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INFLUENCE OF GONAD Il'vrPLANTS AlID GONA.D FEEDIMG 

UPOl~ Tlifil DEVELOPlvrfilNT OF GONADS IN RANA PIPIENS. 

INTRODUCTION 

Conflicting opinions concerning the problem 

of sex determination are the results of the numerous 

investigations upon the subject. During the past fif-

teen or twenty years certain investigations touching 
' ·· 

upon this qua-stion have been made which have shed 

much light upon the problem. Some workers believe 

that the sex of a zygote is fixed at a very early per-

iod; others nBintain that sex is determined in the 

ovary, chiefly by nu tri ti ve conditions; while still 

others are inclined to the opinion that sex is deter-
,/";' \ 

mined at t!Ie time of fertilization, and that it is 

the spermatozoan that fixes the sex of the individual. 

As yet, the extent of these factors in influencing 

the biology of eex has not been established. 



2. 

It was for the , purpose of testing to what ex-

tent eex-hormone in:fluences can affect sex-determina~ 

tion or modify the gonad structure in amphibians, that 

this experiment was undertaken. 

It gives me pleasure to acknowledge my grati-

tude to lJr. B. M. Allen for his suggestion of the prob-

le m, and his advice and instruction concerning it. 



LITERATURE 

There is scarcely another problem which in the 

past few years has brought forth the abwidance of lit-

erature that we find dealing w.L.th the sex problem. 

However, an exhaustive review of the literature on the 

subject wou.ld only .prove tedious, therefore, but a few 

of ·the more important findings will be briefly noted 

here. 

steinach ( r 12 i 13) shows that in the rat or 

guinea{)ig the transplanting of gonads of the opposite 

sex into castrated or_ spayed animals brings about a 

reversal of some of the sex characters. lVlOOre ( '19} 

verified these statements. 

·· Goodale ( '16) in his gonadectomy experiments 
/ 

upon domestic fowls . demonstrated that certain secon-

dary sexual characters are dependent upon the secre-

tions of the gonads. In. ovarian removal many male 

charact era were assumed; in te stiB removal a majority 

of the secondary seXllal characters of the male develop, 

though .a .few remain in an infantile condition; cas-

trated drakes lose their power of developing the 



sumrne r plumage • 

Goldschmidt l '16},working upon the gypsy moths 

df Oapanese and European spe.cimens, showed that in his 
D1!\-' . 

crosses he .secured an intermediate, a phenomenJtwhich 

he called intersexuslity. In .some crosses the females 

were normal while the males showed the intersexual char- · 

acters. In other crosses, the females showed the inter-

sexuality, the males being normal. Goldschmidt con-

eluded,- and further experiments . proved his conclusions , 

correct,- that the peculiar thing responsible for inter-

sexuality could be influenced by external condit~ons. 

Both sexes contain the ·anlagen for either sex. In 

both sexes, irrespective of the zygotic constitution, 

both anlagen might be come potent. Which one is to 

appear depends upon the quantitative relation of both. 

The very significant work of Riddle upon the 

pig~on should be mentioned here. •rhe eggs of the· 

pigeon laid in the spring have a strong tendency to· 

produce males, while those laid later in . summer or 

in the autumn are female producing. Also the · eggs 

of the older bi·~ds produce more females than males, 



while the reverse is true of the younger birds. During 

the season the successive clutches show higher and high-
,. 

er storage of yolk, and produce higher and higher per 

cents o:f females. -. The analyses show that the earlier 

clutches store less yolk ma~erial and produce more males; 

the -later clut·ches store more uolk material and produce 

more :females. Thus the important point brought out by 

Riddle is that sex-control in the pigeon has been accom-

pl~shed by a 'changed metabolisjm. The difference between 

the germs of the two sexes seems to rest on modifiable 

metabolic levels of the germs, males to arise at higher 

levels, females from the lower. 

~~-lN?a~k .Lillie l '17) in his w ark upon the free-

martin gives some very interesting data upon the problem 

of sex-de te rmina ti on and sex-di fferentia ti on in mammals .• 

He feels that his results strongly suggest that the 

course of sex-determination is largely determined by _ 

sex hormones circulating in the blood. ~he femsle of 

two-sexed twins in cattle, kncmn as a free-martin, is 

usually sterile. In such cases, the internal reproduc-

6. 

tive organs are usually _male, the external organs female •. 

The female is zygotic-ally a female, modified by the sex-



hormones of the male twin. A secondary fusion of the 

chorions and anastomosing of the foetal circulation 

of the tvvo individuals permit the influence of the 

hormone and in this way the sex glands and sex ducts 

are modified from the normal female condition to a 

sterile, masculinized state. In a case reported 

where there was no anastomosing of the unbilical blood 

vessels, where the sex hormone from the male twin was 

unable to · gain access to the female twin through the 

blood current, no modification of the reproductive sys-

tem occurred. 

The study of the free-martin up to this time 

had resulted in the conclusion that it was an abnormal 

male. The histological "Study of the free-martin gonade 

by Chapin ( '17} supported Lillie 1 s conclusion that the 

free-martin is zygotically a female • 

.A:n· exceedingly interesting piece of work is 

that upon the structures and homologies of free-martin 

gonads presented by Willier l '21), following the work 

of .Lillie l '17). 1vlarked variation was found in the 

structures of these gonads. In classifying these 

6. 



gonads, three degrees of transmm·rmation in the male 

direction were interpreted, low, medium and high. 

Gonads in ea.ch group vary as to the a.mount of trans-

forma. tion. It is striking to note that certain cases 

in the high degree of transformation very nearly ap-

proached the normal. Doubtless the degree of trans-

forms. ~ion was due to the length of. time during which 

the hormone action was going on or to its potency. 

