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In .ni.la, the M9 1 ss.i of genetic f"tors has been si.6 .1- 

st clneively among 09 st'ibutee of the lNbI7o or the .thts Mw 

sx)y of the effect of genetic Iftotors an the geastes theseelves has 

been timed the genetics of gsaete.. Genetic affects en genstee an 

of psx't&oular interest, b.c.ee thor eny cee., or indeed, be sqrsomed 

direct]y as differences in the festiuitr of the genstes, and this in 

tam *tght have mopecouseLcm on both fimdets1 and applied genetics, 

i1there it is generelly awasd tint the c)*ec.a of a parttcu]ar oym being 

f.rtLlia.d tr a particular .psxentowcri we not affeotsd bw their g.da 

content. The re2atim of thw genetics of ganete. to -.aii4im  Holo 

baa been pmm&W tr $est (1956, 1957*., 1957b, 19384 1958b, 1959), 
bent* and Nqtw (3.95 0  1959b), and Breden (1956, 1957*, 1957b, 195k, 

1958b, 1959). 

present .tud7 ben been ocedneted with the visible, as distinct 

be&mvioa1, dMmoteristies of .peztosos of the ]abomatorT 

Rouse, jg au.oubm. this species was obessi for Vw fol]dog rissous. 

First, the chief ]sngt.zs application of this fri1k  of work is likely to 

be in 	la. SecoM]y, 1w genetics of the noes has been .thdiad 

I naively ((kisbsrg 1952). Ddrdlr y  intertio'ily becia inbred 

ssina are ai2ab1. to all ixt.rs, and results on partiouler .stns 

or creases can readily be confirmed or citeMed. Foiwthly, aloe are an 

inespunaive .oe of ap.ztoson thrcut the year, and breed quickly., 

FIoLUyv en .venb..l possIbLILIF in this kbd of work is to attempt to 
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srU.fici.1 sqpwatLam of ap.z'soteusa sosozdiug to thitir gmnstie stat 

sad UvAs att' artLfLaSal ths.adsoU., to attojn same a.saurs of o- 

ol OW gs.tVs a.grtta 1aos1 In Ths momma s  $ t.smLqso tsi 

artificial Ins1th* is already a'eailnbls (Basil, Pii and £bs3 

MIS

1944).  
spsseato.osa .somt.risU.os ebesea for stW wos inly as  

diasosica. of the head sad atd$.s.,  *nq& two other obezeatsriaUas 

iegj3y rs]sted to stososn twullir sad three 

teristios associated Alh peio1igtes1 matastiam, of sporeatoesa bev 

also bs.s sied. man is 2ttt)a prsesdt in si.e for q*titivs 

si.s of this kind, sad alsost as inforastian abeut Us relative in. 

portonas of biological and tusimiesi .00.s of vavliallan wo ahvsilabla 

b.fon the begiming of the spsrIaeats. It we felt dosiabla, there. 

for., to arvengs ssnaiMt ooaplaz esapling .tmsa.s in ah a 

Us verisos ao,ss of error vwdaum ov1& not Was the EWA rsso3te. 

1flis esapling i'astere also perattt.d ectitica of Ift asgmi.s at 

t*ie verioa aaweec of wwor vallausla after the psrinsato won ian.-

plated, and this foziial an iaportsnt subsidiary objective, sine, it .id.d 

as Intez'prstiU.an of the ans1ues is the present wwk q  and y1sued In.. 

forsattan that oaulA be of swvioe is dsdlthg fus eriaents. 

All the obseristiane (apart tics the aeas%geneute of live apersato-

ass) wen ocadusted with niposin..csin p sxstiiw ubus. the stelning 

sLutwe ocosiets of 30 g. nigrosin (Gist), 5 g. soda (r) and 300 so 
distifld 'iMsr (a000k 1951). Me node of preçsxstics ins adopted 

for thw f011owing reasons* 

so asia object of the vast we to stedy the dumsionsJ. o1x.o.. 

teristics of apseastoass.sauit of ask eInxsoturisttss 10 



presast result. .up1t those of Bridt (1957b) an etsith differences 

in the 	viow of ammo stes ole.e to the time of fertiltentics. 

Other,  Work is that of 5issU and Pbiwher (1943), Basil (1944) aM Cl.yten 

aM Idirda (1957) an apestoesan sntgenm spesifto to Inbred stsins 
of atoej of )asook (1953) ci & sperestoacsn aboosuili ohezsoterising 
• related p  of boll..j aM of Mmrds (1933) ci the im.cpal fw%. 

uv of spartosos from inbred etsains of ito., as Jgsd rmw Uie 

miber. of Offspring reoorded after heterosperato 	tici. 

With 	easaples are mom In thi first ostegorye aest ,W 
aM Itaahberg (1931) at'ibnted a high  incideis. of triplold aubsyos in 

a particular Otmk of ate, to a tsndesr in the steita toar4s sn1r* 

sen of the second polar body of the egg. This vu s*ported 

(195Th),ubose paper also brought to light  mosrom differences boWeus 
stz'e.ine of eta, In the iasideiee of aboce'asltt&es of egg matustLon and 

tertUJzttcm, coedittoned tr the sbiia to thich the f.l. beloigad. 

Cytageastical sn1tes in the mmmum egg iiith particular reference 

to parthenogenesis and polyplatdy are reviewed IV BestW (1957a). 

£ .sooM citsgory of observaUcs arises when single hersd4 taz7 fec'.. 

ton are knom to attest the phenopo of pastes, and i4wr it is udowm  
sth.r gasm actias on the pasts is mediated br the scentim or the 

geastia gene cesplenente, or IV both. £ mjor .aap1e 1s the idastLfi.. 

osttcs of the antigens of blood In the spersatceon of ils (e.g. 

Iandstether and lavine 1926)9 A probable oeutsen b.%vm the 

selanising poien of rabbit sperastoson An  vi'o, end the  genetic  000  

stLtWdm of the rabbit at the albim ]a*=#  has been reported IV Beats 

(1956), me present work suggests that speraitosoen ahexaotez'isWoa 

of the NOWN are ffsated IV an sginti-1ooia allele, but are po.ibij 

attested bV alleles at the albim locus. 
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£ third and partioul.r]y Lntor.eng eatagory of obowntLM is 
taq Saw action an Smetseis stihotsb1e to sing].m genette fastors 

(genes, or elwcu.scuml on faster, .egrsiting ma imits) scng in the 

thdtvidum.1 geusts, ksioaliy, this tm of observation dnda the 

dmuonaW'ttian of two or mrs different pbenorpte chase, of geasts 

•egettng fecm a heterugoas seen. Thea's we some slight evideass 

for mh so'tion in the work on aelanising activitr of rabbit speveo 

stoson sention.d shove. Bad.. (195k) 1*& proden.d steung Wdeoss 

thet T locus alleles aa have a direct effect on mcu.s sperentosos bear'. 

tag then. Reports Vat the X- and Z'.bearing apetosoa of enu 

differ in @Us Mve been discussed bV Beat'r (1959)  ift finds no oruoial 

evidoece for disarphien. The oon1 of on ratio bv e.pez'ttion at X 

sad Ti.b.sring opoomtemos after eoentsi'..Ws.aing oeaWiftLcn (t4iWt1,, q 

1956) cC W elsatropl*nesia (Gordon 195$) or attsr gravttat1i tan 

(Bhettsohai7a 195$) vlould ecue into the present oatsgz'y. 

The present stndt.s are ocnaerasd chiefly dth direct ocuperiasas 

of VIS  sperentosoen ahermateriuttee of particular Inbred stamine. In 

the feconli ahepter, ?. Grosses btWeen certain of these .S.na hay, also 
been stadied and Mve yiA4e4 mbat is believed to be the first d.-. 

stratton of h.taa'osts In the .pee'itosssn phenotp.. 
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XbUl r3ty, the a*'.sden of gen.. ftster. In ant]a has 

been sL.d e3aost ].nstvaIy In the gots. GensU.o dfsotm as the 

pbenops of gs.stss fca'n a fi.]d at .*1y, the gunstlas of ilmeteso 

Zbe enln objectives in the present section wwo to aoqdro thfo. 

ation on the fallawing paint.. Whet are the visib]e mys in wbia the 

phano'ps of the spsitoaas varies? Whet oontro]a this variation, 

and In particular, how wmh of it is deterainad genetically? flradas 

(196) hod rsportmd stain differences in nice in -- slzp. of the 

sper.atososn b,A, and possibly in its length and breadth. The present 

ISTOOMPtLon brings to It(tt xnalrs guneU.s differences, as 31ged IW 

differences between strains, In the ohoraot.risttaa of .peatoace fron 

*1ght inbred stains of nice. Sonsoss  of variation 4thin stains hove 

also been ovLbatodp so.. of the Infoztion bdng vital for oorrsot 

appr.oiatLon at the differences bebmen strains. 

2. )TIL1B AND )TIU8 

a) 	inked 

The )d.story and relationships of the standard inbred stains of nice 

are 4ven 1W Hasten (1949) and 1W Oartsr, D, ftlocows Chia.berg, 

Hasten and ne'U (1952). The rslatdcnahip. of the stains used In this 

iozt, with the sonitm Un. of their origin, are shoim In Pig. 10 
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IW bo1s ied to daslfats the aains, followed in brackets tV the 

&000ptedlnt'natIrII.Ll 001, if si, we given below. All stains 

key bm inbred Wot to sister for nom than Wmtr glbsrat4  one, 

eept for V staiin, ithich is hti1y though not tcsnal3r inbred, sed 
mu3d have been eied siymxst.3r if MW  outetseding peaultaz'itL.s 

become evident In variance within the stain. 

* strai= ax's as follow.s 

X (no Int.rnati1 nbo1) s.. originaLly 'Eu.ctoek' (Boatir aed 
Tiaahborg 1949), or "silver stock" (Beats' aM Pi.ohbsrg 1951)1 

se1iated for high iaoid.meo of hoterop].oid. embryos (Eest' 1954)p 

asintined chiefly tV sib.ttnp with periodic c"' ilug of sub.. 

lin.oj genope, g , aregattr,g for 4 aM  a aM pevbep. for 

As ab2. 

4 (Am)- genope, 

,'(c) (no intsaUoma1 symbol) *.. origInated uiroa 194$ 

from At tr addion of 2 aM I& Mwomo five generaons of 

to ArftS then full inbreeding 4% forced .are.. 

•ttcn at the a ]oon.j local symbol TMI gmt'pe, 

aM dther M or Ig. 

Sa (CA/)z.. genope, wild ps. 

CB&j (Gaa/D..) s.. arcs. afta 1948 after mutation from 4 
in the CBAta stock (at that V.m the mm as cB1a); local 

symbol )Sj geiotp., MI. 

4g, (no Iâternaticmal symbol) s. originated jUn 1949 from a 

fow'.'*m7 cross b.btsen afiuu, 05711ft, CaAfta and RJiZ/Fa; thin 

meveral ge,sz'atton. of selection for lsrp body ala., then full 

Inresding (stock of Falooner and L.tas.wuId.)j gsnotps, . 

Bill (RIfl/?a)sa genot'pe, . 

2Z (OY7BI/Fs)sa gu,1o1 ip., . 



b) pvl4nQ øf U 

Mw stocks of alas heye been kept for mez' genertiene mader .tanm  

dard oitiene of meintenanc. at the inettht.. 	toout the pre. 

ent ivestigetica, the coges were in no particular .UenS. en the 

reeks, and their order was fz'eqnantly ohenge& lw eeep 14'g is mz'- 

Laid in bl. It  in whl& it t4fl  be 	+st ths .ain asum of age 

(140 MD days) range over a retict.d period of wbLt is ocu.on]y 

regard.d as the useful tresding life of male sic. (about 30 20 days). 

For .ascw of time, it was not poseible to arrauge for the average sp 

of the sla'aina to be identical aid, as mentioned ]stsr (p* i s), there is, 

in &W case, little evidenoe that age of meu aff.ati OW ep.rmetoaasn 

ohereot.ristic. 

The oheice of the eight gtml=t and the nusber of thirteen melee 

per sta'ain was dictated tr amei2abtlit'. Lttter. o]aer Ua 330 days 

or ymg.r 	60 days were zejeeted. MW .mepling usa dsMed to 

give as =uW Utters as possible per strain. When more than thirteen 

litters per strain were avai3ble, thirteen we selected at aidomj 

idten emetly thirteen Utters were available, all were chosen. One 

me].e use selected at reales from each litter. When li then thirteen 

Utters edited per strain, one mel. usa abeaen at raidcs from each, and 

the proceed repeated mtil thirteen melee we available for titt strain. 

Mw 104 melee (.rteen for each at the eight strains) thus obum we 

frjlled in razK3.sed order over a period of tow days, and their spee-

tosoa mote4 as nigrodm..osln preparation that we n3peatsd at oec* 

loiU melee giving  umMAftelics7 pieparattons were replaced tv ]ttte 

metes, chosen at radon, and recorded In radon position on the list of 

melee yet to be '4"e4. 
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£11 diueetjca sad the akthi of WatiCS. (.Ltd.$) were serried 
t in a ecnataat tsg'atig FOM at 19 , 20. The MIAO were lcj3]ad Iv 

- sad esg neck. The 	 i dissected out 

and 01.d ñsrae.11yj the otects of both the jW were stripped 

idiat47 into .a sing]., drop of 0.85% NROI with the aid of to forceps. 
After one Minalis s  the epeztoece were edxad with the  saline 

pipettl.ng lop sad doisi, and the .nepeceion allowed to stead anor almls o, 
e drop of Algzvdjlpaosin stall, (aede to the fozIs of Ibacock 1951) 

s aixed into the euspemsica sad left for two 'thmtes. Two slides were 

sar.d tht 1y with the stained epemstca, ising the edge of .thsr 

slid., cad elloiNd to dry on the benohj drying took about one mizuate, 

sad Was, a1we75 oomp1ts bsti.en four to five nImUs after the aouss wee 

billed. Coveralips (*z 7/8) ie nomted with DPX. Each of the 

20$ preparations wee ooded br a seocad pertr,  and the code we withh.3A 

until. all observations had been acaploted. 

%;L 	.•s- N 	•.1F 

For the ay of the diaonsicms1 ehersct.riatioe of the spsssatosoa, 

the proj .oticet atoroscop. described tv B.att and Napier (195ftj 4ilng 

a aageifleaU.cn of x 6950, we used. Ths ncmtz*l resolving power of 

ths aicro.00pe was g. O.' for iddle light. )4oaetwemonts were ssds 
Ca dreidnge of projected igea of sp.ztoaoa.The imumally hi 

a'ifisaV.ca wee ONFLOW in ceder to niniate. the offecf, of such tech.. 

nicel factors as the thickness of the pi1 lines or the coersoneos of 

the scales on the asawing istriont. Straight linea vere assatwed 

with a steel rul. gredt*ted to o.s mot and on'v.d iLnee (tho.. along 

Us sin aids of the 'iLdpieos) were aeasd with a rotaa.ter grsdatsd 
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t• 1,'16' (m  1.6 an). Per mes.iwing arias, a plaMnets, gradmted to 
001 one, we tsd. 0bersflcms recorded as pl"santag.f were mde IV 

direct vision through an ordizr7 ateroacop. with oil'4nicn obj.eUv. 

and * 10 ocular, and without a filter. The io1e of the *'esent invee.. 

tigaUcm is 	diaenat,mal in Us plans of optical projactian of the 
.p.rantoaoa àdoh us flat against the sUds. 

