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PREFACE

The mating of closely related individuals is gensrally believed to result
in inferior offspring., Recognition of this danger has been suggested as the
reason for evolution of human social customs, However, historical researches
suggest that inbreeding unavoidably occurred in small, isolated, ancient
commmities, and marriage of close reletives was encourgged in the Egyptian,
Greek and Hebrew civilisations (Zirkle, 1952).

Inbreeding is likely to have occurred in the isolated flocks of nomads,
but it is probable that inbreeding depression, as such, was not recognised
until the eighteenth century when the early livestock improvsrs are reputed
to have found that the fertility of their animals deteriorated with continued
inbreeding.

Hybrid vigour from cross bregeding plants was described by Yoelreuter (1766)
and confirmed by later botanists, After much detailed work, Darwin (1876)
concluded:

" aee cTross fertilisation is generally beneficial and self

fertilisation injurious." and that
{a) Mechanisms exist widely for the avoidance of inbreeding,

(b} Inbreeding has effects likely to incur selective disadvantages,

o suitable hypothesis could account for the usually deleterious effects of
inbreeding, or the reverse phenomenon of hybrid vigour until the rediscovery of
¥endel's work in 1900, The effects of inbreeding can now be explained in
terms of the dominance and recessiveness of genes, (Falconer, 1960),

The aim of experiments reported in this thesis was to study growta,
reproduction and mortality in two inbred lines of mice, derived from common
ancestors, to find if differences between tham had arisen during inbreeding,
Reciprocal crosses and matings of the F1 prrogeny of these crosses were made to
find if hybridisation of the parent lines led teo improvements of these charact-
eristics,

This study was suggested by Drs, D,S5. Flux, H,F, kcDonald and R,E, Funford
to whom the author is indebted for advice and guidance,

The author also wishes to acknowledge the assistance of ¥Nr, E, Crmsby
in histological preperaticas, of Mr, P.S. Dale in photomicrogrephy, and of
Ir, G, ¥uir who drew some of the figures reproduced in this thesis, Thanks
are alsc due to the staff of the University iLibrary for their efforts in

obtaining literature,
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CHAPIER I

REVIEW cr LITERATURTE

A, TiE I¥PORTANCZ OF INEREEDTNG AMD INBRED ANIIFALS:

I, Laboratory Animels

As well as being used in genetic studies, highly inbred lines of laboratory
animpls are ussed for assays of pharmacological substances, physiological exper-
iments, and nutritional trials, These animals, which theoretically closely
approach a homozyzous state, are considered o provide genetically uniform
biological material which increases the efficiency of such experiments.

Recent work has indicated that many inbred sub-lines derived from originally
highly inbred lines, have diverged from one another with respect Lo some morpho-
logical characteristics (Grﬁnnoberg, 19543 lLicLaren and Hichie, 1554; Deol,
Grilnneberg, Searle and Truslove, 19573 Carpenter, Gridnneberz and Russel, 1957;
Bailey, 1957).

This divergence is probably a result of the occurrence and rapid fixation
of mutations in inbred sublines rather than residual segregation (Melaren and
Michis, 1954},

Compariszons of inbred and outbred animzls have indicated that the
heterozygote seems more stable to environmental influences (Lerner, 1951 )«
Robertson and Reeve (1952) suggest that this is becgause of greater “biochemical
versatility" in the helerozygote which enables it to buffer itself against
environmental changes,

Because the uniformity of inbred lines is suspeci, and hecause of lowered
variability in heterozygous animals it has been suggested that F1 aninals,
resulting from the croasing of hizhly inbred lines, maoy be more sulited to many
types of experiment (Grinneberg, 1954; DBiggers and Claringbold, 195k; Biggers,
LicLaren and Iichie, 1958). Such animals combine lowered variability with
genetic uniformity,  There is the possibility that further experimentation with
croasses of various inbred lines nay produce F1‘animals peculisrly euited fo
different types of experiment,

Regardless of whether inbred or hybrid animals prove to be more suitable,
the practice of inbreeding is necessary to provide genetically uniform experi-

mental animals of both types,



II. Domestic Animals

Because it increases honogyosity and allows the elimination of umranted
genetic material while allowing desired characteristics to be fixed inbreeding,
allied with careful selection, is used to develop breeds and strains of live-
stock with particular inherited characteristics., Such methods were reputedly
used in the eighteenth and nineteenth cenmiuries to establish the breed types
wiiich are the ancestors of modern sheep and catile breeds,

The development of the Santa Gertrudis beef breed is a recent sxample of
the use of inbreeding to establish a new breed with particular inherited
characteristics (Rhoad, 1949, 1955).

- When the numbers of livestock in a country, such as New Gealand, are
considered in relation to the numbers originally imported, and the grading up
processes involved in changing from a predominantly multipurpose mational herd
to specialised beef and dairy breeds it is aspparent that inbreeding has occurred
(Stewart, 1952, 1954).

Likewise pure-breeding and line~brecding systems, zs employed by breeders
to protect a family thought to have pardicular merit from contamination by grade
stock, or to proserve the genetic material of an admired ancestor, lead to mild,
but wnwanted inbreeding (Lush, 1948; Stewart, 1954).

Inbreeding can also be used to uncover undesirable recessive characteristics
(King, 1955)., It is doubtful if losses of this type are of importance relative
to the cost and time involved in testing. Such testing may be desirable where
animals are to be widely uszed,; as in artificial breeding, since wide dispersal
of undesirable recessive genes could cccur, The eff'ects of thess genes could
become apparent when semen from the same, or a related sire, is used on progeny
of the original carrier,

In view of the wide occurrence of inbreeding in animal husbandiry, as well
a5 the probabilily of quicker rises in inbreeding levels with intengive arie-
ificial breeding, knowledge of the effects of inbreeding on growth conformation,
production and reproduction is imporiant (Dickerson, 1940),

Inbred lines of domestic animals have been established in attempts to
produce Y"hybrid vigour" in animals by crossing selected inbred lines,  Advances
in this field are slow and costly because of the long generation intervals and

low reproductive rates of livestock,



In addition characteristics associated with reproductive performance, as
well as being most susceptable to hybrid vigour, have low heritabilities and
are severely affected by inbreeding depression (Rae, 1953; Sang, 1956).

Since many inbred lines become extinct during inbreeding, and in order
to increase the probability of superior lines occurring, it is necessary %o
set up numerous inbreeding lines, Surviving lines can them be tested for
goneral and specific combining ability and used to establish hybrid lines
(Fisher, 1949; Falconer, 1960).

Systematic studies of the effects of inbreeding and testing of inbred
lines for crossing ability have been carried out by the Regional Swine Breed~
ing Laboratory in the United States, and the Agricultural Research Couneil of
Great Britain, The results of these experiments are reviewed by Craft (19&3,
1953), Donald (1955), and Fredeen, (1956).

The intensive conditions under which pigs can be maneged allows records
to be kept with relative ease while their prolificacy aend short generation
interval makes pigs suitable for this type of work, In other livestock
inbresding, progress is slower, and there iz less probability of having
progeny of:each sex Lo continue an inbred line, It is possible that the
application of superovulation of immature znimals (Marden, 1953) and ovum
transfers technicues (Averill and Rowson, 1958) could be used to aid the
esteblighment of inbred lines of livestock.

The theoretical effects of inbreeding and genetic mechanisms invelved are
discussed by Lush (1948), and Fredeen (1956), Mathematical considerations of
inbreeding are discussed by Fisher (1949}, and Lush (1948) reviews methods used

t¢ measure inbreeding,
B. OBSERVED EFFECTS OF INEREEDING:

Te Donestic Aninals

(a) Occurrence of Abnormalities:

Inbreeding of swine wes sccorpanied by an increase in the occurrence of
abnormalities from L.k to O.4 percent (Donalﬁ, 1955), Similar increases
were observed in the United States work reviewed by Craft (1953).

The incidence of deformed calves in an inbred Guernsey line indicated
the presence of a recessive gene (Woodward aznd Graves, 1935). HNo such
defects occurred in Friesiens (Vocdward and Graves, 1946), but Rollins, lead,
Regan and Gregory (1949) reported dwarfs in an inbred Jersey line and Thorpson,
Cranek and Ralston (1957) suspected thet lethal recessives were the cause cf

stilibirths in fmerdicsn Red Danish cattle,



In sheep blindness inherited as & partial recessive has been reported

{Ragab and Askar, 1954).
(b) Uortality, Growih Rate end TFeed Economy:

Growth rate and feed economy were variously affected in different inbred
lines of pigs (Craft 1953; Fredeen, 1956). A decline, with increased inbrezd-
ing, in litter and individual welights between birth and weaning has been showm
by Dickerson, Blunn, Chapman, ¥nottman, Xrider, Warwick end VWhatley (1935), and
Bradford, Chepman and Grummer (1953), Hodgson (1935) found birth weighi to be
unafrected by eight generations of brother-sister mating, Winters, Cumnings
and Stewart (1947) and Fine and Vinters (1952) suggest that less rapid inbrscd-
ing combined with a flexible system of selection can minimige the delelerious
effects of inbreeding so neither inbreeding of the dam, or of her litter,
affects growth and survivel between birth and weaning,

The birth weight of inbred Holstein cattle (Woodwerd and Graves, 1946;
Dickerson, 1940) and Black Pied cattle (owicki, 1953) declined with irbreeding.
Partlett, Reece and Lepard (1942) suggest that selection can be used to
preven® depression of birth weight in cattle il inbreeding coefficients do not
exceed (20 and Lartin, Jacobson, lieGillizrd and Homeyer, {1962) find inbreeding

has little effect on birth weight or growth vate al coefficients below .15,

The zrowth rabe of Holstein cows was depressed by inbreeding {(Havke, Tyler
and Casida, 1954; Ienge, laves, Tyler and Capida, (1960}, Inbreeding of
£

animals of beef breeds led o lighter wedghts for age and poorer growth rates

uegess, Landblom: and Sthonalker, 1554;

end feed economies (Stonsker; 1954: B
Swiger, Gregory, Koch end Arthaud, 1961; 4lexander and Bogort, 1961; Brinke,

Clerl end Fieffer, 1963).

At materdity inbred Friesians vere lighter then outbreds, but differences
were less marked than ab birth, (Woodward and Graves, 1946), The inbreds had
& hizgher mortality and were conspicuously less selive zs mature cows,

T T

Pody welght, growih rate, withers helsht, and heort zirth of msiture anlmals

zd in inbred Holstein and Jersey cows (Daker, llead and Regan, 15L5;

)
94}
o]
41
fa)
o
h'j'
H
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o
)

-

Rollins, et al,, 19&9}, As irbreeding progressed Jerseys were more offected

than Holstelns,



Swett, Katthews and Fohrman, (1949} Tound i increase of inbreeding co-
sfficient to ,646 decressed body weight, but only slightly affected skelelal
sige of Holstein cows. Organ weights were variously affected, There was
a tendancy for endocrine glands to he reduced in size with inbreeding aithough
thyreid weight increased, No general efflect was noted on the varishility of
the factors studied,

Afber o serdes of trials it was concluded that, if genetically supericr
foundation stock ere used, and intensive selecion practiced, weight and size
of Holstein cows could be maintsined provided inbreeding coeffieients did not
exceed 20 (Bartlett, et al,., 1942; Bartlett and liargolin; 1%94h; largolin
and Dartlett, 1945).

Levels of inbreeding ranging from O to .k {(average 0,1) in wesning,

sarling and mature ewes end rems of the Rambouillet, Colembia, Corriedzle,

ta

and Tarshee breeds indicated that inbreeding in sheep had its most detrimental
effects on mubtiton characlieristics - body weight, type and condition (Hazel and
Terrill, 1945a, b; 1946; Terrill, Sidwell and Hazel, 1947, 1948z, b.)

4 similar depression of body weight, growth rate and survival, was noted
nbred Kerino sheep (Morley, 1954; Doney, 1957, 1958), and birth and wean-

of singly bern lembs were lower in inbred Ossimi sheep (Ragab and

R
=
X8

Askar, 1954)., Grester morfality occurred in inbred lambs than in outbreds
betwser: birth and weaning (Glembocldi, 1957; USDA, 1$52).

Doney (1959) found that administration of pituitery exiract to inbred,
but not to ocuthbred lambs, improved growth rate. He concluded that irbreeding

may partly exercise its detrimental effects by depression of pituiiary funciion.

(c} Raprodusiions

Inbred pigs have been shown to be slovier in maturing than outbred pigs.
Thus at puberty, as showmn by age at first oestrus, inbred gilts were clder than
outbred gilts (Foote, Waldorf, Chapman and Self, 1956; Squiers, Hausger, Dick-
erzon and Nayer, 1949; Varniclk, Wiggins, Casida, Grumrer, 1951), and inbred
zilts were older &t first farrowing {Donald, 1955},

Over two years five inbred strains of zilts mainteined thedir characteristic
weights, and ages at puberty. Although within lines weight at ages between
birth and puberty wes significantly negatively correlated with asge at puberty,

lines which tended to be heaviest at 154 deys were slower te reach puberiy,



(Warnick et al,, 195ﬁ). They suggest that inbreeding with selecltion for growth
rate has led teo lines with characteristic ages and woights at puberty, and thet
lines genetically superior for growth are retarded in rate of sexual maturaticn,

4 similar negative correlation between growlh rate and age at pubsriy has
been noted by Comstock and Winters (1944).

Such a relationship of growth to rate of mafuraiion wes not found in boars
(Viggins, Vernick, Gruwmer, Casida and Chapman, 1951), They found that lines
of' inbred boars differed in age and weight at puberty zs shown by willinsness
to mate, Age at puberity wes negatively correlated with welght at earlier ages
end positively correlated with growth rate, Sperm was present in the testes
of animals of these lires before they showed willingness to mate,

The growth of testes, development of the seminiferous tubules and the
onset of stages of spermatozenesis were slower in inbred lines of boars (Green
end Winters, 194ba; Andrews and Warwick, 1949; Hauser, Dickerson and Hayer,
1954). Differences in the age at onset of sexual behaviour and the extent {ic
which it was digplayed could be related te differences belween lines in 17—
ketosteroid exeretion, (Green, Winters, Rash and Dailey, 1942; Green and
Winters, 1945b). These differences between lines in 17~ketostercid excretion
probably reflect differences in the levels of male steroid production.