Following the work of Lillie in his study of 

the free-martins, ~adachika u~noura t '21) reported 

upon the efi'ect of gonad grafts on the hens egg and 

their effects on the embryo. Sexual differentiation 

was found to be reversed in the chick in his work, He 

7. 

showed that the test~s ·and ovary pro.duce secretions 

which are capable of modifying the primary sexual char-

acters • . 

Concerning the Crepidula,~ould l '17 1 19) reports 

that maleness develops only when small individuals come 

in contact with or remain within a short distance of 'a 
, ' ·. \ ~ ' I ~ 
,- .. ,.,.,,_,(/ .. t 1Jl tZ .. ,./_1~~.v 

large .m.a.J.J~ or \ transitional form, lie concludes that 

maleness in the crepidula is directly due to the effect 



upon sexually indifferent individuals of a certain 

substance produced by large animals. 

Bond ('14) cites the case of the hermaphrodite 

pheasant as due to the action of a hormone se·cre ti on 

by the hermaphrodite gonad present in the bird. ±he 

pheasant possessed a single gonad which was part ovar-

ian, part testicular in structure. The remarkable 

thing about this case· was the assumption of male char-

acters on one side of the body only, and this fact 

presents the di ffi.cul ty in explaining the unusual .: con-

di tion. 

several hermaphrodite fowls studied by Pearl • and .oaring l il8) possessed pathological gonads. They 

attributed the condition of herrnaphrodi tism as due to 

this cause. 

It is a matter of common .lm.owledge that in cer-

tain animals which undergo seas.anal variations in sex-

ual activity, the secondary sexual characters which · 

accompany these changes are modified or abolished by 

castration. ] 1or ins t.s.nce, in the stag the antlers 

either remain wideveloped or are shed prematurely. 

a. 



after castration. '..Chey are either not replaced or are 

replaced only g·y incomplete growths. structures com-

9. 

mon to both sexes, however, are not modified by castrQ-

ti on. 

A few of the more important findings concern-

ing sex-determination in amphibians should also be 

noted. 

Pflt!lger was the first to point out that. even 

at the time Of metamorphosis, the number of· females 

exceeds that of the males. ..t!iVen tual ly an equality 
' i 

of numbers be~veen the two sexes showed that a pro~or

tion of the females be came males. :Pflttger classified 

three kinds of animals, males, females and hermaphro-

dites. The 'Pflttger hermaphrodite' is an animal 

which in earlier s iages forms an o_vary bu.t whose 

final sex is not distinguished. In the course of 

further development, it becomes either definit.~l~ 

male or female as the sex ratio for adult frogs is 

appr.oxima tely 50- 50. , The inve sti ga ti ons of ,R. 

Hartwig, Kuschakewitsch, and Witschi not only con-

firmed Pflttger 1 s work, but extended it by showing 



that anurans apparently develop solely as females and 
--- .... -_.., ...... _ _...,._.,._,.._~,._.,. ...... ..-... ,- ,,,...,,·,-•-r··"""' 

sexual intermediates, the males only later dif1eren-
o 

tiating from the females and hermaphljdite forms. 

The method which Hertwig used in sex-determina-

tion shows most beautifully that the sex characters are 

plastic and relatively easily inf~uenced. He exper-

10 

imanted upon the effect of .staleness lOVer-ripenessJ of 

the frog eggs upon the sex ratio. Over-ripeness of eggs 

was accomplished by separating the fro.gs during copu-

lation, while · eggs were ·still in the ·uteri. Later the 

animals were again united or the staie eggs taken from 

the uteri and artificially fe~tilized. These eggs yield-

ed a le.rge per cent of males while the control eggs laid 

normally gave offspring which were composed of the custo-

mary 50-50 ratio. The per cent of males in the experi-

ment group increased as the staleness of the eggs in-

creased until from 80)b in the earlier groups, he re-

ceived males exclusively in experiments where. the eggs 

were unfertilized for 89 hours. Kuschakewitsch ar-

rived at the same results in an experiment ~arried ~ut 

in the zoological Laboratory of 1~1unich. Pflttger has 

• 



also shown, without giving mo re accurate da t°{, that 

over-ripe eggs give .::only males. 

Experimenting with .Amphibians, King ( '11) 

concluded that sex in HUfo is determined at or near 

the time of fertilization and that external factors 

acting during 'this time may influence the sex- deter-
' •' 

mining mechanism in such a way as to c~use it U>)produce 

one sex or the other. Y~ng performed various experi-

ments in which she fertilized the eggs of jjUfo in solu-

tions of Acetic Acid. In every experiment in which 

acid solutions ware used for fertilizing the eggs, the 

number of females obtained was from 10-20 per cent 

lower than that whi~h is normal for that SP3 cies. 

Practically normal ratios were obtained, however, in 

the series where alcohol was used in the fertilizing 

process. It was concluded by King in the experi-

ments which she made relat.ive to the water content of 

~he egg during the period of fertilization, that ex-

tracting the water from an egg or preventing the ab-

sorption of water by an egg at the time of fertiliza-

tion tends to produce 'a change in the sex ratio :~ The · 

11. 



increase :ill water content tends to produce a ma.le; the 

lowering in water content favors the development of a 

female. Other experiments upon the sex ratio of Hufo 

show a slight tendency .away from the normal sex ratio, 

but not marked enough to call for any special comment, 

Three investigators, Born, Yung and cuenot, 

have sought by experimental means to ascertain the re-

lation of nutrition to sex-determination in amphibians. 

Born concluded that in his work an abundance of food 

leads to a greater proportion of females. Yung found 

that in a lot of 100 ·young frogs that had be.en fed ex-

clusively on beef, 78 per cent were females; the num-

ber of females was found to be inc.reased to 81 per 

cent in a second lot of 100 tadpoles which had been 

fed on fish; while in a third lot of 100 tadpoles that 

had received the flesh of frogs as food, the number of 

fermles was 92 per cent. The number of females in 

this species of Rana is normally about 53 per cent·. 