AU the preparations of the 	.rimant were placed in & rezidcaiecd 
order bsfors smainstione  Swept for res'iotions d..cr'ib.d bslcv, 

speztoscn were eeap].sd ttr selecting each isolated aperaatosoon thut cane 

Into the fi.ld of view during a qats.atio search of a preparation. This 

we considered to be the equilajent of forani random i' 4 g, sine, there 
we 1.tttl.e reason to eapeot =W ralaticnsMp between the atibtztee of 

a sperms.tosoon and its position on the preparation. (h'oupe of .ggluUn-

ated spenatosm vere ignored. 

It hed been Intended to memave only randon]y chosen mstaiied sper 

antoaca with normal acroeceal cap.. This we achieved, except for ooca 

dons (9.9% of all spertoso, disthztsd fairly eqanily over the strain.) 

when there we a eoaxoir of tmatsinad .pesantoaoa. Me bead and aidpieos 

of five aperantoaoa per slide vers outlined on pepsi, with one pepar for 

each of the 1040 Ipsrtoeoae, Ow acroscani and post-anolear cap@ wi. 

incinded In the sketch of the band. Thw papers were placed in random 

order and • following olaracterietiss saasursds ha 	!ad, h.d area, 

ddpieoe length (called nidDieca 1uth A) and nijiDiec. area. 

Mw breadth of the uickle-dapad head is defined as follow. 

)*lf of the ino'ved edge of the sickle nearest to the baa, of the head 

is moderately straight, though closer inap.ctica shew that it resembles 
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o eycla. of a f]att.ned sth.oida1 mive. £ bess IUw was dxim 

t)woi this aurvo t  Head breadth we neaau'.d as the eazt*a breadth 

of the stoaoab bead at right angles to and .ansa.d from the bus 
lin, (see Fig. 2)9 

RiAnL.øe breadth was detea4nsd IV dividing the sass by the 

length. This wa thought to give a better eati.t. then would direat 

aSs.o The aal breadth to only about O.8j in offsot, 
the breadth hes been aeaau.d as an average elcag an length of the 

mars or lew r,steu,gulax stdpieos. 

Ow 2W sheets of paper were thom classified W the subjective 

criterion of Wwftw the heed appeared to be 'thick' or 'thin', and the 
1Ith4 	eIezt4sOp we listed for each slide. This ohmoteristic  

we ai.d in order to 0.1 if a quick meUod of moesin'thg )A  breadth 
would, when, ez3y.ed give results oceparablo With 16090,  from detailed 
aeernant. Full azalyaia of the % 'thick' apermatosos we carried 

out bet, because of the traradto=7 S.nterest of this ahsreeteristto, only 

the o]aiona are reported (p.2.6). 

Wld.le each slide we In position for the obseriattona described 

above, an additta1 five epertoeoa wn selected at reMan, 4th no 

attention to the qealities of the h0.d, aM with the sole rsstation 

that each bore a kiastoplusia globule on the mtdpteae. The length of 

the atdpt.a., and the point of atteclaent of the k1aetop3atc globule, 

e earked an paper. From theee dnwing., atdpieo. length (called 

midniaoe 1uth a) we aesawed. There is, therefore a e]tglt diffea'. 

is.o in category betMeen atdpieo. lengths A aiid Bj the former are from 

Sps'aetosos got do not necessarily bier a kinetoplaio globule and 
IOM heads are of a s.rin alas., #Ile the latter are an from eporen-

toson bearing a globule and with vw2asslfiod beads. 



446,L#1 4 
\ HEAD 

1 	•- 

MID PIECE 

FIGURE 2 z DI&aR*N OP THS SPMWOZQAIL HELD AND THE MIDPIECZ 
Sli(ING THE HEAIEZ OP HELD BREADTH. 

The base line is drawn tbrough the two cycles of the 
sinusoidal curve. The head breadth is indicated by the 
straight line with arrow heads drawn at right angles to 

the base line. 
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The i11 Ald _ 	ma .sad u the distance bstvs.n the 
point of atta')"it of the 	 to 1 "tc globule a1 the resz and of 
the mddzdca. no g]nb2lI MISCLILM noatticin,  or tha rolattve distance 

r.velled tr the kinstoplaasia glebulo dw1ng its Mgmttm fra Us 
front to go resr of Ow stdpi.ce, ia d.tezin.d as th e  VaUO  of (a) 
the disUme beb.mon  the attachesit of the globule and the faat end 
of the tdpieaa, end (b) the total length of the eidjt.ce. 

Tbw cb.rset.ris.o afd length' of the .peatesoa s not 

peuiwed. Us peculiar &*pe of to head doea not alloy for a' .dly 
definable cing].. aeasw.",.unt that can be called 	na'sl length of 
the hid Mw aurd bask of the acroaceni cap is vwy delicate  and 

presents vcz7ing degrees of oiture. In sose nauWalm epecios, 

the point of attmo1zout of the aiditeoc is at one md of the lnngiU*t. 

b*l ads of the' bead and provides a fixed pctnt for massuring the 

3ingthi in sic., this is not so. 

All the slides were tha pl*oed in a n, rundca order and wmvjuW 
with as ordinazy aicroocops. lm following clarastozistios, s'b*Ii.d 

oaarent1j', as'e listed fros 50 spoxtosca per slid.j the psre.ntags 

of epertoaca with m.tained da (called ims+it 4 ) and the perces 
tag. of ap.rastosoa with norsol uroaal saps (c11.d I ncri cees a)o 

etdn.d apsrsatozos vase the.. Vloft bead. i. 7lght.r In colour um 
the Iediata buokgro. Spermtosm with nors.1 caps vWg thos* In 
4ioh th@ caps  vwG Selther loose, missing nor irregular, AU ipeztosos 

with a.bnorasl caps vere s+s1n4d, but the acarss did not hold. With the 

slides In a nmi z'andos order, the following c3*x'ast.ri.ttca, scored eon'. 
C%U*ently, ie listed frvs 50 .psxaatosoa per slid•j the percentage of 

apsraatosoa bearing a kthetop]&aic globule (celled I &th bula), and 
tbf persastag. of .pors.toaca with mial acro.l caps (o].]ed ljQalg 



for % nornol ospa; the two series vera drmai from the sane s1iee 

an differt 0aalc' 	, 	 - 

For p'poses o. 	 c tJ 	3pe &tcv. 

antan1v into two 	 the AMMUM 	and the alrumar 
The lntter were 1sed after the angular (arcein) 	nsforsatic 

(edecor 1956) 0  the etez'*rd error of a tmnefor 	'iu' 

An extensive series of graph., and a preliMn 

corded here, gwe no scapelling evidence that mW .p.rtozoen oharac-. 

teristic was rel*t.d to the age end weight of the mals ,  over the ren: 

eti*ied in this iz*. Further, for dimensiama characteristics no 

differenoes betvean litter neens within strains could be domwistrati.  

(p. ) ), in spite of the var,ing ages and weights of the litters. S 

aeens of epertosoen ohers*t.ria ties were not s44fiaan. 

with strain seans of age or weight (p.23). Final1r, th 

marked differences among strain, in their average age or weight, £ 

*athereforetboihtxsaso 

in the present thvesttgatic. 

Mas tactors.i.dar 

statistical medsl used for smaly.i.. Thm characteristics of a upereni. 

tosoan ar. affected 1' venous job= (1'  notc.s of r&ati; for 

tplc, males in litters), that are listed in the eubsequsnt analysis 

of variance. Rub factor has an jUMd (e.g. themalea-&a..Iittsr's effect). 

The factor and its offset ar. given the sane symbol (e.g. X(L) ). fMca 

.ffOots (e.g. the differences behjeen Itandon ma]as of Vw seat litter) 



are measured qsn tsUv.ly as 	- 	(e.g. 1rmm 
are t.olable from thebierarebisal w*lysss of verianosj the aignifi. 
cases of sffsets is tested 1W ecring memn .qserss in the analyses. 

Fixed offsets (diffuseness anong porttou]*r steams of ales) ax., In 

the steict seses, aesau'sd 1W aWgXdM that we not tese seziasee san- 

pnuenti but are octed as U thq wares For ecn'vsmiems., and in Via 

.bse of amw general tern dthig In aewn'es of both fixed and ran-

den offsets, these ocnetsnte 411 be refarred to as vsriase. oanente. 

The followisg effects were suIied, Us first being of prinazy interest 

in this woftj the 1nsd stredn effect, Ij the ]aa-ln-stxaina offset, 

X(I)j the prssaattcn..4alieu affect, P(H)j the .psz'natouos4nuje'e.. 

PRMtLWS effect, a(P). Thus's is .qnal nnabsrm of obs.rticris at 
each l.,.l of the factarm listed above. Provision had been reds tc 

oz'thegcmal analysts of a possible difference bebisen litter a'ts in 

the presenee of two levels of rebaleno. In niabers (verping absre of 

nal.s per litter and of litters per strain). If litters are token into 

sooc*mt, the lsm-Ln-stseins sftect, )f(I), is pertitened into a litters. 

in-strains effect, L(I), aM a 3.es.4m-iittsr. effect, 14(L). It No 

.ureed that there was no significant ti1ea-Ln-strsins .nvircsaumtsl. 

effect, and, 4thin an inbred strain, tautly assna would be imWcsly to 

differ for azW genetic reasca. Two special sours.s of veriatica, fl and 
, are dosoribed on p... 

IlDot of the ocutoU.cns are of .tvipd torn (e.g. i1erscc and 
knoroft 

 

19521 Snedseor 1956). 9ous ap1es of detailed application 

of bic.strieal aeds to spsreatoscs at the rabbit are given tr Sest 

and NWer (1959., 195*). Normalitr of distribution eM h amogensitr  
of veriasee have beau asmaed republiied vovk br R.A. Bestir has demomp. 

stnted the 144jt of thun asstiens at several levels of ezis]yds. 
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£ fey Mon and ..siifioant ocsicn.nta of ,mrIaiae, imti'Iy 

'nsttve', beve bsen, tmatod as reel figaree throaut oa.p@tatLc 

akattr and kper 1959K). An apçs'eMaats .sd we used for ac= 

ing Us siittaanoe of '.11 iwH,1d1 eaperisa' a.a.g iswre1 assne 

with fR$q%*1 ibars of obser,ttons per asea. 

LbbTsvistLa.s addINOMI to the qabo]a far feotors and V*1ns Sn. 

e3a1.s d.f. (degrees of frsedca) /'- (o.00i s.)j P (pobabilitr of 

'mill bypathsds)p V.a. (verianos ratio)p 8.E. (.tinazd error) S.D. 

(standard deiacsi) 	('Stuiteit'.' )j ) (seen .qire); 	(corral.. 

oodficiaat)j f (usrianse oouçcaent of $ rendc ftetor, and alas 

thO anslogous constant far a fised ftotor). Differenosa btueen stains, 

differeno.i 

 

m=g ssins, and stein diffeeos, are syncepow  

all aiming Udiffarenoes bet.men newl of s12*sP. 

3. Mass  

ml origiz*1 data are ownutsed in ILb2m 5 as all stein some of 

all th. a .reito.osn o*zeets.istto. sisd, end e]a.vbere as orL-

ions, wn sq*res and variance ooaent.. 

The aiiftenno. of the .otwoss of wmistion aff.othg eech spe-

tosoan ohe3Otsrtso 1. tsst.d (p. Is ) from the aeei7sos of uerienos. 

ml ans1rses, and the component .truoae 	, Table 3) lead to the 

isolation of occnapts of usriano (p. zo, 203.. 4). The stein evea 

ape for each .psrtosoan ohereoteriatto, and the average standard error 

per stein mean, we given in Thble 5p from this arises a detailed 

statumt of thesigoifiesnee of $11 ditf.romess among stein means at 

1.11 oheracterlstics (p. 24). Outstanding strain differences are in. 

phadsed (p, 	and observations an Uving xpumtogm described (p.). 
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amm-rimentol ocnalucicnser. reo&fled in to aor* general oentt of 

the Meauesicn, 	woidab1. Ipstien, but freed frca the 

of etmV.atiosl stit..ent and irgt, 

"jt 1 7  JUN W. I ' 	1 
iivid3. busts of the a3.es in Table 2 'ma me .psrento. 

$OOQ in the Mensuntim date, 1ti1e in the percentage data it we we 

angularly t.snaforeed percentage denied fren 100 spertosoa per sale. 

£ngu]ar percentages vere obtained W pooling the data for the tao pa's. 

pezticma of each sale, eqresdng the result as an ae*l percentage, 

and then angularly ta'snsfcrntug Its 

For each .unserticm oburacterietie, 832 degrees of freedia were 

avai]able for the apertosoai4n.prepmxs*4c,aa ao'os of isriation. 

This wuld have given a seen squcre mneceseer't1y vsll,.dete.in.d in 
relation to the rest of the asa]yais. To avoid ecapit.tio,*1 labour 

the intonation was reduced to 208 degrees, of freedon by e.l.ot4ng at 

razen from the r000rd sheet., data for only tao speasatoso. per,  slide. 

?m data fron all tive spermatosea per slide v.a's uced for o.oulattr,g 

seen squcres at all higher levels of analysis. 

In interpreting the analyses of larlaaft .ho'm in Thb]a 2 9  it is 
necessary at the outset to osider whether or not theae is a real 

littere-th-.ta'aina effect, L(I). If it Is not real, than the 11(3) seen 

q'mre is an appropriate error torn for assessing the aiguifiosnoe of the 

stimaln .ffect, I. It the L(I) effect Is zeal, then the M(I) ter, in 

the analysis  must bd split up into L(I) and 11(L), and the L(I) tern mu]4 

foan the heats of an .or tern for testing the a 4gniioeno. of the 

steein effect. 1rgtaents against the reali' of the L(I) sff.at axes  

firstly, that it is 	 in eleven of the taelve analyses, 
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sad aajr In cw aealyds doss it attain a low 1..l of e1gi 4 fioanoij 

secondly, In six of the ca*lrsee, apparent differences in MAPjttjdO 

bsWesn the L(I) and M(L) seen .qnoreo are partly a reflection of Itat 

appears to be a p.itfl  rd ornolt of the N(L) sean eqnorea, pa'ob.b]y 

due to oheno. flatA*ttons. An argiecit sportthg the rem"'Ity of the 

L(X) eff.st Is that Its in@@n aqai'. is slight]y (thougb non-stdfiosnt-

ly) AM= than the )4(L) uses aquere in eleven of the analyses, and 

dgeiftosntZy greater In one analysis, thol* at a low level of dpi-

ticeno.. An ar'g%aent for allowing the us. of the M(I) sean sqiare a. 

the arzr tea's for testing the strain sifsot, even in the prssenoe of a 

possibly real L(I) effect, is that the M(I) and L(I) imn sqiam do not 

differ greatly in 	4btde. On the whe]., the litter.'$n.mtreina effect, 

even if it a*aould be real, in likely to be nil, and the result. Imys 

been analysed NO presented in the first pisoe on the asetaption of no 
real L(I) effect. But aodifioatoz notes heye been added to the  legends 

of the Ubles end in the text, so thet the results can be re-assessed, if 

subesqsnt work uheulsi point to a real L(X) eff.otj the mderULM pm. 
ciplos are aplilined but the oosputatdona are not presented in detAil. 