Hodgzsen (1935) reported a reluctance of inbred animals to mate,

A delay in the attainment of puberty asscciated with slower zrowth has been
found in Holstein cows, (Hawke, et al,, 195k; lienge, et al., 1960),

Longer ocealrous cycles were Tound in inbred sheep (iulet, Blackwell,
Ircanbrack, Price and Wilson, 1962)., The dzughters of inbred cows had longer
cestrous cycles than the dasughters of outbred cows, while inbreeding of the
daughters themselves, only slightly affected cestrous cycle length, This
chanze in mean cycle length wes due S0 the absence of short cycles, Ho
reason is apparent for this maternal effect (Mares, lenge, Tyler and Caside,
19619,

A decline in reproductive success with inbreeding in livestock has been
generally ohserved,

From an analysis of Berkshire pedigrees Hughes (1933) concluded that an
inbreeding coefficient of 74 had been reached, Inbred pedigiree pigs had
larger litter sizes than random bred pigs. o indication as to the extent
of selegction in thesze two herds is given, licPhcee, Russel ard Zeller {1931
reported a deeline in pig fertility and vigour with inbreeding, vhile Hoagson
(1935) found no effect on litter size,

liore recent work,revieved by Craft (1953) and Donzld (41955), has revealed

a decline in litter size, vigour at birth, and a poorer survival rzte in inbred



pigs. This decline in litter size averaged one third of =z pig at farrowing
and half a pig at weeaning per ten percent increase in inbreedinsz, Similar
results are shovm by other workers (Dickerson, et al,, 19555 Bradford, et al,,
1958; Rognoni and Brevbilla, 4568},

The observed reduction in lititer size was attributable to both inbreeding
of the sow and of her litter (Dickerson, et al., 1955; Bradford, et al., 1958),

The number of servicesg per conception wes more in inbred dairy cattle
(Vioodwerd and Greves, 1946). Inbred beel cettle raised fewer calves than out-
breds (Stonaker, 1954), and barren Hereford and Aberdeen Angus cows and their
presumed conceptuses had higher inbreeding coefficients than did pregnent ccws
(Bovard and Priode, 1563).

Inbred sheep suffered more abortions, had lower lambing percentages and
were older when they reached maximum reproductive performance than were random
bred sheep (liorley, 1954; Glembockii, 1957; Doney, 1957, 1958).

Heritable recessive defects in sperm morpholegy leading te complete
infertility in bulls have been repcrted (Donald and Hancock, 1553; Gregory, lieod,
Regan and Rollins, 1951 ) o It has been suggested that an inerezse in sperm
abnormalities and a general decline in semen quality observed in inbred bulls
ceuld be partly due to a deterioration in the environment for sperm maturation
with inbreeding, (Harris, Faulkner and Stonzker, 1960; Scstal, 1961).

Except in cases of complete sterility, which occurred more often in inbred
pigs (Donzld, 1955), once they reached puberty inbred bears were ne less fertile
than outbred bears (Vigsins, et al., 1951; Houser, et al,, 1554). There was
no difference between inbred and outbred lines in the proportion of ova ferit-
ilised (Squiers, Dickerson, and layer, 1554),

Bvidence for differences in ovulabion rate between irbred ané cubred
animzls is inconclusive, Inbred lines of gilts had cheracteristic ovulation
rotes, but inbreds did not have poorer ovulation rates ithan outbreds, {Sguiers,
Heuser, Dickerson anéd llayer, 1949), Inbred sows in fhis trial tended to have
poorer ovuletion rates, but few were examined, In aznother study (Squiers,
et al,, 1954) ovulation rate in gilts was depressed by ,55 ova per ten percent
of irbreeding,

Since evidence for poorer fertilisation rates and, or lower ovulation
rates in inbred animals is not conclusive post fertilisation losses could be
a cause of lower reproductive performance, Such losses could be due to the
segregation of lethal genes and to poorer viability of inbred embryos associated

ith a deteriorated uterine envircenment in inbied dams,



TABLE I:

Thg effect of & one percent increase in inbreeding coefficient

on proaction by dairy cows

Level of HNilk Fat
Breed Tobroeding Yield  Yield
ibs ibs
HoleteinwTriesian .37 - Th =2.,3
Holsteln~Friesian «H0+ = 30 =1.9
(4pprox)
Holstein ol =209.8 =4.9
Holstein-Friesian Nild - 66 =2,0
Friesian - - ~luB
Friesian - =200 =
Holstein a5k - BL =1 o Tk
American Red
Daniish Cattla - - 23,1 «(},3

Fat
2
‘-0 L] 00?

+0,008

+0,003

0.0

+0,003

Source

Tyler, et.al., 1949,

Woodward and Graves, 1946,

Laben, et,al., 1955.
Laben and Herman, 1950,
Melson and Lush, 1950,
Robertson, 195k,

Krosigk and Lush, 1959,

Thompson, et.al., 1957



Pomeroy (1952) ccncluded thet esrly erbryonic death and resorption was
the most likely cause of lowered fertility in inbred pigs,

4 decline of ,80 embryos per ten percent inbreeding in pigs exomined at
25 days was found by Squiers, et al., (1981). Vernon, et al,, (1952) found
still births increased by 1.6 percent per ten percent incresse in inbreeding
of the dam.

In cows, inbreeding of a potentisl calf resulied in a pocrer fertilise
ation rate cr more early embryonic losses;y inbreeding of the dam promoted
more later embrycnic losses, pariticularly in mature cows. (llares, et al.,
1961b), Losses up to 150 days of zestation were greater in inbred cows
(Hawke, et al,, 1955).

Some evidence fer an increase in gestation length in inbred pigs is cited
by Craft (1953). 4n association between inbreeding of a cow, but not of her

ecalf and gestation length was reported by Rollins, Labern and #ead (1955).
Qther factors may have been confounded with the effect of inbrzeding on
gestation length reported here, TFoote, Tyler and Casida (195%9) could show

no effect of inbreeding or gestation lengthh in Jersey covs,.

(d) Lactation:

Farly workers, relying on anzlysis of pedigrees, were unaoble o demon-
strate any clear effect of inbreeding on preductien by dairy cows, Joyee
(1931) concluded that inbreeding, as calculated from nedigrees, did nov
affect Ayrshire production ; and Asdell (1945) concinded that the top
nroducing 100 cows in therGﬁéfnsey and ¥riesian breeds were no more or
less inbred than the breed average, British Jerseys producing over 10,0C0
pounds of milk per lactation vere less inbred than the national average
(Smith and Buchanan, 1928). Clear effects of inbreeding on production are
shown when experiments to deliberately inbreed dairy catile are conducied.

It can be seen in Teble 1 that inbreeding is sssociated with a fall in
milk and butterfat yields, The effect on butterfat per centege is varizble,
& similar effect was reported in s Polish experiment (Nowieli, 1963} but Davis
et al,, (1953) report that levels of inbreeding with selection of 41 were

reached over 30 years and milk and fat yields were improved,
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The increases in fat percentage reportszd are not surprising since it is
videly lmowm thet enviromnental foctors which depress ndlk yield, often have
a compensating effect to increase butterfat percentage, HWesative genetic
correlations belween milk yisld and fut percentages have also been reportad
{Robvertson, Waite, end Vhite, 1956)

Leben, Cupps, Fead and Regan, (1955) suggest that ithe effect of inbreed-
inz on production may be curvilinear and serious declines in production may
not occcur unvil inbreedin;: coefficients exceed .20,

Inbreeding of Sawdinian shesp led to a decline in milk yield and fat

percentage (Dassat, 1950).

II. laboratory aAnimals

{a) Growth and llortality:

Tt is reported by Lerner {1954) thet inbreeding led to an inerease from
3.9 to 45.5 percent in the preweaning mortality in rats as the inbreeding co-
efficient was raised from 0 to 41 in the experiments of DRitzema Dos (1594L),
Peldinan (1926) ohserved that inbred rets were more susceptible to discase,
but other workers have found no loss of vigour in inbred rats (Fing, 1918-19;
Craig and Chapman, 1953). In these experimenis selection for vigour s

i

Inbreeding increcsed post natal morialiity in guinea pigs {Zebon, 1
and in mice (Chai, 1959).

Feldman (1928) found inbred rets zrew less well %han outbreds and Cralyg
and Chapmain f19)3) Tound that inbred lines had lower bhody welgnht st 13 weeks
than did outbred raets from the seme source, However, King (1918-19) was
able {0 carvy out twenly two generations of brotherw-sister mating, vith
selection, and produce imbred rais superior in mature size to random bred
rats,.

The growlh rate of Dutch rabiits declined with inbreeding (iderowsky end

fnigs, 1927), but Pease (1928) found inbreeding had no effsct on maturs

i

teight in Polish rebbits, Ragab, Asker and ladkour (1961) inbred rabbit
to nb

weishts were improved,

m inbreeding coefTicient of 33; although birth weights declined wesning

4]
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In suinea pigs {(Vright, 1922; ZHaton, 1932) changes were observed in +the
ranicing of five surviving inbred lines over 25 years of inbreeding,

In these experiments five lines of the original 25 inbred lines survived
inbreeding, and these were originally above average in their reproductive
performence, These experiments seenm to show a general decline in litter
sige, growii rate, and an increase in morielity with inbreeding. The
origins oi the random bred control,which vas begun some years after
inbreeding began, are not stated,

Inbreeding affected the lactational performance of mice as measured by

itter weizht 2t twelve days (Falconer, 1947). This was partly due to

—

impaired lactation in the inbred dam and parsly due to impaired growth
rate in the inbred litter, Tabreeding with selection enabled inbred dams
to equal cutbred dams in lactational performance when suckled by oubbred
litvers,

Pease (1923) found that maternal ability was impaired by inbreeding in

rabbits.

(b} Repreduciion:

Jiany inbred lines became extinct through failure to produce encush young
to carry on inbreeding {(Guinea pigs : Vright, 1922; Rabbits : Mierowsly and
K8nigs, 1927; iice : Bowman and Falconer, 1960),

A deeline in litter size with inbreeding has been shown in rats (Ritzem:
Bos, 1894; Teldman, 1926), rabbils (Pease, 1928), guinea pigs (Eaton, 1932),
and in mice (Bowman and Falconer, 1960), King (1918) found that rats, iunbred
with seleection, were superior in fertility to random bred rats after twenty
o generations of inbreeding with selection,

Highly inbred rats of the Xing albino strain grew as well, reached
maturity eariier, and had a superior ovulation rythm to hybrids of the Long
Evang steain (Bvans, 1928), Inbreeding was accompaitied by greater variobility
in time of vaginal opening in mice (Yoon, 1955) and increased the agze at wirich
first litters were born (Sirong and Fuller, 1958 Strong, 1960)

Loziak{1959) found that ocestrous cycles were ofiten prolonged in inbred

mice and some stoges of the cycle were often missing,
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Congenital sterility as well as difficult perturition was considersd 4o
bhe the cause of lowered fertility in rats (Feldman, 1926).

Fale sterility characterised by cryptorchidy and ahnormal fatness was
found in Polish and Flemish rabbits (Pease, 1928), This condition was
possibly due to a recessive gene as it was eliminated in Polish rabbits
after seven generationa of inbreeding,

Krzanowska, (1960a) found inbred male mice had lower fertilisation
rates than outbred males,

Less wisble gperm was found in ejaculates from inbred rabbits than
in croszss bred rabbiis (Sokolovskaja, 1950), and inherent line and breed
differences in morpholozical and vphysiologicel characteristics of sperm
from inbred lines of mice and rebbiis have Decn reported (Beatty and Napier,
1960; Beatty and Sharma, 1960; Sharms, 1960), These differencss could

lead to variations in fertility between lines, although Palcorer and Zoberts
(1960) found inbreeding of the male parent had no effect on ferbility.

Impaired sex behasviour in inbred raits resulted in no copulation
ogcourring in 70 per cent of inbred matings comparcd with 106 per cent in non-in-
beed matings (Evans, 1928).

o difference in ovulation rate was seen in inbred and outbred mice by
Falconer and Roberts (1960) but Krzanowska (1950b) feund inbreds producsad
slightly fewer ova,

Failure of fertilisation and, or greater pre-imslantation losses were
found to be the cause of smaller litters in inbred mice (Felconer and Roberts,
1960), Post-implantation lozses were similar in both inbred and outbred mice,

Greater pre- and poagt~ lmplantation losses in inbred mics than in outbred
mice were observed by Krzeanowskae (1955, 1960b) and Lezick (1959). The extemt

which losses occurved at different stages of gestation was characterdstic

of different inbred lines (Frzanowska, 19G0b),
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C. CONCLUSIONS FROL REVIZ OF LITERATURE

Since inbreeding cccurs in both laboratory and domestic animals, Imowledge
of its effects on varisbility, growth, reproduwcetion and production of milk and
meat is important, Research into the possibilities of crossing selected inbred
lines could lead to the development of improved or specislised hybrid strains of
animals,

Experiments in which animals have been inbred have indicated that :-

1. Inbreeding is often accompanied by increasedmortality and reduced repro-
ductive performance, sc thet many inbred lines become extinet., The extent
to which inbreeding depression has its effectls varies between inbred lines:
lines suvrviving to hizh levels of inbreeding often do not have their pre-

formance severely depressed,

2e Slow rates of inbreeding with conatant selection have sometimes enabled high
levels of inbreeding to be reached with accompanied improvements in the
performance of the inbred animals.,  Inbreeding is not incompatible with
animal improvement, but selection camnot generally combat the depressive

ePfects of inbreeding if inbreeding coefficients exceed 20,

3. It seems generally assumed that the amount by which a character is depressad
by inbreeding increases linearly as inbreeding coeffiecients rise, Some
workers suggest this relationship may be curvilinear so that inbreeding

effects are not marked at low levels of inbreeding.

L, There is some evidence to suggest that the variability of some characteristics

is greater within inbred lines then in ihe EH hybrids of inbred lines,

5 Probably as a mesult of the segrogation of delsterious recessive genes, an

increase in the incidsnce of abnormalities cceurs with inbreeding,
R Inbred animals are often slower to reach puberty than non inbred lines,

7. Complete infertility, probably as a result of segregation of recessive genes,
has been reporved in some inbred male animals,  Dif'fering sperm, and semen
characteristics have been found in inbred lines and poorer quality semen

from inbred animals has been reporied,
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A decline in reproductive performance has generally been found to accompany
inbreeding. Evidence of lower ovulation rates is inconclusive; epparently
depiressed performance results from increases in embryonic deaths caused by
lethal recessives and, or poorer viebility of inbred embryos associated

with a deteriorated uterine eaviroament in inbred femsles,
Pogi=natal mortalivy is generslly greater in inbred than in outbred animals,

Tnbred animals at birth are often lighter than outbred animsals and grow less

rapidly.

