quite di:tt'erent 

"'"' 1n the three series'"' tlkt.t of tani,erature, au:l in addition tm specimen, 

fn ••rlea o were rive months older 11,t the time ot starting than those 

ln eitber aeries .A. or .s. Another t&Otor entering into &~ least parts 

ot all three aeriea wus tluLt pta'allel experiments in difterent aeries 

·we.re oarried on tor ditferent lengths ot time, due uauw.ly to the 

41tterent r•tes ot de,elopneut. ~11 ot the experiments 1n aeriea o 

were ot ahorier durution tbun the oorreaponding ones in aeries A and B • 

.Be1ide1 these thtl"t Wd some T~riation in the w,;;y the different apeo1• 

mens :re~ted to the feeding of the same material, --.m in acme unit• 

obauoe •pparently threw together group1 ot eanewhat peyaiologioally 

111111.ar individuals With the result tru&~ the total ot their reaotlona 

d.ittered in meaaurable quantity :tran uni ta fed the sane materi11.l but in 

other aeriee. 

~he alag88 of developnmt ot tbe thltee series A, B, and o, taken 

u a whole, arrange themselves in the tollowing order. beginning with 

\he one that sho-n the least ob&nses B, ted oalt th1ro1d1 D, ted oookod 

l>tot tbJroida o, ted raw beet th1roid1 A, oontrol and B, ted pig teyroid 

( Ued. h H, :t ed .&rmour am oo. ' a t:tqro1d I G, ted Parke Davia ani Oo • • s 

\ll)'l'0id.1 i', :ted dog tbJroid. 

As atated batore, A. and B were oarried on umer ditterent 

temperature oondi tion, durlns tm tlrst tour month, tor the purpose ot 

cleti•rm1n1z,g whether 01" not that taotor would oauae an1 marlced variation 

in Hae etteot ot teeding the di tterent kinl, ot tqro1d, During thia 

:pariod oxperiment1 ff, & am lf in both aerie1 died, and 10 a oompariaon 

ot t:bem introduoee uo new taotor,. .In the aaee ot the other tive. A. B. 
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o, D and .!$, however, while the first tour months were oarrled on under 

('lite ditterent temperature oouiitiona, the last two were spent in the 

,-a room under idontioal oirou:natanoea. Thia would naturally be very 

likely to cause aome obl1 teration ot any dit:terenoea that might have 

d.ffeloped bet.ween the two aeries during th9 first Plrt ot the experiments • 

.r1ret, comparing experiments a, AG and iLH with BF, BG and BH re-

a,peotively, it 'Will be aeen tram 1'ables III and V that the sptoimena in 

eaoh ina tanoe avers.god 'Hry nearly the same ln total size and she of 

vario\le parts both at the beginning ot the work and at ite olose, But 

it will bo noted by !l!ablH IV and VI th.at thi unite BF, BG and BlI lived 

tor approximately throe times aa long as did their companion exper1JnentD 

lu ,er111 Ju ln other woi,la, it took thein three UJ?B1 ae long to :reaob 

amoe 1tago ot dovelopnent. trom those aome tables, we thn that 

th••• thNO units ot 1er1ea B ate approximately twioe aa nmoh total tood 

• total iodlm ae ilt AG am AH, wt due to tm longer ti~ they ran, 

*lr daUy oon.aU111Ption wa1 only ab011t two ... th1rd1 that ot the latter. 

'16\lrnbg now to the temperature ot the two aeries aa lhown iu 

'labl11 l and lI, dUriug l!'ebruar1 am Maroh, the only months dltr1J8 

Whioh experimenh il, o am H ot both serie1 nre running parallel, the 

ditterenoe between the rooms in whioh aerlea A and 1erie1 B weN being 

l'1m waa duri~ tebruar,, 9.&0 tor the morning 82ld a.o0 tor tbl atter-

iioou, 8.Xld during Ma.rob, 7.1° tor the mornizg and 8.6° tor the atternoon. 

11:1. otllcn- word.a. B wu •JJt under a temperature ot elightlJ leH 

\han 8.5° oolder thau aerie. A durill8 the tiim tboee unita fed i'. G az,t 

a. :wero i-unnlns parallel, 

Oompo.rlng IX,P01"imei,,ta 1. O and H ot theae two sirioa, then, all 

o~mi Uona .xaept temPoratl.'u .. 'being the 1ree, in Tiow ot the taot thl.t 



46. 

the sane stage of' development wa1 roached in the corrHponding 

ot eaoh ser1ea, it would seem that u. lowering ot the tanperature about 

a.6° oauaad a slowing up ot the motabolio prooesaea to approximatelf 

one-third ot what the1 were when the tadpolea were kept in the warmei• 

plaoe, 

Ver,y similar reeUlts to the abon are shown in tho three last 

(F, G am B.) ot seriaa O when they are compared to the 111me 

three units ot aerlea A and :s. This aerie, waa oarried on in the 1am, 

room aa wa, 1er1es A, but waa not started until three months atter 

experiment, AB', AG and Ali lad been oonaequently the temper-

ature 1tU1te different, !eha avar88' tor Fabrua17 and March, the 

Ume these thr11 ot the .l atx-ie1 were living, waa 22.2° tor the morn• 

1ng and 21.1° tor the atternoon, while tor Jtllla, when the oor.reapond• 

lng units ot t:be v aerie• were being carried on, it wa1 2s.1° for both 

morniDB and atternoon making a d1ti"ereno1 ot $,6° in favor ot tht O 

It wlll be aeen b,- oom_paring, 'lablea III and VII tmt the 

11a4pol11 in these two oorrespo:ndiag group, ot ex]:'l8riments ware very 

nearl1 the eame alee at the At the oloae, in both theJ' 

were bf tar the moat advanoed, 'but in aeriea A the tail and bod1 were 

somewhat shorter and the lage were better developed.. Also, the 

atomaoh and inteatine were ahorte~ in series A. Allot theee thing, 

indioate A'lt AG al'ld .AH Jad ad:vanoad to a ,omewhat later stage ot de .. 

velopnent tluul had the oorreapondins units ot aeries o when theJ died. 

~o other taotors, both monUonud above, besides tanperature were 

d1tterent in aerie• c to what they were in aerioa A, both ot whiah would. 

tal'or a more rapid development. ~he tint ot th.no waa that these 

speo1men1 ftl'd aix .111onU11 older than tho1e ln. serltt A whezi it waa 



started, am the uoond. waa tha. t to ?mUla B "WS8 used in the preparation 

ot the tood tor eerie,, o, while that o:t series A. ws prepare<\ umer 

formula A, henoo the o GX:p&rimenta reoeiTed toed soroewhat richer in 

thyroid, AlBo in oompa:ring ~ables lV and VIII, it appears ttat OF end 

CG ate more toed dailf than All' a.Di ..tG reapeot1ve11. end that all three 

ot the o experiraents oonsume:i more iodine dai~, tho lattei- ocndition 

being the lee.st marked in the last pair ot experiments, Jl. Admitting 

that these two luutened in a moasurable degree the develop-

ment ot the last three unite 111 seriea o, it yet seems apparent tbat the 

wormer temperature had. considerable to do with tho shortening of the 

.PQ:riod ot dm1lar dtnlopment to a third ot the timo taken bf eeriea A. 

~urning to the tirat :tive experllllenh in the three series, A, B, 

O, D am. i, in order to determine '11tlat etteot the ditterent tempera-

ture oondi tione hsd on them, a. stu~ ot III, V and VII, and 

li'ig. l tail• to show t.J11 wiform ditteranoes upplioable to all three 

aeries. It is po111ble, in taot probable. that if tbeee txpettlmenh 

bald been oiu-ri ed on tor a aut't1oient length o:t time under dltterent tem-

perature 0ond.1tion1, theJ would auo have ehown tlult a lower tem)?Orature 

oau11d dele.1 in mehmorphollia when these :f'ooda were ted. or lt 11161 be 

poaaible that ditterenoes between aeries A and B were obliterated 'b1 
their being um.er idenUoal (w•rm) ooJldi tlone durina the lAst two 

m011th1 they wore oarried on, 

rrom the above taots, it eeema aate to oonolude that it Rana 

oatoabiana aro ted dog t~roid (I), Patka Davia and oo.' u thr;yroid (G} 

and Armour &Di 00, 11 thJroid (HJ, all other oondition, being similar, 

a lower temperature will delq the tinie ot mttBttiorphoeie. A ditterenoe 

ot appro:dmate~ 8,6° caused metmuorphoda to be delayed about three 
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in~ the relationship bet~een the average st3ge of jevelop-

ment reaohed and the RVeraie a~ounts of rooj anj iodine 

oonsu~ed in the different esperi&ents, 



titnea as long as when the tadpole• were ted the sane 1ubstanoes under 

Wal"nler oonditiom, on the other hand, no ditterenoe 1n l"ate ot meta• 

mo~phoB11 waa d1soern1ble when oontrol (A), oalt th1roid lB), raw beet 

t~oid (0), ooOked beet tb1roid (D) or pig th;rroid (B) we:re fed u:nder 

similar variations ot temperature. 

'.l!uruing to the ctutition aa to what, 1:t any, relationship there 

was between the atage ot development l:4ttainsl end the food and iodine 

o c:oisum&d• we have this 8J'aphioa.lly I mwn in .Fig. whioh 11 baeed. on 

tl:le information oontaintd ln ~a\)le1 lY, VI and Vlll, !fb9 line repre-

senting the stage ot development reaohed ie that ot the aveitage tor 

tha three aeriH J., B am o. :Both the total and dail1' iodine lin•• 

are drawn 10 thut tht higher the point is the more thore was eahn. 

\llhile the food line 11 Ju,t the revere•• the higher it 1•, the le111 

there waa om1umed.. fhe experiment• are rearranged in ordoJ:' to make 

a regulur oune tor the atage or dtTelop!lent 11~. fhe total amount 

eaten 11 mitted tr~ th• graph beoauae it eo oloael7 follow• tblt line 

~or dM.11.y toed, 'bei~ one-third ot a 1pao• lower tol' oxperlmenh O and. 

D, but o therwi N aaGUJ tlW aame. 

~here wu a oloae :rela:tionlbip between the amount ot tood., both 

total and da111, omeumed and th• state develo;pment reaohed, a.a theee 

two parallel eaoh other 'luite oloaely through all the experiment•• 

~he totll.l amount ot tood omaumed would :rkiturall.1' be olosel;v anociated 

with the l811gth ot time tht experiment was oan1ed on, bl.lt thia does not 

appl1 to the daiq a oneumption. :ibe exper1men1ia ted A, oontrol, B, oa.U' 

tbJro1d., o, raw beet tbyl'oid, and D, oooke<l beet th1roid, oonaumod dia--

tinotl1 l~raer ot tool tlu&n the other experiment,, thoao tad 

.B, pis tbno1d, lagging only a aho:r't dl1tanoe beh1m, 'Hile \ha io,, 



49. 

while the last three, F, dog thyroid, G, Parka Davie and Oom~'s 

thyroid, and H, Armour and uompa.ey' s thyroid I were muoh behind in 

both daily and total ooneumption. A& stated before, thia laok ot 

food consumption was due to the tadpoles in these three last experi-

ments retusing to eat anything after the first tew deys of the ex-

periment. ~hey ate as well and irobably ae muoh tor the first :f'ourth 

of the time they lived, but a.tter that were seldom seen to eat at 

all; and ~t they oontinuad to metamorphose rapidly1 beooming per--

oeptably smaller and more frog-like ea.oh da1, Food oonsumption in 

the tad.pale is probably dependent upon the oond1t1on ot the alimen-

ta.rr oanal, and thia iu turn servea ne a ma.asure of developnont. Just 

as the alimentary traot shortens so does the ability to eat diminish. 

1.rhia 1s oorrelated with the natural te.ot that must take plaoe as the 

animal undergoes ohallges tram ada.ptation to one kind ot food to adap• 

t11t1on to another. In the experiments mentioned above (:1, G and H) 

thie obange in the physiologioal oondition ot the alimentary oanal 

was evidently due to the exoesslve amount ot iodine oontained ln the 

food. 

\'lhen it oomes to tho question or whether or not there waa en1 

oor~elation between the stage ot developnent reaohed and the amount 

ot iodine aoneumed, a.t1rst Blanoe at Fia. 2 mlgbt lelld one to sa1 

there was none, but a oloser stu~ diop~oves this statement, 

rirst, taldns up the total amount of iodine oonaUlll&di this 

naturally will be related to the total amount ot toocl eaten ancl. to 

tba per oent ot iodine 1n the partioular food. !Chis aooounta tor the 

deoidedlJ larse amount of iodine eaten b1 ex,PQriments B, ted oalt 
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th~oid, and for the very small amount in experiments A, oontrol. 