La the .ensntion data, the results appear to be olesx.cu%$ an 

the aesiaptien at no real littere-in-etzaias effect, there are dpifi. 

cant differences asoog sWain sasss for head breadth and area, atdpteoe 

l.gth A sad B, aidpi.oe breadth, globule ad position and globi].e ai. 

rattan position. (If a real. 1ite4n's.$ajns effect is auasd, the 

strain differences for aidpt.oe breadth and globale and position do not 

qwits attain .Igi4-fioanoe). In the lover levels of the analyses of me 

sis'atim data in Thbl. 2 (ools b - f) there are no significant effects 

of litters in strain., noise In litters, or preçarat&cns in sales, siept 

for significant differences b.baeen dt,lioate preparationg for aidpteoe area 

and breadth, and for g1tiS sigz'stLon position, The sWain differences in 



the edne of %be .141..e as be fther int.rpi.t.d. Tiret, the W.rbal 

eomataa Of aLd..o. e 	.'ains Is as stalking in the a.]ysi. 

of verlanos as in the amems of Thtls 51 from the latter, it may be asl. 

oulatsd that th* grand average of midpi.o. area (1302) has a B.E., 

based Co differunoes bstmea ssLn noens, of only , 0.183? (7 d.f.). 

Bosand, and tv osaterast,  Us are h4ghly  siifiasnt .ain differences 

in aidpi.co length and breadth, Strain neans of the length and breadth 

of the aidpi.es east, tborawe#  be negatively consisted, this was con-

firuisil directly hr correlating the strain a.sna of midpisos breadth In 

b1. 5 with Vw nidpieee length A or Bj both cor'r.].aticna were sIgniflo.  

cant. These two correlations do not appear on p. a 3 , Where a psatica. 

lar]y high level of .4fianoe we used. 

In the p.r'oenteg. data, there an highly  .ig 4ficeat differences 

beb,.en eta'ain. for S unstained and for S no.l caps £ end B, but the 

S with globale is not significant. T. is a. ].ov level at aiiificanos 

attached to the L(I) sean eqiar. for 5 naval caps At  but the L(I) noun 

squnres for 5 nozuni asp. B and for the oftwoheraetez'i.tios are not 

sipiftosat. The 14(I) and 14(L) aesa squnase are all '4ghly significant 

in ocaparison with the theoretical wrisnoe of an angularly transforned 

p.raeategej Uds may indicate teun M(I) and 14(L) effects but, alter-

mattv.ly, n.y refleot differences between diç].toat* preparations (see 

Iagasd to Thbl. 4). 

It viii be seen that the general patterns of the analyse, of aidpi.os 

length £ and B are sinilaz, as migbt be expected, since theae tw categories 

of length differed but little. The analyses of S nor..]. caps £ and B 

are also sfai]ar. 

The relative oontribations of the verta eoiwoss of varUtim are 

more assily visunjised fron 	ocnants (Inbi. 4), which are 



derived frt* 	*tox'jal u.s the aatarLe1 in lablas 2 and 3. Ia the 

, a  w LtLce data, outwMin1 point, are the large iitzo of the 

avon.nt. for )wsd breadth aW bead ara, and for R44plaoe 

lamgth, uW 1e the strain ot for midpLaae area I. a. LU I) 

and ((L) 000neuts for all meavAration aberectsirtaU.ft are zaonu'siaift.. 

eant and menUe 	 ocmp.seat in uW em]aia Is on the rtt 

bend aids of the kbl.s s(s) in The menvivatUn data, X(L) in the ps'-

eantege data. In the perseatage data, the i) offset to eWd.nty not 

w12.tsith.d, since large set1tsd variance ot. owwt be shown  

to be signifloanto 

o) 0merieana of all. strain mean, of aU cherect,riatle. 

Severe], points ax. i.d1ate]y evident from libla 5, WhM all strain 

amen, are shown for all ebernoteriátloa. Pos instance, CBA/j and its 

inrent strain CM are clasely alikep A/CJS and its pmraut strain £ are 

slUcs mcept In h4 breadthj the 057 hd Is senli. Dsild inter.. 

pretaU.om of the InbIe dIa appreoiaW.cm of the standard error pea' 

strain m,cn, as de.oribsd belov. 

for axW particular apermetoaoan carsoteristic, the differmes beWesa 

to strain means wu24 be deemed uig,iitiozzt if it exceeded ( /) x (sj. 

per strain awn In Inbi. 5) z (), pmvldsd that only Ma .th comparison 

in madot  p11.t.d in advanc, of the ertaont, or stated before consulting 

results. But 28 comparisons are possible among S strain mean., and 

one or more 0sigeifteanos.' sar be foaid thet are, In fact, chence 

viatLcus appearing out of a large mbsr of tests. This diffloultV isa 

Overcame IV using the method of Dn (1955) to as.... the signifionnos 

of all omriscna esong all means for sack ohereoteristic, the resulting 

interpretation of 2kb].. 5 being presented in the mela bo4 of 2kb].. 60 
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The A aM B sortm of aiditsee length were bested as thltoatssp on 

the rare occasions when thq gave different significance levels for a 

ptteu3ar comparison, the lover significance ye ohosest. Mw A aM B 

series of S tor1 caps is treated similar]j. 

Thbl. 6 also bears a modifioator foot-not. 1  prepared as fo3loim, 

for ameeding tae body of the Thbla if a real L(I) effect is to be asmasd. 

A table alM]ar to kbl. 5 9  but showing strain mean. of ?.ittr ni ima 

first compiled, and the differences among .'ie calculated. But, all 

the availab]e methods for testing eU differences among mean." :2= to 

diiA equsi mabers of obcervattcma in ths essbolauee, '.ess in.qa]. 

ittes emiated in the present datae in approximate method ye, therefore, 

used which we considered ad.quste, sine, the in.qusl.iti.s were not large. 

D'imns 1955 method was not adapted, because the treatment of his "Rnla 

2" oould not be vis*lised. Instead, an adaptation we mad, of the eczlt.r 

Tukay method (a. d..ortbed, with modifications, by Medecar 3956). Liast 

significant diffiaoss (L.a .D.) were ooitsdj differences beW.ui strain 

____ of litter means esoesding the L.S.D. vero deemed significant, *il. 

thoas not exceeding the L.3.D. wisre considered non-,Sgn{ft.ant.the L.S.D. 

was computed as 	 re NO is the L(I) seen squsre in the 

suslysis of eartano. (b3.. 2), m is the )mxscnie seen of the mabers of 

obsersattona per litter in the whole experiment, n is the harmonic mean 

of the xsabers of litters in the two particular stains Under comparison, 

and Q is a factor from the 0.05 P ThaI.. of )y (1952), entered for 78 d.f. 

and 8 p014*. A Tubla similar to Thbl. 6 was eat vp# listing all sign4-
f1cant differences beWeen strain memo of l.ttter memmal comparison of 

this ThaI.e with the body of Thble 6 lid at once to the modiftoator3r uots 

at the foot of Tuble 6. The A and B series for aidpi.ce length and for 

S normal caps were treated as in the previous paregraph. 
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Thbl. 6 in, therefore, a oolete statownt of all the eigntftosnt 

differences beea atins aM, 1W embudoup of all differences tl*t 

are not e4g"4tteent. CBA/ eM CM do not differ idimificamUy from 

ono another in MW aberacterteUc, £ aM A/Cjj differ omly in hd breedth, 

iiia each of the rining wkvlw differs dedis 	tly from each or 
sWain in at least three spenatosoon, ozmcterisos. 

Dr 	!•-w;' 	:' 	.- 

IM oob. of .tasin meam in kbl.a 1 aM 3 foi' fourteen aste of 

daft among Mch 	 wfqF 	oorre]*tiom coaffidents were oalau]atsd. 
Several N.jgejfiflga 

 

dus oWLy to dhamef3$j1 io"3c 
from as aszr mplumed orieen.e As a .efegncrd, therefore, omb' 
those acrre]athnagreater thsn 0083 is marked #t 49icent, the aigni 
ficance level being P < 0.01. The i(fioat oorreleUoca weiss 

bsj.sa the A and B semi for aidpieo. length, jr a 4'(4971 bsteoan £ 
and B eeries for apeimotoso. with normol caps, Z a +09961 be.en hd 
breadth and he'd area, z a +0.901 and bett.en the aigmattam podtien and 
and pod tLcn of the klnetop]aado globule, Z a 40.99. The ]st oorrs3. 
atton has little interest, being a mea.sasry oomsiqe of the deflnitLcm 

of the two oorrs3ates It %1U be noted that no .penmtososn c)axacter. 

talUs we v1pificenUy correlated with age or weight. 

: 0 	 ,! 	 W•' 'i!,!i' 'r 	 jr 

Th.bl.. 7 srtess the more sWiking o)ar.otertaUca of the difft 

sWains, ohoaen an the following principles. Mw craoteriattca were 

those ahowing an overall 8I04 'toanc. of P<0.005 for the differences 

Sflg sWain means in tM az*i'e. of varianc, in TAb29 2. For .aeh 

such aMino t.ristic, the two st'eins with the higttest and the two with 
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the Iowsøt seen valus of tbat olarseterietto IMI'S selected frce TWA 5, 

but wee's reteth.d only if they differed iLt  from at least three 

oa' stminso Ir £ oriØ"1 data ahests, some of The.e differences 

were obdous, For inetence, the sn h.4 breadth and h.d area of saab 

of ibe thirteen 057 seias vere smaller Uan the oorre.pcmding semm for 

each of the thtz'teen £ skain ELISSe 

C57 and CIA eel..s were selected in pair, of açrosiamtey sqal age, 

but with the age differing betssn pairs. The ian sice of ten pairs 

wars killed in rairlcaia.d orderp and the heed breadthm of their ]±ving 

epereetoece deteratned in the natal i*y (though 4ut coding), the 

satan being aoted in salineunder a ovsz's1tp ringsd with va..lina. 

Ten epersatasce, teeporerUy at zest, but svbg moUlite after moaa'e.. 

sent, were *ss*iWed per sale. An asa3eta of variance, with an 4iMyi. 

dual beets of we .p.rsatoaoen heed soasured thp, yielded the following 
I 	O t  

aqtarees strain., 14 (1 d of* )l pair., 09249 (9 d.f.)p intez 

action, 0.230 (9 d.f.)j epereetoaca In preparation, 0.133 (390 d.t.)* 

Mw intersotton is barely sIifioant. The seen squsre for pairs is 

not ,4gn4ftoant,  thus suggesting once agein that age baa little effect 

on head breadth. So difference be.n strains is )dgI'ly significant. 

Mean hiI1 bresdths for 057 and CIA spsreetoson 1a 3.60)- 

re.pecttve]y. 

b ecrtson with spermatosca in niposla-.oain preparation. (b1es 

2 and 5)  it wuld appear, therefore, that luring spersatosos have sailer 

heeds, and an increased urarianoe within preparations; all t, hewever, 

1gbt be thea to living sperwitoson not ]ying fiat sgninat Ithe elide, and 

being unwed at slightly varying anglese 7be abrtge in breadth sight 
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also be dus to * possible awsU.tng of the spsrseto.oen heed in nlgi'ostnm 

ecsin prsnraticia* Mw only ocauluston draMa frton  the proomat seotica 

is that an ob..rwtica señ• with aip!oain..osin *'.perane is otms 

fr'o. 3.tdng qPWmatoseas the epertoacs of CS7 bew a siiftcently 

narroir,  head them those of OBA. 

4. DI$CI8IOJ 

a) çed4 4pqn 1 	am qet&e 

Mw 4n fini?1g in these pezn.nt ntgroain..eoain p epez'atLcns in 

that several atsireetaristlee of eperm*tosoa wry si Ilasatly snongthe 

eight inbred sains. 8ons differences are not inc'n.F'crab1ej for 

instance, the bead breadth  of A skein eperiatosoa is about O% groa' 

than that of the 05? aJn, and in V st&'ain there are about t4es an 

nor tsistained aperaatoaoa as is 94 differeusec weve .caetiaee oiid.n - 
]y clear tv inspection of the origl.z*3. data. In the senwu'mttcn Olsirso. ,  

terietics, the inbred s'ein offsets fill into two clear p's  according 

to the oberacteristic ez1ied; the effects are sither h4gi1y  r4iftcant 

and large (wrianos oonenta b.lueen 18% and 24%), or .1..o t1hW are 

not siifiesnt or at a noderats level of s4gr' 1'ioenca, and are Mau 

(verlance oceponents brWsen 0% and 3%). (See Table 4). 
Even in otsiparisee with what mw be an oez.s1ngesit error tern, 

based on an asmaed reality of the litters-i stasthe effect, atzain neana 

are tosid to differ siiftoant3y in the breadth and area of the spereatmosu 

head, in aidpieo. length, In the intdeios,  of ap.rmatoaca with an watainad 

heed, and in the incidence of those with nornsl aoroaL cap.. SaLn 

difference. in had breadth and ares are hi3y eorre1ate. The differ-

ence, in bead breadth are so marked Usit independent analyses, from seeawed 



bread bbe, or from a ere e2seaiftoatiom of ipereatososa heads as Ndeke 

or wthft* (p. 12, ), pve an almost tdaut1s1 rank ardor of sb'ain means, 

&M ast Ldeacs1 hit, of e&tfiosnt diffarmuosa amang tbnw means. 

With a less etr'ineat but, nevertheless, probably L1tf9 .ite ,  of wr 

48I108 no reel, littsz'4n.sta'dns effect), three fm'thsr eberooteriettos 

bcv ,tgilI4f1eant differences ang strains j the midpdsse breadth, the 

globuhs and position, and the globule migration position. 

The eariaton in the mtdpt.sw is of Sntareat. Within man eM 

GUW 11te of error, M vwdatLan mdi to bebisea str'ains in the area 

of the midpies.. As Jgsd from those eight strains, the averege mid. 

pi.cs ares per strain can be regardad aa a constant irpLoal of the species. 

nt There are e4p1(ciecnt (end negatively correlated) strain differences 

In the length and breadth of the aidpLecso IM essential attribute of 

the midpieos masseptible to strain vulaidon cast, therefore, be Its 

and the slape tryLftl of a strain is not 	Z'm1tly SUbject to aw 

or 1muiZb'4ittSz'$ effect. Detreek duplicat, pros. 

perattons, hnvevei, the area end kiadth are fotd to duffor aignifteantly, 

but not the lengthj the preparation technique probably causes ,41 do. 

fozticna of the aidpieoe, with the longer ass the more rooUtent to 

dsfottom. All obeertLcns were two4jugnjdcne2#  and nothii!g can be 

said about the voliae of the sidpieae. 