Owing to slower growth, and lighter mature weights meat production by
inbred liwestock is poorer then in ocutbred anirals, iHilk production
declines with inbreeding in cows and sheep, Poorer milk production by
inbred laboratory animals mzy partly eccount for the slower growth of

their litters,

The poorer performance of inbred animals is possibly associated with an

imbalance of the endoerine system,
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Animals

New Zealand Cimmamon (IiCN) mice were used in this study. This strain, bred
and msintained by Dr. R.i, bunford ati ilassey University of lanawetiu, was develcped
from the preogeny of a cinnamon coloured male which resulted from crossing & Mew
Zezland Chocolate lizle (NZC) with an albino female,

This wmale was found to have the coat colour genotype A'a Cc bb, (Gene
symbols from liouse lews Letter), Progeny of this mele when mated fo his full
sister, a chocolate female of genotype aa C~bb, were backerossed to albino and
NZ0 strains to detect heterczgotes for cinnamon coat colour, FPresumed homo-
gygotes for cinnamon colour were used to establish a number of inbresding sube
lines, The pedigrees of the surviving sublines HCMYY7 and HCHLL used in this
experiment are shovwn in Appendix I, These mice have the genotype 44 CC Db
Tor coat colour,

These sublines were inbred by brether sister mating from July 1960 to
December 1962 vwhen randem breeding colonies of each line were established,

At this time the lines NCHL4L and HMCOH7Y had undergone ten, and thirteen gener-
ation of inbreeding resulting in inbreeding coefficients {Sewall Vright) of
<942, and ,966 respectively,

Prom their common ancestry (see fppendix I) these two lines theoretically
had originally 39.6 percent of common genetic materisl, Iutaticn and segreg-
ation during inbreeding following the establlishment of these separate lines,
viould have led to further divergence of the lines, and a reduction of this
estimate.

Random bred albino females used in a preliminary irisl of the technigue
of ova recovery were cbitained from the Veterinary Depariment, kassey University

of lianawatu,

Hous ng

Animals were kept in a naturally scuth lighted room at a2 temnernture of
70 to 75 degrees Fahrenheit,

They were ! sl tal sred, plasti s ing 30 x 15 x 11

They were housed in metzl oovered, plastic cages measuring x 15 =%
centirmetres, Peed hoppers and water bottles were let into the metal covers

of cages,
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Gage floors were covered in sawdust and wood-wool was provided for nesting.

Clean cages were provided weekly,
Diet

Drinking water, and a pelletted mixture of vheatmeal, barley meal, ground
oats, butter milk powder, wheat germ meal, lime and salt was fed ad 1ibi-tum,
This basic diet was supplemented by a wmeekly ration of a powdered mizture of
meize meal, barley meal, butter milk powder, sodium chloride, and potassiun
iodide,

t vieaning litters were given a powdered mixture of about 30 grams of a
2:1 mxtbure of vholemeal flour and skim milk powder in a jar in their casge.
This supplement was found o assist their survival until they were better able
to thrive on the normal diet.

Aurdomyecin was added to the drinking water immediately any sign oi' scouring
was observed, lilce with persistant scouring were Ikilied,

In Harch 1964 many mice were scouring and in poor health, For a week all
mice were ziven a daily retion of one tablespoon per caze per day of a 2:1 mixture
of barley meal and skim milk powder, plus penicillin as supplied in "Vespen' by
Flaxo Laboratories,

Subsequently some mice in the colony were found to be infected wiith tape-

worms {Hymenolensis nanaj, The contents of the ileum of all mice killied was

L

examined thereafter for the presence of tapeworms, Precantions were taken to
prevent young mice coming intc excessive contact with older, and possibly
infected animals, 4t weaning all young were dusted with fiea powder to kill

lice, a known intermediate host of this tapeworm species.

Dreedings Procedures

Experimental animals were mafed in groups of cone male and two females,
Space did not allow a 1:1 ratio to be used, although this would have been
preferable where records of litter growth were being kept, In practice
there was no diffieculty in disvinguishing iitters in the same cageg, Unavoid~-
sbly some cross fostering probably occurred but the incldence of tuwo litters

in the same cage together was not high,



Progeny of the original mice were used to malke up 30 to 40 matings each of
NGII7T = NCWY77 and HCOH4L x HCIH4L. Later progeny were used for matings of NCHT7TY
% NCHIJ. and NGHAL x HCH77. The EH progeny of these reciprocal ecrogses were
used in matings NCN/7 x NCﬂL&.x HON77 = HCHLL. and HNCHLL x RBCWT77 * HCNNL. x LCW 7Y

These mating systems provided data on inbred dams bearing inbred litters,

inbred dams bearing outbred litters, and outbred dias bearing outbred litters,

Pups were vieaned at twentyone dayes 2nd individuelly identified by earmarics.

A Tortnight after weaning the sexes were separated, Suiflclent males for
later matings were kept and the remainder kilied, Temales were caged in groups
of six and examined daily for vaginal opening,

On the day of vazginal opening females were paired with a ten week old male
to ensure thot mating was not delayed due o mals immaturity. Ho male was
mated with more than two females, If, fellowing a number of copulations,
neither female became preznant a new wmale was placed with the females, Females
who consistantly failed to conceive were paired with males knowm to be fertile
in order to test if sterility was atitributable to the female,

Replacement of males was done at least a foritnight after the last observed
vaginal plug to avoid complicating an established wregnancy by the presence of

a strange male (Bruce, 1960),

Observation and Recording

Weighings and exanminotions were nade each moyning, Since most feeding,
metings and births osewr at night (Snell, 1941) handling of mice et this time
should least affect their behaviocur, and variation due fo difierences in weight
of ingesta should be minimized by weighing at the same time each day.

On the cay of puberty, as judged by opening of the vazina, the age and
welght of females were recorded, Therenfter females were examined daily for
the presence of a wvaginal plug, The day of ceslrus counld be estimated with
some success by examinotion of the external genitalia, here a voginal pluz
vas not obvious in an oestrus female, a metal probe was used to assist in
examination of the vasina. The probe was used as 1litile as peassible to avoid
accidentel initiation of pseudo-pregnancy, In these lines vaginal plugs were
reguiarly formed; vory few {emiles became pregnant witnout its being obserwvad,

From puberty femeles were weighed every three days until mating occurred
(day 0) and thereafter on days 3, &, 9, 12, 15, 18, 19, 20 and 21 of gestation,

uiless a further vaginal plug indicated fzilure of the pregnzncy,
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At parturition the dam vas weighed. lumbers of live pups and stillborn
and, or partly eaten, but identifiable remsins of pups were recorded, Living
pups were weighed,  Further weishts of dam and litter were taken on days 3, 6,
9, 12, 16 and 21 days of lactation,.

Six pups was congidered to be the most satisfacltory mumber a female could
suckle, Litters lzrger then six were reduced to sixz by random cuiliing the dagy
af'ter birth.

After the first litter was weaned females who had become presnant at post
partum matings were weighed daily until the second litier was born. If femmles
vere not pregnant vhen the first litter was weaned doily examinations for

azinzl plugs viere resuned. Records of weights over the second gestaltion and

Q
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itter size and dam and lititer weights over the second lactation were kept as

-

r the first litter.

The oceurraence of post partum natings after first and second parturitions
meant that in some females second pregnancy was congurrent with lactation,
Tiis could have been avoided by removal of nales after first mating, but such

an arrangement wzs not practicable because:

(a) with two femaules per cage, il was necessary to have the male
present Lo serve the other female;
(b} & large number of pregnancies resuliting from post parium

matings were required to provide suffigient mice for

corpletion of the experiment in the time available,

Assessment of Prenatal losses

Txaminations of the reproductive tracts of females were made at three
stages during gestation.

Insufficient puberel females were available to fill all replicates of
the three {treatments at one time, Pairs of females reaching puberty were
mated with a male, and each female allotted at rendom to one of the three
treatments till 2ll replicates of each treatment in the six mating systems
had been filled,

ttempts viere made o recover ova from the ovarian bursa and upper

(Runner end Pelm, 1953) and by

Fallopian tube on the morning after m
Tlushing the Fallopisn tubes at various sitages after mating, The easies®
method of recovering ova, and the most consisient recovery raies were achieved

by flushing the uterus in the afteimoon of the third day after a vapinal plug



was observed (licLaren and Hichie, 1956; Hichie end liclaren, 1959). To do
this, femnales were killed with ether and the complebte reproductive tract
removed, Ovaries and Tallopian tubes were separated from the uterus zbove
the utero~tubal junction., Traces of blood, which were found to interfere
with the observation of recoversd ova, were removed by drying the uterus on
blotting paper, The uterine horns were separated above the cervix and each
uterotubal junction teased open with watchmakers forceps. 4 1 ml. tuberculin
syringe fitted with a blunted, 26 gauge, % inch hypodermiic necdle was inserted
in the cervical end of the uterine horn and held in plece with forceps, DBach
uterine horn was flushed with 0,25 to 0,5 ml of Ringer Locke solution at room
temperature,

Recovered ova were located at a magnification of 17,5 diameters, and
examined at magnification x70 with light from below the stage transmitted
through the watch glass containing the ova.

Assuming ovulation occurred between 12,00 and 4,00 am on the morming
vaginal plugs were observed, ova would be 82 te 86 hours old at recovery,
Accordingly (Snell, 1941 lichie and licLaren, 19523 Ausuin, 1961) ova at
late mormila or blastocyst stage vwere c¢lassified as normal and viable, The
appearance of ova at stages other than these was recorded,

On days 3, 12 and 17 after mating ovaries were dissected free from
the ovardian bursa and the corpora lutea counted under the microscope (xio.ﬁ).

Al twelve days implantation sites and live embryos in each ulterine horn
were counted and at seventeen days, the number of live foetuses and the
appearance of any resorbing sites was nobed,

A nunber of ovaries from females of each line were collected for histe-
ological study.

The contents of the vas deferens of mature males of each line was diluted
on a glags slide with Ringer Locke solution and examined for the presence of

sperm, Testes from mature males were collected for histological examination,

Mistological Procedure

Ovariss and testes talken for histological examination were placed in
Bouins fixative, dehydrated in alcohol, and embedded under vacuum, using
Caltex White Spirit, in paraffin wax, Blocks were serially sectioned at
8ix microns and stained with PAS ~ haematoxylin - orange &, (Lostroh,
Johnston and Jordan, 1963).

18
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Statistical lethols and Preasentotion of Results

The data hos been analysed uvsing where appropriate, the methods of analysis
of variance, analysis of covariance, and t - Test (Snedecor, 1556). Datu which
was not normwlly distributed, has in some cases, been transformed by talking
logarithms (Kempthorne, 1952, p. 153},

The adjusted error mean sguare used in cslculating + vihere analysis of
covariance has been used o adjust dalta was calculated by finney's dpproximate
tethod (Cochran and Cox, 1957, p. 86).

Enuneraidion data have been compared using Mshers Ezact YPest and Chi
Square {(Goulden, 1952, p. 368),

ihere possible results are presented in tabular form with means, standard
deviation ané variances quoted for each line,  Keported means have, {or
convenience, been zdjusted to one significant decimeld, whereas, the differences
between means which werve tesied for signiiicance redtain the second signlficant
decimal, Where comporisons between lines or pooled means of lines are made,
the probubiliides of the observed difference arising by chance are guoted,

The {ype of analysis uged is indiceted in individual tables,

Hereofter inbred lines HCH/7 and NCHY. zre referred to as lines 77
and line 44 end the term "inbred matings" refers to matings NCN77 x HCUT77
and FCHM. x HCHLL.. ICrossbred matings" refers to the reciprocal matings
NONT77 x MCHi and HOML x HWON77 hereafter written as 77 x 4b and L4 x 77.

The F‘l progeny of these reciprocal matings are denoted as 77 x 4 and
Ly x 77 2respective13r. Hatings of these li",‘ progeny are writlen as 77 = L and

L % 77 and referred to collectively as outbred, or F‘I rmatings,



TABLE IT:

Weight (gms) of females at puberty as shown by vaginal opening
in inbred (77;44) and outbred (44x77; 77xLk) strains of mice,

Strain

77

b
Wex 77
EX
All Inbred

All Outbred

Comparison of
Strains

Ly vs 77

4y x 77 vs 77 x L

, Outbred vs Inbred

* Probabilities from t - Test following analysis of

Number of

Mice

57
38
28
3
95

59

Weight

1446 + 0416
175 + 014
16,5 + 0416
16,3 + 0,18
15.8 + 0,18

1644 + 0.12

Difference in

WeiE ts -

variance

Variance

1443
074
0.71
1.06
323

0.89

*Significance of
Difference
P<0,001
05 < PO

P< 0,001

TABLE III:

Age (days)of females at puberty as shown by vaginal opening
in irbred (77;44) and outbred (L4x77; 77xLkk) strains of mice,

Strain . Nugber of Age Variance
Mice b M
77 53 50,5 + 1421 77.67
I, | 38 5042 + 1429 6311
W x 77 28 42,3 + 1.3 47.78
77 x Wy 31 41,8 + 1.4 40,33
All TInbred 9 5044 + 0,89 71.08
All Outbred 59 42,1 + 0,86 43,17

Comparison of Difference in *Significance of

Strains Ages. (days) Difference
77 vs b 0.3 0.8< P< 0.9
Mx'ﬂ 7577 X 4 005 008<P<0-9

Inbred vs Outbred 8.3 P< 0,001

% Probabilities from t - Test following analysis of variance



20

Age and Vieight at Fuberty

The zges and weights of female mice in each line at puberty as shown by
veginal opening are presented in Table IT and ITII®

Femeles of the two inbred lines vere the same zge at puberty, but line
77 femuies were significantly lighter than line Lk femsles,  Outbred mice
Lrom the reciprcecal crosses of lines 77 and 4 were younger at puberty -than
inbred females of both lines. At puberty cutbred females weighed significontly
nore than the mean weight at puberty for inbred Temsles; id.e, when two inbred
lines virich were charscterised by a low and a bigh weight at puberty were
crossed, the resultant F1 enimals reached puberty ot weight greater than the
midpoint between tie welghts at puberty for the parent lines,

In cormpering veriances each inbred line (77 and k) was individually
conpared with the pooled vuriance for outbred mice, The pooled variances
for inbred animals shown in Tables IT and IIT includes the effect of differences
between inbred lines and this cannot, with velidity, be regarded as the varience
of* o homogenecus group as was done with the pooled variance for outbred animals,

Gorparison of the variances of lines for these pubertal charwcteristics
{Snedecor, 1956, p. 96) indicated that line 77 Temeles were more variazble
(P*C0.0E) for veight ot puberiy than 4 or the pooled outbred females, The
variability associated with age at nuberty was similer in both inbred lines,
but each line was more veriable thon outbred fereles, (¥<0,05)

Since it was apparent that variances and means were related (Table II1)
the original dsta for age at puberiy hzs been trensformed by teking logaritims
(Yerpthorne, 195 p. 154). The results of anazlysis on this trensformed scule
shovn in Teble IV, indicatbed that non-normality of the originel data was not
gufficient to invelidate conclusions based on an analysis of vardiance of this

LY
LU



TARLN TV:

sge (Gays) of femzles at puberly as shovn by vazinel

opening in inbreed (77;4%) and outbred (LLx77; 77xhk)

straing of mice, Original deta transforred by taking logarithms, T

- Hunber of Age
Strain tdce Losg. Days
77 53 1,697 43,7
Ll 38 1,696 L9 .7
Meox 77 28 1,621 41,8
77 x L 34 1,617 41,3
Comparison of if'ference in ¥ Significance

Strains azes (log,) Of Difference

77 vs kL 0,001 P 0.9
e x 77 vs 77 x W 0,004 0,7¢<P<0.8
Inbred ¥s Outbhred 0.077 PC0Q,001

T Kempthorne, 1951 po 154,

I

Probabilities from t - Test folloving analysis of Variasnce,



tean interval {deys) bebwsen puberty and observation of z vazinal plug

indicatinz first copulation in each mating svsten,

Pemzles were

paired viith a rmavure nzle on the day of puberty.