With these two exoept1ons, the total iodine line tollows more or 

leas oloeely the developnental line, but not ~uite as oloaely as 

does the food. line. 

~urning to the dnily amount ot iodine oonewnei in enoh oase. 

here we tind that experiments A, control, still had the least oon-

aumption, wt experiments l3 had drop1>ed trom the highest to the 

tifth plaoe, However, both A. and B show the moat mnrked variation 

from the developuental line here as in the oaee ot total iodine oon-

sumed. But on the whole, the daily iodine line 1s oonoidersbly 

oloser to tho develoinental line throughout its lensth than the 

total iodine line 18, and wl th thG oxoeptiona ot exi»rimenta A nnd 

B, its points approximate the develo,1X11ental line olo1er then tbe 

food line does, 

Wey experiments A showed~ high degree ot development.ea oor• 

related. with a large amount ot tood. and a 1cm amount; ot iodine eaten 

while exper11118nts » showed a low eto.te ot dovolorinent ool"itelated with 

a large amount of tood and a high amowt ot iodine ooneumed is not 

olear, These were both exceptions to what seems to be the general 

pln:n ot moro developnent being aasooiatecl with pmall amounts ot f'Ood 

m¥1 large amounts ot iodine eaten. .iiegardins the » experi1?1ento, it 

1a possible that the age of the tqroid ted was reapone1ble, a1 all 

the remainder were ted. thyroids taken from 111Bturo animal• while that 

used in the units B waa taken :trom oaJ.Yoa. i'hie would mean th$t 

either tho iodine oontent ot the oalt tbJroid was in oombination with 

other thitl61 whioh made 1t lePB avai la.ble for use by the tadpoles, 



or some element usually nesooiated with the iodine was less abundant, 

or some repressing (so rar ~a the iodine or iodine-oontaining ele-

ment is oonoerned) substonoe was in the young thyroid, but not 

present in the old. 
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llUBRDIEmS ON BABA .PlPI.BNB 

!rho exporlmente on liana pipiene were carried on dw-ing thfJ IS'\U!ll)f)l' 

ot 1920, the first being started. June 20 and the lllst one oloaed Jul1 28. 

'l!he first five series, D, ~, •'• u- and H, ware run t~ the pu-pose of 

determining tho effaoi of feedi11g ditterent kinds ot thyroids to tad-

poles ot thia species aud recording the varlatioua, if any existed. 

::ieriea .K and L were pertormed in oiuer to detendne whether or not tls 

UlllOUl\t ot water in which the speoilnene were kept during the experiment 

h&d 8n1 etteot Oll the results. !l!ha;y were all oonduoted in the room in 

whiob bhe previously described aeriea .A. and O 'Were performed, all the 

oonclition1 being 1den~ 1.Gal with the axaeption ot the focd tomula and 

the dae ot the oonte.iMrs. ~he t'ocd waa p.rexared under fo:nm1la B, 

A.a the tadpolea ot Hana pipiene are niuoh smaller than thoee of .Rl:W.li 

oateeblww., emaller dlahee were uaod. ~hose tor urlea D, .i, r. G, .a, 
and JC were about five inohH in diumeter and halt ut deep, oaoh bolng 

tilled Yi th 11pproxilDately 200 o. o. ot nter. ,;..·or eerie a L, larger 

ahHJ.low dishea eight inobes in diWMter were used, in which 1000 o.o. 

ot water wa1 pl.aad, 

~be -tadpolea ot Hana plpiena develop into troga during tho one 

1ee,10ih OonHfiUenUy a aborter time was neoeuar~ to complete a aerlu 

ot oxperimenu. lt will be noted thut moat ot the s:peolmeno used 

ha.d. :rud.llllOnt~ hind loge pr~aent when the experimante eta.~ed, a oon ... 

dition not tl"U& in 1'8na o~teabiaua, 

ln de1iGm1n1t,g the 1t888 ot developnen't reaohed. in tho d.i.ttennt 

experiineno. it waa tound tiu..t the l'Dl)thod. ueed in the ~perimenta on 

th• bull frott w-.1 not 11&th:t6'otor~ ln the oase ot p1pione, Oonee-
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quently a neN method was devised which baaed the determination large-

ly on the ratio between the body length aul leg length, but also took 

into consideration the length of time the experiment ran, That is, 
Ji b x o = 'I, where a e-1uals body lengths b equals hind leg length; o, 

number or dn:911 the experiment ran; o.nd y, the atar:e of developnent 

reached, ~he smaller 'I is, the more advanoed la tho atase of meta-

morphosis, ut the several leg measurements, those ot tho hind legs 

were chosen because attar they stnrt to develop they grow ocntinu~ 

ously durina the lite of the tadpole and ore always in plain eight 

and easily measured. In aom'a tew iustenoea other meueuroment,s were 

alao used, eapeolally the intestinal lenath and that ot tho fore legs, 

but these were only oonsiderad when the reaults trom the above tormu-

la were cloa&. Baoh experiment, oxoopting those in aerie& r, oon-

aiated ot ten speoimonu, making a total of eighty tadpoles usod ln· 

eaoh aer~es. ~he re1ult1 aro disoueaod below, 

8.KRI!S D. 

eeriea D, on :Rana pipions, was ,tarted uune 20, l~~o, and was 

oloaed JUlf ~o. ihe results ot these experiments are ahown in ~ablea 

IX and X, 
At tho oloae, the experiments fell into the following ordel* when 

olassitiecl as to stage of dovelopment reaohed, tho one ehowing the 

elowest rate oomlng t1rat, ou. DA,~», ua. D~, DH, DF and oo. These 

arranged thom1elvea into two diatinot groups similar to those tound 

in the previous aeries, tho t1rat five being dietinotly leaa devol-

oped tbo.u tho last three. ~ak1na up the 1t~ns enumerated 1n 

~able X, their relation to the order ot develOl)UIEllt 1s as followa, 
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Developuent (baginnlllg with leut) DO' D», J)D, DB, D.E, DH, DF. DG 

!rotal tood (beginning with moat) DB, DE, DA, DD, DO, DP, DH, :00 

Total iodine (beginningwHh le1:1stJ DA, DO, DD. DB, DE, DG, Dr, D:B 

Da1l7 toed (beginning with most) DB, DA, DB, DD, DO, DF, DG, DH 

Daily lodi m (beginning with least) DA, DO, DD, DE, DB, DB, 00, DF 

At the start ot the experiments, the speoilll8:na o~ the di:r:terent 

units a.verasvd ver1 neari, the sane si~•h those in DA were sllghtlJ 

larser than the rest, while those in DD and DB were somewhat emoller, 

but these ditterenoes were ha.rd1y great eno~h to atteo~ the results 

a, shown b1 the taot that the Ullit D.B forged ahead into t1ttb plaoo b7 

the end. ot the experimenh in spite or thla initial handicap. 

Regarding the total amount ot tood oonewned, as Bhan in !fable x. 
there waa not a great d.eal ot dltterenoe motlg the first tive axptr1-

Jtient•, DA., DB, DO, JlD and DBt am. the aaqie oon be said ot the da1l7 oon• 

e=pUon, ~he unu DO ate the loaet in both ina-tanoes, while Dl3 uaed 

tbl moat. ll.'You it the dittarenoe is not great between theae two, ;yet 

1\ mu.to be talmn into ocnaideratlon when the ~ate or na-tamor:phoaia ii 

oons1darod, as the tormer developed to a les• degree than the latter, 

aa Hen above. fbe laet three uni ts, or, DG, am. DU:, oonaumed rnuoh 

le II toed thlG. the t il'at ti va. :lhi1 ii with tho 9hort time 

thor 11ved.••e1ght to otnon d~1-•a1 compared to the znuoh longer period 

ot 11 te ot the tirat ti n••twenty-thl'ee to twent1-seven da19. Alao, 

the unite 1>1, ])J and DB aoted vor;y muob like the oorrHpondiJ:8 oxl)G:rl--

mont, on Iuul.11 oateabiana did• •iheJ ceased. teeding lhortl1 attor the 

expori•nta were 1tan14, anl la7 intl't in tho bottom ot their omta!inera. 

·l1ht ,_. groupiag that waa aeon tor tood oonaumption doea n~ hold 

litlen tho total mnount ot iodinB 1a oottal.der1d. ~tho unit DB lead with 
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DF, ro, DE aix1. DB tollowing in the order named, while the remaining 

three, DA, D.Cand DDt were a oonsiderable distanoe behiul, ~his oon-

ditlon 1a oorrelated. to tbe iodine oontent ot the :tood Bild to the 

amount eaten, When the daily iodine oonaumpt1on 1• ocnaiderad, the 

number ot days the experiments ran comes into the consideration, 

Here we tind that Di' and DG were away in the lead, with DB and DH 

following with approxitnatel;y half as muoh. while the rest had a oon-

sidera'bly lower amount, 

At the 010ae ot the axperiments, thero was a general in'V8r1$ oor• 

relation 'between the amount ot !ood oaiawned. and the atage ot develop-

ment reaohod, but it waa not universal, -as DB, ted oalt t~roid, oo, 
ted. raw bnt th,roid., aJ:¥1 DB, ted. pis t~oid, wore all 1xoeption1, 

But with tho exoeption ot DB, there waa a mat'k&d tendeno1 tor tllo1e 

whioh NoeiTed the moat iodillo, both a1 to total ani de.iq atnounta, to 

clevelop the tastut. Tbh el:.lllle tendeno;v for' the experiment that wa1 

ted oalt t~id (DB) to show leas developnmt in t:m prasenoe ot high 

iQdino oon1umpUou was notioea'blo in the ~porimenta on Rana oateebiana 

as well aa here, 

ilbe apeoime:aa used in aeries D a.1 they appeared. at the oloee ot 

the experimnte are ahcrm on Plata 111. t18•• 32 to 39 inolusive. 

i?hert wae a great deal more ind1T1dual variat. 1on apparent in thia 

a_peolea than in the bull•trog, aa sosne ot the 1peoi.JDen1 reached th" 

trog •tase and die4 while others still resembled halt grown tad.polH 

in e.11 respeoh, Thia waa probably due to individual ditf'orenocu re-

gar<liJ:18 the ratee ot metaboli• and ot develolD)nt. 111 tome oaaoa 

there waa probably- a ditterenoe in tbe o.goa ot the ditteront e:peolmn1 

at the beginning ot the 1er1ae, 
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SERI.ES E. 

aeries 8 on ~ana. pip1ene was run as n parallel to series D, 

all the oondi tions boinr, the same. .li.X:periment DA was used ns the oon-

tro l for thie aeries also, but is here listed again au BA., ~he re-

sulte are shown in Tables XI and XII, 

At the conxnenoement of the experiments, tho average sise of the 

BJ?80imens in the different uni ta was liui ta uni"fonn, On the whole• 

they averaged slishtly larger t~an those ueed 1n series D, the larg-

est being in units b.:t!l and JiG, and tbe smallest 1n th& omtrol, l!A. 

At the end of tM exp,rirnanta, the unite took on the following 

order, putting the ex_perilnent showing the least developnent t1rst, 

.NA.t s:J, lID, isB, ~, Jili, .!SH and Ea, !"rom a study of the tablee and 

ot Plate IV, figs, 40 to 47 inclusive, whioh show photosraphs ot tbip 

aeries, it will be seen thnt the units group themselves into two well 

marked divisions ugaln, as in all previous eeriee, the last three 

havins develo_pod muoh taster than the first i'ive. 

~aking up the itCllla oovered in ~able XII, their relation to tm 

order ot d.nelo:puent 11 aa follows1 

Develo1nent (befjinning with leaet} EA, m, .ED, JIB, D, 18', mr, m. 
1'otal food. l beginning with moa,t) &, EB, KO, .rm, m, mr, HO, BF, 

Total iodine (baginniIJ6 wi~h least) .!$A.' .w, A1>t .Rili' J:1]'' ~B, KH, .W, 

Dail1 tood l boginn1J18 with moat) Jffl, w, n, .l!.Q ' .sIJ, xo, RF, 

Dail~ iodine (beginning with leaat l Ji;!\ I BO, ED, .Im, .EB, Br, BH, J!G, 

Here in aeries~ tho total toocl ooneumecl 1u the ditterent ox-

:perimanta rune almost i:ara.Uel to tbe ata.ge ot dovelopne:nt, tho most 

being etlten b1 those ah~hig the least ad'Yanoe in rmtmnorphoala. Tho 

oorrelation botweon do.Ur oon1unipt1on and rate ot develo.}.'Jl1~t 1a not; 

t1.Uite so olosa. ltecarding the iodino eaten, both 1:1.1. to dail;r and total. 
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amounts, there ie a rather olose oorralation in Position, the former 

being exa.otly the sam exoopt for a alight shifting among the last 

three units, while in the latter case, thie shifting includes the 

last four experinents. 