Whe' significant or mat, the verienos component. for the strain 

Offebts an the ldnetop3aie globale are of Lttt3.. Interest, being mu-

trems]y WOU for each observed attribute of the globule. Strain verSe.. 

tions In the incidenc, of imetained heads, OW of tw with nornal 

seroel caps, are 0.I1 e1 this was to be szpeatod, since most of the 

speraatoso with  nozl a0rOIP1 caps ate also stained. 
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Tbw sp.z'ssto.csn obaracteristLes fall into Om min groups r 

lattv. to the biolor of .peztosoa. )bet of the eractertatLcs are 

Tm ineiduac.e of imetithed spesto.oa aM of those 4th 

$ noril acrososal cap probably bear a positive reUtLamehip ,  tormrds the  

ertilit of am-'j there is evidenos for this in the rabbit (Beat 

195Th)j and Vw tnatdeo.e of s1ned  spermtows is related to f.rttll- 

in the bull (Bishop 1935) and to apeitososn vlabilitr in several 

1. (reference. in B.st 1957b). It my i1l be tbiLt seat of the 

abnorsal. caps are artefact. representing The response of the eperuatosca 

to the ah11engs  of the a.d of proyamtLou#  but their 4'ei4eie is, 

nevertbelese, ocen.ots1 with samen q1t as aentioned above* Ow 

incidence of aperaetosoa with a 1dnetop1io globule, and the ti 

ms'ee of the position of the globule on Vie midptoce, are related to 

the nhreioloio]. tima 	or "ripsd.ng" of aperaatoaoa in the genital 

ti'aat of the aele (}zw 1954), bt each of these biologLesi context., 

therefore, at least by clsi'aatorl.a ties differ .idftesnW esong ethttha 

ofaice. 

In t1w face of the manifold variation mg sein seans (Thble 6), 

it is ncte,oz't' that CM and 03*/a do not differ in azW o1raeteriat4.os 

of th4lis  spszaatoaoa vb.tsoevarj as say be seen from Table 3 9  the tw 

sits of seens are eleost the seae. Since 03*/I areas as $ MAMon from 

to * In the 03* stein, (i.e Pig. 1) and the two ifltn'sd stainf azet be 

geseticiUy Ienttoe1, qsrt from irxvtsibl.e satation and genetic drift, 

it is inferred that the ncn.agoutt aitittan a doss set affect epereato.. 

som cb.z'acterie tics In the aoue, in the senae that AA and j& ales b.m 

virtally idontLoe1 speesatososa olare.oterbtLae. Tbw hetez'osygote j 

he& not, bevevez', been examlaW, Alao, the num-Mentitr of the results 

from these by closely related strains given an empirical chock an the 
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ialidt of 	aling, aeasiwenent and emlyeia  in this m 1V ei'1aent. 

Two other strains, A and A/C, related to —: anoUr, (a.. FIg. 1), 

tho*b lass e1*4y  Vn are MWJJ and =As  wwo indistáid.abebla in 
all obuseteriattea exeept hued bruedth. Sis A strain Is husqgot 

for 1Mno, ubwou ease of the A/CMAIMi dle are hetorozygoi, the 

pouibilit 	.sta lbat 1.Wa, locu, alleles mW have nose offa.t os had 

'eadtk of the spesentoaas.. Or i*irn of straiw are not closely r 

lated enou*1 for argtents about ap.cific genes to have moh va3idLt. 

b) Variation, within gtrpn, 

With most biological abaractt'ri.tias (fci' Instence, the body veiØit), 
one would expect to find denonatreble litter and sela effects In an expert-

nest of this eta., bstrnying the tnf].**noe of age, mer in the litter, 

nab,r in a onge, wAtenml effects, bvtc*wd relationships In the cage, 

and riaus iap1ersblee omeeted with mintename s  healths and en on. 
1' rmtmstj, the eenanttosiObamteristics of aperne.tosca in a strain 

sees to be quits free of denonatrable verJ*tion assocIated with the Ides. 

titê' of 11te lItter or of tM False Even the technioni variation between 

dltoate p?eI*rattons is alaciat negligible (and I. nos..dgnificsnt) for 

head bi'endtài, h' ares, and for si4dece longth. It is oosclazled that 

the a-ustion chazcteris tics of speiatosoa are extrsordnerily Indaes. 

dent of wq .ivirciaestsl, biological and tealmiosi factory. gowever, 

as discussed below, ease significant veriatten I*s been detected between 

d1toate slid., for atdpieoe ares and beendth, and for the g].obele poaitiosj 

it is also veil kmm that .pevatozca are affected t V gross ohungis In their 
envJ,roaest, It will be noted is mummmUou dats thut the main oci,onest 

of varianc, is that eap.a.ejng diffeirenoes between sptisoa on a slidsj 
part of this V&AAUM neat be attributed to ob..rtic,,al imaertoIn 
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associated 4th the limits of optisal ola of In microscope. 

is) 	tia and n-sti.e 	 A#Aom  

ald07 In onvalog ocndi.cna of this vok 4th in.d Moe, it is 
sssiedthat istrein 	"4etO of variame reflect gecetie effects, Md 

t all the *rLeUcm 4thth a stseth is 	..gsoetio.So possibilLIF  

of hstsvoqgeeitr or fresh witatica in an inbred smin oem not be sb-

solutaly ns1*ied, but i*a eesd to be minor In dugise. For the 

s.t pnpoaee, V straft ia(t1  be treated as a fox1ly inbred strain, 

riatica betosom litters in stxdna muld reflect wwo ceseatol or t-

ei1 sffeotm, Iddl- 	no1ee-&n.littorp varlatka vnul.d show environ. 

mantel effects. Variatâai bebisan 4i,lteats peaparnUame is atteibiated 

to teokiiiqma, and varlatLon between .pezeatosoa in preparations is attet-

bited to a oomb1mt&cm of ta&aiiqi, obses'vattan, and of nabwel wriatiem 

bstw.en sporeatoeca. Age end wi#t sess to play a negligible role in 

spsatoeoen wriatku (p.i)  and 411 not be oonaidersd fwr. 

For h4  breadth, bead area, and ai4aos length, genetic riaticn 

is rsprseentnd tV Sufted difTerowes samS strains, v6LU the only non-

genetic varlatim oeaa in the differences between spermatoson in p.. 

psrntt. Tbe nd4ptoce area bee no genetic varlations  but 	e is a 

noderats nam.geasMe varUMm attstbitsbls to tedMIqUo and a large non-. 

gensU.o oaupomant for differeno.s b.biesi epeasatosea in pr.pexattcma. 

The aidpi.ea breadth, tbe globule and pssitn, and the globule attica 

pocition, each bee a very maU thoi* significant genetic onent, a 

moderate ocoaant attsLbatab3m to teobeique, and a large component far 

non-genetic iariation between spsrtoaca in preparations. Among 09 

percentage date, Uhare interest s concentrated at the 	er l.ev.]s of 

the analysts, the win oqluiicns are Vat there is a moderately large 



genetic oeswnt for the inetMne. of apernotosos with cmatsinsd heads 

and with normal asroeceal caps p the *ietto compeneat for the inoidaiss 

of spsxtoio. bearing a globe]. is small and noo-dgnttioant. 

As a guide he wrk on the qianU.tsU.vs genetics of upermatosos, it 

411 be noted Valb the head breadth in particular, and also the had 

area and the aidpieos I agth, are e,odw eheractirteUca,  with a ]arge 

genetic oaioment and no d'ia'ab1e non-genetic ooments other than 

the variation batesen spermatoaca on a preparation. These olarsoter-

tattos should have a eaid.rable potential for rs.pcnse to selectione 

d) 	aal "l c 	'i 	i of snaatnscsn obaracteriaUo 

In the aennu'aticn data, there is a detailed resemblance bstvsea 

the tm independent ane.]y.sa of the midpi..e length, and the zk order 

of s'ain means from the one az*]rsis is almost identical with that 

from the otherp anm3..s of eloseV related .ta'aiu. are in good agree.- 

aentp no meam aiar.s are more than sl-4ghtly subeormel, and no ysriance 
components more than slightly 'nsgstLvs'. 9nt, in the percentage data 

a3,ye.s of the two sets of observations on the incidence of normal 

aorosl saps are in fair rar then good sgr.sit, and there is 

obvtoy much intangible variation within strains. This contrast be.. 

W.en nonmu'aUcn data and peromibge data also appli.s to rabbit 

(p.32,). 

Mw demon.trattca of the reali' of ditferea be 	of 

esmcmsnts node on to or acre popa]at4on@ of MMU objects is not 

neoe.aarj1y 11(ted to differences of greater eagnirIe than the n 4'1 

resolving power of the microscope. aw scarier the rs.o3uticsi, hewevar, 
th. larger is lbbe maber of 1ndtvidt*ls that may bmwe to be aeaaned to 

establish a difference. For a 1I4 aaaeseaent of such smen anon 
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differences, the follaving oocitions suet held, though eqwleuce wW 
show that seme can be slazedi- (1) pdea1 ad obs.rvetLouel sources 

of WTW suet be reMomts.d, as veil as the order of pruent.tion of the 

obj.ots to the ob..rv.rj (2) the MatwUl suet be coded, so Vat the ob. 

server does not Imow the class of object before bisj (3) the observer 

out not, 1r inepsattan, be able to r'eooiss,  that two or now classes 

of object are being presented to binj and (4) the ooarisoms of menus 

suet emerge fron & single experiment designed to reveal them. The pm.. 

sent wash, ithich largely concerns mean differences, we d.itnad to nest 

thee. coeditiens. Absolute uspitedes of single abs r tions, or means 

of such observations, are of a different stha; 4thin the fringe at 

suoerta1nr of the optical resolution, uW given observer sight oonsis- 

tautly over or w1er..esUa&ts the true wine, and this bias mi4ght differ 

from that of anotr observer, or from that of the seas observer on a 
different occasion* nut, when an differences are be assessed =der 

the conditions described above, most of this bias would be expected to 

cane.) OVAO  

c i  

An excellent eceaimt of difficulties involved in sulcing wibi*aaed 

aeasiu'enente of epersatoeoa was given nearly )L]J $ century ago bV 

zelaw end Faust (1915). In planning the present work, a h4.gti  prioritq 

Was given to .l-atvting possible sources of subjective wriati.cn nttri'. 

butabie to the observer and to tsaique. in consequence, spextoso. 
were a,'.i1iqd In dried simars (pereanant nigrosin-eoain premz'attcue) 

we th.' are no longer aUve. This aided measurement, b.cauee the 

spstczos lie flat in the  field of optical projection, and are not 

moving. In addition, all the preparations of an experiment can be 



nsd in a coded and randomized order, end rimein ah,ciIa,ble  for 

fux'a' stzy. One or1scsi, of bead breadth, has been checked with 

living .permetoao.; the 	r v*eae of the ovoymstomoon head of 057 in 

.omI*Z'iJOn with that of (A ma first sugssted br the prst4tnv7  6th 

of Braden (1956) in living apermetoec., heu besi confirmed in the pr..' 

sent yost with nigrosth...oeln propantLoas (b]a 7) and ain confirmed 

with 3.tvthg epez'metoz (p.2 11'). 

; 	''wViw; 

5train differences are also foend in the rabbit (Baatt' and Napier 

19599). The effect@ of sources of WAatLM on rabbit ep.rmeto..on and 

on those of aloe are smiler. In both specie., the breadth and area 

of the ep.rmetoscsn heed arf indep.nt of RMWOM tecimloal, environ-

senbil end obeaz,at&on&1 sours.e of wrisUon, and there or. no signt'. 

finest differences bsts,es* melee within litters. In the rabbit, differ'. 

.nces bsb,oen 'litters within weeks of the eria.nta.]. period' vet., 

-' tted]', .taltifioant for kai  breadth and h.d area, but sight have 

been ocnfowKlsd with a genetic oonent not jeseit in the inbred *to.j 

In nice, there t*s no .i*iftosnt littsrs..th-atralm effect for thee. 

obexecteristios. Two specie) forms of error varlatica s  El and E2, 

were desoribed and oi4ered W Beattjr and 1.pier (1959&). In the 

rabbit, th. potential 'individeal som= sample error effect (11), 

atthibtztable to the particular airotastanoes ier 'which each smon  

sample was hendlAd, we fod not to exist. In the pat work, 

'where the El effect vou2d be OCnSOISed with me1e..m'.Uttsru effect, 

their oofleotive effect vam famd to be ng1igiblej  hence, thate in no 

evidence in aithet species for a tea). El effect on e aensiwatioe ober'. 

aoteri.tia e'brIied. An "4nd 4 vidn1 elide error' (2), atfl*a'bib].s to 



the particular obe.rvatt1 	 moder which each slide v.a 

mratn*3, was foimd to be nan..tateet for heed breadth in the rabbitj 

in the prsaeet york, it wuld be ocnfoiaded with the prspsrattias-th. 

sales .tf.øt, but their collective effect was fouvid to be negligible 

for head breadth, head area, atdpiaos lecgth and globule end position, 
aflj 1  thue Is no evidomee that 12 effoote these aher..ctazlatioa of 

the aouae. But, in the souse, 12 say v.3.1 s000mt for the siiftonnt 

differences bet&'esn dilioate elidos for ddptece use, u1dpieoo breadth, 

and globule aigrattosa position. Me defozuetians of the sidN.eoe seem 

U.csad on p. Z(, 	]d be a. part eaplsnettcsa of 12. 

Sign4  ficant se1n differences in the nones for the incidence of 

iaatalnod heeds (a. aea.mon of f.rtt3.it,),  were also deeonrable in the 

rabbit (Boattr and ?pier 1959b). 

3. 3W1(e.RT 

1. Genetic .ff.ts on the visible characteristics of ipezastosce, 

as jndged bVe(gdfiesnt and oftee sUlking sUota difference., have been 

sied in thw inbred stai= of nice, As  A/Cjj, CM, CBA/*, JCL, Bill 

and 0379  aM in the partially inbred stein V. 

2o Un spessatosoen ahaxreoteristioe, observed in pezeenent nip'o. 

sin-soda pa'sparatii,ns of spersatosos fran the ju AArgmm  wereo 

(a) MIr.a in otical o1eotianjhead breadth and area; aidpiaoe 

length, breadth and area; relativ, and acal positions of the kth.to-

plao globule an the aidplecs; (b) 	 of spsrsatoaoa with 

stiinad heeds, or with norsal acrosanal caps, or of those biasing a 

klnetoplaeeje globule. The Incidence of amstsJned heeds, and of heeds 

with nozasi caps, relate. to :en ferti1Lt'j obeez'vationo on the 



kinetop]aente gIobala u's aenu'.s of the OWsio1ogiae1 enttu'.U.on of 

sp.*'enteson. 

stfsste of the following fI*tori on spesastososa ehsrso. 

teristics ver s1iMs strains, littsr..4n..st'uias, sales.in..trains, 

enithUtt.pe pre%*Uons.imal,s, aperentoaoa4n..prsperetiona, 
spesial errors It and 32o Age and weight of the mles  also etndi.d, 

did not am to affeet OW sperentosoen dbamoteristLoo 

40 YMMMM s4 "4 iesnt strain differenoes were fo*id for all 
sparentosoan ahersoteristice enoept Ridpieoe area and inoidenos of .pez. 

entosos bearing a globule. Thw engeii!e of the strain diff.reno.s *s 

up to eons 10.50% of the wn eal*a of the characteristic. Strain 

isriatica in the aidpieft is eeeeatiUy in shape, with n.pttve] 
ooa'related stz'ain ditferenoss for length and breadth, the area being 
virm1]y identical for all strains. Strain r'iaticn in the attri 

butos of the klnetcpbiento globule is imiaportaz&t. 