Lating System

77 = 77
i X Lk
Y X 77
71 x &
R

TERS

77 lale

I, ¥ale

77 Pemala

L. Female
Inbred Lating

Outbred Kating

Comparison of
lcating Systens

T7x71 vs 77 x44
Wy x 77 o wvs Wy x L,
Wi liale vs 77 kz2le
77 Female vs kL Pemale

Inbred vs Outbred

Hurber of

i

females pnated

27
38
27

an
1

Days

1.56

i+

—
\n
.
WA
I

+ 2,02
21.7 £ 2693
302 2 0,59
+ 0.46

2.5 + 0,69

Mo

L]

~
i.

745 + 1,09
18.0 + 1.73
159 + 1,82
11,6 + 1,50
1547 & 1022

2,6 + 0,41

Difference in

interval (days)

Yariance

63.7
155.6
231.6

5.9
4o
Fe5

¥8isnificoncs of

0,02 P¢ 0,05
0,0 PC O0,M
P {0,001
0,02 ¢ P<0,05

2 £0,001

# Probabilities from t - Teast following analysis of variance,
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Readiness to kinte Follovdns Puberity

Pemnles were coinsidered to have reached puberty the first day the vazira
was observed fully open, The swollen, ezternally cornified zppearance of the
vagina at this time was characteristic of oszstrus,

The interval between puberty and pairing with z mavwure msle, and mating,

as evidenced by the observalion of a vaginal nluyg, gives sowe indicavion of

g8

the readiness of wice of each line to mate after puberdy,

The =@mean interval betwesen puberty and copulation for each line is showm
in Table T, Since peiring =2t puberty may hove been too late for mating to
cccur and females could unot therefore mote until the next ocestrus, o mean
intervel of less than five days Indicetes vwillingness to mate at or very soon
after puberiy, Hean intervals in other groups were approximately muliiples
of five which wns consistant vith normal five day oestrous cycles,

The exitreme differences in variszince in Table V made comparisons of mean
values For lines and mating systems of doubtful validiity. Transformation of
these data appeared unlilely to stebilise {hie variance, The differences
between means are large and nighly significant excepnt in two cases. The nor~
normality of data meant conclusion from these slizhtly signifdicant compardsons
should be drawn with caution,

Yhere 77 females or 4N meles were involved in matings there was ncre

ariabilivy in the length of the period betwsen puberty andcopulaotion,

Legardless of whether they were mated to 77 or 4 males, 77 femnzles were

slover to mate tnan 4L femasles, This difference is not highly significant.
Thege resulis suzzest that F1 end 44 females are willing to mate 2%, or soon

cfter, puberty, whils 77 females are slover in becoming receptive te the male,
Line !4 malss were later to mate than 77 meles, Obzervation suszested

that i males were less enthusiastic in seelinsy out oestirus females than F1

and 77 males, The 1ibido of Lk umales would appear to be poorer than that of

line 77 and F1 males,



'._i:'_' Bids VI

Conception rate as shovm by the number of full term pregnancies
resulting from the first observed mating of femoles
in each muting system,
iating Humber of  ilatinzs resulting Farren

Systent

katinrs

in Successful

Lavings gonception

Pregnancy

x 77 34 22
b 38 11;:
x 77 28 12
x bl 1% 17

T 28 26
RN 20 16

7

J}i;. :,.,..«..a-* ~ ?7

=}

Comparizen of ratic of
successiul o barren matings

Male - 77 Wencle vs 44 Tenole

Fermele ve kb Pemale

77 Hale w3 L4h liale
71 Eale ws Outbred liale
L Lale vs Cutbred liale

Meherts Exact Test

ity by

* Probehility from Chi®

} Probabil

2L

LN
{4
)

[ws)

"3
&
o

1G

[
[02]
\0
°

\n

3%
e
3]
.

jue]

80,0

Prebebility of cbserved or a
more exireme raetlo occurring

b by 1 ianee

0.5 1

Out %
<0004

0,42
0,001 =
D 373-374)

(Goulden, 1952

(Geulden, 1552 pe 372-374)
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Conception Rates

The number of females of each line in which parturition occurred within
twenty two days of a vaginal plug being observed, are showm in Table VI,
Infertile matings were reckoned as those where a second mating occurred after
a first with no intervening pregnancy or parturition,

Comparison of concaptiona to firat mating in Table VI iﬁdicates that 77
and EH males had equal successes, but 44 meles had significantly fewer cone
ceptions, The conception rates of females were dependant on the line of +he
male to vhich they were mated, .

All five females barren to first mating in 77 x 77 matings conceived at
a second mating, Three of these suffered diarrhoea, and this discase may
have been the cause of termination of first pregnancy. The remaining two
conceived to matings six days after the first,

411 females, which had infertile first matings in lines 77 x M, Bk & 772
and m conceived at second mating, except for twoe in m‘?. Both of
these were mated to the same male; after thres pseudo-pregnancies ezch conceived
wnen remeted to a new male,

After two to three matinzs nine of the barven females in line 4h x Iy became
pregnant, Thirteen remained barren after an average of three to four matings,
but conceived immediately to a new male, Two failed to have litters even when
mated to known fertile males,

Wo changes of male were made in kb x 77 matings, All females, barren after
firast metings, eventually became pregnant except for two which failed te have
litters after seven and nine matings respectively.

Examinations for vaginal plugs were not made after parturition, so there
was no record of the occurrence of post partum matings in esch line, In
77 x 77, 77 x Lk, ZZTE???Q, and 7?fE“EZ? matings all females became pregnant,
either at post partum mating, or at the first mating after weaning their first
litter, In line L4 x 4k, with presumed sterdile males removed, seven out of
thirty six females failed o conceiwve at post partum, or post lactationzal
matings., Four of these eventually conceived, two aborted regularly at
twelve to fourteen days intervals, and cne failed %o have a litter after siz
matings. Ten females in L4 x 77 matings conceived at poat partum, or post
lactational matings, Of the remainder eight conceived, and seven did not,
after an averaze of five matings following first parturiiion,

The results for conception rates in the lines end crosses studied
suggested that a high proportion of Ll males were sterile., This sterility

was not always complete as some became sterile after a perioed of fertility,



LB VIL:

liating
Systen

aole

% Probabiiities from t - Test following

Fean mumber of pups suckled™ 1

Number of
Litters

22

and by females

puryiigag 3% b

Humber
Suclried

2.0 i Oolf-5
25 i’; Ot£i'9
3.6 + 0,95

2oy 4 1412

}{-OC' ;t 0§35

n the first litter by Temales vhileh becarme pregnant post parium

which felled (o become pregnant pogt porium,

Hot Pregnant.

Huber of Hugber
litters Suckled
12 3.0 1 0,59
15 3.1 % 0.68
19 2.5 1 0.5
12 2.3 + 0,70

an analysiz of veriance,

Including females whose whole litter died ot birth as sucklinzno pups,

Sicmificance of diiference

between nunbel's
suclkled in each sroup

03 (P (0.4
0.8 (P <0,9
P> 0.9
0.5 <P <0.6

045 ¢ £ (Ouk
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sl

and others became fertile after a perdod of sterility.

The numbers of young suckled in the first lactation by females of each
line classified according to virether or not they conceived at a post partun
mating are reported in Table VII, Line 77 femzles mated to 77 males and

females in F1 matings becoming pregnunt at post pardu matings suckled

fever pups thon those who

-l
L

ailed to concelve at this maving, The data in
Table VII also suzgestvs that fever inbred females became pregnant at post
partun metings when the litter they were suckling was outbred., lione of
ithese effects reached significance,

Since the occurrance of post vartum matings wes not confirmed by
inspection for vezinel plugs, and because of the small numbers in some
grouns, as well as the complications with sterile line ik males, no

definite conclusiong can be dravn from these results,



CABLE VITL:
Lengths of first gestations (Cays) uncorrected ior differences
between lines in litler size, The day of observation of a
vaginal plug was counted as day O of gestation, and the day of

sarturition the last day of zestetion,
(=]

Lating fumber of Lengstn of
Systern Pregnancies Gestation

77 = 77 28 20,0 + 0,23
Mo = bl 285 196k + 0,15
77 = bl 16 191 & 0412
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TABLE TX:

Lengths of second gestations (days) where full tweniyone day
lagtations were concurrent, The day of Tirst perturition
was counted as dgy O of gestation, and the day of second
parturition was countied as the last day of the second
zestation,

lLating Humper of Lensth of

System Pregnencies Gestation

L

=77 1 25.7 + 0.87

—
[

b 2 2he7 4 0475

Lh = 77

77 I

2 4
) 2 27,2 + Q.61
)
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Length of Gestation

Table VIII shows the mean lengths of gestaticn in each line uncorrecied
tdo

a1id

e

for 1itter size, An analysis of covariance between lensti: of geste

E‘L

nurbexr of pups hern showed no significant differences in gestation lengths
betieen lines when allowance vwas mzde for differences in litter size, There
was a significant regression of zestution length on litier size amownting to
a2 reduction of 0,13 days in gestation length per pup increase in Iitter size
=1t birih -

station times for second litters where conception occcuwrred post pertum,
end & lactation of twenty one days was concurrent with gestoation are shovm in
Table IX, The small number of post parium pregnencies in wmetings 77 x 44 and
4y x 77 are not included in Table TX, Ho significant ddfferences were showm
betwecen Ilines in the length cf seccnd gestation and since few mice were involved
no further znalysis of gestation length relative to nunbers suckled durding
gestation, or numbers born was attempled, It was apparent that second
gegtations, vhere lactation was concurrent, were longer than first gestations

in the lineg dnvestigeted.



Lican weizht (gms) at the end of

at first maeting, and

7t =7

bl x hir

e x 77

77 = L4
TR
?7-}_“&1;2)

Compgzrison of
Lating Systems

T x 77 vs Hhx 77
77 = W vs 44 x 44

Ly Temzle vs 77 Temale

, Vs o oWy
T owvs 77 x 77

*  Probabilities from t ~ Test following analysis of variance

Ntk

Humber of lilce

the mean of' thege weizhbe .

taldng logarithms,

Yeight
T
26 + 0,53
2745 & 0,58
2549 + 0.62

28.5 + 0,70

Difference Between

Iiean Weighls

(1)

Fronts)

0.45
0.67
1,96
3.59

5,05

(11)
Logs
0,006
0.010
0,033
0e045

0,074

transtormed by

Variance

first gestation of fensles in each mating system which conceived

16413

Tedk13

1 ° "+5J-l-

14493

3ignificence of Differences

(1)>

0.6 £ P{ 0.7

0.5 < PL0L6

0,001< P< 0,00
P {0,009

P ¢ 0.001

0.6

0.5

(id)sx

< PLO.7

< P<Q,6

D.0M< PLOM

P OO0

P < 0,001

Probabilities from t = Test following analysis of' variance of date transfermed by taking logarithms,



TABLE XT:
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Mean weights (gms) at conception of females which conceived

77 x 77
I x W
e x 77
7 x i
=7

F

x 77
4

77

e |

Comparison of

iating Systems

L
LTS
N
T
1
b

x 77 vs 77 x77
x Ly va 77 x kL
X4 vs 77 x 77
vs 77 x 77
x b vs F1

.....