The results of Yung' s experiment, therefo.re, support 

the conclusion of Horn that nutrition is a decisive 

factor in sex-determination, an abundance of food 



leading to a development of more females than the nor-

mal ratio gives. 

In a more recent paper, however, Cuenot gives 

the results of a series of feeding experiments in which 

he is testing the conclus~ons reached by Born and Yung. 

In two lots of frogs which had been well nou.rished on 

animal food, contrary to the findings of the previous 

workers, he fou.nd that there was an excess of males. 

In another lot which had been poo,rly nourished, there 

was a greater proportion of females. Born and Ywig 

worked upon Rana esculenta, while the work of cuE!not was 

upon Rana temporaria. However, the contradictory re-

sults obtained by these workers can hardly be entirely 
' 

attributed to the difference in the species of Rana 

used, and one must conclude that nu tri ti on is not an 

absolutely dominating factor in sex-determination. 

In King's feeding experiments upon .Bufo, at a 

later date than the workers just cited, it was con-

cl uded that the character of the food received by the 

tadpoles is not in itself a decisive factor in deter-

mining sex, although -it has much to do with the rate 



of development and with individual size, 

MATERIAL A!ID .METHODS 

NiAT ERIAL 

The larvae of Rana pipiens were used almost 
\ 

exclusively in the present work. Rana catesbeiana 

larvae were used in the earlier part of the work, 

but a subs ti tu ti on in form was made as the bullffog,_ .. 

material was more difficult to obtain locally and the 

longer larval life of th.e bullfrog tadp,ole would pro-

long the experiment unnece ssar~l~. Specimens used 

in '20 - '21 were collected from ponds in and around· 

Lawrence, The age of these larvae was base~ upon the 

size of the animal, The size or length of tadpoles, 

however, is not a good criterion of their age as 

anuran larvae of the same age show considerable size 

variability. Accordingly, the age of the specimens 

used in this earlier part of the experiment are only 

approximate, since they were ola ssi fi ed as to size. 

\. 
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In the later work, the eggs were hatched in the labor-

atory, hence the exact age of each tadpole was accur-

ately determined. 

The eggs brought in were in early segmentation 

stages and as soon as the larvae had escaped from their 

gelatinous capsules,. they were divided into groups of 

twenty and placed in g;i_ass dishes. Later, when the 

mouth had formed and the tadpoles were capable of fee.d-

ing, the dishes were separated into control and exper-

iment groups, Hine trays of larvae were used for 

each type of feeding experiment and the sam number of 

dishes reserved for contrql feeding. Material for . 

grafting work was reserved at this time in the · same 

manner, four trays for operations were selected, four 

to serve as controls. 

FEEDING. 
The first method of feeding the experiment 

specimens soon proved decidedly unsatisfactory. ovary 

and testis material of the dog were to be used as food. 

It was desired that the tadpoles eat as liberally of 

15. 



the tissue as possible, ·so small pieces of the dried 

tissue were placed in the dishes and the larvae al-

lowed to consume as large an amount as possible. This 

method proved most unsatisfactory as it was soon noted 

that the tadpoles were not eat:tng sufficient .quanti-

ties to keep them well nourished. ~he control animals 

appeared in better condition and better nourished. The 

next method tried w~s to make a paste for feeding. The 

tissues were ground to a fine powder with the mortar . 

and pestle. 1wo parts of this powder was used to four 

parts of wheat flo·ur, two parts of alfalfa flour, and 

one part of yolk of egg. Water was added until the 

mass was a thin paste. This paste was thinly spread 

upon dishes and allowed to dry. Small pieces of this 

dried paste were daily fed to the larvae. .No fixed 

quantity of food was given them but the amount fed was 

regulated by their appetites. ]•eeding of the testis 

of the dog, prepared thus iD: the laborat,ory, was con-

tinued throughout the experiment. Shortly after the 

beginning of the feed~ng, . a prepared powder of corpora 
• lutea, put up by Parke, Davis l;ompany of lJetroi t, 

16. 



1lichigan, was substituted for the ovarian material. 

The gonads from female dogs were e.lmos t unobtainable 

at this time and it was found impossible to prepare 

sufficient quantities of the powder in the laboratory, 

hence the substi tu ti on. This method of administer-

ing the testis and ovarian m£terial proved satisfac-

tory and was used throughout the remainder 0£ the . ex-

periment. The food for the control groups was made the 

same except with the omission of the gonad material. It 

furnished the tadpole with a well-balanced and nutri-

tious diet. 

LABORATORY CONDITIONS. 

Glass dishes 6 x 8 x 2 inches were used for 

containers• Dishes of this size are convenient for 

handling and give ample SIB ce for twenty tadpoles. Tap . 

water was used for covering the tadpoles and was changed 

daily. The series of tadpoles were kept under uniform 

conditions of light, temperature and water supply so 

far as laboratory conditions permi tte?-. In this point 

especially, ·frog larvaa ... are excellent forms with which 

17~ 



to work as the tadpoles are easily handled and very 

readily ad~pt themselves to laboratory c ondi ti ons. 

TECHNIQUE. 

During the course of the work, only one fixa-

tive was used, Tellyesnic.k:y's bichromate-acetic fluid • 
. ' 

In dissecting, the mesDnephros was usually left attached 

to the testis. Throughout the work the material was 

sectioned. The sections were cut at a thickness of 

7 .5 to 10 fl and were mounted in series · • . Heidenhain Is 

iron hematoxyli~ stain was used exclusively. 

OPERATION. 