Ccspsri.on of two 0108537 related strains, tndistthgutehabla 
in all spermatozoan ohereoterietias, suggested that the a and  4 alleles 
have no differential effect on the spermatozoan phenotps. A difference 

in bMdth of the spatoacen hd bebisea tiio lees ojosW ~y related strains 
suggested, on the other hand, an effect of a]btho400us genes on spez'en. 

There were no desonstrable effects of litters in strain., or 
of melee in litters, on 89W aanmrs'atLcn characteristic of speztosos* 

ING dtiensicns of spermatozo. are utrscrdimerii7 independent of mere' 

biological, anvirou.sntal and tachaioal soes of isriatton. The char. 

actsristjcs reooded as percentage. are less independent, and meeb  Intubm 
gible enriatica edits. nw ftotora fogd to have  sign4fioent effects 
on the characteristic, of h4 breadth and ares, or of midpiece length, 



4 4itZi, 	bsss,i ftmdmo  md fte s.uass 

vavl&Um bwbwn q to.m th pnwaj t. a.tuzjatj.. 

&PPOV PWUSUUrV MdUbU for qwAtLikalLve ai.  on guatLes 

t the phenotype of 

70 aw 	of tho wr~sa 	of 07 i ocrtass 

4th ftalk of caa, boa b "*M 4th 1tda ettoou. 

e. mw 	of Was sad wsbbtte have sM3ao ptts 

at 

96 So  assit etibis of OW gsn.V.os of =MAU= sts. ts 
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In th. farefolm pses evidaiae of a.tLa eff.cts 

to" ph'p. at sLoe 1*1 b.ea WOOMW in the torn of k4ty  ai4. 

fisent dUtor.eaes amaw s&#t Inbred ssIn. The ebeaetm'iottoa 

stodiad were bad area 9  heed breadth, 441o.  area, sidpieae ]aith, 

aidpi.ss breadth, aM posicn and n44ftt4ca poeith* at the kthatuplaaMa 

Slaba2al and inaideeos of imetilned .ps&eatsaosn beads, tradids of 

beads 4th au1 sea'oeaeal e.p, and inatdeem of apsrtosos 4th a 

kSnetc1io g1od.. 

In Ols eheptue, siea hey bea extended, in the firet plaae to 

r l  erossas b.tzsea imbued sins of sLoe, sad sviderksl tar bataroets 

In Us IpSXtiO1Sfl pbeao'ps Ins beem aoit for In those of the above 

aeeUni1 ohersot.riaU1os thal, wan fmW to be psrUsn2sry suitable to 

i.ssUs etadias. £ aesaM obJeoti'vs ms to aos.firs the sMss of 

diffinou in the peanatoacan ihsmaps smoog fam at lAw Inbred swains 

- in the previus .crk. £ vira14 614to afbaaticia was siivsd, 

with respast to the darsotasI.a,es aiod. The bao obj.otivas wa'. 

- in a sin1a plr 

Observattoss as the epurealoanan pbemotps in Ft osa.s of sLas bed 

bow rnda IV madw (19%). 
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h2J!tWI i 

Sw f4lo4al love a1m4 been dssoribsd in dsteil 1* 8.sttcm 2 

of Chep' is the Iftbred gj5p  the welcing of nip'osin..oain p".-

puattams of eperaitoscsj unswing equipwat4 the dsttniUama of US 

Spiemitsoasa ehersct.riatiesj gaisrel rzlca cm b&ameLosl methods. 

The pro3eccm  ateroseaps described IW Deattr sod Ihp&er (195) 

sis used for dL..msil oMzotsr1zU.os. The steel iv]a used bofon 
for aisaiwiog str.ight lines was rslneed tr veemier amlipers rusdlJ4 

The tow ink'ed etrelns, 084  AAa. RU!, sod 078  i's laken for 

the pzaiamt lnve.tigaUcme Mw dz possible crosses - - U aide. The 

object of stady was the isriatica in the apetoscsn phsso'pe 411006 

the tam gam.ttc pois (foer ps'e liias and six crosses). Poe MANOVIII 

of Was,  and qP060  v.sip"osslwesses un not sind. $aah cross 

use, hew.r, aide in a etotsd d.trecttca 4th zeepset to the sam of the 

percats. (bale 8). 
The ski of the tam genetic grouis wwo 1ilt vp own the se 

period of tin.. The ages of the silsble melee reziged from 50 to 359 

days from Uses males, tiee litter, per gmstto gr n LV uess selected in 

scab a way thet the age dLaibuttca was rl orsbl. from cme 

Ow 	to aioth.w. Two males per littow ue selected at rsodcm. 

SM 100 males Ven Thed in romteed aider irer a period at foar 

d.ye. The oontamts of the two JW 	of each male us ai 

and aide into aigrosinusosin pespsr.ttcma in a constant t..psamtm'e r'aom 

at 19 120 0, 4th too p.psr.tions (slides) pee ails. MW *10 slides 

- _i ceded tr a eaUsWas wbo 4UdwIA Us code umtil all obearusU.ons 

on Im hed beam ocapletud. 
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The coded p,epaztsttcn.were placed ins reedcaia.d ovd.r, and Im 

sperantosøa per sUds (4th motmined heads and noal aerosceal cap.) 

were drain mder the projectLon ntorossops at a 	ifteaticn of * 6950 1, 

with a separate chest of paper for each sptoeot*i. The drawings 

were placed In a rendcstsed order, and usrn'esimt.made of the head 

, head ICEWS&  nidnieceUS# and MMAM IMUdbe 
With the preparattons in a now randcnisad order, the following 

oharaateristtca were scored from biontr spsztosos per slide, using an 

oil Iersica obj.oUve with an orttzary microscope, and a green filter 

similar to the %ttsn 5$j jgf 	(the percentag. of sperantoeca 

wheas heads were, on the ]e, less deeply stainad than the iedtate 

beckgromd of the preparation), and 1norni (the percentage sperca-

tosoa with norani aerosl caps). 

In this analysts of the results, the ages of the sales were not taken 

into aocoa*t for the following reascas. The average age In the tan 

genetic groie was more or less balanced. (hphtoal. representation in 

this end the prestouswork (Chapter I) e,sd no clear relationship 

within genetic us be'b,.an spertoacen a re.eteristiae and W. 

Annl7ass were cerr'ied out Iw standard asda (e.g. ftedoom 19%). 

Percentages were s*1ied after the appropriate angular t,nsforantian. 

3. HSUL1 

a) 

The grow averages of each speztososn aharaoteri.tLo are r 

Land in !bl. 9. Differences bsan litter seams within groeps are 

given In the tom of the average standard error per grovo mean, these 

standard errors are the basis at all the subesqt tests of signiftosnos. 



- a'veregs figures for piw.  sJns combined and crosses eenhtn.d ai's 

also dwwno 

The oss of az2yda of diff.z'enoss ang the ten avow anna is 

ecnveniant]7 rofesenoed to the foUodzig tebi.., and the text associated 

with neh. bi SW.. 30 9  the veriatica _I 	is azai7aed in tern 

of the four genotpea involved and at an averege ocsriscn between j*as 

saina and crosses. Diffsrene.p eaocg In pius steams elans are then 

given (b1. 13), dd1e Table 12 show wqaIAAt3y the agreement bstuman 

the present rsults and larlier one shom in Table 6, aods in 

psrentouoen ehe oteristios is assessed (Thbl. 13). Az*ly.ss of 
variance of variance are deeøribed. 

The torn heterodi Is ddin.d as the extent to iftlah a arose 

viates from the aid-parent (i.e. from the aveng, of the two perentel 

'p)p "ii'g the ttgiw.s down in Thbi. 9 4ut tesnsfox'ntica other 

n the angular teansforntion wvUwed tar the pensateg. date. 

The first step in snc]ysie was to deal with the que.tIanj for each 

spernatosoan a)sze.eteristic, are the differenc.s  vaung the ton asens in 

b1. 9 atte't*tab].e only to seapltng erros? This was tested tr a ei1e 
perUtim of the verianc. ang 50 litter anne into babjasa 	(on 
9 df.) and hemm 	uIVU MWs (on 4D df.). The aeon 

aqn.rs on 40 d.fo ims a iearwe of SMIMPLIM wror against ithich the migni.. 

tissum of the between grea ann .qares could be testedo Mw resulte 

are chain in the top and bottos line, of able We Differenc00 eerg 

the ten genetic ptois an signifleant for an ahe.rneteri.tica ONDept 

aid$esi area, Ib=& the latter apwosohes the 6nvsat$on.1 .tiitnes 

level of P w 0.05. It was sonoinded that real differenoss had been don- 



•'ated saoui the paug masse of all olarsetseistios eceept atdpieoe sica. 

The s.002d step is anm1ds wa to fial 4bether the variation beWeen 

grmeans could be interpreted in terms of the genetic re]atia'ia?dps 

b.ecn the gratWn. This was carried out W zegresalca  snei7sia  an 

the following model. Thw grai means were tekan as the depent 

variate, Y. Zadepesdent variates 11, X210 and 	vase sot lops reps'.. 

seating the 	RU!, and 057 geacmss. the va3nes entered under 

1 0 129  1 are conveniently explained tr easapl.s in the gsneUo p' 

each ms]a contains an. A/t& genc.e and no ocaibuticn fram s 

other gee, and 1, 12,  and are entered as 1., 0 and 0 rssp.otivelyj 

in the A/tj@ * 057 cross, each asia contains a 1lf gamans of A/b.g and 

a Isif genome of C57, and X10 12,  I, are aOco1ing]7 entered as 0.5, 0 

0.50 Ia Independent variate was needed for the OBA ge, sine. all 

msias were fully identified tr specifying three of the four genames. 

A further independent variate 14 i*s also set w, basring vbes of 0 

for a pure stnLis and 1 for a cross. A solt&p]e ressica of Y cm 

the I ima then carried out, an 4 d.f.. Because of the strtors of the 

seepling, X4 we imcorr.]ntd with the other I, this sieplifying the 000.  

putatica of the inverse asrix, and persitthig the effect of 14 to be 

shams as a sepsats line in Thbl. ID. Noxmslttr of di.trthzttott and 

parsUeliam of regression lines were sastuod. Hc.opdt of variance 

was also as.aedj the sasuiptian is supported at two levels of the 

asapling strust4zre br the results of an ans2sis described on p.t. 

These snputations led to the partitioning of the 'variance among 

genetic p'cup (cm 9 d.f.) into the three categories she%aa in ThU. ID. 

The collective .ffeot of the four genc..., on 3 d.f., is listed as the 

0gascmee' soerce of variation in Us Thbl.. nw regression an 14 - 

mu'ad the average deviation of crosses from atd.p.rcate, and Is entered 
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U the Phstsrodsl aotgto. of  varlamou Ths r.sidaa variattan, an 

is the 'riz.r'. 
It 411 be ..an fna Thbl. 30 tI*t 1he 'giss' and 'heemoeje' 

eff.etm aoeot1  oo].]activ.]y, for such of the damstrable 'rtaUcs 

b.Nan the tin ganetie poee go riMer an eqasms is  non-

slgafflmatp and scarcely larger then the error an aqnsre, for haM 

ares, aidpiece ares, aidpt.cm lingth, and % w..tath.d, and is barely 

eigeiftesnt for head breadth. Hov.vca', in one analyst., that of S 
nor..]. caps, the vscain6.r is compel14  ng]y significant. as generaa 

rssu].t is, therefore, that the .r*lyste appears to have been reasonably 

miaseesful in partitioning Uts variation anang grow asans in texas of 

tangible sou'oes of wx1atka. Most of the variation b.es genetic 

can be int.riw.ted in tam of the av.rage effects of the foi 

genome., and the average effect of h.tero.i.. This general etatesent 

must be qial.tftM br pointing out certain dtaszepsnei.sp thes.sr. the 

occasions ithen the resaincler asnn equsr. is .1grifiosnt or nearly ec 

(a.. p. 4 c ) and also the etttnV.on for atdp&.ss axes iitsrs $ 'iid.fi- 

cant' genomea effect is asind*t doubtful because there use no compelling.. 

ly significant diffexenoes among the tin group as a 

In the prosent .q*riasnt, four of the stains snodood in the pro.. 

vious wrk (Chapter 1) were ro..thvestig.ted. Tram the ,a]nea of the 

sparestosoan ohamcteristLos in Thbl. 9, it in poisibis to wits domi the 

rank order of the stains for .eh characteristic, and also to osre the 

ItLins 1'4vIdt.].]7 with an. another. The significanco of thsse cam.-

psri.ana is set out in full in Inb]. 11. Ths stain aweagec sad a 1.1st 

of sign4 iosnt differences are sw-liable for the mom fow stains of the 

previous experinent in Thbl.s 5 and 6. 
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£ eospsrtaan of the tW Inea'taent. is .*riaed In Thble 12, 

th.rs the s'sine are p]aead in rank ordea scoording to the aroregs 

Ik_bS of th.ii sp.rtoscsn øheraotsriatloa. It '411 be seen that the 

rank orderi for head area, head breadth, and ddpisos length are idea. 

tieal. Poe the imstainsd the tw ridit  hwd sina (CM aM 057) 9  
and for the % Sonial oW the two Uft I'iri  r'ains (ODA end RU!) in 

the first J ICV 	have bsacas interobeagod in the pzss.nt sq*riaentj 

this is, hoverer, esaro.]y seri.ing bsa.s ts is little differense 

bsb,een the two strains concerned in the tvo ahezactoriettas and, there'. 

fore, a t4ght  san11ng error mer  place to strains in an altered rank 

order. even the al4t.as  area uhLch doss not differ aignificent1r 

bsmen genetic p'os ahoy good agr.easnt in rank order in the two = 

pseiuent.. This Indicates a poseib].. adatems ,  of =all but weal 

differences b.tisen gsn.tia p'oia in their aid.pL.os area. 

P,euse The olaracteetatias of heed am#  head breadth, and si& 

piece length aee in rank order, the signs (positive or negative) of 

the differences beb,een iMLvid*1 mme melb also agree, six ecupari. 

somm being possible saceg foer strain aeana. The ,4ttifionnoe  level 

of iih individnel ert.on, classed sither as P > 0.05 or P < 0.05, 

we identical in both esp.z'iaeats. £ substantial degree of agres.eat 

was also found for 41  floenc. levels of individual oospari.cms anong 

the other aberecteristias, 

a rspeatabili of results a.n also be vistnlissd from oorr.latiome 

bsbmmn the sWain asenm in the toesz'iaent., as .ho'ai in the right 

bend oolzma of Thble 22. These correlations are high and tao at thea 

attain significance i the significanc, tests are, hoverer, ovew....tzingsit, 

dnae the oorrs]aticn coefficient is bused on only 2 d.f. 



Ftonl1r, another .sUnate of adn diffsrne.s can be obtained In 

the 1aeseuit LWft=tbr Mdft  the a*ltipl. regression .qU.ons oslcul.' 

able from the eoitaticna lainsd on p. Io . Estimated differences 

enong pa'e saJjIs  can t 	be aaioulatsd, using the wbols w44t  of the 

asrIaent, i.e. utiliaing the iiidir.ot infctic in the crosses es 

well as the direct infosnation from th@ purs sntns alone. The is.. 

suits of this  analysis ares  however, ve114 cnl.y if the aestaptons I 

h.r.nt in the model are fully obied, arid only if Us remainder mesa 

.qnare is nearly .qnal to Us orror now *tare, and also it differences 

beb,esi the rseisoasi emememp not saied in this .ip.rlaont, at. risgit.. 

gib]a. Because at thee. ocspl&dtLes, * alternative satiates do not 

seam worth astttng out in detail, but it may be recorded Umt thee's wee 

substantial agreement betassi .ates and signi ficance tests obtained 

in thU wy# and those obtained from the pin'e stasins elans in the 

present as well. as the previous .qe.'tmects. 

