
EFFECT OF SSEJSCTIOK CT^ S'SX - \TTO I!'

EAR!* TBORSTS!? RISTT

B. S»« SoutOi Dakota State College, 1926

sutritted in partial fulfillraent of the requiraniont«

for th© degree of

KASTSR Oi*- SCIBERCE

1928

KANSAS STATE COLLEGE LIBRARIES



fisf

TAB.-S OF COKTSKTS

IMTRODOCTIOB . 1

ACFNO?;i£DG«EIlT 2

METHODS \1fD KATfiKIAI, 2

3aX PATIO FOR STOCK AHBU u8 5

AVEKAOS £JTTSR 3IZE. 6

EWVIROmtiarTAL FACTORS 7

SPFKCT OP SACK PARENT IN JISTOHTIKO THE SEX SATIO. . , 8

SPPSCT OP MAia FAfiiillT AKD OP SBLBCTIOK 10

STATISTICAL TREATM3IT OF RATIOS 3BCURBD . .15

THS CWJSS OP OISTOHTSD SKX RATIOS 14

3m5KARI 16

UTKHATORS CITl-. 16



X

INTRODOCTIOK

Dr. Helen Dean King changed the sex ratio In Inbred

rats In two ifjenera tlons \yy selection to such an extent that

the average ratio in her line "fi" for 19 generations «as 82

r.ales to 100 feraales as contrasted to line " i" ^ith an

average ratio of 122 ciales to 100 ferriales. The ratio 105

-ales to 100 females was taken as the norn:al for rats.

Likewise the nonsal for pwinea pifi?s may be regaxHied as 104

males to 100 females on the basis of nearly 52,000 guinea

pigs recorded In data kept by S^rinht, Ibsen, and

Papanicolaou as determined by Burhoe.

Witti the norml sex ratio for f^lnea pi-rs known it

was possible to undertake an experlffient to attcjcpt to modify

that ratio in a scKieishat similar Banner to that of Miss Kint?

with rats. In the present oiqMriBieiit with guinea pigs a

.furthe> objective, in case selection is successful in

chanplnp the sex ratio, is to detenaino the heredity of

factors whltsh distort the aorrnl sox ratio. As yet the

success of selection in chanj?Anfr the sex ratio in this

experiment has not been conclusively proved.



I wish to express my appiHioiatlon to Dr, H. L. Ib«en

for the use of his extensive i*ecords on Rulnea pl^s in con-

nection with this eicpepiincnt. Also I ass Indebted to hlo for

helpful critlelsir-s aiKi sugffeetlons «t the Inoeptlon of, arid

durlnff the course of the experiisent discussed in this t^esia

I a& also indebted to Dr. Mary T« I^Rnsan for ft helpful

suggestion made nejK* the beginning; of rr.y experir.ent which

caused ire to consider this phase of the problen*

IS'fHODS AMD MATERIAL

The first step was to determine the sex ratios pro-

duced by af?ed breeding fenales who had produced fifteen or

sore younR. This was done by consulting each individual

litter record for all the litters produced by each f^ale.

As a result of such a study two extreme groups of sex ratio

production were discerned.

One such group of females produced a large excess of

nales. The e<»rblned nuii;ber produced by eleven such feioales

was 210 mles and 96 fe-.ales. A second group of eleven ac;ed

fenxales who produced a large excess of females had a total

imraber of 46 jsales and ^'-^--'iles. From among ^-he off-



spring of atred females wlio prodtieed a large exeoss of m&lem

y - wej*e selected for the "Plus Female Ijlne,"

A third line, the "Tntermediato Sex Ratio ilno," vm.9

selected, t^ese fro offspring of aged females who

produced about equal niir ijers of 'ooth sexes. Eleven such

fesAles gave Mrt^ to 181 males and 172 females. The inter-

mediate line is of value to use in detecting possible

lethals that may affeot the sex ratio in the tvo extreme

lines, TVie sequence of sex ratio production for the above

three groups of aged females is oo^i^pared in Table I. Ttje

said afred feraales are desi^ated as ^li* in this tresis*
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latintTS In th« for : t, w&r9 ijpoth^r and

»]st«r« Oth«r mtln^s* bo««ver, tl nacte t»t«Mn ani*

^«Xa lAioaa *fi* wttmn ppodaaed tho api»H»]^iate aax patio*

Th© M iootad offapriim 9t the "F^^" nothara ara tetrad tha

in thla thoals* Oanaratlona aubaequant to tha Fx* rentlonad

haraaftap* apa pealX? fei&ala genapatlona baaauaa In vMxtj

eaaaa daughtapa wapa mtad to tbair alpaa and aeaa to thaip

<San;a, ftita typa of eating dlff«ra froc: ^laa ?iiwr'a m««wt

In that aha aespXoyad tat>ther«ai«tar ii»tin^ axeluaiv«l3r» and

tetb tTm\ within tha aa^« littap ppodswad W tii^iP aothap*

Sinoa ::ia8 King uaad the aax paUo of tha Utt«p aa a haala

of aaXa«tioxi» thia ppaaant axpaM ant diffora froa hapa on

tfola point too beaaase tha total produotion to data of tha

dan ia takan aa tha teals for »o leotion.