Humber

of

Lice

27
13
9

T

Difference in

Hean Veights

0,59
0.15
1.5C

1 026

0.64

at first mating in each mating system,

Weight Variance
16,6 + 0,34 3,04
1845 + 0.37 1675
1745 + 0,46 1.92
18k + 0,47 311
17.9 + 0.3 2.87

“Sirnificance of
differences

0.i< P< 0.2
0.8{P<0,%

P < 0,001
0,001 < P< 0,01

0.2<P<0,Z2



TABLE Xil:

Cormparison of

Iiean weight

of first

conceived at first mating,

Number of
Lilce

27

Weight

2,7 + 0,22
1.8 + 0,29

102 0033

i+

1el

I+

Okt

Differences in

Hatine Systes

iean Yeiznt Gains

7{ x 77 vs L= 77
Mo x W ws TV x Wiy
7 =77 vs khox i
I*‘1 vs 77 x 77

1’~‘,1 Ve ik X bk,

*  Probabilitics from 4 = Test following analysis o

gain or lozs (gms) from conception do completion

parturition in femcles of each line which

Variance

*Significance of

i

Di_f‘ﬁerenc es

ARG 7B el

0,001 ¢ P ¢0.01
0.3 (P <04
0,02<P <0,05
01 < P <0,2
0.00F <P <0,01

ra
£

variance,



TABLE XITI:

System
77w 17
Lho = by
77 = &b
b x 77

v ke aata-ma )
<&

T
T{ Female

L. Female

77

liean vmeights post parium (gms) of females vaich conceived

]

at first mating in each mating systen,

Humber of

Commarisen of Ilating

Systems

L Female vs

7 x 77

1y X W

Vs

I*‘_1 Female vs

EH Female vs

77 Female

W = 77
77 X 4y

77 Fenale

Li, Penale

— —_ oo
o Lo Lo

28

Vels

Jay7

— it

19:5 :_’_ 0052

20.1

193
19.6

127

19,1

Difference in

llean Veighis

140

Tel13

:{;

f+

i+

I+

042

ei=

233
7.28

1¢51

.53

[gv]

507

2,72

"-}-o 69

*Sdgnificance of

Difforence

0,6 ¢P 0,7

Q.2 <P <0,3

0.001 < B<0,01

0,02 ¢<P< 0,05

*  Probabilities from t - Test follovdng anclysis of Variance,



YWedght Changes of Dams During First Gestation

The weight increases of inbred znd F1 females over their firet gestation
are illugtrated in Fig, 1. The welshits of pregnant fenules in ezclh mating
system at the end of first gestation, and the component perdts of this weight -

.

weight at concepiion, weizht gain or loss of the dam over gestation, and ihe

&)
weight of the concepitus, are presented in Tables X, 1%, ZIIT and X1V, and is
iliustrated in Fig, 2,

Ab first conception (Yable XI) females of each line meintained the sume
ranking of weights as at puberty (see Table II), but hh females were no lonzer
significantly heavier than F1 ferzles, Frobzbly because of the langer interval
between puberty and mating 77 and 4 females meted to 44 males were heavier,
though not significently heavier at firsi concevntion than the same Tewsles
mated to 77 males,

By the end of firvst zestation inbred (77 and i) femsles were 313n¢ficanto
lighter tnan outbred (F1) femsles (Makle %), There vwere no significan
aifference, at this vime, between inbred femsles bearing inbred, or outbred
litters. Jine 77 femzles were significantly lighter than line L) femzles,
Because of the relgitionship between mesnz and variances in Teble X This date
was transformed by taldng logaritimg (see page 20), The results of analysi
of this transformed data are shown in Table X, It is clear thait non-nornality

of" this a has not altered the validity of conclusions drewn from the analyanis

of varisnce,

)

Aftter completion of first parturition females of

not differ significently in weight {Teble XIII). Outbred females were

the two inbred lines did
significantly heevier thoan both lines of inbred fernies after parbturition.
There is @ relationship between neans and veriances in Teble XIII, bu
unlilkely that trendormation of the datsa would change differences revealed by
the anslysis of variance,

The reason for the changes in ranking of welsghts over first gestation
can be seen in Table XIT and Mg, 2. When the welght incresse of concepiuses
over first zestation was eliminzted it was apparent thet line 77 ond outbred
Perxles zelned more weight over gestation than line Lk femzles so that ot
periurition 77 females were not significently lighter than bl femcles, and
outbred femzles had cverlaken L females In the ancliysis shown in Table £X1
weight losses over first gestation were reg&r&ed as negative weight gaines,
Only Tour femnlss logt welght over first geslation; one in 77 = 77 matings

and three in 77 x 44 matings,
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FIG, 1 Weight increases during first gestation of femnles in lines 77,
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TARBLE XTV:

*Inbreedinﬁ
Status

Dom;:Litter

0:0

llean weights (gms) of first and second® conceptuses, as showm by the weight lost by females at parturition, in each mating system; and the pooled mean

Kating
System

77 x 77
L x 4y

Inbreeding Combinations

conceptus weights, over two litters, for each combination of inbred or outbred dam with an inbred or outbred litter,

First Conceptus

‘Number

B2
32

18
17
27
15

Comparison of

Weight

Telt il 0037

8.5 + 0.49

7ol + 050
8s3 + 0,60

G4 + 0.37
1041 + 0,83

I:0 wvs

0:0 vs

0:0 wvs I:0

I:I

I:T

Sy
4

Differences in Pooled
Conceptus VWeights
%

0«54
124

1.78

0,48

B
Sipnificance of

Differences
0,1 <4P<0,2

0,001 < P <004

P £ 040014

* Wo distinction has been drawn between second conceptuses conceived at a post partum mating, end those conceived after first lactation wes completed,

=%  Probabilities from + ~ Tests following analysis of Variance,

+ I:I inbred dam bearing an inbred conceptus,

I:0 inbred dem besring an outbred conceptus,

0:0 outbred dam bearing an outbred conceptus,

Second Conceptus Diflerence in Significance of Pooled Concentus Weights
Number Veight ‘Concepius Differences Number Weight Variance
) Vleights
34 8.7 + 0,35 1434 0,02 <P 0,05 132 8.2 + 0.23 7,14
32 8.3 £ 0,52 0.21. 0.7 <P<0.8 B
18 9k + 0,76 2,03 0.02 <P <0.,05 70 8.8 + 0.35 8,37
17 10,0 & 0.74 1.56 0.05< P < 0,1 -
27 10.2 .t 0.62 0‘86 006 <P<Oe7 8!‘- 10 0 + 0 30 7 36
15 10.6 + 0,57 0.2<P¢0,3 -



TABLE XIV:

*‘ Inbreeding
Status

Dam:Litter

* No distinction has been drawn between second conceptuses conceived at a post partum mating, and those conceived after first

Mean weights (gms) of first and second® conceptuses, as shown by the weight lost by females at parturition, in each mating system;

conceptus weights, over two litters, for each combination of inbred or outbred dam with an inbred or outbred litter,

Mating First Conceptus
System Number Weight
Tl AT 34 1ol b 0.37
Ll x 4h 52 8.5 + 0,49
by x 77 18 7ol £ 0450
77 x Ly 7 8.3 + 0.60
W% 772 27 ek + 0,37
Comparison of
Inbreeding Combinations
T:0 “ws Tl
0:0 wvs I:0

0:0" ws “T:T

Second Conceptus

Number Weight
34 847 035
32 843 &+ 0,62
18 9.4 + 0,76

-

Differences in Pooled
Conceptus Weights

*

0454
124

1 .78

**  Probabilities from t - Tests following analysis of Variance,

+ I:T inbred dam bearing an inbred conceptus.

I:0 inbred dam bearing an outbred conceptus.

0:0 outbred dam bearing an outbred conceptus.

Difference in

S 3
Significance of

Conceptus
Weights

131
0.21

2.03
1.66

0.86
0.48

Differences
0,02.<¢ P <0505
0.7 S P08

0,02<P<0,05
0.,05< P < 0.1

0,6 <P<0,7
0.2 <P<0.3

e
Significance of

Differences

0.1 <P <052

0,001 < P<0,01

P<0,001

and the pooled mean

Pooled Conceptus Weights
Number Weight Variance
132 8.2 + 0,23 Tl
70 | 848 + 0.35 8437
84 10,0 + 0,30 7436

lactation was completed.,



VEIGH! 0F CONCHEREY

The weight of conceptus was measured by the loss in weight of females at
narwurition, Only in line 77 females was the conceptus of second pregnancy
significantly heavier +han that of first pregnancy (Tabie ZIV),

o significant differences could be shovn betwcen the nmean weight of
conceptus over two litters within inbred (7? % 77 vs b % 1;1:4), erosshred
(77 x 77 vs &k x 77), or outbred (?7“§"EE2 Ve zz#%m??Q matings, These
groups were therefore pooled to calculate a mean conceptus weight over tmo
litters for eachn of the three types of mating, These weans are comparcd in
Table XIV,

Outbred femsles had gignificantly heavier conceptuses than inbred females
with inbred, or outhred conceptuses, The difference in weight between inbred

and outbred conceptuses borne by inbred dams did not reach gignificance.
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N
Ex4

Sisnificance

Pooled Litter

o Diff'erence
in Size of 1st
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0,2< P£ 0,3
0.6 4P<0,7

0,02<P£0,05 -
0,02 L P< 0,05

0,05 PLO,1
0.6 < P<Q.7

*Significance of

Difierence

005 P 0,1
Q.05 PCQ,1
F <0,U04
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o
a2

gize

liiier.

0.17

0:0 = Outbred dam wizh

outhred
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LITTER STIZE AND HORTALITY

The mean litter size at birth of first, and second litters, and 2 pooled
mean for each combination of inbred and outbred litter and dam are presented
in Table XV, The meansg were calceulated for 211 pups observed at birth
including the remains of stillborn and partly ezten pups, This was the most
accurate estimate possible of the number of foetuses completing gestation in
each line, Since no difference could be shown between the weights of second
concaptuses on e basis of whether they were conceived post partum, or after
first lesctation ne distinction has been made in Table XV between second litters
born under these categories. Only inbred dams with outbred litters had
significantly more pups born in second than in first litters,

Since there were no significant differences between subgroups within each
combination of inbred or outbred dam with inbred or outbred litters, the pooled
mean litter sizes over two litters for each of the three conbinations were
calculated and are compared in Table XV,

Inbred dams with inbred litters had one mouse ver litter less than outbred
dams with outbred litters, This difference is apparently made up of non-
significent increase in litter size of .5 pups when inbreeding of the litter
is dispersed (Inbred dam, inbred litter wvs Inbred dam, outbred Iitter),
and a further non=significant gain of .5 of a pup wiien inbreeding in the dam
is disnersed (inbred dam, outbred litter vs outbred dam, outbred litter),

The total number of pups born in two litters in each mating system and the
lossss from perturition to weaning af twentyone daysz of age are shoym in Table
VI, Iditters with more than six pups at birth were culled to six to ensure
that all pups were properly fed, and that growth and the prospects of survival
of pups in large litters was not penalised because of excassive competition withdn
litters, Neonatal losses comprised losses ocourring after birth and tefore three
days of age.

Conperisons in Table XVII show that line 44 femeles had significantly more
pups born dead than line 77 femeles, Inbred dams logth fewer pups if' their
litters were outbred rather than inbred, Fewer outbred pups were born dead
to outbred dams than to inbred dams,

The extent of neonatal losses analysed in Table XVIIT, was similar in
inbred dams regzrdless of the inbreeding status of the litter, There were
significently fewer neonatal losses when dams were outbred, FMurther losses

from three to twentyone days were similer in all lines (¥able XVIII),



TABLE VL

———tre

rortulity of pups from birth to weaning,

(Data from first end second litters in each meting system)

—

. _ b

WD s MWeTr Zomkk o T

TIxhh

Total Pups Jbserved

at Birth 299 502 215 178 L95
Born Dead 2L 37 10 16 18
Born slive 275 265 205 162 L77
Gulled 5 14 10 14 L5
feonstal Deaths 39 52 B 16 35
Iozses 3 to 21 Days 2l 14 13 8 2L

Weaned at 21 Days 207 185 145 121 373



THDLE XVIT:

the ratio of stillbirths : total births (live births plus stillbirihs)
as @ffected by dems of different inbred lines, inbreeding stalus
of Jitters hern to inbred dams, and the inkreeding status

of dams besring outbred litiers,

B3
% of o Significance of
Gompard son Latings Total Puns Chi Difference in
Born Dead Ratlo

Births : Stillbirths

77 Female = 6.6
vs be x 71 4612 P = 0,016
L, TFemale b X Lk 11,0
17 x 44
Inbred Dam 77 = 17
Inbred Litter W % b 1041
Vs 2746 P = 0,045
Inbred Jam e 77 5.6
Outbred Litier T7 x 4d
Inbred Dam heox 77 6.6
Outhred Litter T x Bl
Ve 3.152 P = 0,057
Outbred Dam EZTET??? 3.6
Outbred Litter T 7 L

BProbabilitiss from Chi<,
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TABLE XViIT:

The effect of dams from different inbred lineg, inbreeding status of litisrs born 1o inbred Goms and

Comparison

77 Pemale

Inbred Dam
Inbred Litter

s
Inbred Dam
Outbred Litter

TIunbred Dan

Fating

Systems

77 % 77
e x 7Y

W x
77 x

EF

77 x 77
L

71z T
L = bl

77 x4k
hox 77
s
R
Cutbred Dan .,_:,,.,.,.r.ﬂ?

T P o= Probability of the ratioss being compared belng the same,

* Wegnatal losses

# o Losses between

+ The nurber of pups weaned relative {o the nurber of pups alive

++ The metber of pups weaned relabive to the total nusler of pups

77 x 42~

{i.e, 1

thires and

Heonatal Liosses

LV
]
~0

1hohy

1549

T3

twentyone dave o

chi

0415660

0,524,838

1535

= §

0,230

G001

osses occurring betwesn birth and three

T aze relative to the

of pups from birth o weaning,

L

Losses 3-21 Days

-4

.

5 ol
A1
- el

o

-
o
Y
hE)
-
s
-
—
Ae ]
Qo

(o]
L]
L

0,280,

)
]
L
[
™
]

-
L1
[

O
o.

w
TN

14213

[W2N

Overell Survivel (1)*

752

7545

\J

Probzbilities are ealeulated feon Chi™,

-

days of age) relutive io the numbers
nuzbers of pups alive at thres deys,
a2t birth, less those pups culled,

5

born (i.,2. Live births plus o

Chi” P
{0001 0,500

001462 0,h56

1.790 0,090

of pups alive at birdh,

2

:111births less those culled).

-

the lnbreeding stalus of damsg on vhe survival

Overall Survival (2)+¢
G e

% hi P

-

711
0.1918 0e330
67.7

67 okt

00,5080 0,239

729

30981 Ow023

oo
™3
-

X
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0f the total numbsr of pups elive at birth outbred dams weaned more,
but not significently more, then inbrod dams (Table XVIII), Consideration
of the number of pups weaned in relation to the total nwiber of pups born, -
elive and dead, less those culled in large liiters, indicated that overall
outbred dams lost fewcr pups than inbred dams, Qutbreeding of 1§ ttersz did
not significently =ffect the extent of overagll losses to weaning sustained

by inbred dams,



TABLE XTX

Inbreeding

Status

Inbred Dam

Inbred Litter

Inbred Dam

Outbred Litter

Outbred Dam

Outbred Litter

Mean of average pup weights (gms) per dam and litter weights (gms) corrected for litter size in each mating system

Mating
Systen

Ly x 77

77 x 44

Comparison of Corrected

Litter Weights

77 Female vs L. Female

Inbred Dam
Inbred Litter

Outbred Dam
Outbred Litter

Outbred Dam
Outbred Litter

\'Probabilities from t = Test following analysis of covariance,

vs

vs

- Inbred Dam
5 Outbred Iitter

Inbred Dam
Inbred Litter

Inbred Dam
Outbred Iitter

at birth, 12 days and at weaning for first and second litters,

Parity

1st
2nd

1st
2nd

18t
2nd

1st
2nd

1st
2nd

1st
2nd

Difference in

Means

18t

Litter Li_{:?er

s
2nd.