The on of a pesi filter did not noticeably affect the clas.Ifiu. 

cation of spermatosos as stained or imsisined. In the present emperl. 

aent, the &veeegs percentage of tastned spernatosca over all pin's 

strain. was 33.7%j in the previous work idthout a filter, the average 

saw strains we 30.3$6 

ml conclusions are that The differences among strain aesna is.. 

ported in the previous scpermnent hey been confirmed to a r.rbbla 

depe. in the present one. For the weU.'differentiatad cherseteristios, 

in wbich the elicg wror is relatively mmU s  the agvestt was viz'- 

11y complete. 

4) mounlig in U emetoan 

The first objective of this .rSaent inobided a secich for evidence 
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of bstorosia in Thespeatosoan pbmoVpl I.e., of stgnUiosnt d.-

vlaU,an of crosses from their ai4.çexeit. 	- averep h.t.rocia of 

all crosses In ori.an with all pews .1ns wa be visualtsed from 

the avenges at the bottom of Thbl. 9. Thw jdaulfS eana. of this aveiags 

bstsro.is is Awm br the significanc, of the 'h.tsrods -_-- oqiar. In 

Tabi. ID, but the ww4ng of avsengo heterods and of its significance 

are affestod whM the 	ind 1  son square In the Thbli is sigtitftus 

cant. Each arose ow also be oaar.d 4n'ivid*a11y  with its two peNn. 

tal rpss, th. dir.attam and signifiosnos of ss individl oow2iaoIIa 

.tris.d In able 33. The fo].].odrag picdbuse  erg.s from these 

rious ooupezisons. (It should be bomie in mind below that the a]assi'. 

fiontian of parental Vpw as 'larger' or womalern is in tins of Vair 

spereatosasa alansctsristios, and not tiheir body weight). 

Tbw geassni aon]yiits  of UML&M appeared to have been perV.iuLm 

ar]j smasasful, in that the Mg41y signiftoant 'ga.'  and 'beterosts' 

.ffots takm out a large proporttom of the total nnlanoe, arid leave a 

rieaind.r mean sqeare Out is scarcely larger then the error -tan sqar.. 

The ol*aicn is that h.t.roda in head area is a real phenomenon and 

is sbom to about the some aztent 1W all arosesse Oimriscn of India 

vithal crosses with their parental tWpw is In good ap'.ement with this 

general oanalaaica, as might be .zpested. Tbw bead area of the eross is 

a]mys larger than thalt of the i 1 'w parental tp., and signifioantl.y I0 

for fig, of the arouse. It is larger Uan the larger parent In five 

crosses (significantly so for one arc..), and e. 11-r anly in one cross. 

£11 crosses enosed Themid.çsrental vein., and eignifiesnti1r so in fcw 

crosses. Tb. C57 * 	arose seemed to be a psrttou]ax3y deer somple 

of hetero.i., dnao the bd ares ms e4gi4  faintly greeter UM thIA of 

the Md-parent or either parent separately. 
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For adAntsa. 1th a2Aop the general ansaia of variance appears 

to be alear'..aut, but the average hsterosis, though sigeiftoant, is not 

at a Mgh  level of sigeiftoano.. The in1ividen] orieona of crosses 

with their parental tpe., in Tabie 3.3 may ut all aroseiw have a 

longer atdpieae than .itber the =LUer parent or the aid-parent, and 

three of the crosses have a longer aLdpieoe than aw larger parent. 

The cm1 iaii'dderl conparisan involving eq dgres of sigeiftosno. is 

CM z i1tg, utAcb. is signiflommUy greater than the 11,r parent or 

the aid-parent. 

Zn aw general analysi, of 	 the stg' 4 toent average 

h.tsrosis is acconpmniad bF a significant "ressind.r' nasa sq*rs, diioh 

ind.tostsa thet indiildal sosiperiloni sight be more interesting. In 

ftct, two of the oro...s shov a slight nan-significant n.tivs heterosie, 

two a acn.4dfiosnt positive hstsso.is, UN 3.two ahoy a significant 

positive hetasosi.s, the sore staLking .10 being the CM x C57 arose. 

In the general analysis of head heaidth, the average hetsroais effect 

is narked as nan.signifiosnt, but the stgr4fiosnt 'reeninder' seen squm 

indicates ones again tat the average effect wiy not be very asaningful, 

and that individtal oapartaona of orosese with their parental tqpw 

.dght be more veluabl.. In fact, cne cross does ahoy heterosisj the 

CM a RM arose is aidfioantly greater then the ml I.r parent or the 

aidperent, and greater then the lArger parent, though not significantly 

so0 The other five crosses shoe a slight  ncn-sitftosnt n.ge.tiv. 

bsterosia. 

Finally, the general analyses of a44a area and of jjg 

show no significant averags betsroda and the non'.signiftaint 'rerasinder" 

eisa aqeare tr(oats that this absence of d lista'abls hetsrosis is 

consistent. Itwas,  ocealeded tJ*t no betsroaia in ts. ehersotermstios 
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s3d be gho, and indinal o.i,eri.on. of eroess with parents were 

not earned out. 

In rummaryp  the boad area provides the Oda .sel. of )*tsiosis 

in the speztosoan phanotps1 there is a Idghy .lPflifiosflt &VIThgS 

beterod.i that in aol'. or I.ee vulfam for es& arose. The e.a, Inter-

pretaUce, Ummgh at. lover l.i.l of signtftoano., can be placed on 

hetarode in .id.ee. length. In S Scaval sap., and bad breadth, to 

ocacept of an average heterosis over the wbale iipsn1.s.nt las little 

a.aningj 

 

the descawtrable heteaods is oosfla.d to a fey psrtiou]ar 

oroeses* So hetsro.is couM be sbwa in atdpi.oe ares sad In S 

stainedo 

rr rw 	i 

In an attsapt to investigate the varianos of vertanos, the pooled 

within-preparation earianos for esoh litter was treated ass norsal 

riats and asbjeoted to an analysis of wriano., with pertLtI.oa into 

Rb.b1,t tan genetic groups' and 'be,.sn litter, within groups (u'z'n)'. 

£ sisilar analysis we performed on the pooled 'bs.es sale' varlaws 

for each litter. These ap ro]d.aats analyses sbowed no trace of a 

significant differences In venianoe snong the tan geniUs groups. It 

was felt that t*u'ther analysis  was unlikely to be profitable, and tIM 

detailed amminatics of the wrisnos of varlanae wuld r'eqdre an erpert-

mont of different design, lbve,sr, the negativ, results dd seet that 

eanianas we aere or lee. homogeneous bebises the genetic groups at tw 

levels of the e.'14"g strusire, thes parttng an earlier awaptice. 

(p 
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The udn advso.s devivoid from the pi'seant I'zI7 are as folla. 

The pxevia* it (Chapter 1) 9  ima acMuoted with thha'ed s'a1ns calro 

thersaa 

 

the pxe.ent mit brings in 	 hell. Differenasa 

between the aeles frca the veriowi swains eM erosees Sen 3args]7 be 

aoeoiated for in terms of the genetto r.]atti"Mpe between The aalaeo 

stszode in the visible spowlimmu po'po las been donatsd 

for the first time 

___ overall diftererioee eg the ten group emma (foor pme wsina 

and six arose..) am jh1y d.gniftsent for all .pezentcuioaa raotex'. 

isttse ezoept aidpieoe area. When this sjgi'4  fisent enrSat4on between 

gr means is parttttoned asoording to the genetta r*UtAauMe be-

W.en the two groups, all or nearly all of it ean be a000mt.d for in 

terms of two factors I first 	a genexrsl  oenb4n4 ig abiUVO for each 

of the tons' parental gmss involved, aessined t r the "g.en.a .ffeoY, 

and aeaoediy, 1W a 'heterosis effeot!' diff.rentaU.ng  the .permstosc 

of orosses from tho.o of pns'e .aiu.. The 'rmiMer' Varlame after 

the psrU.ttcn is often littl. greater Uaa the isapling .n'ox lMt isider-

lies the whale er,ertaent, and is .eUn.ted IFdifferenose SOOD49 litter 

means 4th1n groups. This z'nder 1.. 11 aM non-signifint for 

torn' epermstoeosn olarsct.rLstioa (heed area, a 44pL.c. area and length, 

and percentag. of s*ata&nsd upsxmstoaos). It is el1 (tho# jnst 

tovmslly slipinsan4 for heed breadth, and osly for the peroentage of 

speeaetosea with normal saps dose it attain a high,r level of Mgnifieanee. 

£ general pie tue of the results ii, therefore, that the inberitarios 
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of geneto ftotors affeelft the spesentoucea Pbow tm sen be .]aivad 

feir] 	cousful]y in tomme of &VU%ge offsets of the  parentel gesops 

and an awmgs .ff.it of )*terods. Thes's is sidoubtsd1y a 3*z'p o3meat 

of 'gens$'sl ozbintn aMliW' nmmg the fo'a parsatsi tpss. This 

genursi pA1?S to mibj eat to di 	andes aasoei*tid with rW.CU3*r 

orossee and perttouls.z' spawtosom ohexaatst1s.oa, described b.3m. 

a) 
In Cheptie I. difference. in the .p.xm.toaos of eight inbred skeins 

were reported. The ve-tnv.atigstic*i of four of these sketns in the 

present rk dwwM virb*l1y ocp3ete 	iftuutr of the prviou. re- 

sult.. For the oheracteristios of hssd area, h4 brssdth, and stdpteae 

Length, in uNab as1ieg es'rcs in reI*ttV03y m llp it ma fmW that 

Si]. differences bsbzsen sesns of skeins in the fizet erperimeot irs 

of the amw sign (positiv, or negative) as in the present erp.riasnt, 

and • 4.svels at 4gn1fioanoe  testing the rmUIV of theee differences 

vies identiosi. Evw with ohaz'aoteria*1oa aat4 sot to a higher d.gres 

of aillng error (aidpi.ce ares, S metained, and 5 narnsl asp.) the 

apsesent *s goad. 

This sgrsent bstvesn the two erperite is of iaoztana. bsesuss, 

isva asrsfu2ly .epling and ans]eia are cerried out, Va real test of 

the islidt' of the olupi 	lies in 000firestiou 1r rsp.titica. 

The asesent also support, the segment (p. 3 1 ) that aveage diffesuss 

can be 	to have a real existum ev if the mpitMe of the differ.. 

is of the son ceder as, or evn anUse than the n' 4 1 remolvift  

povor of the atoroaaape. 

a) 

fisteroeja is dsfLid in this wit as the devi*tias of the moss fz'en 
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their atdl*rsit. Tow overall aza1aie of diff.reno.e sag the ten 

gen.tie groie ahews a )4gh17 .ir4 1eant and oosistnt hsterosi.s 

displayed bF all erosa.s for head area, and also eigi4  ftosnt and apparently 

sonejetent het.rosis In nLdpd..s. length. Fw head bNadth and S aorl 

sap., the average hstsro.ig over all arosass had little nenlngj aertain 

erasees displayed h.teroeii, other, did not. )ftdpi.m area and S matmined 

showed no hiterosis. 

To. EMS ints..sst of the fiM1igs is that heterosis in the spsr. 

teaoea Ohmucine his been dcqita'stsd for the first tise. D.taLl.d figtm 

are tiejisbis frym the data in Tabi. 91 for instance, the S ncrw*l saps 
in the GM x 057 eros. is 73.4 and in the $idu.pSZt is 64.9, *aila the 

average )iesd area over all crosses Is about 3% p.nt.r than the avsgs 

of the tow ps ssino. Thore is at prsent no obj.ottve basis for 
saying vI*ther h.terosia of this order of man 4 t4i is "laz'g.' or "1 1 . 

To take an .aple from doneatto anila, id.re the main oriterim La 

_____ a 3% rue in the lAtght of fovi eggs aL&t be of no advantage, 

whereas a 3% rise in the maber of em night be of considerable iaportanoe. 

It azet be pointed out that the hstorosis reported in the present 

sIy refera to mtzsnstorned itaiuiaicns, and angularly ta'.nstonicd 

percentages. Tow vmgeltude of h.teroais, and . Its sign, vazy sosordieg 

to the .0.1. of Rataw'ens..t. In the aat schmme ammipla q  however, the 057 

z AlA, eros., the nasa heed area was sizalfloantly larger Man in either 

parent, and no raUcnsl oasis tranefornatica oould poosib]y naks it smallr 

than the larger parent, or the .id-ps.rent. 

A. it )*ppined, all signi-fiosat hetsroaia in the present werk we. 

positive in sign. The oono.pt of IMUW iitow, however, attaches a 

positive sign to deviations in the dirscticn of issaed fita.se. With 



sporsatosca, the fitosss is pr.mablly m.4 up by the p0tent4 4 of 

the spsrentcsoa to z'.sch and festUtas an sa aoxlly. Ihsdiaenai1 

hersote.isttse of sp.xtosn* have  no JCWM rsl*tion to forti1i (th.ujh 

DoWS reel rs]aU.sahip my well entet), aM oso :- not yet say it the 

iae in d1nouNdUM uneciaterM in th crosses represents a postUre 

or *SttVS )qw1d vlgwwl in aboi4, ens do.s not kww at present if a 

.psto 	is the bsttsr for bsiag large or for being i.'.l 1•  But me 

sin speak of p..ittv. 4brJA iis*w in the S *orno.1 caps, b.o.uae "am  

sontaiMig a MgI' percentage of sp.re.toeo. 4th airsol saps =w t 
prs.b]y be e.rs fertile than a--  with a smaller,  prcants. 

b1. $ shois that thor. La an obvtos hoterosis Lu body wight 

(..pt in we cross) in the inns direction as the b.t.roaia in spsztoaosa 
obarsotuitattaa* MW point, bew,er, was not pursued further In viev of 
the f*øt that the body wight is subject to the inf1*. of ..v.xsl factom 

mash as age, littsz-iisi and a "bsr of other prsuisetal and post-sate]. 

MW effects of theee fistos's 0oU]4 not be aoav.i&ent]y 
assessed in the present onp.rla,rit. It nay, hcwv.r, be recoiled that 

intensive ob..rttosa br IIobert•cai (195$) on Dxuna41aAdAwduibu 

have dwm that inboesdini zethasis body it.s Wulybr rsduetion in asU 

iiis aM the present wit perispe provides a parallel, in so fir as the 

a1i-r body iim in the Lnad ssina, as tMiastsd bV the ]mior w.Lgtit, 

is ampotied bF manor osU (ap.zaitoasan) .iss 

d) 	ntsn of +3L&  M.dniecs area 

Attention we draw earlier (p.l) to ths fact that the atdpt.oe length 

and bo'es4th y.ri.d bstisen inbred strains with a hi& dtse  of sipifiasnos, 

whereas the uLdd.eos area did not, mM tht weilanos oosponent for .ta'sin 

-I 
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diffai'.nees in aZ'ai was sO, Sis was $OZ!tM bF the present iozt, 

i1ih a!p.in dmued uigniftaint stosin diffsrsno* In 84pt.ss laigth (ths 

brssdth me not .bi.d), iâi1 there we no firm .vtdnoos far stz'*Ln 

diffareno.s In mtd$ans iran, though Ow pouiMliW of =&U rs1 

diffsraicss an not be Uy snoindod. The presant york also sbovsd 

no b..taraius in midpi.o. iran. 
The o1notcs is tbat tbe midptas. ares ..ems to be rs2atve]7 

raivatont to gunstie isriattan, and in this respect is Uaike all the 

other oherscteriatics. (2unsUa varlAtLm In ths estan'ial so far sti.d 

attests eo1 the 1th siid/ar k'ssdth, and it is, thirster., the ships 

rather than the iiie of the rtdp(.os that is subj.st to gestis variation. 