The grafting is a simple proces~. A knife made 

in the laboratory from a needle ground to a fine, sharp 

cutting edge is used for the opera ti on. An incision is 

.made through the skin of the back slightly to the right 

of the mid-dorsal line. The knife is moved about under 

the skin until a sufficiently large amount of space is 

made for placing the graft. A piece of the gonad is 

18. 



placed well under the skin and the · operation is complete. 

The material for grafting was obtained from the adult 

~rag. The testis of an adult was divided in to six or 

eight pieces, thus averaging about 1.5 mm in size, 

al tho they were of irregular shape. Oblong strips were 

more often used, the better to fit into the incision. · 

At first an attempt was made to use ovarian as · 

well as testicrilar material for grafting in a portion 

of the -specimens but this was soon abandoned. The 

· ovary was usually filled ·with either immature or ripe 

eggs and it was difficult to secure enough of ovarian 

tissue to make the graft a success. 

The larvae were placed upon a piece of moist 

cotton for the operation, the incision made and the 

operation quickly performed. In a few minutes the 

tadpole was again swirrm1ing about seemingly little af-

fected by the operation. .ll'Or the earlier. work, a 

small amount of chloretone was placed in the water to 

quiet them, but in the later grafting, no anesthetic 

was used. 



DISCUSSION 

The Gonads of the Adu·lt Frogs. 

The testes o:f the adult :frog ar.e oval-shaped, 

yellowish ho dies lying on the ventral sur:face of the 

kidney near the anterior end. The :peritoneal cover-

ing o:f the testis extends dorsally as a double mem-

brane, the · mesorchium, ·which attaches the testis to 

the body wall. Leading from the testis to the kid-

ney are a number o:f slender tubes, the vasa e:fferen-

tia, which are found branching and anastomosing at 

the inner margin of the kidney. Blood vessels, nerves, 

connective tissue and the tubules make up the testis. 

surrounding the testis is a connective tissue membrane, 

the tunica albuginea, and over this a :peritoneum cover-

ing. i·he tubules of the testes are made up of two lay-

ers, an outer one, the mebrant propria and an inner 

lining of cells forming the so-called nfollicle cells",, 

20. 

· which form around groups of cells giving ri"Se to sperma-

tozoa. Attached to the anterior end o:f the testis is a 



yellow organ with several finger-like projections. 

This is the fat body, 

The ovaries of the fema~e frog are loose, 

sac-like organs. The size depends greatly upon the 

\stage of growth of the eggs contained in it. The 

covering is of peritoneum, which continues as a dou-

ble membrane, the mesovariurn, attaching.the ovary to 

the body wall, Fla.ttened epithelial cells form the 

inner lining of the ovary, while the layer between con-

sists of the ova and the follicle cells. ~he follicles, 

within which the eggs develop, consistof the membrane 

granulosa, and the theca folliculi. 

The oviducts are convoluted tubes lying on 

either side of the median line. Anteriorly, the ovi-

ducts open into the body cavity, posteriorly, they en-

large to form the uteri, The walls ·of the oviducts' 

are thick and granular, lined with cilia. The glands 

of the wall are mostly of the simple tubular type, 

lined by a layer of cylindrical cells. 

• 
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origin of the~ Cells. 

Reports upon the origin of the germ cells vary 

somewhat. In the amphibians, Allen,. King · and Witschi 

found that the primordial germ cells arise from the 

entodern and give rise to the definitive sex oells; 

Semon, Dustin, Bouin, KU.schakewitsch, Champy· and Gaten~ 

by assert that theydefini ti ve sex cells a.rise from the 
. , 

germinal epithelium. swingl~ in working with the bull-

frog, Rana catesbeina, found that there is no indica.:.. 

tion of germ cells arising from the germinal epithelium · 

in earl·y larva:i stages. The mesothelial and sexual 

cells of the gonad are entirely distinct. .1:1.owever, in 

the bullfrog practically all of the germ cells derived 

from the en todern undergo a precocious . and ab or ti ve 

maturation cycle ending in degeneration and abortion. 

only a very few of the descendants of the primordial 

germ cells fail to maturate or degenerate, and seem to -\ 
\ 

give rise to a new generation of sex cells. At this time,\ ? 

however, there is a marked increase in the number of germ} 
1 

! 
" cells and apparently there is an active transformation of 

/ 
/ 

.,,/ ' . 
// 

epithelial elements into sex cells. 
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Development of the~ · Glands and Germ Cells. 

These primordial germ cells of the embryo are 

first distinguished from other yolk-laden entoderm cells 

a.s a ridge lying directly beneath the aorta and between 

the lateral plates of mesoderm+ but distinctly marked 

off from them. This germ-cell ridge is soon cut off 

from the underlying entoderm. A longitudinal splitting 

of this median germ-cell ridge forms two ind~pendent 

ridges· of germ cells with a peri~oneal covering. The 

majority of the cells of the genital-ridge at this time 

still contain nu~erous large, deeply staining yolk sper-

ules. A few peritoneal cells are also present. An en-

~argement of the germ ridges occurs at this time, due to 

the ·prolifer£ ti on of the cells end to the migration of 

mesoderm cells into the ridge from the mesonephros and 

peritoneum. ~he ridges project into the body cavity 

and take on the character of germ glands. 

Witschi summaries the characteristics of the 

undifferentiated, fully developed germ gland as having 

a single layer of germinal epithelium bordering a pri-

mary germinal cavity into which at regular intervals, 



project a series of solid cords of cells, the sex cords 

growing in from the mesonephros. 

The development of the ovary is an even, con-

tinued development Of the undifferentiated germ gland. 

several layers of germinal epithelium form. A capsule, 

the follicular epitheliumJforms around the mother cell 

and the daughter cells. The germ cells united in such 

a manner carry out the division elements of each folli-

cle {egg nest) for there 1s simultaneous maturation. 

They then enter growth stages. 