::a.'urning again to Table Xll, in regard to the total amount o~ 

food oonsumed: there ie no great differenoe mnong the first five ex~ 

perimanta, JSA, .w3, .!SU, ..is"D ani iJ!l, but all ot the last tbreo units, 

hr, .W, and JSH·, fall below thee e to a marked extent. Aa to the 

daily tilllOunt, the eame iB true, but we find a somewoot lnrgar vari-

ation in the first group, and the amount that the last three oon-

swned is not nearly as low in proportion as when the total ill oon-

siderad. .tJoth theeo raots ure due to tho ditterenae in the numbor 

ot daya tho experiments were oarrled on, ln the first group, the 

time extended trom twonty-tive daye ln the oontrol, BA, to twenty• 

one d~s in ~B, tad oalf thyroid, while in tho second group, the 

uni ti, were tad tor a.bout ll thi :rd aa long, 

~he unit -1!1} oonsumed the largest total amount ot io~ine, tol~ 

lowed olosely by Jill and BB, .Next oame tilt' am with approximately 

one-halt ae large an amount, followed by AU, iJJ and AA in that ordor, 

But thia order was not retained when it oame to the daily oonsumption1 

ago.in duo to the val'iation in the number ot days the ditto:ront unita 

were onrried on. Here we tound. tar in the lead, followed by m 

and Sir. ~'hen attar a oonaiderable gap oamo tha remaining tivo in 

the aamo ordor as when tho totul amount woa oox111iderod, 

As in aeries ll, there was oonsidurable variation in the rat& 

ot mota:norphoeia iin each exp,riment. ~hie la shown on Pla.te IV, tigas. 

iO to 41 inolueive, 
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SE!UE:J F, 

Beriu F •,a1 on Rana P1p1ens, a?ld wae started on June 20 ,1920, 

atil oloaed Jul1 .20. 'i'hia series was th9 saroo as aeries D and. B in 

every way exoept that the unit used was aeven in eaoh experiment 

instead ct ten. Dl was used as the oontrol tor this aeries ae 

well aa tor the two preoeeding, but wae here oalled FA. 

DUe to the taot that 'baoterial infeoti on started in experiments 

iB, Y<>, YD am FB and killed twenty-one of the total twenty-eight 

speoimena in tbese units six. diqa attar they wetre started, the re .. 

11ulh obtained 10 ta:: t~so partioular were ocnoerned wore 

ot no Yal.ue. fbe recnaini three, l"F, iG, and ili, were not a:rteoted 

by the ba.Otena. TheJ developed at approximately tho seine rat& as 

tl:18 oorreapondi unit a in uriu D and ~, and their arrangement at 

the oJ.ose of the ox_periintnh wu in the tollawing order, beginning 

wl th the one I howi~ the leut rapid.1 ty o-t dnelopn$nt I i"G, :rP, i'll• 

!the re1ation1hip between rate ot develoPDOnt an~ the 811ount ot 

tood and iodine ocn,umei ii shown below, .. 

Developnent ( beginning w1 th leaet) l!'G, FF, FH 

Total tood (beginning 111\h J11011t) PF, FR, i'G 

~ot&l iodine (boginniq with least) :ro-, i'H, .,., 
Dail.J tood ( beginning witll mo,t) B"l", I'll, JO 

Daily 1od.i~• ( beginnin, w1 tb lea1t l l'H, 11, YO 

!nh.e , .. ul'ts ot tho ox,pedJ11Gnta o~ thia aorio are Offlitted tran 

the gener.i di10"11111on ot tba 'Yt'Cll'k on Jwna pipi,ms • and the ta'blt• 

are not included. beoauoe o! tbeii U111aU11taotoey nature. 
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8ElUES G. 

!fhe experimetnts in series G were on E:ana pipiens, and were 

started July 7, 1920, and weie olosed July~. ~hey were carried 

on under the sane aonditione as tbe torrner series D, E and r. 
~hey oonsiated ot ten specimens in eaoh unit, ond were red under 

formula .B, Ta,bles XIII and XIV give the results in ta.bulu.r tormt 

and £late V, figs, 48 to b5 inolusive ahow the ap,oirnena at the 

olose ot the exJ)Elrimente, 

~heae were all smaller tadpoles than had been used in the pre~ 

viouu experiments, and probably- d\1.e to this their metamorphosia waa 

aomewbut moro rapid, Aleo the mortalltf was greater tban in previous 

aeta, exoept in the oaae ot series~ where bacterial trouble set in, 

fhla high death rate was probably due to the ame.11 siae ot the speoi-

mene, and u.lao to tho high temperature during July, the control, GA, 

tared worse tlwn any other single experiment, and it was due to this 

:f'aot that the lot were oloted a week betore 1~ was orlginall~ intended 

to do Po. For these reasons the results uo not as truetworth3 as 

thoH shown in aerlea D and i:i, ~he bottle oontoJ.ni~ the epeoimena 

:from GB was bronn in transportation Wld. tho 11peoimens dri&d. up. It 

waa impouible t.o exwnille tho intemal organs in this inatanoe, but 

the external meaeuremonts were taken a!ld they are used ln estimatlne 

the rate ot developnent, fhe aamo method tor detonn1n1ne the rato ot 

developnent was used in this aeries and tho tollow1Dg one ne in aeries 

D and .w, but here the ohortneu ot Ult time tho experiments W8l'8 ul .. 

lowed to run amd the immatur1t1 of tbe .speoimena at the eta.rt made it 

appg.rent tbut the rnul ts obtained from the use ot the tomulR 
t x o • y m,re not aa ~oourate ua in the oasea ot the previoue seriea, 

~aking thi1 into ooneideration u st\Ul1 ot t.ho 
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dimensions leads one to oonoludo the order of devalopneut at tb& 

olose ot the experiments was as tollowa, beginning with tbe ono lbow-

ing the least Jl)8tamorph01i1s GA, GB, GD, GO, GE, GH, S(J, 08', 

Oornparing this order with the tood aa,i. iodine ea.ten aa shown in 

fable XVII, we get the :tollcwings 

Development lbeginn1Dg with least) GA, GB, GD, GO, GE, OH, aa, GH 

'J!otal food. (beginni"RS with most) GB, GE, 00, GA, cm, GG, GB, GF 

total iodine (beginning with lee.at) GA, GD, GO, GE, GF, GB, GB, GG 

Daily food (beginning with ?1101t) G.Bt GA. 1 OB, GO, GO, GD, GB, GF 

Daily iodine (beginning with leaat} GA.t GD, oo, o~, GB, GF, GB, GG 

Again the experiments fell i:nto two groups, the one lhowing tbl 

l•a.at development oonsilUng ot GA, GB, GO, GD and G.B, while the oue 

allowing the more advanced stage ot mo.tmor}lhoaia 0C11tained the last 

three, Ul", 00 and OH. ~his it ln lino w 1th what ooourred in al 1 pre• 

vioua ael'ioa. Al10 tbe 1ingle experiment, GB, oon1U1Ded an exoeption• 

ally larse amount ot iodine, both toioJ. and dail7, a condition ehOft 

in all preTioll1 unit, Whore oalt th7J'01d (B) wu ted. i'he amount ot 

to od eaten, both total a.m dail:1 • app,u.ra to have had 11 t tle oorNla--

t1 on with tbe rate ot dnolopnen,, a, n Yaried in one experiment in 

one direotion and ln the MXt in \he. opposite we:,, But in resal"d to the 

amo-unt ot iodine om1lWGd1 with Uae aingl• oxoeption ot GB aa Juat 

1\ated, the relationship between 'both the total and the dai].J amount& 

am the rate ot dneloP110nt ,ra, exoepUmally olooo in all the unite, 

l¼oing into the \luution ot tood more in d•tail it 

will be seen trom fablo XlV tbat tho ex_peril21ent OB ate nearly twioe a, 

muqh tood. both a• to total and daily wnoun\s an &Jl¥ other alnsl• unit, 
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Just why this grou.p ate so much is not olear. .i!xoept for this one 

oaee, there la no decided di ti'erenae wnong the group comprising the 

tirat f'ive experiments, GA, UB, uo, GD am GE, in either total or 

daily amounts. ih8 seoon:l group, comprising the last three experl-

menta, Gr, GG and GH, ate a nr~oh smallor total W!lount of food, but 

due to the fewer days they ate, the daily amount is little less (none 

in the ooea of GG) than the lowest ones of the preaeeding 6roup. 

In regard to the total amount ot iodine eaten by the different 

units, 00 was well in the lead, rollow&d. by GB, GH and Gi' in this or-

der, the remnining tour experi111ar:1ts being tar behind these. ln daily 

a cxnaumpti on of iodine, the sane order ir evai led except that GB !ell 

below both \¾H snd l¼F, due to i ta having been red upproximatoly three 

tini.e a1 long as the other two • .Here again, us in the oaee ot the 

tots.l oonaumpt ion ot iodine, the rema.i nlll!: tour unit. f'oll a long 'W818 

behind th& others. 

is. stuq ot .Plate v, :figs, 48 to b6, shows there was little varia-

tion eaaons the ind1Yiduala ot the single experiments in t:hia aeries, 

this being in marked oontra.st to the oonditiou prevailing in the two 

proviou, ones, ln this o~se, the reuon tor roore uniformity 11 proba-

bly due to the taot tho specimen.a were tn"Uoh more nearly the 1iwe in 

a11e -.t the oormnenoecnent ot the experiment, tbt.n they were in el ther 

aeries D or .r.i, ,Uao, a ran tor n tourth lees leicgth Of time 

thu.n did. the two preoeedi I8 onee f hQnoe, tbey bad lesa time to dovelop 

incli"fidunl variations due to d1 r.toront metabo1io .rate,. 
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BEIUFB H, 

:.:he experiments in series H were parallels in every way with 

those in aeries G, and experiment lJA wus used tiB the control ror aer-

ies li also, it being designated as & in this diaoussion • .!a eta.te<l 

bef"ore under series ll-, the oontrol used was not very aathtaotoey, as 

the mortality was u.bnormally high, ouusing tho olosing ot thle and tb& 

previous series a weok be:rore the time intended, :thit togethor with 

the SJIJall size ot the specimens used made the resulte obtained leas 

aoourate thtln in series » am .G which oovered thh .smie speo188 , The 

results u.re sh.own in ~ables i..V and XU and tho apeolmene on Plate vl, 

i:ha same methods o:r estimating the stage of mnturHy were u1ed 

aa in series o. Beginning with the one showing the lea1, doYolop-

men~, the :following was the order at th• oloee ot the experlmnu1 
HE 

HA., HO, HB,"Jw, .till, lil' and HG. 
At the be8"1nn1ng ot the seriea, the ditterent uns.ta avora.god 

nuarl1 the same si1e, At the oloae oompi.rill8 tbo rate ot danlop-

ment with the :tood and. iodine eaten aa shown 1n ~able XVl, we badi 

Developia,nt (beginning with loatt) BA, BO, BB, lll!I, HD, RU, RP, lb. 

1!otal. :tood (beginnillg with moat) HO, HB, BA, HI, HD, llBt H'F, BG. 

Total iodine (beginning w1 th leaetJ DA, HD, HE, BO, BB, Bl', m, mr, 
Daily tood (beginning wlth moetJ HO, HA, HD, H:I, DH, Ml!', no, Bl). 