It 413. be railtied that all fAkif irk is 	diaaid.al, 4th aLle and 

she,e jigsd fran the  upsrantosoa as sian in opttial vrojecuoS4 No ats 

an available ounserning variation in tha diasoston at right angles to 

ths piano of projection. 

The valiAnce has so fir been used mar.17 as a pert of the w*yt&osl 

presses In order to assess ao.psricn of 	riation In the variance 

itself is, hoyovsr, of Interest. B AlMdo bo opposed t.r4i.s atg?'t 

be .xpsstsd to affect the varianos of viriano.. First, the yo3.1-'v. 

ganettoal thesis that 73.  )qWida we nowe imifarm in tibeir ahiraot.riatioa 

then tnz'nd esina might land one to aipset a decreased vartanes in the 

erases.0 ft4 iii the or bend, the apsuantosm of an in.d etrein are 

.11ke gai.tio11y, vhsrusa tboa of orasses are diurse as a result of 

ssgiettai of gonel at the esi. asada. Hens., if gino sotica was 

ansrt.d on the d.v.lo$ng epsuantossa in its )ap]aLA stats after the 

ruel mc tf 	, ' 	 , er 	bi !npess, 



ANKlysis of Vw psoiM withiw-prepamtLam. varlswo showed no tz*eo 

of sidfis.at diffsrezss sasog the tee gsosWs p'e. 1vss, 

sonolnola" me 	t the.zpsriasat was ine4eqiats for etoit3lng this 

- probl. 

f) Ltvin ioee 

Per rteer ibatd in CMp 1 (Qenoz'al In'odnotiee aM p. 31 ), 

nest of the west so the gsoettoa Ur upareeto.oa Ma best eomduotmd with 

pereeasnt nigrosin-sosinpreparammm in iieh the eparsatoaca are no 

lasges' altvs. It is irtant to horn, wbetber or not sor1ecaa aM 
fret two pronrtticna apee with those amde free ob.ortisoa so living 

spareetesos. Tb. aw4ilab]e remllm are sosouagiig. The norvrnm.ss 

of the C57 .psrsoto.osn h4  in ocmpsziacn with tMt of CM me suggested 

by the 'lisizary resn3t. of Iredee (1956), has best osofixasd in the 

first part of the present west with both 1t,ing aM €aM spsrnotss.. 

(p.1, aM Table 7), and is spin esafirmed with daM spe.sttoao. in the 

second .z't (p.i). 

A new paper by Bradee (1959) oeni,Jna SnfozU.cn about ths 

roioy of tho spereetoson Of at... The dLtL for diarnwiose of 

psztoses can not be anely.ed forstlly, b.osnoe the ssapll"g  is not 

fmW specified, but eut that 057 lie mm tosesa heeds irs mrmvw  

not rna]7 tM* these of OBA but slao of RIXI and A. Than Umm ecpa1' 

isons ap  with the results obtsinnd in In first erpiriasot (Thbl. 6), 

and tw of Ihm are spin esoftrasd free nigronin-sesin prspszttena in 

the present west (Tab). 11). O' ooupsz'isona of pue stsnin. snilabls 

fran Braden's data sess to be orershodoved by asap]ing .rzr end vou]& 

require neither ocmfbttee nor daMn). 



5. BTMURT 

1 qanUU.vs ad7 hem been =do of the olarsotsristias of inusi 

aqw-m-mmetwas u ..m in optimal pinjeatim in pszno.t nigzoath..odn 

piiar.tt.m. There wow t4m go..tto p, so.'iaig tow inked 

e'aLm and the six possible erosess (resiptooni mosim were not si.d). 

The sbsracteriatiu stndisd vere thw sxia and kemdth of the asto,osn 

head, the ers and 1.egth of the ntipiso., the peroenge of imatainad sperm-

stason, and the pereentais f hipsI  vith 	 po• 	iIfios,tt 

differemses were fomd amM the tan grois for .31 ohersotsristi.s moo 

midpibos iron. 

SIgnificant nriatton, smeng ths ton pois could, in general, be acoomtsL 

for largQy in tsr.. of the gem.tic rs]*tia'iips bsb,s.n the groups, on the 

aimpi. qo.ntitatiTs medsi thet there is a 'ge*ss off ..t' attiztabl to 
the 

 

tow Vpm of parental ginom invcl.nd, and #a avireg. TMh.tsroeis .ff.et' 

differentiating crosses from pw'. stains. 

The olserest evidence of a'werap hsteroaia mW fowd in the bnd area 

to a lesser sictont, in the ntdpt.oe length. With the percentage of sp.rsetoaoan 

beads bearing aorl acrosoeni caps, and with the head keadth, the bstsrosis 

s embibited cn]j br j*rtiou3ar crosses. There was no d-strable hetarosis 

in the sidpt.fte area or in the percentage of untaimed spsrentoscs. AU 

4r 4ttosnt betoroats ms pssttive, in the sense that 7 3.  arouse bed larger 

sperantosoin d1ai'iions, and a hjer psiuotsge of epeato*oa with aoxmel 

acresel caps. 

The results of tmo tndpsndont series of obureations on the aper..to.osn 

chernotaria tics of fou' inbred stains wwo in good agreement. 



6. Ciwip"ioma .f the ap.itovisn ObSXSCtSTi*UOR from 1ivtn 

ad from ipstsiim in aip.stm..osin pspunUom. . 

so fir In sgr.omsmt. 



GThL 3I4&RZ AE OMLOSIONS  

The stiAW of gsusUo offats es to ol*r.otsristtoa of pmtw 1*s 

bees asllM the gessUa. of Memetes. Mw ges.tiss of pmetiss eea be 

rzüd as the study of the gs..Mas of the suz,Lare  of gs frus ams  

uisities to the nsctj this has r.1.e to qmsatLtLtLve gs.dics In 

gesorsi, 

 

and is pirU..ulsr]y rs1ont to psri.wits for ocm'o11isg The 

'snaMasies of horsditmr7 f.e'tora from the parest to the offspring. 

As esidesAm of mush gs.*tio streets, womweas diffsr.eei have been 

foimd in the e]axsotsristisa of spsztoso. ties .ight inba'ed steam, of 

ate., and hem been oaftssd ins separate esporlaist with foiw of 110 

ssina. an sp.rtoso.n Olaz'actoristloa stied are s.th17 d4asi.iv1, 

but •ts vslsts to s 	fertiitr and to the piio3agtoe.l wataratim of 

ap.rs.tosos. Th. dIaszl.ien.L1 ebaxseleristios of spermatiosm are I f.amted 

to an mummma dapee tics the affeeti of s1,irento1  and othur fratois. 

Tm aI*iaotsrtstu of head bresdth and az's., and of atd$.se lesg*, 

iditá ahoy highly idfio.nt sWain ditf.resoes, appe.,  to be partteu1ar3y 

w.]1 suited to qs.nV.tows study of the genetics of the popa of pimeles, 

Ocspsriscs of related steals, puggsstm thet the apsi's.tososn olarsoteatatios of 

atew are not affected tr an agauti3saus allels but are possibly affected 

' sUeles at the ib1n&1uow. no isriatics in 	ipsitoaosn 	ps 

bstvses first gesszticn creases s.de tics Vw ps's strains osa largely be 

aooamted for In tens of an SVec'SIS of the w.lias of the obar.eturiatiss 

of the parestol Vpesp togetbsr 4th an affect of hotsroaii. The encsss 

of betsiosis is .psrs.teco., itah is nanny but not quite the sire as WMWbrld 

vigour', appeers  to laws bees d'nsWstsd for the first Mm. 



MUMMI and e7top3as itfeste on sp.niitosos hey. ast been ibi.d. 
The7' 16011% fi's swAA=tLft met 007 to sapiif)' understandIft of the 

genettee if upesentosos, but bsoaas apecentoso. are In eons wsye p.su3iar] 

adapted to quantitative glj 	sad eight fc.n as.fel esterlal for 
the 1wrestigation of raft effects 

As a field of sbidy, Vw gsnart.s of gemstas is at Wuent in. 

prelIMaszy 	. ocasecuad. URS*W with Wi2ding up $ bo4 of fact, and 

with d.viioplag the necessary t.olmIqnes for estm.blteMng .s fast.. 
Thtttl this pheas is fthsr adanssd, it WAld e IxapWo1ats to consider 

In t' rest detail the possible Iaplioaticns for gusl genettos. Fwsv.r, 

if it aboald be denoasats* thet more Um one or tw genes attest the 

of gme tss bearing then, it eight bisons necessary to 'sscosIes 

$ 1*4s psetulats of qi*ntttoV.vs pasties, that the ohensee it. giei oi 

being tsr.]isad tr • Ø.von apsatosocn are maffeeted tv their g.iia oont. 
?u'thar, it spsxentoao. Iheuld be affeeted tv their ows genes, it night 
bisons possibl, to uiporets ptossa seoorttng to their genie content, 

and thms ecs'ol the proc..s it niuicn of her'sdtt.x ohers.teriitios 

fran we gntios to the nt. Pcix i4itti.e of ta.. 1dM we ]os,g.t.rn 
sine that torn u*enli for nederto1dag re.eszeb on the genetics if pasts.. 

Sans grnl eonu]asione in the field, with the ecntribetiona of other 

imi'kors token into assoont, as imll as the psrtionlar results of thm present 

imrk, sr's as follows. Virst]y, There is now a good deal of evidenc, of 

gs*tie sffests on the asephelegiosi and also the bviai ieno'pe of 
pastes, and a b.g 4 '"'4'g has been nodal to distinguishing effects due to the 

camems of theasl. 	fran those attoibetobie, to the genie content of the 
pastes thi1iee. Saccadly g  Thore is evidenee of hwitable nriation affeot. 

tog the vlabdLUIF of ol 11  Usaas  and rslavsnt, tefor., to tb. general 



mzbJ.at of wale fsti1i. Third2y, mg a 1as%s purportij to eontzol 

by uxth*g U and bssri iptosot )*we slrss4 b.ast 

reportsj if thu. os* be oomftm, UW UM bavo Www UALS the two 

kbft of uputouot diffsr pbotrpis1]y in 	 with thj 

ehz'ouu.1 oontt. 



qT] 

P thvAkm are due to P otese'or C o  U. Wadd1ntcm, Co 36 E., 

1. U. 3o for jessrsl nipsrvi.iom and for the - 	ty offered to 

- by the batitate at m.' Otics. I m p'atatil to Dr, a. a. 
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TABLI 1. 

I'ini of the eit strain.. 

Strain o. of litters 
of 13 

Me. ds&a 

1e. er .tr&1n 

Weight, Pee 

V 13 142 

£ 11 182 26.7 

Alba 12 156 27.8 

CM 10 153 29.8 

CBWA 13 139 32.2 

IL 4 173 30.1 

Bill 13 160 27.9 

CS? 10 213 26.8 

165 	 29.3 

Ymm of litter wa In p1be of -- of eel. -- gave 

M17 nagltgibls GhwVm In the ss and veight.. 



(L..1tO'ab1* 2* &Alyowofarie, ) 

thdividal bass. at .ssh asslysi. (described as p. 18) are (a) 1 

spsrestosoon 

 

In the 	etiai data, and(b) 1 a4u1ar1.y tefor.ed 

perositae derit.d frea 100 aersatosos per ealee 

sroban 	s- 
I inbred strsinsj L(I) littrs.4n4treine1 ii(i) ealee-inssti'sinsp 

t(i.) 	..sLm.ittersJ P(11) pr,peatices.$a"esl..s 

s(i) epsto.os.4nisspsrsttØi. 

sjnificanoe]svelaares 	• 0005>P>090 

' 

•0* 00 Q1>P?06005 

•**• 090')5>P 

The 4,4aiat.d 1.,els of ei€nifiosce of the inbred strums effect 

(I) are based on osriscc with the M(1) effect, aeaing that no 

real L(I) effect esiets. If the L(i) effect is .a.d to be reel, the 

teat of etntfias.os for the I effect iiwolves .equs1. abere in zb. 

class.., m oubInutiams of the I t  L(I) and 11(L) asan squares (asthod 
of 3attsstLts e Co.he, as in ftedsow 19509 When this test is 

used, the ajd.ficmnce asriad in the Table for the I arose of varia. 

tioc it modified as follows for midjiece breadth and globule end 

and migration positions, the I effect is reduced to non—significance $ 

the remaining tests of the I effect have unaltered significance levels, 

excet for a reduction in the significance level of t 	T effects 

pere 	data. 

In pWaMtW  data, the errca' teru for testing the 4gnif1c 
of the 11(1) and 11(L) effects is the theoretical varisoos of the 	u1sr 

peroiteØe (8,21). 



Table 2: Ann lyses of Variance. 

(olumn reference a b 	e 	d e f 

Source of variation I M(1) P(M) s(P) 

L(1) 	 M(L) 

d.f. 7 96 104 208 

78 	 18 

Key to mean squares a,c (,e e,f - 

for variance ratios 

testing 	significance b,d 	 tI,C 

of 	source of varia- 

t ion. 

ALNSURATION DATA 

[lead 	breadth,J.L 1.4094**** 0.0159 0.0341 0.0310 

0.05(0 	0.0280 

Head area, 	jA 89.54*4*4 1.56 2.97 2.60 

3.73 	 2.84 

Jidpiece 	length A,jA 14.160**** 0A86 0.485 0.380 

0.637 	 0.363 

iidpiece 	lengtb 	B,h 11.915**** 0271 0.378 0.385 

0.519 	 0.262 

Midpiee area, 	/.L2  4.38 4.49 3.96**** 2.10 

4.41 	 4.86 

Midpiece 	breadth,,.t 0.02686*** 0.00931 0.00707**** 0.00358 
J. 

0.00967 	0.00776 

Globule end 26.52** 9.99 10.32* 743 

P0511L00,11 
10.21' 	9.07 

Globule migration 0.0504** 00202 0.0209** 0.0146 

Position 
0.0207 	0.0182 

l'Lll(I:\  I AGL 	DATA AS 

'INGI LAII 	lLH(ENTAGES 

306.0**** 707**** - - liistaiiied 

76.4 ' 

\orm.il 	cap A 315.8**** 91.1**** - - 

101.0* 	 48.0**** 

Normal 	(all 	B 198.7*.** 62.2**** - - 

67.0 	 41.1* 4 * 4  

a 	globule 84.7 
-..-- 

- - 

47.7  



TAN& 3. 

Varianoo ocpt .truotuxs of amalgam of vsx'i. 

Eff.ot 	Coofflot of 'vsrio opts in spsot.ticn. of amm. .quarss. 