Such egg nests begin at the point farthest from 

the hilum. .B1rom . this stage there is no more di vi~ion 

but simply a growth. A growing in of somatic elements 

causes a breaking up of the egg,hests, and each egg 

has its oVvn. capsule. Each egg forms yolk, resulting 

in a rapid development of the entire gland~ 1.rhe germ 

glands of metamorphosed frogs usually show growth of 

o~cytes. 

rt is important to note that in the female the 

sex cords play no important role, while in the male they 

are very important. 



At metamorphosis the sex cords fuse together 

and a single cavity is formed. in them. After metamorpho-

sis, the sex cords degenerate and only the ret:2 ovarii 

refill in. 

At the time when the first egg nests form, the 

seconda~y genital cavity also forms. A word of explana-

tion concerning the terms primary and secondary genital 

cavities is perhaps wise at this point. kuschakewitsch 

gives the following explanation of the terms,-

In the development of the germ glands of frog 

larvae, two kinds of cavities appear,- the prirnary and 

secondary cavities. fhe primary spaces are simply 

those vacant spaces appearing between the germ cell~, 

which have never been obliterated by the migration of 

sex cells into the gland and their subsequent multipli-

cation. These primary spaces later become filled with 

embryonic conn~cti ve tissue which, later in development, 

is directly transformed into the connective tissue of 

the gonad, 

The secondary genital space is the lumen 

formed within the mass of mesenchyme cells, which 

25. 



proliferate into the gland from the mesonephric region. 

Testis. 

Testicular development does not proceed in the 

sense of continued .development of fe,atures already seen 

in the undifferentiated gland, but is a transformation 
\ 

26. 

process, a shifting of germinal regions. In the female,· 

the germinal ·epithelium forms one layer. In the male, · 

the germ cells leave their original position, cross the 

primary genital cavity and enter into sex cords. In 

their wanderings they are surrounded by a layer of peri-

toneel cells. In a short time,all of the germinal epi-

thelium left behind is the simple peritoneum. These 

masses become attached to the cords. Sometimes they 

bury themselves in the .interior. 

Between the compact center of sex cord tissue 

and the outer layer leading to the germ cells, appear 

irregUlar cavities,- the anlagen of the cavity of am-

pullae. The outer layers continue to separate off the 

ampulla cavities until they acquire the character of 



·, 

radial canals with the narrow end connected. 

Up to the third or :fourth summer, the testis 

con ti nu es to grow evenly,· then the ampullae transd!cfrms 

in to the seminiferous tubUle s. l..ihile in the female, 

the rresonephros soon ceases to proli:fera.te its elements -

into. the ovary. Spermstocytes :form from the same mother 

cell, giving stages correspond.ing to' the egg nests o:f 

the female~ 

As has ·been shown, the germ cells and germ 

glands of young frog larvae remain in an apparently 

indifferent condition for a long period of time. In 

fact, they are so much alike in the early stage·s, that 

it is some time be:fore sex can be determined with any 

degree of certainty.' Th~ criterion of sex di~ferentia

tion used for the younger stages o:f the larvae was that 

given by Ring ( '05) in Bufo and verified by· Swingle in 

his work upon Rana pipiens. She reports that in Hu:fo 

it is possible to distinguish the sexes at a somewhat 

earlier stage of development than the presence of the 

genital cavity, by the cell arrangement in the genital 
I 

ridge. The development of the germinal ridge proceeds 
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from the anterior to the posterior end. That is the 

anterior portion of the gland may have taken on its 

definite character as an ovary or testis whiilie the pos-

terior portion is as yet undifferentiated. Thus King 

gives as the earliest differentiation of the sex gland,. 

the arrangement of the cells in the anterior portion of 

the sex gland. According to this writer ·, in the male 

the· germ cells are sea ttered evenly throughout the 

testis, each being surrounded by a number of follicle 

cells; in the young female, the germ cells have a 

definite arrangement arour1d the outside of the ovary 
t; . 

while the center is filled with pe _~~ t .Q!!.~J .. cells. 

There is no · central cavity in any part of the genital 

ridge at this time • 

Until the onset of maturation, the gonads of 

the two sexes are morphologically identical. &'Wingle 

( '21) found that the male germ cells of Rana ca te sbe iana 

larvae enter maturation simultaneously with those of 

the female tadpoles,- long before metamorphosis, or before 



the gonads have even differentiated to resemble a 

testis. Following this precocious maturation cycle, 

it becomes easy to differentiate the sexes, as the 

female germ cells soon enter the growth period and 

become o~cytes. The gross appearance of the glands 

changes at this time • 

Gonadectomy experiments have been almost 

lllliformly performed upon animals possessing marked se-

condary seA"U.al characters, so that the change brought 

about by gonad removal or the transplanting of. gonads 

was noted in the reversal of some or .all of the second-

29. 

ary sexual characters• In the amphibians, however, the 

sexes are almost indistinguishable, and only at the breed-

ing seasons, when the thumb- swelling of the male occurs, 

is it possible to definitely identify the sex- ) of the ani-

mal by external observation. Therefore in ~he present 

work the study has been .llPOn the germ glands themselves. 

In the earliest experiment, the glands were dissected 

out and studied under a low power binocular microsc9pe. 



Shortly before metamorphosis, the growth of the oc:tcytes 

in the ovary· causes an enlargement of the gland which 

makes sexual differentiation possible from macroscopic 

study. 111he testis of _the male retains its long, · flat, 

ribbon-like appe2rance until after me tamorpho sis when 

it begins to assume the·· characteristic rounded testis 

shape. 

Forty operated specimens and forty controls 

were used for this first study. The implants were made 

from testis material taken from' the · adult frog. 'l1he 

time the animals were allowed to live after the im-

planting was done varied from 56 to 70 dey s. At 

the time the animals were killed, most of the grafts 

were seemingly in good condition, al tho they were 

usually !fiUCh smal~er than when they were implanted:. 