0,38

0.24

"0.2{-2

-0,18

042

0.21

0.20

Numb e
of
Litters

26
32

28
28

26
18

14
16

27,
28

17
15

BIRTH

Mean Pup
Weight

12 DAYS

Mean Pup
Weight

.16
o13

+ ok
+ 415
«25
o2k

17
.28

I+1+

i+1+

«18

o2k

Corrected Number
Litter of
Weight  Liffers

6427 21
7.85 32
598 25
727 22
6,10 18
7 ok AT
5.48 11
730 14
5.62 17
T o5k 27
582 12
7465 15

Difference in

"‘Significance of Difference

1st Litter

0,01< P 0,02

0.1< P<0.2

0.,001< P<0,01

0.2< P<0,3

2nd Litter

Means
gms

2nd

Litter Litter

P< 0,001

0.02< P< 0,05

P> 0.9

0,02 <P<0.05

197

0.82'

2457

3439

S
05;"_ 15
0

L

x
+ 20

Corrected Number
Litter of
Weight Litters

18,54 20
24435 32
1770 25
22:357 20
18,81 18
23.55 16
15430 9
21,70 15
20639 25
26,20 26
20,63 12
25,96 15

-}Signif‘icance of Difference

0.,02¢ P< 0,05

0.4.¢ P<0L5
0.001< P< 0,01

P< 0,001

2nd Iitter

0.,02¢ P 0,05

0.5<P <O

0.001< P< 0,01

P< 0,001

WEANING

Mean Pup

35
23

o2
23

38
35

2

ol x 24
25
22

037
60

I+ 1+

I+1+

Difference in

Means

gus

ist  2nd
Litter Litter

1st

o2

Litter
Weight

26,03
32422

21!-0 )+7
30,32

26,23
35474

21,28
28.55

2934
35477

28,00
36.87

Corrected

-‘-Significance of Difference

2,50

0.58

3Tk

L.32

3.83

=0.77

4,68

3e91

1st Litter

0,05< P< 0.1

0.6<P<0,7

0,001 <P<0,01

0.001 < P< 0,01

ist Litter

0.01 <P <0,02

P> 0.9

0,001 < P<0,01

0.01< P <0,05



Growuh of Litters fyom Birth t¢ Weaning

The mean litter weights of first and second litters in each mating systen
at birth, twelve, and tweniyone days, are shown in Table XIL, These mean
weights have been corrected by analysis of covariznce for differences in
litter size, Since litier sizes differed, and dead and partly eaten pups
could not be weighed at birih, the actual weights of litters at birth do not
engble compardsons to be made between lines, Consideration of the corrscied
litter meights in relation to the nuubers of pups born in litters enables
conclusions to be drawn regarding the weights of pups in ezch line at birth,
The mean weights of individual pups in each mating system, at each stege,
are also shoym in Table XTX, These mean weighls were calculated from the
average weighte of pups in each dems first and second litier, The growth
curves of Pirst and second litters in each of the two inbred lines, reciprocal
crosses and E} matings, and the mean growth curves over two litbters for each
mating system are illustrated in Figs., 3 to 6.

Litters born to line 77 females weighed significantly more than thoge
born to line k). femoles, Since there was no significant difference belween
the litter sizes at birth in these lines, it seems that pups born to line 77
fermales were heavier at birth than the pups of 4} females,

Inbred dams had heavier corrected litter weights at birth when their
litters were inbred rather than outbred, This dif'ference was significant
at second parturition, This difference probably results because outbred
litters were larger, especially at:second parturdition, than inbred litters.

If individual pups in largey litters were lighter, corrected litter weights
would also be lighter, TFor the same reason lighter pups in the larger litters
of outbred females would cause the lighter corrected litter weights seen in
outbred Temales at first perburdition vien they were compared with the corrected
litter weights of inbred females with smaller inbred or cutbred litfers. At
second pariurition, although they had more pups in their litfers, outbred
females had corrected litter weights equal to those of inbred dems vdth inbred
litters, and which were significantly heavier than the corrected litter weights
of inbred dams with outbred litters.

The corrected litter weights at twelve and twentyone days revealed that at
both these ages the litters of 77 females were hecavier than the litters of Lh
feriales, There was no significant difference in the weights of inbred or cut-
bred litters nursed by inbred dams, The slight difference in favour of the
inbred litter was due to the poorer performance of outbred litters suckled by

line 4. females (sece Fige h)e

29



Cutbred femeles reared thelr oulbred littcrs bo significantly heavicr
welgnts et twelve and tuentyone days than did inbred fersics with inbred

or outbrad litters,



Fiz, 3 The growth curves from birth to weaning of inbred pups
in the first and second litters in
line 77 and ke,

FiG, L. The growth curves from birth to weaning of outbred pups
in first and second litters from the
reciprocal crosses of
lines 77 and L4,
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FIG, 5 The growth curves from birth to weaning of outbred pups

in firat and second litters from F, matings,

1

Fit, 6 The mean growth curves (two litters) from birth to
weaning of inbred pups nursed by 77 and 44 dams,
outbred pups nursed by 77 and 44 dams (44x77;
77:4).) and outbred pups nursed by outbred
dams (F'I)'
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TABLE ¥X:

Nean mature weights (gms) of females in each mating system

at second parturiiion

liating System Number of liice Weight
77 x 77 33 22,9 x 0.31
bl x 4l 33 25,7 + 0,36
b x 77 18 2.3 + 0,85
?? x 4h 17 2309 x 0062
F1 T % ??2 16 2B el x 0,52
¥, 77X 28 25.0 £ 0,48
77 TFemale 5 234 x 0,37
44 Femele 50 25.1 + 0,34
F, Female Ll 25.1 # 0.35
Comparison of Mating Difference in T Significance of
Systems Vsiehts Ditference
M—l- x ?? Vs ?? x ?? 1 OLI-O 0c02 <P <0.05
iy x B wvs 77 x Lk 1o 74 0,01 ¢ P< 0,02
4 Female vs 77 Pomale 1465 P< 0,001
P, Female vs L& Female 0,03 P> 0.9

1

%‘Probabilities from t -~ Test following analysis of vardiance,
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Labture Velshi of Fopales

.

sl tion

The mean weights of matore femsles of each line Pollowing second peax

are shown in Table XX,  fdthoush the females were not of eguivalent age ot this

o

time, they should have been approaching mature welsht, and were all in the zane
reproductive state,

Iine 77 and Ll ferales mated (o kb moles were sismificantly heavier at {his
time than when the same Temnmles were mated to 77 males, This was probably o
result of their greater age, since conception ccourred seconer withe 77 than
it 4. males,

Line L) females were signilicantly heavier than line 77 females, buil were

similer in welght 4o ¥, females ot this time,
[}

3
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CORPORA LUTEA

FIG., 7 Regression of the number of ova recovered after flushing
the uterus 3% days post coitum on the number of ova
shed, as shown by number of corpora lutea, in

albino mice,
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Qv Regovery
A L g o T Sl T i v Lo

In 2 prelimingry experiuent the tecimrigue of ovum recovery, descril
r II, vs used bo recover ova irom random bred zlbino femules, £

t
total of 190 corpora lulea were counted in twently two femnles, and 18k ova

viere recovered, glving a recovery ratle of 97 percent of the ova owulated,

The regression of ova recovered on ova shed, as show by the mumbers

i'.Jo

nlicated that proporiionatsly fewer ovg
7).

L
It can be sesen from Fig, 7 thet in four animals, more ova viere recovared

of corpora lutea on the owuries,

were recoveraed ot hishsr ovalation rates, {Hig

than corpora lutea, It was difficult where corpora were close togelbier 4o

Je whether one or more corpura lutez were involved.,  These disorepancics

[t

dec
are therefore more lilely to bhe due b0 erronsocus counis of corpore lutea than
to poly=ovular follicles,

Corpora lubtea counts were made before ova were recoverad and it was
considered unwise Lo recount corpora agsin zf'ter ove had been recovered,

he e sy rotes from this frizl wer idered sabisfactory enoush

The recovery rotes from this irial were considered satisfactory enoush

to allow the technique to Do used to recover ova in cwder ©o assess Terbility

in the experinental lineas,



THBLE ZAT:

liean number of ova shed at ovulation by inbred and oubtbred females,

Data from counts of corpora lutea at three, twelve and

seventeen days of gestation,

Mating

Number of

iean Number of

Systen lice Examined Corpora lutea Tananee
71 x 77 40 6,3 £ 0.1k 0,73
Lhox 4. 32 5,8 + 0,23 1,61
77 x 4, 34 6ol + 0416 0.91
L w77 21 6.2 + 0,25 1,29
T, e

177 X U €5 5,9 + 0,13 4,08
N
Coamarison of kating Difference *8immificance
Systens Between of
Means Difference
Ll Female va 77 Tenale 0.31 0,054 P<C 0,1

(u:mg E??x??g

(77x W77
F,I Female vs 77 Female 0,63 P<¢ 0,001
]3‘,1 Female vs 4. Female 0,32 Q.05 ¢ PC Q.1
F, PFemale vs Inbred Female Q.47 0,001 < P< 0,01

1

* Probabilities from t - Tests following analysis of variance,



Ovulation Rates and Lossces

Female mice peirved vwith mature males at puberty were kil at three,

trwelve and seventeen days after mating. The data from these experiments i

t

shovmn in #igs. & to 12,
o differencses bebween corpora luteal counts made at different stoges of

(]

restation within lines could e shovm. The results presented in S:ble XL
I

c“
(o]
[0]
o]
|.b

are the pooled means from corpora luteal counts made at &1l three st
gestation in each mating systen,

Assuming eachceorpus luteum represented one ovulution, line 77 fenmies had
significantly fewver ovulations than ¥ 4 femoles, Differences belween 1ine Al
and 77, or ¥, females did not guite reach significance, but the mean ovorail

i
ovalation rete Tor inbred femzles was siznificantly less than for outbreod
(F1) Temnles,

Ova flushed from the uterus three daoys ofter mating were examinsd
mieroscopieally, Ova whiech had reached blastocyst or morulsa stage were
clagsified as viable, Claseification on this hasis meant that the muibeor
of ova able bo bezin implanting, as showm by imnlantation sites counted at
twelve days, was less, in some mating systems, than the number of ova class=
ified as vigble, This difference was nost morled where line L& femnles
vere involved, L osecond classification of viable ova, according fo vhether
they had cleaved at three days, brought the nurbers of viable ova into betbor
asreenent with the nunber of implantation sites recorded, Ho conclusions can
be dyvawn from this secondory classificaeticn as it was Dosed on notes and shetchesn
made at the time of first classificatlion of recovered ova,

n the twelfth dey of gestation corpora lutes, imlantation sites, and
nusbers of live embryos vere recorded; ot seventesn days cornora lutew, live
fastuses and regorbing sites were recorded,

Ircm Figs. 8 40 12 it can be seen that recovely rabes averaged 0,3 ~ U4
ova legs than the number of ova shed, exccpt In L2y x LA meting, where the
TECOVRrY Iaite was Docrer,

The nuber of implentetion siies visible at twelve days s siguilicently

less than the nmuzber of ovuleticns in dnbred ferwles, regerdless of the inbreod-

L—-l

notential enbryos Losses between ovulation ond implonteiion wers not




T4BLE KALL:

Mean nwibers of ova shed and numbers of implantation sites

observed on the twelf'th day of gestation in each mating system,

b=
Huber of Ova Humber: of Imolante Significance
lating Ovulated ation Sites of Difference
Systen Thugber Nutber Betweszn Ovualations
m Ovulations _0:‘225,_@_-2 Implants and Imolantations

77 x 77 KO 6,3 2044 16 59 £ 0,57 0,001 (P (0,0
L% L)y 32 6,84+ 0,23 15 .8 + 0,86 0,01<P<0,02
77 x Iy b 64 3 0416 13 49 x 0.8 2.,02¢ P €0,05
M x 77 21 6.2+ 0.25 10 3,9 £ 1.13 0,01 (PC0,02

—"-wz
Bl 27T 65 691043 27 6,23 046  0,05¢P<O0.
77 x hit

% Trom t = Test following an analysis of variance,



Tn 2ll lines there wers Ffewer live embiyog at twelve days than implant-—
ation sites, The numbers in each mating systen were too fewr Lo allow conclusions
to De drawn regarding losses ocoxrring afber implantation had begun,

The appavent marmed lasses from twelve to seventeen days in 77 and Ah
Penales mated to 44 males has arisen hecause of sterility in YA males, In
4h x 4 matings three out of fifteen females kdlled at twelve days, and three
out of tTwelwe ldlled at seventeen days, no sign of pregnancy was evident,
Similarly in 44 x 77 watings three out of ten and five ouv of ten females were
barren when examined at twelve and seventveeh diys, respectively, With the
small nuvbers involved this high incidence of sterility, wilch was probably
a result of male infertility, made accurate comparisons of the exlent of losses
over pregnancy in the differeut lines impossible,

The results of the slaughter experiments indicated that ovulation xate was
higher in outbred fenzles, and preimplantation losses were greater in inbred
fenales, Even with matings involving 44 males excluded, overall losses were

greater in inbred than in qutbred females,



FIG, 8 Prenatal mortality during first gesteation in 77 x 77 matings.

FIG: 2 Prenatal mortality during first gestation in 44 x I matings.
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Gs 10 Prenatal mortality during first gestion in Iy x 77 matings.

G, 1 Prenatal mortality during first gestation in 77 x 4§ matings,
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CORPORA LUTEA
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FIG., 12 Prenatzal mortality during first gestation in F1
. mpremnd e
matings (T7h°; TAeTio).
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Histological BEBxaminetion of Nenroductive Orgzans

During microscopic examination of ovaries it was noted that the corpora
lutea in 44 females were ofter not as well developed, at three days post ceitum
as were corpora lutea in F1 and 77 flemales,

Histclogical exeminetion of ovaries, taken from htwelve females in each
line, indicated that at three days after mating there were differences betwsen
lines in the extent 4o which luteal tissue had invaded the blood clot formed
at ovulation (see Figs, 13a, b and 1ha, b}, A number of histological sections
from each ovary were selected at rendom, and classified subjectively according
to the size of the blood ¢lot remaining in the corpors lutea, It was found
that the majority of EH and 77 females had a small, or no blood clets remaining,
There may have been a tendancy for the corpora lutea of EH femzles to be better
developed than those of 77 females, The corpore lutes of Lk femeles viere
markedly less well developed than in females of the other lines; most corpora
Jutea had blood clots classified as large or mediun in size, In some Line 4
females lufeinization of unovulated follicles was evident (Figs. 1%5a, b).