Daily iodine (beginning with lea,t) BA, HI>, UE, W, HD, JD', HO, RH. 

ln stud.Jing this comparison, iii will bo 1oan that 10 tu aa both tot.Al 
and daily oonsum_ption ot tood were oonoorned, \bore wau n 01010 oorro• 
lation between these and. the rate ot develo,PllOnt oxoopt 1n \:ho aa1e ot 
daily food in experiment rm. Both tho total and dall.1 •ounta ot la-
dine ea.ten ahowod oonaiderable v,uoianon trom th& rote ot dovolopnen\, 

'.i!he experiment :tod u, oalt ~oid, did not. ao\ in ih u.aual 11uumol", 

'.i!his tood ganerall1" eeomed to c,.auH a alo,r 
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ra.te or metamor,phosis in previous series, but the large amount ot 

it eaten resulted in an abnormally high iodine oonawnption, both a11 

to total am. daily amounts, when tmae were ootnpared to t.ha stage ot 

dovelopnent reo.ohed. In this series the unit HB ate more than 8ll1 

other experiment exoept HO, and the total amount of iodine oonewned 

was surpassed only b;y HG an:l HH. However, in tho amount ot iodine 

eaten daily, ex:periment RF was also above it, 

With minor o.banges '11 thin the divia ions, t 1am1t maJor group-

ing or experiments aa to rate of developnent and ae to tho amounts ot 

food and ot iodine ooneumed was toum here as in the previous aeries 

G, Aleo, a1 in thh previous ael"iee, there waa very U. ttle varia-

tion amons the individuala ot the experiments probably tor tho ea.ire 

reasons, Photosrapha ot the specimens in 11eriea li taken at the olo ea 

ot the work are shown on Plate VI, figs. 66 to 63 inoluaive, 

BEJUES X Al'iD L 

Series K and I, ware run •• parallel soh of experiments in order 

to aaoert.ain whether or not the volume ot water uaed had M1 etteot 

on the re1JUlt1. aa it had been dlsoovered that the otteots ot teed~ 

1Jl8' dog th1roid and Parke, Davi I al¥! oo. 1 a am Armour and oo.' • propa• 

were the DlO et rapid 111 oauains premature metamorphosil, theao 

three were ohoeen aa the food• for thi1 OOIB,P&l'aUYe 1tud1• !l'he 0011• 

di t1on1 under whioh tbuo wtro oa.rrie d on were ldontioal with tho1e 

ot aerie& D, B, 1, G and H exoept tor tba volun,e ot water UHd, ~he1 

were ted under tomula B. The axporimenh 1,i ,eries JC were ke~ in 

ahallow dishes ooutaining roo o.o. ot water, and tboae in series L 
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wera 1n dishe1 oontainl.qr 1000 o.o. ot water. The latter oontainera 

wers larger than the former, so the depth ot water in both was p~ti-

oally the smne. 1.'he water was oe.re.tully l'D8aaured eaoh dey as ohanged. 

They were started July 3, 19~0, and i'inally oloeed Julf 14. However, 

eaob pair, exoept the oontrola, were oloaed on the d q when tbs last 

speoimen in one ot them died, f}ll;\t ia, as soon a, the last epeoimen 

in an u_pei-oiment died, the remaini~ spi,oimens in the corresponding 

exporilllent in the other aeries were killed. 1.'he dates of olos1ng 

:tollow1 
KA and LA. on Jul1 14, ten XA and nine LA killed, 

Jill' and L'1 on Jul.1 10, ten Ll!" killed, 

KG and LO on Ju11 ll, ten .LG killed, and 

KH and LR on JUlf 14, nine .LH ldllQd.. 

The retulh of these experil:Oen ta are shown in '.Cables XVll to XX in .. 

olusive. 

In oomparilJ8 !!!ables XVII and XIX, it will be aeon that the speoi-

mana in the experiments were praotioally the same ahe at the start, 

and that the oontroi., XA and ~. wure the a1:111e at the end, LA 

oo uld be oonaiderfd aa somewhat more de·nlaped than KA. On the other 

hand, w1 th tbe pouible exoeption ot length ot 1nteat1na, n, KG eDi 

lOI were ttArkedlf mo re ma\ure in all reepooh t.han the oorreaponding 

Lr, LO am LR. Aleo, the taot tb4t the epeoimena in the oxper1100nt1 

ln aerie, JC, with th• ex:oeption ot the ooo~rol, reaohed their max.1mwn 

atage ot de'felppnant possible under tho experimental omditlona and 

died betore tbe oorrespond1%8 one1 in 1eriaa L did, would iniloatt 

the aame. Still turther, an txansi ration ot Plate VU abow1 the •""• 

oond.1 tion nthout question. From tbeae tao~e, it ii evident that aorh• 
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x, with t be exception ot .KA, the control, developed more rapidlJ in 

roo o.o. ot W&ter than did series Lin 1000 o.o. 

~urning to the amount ot food and iodine oonaumed in the oorres-

pondiug experilllents as shown in Tables XVIII and XX, it; ia seen that 

the K series leµ the L series in amount eaten with the oxoepUon ot 

lm and LR, where the reverse was true, In the oaee or KP and LF, 

however, this lead was eo a light that it probably had little to do 

with the reaults 9 but the sane oannot be said o~ KA and LA, nor ot KG 

and LG, In both these oases the K ex;perimants consumed from two to 

tour times aa muoll aa the corresponding L ones, oertainly eno~ to 

aooount to-r any more rapid develo!)?Daint the fomer may have shown, A• 

atated bef'ore, KO developed more rapidly than LO, but it wa1 hard to 

dhtinguish much 6.itterenoe between the speoimen.11 in XA alJi LA, tbQ 

h'O oontrola, at the oloa& or tm oxperimants. so it 1a evident thai 

at lea.at in the oases where dog thyroid (li') sud Annour anl Ooi..'• 

t~roid (B) were ted, U wa1 not tbe greater BZIIOunt ot tood oonBW!led 

that oauaed tho more rapid deTelopnent, but it muat have boon the 01117 

other variable \i'l18lltit1", tbat ia, the 81\\0unt ot water in whiob tho 

a_peoin,ena were kept. 

~urning to a II!Oro detaited etlld1 ot events in oonneotion with 

these two aeries, attar the first two dqe tbe oxperimenh were oar-

l'ied on, with th& exoeption ot tbo ocntrole, KA. ai,:i LA, little too<l 

was o OI1aumed in any ot tba unit a. '.L'ha t ill, al.mo at all ot the tood 

aot~al~ eaten by the tadpoles waa oonaumed dUl"lng the tint two da11, 

Atter that, tho ipooimen1 1tayed on the bottom of the oonta1nera, 

motionlue praotioal.ly all the time except when diatur'bod. '.L'lw tlakH 

ot toad were plaoed on the aurtnoe ot the water dirootly atter it bad 
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been ohanged every morning at ten o'olook, ~hey floated the:re until 

they beosmo water logged wha n the eWlk to the bot tom of the di sh, 

and rEmained there until they were removed the following morning. 

!!!ha 4ueetion arises as to :just why the speoimone in the 

smaller amount ot water developed eo muoh taster than the ones in 

the larg1;1r amount, lt seems to the writer that the only answer to 

this is to assume that some notiva substanoe whiob oauaas aooelera-

tion ot metamorphosis in the tadpoles had dissolved out ot the food, 

and that this was naturally five times as concentrated in the ex-

periJ'QElnts ot series K as in those of series L because it was in ona-

f'ifth aa muoh water. lt aoted through the bo~ wall and ~qibranas 

ot the tadpoles, ite action beins the 11ame, with the poasl ble exoep-

tiou ot apeed, aa when taken into the alimentary oana.1, ~he epeoimens, 

uer1ea K, ln the more oonoentratod solution would naturally reaot more 

rapidl1 than those, series L, in the weaker one. Thnt the larvae of 

frogs and toads do not swallow water bu.t rather absorb it through tm 
integument is tho oontenti on ot .13oulengor ( 1914), wh1oh is in line 

with the above ocnolusion. Aleo, awlnsle (19190) parrozmad some ex• 

periments on the larvao of Buto lent1e1nosue in wh1oh he did not vary 

t,ha amount ot water in whloh thor wore kept, 'tMt did plaoo them in 

solutions aonaldt1ng or d1fforont oonoentratione of iodine with tha 

result that ~oae whioh obtained the Moet iodine motamorpboaod the 

moat rapidlf, !fhla would be in line with the present re11ults, oxoept 

th.at hore it ls not olear jU8t what the aotho substanoo le that dh-

solved out ot the food nnd. oaueed tho apeedin« up or m1tamorphosin, 



However, it is ~uite olear that this aotive substanoe was either 

iodine or aome oompound ot which iodine was a part, ae a ohomioal 

analysis waa made ot the Parke Davia and Oom:pany' a thyroid preps.ra-

tion (used in the preparation or toad G) ntter it had been soaked 

tor twelve hours in water, then thorougbly dried and Bround to a 

powder. 1 t was found that the iodine oontont WBB onl~ 0.112 

par cent where it was 0,40 per cent beto.ra it wae soaked, At tho 

end of halt the :period the food was 1n tba wator, almoet tbree--

tourthe of the iodim oontent had dissolved out, !iha eeme mothod 

ot making the ohemlaal analysis WtlB uaed le re as in previous oaaee. 
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8UM!r!ARY ()11' EXPERIMJilf.ra <lr Rtitr.! PIPIENB 

A B\Umna.ry of tm results of tb9 e:cperiroants on Rana plplena 

entails a comparison of the series D, g, G and H. ~his is graph-

ioally shown in fig. 3 where the letters represent the kill4 of food 

and the numerals the rank of the ex}?8riment in relation to the other 

unitu. ~he lower the number ie tbe slower the rato of development 

was. As stated before, the regults or aeries~ are not 11~luded in 

either the graphs or the disouesion following because, with tho possi-

ble exoept1ons of the rF, FG and YR experiments, they were question-

able owing to baoterial aotion. 

ln those seriea all ot tho oo ndit1ons under whioh they were 

carried on were identioal with the possible exoeption~of temperature, 

hven in this reepeot there was less than half a degree variation be~ 

tween tha a.verase tor series J> and .is on the one hD.M am series 0 

and non the other. 

~here was muoh lees variation between tho ditterent eeriee in 

the oaee ot Rana pipiens than was seen in the experilliants on Rana 

oateabinne.. !ehe largest differonoo was in tlle oaee ot those tod o, 

raw beet thyroid. On the whole, with thi& 01» exoeption, the rate ot 

develo,lllllent amor.e similar units in the dittorent sorioe 1a remarkablf 

uniform. ~he avero.se rate ot developuont !or all the tour series le 

aa tollowat beginning with tho one showing the alov.iest rates A, oon~ 

trol1 u, raw beet th11"oid1 B, oalt thyroids D, oooked beet thyroid& 

-H, pig thyroids H, Armour and oo,•s thyroid; r, dog thyroida o, Par.ko 

Davia and uo.'e thyroid, 

In :regard to the relationship ot the, rate of devalo_pmant to tho 
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A F C D F F G H 

Series D --- Serjes Ir,- - -- Series G •-······· 
Series H---- Average----

Fig. 3, E,r~arhents on Rana pipiens. Graph shod ng 

the comparative sta~es ot devel~pment reached in the experi-

Eents oo~prisin~ aeries D, E, G and H; alBo tbe average tor 
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and the amounts of food 8Dd iojfne oonsu~ej in the jifforen~ 

e,cperiruent.a. 
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material eaten, we turn for information to i!ables IX to XVI in-

olusive. fha averages of tbe total food and the total am dall~ io-

dine oon8Umed for the tour series was taken, am. tm graph shovm in 

fig. 4 was made from theae, 'i'he e.ver888 rate ot dovelopme11t for 

the four series 1a uls o sh~, the experiments being ~rranged so 

that thie line Will form a regular curve. 'iha ourve for the daily 

food was omitted beoause it follows so olosely the total food line 

that the one m,q be oonsidered as standing for both itans for all 

praot1oal purposes. the lower numerals on the graph st~ for 

slower rate of develo:.i,nent, and a leas anlOunt or iodine oonaumed. 

Regrading the to od, the renl'ISe is t:rua, the lower number s tending 

tor the brger amount eaten, 

:Regard.t.ne the relationehip between the at11ount Of toed eaten 

and t.he rate ot develOJ.l]lent, with the oxoeptiona of expe:riJJ>ents B, 

ted oalt tJ11roid, and posaiblf E, fed pig thyroid, it appears that 

the moro rapid the rate ot metaznorpholia the less the wnotll'.lt ot 

food oonaumod. ~he exaeptiona are so tew that it is very probable 

the statement holds truq for all teeding experiments on tad.pole•, 

upeoia.11.y when 1t 1a rem$Dbered that there wai, even mo ro unitormi-

ty between these two items in the oxperimenu on liarla onteabinna 

than there is in the 1eriea under dieouasion here. 

!ehere ia a ver1 oloaa oorrelation botween tl» rate of develop-

1Dent. a.nd the amount ot iodine, both 11otal and daily oonaumod with 

the one GJCoeption of experi11ient a B, ted oalt thyroid. 'ibat ii, tho 

inoro iodine oonsumed the more rapid the rate of motmno-r:phoaia, ln 

the oase ot exporimonta B, the;y consumed e.n equal or largor total 

of iod.ino thlill the units .s, ted. pig thyroid, or r, ted dog thyroid, 
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or Ht fed nrmour and Compa.ny1 a thyroid, ard yet eaoh o:t these de-

veloped muoh more l'apidly. On the other hand, the only ex,Perimant 

of these three th~t B surpassed in daily consumption ot iodine was 

B, ~hia correlation botwoen the amount ot iodine eaten ond the 

rate ot developnent is muoh olearar here than was the oase in the 

axperiroonts on na.na oatosb1ana. 

ihis exoeptional behavior on the part of the s,Peoimorus in 

experiments .B seems to nlw~s be nasoolnted with u very large total 

consumption of iodine, but the amount o~ this subetanoe eaton daily 

is not relatively so hish due to the foot th~t these units invari-

ably were long livi,d. Thie would indioato tluit it was not the total 

amount ot iodine consumed that caused the acceleration of metamor-

phosis so muoh ue it was a large wnount used dally. In ull or the 

1erios ot exi:erilnents on .Hana pipiene the last three unit1, F, fed 

dog thyroid, G, fed ,l)arke uavis und uompany•a thyroid, and H, fed 

Armoul' HUd uompany' s thyroid, developed with the greatest rapidity. 