Since the study ·of these gonads was .only for the p ur-

pose of ascertaining the sex of the specimen, the re-

sults recorded were in terms of the sex-ratio of these 

compared with the controls. ln -the controls, 17 were . 

males; 23 were females. in the operated specimens 
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(in which male implants were used), 21 were males, 

19 were females. Al though the operated ones showed 

a little higher 1)er cent of mal.es, the difference in 

sex ratio ': ·between the control and the experiment tad-

poles was not marked enough to even suggest that the 

sex ratio had been changed by the implanted material. 

In the second set of experiments, the problem 

was approachec;i from a different viewpoint. J. t was 

decided to make a careful study of the structures of 

the gonads to see if it might be possible to in.fl uence 

them in the male or female direction thus producing· 

a change which the m~croscopic appearance. of the gland 

would :no t show • From the various studies of the de-

velopmen t of the secondary se.xual characters, Schafer 

concludes that it seems certain that the development 

of these characters in the male is dependent upon an 

internal secretion of the testicle and that it is 

highly probable that this secretion is yielded by the · 

interstitial epithel'iurn. It has been observed that 

in hibernating animals spe:rmatogenesis ceases, and 

that the inte:rsti ti al ce'ils_,almos t disappear. In 
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some non-hibernating animals, on the 6 ther hand, the 

interstitial 'Cells of the testis are very abundant. 

It is also known that the gradual destruction of the 

graafian follicles and interstitial cells by disease 

acts like parasitic castration and affords op:portuni ty 

for the growth and functional development o'f dormant 

rudiments of the male gland cells. 

There is very little literature dealing With 

the interstitial cells of amphibians. The seasonal 

changes which the frog undergoes are marked by a · 

change in the amount of interstitial tissue of the 

gonad. Harms notes,in his work upon the European 

frog, that the interstitial cells are most abundant 

in J:iiay and again in October. The writer fomid no 

such statement concerning the species worked with, 

Rana pipiens, but it is highly probable that such a 

change does occur, al tho the tirrs when the int~rsti

tial cells are found most abundantly doubtless varies 

somewhat with the species. 

The studies of Allen t '04) on the pig gives 

us the origin of the interstitial cells of the testis. 
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He finds that sex differentiation is strildngly shown 

in the str~cture of the testis anci ovary of embryos of 

2.5 cm. length. Interstitial cells are present in both 

of/.ary and testis at this stage but while they are numer-

ous in the testis, they are very rare in the ovary. 

Whitehead notes that the interstitial cells pass through 

t wo phases of growth, between which a period of atrophy 

intervenes. At the time when the cells make their ap-

pearance, there is a period of active growth, after 

which the cells return _almost to their first stage of 

active nuclei. It seems significant,- and has been 

so interpreted by some workers,- that there is this 

period of intensive growth , of the interstitial cells 

of the testis at the time of most rapid sex differen-

tiation, and that their activity decreases af~er dif-

ferentiation is attained. The interpretation which 

Chapin puts . upon the free-martin gonads is due to the 

fact ~hat the differentiation of the ovary ~s later 

·than~· .tha:t :Pf_ the :.;tes,tis, inas.!lluch as in the female of 

mammals the first ingrowths from the germinal epithelium, 

a complete homologue of the seminiferous tubules of the 



34 • 

• maa.e, forms only the medulla of the ovary, and the 

ovarian cortex is formed from a second generation 6f in-

growths. Thus the interstitial tissue of the testis is 

present when the male hormones first be come active and 

has a start over the ovary which results in the sup-

pression of speci£ic ovarian tissue. 

It was decided to try. to influence the gonads of 

amphibians at or before the time· of sexual differentia-

ti on in two ways: First, by the f~_eding of gonad mater-

ial from -the time when eating began, Second, by implanting 
i.t1 ... v../" 

testis and ovar;t material just preceding the time of sex-

ual differentiation. 

The rssults of this work are shown in the fol-

lowing tables. The measurements were made by the use 

of a micrometer eyepiece. ].,or the sake of clarity, and 

for the purgo se of showing the Wf?.Y in which the final 

results upon the problem of implanting·were reached, 

Tables l and 2 are used. These tables represent 

specimens selected from series 7 and 9 of this ex::per-

iment. Any series might have been used but these were 

selected because of the length of time during which 
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the implants had persisted and the good c ondi ti on of 

the implants at the end of the experiment. careful 

measurements were made of the total body length and 

of the gonad size. The . bo.dy length is given a·s the 

measurement from the tip of the snout to the anus. 

Table 3 is a summary of the work of the second exper-

iment upon gonad implanting. 

In the gonad fed larvae, the sex ratio was 

normal but a mc.rked difference in size growth was 

found. This difference is shown in botp. body size 

and gonad size •. · The . tables show the following size 

differences: 

After 31 days fe~ding: 

~es tis ] 1ed - ·body size 10. 7; gonad size .a 
Controls - bog:y size 9,3; gonad size .7 

After 37 days feeding: 

Testi·s fed - body size· 12.5; gonad size 1. 

Controls body size 10.3; gonad size .8 

The volume of size difference is clearly seen 

in the accompanying plates, showing that the diifere11ce 
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in size is not merely in .length. The only difference in 

the food used for the · two groups was that two parts of 

the powdered testis material was added to the food for 

the experimental feeding. Al tho this addition might 

ma\ke the food a little more appetizing, it seems highly 

improbable that so great an amount of difference could 

be accounted for in such a manner. However, only pre-

liminary report can be made upon the feediling experi-

ment at the present time as it will be continued through-

out the summer and it is possible that as sexual differ-

ence be comes more pronounced and the influence has been 

exerted for a longer period of time, a change in gonad 

structure or sex ratio may occur. A later report will 

be made upon this work. Also eighty· specimens with 

male implants will be studied and included in this re-

port, 

Tab.le 4 gives the data cone e rning gonad fed 

and control tadpoles after 3 days of feedLng, while 

Table 5 shows the results after 37 days of feeding. 