()2 	t,(x)2 	° 11(L) 2 	dL(I)2  

I 	1 	5 	10 	14.8 	330 

L(I) 	1. 	5 	10 	11.815 

M(L) 	1 	5 	10 

1 	5 

1 

Pci' musurot4on, data i an in thq table, tw psaeatge data s4.1.t. 

all rot roe to otfectm and ouon.ntm for P(K) and 3(P) , and 

divid. remaining ocefficienta by 10. The tatus at cr L) in 
peroentage data Is not the 	 main 	aticn data ( we l..id 

to Table 4 ). 

(tar aplanmticn of the spAoU --- pp. 16 and 170 



TAM 4 s 0ceats of vai10. 

3psatoacac Total Cents as -age of total o*ited varlanos 

ehareoterietto 	vsris 
outed 

I 
2 

L(I) 
cr 	2 

n(L) d' 	2 2 
s(p) 

ath 	dat 

aistIbrth,p O.(433 
*0** 

24 4 '-1 1 72 

309 19
*"* 

 2 0 2 77 

1114pi.oslasgth i4 /. 0.515 20 5 -2 4 74 

NidpicOe 1evtb 0.481 18*"  5 -2 0 80 

JIl4piSOS 2.52 0 (4 4 15 83 

*idpieos *sedtb,/t 0600463 3
*" 

 3 1 15 77 

G1ob1e and po.iticn,J 8.10 2"  1 -2 7'  92 

Globile a18ratii 	podticn 060161 1"  1 -2 8"  91 

ro?nt& 	AdAUA  A& 
anar DU 

Uastainad hea4e 88.8 19
**" 

 29 52"  - 

oms1 cape £ 1064 14 *"  41 44"  - - 

Norealoeps) 72.7 13 30 57 - - 

Vithg1ob1. 47.2 5 35 60""  - - 

W%ificano' levels are repeated fftm Table 2. Total ocated 

variance is the aa of the actual variance oauzponente for five effects 

in the aeration data and for three effecta in the percentage data* 

is not of the am status in the peroentegs data as in the 

.ueag'stion data; in percentage data, no p(s) variance yes eatieated, 

2 therefore ontains saw variance due to the p(s) effect 

and to the theoretical variance of an angular prosntags. fte Table 

is calculable from the Inforeatica in Tabl.s 2 aM3. 



Table 5: Strain averages of all spermatozoon characteristics 

Mensuration data Percentage data, 
in angular tran.for.ation 

Strain Head Head Midpiece Midpiece Midpiece Midpiece Globule Globule Unstained NorBal Normal With 
breadth area length length area breadth end aigration Cap A Cap B globu 
in in JA A, 	in jA B, 	in IA in JA in IA position position 

ifl1L 

V 3.70 22.7 22.5 22.6 18.0 0.798 4.82 0.788 37.6 59.5 58.8 29.4 

A 3.96 24.5 22.3 22.4 18.4 0.827 3.64 0.838 31.8 48.7 50.9 26.2 

A/CR. 3.81 24.1 22.5 22.4 18.4 0.822 3.72 0.835 30.7 50.8 52.9 25.2 

CBA 3.80 24.3 21.7 21.8 18.0 0.832 3.55 0.837 28.7 58.6 58.3 31.2 

CBA/! 3.83 24.3 21.6 21.9 18.3 0.849 4.26 0.806 27.0 53.9 56.8 28.1 

KL 3.84 24.1 22.0 22.1 18.2 0.830 4.52 0.796 22.6 48.1 49.4 25.c 

Rh! 3.78 23.3 22.1 22.2 18.1 0.818 4.10 0.815 35.2 53.2 56.4 23.,C 

C57 3.60 22.4 22.3 22.5 18.3 0.819 3.84 0.829 26.7 45.7 49.6 26. 

S.E. 	for each ± 0.0188 ± 0.166 ± 0.0671 ± 0.0602 ± 0.186 ± 0.00846 ± 0.277 ± 0.0125 ± 2.33 ... 	2.65 ± 2.19 ± 1.1 
strain .ean 

Significance of 
differences anong **** N.S. ** ** N.S 
the 8 strain means 

The averages are aeans of aale deans. Standard errors, each for 96 d.f., are based on 
the M(i) nean squares in Table 2. Significance levels are repeated from column a of Table 2. 
Straip averages based on neans of litter neans varied only negligibly from those shown above. 



) 	 . / 

The Table, constructed from the data of Table 5, oosereo 

strain 	of male ems b7 the OOedUrS described an p. 2L 

LU wig' 4 fiaent comparisons we listed, all noa..idIicent MOPS- 

Asons omitted. The cwraotsriatics U % with a globule 	and 

mtd.pi.ce am 0  do not spr, ednoe no overall stgnifict 

diffez'oee among --- of strains were found In the emalysis cC 

vaz'iaie (Table 2), 

d1fi.t.tcm if IM hill ofteot i.e 	ft r.& 	apromiomtion 

is to z'mexd comparisons between cola (i.)  aM () a8 ra.iii 

fiowit, and to Judge oisriaoms between oolts () and.X as 

aiiifioant at the <0.05 insteM of the <0.01 level. £ miare  

exact .odifiomtion is $ (1) all comparison. between oola () 

and (&. and all comparisons InvolvIng aidpieoe beMth, globule 

and position, and globule aigraticn poeition, are to be considered 

non-significant ; (2) in what remins of oo1 	(i) and () 

consider the following comparison. non'.s1ifiosnt I 

head bcftdV4 RIZI > V. 
hMare. 	1u>am, &ILI)T. 
aIdtec.lenth IL >GM, £)L. 
% tmatainsd V > C57, HILl > IL. 
$aonaalcapaV>XL. 

(3) all arisonsam r'n"ig in oamm () aM (k) ere 
significant at the P - <0.05 level. 



TAMA 6 $ List of all ignifioant osrias among mmm of strains. 

Str1n with mans of 

S 	tosoan spenatonow oharso'- 
ohoristic 	- a eignifioantly diff.. 

ernt fros these in 
colis () and (a) 

Strains with 3355n5 of ape2tozoen 
abarsct.riettica each Uer than and 
eiifioantly different from those in 
ooli 	(a), o1ajfjed  by aI1fioazioo 
level of the diffaxe 

O.O5-O.Ol 

(2) 

flisuratic 

Head breth £ V 1/ca CM C34/A  KL ELI! C57 
i/ci,.c3Ac4/iIi*uI VC57 - 
V C57 - 

Y*111057 
111! VC,7 

leveth 

£C57 BAcBI/hXL - 
RIII CM CBh& - 

CM so 

Midpieoe OWA V a/c, all! C57 
th £C3AXL - V 

Qiobule and V ACM A/CJIL 
position 

Globulemi6r5.. ACM - YJ 
tianpostti4m 

- 

dab. 
in  WMWOA 

Ram 
Unetair4 	V 	 UWA 1U1 C57 	 CM 

ELI! 	 EL 	 C31111  C57 
- 

Jares1ca 	V 	 XLC57 	 A 
CM 	 - 



TABLE 7. 

sary of outsUndlng characteristic, of apemaatoaaa from different strains. 

Strain 	Head Essi 	1(idpieoe 	percentage percentage 
breadth area 	length 	of with 

unstained heads noial oaps 

V 	narrow Sull 	lg 	}dgh 

A 	 wide large 

CBA Large 	Wwrt High 

CBA/A short 

rail Nigh 

057 	 larrow *11 

Strains A/CM and EL have no demonstrably outat*ndtTig characteristics. 

The Table, based on strain mans of male means, is derived from Tables 5 and 6. 

If the litters'.in-straina effect is assumed to be real, the two right haM 

columns are to be deleted. 



TE S. 

pUrij of tho tm ~L* puzps, 

am 

cM 

a/cs 
RLIZ 

C37 

aee 

GM z R.UI 

116 

26*9 132 

112 

23.3 113 

30.0 	 1.27 

CMzC57 32.2 113 

C*AzA/C 29.0 105 

11I1 z C57 3005 114 

92 

057 * AICJIL 29.9 112 

Ovand 	 -- 27.9 114 

ftm we 5 litter, per .sastic 8r*p. md 2 =bw per 

litter. in esob T cr0.., the tint etraln mWabol Is that 

at the female psxemt. 



TA)LI$ 9 a Gz' 	ers at all epeztoo ohersateriatica. 

StandaM error., smab m 40 do  f., wn osleulatad from the 
d1tferoes 

 
lbehmen litter 'a within pwps. 

Mmmstt data 	anGular tnumcarmum 
ps Read2  Rued mdp mApieft - 2oiia1 asp 

- 
ares breadth ares 

V  

1en$h 
-- 

CMA 23.8 3,66 38,1 21,8 26.3 70.0 

2302 3*68 186 22,2 34,5 6696 
kIll 22,9 3958 18,1 	V  22,2 41.2 7296 
057 22.2 3,43 1865 22.4 32.8 59.8 

CM z kill 23.9 3.71 1801 22.1 Z.3 71,0 

C3&z057 23.7 353 1805 22.2 2693 73.4 

CM z 1/Ca 262 3.66 15.7 22.4 .2 71.8 

flux z 057 25.1 3.49 38.6 22.4 29.8 6966 

RIII x VC& 23.4 3.62 18.1 22.2 31.9 67.2 

057 z AICAA 23.9 3.49 19.3 22.6 29.9 69.2 

8.1e  for each 1*1999 0.02752 ,0.2120 lOol374 	.845 

	

23.0 	3.59 	18.3 	- 22.1 -- 	
V 
 67.2 

	

- 23.7 	3.58 	1865
V 	

22.3 	
V 	

30.1 	- 	

V 



Uw tliyj1 beets of the szaly.ss is the gr sean o  as In Tablo 9. 
Us ror .ssn .ary is the sqars of the ecrr.epthg S,Eo given in Uble 9. 

8pto.omn ebersctsrt.ttes, 	 w 	a'i .qz.., 	.iftoeno. ]a,sls. 
3oc.s of 

Need 	)ftdpi.os )dpi.es 	Angular % £nlu]ar S 
azes 	2 lwssdth in area in 	]avgth in 	IMMUtued loruel asp 

Genetic •- 	9 

Reminder 

Litt*rs within 
8s1.tio p'ocs 40 
(.rrcr) 

.43 	.tX52 

3 	.48 	.023895 

1 	0e04 **** 	(X3(X)84 

5 	.o6]D 	.001942 

.1468 
** 

.0531 
** 

.25. .09 

.l13 .0934* 

.OWY .0202 

00740 	00189 

25.19 15.45 

56.76 
** 

20,84 

31039 23.31 

5.02 
* * 

ID.64 

8.09 	3.49 

KW to 4gnifiasas. lsisls as in ThMs 2. 



TA*II U. 

List of all siiitfict ocriaoøsemong the mom of the 1, strains. 

Strains with seans of 	 Strains with _--- of 
psztosmn cherset.- 	 apexnstososn ahait.- 

s each larger 
then aM Mifiotly 	 them and sinifinant1y 

8p.to.osn 	4ifteresit (p < .05) 	 differtt (P < .05) 
&isracteriatios 

 
from those in (b), 	 from thos, in W e  

(a.) 	 (b) 

Rod ares 	OIL 	 a/c, auz, 057 
C57 

ssd breaith 	 RUl, 057 
OIL, aIII 	 057 

I414pieoe length 	057, A/C, RLII 	 CM 

Unstainsd 	*111 	 CM 

% aowi caps 	iiiI 	 iJc, 057 
CBA, &/k 	 C57 

AU a4g' 4 icsnt comparisons are iiwb1.d, all nonmeigrd.ficant 
ooisvimons omitted. ?4dpieos area is omittM, Mme no  araw- 
all eisifiowt ditfarsnses smongpomp asens were tomd in the 
anslysis of variams (abs 10). 

methods 	As In Thmoen (1955), with the some at jne strains 
and the atsiard error per now (cm 40 4.Zs  from the 
whole erperisent) WON& from Table 96 



TAI 12. 
Comerison of RAff ORM of j*we etrsiss in the first experiment 

and the meent coop and the 0UR.&2I heW the 

two experiments. 

3pextososn 	 first 	 Pzent 	Soz'r.lation 
oheracteriatias 	experiment 	 experiment 	co.sftioient 

244. 

Bad al 	GIL AlCjk RIlI 057 	Cli A/ca mx 037 	+ .m 
Rod brswlth A141 CM RUt 057 

tt4.piece - A/Cft c57 LIII CM 

I'4dpiaoe 1eigth 057 A/q4 Rut CM 

atsined 	LIII A/C& CM 057 

% imei cape cli mxxx 4/ft 057 

iJCCMPIIIC57 •.971'  

A/C.A 057 CM LIII + .950 '  

057A/QLUICBA 

LIII 8/Ca 057 CM + .784 

LIII CM 4/ft 037 + .860 

The strains with larisr vaimes of apsraateaoeu dmustayiettoo are dxM  

the loft at sach r.ik. 

The rank order is the first sxperitt is from Table 5 and was based upon 

asano at mel. MOSM i aftft at Utter MOMW fran the oriins1 data of that 

expsriment were famd to &.ve the now raa* order. The 'A' and '1' series 

for aLdpiecs leth and for % normal caps in the pesvis experiment ware 

e correlations are bstwan the strain seave In Table 9 of the present 

psri1t &4 the oorrs.poeding .e in ?able 5 of the 	 , 

dfions lmsls s 	P • 0003 



TABLE 13 * Comparisons of Crosses with Parents and Mid-parents. 

lU4piece area and % unstained are omitted because of the abseime of overall 
aignificanee for the Nheterosisw  iteaa in Table 10. The Table is oonatructed 
from the data in Table 9 using the following standard errors each on 40 d.f. 

3.E. for 'a' and 'b' comparisons 	(.72) ( S.E. In Table 9) 
S.L for 	'o' 	comparison ui'o.8666) (2) ( S.E. in Table 9), 

where 0.8666 is the reciprocal of the square root of the harmonic 
sean of 1 and 2 (because each cross is 1 genetic grap whereas 
the mid-parent value is the mean of 2 genetic groups.). 

Cross 	Comperis& ad brh Jqd 

a + (• 001 + • 005—. 001 + + 
CBAXRIII b + + - - 

o + .05.025 + .01- .005 + - 

& +<(.Q01 +.025-.01 + 
C3AxC57 b - -.005.00]. - + 

C + 4 025-. 01 - + + <.001 

a + < • 001 - +1005-. 001 + 
CBAx1/C2. b + - + + 

o + .005 + .025-. 01 + 

a +,025-.01 + + +<. 001 
Kill x C57 b + - .025.01 + - 

o + - + + 

a + + + + 
KlUx A/Cft b * - - - .05-.025 

o + - + - 

C57xi/C a +<<.001 + + +,00]. 
b + • o25-. 01 - 	• 00]. + + 
o + << • 001 - + + • 025-. 01 

(i) 	a= cross 
b cross 
a cross 
37' .ma1ler' 
the 	].1er 
in question. 

- 'ialler parent) 
- larger parent) 
- mid-parent). 
and 'larger' parents are meant the parents with 
or large: value of the spermatozoan characteristic 

In the body of the table the '+' and '—' signs show if the 
comparison is positive or negative, while the figures (values of p) 
inLtcate that the comparison is significant and state the level 
of significance. 

I.  