However, in every one of tm four series, the uni to fod B, oalt 

thyroid, ocnsWD8d as muoh or more toto.l iodine that at least one of 

these three, and in the oase ot series D, almost twioe us much a.a 

nny ot them. Again in this oase no explaJU1.tion oan bo given for the 

exoept1 onal oond.uot ot tho sp,oilll8ns in expo rlmm ts B, unlen 1 t wue 

th1:1,t the age of the thyroid had a ane thing to do with it. 

A full diaoueaion ot aerlee Kand L, ourried on to determine tho 

et:reo t or the wnount ot wutor in whioh the oxperimm ts woro pt on 

tbs results ot thyroid te0<1ing 1B ghen ubove under tho tre11tman:.t of 

those series. ~he ro,ult& there obtained probably indionta thut the 

aotive substunoe of ~be thyroid glands diesolvee out into the w~tar 
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in which the specimens ~re kept, and this i"uot probably uaoounts 

for the ra.pl.d rate ot moiamorphosls or the last tbreo ex:psriments 

in euch series, i, fed dog thyroid,~, fod .t'a.rke Davis and Oompany'a 

t~oid, and H, fed ~nnour am ~ompany's thyroid, u speed asaoointod 

with ema.Ll food consumption and u praotioa.lly inert condition ufter 

the first two or three days. 
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xxnR~S OB HYLA IDXJILLl 

i 1he experiments Qn Hyla regllla, the tree frog, were oarried on 

during the summer ot 1922 at the Un1vere1t7 ot Washington, Beattle, 

Washington. 'ih81r purpoae was to aaoertain fUrther tha ettoots ot 

teedilJ8 the different kinds ot tllyrold previously used, to add to 

these material t'ran other species, and to study the reaotlons of a 

new genus to thyroid feeding. ~bt oOM.i ti one unier which the experi .. 

J11Gnts we.re perto:rmed were as m.arl1 identical with thoaa tor the ones 

that were done in Kansas ,w it was poaaible to rnake th81Jl, 'rhoy wen 

plaoed in shallow white tm811lfll--Wa:re dilhaa ot a oapaoity ot 1260 o,o, 

which were :tilled abait two-thirds tull, ~heae dishes were kapt on 

tablas in a ama.l.l room with two large windows opening tar,arda the 

eoutheut, •i'he ewnmer was exoeptionally emolcy, and tho illumination 

on the expqrimen\a waa proba"o~ about the aWD8 a, in the oase of all 

prev10u1 ones. ~he 1D1tthoda ot oaring tor the apeo!mene, teoding, eto,, 

were the ,same as used. in all the preoHdina- aeries. All the :toed waa 

proparod. under to:miula. •• 'ihe teinperature, recorded in oent1grad.e, 

will be found in fable XXI. 

?.'able XXI • 

Eictromea andimea.nt ot tanperature, 1922. 

Month Lo,r ~igh Average 
A,ld, P,M. A,M, P,M, A,ld, P.M, 

June 18,0 19,6 i:!4,0 .ae.n ~O,'I 21,6 

July 18.5 20,0 24,5 ~a.o 21,4 28,0 

Augu:at 16.0 19,0 26.0 26,0 19.6 21.4.1 



84. 

8everal new kinds ot tood were used in these aeries, ani all ot 

the previow varieties were tried at lea1 t ""'O"', ..... " ·l'he new kinds , with 
their letter symbols, follows x, human t~old, L, burtalo th)>roidr 

lt, oat thyroid; N, bear th1ro1d; o, tloUllder thyroid; P, beet soaked 

in iodine; ~. oalf t.qroid soaked in iodine, 

~he satne method ot dete:nn1n1ng sta&e ot develop:llent reaohod at 

the time of olosill8 the dittereut experitnents waa tollo-.ed as in the 

previoua aeries on !iana pipiena, fhe number ot epeo hnena in taoh 

experiment in Hrles JI, o and P was ten, 'While in aeries B it wa1 

twanty. 

SERil!:I M 

Seriea H oomiatad ot experiment, on Hyl& rogilla which wore 

started June 6, l~.22, and were oloHd June 1:/, '.the tollowiJ16 kinda 

ot tooda were ted.s A, control; o, raw beet th1:rold1 o, Parm Davll 

and 00,. 1 1 thyroid; B, Armour and 00. 1 11 tlcy'roid1 K, huwm thpoid, .L, 

buffalo teyroidi M, oat tb1roid; ?f, bear tbyrold.1 o, flounder th7roid. 

:1.'he reeulh Of \boat experiJDelltll 81"0 •hmm ln 'l.'e.blGI XXII aml wu. 
In the beginning, th& apeoimena in the dit:t'orent unih aYoraged 

a.bout tlJa eame aise uoopt that those in J40 and KO were el1sht17 •oll• 

er than tho re•t, At the oloae, in ,pto ot \hh hand1oap, IIO bad 

rMde the moat rapid ad.vanoanioiit, rrcm a •tud1 ot 'l'abl1 XXIl, taltlng 

into oonaideration ;hs long\h ot Ume the dittor&n\ e,xperiaiont, ran. 

one 1a lad to \ho on '114\ the tolltWhg n. the anaugem.n\ 

ot the units at the oloee, 10 t~ atato ot devolop1om wu oon .. 

oal."lled, beginnillg with tho OJ)lt ah,owins the I loWHt Pl"Of?"Olfi lU., MO, 

140• UM, J.lL, lUt,. JGt, lW and !LG, 



Table XXII 

Sammary of measare5ents in series U before and after feedin~. Length in mm. 

Before After 
No. Name !Total Body Hind Total Bod7 Hind Fore legs Storr.- Intes-

legs legs Rt. L. ach tine 

YA Control 17.36 7.62 - 19.07 8.09 0.49 - - 2.19 42.14 
0) 
01 

MC Beef :raw 16.53 7.;a - 17.07 7.54 0.54 - - . 
2.09 33. 25 

UG P.O. an:! Co. 15.84 6.96 - 9.70 4.80 0.75 - 0.22 1.44 9.61 

MB A. and Co. 17.67 7.90 - 10.04 5.09 0.86 - - 1.41 7.35 
MIC Baman 17.74 8.11 - 11.86 5.62 1.01 - - 1.57 9.70 

ML Baffa.lo 17.65 S.09 - 12.60 5.92 1.1a - - 1.69 13.40 

MM Cat 17.10 7.61 - 16.44 6.57 1.96 - - 2.03 17.78 

UN Bear 17.46 7.63 - 12.25 5.48 1.41 - - 1.52 7.15 

1.10 Flounder 16.24 7.04 - 19-49 6.78 0.46 - - 2.39 34.11 



Table XXIII 

Amoants of !ood and iodine in series M. Onit ased. ~ram. 

Total eaten Eaten daily 
No. Name Amt.fed Remove:! Food Iodine Days Foo1 Io:Une 

UA Control .399 .123 .186 .000000+ 14 .01329 .000000011 O> m . 
MC Bee! ra• • 256 .111 • 145 .000003 13 .01115 .00000022; 

MG P.D. and Co. .207 .194 .013 .000010 9 .00144 .000001111 

UH A. and Co. .202 .183 .019 .000009 11 .00173 .ooooooa1a 
MK Haman .098 .063 .035 .000001 11 .00318 .000000057 
UL Buffalo .175 .125 .050 .000005 10 .00500 .000000530 
MM Cat .124 .030 .094 .000002 15 .00627 .000000100 

MN Bear .164 .114 .050 .000003 17 .00294 .000000147 
MO Floan:ier .274 .073 • 196 .000003 14 .01400 .000000224 
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Oomparing this with '.&!able XXIII, where the amount ot tood. an:l 

iodine ooneumed. i:e shown, we f1m the follollill8 relationships, 

Developnent (beginning whh least) J4A, 1'0, MC, !04e JU., Wf, lDC, J41I, Jik1 

'l'otal tood (beginn1118' With mo~) 110, MA., HO, MY, JJL, 11N', lllC, JCH, .MG 

1'otal 1od118 (beg1nn1Jl8 with least) KA, UK, J.lll, J.10, &IO, MN, ML, MR, W 

Daily food \beginning With moat) .MO, l!!, J.W, MM, A!L, MK, MN, W, !ll 

Daily iodine (beginnlJJg With least) Ja., f.11C, MM, !IN, l!O, MO, JdL, MB, KG 

From the above it will appear that there waa a very aloae inverse 

oorrelation between the amount ot toc:d eaten and the rate or develop-

ment.. ;.chill ap,Plied to both the daily aJXl total amounts, In regard. 

to tho iodi21e, howenr, \!l th t.be exoeption ot the tirat tour experi-

mont,, ted A, control, o. raw beet ~id1 o, ,i;»ark Davis and Oo,•a 

thyroidt and. H, Amour ani Co,'s tqroid, there aoemed to be little or 

no reb,t 1onah1p. i'he experimon; fed on K, h"UmBn thyroid• 8h:r,red an 

exoe:ptionally low iodine aonaumption in rolat1on to the rate or d•-
veloIJ210J:lt, On tho other hand, 1n tbe oaae ot KO, :ted flounder th1roid, 

the reTerae was true. wt not in 10 n,arked. a degree, 

~he omwmpt1on ot tood in th1a eerloe waa exoeptionally amall, 

1'be ro~aon tor thb waa not oloar, lQt it wa, not beoause the tJ>ODi-, 

mena dl<i not han AP.POrtunit7 to tat, aa in evoey inetanot a oon-

aiderable l)Or~on ot the material ted wu rem>nd. ot oourae there 

wu a oorrupondi~i, emall 4UBZ1ti~ ot 1odim eaten al10. In •pite 

ot tbeao :raoto, t;bere waa oonaiclerable di:ttere110e in the lqth ot 

timt tbl experiment• ran, @i a mqokod. 1!1tter1mol.l between the Tarioua 

unHa t1.t the oloae of' U• wwJc, both thlng9 indloat.1~ a diltlnc,.t 

dlt:tel'enoe 1n the l'&ha ot clovolo~ent, 
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:rhe units composing thl:s aeries arranged tllemaelvea into tour 

nll marked groups when the rate or developnent or stage ot mehmor-

pboaia reaobed, waa oonaidered. Beginning with the group shoving 

the least ohange, the1 were aa tollowwa (1) JL\ 1 W and JLO; {2) KL. 

Ml,{ and MNs (3) MK, (41 MG ands. i'he 81'oupiug 'W8B d.i•tinot and 

&xaotl;y the eana when the total amount ot food 0<11aumed was ocnsidered. 

and the sane was true ot the daily- tood with the single exception ot 

experiment MK whioh ate auttioient to throw it into the second group, 

However, when oonaideri ng the total amount ot iodine eaten, this 

grouping entirely with the single exoeption of the tourth 

one, ~• two units ot whioh had by tar the moat iodine. !1.'hia waa 

alao true whan tbe dail.J iocl.im oonaumpt.ion• omsidered. 

s•1m o. 

i!M axpc,riment1 on Jf¥la rtgilla liated Ullder e&ri•• O were ,tarted 

June 15, 1922, and ,rere oloaecl Julf 8 ;tollowi?Jg, ~he1 were oarried on 

under 1dent1oal oondiliion1 to thoae under 'Which t.bo experilllen\l in 

Hriea M were run, mt in "11a oa.se all ot the ditterent kinda ot tood 

ao tu \oahd woro uaedi. !l!bl r&1ulta are 1harn 111 tablea XXIV on4 xxv. 
1rom the former table, \aki-ag into oo~eidei-atio~ the nuaiber ot 

dq• •aoh expoiiiman, ran, af,\or the1 ,ere all tbl'ough, tbo tollowing 

1ee1u \o ba their arranse•nt, boginnins wi ~h \he ono lhowi!J6 .th• 

1lonat rate ot develo_pnozit.1 °'• OB, co, OB, co, oo, <K. ON, OL, OK, 

OH, 0G and O,. 