Six. fUIlO iitiiirt. mil^A.'^

tha avapaga aex patio for Dp* XlMmi'a guinaa plga my

tw pagapded aa X0G*6 iMiles to XOO fttsalaa en tha baaia of

tha paeorda of ie»8e8 anlmls aa dat«ps<inad tfy !M)oa* In

opdar to know if the aax ratio for t±ta atook i^inaa pig^a aaa

resalnini; mrer9ift& at ttie aana tisto ttiat tha axpariirant to

modltj tha aex ratio was In ppoffPMs two atock littara vera

takao for vwry Uttap of aax patio aa3>ari:?ent anlemla taopn*

Th9 DCBbar of paoa»t atook anlr?mla tixaa atudlad totaled dXS

::ttl«a to 671 fa jtlaa, or a ratio of 107*8 r?(a Xaa to 100



females, not significantly different from the 105.8 to 100

ratio p:iven above.

T^e oonbined nuaiber for the three sex ratio lines in

the present experiment is 297 maios to 500 feraales, a ratio

of 99 to 100. uiiiea thin la coEibinecl with the sample of stook

litters the total muaoers are in a ratio of 104 riales to 100

females, or the same as the noi^l based on records of 51,776

guinea pigs as earlier stated in this thesis.

As sex-linked lethals may greatly saodify sex ratios as

was the ease «ith iioenkhaus's Drosophlla, a study was nade

of the average litter size, first for the litters produced

by the Pj^ females, as shotsn in Table I, then for the combined

Pj, Pg, Pj, and P^ generations for each of the three sex

ratio lines, and at the sasse tir,e the average litter size for

the sample stook litters. The various average litter sizes

are ?dvcn in Figure 1.

ATBHAQS aMR SIZE

Flu 3 r.ale Plus Fegale Intermediate Ttotal

2.655
2.4G4

2.52
2.50

2.85
2.53

2.655
2.45
2.4173 tool:

Nur.ber of litters
93 79 77 501

Pig. 1. Average litter size and nurcber of litters.



The figurea for the P^^ f«;-alea Indicate that no lethal

factors played a p veatly rodlfylnp the normal sex

ratio thr.t occurre.^.

SHVIf?OSfeEBTAL FACTORS

The effect of environinent on the sex ratio ha« been

plven by iBurhoe on the haaia of records for 16,883 r;uinea

pi PS. The following he proved aa having no significant

effect on the sex ratio produced: 1. Are of dmm at the tim«

her litter is horn; this rr.ay also ^ne noted in Table I of

this thesis, 2. Si«e of litter has no appreciable effect on

the SOX ratio. 3. The varying length of the period of tlm«

elapsing between successive litters of a dam has no effect

on the sex ratio. 4. The sex ratio of stillborn, and of

fnalnea pigs that died soon after birth did not seen: diffsil-

ent from, that of the sex ratio for normal pigs. 5. The

iBonth of birth has no marked effect in sex ratio.

The only exception found by Burhoe that 15 aonth

old fetnalee produced a significantly larger excrss of iralos

than did females of other ages. However, new data in whieb

females of the sa^ne age produced an excess of feinales

sufficient to counteract the old data to such an extent tSsatt

the new total shows tl^.at IF n»ntn old laothers do not produce

a significant excess of teales, according to tabulations



Moently made by Ibsen,

Consequently, we can r^^wA envlronaiontal factors as

not affecting sex ratio produeed ^ - r
" 3.

S?F£GT OP EACH PARSiri' lH DlaTORTlHa HiS MOffiA:. SEX RATIO

«ith the enflrownental factors that say possibly affect

the sex ratio disposed of one can inquire into the question

of whioh parent affects the sex ratio in guinea pigs.

Accordingly a staidy was nride of the "Plaa Kale" and •plua

:'er:a aged rm%le9 in regard to the different rrales

each female was natod to. As may be seen in liable II

42.1 and 70.1 of the "Plus Male I4ne* were rested to

seven and four different rales rcspectlTely. Yet these two

fetsales oonslstently produced an excess of males to their

difforwnt sates.
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Its regard to the nates of the Pj^ aged "Plu« Fesnalea"

it is well shown that the "rajor laate" Ir^ several instances

WAS oaated to feisftles uhose sex ratios diverged In both

directions from a balaneed sex ratio, un the surface this

suggests that perhaps the r:ale does not directly affectthe

sex ratio of the younir tlmt he sires. This same Idea was

often suggested when the sex ratio for eadi aged feaale was

detin*mlned, and Instances were found where a aale was rr^ated

to two focales of divergent and opposite sex ratios though

less extre»« than the "Pi" from whom yowdfr were selected for

the sex ratio exporl^-ient.