S1Hl1MARY 

All of the gonads mentioned in Tables 1, 2, 

4 and 5, and more tha:n half of those included in 3, 

(the sum.mary) were · studied for any change in structure 

which might indicate such reversal of sex characters 

as might possibly have been produced by gonad implant-

ing and gonad feeding. such experimental determina-

tion or modification of sex had been claimed by sever-

al as, for instance, .Hertwi g, ·who, experimenting upon 

the staleness of eggs in producing a reversal of sex, 

insists that the sex characters · of the frog are most 

plastic and relatively easily influenced. The feed-

ing of Yung is also ci teci as a farther evidence of 

plasticity of the germ plasm. lie ma'intains that the 

number of females was increased from 507b to 92)b by the 

feeding of flesh of frogs to immature larvae. con-

trary to the opinions of these workers, the 'N ri ter 

failed to find. the germ plasm pl·astic and readily in-

fluenced. 
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In the first experiment cit~d of the germ 

gland implants, where only a macroscopic study of the 

germ glands was carried out to ascertain the sex of 

the animal, there was no deviation from the normal .sex 

ratio. The second experiment upon implants consisted 

of a macroscopic study of the gonads, c~reful body and 

gonad measurements, and a microscopic study of "€l3:ia~s. 

ma~."' .. -04· serial sections of these gonads. The size 

and condi tio.a of the implants at the end of the ex- . 

periment were also studied. If any influence from 

sex hormones had acted upon the gonads., the , writer 

feels that it certainly would have shown an effect upon 

the plastic germ plasm of at least a part of the spe-

cimens reported in this pap_er. 

A study of the results seems to show that the 

inwlantation of germ gland material does not prevent 

the development of the gonads of the opposite sex in 

the stages studied. 

The intensive study made thus far upon this 

phase of the problem of sex differentiation which 



was designed to test out the work of uertrNig, Lillie, 

and I\Iinoura, gives no indication of sex reversal or 

sex modification in the amphibians by means of gonad 

implants or gonad feeding. 
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Gonad. ·-·:ila t erial. - Sex of 
__ .,.. __ 

Date Date Body Size Of Humber 
Op erat e::l Killed Length Size Cimplant Implant of days 

- - Mms. Mms. at end of Animal implant 
exp. remained 

_. lQ June 2o Jtug 16 12 .3 1.7 -female - small male 57 
2o " 21 " 16 15 .6 l·O male small male 56 
3o n 21 " 16 15·0 2.1 female 2.7 nm female 56 
4o " 16 n 16 16 .-8 1·2 male small male 61 
5o . tf 28 ff 16 15.7- l·l male r.8 nm female 65 
60 n 21 n 16 10 .8 1·3 male 1·8 mn female 56 
7o " 29 n 2 18.9 3.4 male 1·5 female 34 
S'o " .·.11 n 2 12·9 1·3 female .3 female 52 
9o If 18 " 2 13.2 2·1 female small :female 45 

lOo II 10 n 2 14.1 1-6 male small male 42 I 

Average 14.5 1.6 

Controls 

le :x: Aug 16 12.3 1.3 x x male 
2c- x " 16 15 .r6 1·5 x x male 
3c x rt 16 15.0 1·7 x x :female 
4c x tf 16 16 .s 1-6 x x male 
5e x tf 16 15 .7 i.o x x female 
6c x " 16 10 .a i.3 x x female 
7e x If 2 18 .9 2.s x x female 
Sc x " 2 12·9 1-3 x x f anale 
9c x n 2 13 ·2 1·3 x x female 

lOc x " 2 14 .1 - 1-3 ·X x male 
.Average 14 .5 1·5 



--

Date Date Body Gonad Material Size of Sex Number o:f 
Operat ei Kill ed. Length size Implant ea Implant of days im-

nnns mms at aid Animal pl Ell t 
Of • remained 
mns 

Ao - June 14 Aug.16 13 . _2 2.4 male .5 x .1 _ lfemale 62 , . 

Bo n 36 " 16 14 .4 1-1 fenale 1·8 x .6 -female 46 
Co n 16 If 16 16 .2 l·O female 1·6 x .5 male 60 -· 
Do " 29 II 16 16.8 .8 male 2.3 Xl•3 male 47 

- Eo If 00 tf 16 13.8 L.3 female l ·8 x 1-6 male 56 
Fo- " 28 " 16 13 .3 1.3 ma+e 4.9 x 1·2 -female 48 
Go " 29 " 16 17·1 3.5 male 1.8 x .5 f'emal e 47 
Ho n 20 n 16 18 .o 2.8 male 1·5 x .9 female 56 

Average 16·3 1·8 

Controls 

Ac x Aug 16 13 ~2 2.7 x x :f anal e 
Be · x ff 16 14.4 1.7 x x female 
Ce x " 16 16·2 1·5 x x male 
Da x n 16 16 .a 1-5 x x male 
Ee x n 16 13 .8 1.2 x x male 
Fe x " 16 13·3 2.4 x x :female 
Ge x n 16 17 .1 2.8. x x female 
He x " 16 18.0 2.e x x :female 

Average 15.3 2.0 



TABLE 3 

l : No. Date Dat'e Av. size , Humber Av .size Humber Av.size 
of opera- Eilled of graft males of gonad ' females o:fgonad 
spec- ti on at end male fema;te 
imen of exo. mms. mms 

,. 