Mo other differences in ovarian nistology were apparent,

The contents of the vas deferens was examined in males of each line, In
twe groups of line 77 males, aged 2 to 3 and 4 to 5 months respectively, the
vas deferens were filled with motile sperm., Eighteen cut of twénty F1 males,
aged 2 to 5 months, had sperm in similar concentrationsto males in line 77,

The remaining twe F1 mzles had poor ceoncentrations of sperm and nany were dead,
liotile sperm were found in seven out of ten line 44 males aged 2 to 4 montis,
but sgperm concentration wes generally poorer than in 77 and FH males, In the
rermaining three lh mzles onily a few dead sperm were found in the was deferens,
In line 44 males older than four months only two out of ten males were found to
have good concentrations of motile sperm; the remeinder hed fewr or no sperm
present and sperm were usually dead,

A histological examination was made of the testes from males aged 3 to %
moriths, Hormwal spermetogenesis appesred to be oceurring in line 77 and F1
males and in some 4 males (Figs, 16&, b). Line 44 meles which had proved
infertile in matings, and which failed to have motile sperm in their vas
deferens, were found to have abnermal testes, The testes of these sterile
mzles were smeller and darker in colour than thoge of fertile males, icro=-
scopic examination revealed that normsl spermetogenesis was not oceurring in

these sterile males, This abnormelity seemed cheracterised by a failure of
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IG. 1% Fully developed corporas lutea as feund in the ovaries
of 77 and F1 feneles three days post coditum,
(a) =x 80 (v) =x 1680,

FIG, 14 Poor luteal gzrowth with large bleod clot evident,

This vris typical of the appearance of the
ovarics of line X4k femsles three
{a) =x 80; ()} =x 180,



TG, 14 (b)
PTG, 1L (a)



FIG, 15 (a) ?IG, 15 (b)

The ovary of a line }J). female three Jdays post coitunm showing an
unovulated folliecle with luleal +issue developing abouf

the periphery. f(a) x 80; (b) x 180,



g, 16 The typical{.{apl]earance of testes of fertile 77, 44

and T, males showing active spermatogenesis,
i

(a) =x 1803 {p) = 8o,

TIG, 47 Tesgtes tiasue from a sberile line 44 male showing

shrunken semirdferous tubules (oof. Mg, 16)
and no evidence of' sperpsiozoz, Therse
appears tc be more intersiitial
tissue in the testes of these
sterile aninmals than in fertile zninals,
(a) x 180; (b) = 800



| FIG, 17 (b)
Fit, 17 (a)
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Disease Incidencs

Seourdng in young mice after veaning wos often encountered., CThere scemed

to he no differcnce between linss in the incidence of {this discose,

Cystic kidney was noted in mice of 2ll lines and the regulor ocourvence

of stones in the bladiers of moles older than four months vwas noted,

The tapeworm Hymenolcpils nzna was found in fthe ileum of mice in the

£

coleny and theresiter 21l mice killed were examined, tines 77 and ¥

1
twenty and thirty percent, respectively, of the mice killed were infected,

Bighty percent of line LW mice were found to be pardsitised by tepeviorns,

=

Line 77 and animals rarely hzd more thun one or two tapeworms, but line

1
L. animels suffered from larger loads of parisites. There yould appear
o be & difference betieen lines in tneir susceptability to iepeworns

infection,
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DISCUSSION

The aim of these experiments was to compare two inbred lines of mice, of
comzon ancestry, to find if they differed in characteristics associated with
growth and reproductive performanee, Such differences could arise as a result
of segrezation of different alleles during inbreeding, Cormarison of the inbred
parent lines vAth their reciprocal crosses, and their randomly mated F1 Progeny
enabled the effects of dispersal of inbreeding, togetfher with any efi'ects of
heterosis frowm the hybridisation of inbred lines, ‘o be measured. In the
absence of a random bred stock, of the same ancestry as the inbred lines, ihe
efTects of heterosis and dispersal of inbreeding could not be separated.

Data was collected over the first and second gestations and lactaetions in
each line, Second litters were conceived at both post-partum and post-
lactational matings, Vo significant difference was found in this experiment
between the weizhts of conceptuses born after gestations concurrent witir, or
vhich began after, first lactation, In the analysis of resulits no distinciion
was pade bebween these two clessifications of second gestztion, Second
pestetions concuwrrent with
had been removed after first concepivlon, Siits procedure was not followed asg

D

it was necessary Lo have the male nresent o serve the cther femnle in o cass

and 1t was desirsble Yo have as many femeles as possible conceiving post-pariun
in order to provide further experimental enimols,

Follovding first pariturition examinations wers not wade for waginel plugs
as they were not congpicuous, or were guickly lost at this time, and excessive
handling of mice at this time may bhave interfered with their mmiernsl perforie-
ance,

In the statisldcal anslysis of these experiments it mas found thet in some
cases means and veriances were related. DTransformalion of some of these data
did not alter the significonce of main differences as revealed hy analysiz of
variance, ihere transformations have not been made, but where &ifferences in
verisnce are shown, care should be taken in interpreting resulis il differences

between means barely. reach significance.

Litter Size and Pup Welisht at Birlh:

The reproductive perforrance of femanles in each mating system was measured
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by recording cenceptus weights, mumbers of young born, and the weights of litters
at birth, Conceptus weight was measured by the weight lost by females at
parturition. This measure should be closely related to litter size, Litvter
size at birth included dead and partly eaten pups, and is a mezsure of the
nunber o foetuses which completed gestation, This assessment of 1itter size
trould be erroreous if any stillborn young were completely eaten Lefore litters
wera found on the morning of birth, ILive pups were weighed at birthi. Because
of differences in litter size these litter weights were corrected, by analysis
of covariance, sc that litter size was standardized throughout the different
lines, Comparisons of these corrected litter weights would reflect differences
in individual pup weight at birth, This method vas considered more accurate
than weighing individual pups because weights could only be recorded to an
accuracy of 0,2 of a gram., ‘The mean pup weighis reporited were calculated
from the average weights of pups in each litter born, Since pups had suciled
by the time they were found on the morningz of birth the neasuresz of litter
weight are confounded with the lactational ability of the dam, Differences
in the amount of milk available, and greater competition for the availalle
milk in large litters therefore precludes any definite conclusions regarding
differences in the Lirth weight of pups,

Second litters were generally superdor to first litters in each of these
three characterisitics, Such an improvement in reproductive performance,
was noted by Mucrey (1534) and Eaton (1953).

In 77 x 77, but not in 44 x I, metings there was a significant increaze,
from first to second litter in conceptus weight, This increase in line 77 x 77
was accomppanied by a non-significant increase of 0.5 pups in litter size, and
neavier birth weights of their pups., The difference between inbred Iines
orobably ocecurred because of the greater asze of i)y females at first concepiion.
Increased conceotus weights asscciated with significantly larger litlers were
found at second parturitionr in the two reciprocal crosses. This rise in
cencentus weight from first to second gestation was of similar maznitude in
both crosses, but significant only in line 44 x 77, Outbred femnles did
not show any significent increase in litter size or conceptus weights, from
first to second parturition, although EET;??? females had one more pup in
their second litters,

The conceptus weights and litter sizes at birth recorded by line 77 and
i females were similar when both bore either inbred, or cutbred pups, The
corrected litter weights at birih for 77 females were significantly heavier

than those of I, fenmales, Since both lines of females had similar numbers



of pups in their litters it seems that pups born to 77 femsles were heavier
wnen weighed, Beeause no difference could be shovn between Temales in their
conceptus weights it is possible thsat this difference in pup weight at birth
wiazs a result of less milit in the stomechs of pups born to Y females, It
was found that milk proeduction, as shovm by growth of pups to 12 days, was
poorer in 44 females, and observed that some pups born to 44 femzles died
without having suckled successfully, Line 3. females may not have been able
to begin lactation as soon, or produce as much milk in early lactation as line
77 fercles,
Over two litters, outbred litiers born to inbred dams had slightly,

not significantly, larger litter sizes and conceptus weights than inbred
femsles with inbred litters, This difference was largely a result of the
superior weight and size of outbred seccnd litters, These outbred litters
hed lighter corrected litter weighits at birth than inbred litters which
indicated that outbred pups were individually smaller than inbred pups at
birth, This is probably a result of the greater number of pups in outbred

itbers -~ particulerly in second litters, A number of workers have found
that individual pup weizhts were lighter in lerger litters (Grincberg, 1552).
F1 matings resulted in conceptuses which were significently hecvier than
the conceptuses of inbred dams bearing inbred or outbred litsers, The litters
of P, females vere 51gnlilcmntly (1 pup) larger than inbred iitters born to

1
inbred dams but were not significantly larger thian outbred litters born o

inbred dems,

The cause of mean litter size over twe lititers differing in reciproceal
crosses from both inbred, and.F1 matings was the marked increase in litter
size from first to second gestation in the reciprocal crosses. This could
indicate that in the prdimiparcus inbred female the uterine environment limited
litter size sc that any improvement in the viability of heteroszygous pups could
not be expressed. In her second gestation, when more mature, the inbred dam
wes able bo support a heterogygous litter, larger than the inbred litbers of
similariy inbred dams, and equal in size to the outbred litters of F1 fenale
A simpler reason for this effect may be the fact that proportionately Lewer
Pemales in the reciprocal crosses conceived at posi-partum matings, Since
Tewer second gestetions in these crosses were cconcurrent with laciation thew
ney have heen able to produce larger litters than would othermiigse be expectad.
Reduced litter sizes as a result of concurrent gestation and lactation has heen
rsported by some worlkers, but Bruce and Basi {1956) found reproductive perfori~

ance was not necessarily impazired by post-partunm mating and concurvent lactation,
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Compariseon of corrected litier weizhts indicatsd thot pups in the smalier
Pirst litters of inbred doms were sligatly heavier at birth than the oubtbred
pups in the larger first litters of E} females, Ab second parturition the
pups in litters of 1 females vere equal in weight teo the inbred pups of
inbred dams, and significantly heavier than outbred pups born to inbred dams,
It can be concluded from these results that outbred P1 fenales were able to
produce significantly larger litters than inbred ferales and provide these
puns vith a superior uterine environment so that they were egual to or heavicr
at birth than pups borm to inbred females, It is doubiful if outbreeding in
the litters born to inbred dams gave them any significant advantage over inbred
litters,

Such effects of inbreeding resulting in peorer libtter sizes and birth weisht
are in sgreement with the results of inbreedins reporited for livestock and
laboratory animals by other woriers (see Chapter I), In mice a decline in
litter sige of 0.5 young per 10 per cent inerease in inbreeding coefficient
was shown by Bowman and Falconer (1960) and Roberis (1960), These declines
were averased ovar a number of lines, and it was found that those lines in
which litder size was most affected soon became extinet, Lines which survived
to hizh levels of inbreeding had litter sizes equal to those of random bread

control stock, (Bowman and Falconer, 1960). Similar findings were meode in

inbred guinea pigs (LauOﬂ, 1932}, In the absence of a random bred control
stock, in the ent experiment, it is not kmown whether there has been any

decline in 1itter size during inbreeding in lines 77 and L., These two lincs
are, however, the swrvivors of a number of inbreeding HCH lines oxdginally
enbablighed; since their litter size has not declined o the point of exitinction
of the lines, these lines have been, in effect, selected for performance undler
inbreeding,

%hen lines of mice, inbred to coefficients of only 0,50 so that no lines

Lo7]

became extinct, were crossed litter size was increased by .51 pups; the litter

f the resultant ¥, animals were 2,8 pups larger than the litters of their

inbred perent lines Roberts, 1960). The rise in litter size, when inbreeding
of Litters was dispersed by crossing inbred line:s, was less than the initial
decline in litier sise wihen inbreceding began; i.e, wilen cutbred femmles bore
inbred litters. Because of this, it was conciuded that inbreeding of the dan
imposed a resiriction on litter size which could notv be overcome by increasing
the heterozyzosity of the litvter, Similorly, Falconer (1960) found that there
was no improvement in litter size when the surviving three lines, from twently

a |

inbreeding ilnes originally set up, were crossed, Hatings of the F, progeny
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of these lines resulted in litviers two pups lerger than the litters of their ¢,50
inbred parents, Zaton {1953) showed in one experiment that outhreeding of the
lithers, born He inbred mice, significantly inereased litter size at Lirth, but

in 2 second experiment inbreeding of the dam was the only factor which sisnif-

icantly affected lifter size at birth,

Mortality:

Alvhough equal numbers of foetuses were broughv to parturition in 77 and Ak
females, signiricently more vuns were stillborn to 4. females, ILine 44 females
had more stillborn pups both when their litters were inbred, and when litlers
were outbred, It seems conclusive that 44 females have poorer moternal
abilities than 77 females, but it cannot be sald vhether these losses at birth

viere due to difficultics at parturition, as vwes suggested in rets (Feldmen,

Pl

1926), or because of improper maternal care after birth, Sinece litders weve

often Tound scatiered in the cage, rather than in a nest, and some litters of
line 4 females died wilthoul having suckled, the letter may be a more likely
reason, In females of both inbred lines, outbreedinsg reduced the proporiion

of' pups which were dead vhen litters were found. Qutbred doms had significantiy
fever losses at birth than inbred femnles with inbred or ountbred litters,

Vernon et al., (1952} found that there were increased stillbirth in pigs viien
thay were inbred,

Heonatal losses were not significantly dilverent between daoms of the inbred
iines and heterozygosily of their litlers did not significantly reduce the extent
of these losses, Cutbred dams lost sipnificantly fewer pups, between birth end
three dsys of age, than inbred dams,

A

Losses hetween three and wtwenty one days of post-natel life were similar in
all mating systems, There were no significent differences betwesn mating
systems in proportion of pups seen alive at birth. tich were weaned at wmentyone
days, although cutbred dams weaned 10 percent nore pups, Overall survival from
birth to weaning was similar in Ilitters born to both inbred lines, lore (5)
but not significantly more of the pups born to inbred dams survived vhen litters
were ouwtbred, Outhred dams weaned sisnificantly {13,.45%) more of the pups born
than inbred females,

Eaton (1953) found in one experiment that heterozygosity of litters was mosh
important factor affecting the survival of young mice, bud in a later experiment
heterozygosity of the mother had a more important effect, Greater mortalivy

associated with inbreeding of dam and offspring has been reported in pigs



(Craft, 1953; Donald, 1955), cattle (ioodward and Graves, 1946), sheep
(Glembockii, 1957; USDA, 1952), vats (Ritzeme Bos, 18%4; Feldman, 1926),
guinea pigs (Eaton, 1932), mice {Chai, 1959), Some workers have found no
effect of inbreeding on survival or vigour of their animals,but in some of
these experinents selection for the most “fit" animals was practiced (see

Chapter I).