'l?be relaUonthiP between the rate ot dcrnlopnent and the •ount 

ot :tood and iodine oonlWnlld ""'' as tollowas 
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Development (beginning with laust) OA, OB, on, OE, oo, oo, cu, ON, 

UL, OK, OH, CG, OF. 

~otal food (beginning with most) OA, 00, 00, OK, CII, ON, OB, OD, 

OL, OG, 08, OF, OH. 

~otnl iodine (beginniDB with leaat)OA, OD, OE, 00, CIJ, OK, 00, ON, 

OL, OB, OH, OF, 00. 

Daily food {beginning with moat) OA, 00, 00, ON, OK, OM, OG, O.B, 

OL, OD, (ffJ, OE, CH. 

Daily iodino lbeginning with leastJ0/1., OD, OY, 00, OK, OE, c,o, ON, 

OB, OL, OH, OF, 00, 
It oan nsain be said that thosa units ahowins the least de-

velopnent ocnaumad the most tood a.a a rule, both as to daily nnd to ta.l 

amounts, ~ho exporimen\ whioh was :fed K, human thyroid, was tho most 

marked ~oeption to this, a.s it showed o. rapid ::ate ot devolopneut 

asaooiated with a oomJ;.Qrntively large amount ot food eaten • .l!:Xoeptione 

in the other diraotion, 1,a., a slow rate ot metamorphoiia aaaoointed 

with a oornparntively amnll rood oonaumpHon, were tound in the ox:p&ri-

ment fed B, pig thyroid, and to n leea extent 1n tho uni ta fed B, oalt' 

thyroid, and D, oooJced beet thyroid, 
ltogardins tbe iodine ooneum_ption, a lurge amount wae generally 

aBSooio.ted with a rfpid rato ot developnent. i'here wore two exooptione 

to this---ono in the oaae ot the experimant t8d K, human thfl'()ld, whero a 

rapid ra.te ot metemorpho1ie wont with n oompi.rntively small amount ot 
iodine oaten, ospeoially rogordlng tlle d.ai ly amounts• nnd 11 aeoond in 

the oaae ot tho unit oB, tod oalt' th1ro1d, whore tho clevelopll)Ont waa 

elOVi 'oot the amount ot iodino oonaumed waa hiSh, 

At the otnrt the a,P80lm&ns used in this aer1oa were oona1dera-
blf en,aller tnau those Uled 1n Hriea M, but wore '!uite unitorm in aho. 
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At the oloae, the units ooUld be dhided. into three large group,, 

thoae whioh had Ullde:rgone a oomiderable obanse, those whloh had de-

veloped to onl'3' a alight degree, and those whloh oooupied a mldd.le poa1-

t1on in relation to the other two groups. or, CG, OH, OK, OL aZ¥l cm 
showed the most ra.pid developnen~; OA, OB, oo, ro, 0K 8Jld oo under-

went the least, while the middle g:roip oonsiated ot the •lUBlo experl .. 

ment <Jal, The last three ot the ti:rat gr<Qp, ox, OL and OH, approach 

this middle group, due to the taot that it took them a. ooneidera'blf 

longer time to develop than it did the tirst three. 

BBRI.BS Jl, 

~, on ~la regilla, waa at~ted July 41 19.22. and waa 

oloaed July 18, !fhe speoimem used in thi1 serioa wero oonel<lerabl7 

IID&l.le:r at tbe etart than those uaed 111 the two preoeedi 

'l!hh tao~ probably aooounted tor a high rate ot mortality 111hlob omleod. 

the aeries to be oloaG<l at tba end ot two WHkl whereas the p-eoeoclbtf 

ones h.14 been oarr1ec1 on tor three, for thl1 r1a1on, the r11uu1 ot 

these exper1rnenta were not and are not lnoludt<l ln the 

ll1DIDal7 ot exper1•n t1 on Hyla. reg1.lla tollowlng. 'tbo tollo.S.n, 

tooda 11era \Ueda PA, ooutroi1 Pl, pig Ut7r<>ld1 n. dog tbJrohl.1 l10, 

Parka Davie IQld oo.' a t}\yro 141 .PH, Armo\U' and Oo, '1 t.hpoicl I n:, 
tqro1dt l>L, buttalo tbJroldr m. oat thyrold1 .I'll, boar th1J'Olcl.i PO, 

flounder tblroid, 

It waa very hal'd. iu a that had J'lll tor ae tbor, • Um 1.1 

th1e one had am henoe allowed little d.itteronUation betwe,i 1aH ot 

the unlh to plaoe tiheJI in order eo 88 to 1bow relatlTt rap1dltJ ot 
c.\evelopiient, beoauee the 1110rt alowly dnoloplza, t:Xper1men,1 hid not 
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had autfioient time to difterent iate, fhe :f'ollowiJl8 arrangement ill 

a, aoourate as could be ma.de under these oondit Ions. .Beginning with 

those showing the slowest rate ot developnent, the~ fell into approx-

imately the folloWing orders Ba, PA, !-'O, .PR, PR, PK, .PL, PR, PF and pa. 

SERI.BS 6 

'11he lo.at experiments on Hyla. regilla, series s, were etarted on 

August 10, 1922, and were closed Auguat 31, In this aeriee eaoh 'll?lit 

had twenty speoimana in it, otherwise the oonditlona um.er which they 

were :perto?med were the BEQG as tor the three preoeedill8 aeries. ~ha 

rt1uh1 are 1hown in l!ablea XXVI am nvn. In the latter table the 

number ot d~s the exporimenh l'8n 1B tigured on the bads ot there 

Niq only ten apeoimam in eaoh unit, thue mak1~ tbeae numbers on a. 

unitorm baaie with all the other series. 

In addition to the to ala ueed in the previou, exper1roonts on Hyla 

regUla, two nl1wV ones were added here, Th~ were P, beet soaked in 

iodhle, and ~, oalt tlcyroid aoalted in iodine, ~be romier waa prap4red 

by soaking some ot the ot,oked beet from tho eemt lot n, that used 111 

the oontrol (4) for tortyGeight ho\11'& in a etrong solution ot iodine 

whioh had been made bf dieeolvlng iodine ory1tal1 in 96~ nloohol. ~hl1 

wau then thoroughlJ dried aM madt il:lto the regu.lar tood undor tomiula A, 

ror food Q, the 1a1111 th1D8 wae dam with oalf thpoid t almn from t lJlt 

eame lot tbat uaed 1~ maldng tood Bt 

As to the rate ot developnent, tak1l8 in\o oozuideration the 

length ot Umo th$ experi.llMtnta rau, the data in !l?a'ble XX.VI ahowe thl 

following to be the order, beginning with thl •lowst, SA, BQ, &P. SO, 
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W, SK, ~Land 8N, As in moat previous series, there was~ distinot 

grouping of the units into a division whioh devoloped comparatively 

rapidly, ard a.notha r one whioh developed muoh slower, 111 the to mer 

sroup of rapid developora we oun plnoe ::sK, SL and oN, the latter 

Bhowing thh in the mos.t narked degree, :..t the close r£ tbe series. 

the epeoimans in thaee uni ts nll had the typloo.l dwarfed nppc,nrnnoe 

oharaoterietio or preoooioua development due to thyroid toediug, The 

group showing little develo;pm011t, oonslsti~ ot exporlmEJ'lta bA, ~\f., 

BO, SP and au, did not ahow this abnonnal apponranoe, 'l!bore waa a 

heavy mortality in ex:perlment 1:iP, the cause ot whioh 1a diaoueaod below, 

~he ralationshlp between the rate of developnent ani tho amount 

o-r to <XI. and iodine oons"UJned ae shown ln ~ablo A-~Vll 1ra1 as follow11 

Develo:i;rnent (beginning with least J a.'\, 5~, fjp, 80, m.t, 5K1 5L 1 SN 

~ctal food { beg111nlng with most) 8A 1 8Q, t,P, 50, ~lf I !)}(, SK• ~L 

Total iodine lbeginnins with leastJ 8A, lill, BK,. SO, SN, ttL, 5P, liq 

DailJ food ( beginning w1 th moat) e", ttA, SP, SO, SH, SK, ~. 9L 

Daily iodine (beginning w1 th least) HA, ~lt, SK, tiO, SN 1 i:,I,, i:iP, si; 

'Regarding the total amount ot tood, the oontrol, 5A, and tho unit 

ted oo.lf thyroid soaked in iodine, tiQ, oonauinod over twloe H muob Bl 

any other unit, and yet theeo same two ah owed tlle lO'ffeet. rato of do .. 

velopnent, Eitperiment n"N, ted benr thyroid, n• the only 111ur1u,d DX .. 

oept1on to a oloee relat1onahip betwoen rapid devolopnent 1111d amull u-

mount of food consumed. 
~urning to the 'iueation of' louine und its rolaliion to the rn.to ot 

metnmorpboeis I both tsK, :eod hwnnn thyroid, and ~lt, ted oat thyroid, 

showed. o. relatively low iudim oonewnption, both '-otnl and do.111. oan-
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bined with a rather rapid rate of developnent. liXa.otly the reverse wns 

true 1n the oaae Of tha units SP, fed ordinary beet soaked in iodine am 

SQ, :ted oal:t thyroid soe.ked in iodine. These two experiments are dia-

oussod :further below. ln the ren,a.1 ning fQur uni ts a large oonsumption 

ot iodine wae associated with a ;rapid developnent, or the reverse. 

these were s1m1l&II' oond.itions to tlx>se uhown in series .Id and o, except 

tru.st foods P and Q were ted for the tir-et tillll) in the .iresant e.eriee. 

ln the two exporilll8nta that were ted. on tood soaked in iodine, 

:,p and i:,Q, wo tini a very slow rate of devalopnent nBBooiuted with a 

large oonaUlll:ption or food, aa was usual~ tbe caso in all the experl• 

nenta. ..\t the same tilm, these unite apparently conaumod the moat io• 

line, both as to total and dail.1 amounts, ot any of tm ex,tl8ritneuts in 

this aeries. ln tao~. aooordi%l8 to ~abl& XXVIIt the specimens in BP 

ate about eighteen timos aa much total iodine ond over twenty~tive 

times as muoh ee.oh fJIJ.y as those Jn 6L, the next highest, while those 

in BQ: oon11umed in all eishty t.imea as muoh ae the areoimena in SL, and 

their relntive daily oonaumptio~ waa about the all!D8. At first sight it 

would aprear that these results wore at rnar.k4d vo.rlanoe with the general 

tendQnoy ae ahown in p:raotioallf o.11 the other experiments here performed, 

but a olo&0r exemination ot tm 9ltper1ri:i,nta throws oonaiderable doubt 

upon euoh a eupposi tion, 'l'he apeoimene in theee two uni t1 were very 

aot1ve, and thoae that survived omtinuod. ao until ther,wore killed, 

fhe mortality in SP was high Juat attar the aoriea wus etarted, aa lt 

waa a.ho in SQ, but in tho tomier oaae this high des.th rah kept up tolf 
in the 1-.~tc r, a. lone;er time than,.6a ill ahown 1n ~ablo .XXVIlI 'Vo'hiob give, tho dato11 

ot tho death ot the sl)Oo1tnctna 1n tbeee two experinlente, 1'h1o high mol'-

tality was probably due to th& exooaoive emount ot treo iodino proaont • 
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Table XXV!Tt 

Dates of death of specimens in experiments 

P and Q in series 8. 

Date SP so 
Aug. 11 , 2 

II 12 0 0 
II 13 2 
II 14 0 4 
II 15 0 0 
II 16 1 0 
II 17 0 0 
II 18 ; 1 
II 19 1 0 
II w 0 0 
II 21 0 0 
II 22 1 0 
II 23 2 1 
II 24-30 0 0 

Killed II 31 4 10 
Total ro 20 
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as it is toxio in too large q,uantl ties lndivld .. , • uG..I. variation emong the 

spaoimens would account for the survival ot sane and tm death ot 

others. :i!'rom a oasual exwnilllition ot the tood removed, lt seemed evi-

dent that a oonsiderable per cent of the added iodine in both these 

roods wss dissolved out of the food by the water in whioh the tad})Oles 

lived. ln order to determine whether or not this -was the oaso, a 

obemioal analysis was made of the toed ~, oalf thyroid soaked in io• 

dine, after it had been in water for two hours. It wa1 thoroug1111 

dried, and the analysis was nude by the S8111e method used in all pre-

vious determi?ld.tions. ,the analysis of this toed at the beginning of 

the ex:p3riment showed a. 0, 135 per cent 1odioo oontent, "hilt attor it 

bed been in the water for two hours, it bad onlyo, 0&1 per oent iodine 

in it. From the method of pre_paring toocis P and q, i,e,, aonltina' the 

beet nncl oe.l:f thyroid in iodine, then drying, ond m1xill8' thie prepara-

tion with wheat flour and alfalfa flour to mllm the pa.ate wbioh ne 

f'ed, it is probable that thero was very little ot tha iodine that on--

terell. into oombination with the other eubetanoes, as waa nidentl.y 

the oase when Allen (1919a.J !ed iodino mixed with flour. fllie would 

oooount for the large per oent whioh waa 110 readily aepara\ed trom 

this tood by soaking for a short titoo. It is evident that th.ii would 

tend to reduce the amount ot iodine tbe spooil:oons aotuall1 GOnt1l!llt4 

to a large extent and this reduot1on would bo more mnrked tba longor 

the tood. remained in the water uneaten. But tho tood tint ooneumod 

niuet have been h18h in iodine oon tent, IUld alao, as 111entionoc1 botoro, 

aooording to Boulanger (1914) and Swingle (19190)1 ta.d.poloe absorb 

\Yater and honoe in v.ll probability iodine d.isoolvod 1n it, througb 

the integument. Naverthele u, the ano\Ult ot iodine whioh Wat oat on 
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WJ.d absorbed by the Bl'80imene in expel'iments 8P and a~ was probably 

81llnll. 