eontrols 75 x July ro- x 36 14 .5-1.5 39 15-4-1·? 
Aug ·16 

Male 
implant . 67 June July 20 2.4 31 14.3-1.4 36 14·7·1.g 

2-30 Aug 16 

Female '< 

implant 36 . June July 20 1-6 17 14 .1-1 .• 3 19 14 ·2-1 ·E - 2-30 AW?: 16 

178 84 Av .14 .3-1.4 94 Av. 14•4~l·E 



T:ESTIS FED 
! Body Gonad Av.female Av .f anal e Av .male f Av.male 

lengtli size Sex Body gonad body gonad 
mns mms lenzth length size size 

A 9 .9 .6 female 
B 10-8 .8 male 
c lo.a .9 male 
D lo.a .1.0 female 
E 11 .j. 1.0 male 
F 10-8 .9 female 

Av. 10.7 .a 10 .5 .a 10·9 .9 

CORPORA LUTFA FED 
! 

l 10 .5 .9 male 
2 9.4 .7 male 
3 10 .a l.o .female 
4 g.o .a £emale 
5 9.0 .6 fems.le 
6 10 .5 .a female 

Av. 9.7 .a . 9 .4 .g 9.4 .a 

COl\TTROLS 

I a.4 l.e ferml e 
II 9.9 .6 female 

III 9.9 .7 male 
DI 9.6 .7 male v 8 .4 / .6 female 
VI· 9.9 -6 male 

- -~ 

Av 9.3 .7 8.9 .7 9.8 .7 



Body Gonad · Av .h, emal e Av.female Av.male Av.male I 

length Size Sex body gonad body gored 
1?lll'.IlS,, ~;S" size size size size 

G 12·9 1.3 male 
H 13 .2 1·3 male 
I 12 .9 .a male 
J 12. 1-2 !femle 
K 11-1 .9 female 
L 13-8 1·2 female 
M 13·2 i.o female 
N 12.0 1-1 :female 
0 12·0 .9 male 
l? 12.0 l.o male 

Av. 12.5 1-0 12 .4 l·O 12•6 i.o 
··-· 

VII 10·8 .s female 
VIII 9.9 .7 female 
IX 11-7 .s female 
x 10-8 l.o f ana.le 
XI 9.5 1-0 male ', 
XII 10 .a .9 male 
XIII g.o .9 mal. e 
XIV 10 .2 .g male 
xv ·10-8 .s female 
XVI 9.9 •6 female 

Av. 10.3 .a 19·6 .s 9.9 .9 



PLATE I 

Ex:planation of plates·. 
( 

Fig. l. Male gonad of · control for-:;animal 

sho\m in figure 2. Series killed after 

31 days of feeding. A, germ cells; B, 

Mesenchyroe cells; · C, primary genital 

cavity; D, peritoneal cells. X 966. 

Transverse section. -

Fig.2. Male germ gland of larvae fed testis · 

for 31 days. A, germ cells; B, mesenchyme; 

cells; C, primary genital cavity; D, 

:peri tonea1 cells. x. 966. Transverse· sec-

ti on. 
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- BLATE II-. -

T<!nlai1ation of plates. 

Fig. 3. Male·:- gonad of .control for animal 

shown in figure 4. Series killed after 

31 days of feeding. A,- germ cells; B, 

mes en chyme·; C, primary g·eni tal cavity; 

D, peritoneal cells. X 966. Transverse 

section. 

Fig. 4~ Male germ gland of larvae fed corpora 

lutea .for 31 ·days. A, germ cells; B, 

mes·enchyme G:ell s;: c, primary genital _ 

cavity; D, periton~al -cells. X 966. 
Transverse section.;_ 
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PLATE IIl. 

Explanation of- platea. 

~ig. 5 ._ · Female gonad of control for animal 

shown in figure 6. Series killed sfter 

31 days of feeding. A, germ cells; B, 

mesenchyme cells; C, primary genital 

cavity; D, peritoneal Cells. X 966. 
Transverse section. 

Fig. 6. Female germ gland of larvae fed 

tes·t ·i s for 31 days. A, germ cells; B, 

mesenchyme cells; c·, primary genital 

·cavity; ,D, peritoneal cells. X 966. 
Transverse sectionG 
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PLATE IV.; 

Explanation of plat~..§.. 

Fig. 7. Female gonad _ of_ control for animal 

shown in figure 8. Series killed 

after 31 -days of feeding. A, germ cells; 

B, mesenchyme cells; C, primary genital 

cavity; D, peritoneal cells. X 966. 
Transverse section. 

Fig. 8. Female germ gland of larvae fed coppo(ra . 
lutes for 31 days. A, germ cells; B, 

mesenchyrne cells, c,_ primary genital cavi-

ty; p, ~ ~eritoneal cells. X. 966. Trans-

verse ·section. 
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PLATE Y. 

Explanation of plates. 

Fig. 9. :Male.gonad -for control animal shovm 

in figure 10~ Series killed 37 days 

after feeding began. A, germ cells; 

B, mesenchyme cells; C, primary geni-· 

tal cavity; D, pe.ri toneal cells_.·· X 966. 

Transverse section. 

Fig.10. Male germ gland of larvae fed testis 

for 37 days. A, germ cells; B, mese11-

chyme c~lls; C, primary germinal cavity; 

D, ~eritoneal celis. X 966. Trana~erse 

section •. 
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PLATE VI. · 

Explanation of plates. · 

Fig. 11. Female gonad for control animal 

shown in figure 12-. Series killed after 

37 days feeding._ A, germ ceils; B, mesen-

chyme cells; C, primary genital cavity; 

D, peritoneal cells. OC 966. Transverse 

section. 

Fig. 12. Female germ gland of larvae fed 

testis for 37 days • . A, ger-m cells; B, 

mesenchyme cells; C, primary genital 

cavity; D, peritoneal cells •. X 966. 
Transverse section. 
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