Miss King also states that the fensale seecs the tnost

Inportant in Kodifyint? the norral sex r^tlo and arrived at

her conclusion in sor^ewhat the saae laanner. More light is

offe35»ed on this quesstior. under the next heading.

BPPBC? OP MALS PARSST aUD OP 3£L£CTIQR

It has 'oeen told how the "Pi" fertales were found and

ho^ the resales a^ >n were selected. It rer.alns to

be "old hSw the ?j piouaced and how the next generation has

produced thus far. It has been told in the last foref^oinp;;

parastraphs how the female was perhaps ore important than

la in modifying the sex ratio. Tnis is again shown

in Table III where the effects of selection thus far in the
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"rius I.ale Ine" ia sY' he "F^ Fo?ale«" P^»oup of

colunine Is first the coiuiu oi h% feirale*, followed by a

cclunn showlnp; their respective «ex ratio, then a third

colujnn rlvlnp. their rates tfho are elree to the Pg fftr.aXee In

V-o next coliunn. iales H 545.1 and G 7or ,2 were ir.gted to

fer.ales who produced exoe«s femalee anieh in contrast to

tbclr dacs Trho produced a s^reat exceaa of aiales, .FoT'ever,^

these ::,al09* dauf^ters by these females usually produced

a surplus of i:Ales as if the slros transjnittod ger.etlc

factors that caused their daughters to nwre often modify

the nonnal sex ratio In a pitta asle direction than in a plus

foirale direction. The sarre Indication is shown in one

instance Ir the "Plus Female l^-nc" where a hrotber-slater

litter r;ata5! nating produced 4 ^^ilea and 8 fems-los, but

their dauf^tfcrs bred moptTy to their sire have pr-oduced 17

rnales and 9 females th-

'T'\Q "Plus l^:ale ine" now saows proEiise of yielding to

selection; the "Plus Penale .inc" shows but little pro!r.l«e;

the "interr.edlate i4.ne" fluctuates around the nonaal sex

ratio. This is shovnn briefly In the next section in Figure

2.
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STriTISTICAi, TRSAISfHSt OF SRCUHED

h9 Ja«t «tet«d th« m% MLti«8 pPodiie«d fe^r the F ^ moA

th« fertales In &t9 ^fl^a Una* »«r« shai^ly eon-

trsi8t«i. Statlstieally ti>* vmtlo pPo<aoc«d fsy the '^fluB

feesalca 1» bi^ly tli»lfi<Mmt «• the deviation frost

tb« normal ia OTer nine tlpyaa tta {»Pol»b.le error on the

baale of a table of prolaable errora ftor a Itl ratio owqpiled

by F?, a» S^^raon*

Total

F;. Fi Fg P5 ^1^^4

Plua ssale 210,96 £9,60 70,«0 17,7 0,0 116,117
Pl»a fe-

ale «S»185 48,68 8,1 0,0 82,90
IntW

mediate 181,178 S8,49 21,«S 17,15 3,4 94,91

1"lsr. 8. ;'ox ratio ^f? r^iternftl a^rmrsitlona,

Fensale 1- . o i iors la

found blnea Ita p^obabl© error,

2 ® oecura bat once in about 750,000,000

trlala t^sen the deviation froa> espeetation la due to olwnoe

alone, »e aay regard the di atorted ratloa prodaoed by the

two extreme t^f^map* of fesaalee as due to oauaea other than

elMtnee alone (aeeording to a table by t^smrl and liner)*

tbe 29:80 retio in the "Plaa l£ale Une" haa m



deviation trom noruial that la eonslderably l€a« than tlV9

times its probable error and therefore may be oonaldered

not aignifloant, Rh«n the 29:50 ratio is compared with the

70:60 ratio produced by the Fg "Plus Kale" females the

difference is still likewise insignificant. Hence selection

in the "Plus Kale Idne" so far has produced results that

are not signifioant statistically*

THE CAUSB 0? DISlt)RTBD SEX RATIOS

As already shown the norF;al sex ratio is not affected

appreciably by environiaental factors. Keither do sex-linked

lethal factors appecr to play a part in swerving the nonaaX

sex ratio for ^inea pigs. Whatever the exaot oause indi-

cations are that it is inherited throuf^ both parwata, and

that the daughter modifies the sex ratio of her young

irrespective of the taale that she is aated to. As earlier

stated in this thesis the tmrnle seees to directly isodify

the sex ratio of her young from the noraal without any

direct effect of the male that she wfts mated to. Miss King

sufT^ests that possibly the ovur in soBie way determines the

type of sperm that is taore apt to fertilise it than is the

other type of spens*
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1. The distorted sex ratios produced by the tr^o extreiB#

groups of Pi faaales are statistically si rjplflcant.

2. "Hielr distorted sex ratios rere nrobablv not caused

by sax- linked lethal factors,

5. The effects of selection in modifying the sex ratios

In generations folioving the P, have as yot had no slirolfi-

oant result.
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