In experiment SP, fed ordinary beet acaked in iodille, there 

was no traoe of thyroid ra ter1al, but 1n the \llli t s,, tod oalf' thyroid 

soukoo. in iodine, one-f'if'th of the toed wau thyroid. 'l!he presence 

o'f this large amount of thyroid, and the attend.ant iodine which was 

1iart Of it, apparently nad little offeot beoaueo what slight dii'fer-

enoe there wae noticeable between the ratee of development in those 

two experiments was in :favor ot SP, the one w1tb)ut any thyroid. 

However, it must be rE1Dembered that or all the diftorent klnd9 or 

tey,..oids used in tho preoeeding ox_perimente, tho one whioh had tho 

leaat ef1·eot in lmstening as twnorphosia was this aano onlf thyroid, 

oven in spite or the te.ot that the B!X'Oiroona eating it nlwiqa oon-

swnod a _proporHonately larger amount ot iodine than other unita de-

veloping more rapidly, 

~he generally e.ooepted. 1doa ia th11t the :toed.lns of iodine to 

tad.po lea ot the ta1lloaa Arnphl bia 1r.t.ll oauua an aooolera.t ion o-t me ta-

morphosis. ~his is l4l'gely based on the work or Bwingle ( 1918a, 1918b, 

l9l9b, 19190 and. 1923) and of Allen (l9l9aJ, In ragard to the efteot 

of feeding iodine to the lanao ot aalamanderot on tho othe~ hand, 

Uhlenhuth (1921a, 192u ancl l~~lJ found it had no otteot in haaton-

1?18 motOJDorphoeis, ln the .9ruent experimonta (8.P and elQ), it wo\lld 

appear that tho feeding ot an iodirut ... •oo.JaJd food to tu tadpolea ot 

Hyla rogUla had no otteot in hn1tening metumorpboaia, but it 1a oer-

to.1n that the epeoimena aotually obtained a vor1 muoh onw.llor Dl'J:lount 

or iodine thnn the ri8u.re• in ~able lXVII would. indioa.te, and it 1B 

reasonable to believe that !\lrther oxperimen~ation w1 ll chow thut 
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thie form ia no exoeption to tm otliar ....... urans, •1 h - n eo, t e hich rate 

of mortality in these two experiments (Table ltXYIII} reduoed the 

number of speoimens so greatly that it 18 obviously not poaalble to 

draw definite oonoluaions from the small number remaining. 

Stl11MARY OF EIPERlllF.mS ON HYLA REGlLLA. 

'l?he work on Hyla reBilla oooeistod of tour aeries o! DX• 

perimente. Mt o, .e 311d a. In this sumnsry and comparlscn of tho 

different experiments. those of sorios 1' a.re omitted tor reaaon1 

stated before. A oomparison of the di!i'erent ratoe ot dnelopmeni 

of' oorreeponding experiments in the three aeriea and the 11vorage ot 

tha some are shown in fig, 5 where tha numorru.1 represent the, oo=-

para.tive rate of metamor,Phoeis, the lowGBt boil18 tho alawoat, and 

the letters the experiments and tho food oonsutilOd by thom, ln o~-

puting tlle average rate, aeries LJ was given twloo as muoh weight uis 

either of tbo others beoa.use it had twice nB 1n11ny indiVidua.11 ln enoll 

experi111ent. 
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The oondi ti one under whioh these several series were ce.rri ed. on 

were identiaal, with the poseible exception 0£ tem.i:erature. But in 

this reapeot the variation was only slight, as ehown in ~able XXL 

The following iii the order in which the experimeuta tell 1-n 

regard to their average rate of development t beginning with the slow-

est: ~, aontrol; .B, oalf tbyroidF "• cooked beef thyroids ~, .Pis 

thyroid; o, flounder thyroid; v, :raw beet t)Vroid: M, oat teyroidJ 

K, human thyroid, and 1,, bu.t':talo thyroid (tied]; N, beor thyroid1 H, 

Armour and oo, 's thyroid; o, .Parke Davis aoo Oo, 'B thyroids i-', dog 

thyroid. ·.thoee fed .a, D, ii and ii were only in om.t series, while o, G, 

and H were omitted from the last aeries, There waa a remarkably slight 

dit:f'eronoe in the rate of development 111 the oorrespondintr experltn(tnts 

ln the different aeries, Units K, tad human thyroia., and N, ted bear 

t~oid, showed the leaot uniformity. 

ln studying the relationship between the average rate ot d&vel• 

opnent. and the amount ot tood and iodine ooneumed it was fo\Uld neoessary 

to divide the experiments on lry"le. ragilla. into two gr~pa owing to the 

taot that all ot tlll aeries did not cowr the complete lht of :f"oodei 

used, but at the same time the groupe oau be oompared. duo to tho prea-

enoe in both ot them ot three of the wits. ~he t'il'8t ot then groups 

oonsiated ot thoao fed tooda i., B, o, D, .lli, F, G and H, the same onea 

used in tho experiments on the t.adpole• ot liana ontesbiana. fttld Rana 

pipiena. 'xhe relationship& ot thh g:roup of" experiments are shown 

in f'isure 6. 'ihe seoond group consisted. ot the units :fed A, G, H, K, 

L, IA, .N Wld 0 1 and their rele.tionshi_pa are ehown in :figure 7, ·.i!.be 

data i'rorn whioh these graplll are made is oontainod in Tables XXU to 
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Total and daily iodine (identioBl)-----

the relationshiD bet~een the ~vera~e sta~e of development 

reaobed and tbe amounts of rood anj ioJine oonso1ad in ~he 
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fi'ig. 7. m,q>ariments on HylR regilh. 

the rel~tionship between the a~arage sta~e or development 

reachei and the ~mo~nta or tooj anct 1ojine consu~ed in ox• 

par bents f e.:J A, '1, H, K, C.., M, N anJ o. 



106. 

XXVll lnolu.ai ve. '.L'M sums urrangemant of tm ex,IBrlments so as to 

g1 ve a gradual advance in rate of davelopnant from the slowest to th8 

fasteet was made as in the SUll!lnSries ot previous series, '.die higher 

the nU1nbe:r on the lett ot tl:e gr~ph, the more rapid was the develop-

ment ot the apeoimena in the exparinxmt. ·.cha Mgher numbers also 

stand :for a larger oonstunption of iodine, but the reverse ls true of 

the tood., the lower the nUJDber the more :rood there was eaten. 

In regard to the relstionship between the snount ot food eaten 

and the rate ot development, it seerna that the leau t'Ood oonaumed the 

i:ooro rapid the develo,P11ant, with some exoepUona, !f.lhis would be the 

expeoted relationship, as the units ahowitJ8 the morG ra_pid metamor-

phosis WON uaturally the shortest lived, and consequently ate for the 

aborter peric<l, ln the first group mentioned. above, as sb<1A'n ln Fig.6, 

the relationship ot the mount ot tood oonaumed to the rate ot devel .. 

or:ment varies to a oonsiderable extent, but tllia is at lee.at partially 

due to the taot that the graph r&preeenta the reaul.tB obtained. from 

only a sill8'le experi®nt in most or the oasea, 'fhe liMt }S.rnllel 

ea.ah olihar mu.oh more olouel1 when the relat1on:sh1ps ot tht second 

sroup, shown in rig, 7, are considered. 

fhe rela.Uonahip between the a-vera8Q rate ot metltllorphoeh and 
• l.c.,1111S·fe. 

both total and. daily iodine oomumpticn oan be oonaidtJrod. ao oneAo 

very 11 ttle vari&tion between tba total. and the da.UJ iodi m 11naa. 

In tb@ oa.ae ot exporimen~ o, ted flounder t.hfl'oid, the mount ee.ton 

daily h pt<oportionatoly somewhat higher than the total amowt, but 

otherwiae the two linflS are alrr,oat pal'allel. In a general w,q, large 

iodine oonsumption wont wUb tut development, But. experiment B, fed 

ca.It thyroid, was a marked exoepti on to thh a.e it showed a propo:rt 1onl'II 
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ate4r high iodioo oonswnption in oonneotion with a slow rata ot de-

Volopnent. a oonlition apparently- usual tor experiments fed with this 

Also, the units D, ted cooked beef thyroid, .K, ted 

human thyroid, and M, fed oat t~roid, we~e Juat the reverse to B, 

Db.owing an exooptionally low iodine oonsuniption aasooia.ted with a 

more rapid rate of metB1J1orphosie. A.s atated before, it is possible 

that the age ot tbe tb1roid in food. B boo. something to do with the 

t'aot that it appeared less active in proportion to tlla amount ot 

iodinit oontained in it than did the other thpo1d1. But this d.ou 

not aooount tor the other exoeptions. l t seel!l4 _p~'bable that the 

aotive agent ot the thyroid glat:¥i. varies in inton8i ty in ditterimt 

auinals, a?ld that the per oent of iodine oontain&d in the gland ii 

in a saneral wq a gauge bf which i ta aot.ion may be oatinahd, but 

that there are more or leu marked exception, to thla • and the ex• 

oeptione may exten<l in either direction trom what rnight. be called 

the normal. 

Ex1l8riments SP, ted beet soaked with iodine, and s~, ted oalr 

thyroid soaked with iod1na, are not dlaouued in tbie awmiacy because 

the~ were treated in detail under the general disou11i0n above. 
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111.ENJilRAL SUMMARY, 

In comparing tm reisults or the ditfore11t aerioa we tind. th.t 

the first eight exporiment;s: in eaoh seriea unifor111ly arrnngod them-

selves in two groups, tho first &hawing a slower rate or developi,ent 

and the eeooni a more ro.pid one. lnvaria'bly the unita :red A, control, 

.& , calt' thyroid, u. raw bea:f' thyroid, iJ, cooked boot thyroid, asnd .u, 
pig thyroid, were found in the first group, u.ncl those fed , , riog 

thyroid, 11, .l"arke Davia and. vo. ts th~oid uud .H, .. rmour atti \io. • • 

thyroid, were in the second, ·thore waa sane variation in th& arr&ngt• 

mant o~ tbet &xJ;>erlroonte in the different aories 418 11hown 07 tho rollow-

ing ootnl);lrieon where the units are "rrunged in order, the one whlob 

showetl the a lowest rut o of davalopnent ll<liJ38 pluoocl t1ra; 1 

Ita.na piplenu 

Hyla regilla 

The variv. ti on within the two croups ?118ll.t1 oned -.boYe w11te oonsiden.ble 

and eaamed to follow no rule. In nrlas b whero a.ildltlonal klndc or 

f'ood were ueed. we find that the units ttd. u, tloundor thyroid, ahowod 

the slower rate of developoont ohnraotoi'iotio ot the f1ru srcup a-

bove, while those :f'ed ~, human tll1l'cid, 1, "tmftt.1-lo th:,rc:,id, i:ll>i 11, 

beaJO thyroid, hld s distlnotly rapid 111etmorpboia.1a, thus 11laoing tboi, 

:in the aeoood gJtcup, 8ltbough they all lmd. a •lwer rate trum thou 

fed either »', G or H. 1'ha ex.peri!l:8nU red lf, c>ut tbyroia, we:ro 111lid• 

way between, these sroups ,o tar aa the rato ot doveloI,:Wtllt went. 

Regarding tbe relationshi!' bot.ween tm rate of daulopa=ont n.n!l 
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\be amountat- both total and dally, of tood eaten, it may be 119.id that 

Wi th tow exceptions, the greater amount ot food oons\Ulled was aseooiated. 

W1 th the a].ower rate ot develop1nent. As stated before, this 1a oorre• 

l~ted With the length ot time tba experiments ran? as thoso livi:ng 

longer wo Ul.d naturally eat a greater amount, and tl:e longer lived ex-

Per-iments were the ones that developed the a lowest. 

A.a to the oorrelaticn between the amount of iodine used and the 

rate ot devalo}?!Jlent, it my be said that with aoime ooco,ptione the great-

er amount ot iodine oonaumad wtta aeaooiated with the more rapid rate ot 

develo_pment. One marked exception to thi1 was seen in all the exper1• 

lrl.enta :t&d on 13, c.Ut thyroid. In the.e there wae hrru1a'bl7 a very 

high rolativo saount ot ioclin& eaten o~:pared to a muoh alowor relaUn 

rate or developtr1Gnt. Also, in the experlinenh on U,la regllla, thoae 

:t'e-d. X., human thyroid., M, oat tl>1roid, and D, oooked beet thyroid, 

•howe<l. tho opposite oo:ndition, namely, a low iodine oonaumptlon to .. 

sether with a ralatlvel1 rapid d.evolopnent and. in the experiments on 

Rana oateabiana, thoae ted A, oont.rol, ehowed the aa:oe oondltlon. 
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CONOLUSIC!JS, 

~ho following are the oonolusiona reached from a study or 

the :t"oregoing experilll8ntss 

1. ~hose tadpoles that develop tho most rapidly oat the least, 

this being due to the taot that the longer lived individuals ha.Ve 

more opportunity tor tood ooneumption, 

2. A lower tem}')Grature tends to alow up the prooeBB of meta• 

morpboah. llowever, there was little evide:i:ioe that it o:fttoted 

the i-ate ot developn.ent ot tho 1:peoimene !ed one kind ot thyroid 

any more than 1 t did those ted other kinds. 

3. J.n ex,pel'iments where th3rold ia tod to tadpoles, wb!le the 

rato ot motamorpbosia 11 usually related to the ainount ot iodine 

consumed by the apeoimelll.l • 'i'hoae obtaining the larser mnounta, 

both total and daily, develo_plng the more rapidly, yet thero aro 

distinot EtXoeptions to thia, 

4.. 'fhese exoeDtiona to the abovo aaeta to be assoola.ted with some 

speaifio kinds ot t~roid, for inatanoe, oalt thyroid may bo ted 

in large enough 4uantitlea ao tbQ.t a relat1vol1 lar~ amount ot 

iodine ia oonaumed, and yet no oorroapondingly i-o.pld metmior:phosie 

ensues. On the other band, humau BIid oat thyroid aeem to produoe 

an abnormally rapid dtvolopmoni wbon tho ._u a.mount ot iodine 

consumed is oonaiderod. 

5., .1,-ood ooalaJd in iodine, and boMe llaving u much higher iodine 

content than the 1ame tood not so trea.t&d, <loea not always t\.ppear 
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to lia.ve u f:reuter S:f':f'eot in aooelernting the rnto of metlllllo:r_phosh 

than untreated food. 

6 • :i:rom tha nbove {4 and 5) it would appear probable that th8 

lodine u.lone 18 11ot the :iotive agent in the thyroid gland, but 

that it is oombined with or ,Ptlrt ot the uoUvo ugent, and thut 

this latter varies in compoa1t1on in the glu.nds ot different ani-

mals. 

7 • ·..:he larger the vol\UlUJ of water in whioh the epeoimens were 

lce_pt, tbe slower was the rate ot developnont, ~hiu indioatea that 

the active subatanoe ot tha thyroid not only acts thl-oU8}1 the ali• 

menta.ry onual • ~t. also diuolvea out ot tho food and etreots the 

t.lild,POlas through their integuments. 
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PLA!U 1 

B.ana oatosb1ana 

Jl'lg, e. irom experiment a. oontrol, :red beet. 

dg. 9. irom experl1118nt A.B, ted oalt thyroid. 

it'lg, 10. ircm ex-perimont 10, ted raw beet thyroid. 

i'!g. 11. Fran experiJDGnt AD, fed ooolted bee:t' thyroid. 

iig, 12. :rrom sxporimeM All, tod p1g thyroid, 

Fig, 13, rrom exl,l0rins1u1t 11, ted dog thJroid., 

Jig. 14, 11'0111 experi.Jnon\ AO, ted l'arlce Davis 8lld oo.' a thyroid• 

11g, lt>e from exp&rlment AH, ted Armour and Oo,' a tb7roid. 

11,. 16, Jr011 oxporlment BA, oontrol, f'e<l beer. 

fig. 1'1. fl'OII oxporlm&nt BB, tod oalt tb1ro1d .. 

n,. 10. J'rom experillon1i BO, ted raw beef tqrold, 

11g. 19. Jl'ODl experimeni BD, ted cooked beet thyroid, 

,11. ao. rr011 exporl111111t u, ttd pig thyroid. 

11.,. 11, 1'1'011 oxpe riaozn Jl1, t•d dog thyroid. 

r·lg, U, rrom e.xporh1ent JIG• ted .Faria. Davia anl oo.' e tb1l"o1d. 

the 1poolmena ahcw ln 11.g,. 9, 10, 11, 12, 16 and 20 we:re 

4h1to\td botoro tho photograpba wore Uken. 
Tho apeolmena pho\ographod were ~ndlviduala as neal' the aver-

age tor tho o.xperi!QGnt tboJ repreaont 111 it waa poul 'olo to obtain. 
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Hg. ~4. 

:tt1g. 26. 

i'lg, ~6. 

;·1s, a,. 
r1,. 28. 

dg, 29, 

Jig, 30, 

Jig, 31, 

PW.I II 

Rana oa.teabiana 

,·rom experiment CJA., oontrol, ted beet. 

i'rom experiment OB, fed oalf' thJr<)id. 

.t'rom experiment uo, ted :raw beet thJroid • 

lrom experiment OD, ted ooolted. beet th;vro1d.. 

1rOJll experiment OB, ted pig t~roid. 

rrom experi111tJ1t 01, fed dog tqrold, 

rrom ex.per1111ent 09, feel Para Davie and oo, 'a thyroid.. 

.·rom experimenc OH, tad Arn,ow ani Oo, 'a thyroid. 

the ueoimen abown in i'ig. 2'1 :wae dh1eoted betore th& 

pbot crraph waa taken. 

tho 1peoimea photographed were 1nd.1v1dual1 aa near the 

a,orap tor the oxpar1ment theJ repreaent aa it waa po11ible 

to ob~al1i. 
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.PLAT.B Ill 

Rana pl pl one 

flS• 3.t, opeoimsua in experiJXl8llt DA, oontrol, :f"ed beef. 

fig, ~. "pooin.Jne in ex_pe riment DB, tad o alt thyroid• 

Fig, 34, tJpeolmeM in experilll8llt DO, ted .raw beet thyroid. 

ilr, 35, &1ieoimene in experiment DD, ted oook8d beet t~id. 

i'ifr, 36, ijpeoimeno in oxpeitimmt DB, :red pig t~roid• 

rig, 37. apeo11Z181le in «cpEt riment DJ', fed dog thyroid. 

ilg. 38, BpteUDOne 1n oxperimen t DG • ted Parke Davi is and 

UOmfW11' 8 teyroid. 

Ilg, 39, apoo1Jneu1 in experin,ent DH, tad Armour and 

Uompa.ny'e teyi-oid, 

In i'ig, 35, the tiret two epeolmGna fr011 tho le:tt were dried up. 
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Hana pipiena 

Fig, 40. opeoimem in experiment lll, oontrol, ted beef'. 

Ilg, 41, 

b'ig. 4~. 

flS• 43, 

rig, 44, 

ris, 46, 

tis, 46, 

Jig, 47, 

;J.•hia experiment waa also the oontrol tor series D, 
and la, therefore, a duplioate ot Pig, 32. 

tjpooimena in exp8rimont D, ted oalt thyro 1.d. 

l:j_ptOiJDtUll in experiment IW, ted raw beet t~ro1d. 

dpo0111\0'M in experiment .rm, fed oooked. beo:f" teyroid, 

opeolmem 1n experiment M, ted pig thyroid• 

1:>peoimena in ex:,periment Bt, tad deg tqroid • 

Speoimen• in experiment BG, fed. hrke Davi• anl 

0om,P1U11'1 tbJroid, 

1;;peoimen1 in ex~rimont BR, ttcl A;nlOUI' an~ 
I 

Qanl)lll1' a thyroid+ 

ln fig, 42, the tirat tour speaimena fl'OSII tlle le:t"t; won 

partlall.y oaten betore being remon4 trozn the ,xporirne:nt. ~he 

lefM\ al\1f: in t1g, 46 repre,,.mta a 1;peoi111tn \hat aoo1dentlJ 

dried up ln tranai\i alXl oould not be photogl'$phect. 
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PLATB V 

:Rana pipiena 

Fig. 48. t1peol111ens in exper1111ent GA, oontrol, fed beet. 

fig. 49, tipeoimena in experiment GB, ted oalt thyroid, 

ll'ig, 00, apeoimena in experiment GO, ted raw beet thfro14. 

i'ig. 61. 8peoimene in experiment GD, ted cooked beet th1'roid1 

11g. 52. Speoimene in experiment G.I, ted pig tlJ1r01cl, 

fig, 63. Bpeoimena in expe:rimen 1; or, ted dog thyroid. 

i'1g. 64. 8i,eoiment in experiment oo, fed l'IU'ko Davia and 

uompa111•1 tb1ro1d. 

1"1g. 66. 6peoimen1 in experiment au. ted Al'lllO'QI' aud 

Oompany•a tb1ro1do 

the ringa in tiga. 48, ISl, 63 aJ¥l 55 represent 1peoimen1 

that cUecl and were oonawned bJ the other hldlviduala, leaving 

no traoe, ;rho lead slugs in rigs. 49 and 65 Hpraaent epeoi• 

men• that aooidenU1 dried up in traaw1 t and oould not bt 

photographed. 
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P~IC V1 

Jtana p1p1ena 

Flg, 56. bpooi1DE1na in experiment BA, oontrol, ted beet. 

~1• exper1lllent was al10 the oontrol tor sarlea 

Q am 1,, tharetore, duplioato ot Jig, 48. 

i'ig, 1>7. Bpeoimena in experiment HB, ted oalt teyroid. 

ll'1g, b8. Speolam in oxper1lllen t HC, fed raw beet thyroid, 

l!'ig. 6i, Bpeoimrn1.a 111 exJ)8rim&nt Bl>, fed oooktd beef' teyroid, 

Jig, 60. B~ollnena in exJ;11rlment am, ted pig thJrOid, 

11g. 61. 8peo11111m in esl)8rlmeni HP, tod dog tb1ro1d, 

, ... ,. 62, Spoo:lmtm in expol'iinent HG, ted. Parke am 
OonlJ)aDJ'I tbJroid. 

rig. 63. Speotmma in experiment HH, ted Armour imd 

Oornp&nJ'a tbJroid, 

·l!he rinp in lf'is1, 56, 1>'1 • 60 and 61 i-epreaent 1peolm1n• 

tha.t died aDl were oonaamed bJ the other individuals, l~vbig 

no trao,. !fhl load 11\JB& in lf'ig1. 68, 159 and 60 reprea:ant 

1peoimena t.bat aooidcU1 dried up in tranlit and oould not 

photographed, 
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PLlTB VII 

liana pipiena 

fhe tlrut tour tigurea, 64 to 67 inclusive, represent 

exp,riments that were oarried on in oontainera holding 200 o.o. 

ot water, while tllo last tour, 68 to 71 inolulive, are photo-

graphs ot limilar experiments 111 whioh the amount ot water 

was 1000 o.o. 

Fig, 64. Bpeoimena in experiment li, oontrol, fad beet. 

Fig, 65. speoimena in experimln\ D, ted dog thpoid. 

i'lg, 66, 6peo1mene iu exper1meni m, ted Par.Ile Davia and 

Oompan1' a tlcyroid. 

1lg, 67. Speoimena in experiment XU, ted Armour a.?¥1. Oo. 's 

>fig, 68, &peo1•• in expor1mmt L&, dontrol, ted beet, 

rig. 69, apeo11111tm in 81Cper1ment Lr, ted dog thyroid, 

i'lg, 70. apeo1111en1 in expe nmen t LG, ted .Parke Davie &m. 
UOlllPaDJ' 8 tbJro1d, 

thyroid. 

~•ig; '11, Speoimena in experiment LB, ted Armour arxl oo. 'a tq:roid, 

In l!'ig, 68, the th'at apeobll n trom the left wae dried up. 
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