Growih from Birth To ileaning and Lactational Perforiwance:

The growth of litters of mice is characteristic of the lactational ability
of their dam (LacDowell, Gates, lacDowell, 1930), ILitter weight at twelve doys
was found by Falconer (1947} 4o be a satisfactory measure of the lactetional
abilitly of femsle mice since pups are entirely denmendant on their dam for
nutrition until this aze, Bateman (1954) suggested that this measure vas
inaccurate becanse he found pre-natel factors contributed mere to the varizince

of twelve day litter weight than postenatal faclors, However, Cox, Legates and

igh
Cockerham (1959} showed that post natal influences were responsible for 75 per-
cent of the variablility of twelve day Litter welght in mice,

In the present experipent large litters were reduced o six pupsg at birth
to ensure that 211 pups were adequately fed,  DBzcause of differcnces 1n the
nunbers of pups suckled litter weights have been corrected by analysis of
covariance so that litier weights could be compored at the sawe litier size,

It is evident from Figs., 3 to 5 thet females in &ll lines were able to
supnport pups to heavier welghts at twelve days in their second lactation Than
in Mrst lactation. This result differs from that of Falconer (19&?} who
found no difference in lectational perforipance between first and subscguent
lactations.

Vien both lines of inbred females nursed inbred or outbred litvters, line LA

femzles produced signiticantly lighter litters at 12 days than 77 females,

o significant difference was found, over both lines of inbred fernles, betieen
the weizhts of inbred or outbred iittvers at twelve days. IHowever, outbred
litters suckled by line 77 dang were slightly heavier at twelve days than

inbred litters vhile ocutbred litiers suckled by 44 femzles were considerably

!-.

n a . -

lighter at twelve deys than inbred litters, Outbred females, despite the

foct that they nad larger lithers, had sisnificantly neavier corrected 1itter
weights at twelve dzys than inbred dems, PFalconer (1947) sugzested thed
poorer lactaiional performasnce by inbred dams was in part due to poorer milking

ny

gbility and in part due to poorer suckling by inbred pups. The slightly grester



weights of outbred litters, compared vith inbred 1litbers, suckled by 77 mothers
may be a result of more vigorous suckling by outbred nups; the poorer porfomine-
ance of outhred litlers sucliled by 44 mothers may result from graaber compeibivion

in the slightly larger outbred liviers for the limited amount of milk availzble,

h

The gignificantly betier growth of litiers suciiled by outbred femslies suggested
that dispersal of inbreeding, as well as any hetercsis effects, when Inbied
lines were crossed has improved lactaidional ability. Any inprovement in the

femnles is confeunded with this measure of Jactationel performance,
1

LA AN 4

A depressing effect of inbreeding on lactational performpance hag been

reported by other workers; (mice: Falconer, 1%947; sheep: Lassat, 1958;

T o2l

"

cattle: loodward and Graves, 1946; Tyler, et al., 1949; Laben and Hermann,
1950; Helson and Lush, 1550; Iosigk

and Lush, 1959},

The ranking of corrected 1ltter weighvs of the vardous lines was the sane
at weaning as was found at twelve days., ILine 77 fenales weaned heavier litters
than line &) females; this difference was significont only in second litiers.
Outbred litters had no significont weighi advantoge &t weaning over inbrod
Litters when both were suckled by inbred dams, It can be seen that oulbred
Litters mused by 77 female gained sreight more rapidiy from twelve dzys (o
weaning than did outbred litters mused by bk females, Outbred litters sucicled
by outbred damzs were heavier than litters in any other group at weaning,

Eaton (1953) found in one experiment that heterczygosity of the dam vies
the most irmortant factor influencing litier weight at fifteen days, but in
another experiment heterozygosity of the litter proved more important, In
the present ezperiment helberosygosity of the dam appeared to be ilie most
importent factor influencing litter weight at twelve and twenlyone dsys.

The “break" in the growih curves between itwelve and Fifteen days (see
Figs, 3 to 6) has been reporied Ly Lacbowell, Gates and LiacDowell (1930) and
other workers, It appears to be assoclated with ithe preocess of weaning litviers

from complete dependance on their mothers for nourishment,

Growth and Developuent of Tenwles from Veaning to Naturity:

Pemales of Doth inbred lines reached puberty, as shown by vaginal opening,
at the same age. Despite their Jighter weighls at weaning Iine M fenles vwere
significantly heavier al pubarty than 77 ferales, Thus from weaning o puberiy
line L)y femnles grew fuster than line 77 females, even though they were found,

vhen killed during first gestation, to be more neavily infested vith tepenorns.
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Although they differed in veight at weaning, F1 fenales from botn reciprocal
crosses reached puberity at the same age (42 days); eight deays earliier than
did jabred feriles., At puberiy EH animals weighed significantly more tha

L7

the pid-wveight between the light and heavy parent lines,  This meant that
they grew fasiter Lo puberiy and reoched it earlier than inbred animels of
eitvher parent lino,

Yhen EH fenales were reared by 4k dams they were slighitly more variable
in weight at puberiy than when resred by 77 females., This wze possibly a
result of poorer muirition in eariy life, The lighter line 77 Temales were
more veriable in weight at puberty than 4L or F1 fenales, Pemales of bhoth

inbred lines were more variable in aze at puberty than F, femnles, his
L)

1
result is in agreement with that of Yoon (1955) vho found thet femmles from
each of three inbred lines were more variable in agec at puberity than the 31
progeny of these lines,

Differing ages at pubertr have been reported in lines of mdece (iirskaia
and Crevw, 1930) and pigs (Varnick, et al., 1951), In the present experiment
no posiiive correlation betwicen growih rate and age at puberty wis found,
Warnick, et al (1951) suggested such o relationship in gilts, Later puberty
in inbred lines of pigs has been noted (Donald, 1955; Toote, et al,, 1956;
Squiers, et ate., 1949) and in cows (kHawke, et al,, 1954; lenge, et al,,
1960). In cows this delay in reaching puberiy vus associated vidth slover
growth rate,

There is generally believed to be an asscciation between growth rate and
age at puberty in memmals, but it is not clear from the literciture how closely
associated these are, The ongelt of the phenomencn of puberiy hag been shown
to be initiated by the removal of a hypothalamic inhibition of the pituitary,
(Donovan and van der Verfi ten Bosch, 1959). It is net kmown vhat stages of
grovth and development st occur in the young animal before this hypothalamic
block is removed so that pituitary, ovaries and cenilral nervous system cen act
in concert to besin the oestrous cycle, Remnedy and Iitre (1963) discuss
possible connections beiween hypothalamic inhibition of the pituitary, and
grovith and metebolic rate in rats,

Becalge no differences existed in the aze or vieight at puberiyy of F1
femsles from either reciprocal cross mabernal influences zre unlikely o be
responsible for the differences between parent lines in weight at puberiy.
Since they are descended from common ancestors it is possible that both inbred

lines have retained similar genetic material controlling rate of development

1,

and maturation, Thus both lines reached puberty at the same age, but their

b5



grovith rates were nerkedly different, It seems unlikely that rate of growth
and rate of maturation, in these itwe inbred lines of mice, are under similar
genetic controels, However, hod the parent inbred lines been homozygous for
the same genetic muterial regulating age at puberty, the F1 hybrids would be
expected o have the same genolype for this character as the parent lines,
The F1 enimals reached puberty ecariier than the parent lines, t camnot

be said whether this more rapid maturaiion was related to faster growith role
in F, animels, but clearly size per se is not the factor initiating puberty.

Although vaginal changes at puberty are characteristic of cestrus mzting
does not always cccwr at this time, Differences between lines of mice in
willingness to mete at puberty, has been reported by lirskaia and Crew (1930),
In the present experiment the times between puberty and pairing with a moiure
mzle, and copulation, as showvn by the eppearance of a vaginal plug, were recorded
as a meagure of the willingness of femsles to mate, Reluctance of line 44 nzies
to mate made it difficult to compare the reediness of females to mate in the
various mating systens, It appeared that the lighter line 77 femeles vizs less
willing to wete at puberty than ¥, or 4k ferwles, Kemnedy and liitra {1963)
found thet retarded grovth in rats led to separatien in time of the usuwally
synchronous evenvs of vaginel opening, first cestrus, and ovulation. There
could be some relationship between slower growth of line 77 females and thelr
reluctance to mate after vaginzl opening,

During first gestation line 77 and F1 femzles continved to grow and
gained sipnificantly more weight than line 4J. females,  The poorer weight
increzses by inbred dams bearing outbred conceptuses, in their first gestation,
may reflect greater demands on the inbred dam from her oulbred progeny.

After first parturition line 77 fermeles were lighter than line JJ. fesales
but this diffTerence was nolt significant, F1 females were significantly heavier
than females of both inbred lincs at this time,

witler and Vetrealros (1950) found that the growih curves of mice plabeauned
at 60 dzys of age. After second parturition, in this experiment, mice were
older than sixty doys and were all at the same reproductive state, Comparison
of the lines at this time should reveal any differences between lines in their
meture weights, LIine 77 animels were significantly lisghter than line L4
ferales, Iine 4. animgls were clder and hed not had as succeszful first
lactation as line 77 femsles, These factors could contribute to the gregter
velght of line M. femules, but it seems likely that they were naturelly a
heavier mouse at maturity, ILine L4 and F, animals did not differ significantly

1
in mature weight. These results indicate that when a large (Line 34) and a
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smaller (line 77) line of inbred mice were crossed the F1 progeny viere of
sipdilay meture weight to the larger pearent line, These results differ Irom
those of Butler (1952} and Chai (1956) who found that at 60 days the T, progeny
of a large and smpll lines were slizhily hesvier than the mideweight betveen
the parent lines, Such a relationship was evident at puberty in the present
experiment, Differences between lines in age, reproductive and lactational

history may be responsible for the result found in the present experiment.

Gestation Lengzth:

Inbreeding had no effect on gestation lengtih in this experiment. A
vendancy for inbreeding o incréase gestation length has been suggested in
the pig (Craft, 1953) and in cows by Rollins, et al,, (1956), but Foote, et al.,
(1959) could show ro effect of inbreecding on gestation length in the cow,

The longer second gestations, where lactation was concurrent, were to be
expected, following the resulis of Mirskeia and Crew (1931) and Bruce and Zast,
(1956), The slightly longer seccnd gestations seen in EH mice may be because
of larger numbers of pups suckled in first lactation as was found by Enzmenn,

Saphir, and Pincus (1932).

The Fxtent of Possible Causes of Infertility and Prenafal Losses:

Records of conception rates indicatved that many 4 meles viere sterile.
Line 77 and EH males achieved similar conception rates, stologicael exam—
ination of sterile meles indicated that steriliiy wes a result of impaired
spermplogenesis, This sterility was nov completve as some mles were seen
to hecome sterile after a period of fertility and others regained their f'er-
tilily after a period of sterility. This abnormality was assoclated vith
poorer libido in line b males, Differences in the 1libido of inbred lines
of boars have been found to Le correlated with differences in {7-keto-ptaroid
excretion, (Green, et al., 1942; Green and winters, 1945b)., Hodgson (193%)
reported that inbred boars were reluctant to mate, and Evans (1923) found thak
copulation failed o occur in 70 percent of matings in an ivbred line of rats,
These differences could be the result off a lack of androgen production virich

in twrn could be caused by failure of the pituitary to produce sufficient

gonadotrophins, 4 second cause couid be differences between lines in thel

ey

thresholds for response to androgens, Chai (1958) found differences heiwsen

Lines in the levels of androgen to waich they would respond, o gonclusions



could be drawn regarding the functional ability of the inbersiitial tissue in
ihe testes of sterile malas,

The recovery of ova achieved in the preliminary invesiisation indicated
that the technigue could be used satisPfactorily to evaeluate fertility in the
cxperimental mice,  Although the recovery rate was less than 1005 at higher
ovulation rates, as indicated Dy the musbers of corpora lutea, ovulation rales
in the experdimental mice were located about the centre of lhe regression line
(Fig, 7) wiere discrepancies between owlations and ova recovered should be
least, In these slaughter experiments corpora lutea yere counted before ova
or foetuses were counted, This procedure avoided the possibiliiy that prior
kmoviiedze of' the number of ove recovered, or the number of foetuses present
could affect the corpora lutea count,

Outbred femalss ovulated siznificantly (0,5) more ovae than did inbred
Temales, ‘There was a slight, bult not signiiicant, difference in owlation
rate betwsen 77 and ! fenales, This difference could he related to the
largzer body weights of L females or to thelr greater aze as a result of
vinen mated to a i male, Since histological examination revealed Iuteinized,
unovulated folliicles in My females 1t 1s probable that the presence of these
led to a spuriously high corpora lutea count., This would also account Loxr
the slightly lower recovery rate of ova in 4l females, Poorer ovulation rates
in inbred gilts were reported by Sguiers, et al,, (1954}, althouzh in an earlier
experinent (Squiers, EE;%£°: 19&9) thgy had been unable to demonstrate +his,
in mice ¥alconer and Reberts {1960) could show no difference in the ovulation

ates of inbred and outbred animels,

H

In inbred females significantly fewer ove were implanted than were shed,
both when the prospective embrye was inbred and outbred, There was no signi-
ficent difference between numbers of ova shed and implantation sites in E}
feinzles, In 77 % 77 natings the nuber of ova clagsified as viable was in
agreerent with the number of implantation sites found and failure of ova 1o

izplant appeared to he the greatest source of vrenatal losses in this line,

3

The oceurrence of sterile Id. males together with the small nuxwbers of nmice in
n Lhox 7?

B

each group meant that the exbtent of pre-~ and post-implantation losses
and b4 x Eh matings could not be assessed, In 77 x L watings fewer ova were
classified as vieble then there were implantation sites at twelve days, but the
number of ova classified as viable was in azreement with the muber of Iive

embryos at twelve days. 1his may indicate that these less well developed ova
were able to ellicit a decidual response so that an implontation site was found,

but they were not sufficiently developed to sarvive implantation.



The nmuber of viable ova in P, matings agreed with the mumber of implantation
I =
sites ssen, Hepetition of this experiment with infertile hh mules excluded

yould be reguired for an accurate assessment to e made of pre-natal losges in

these lines, It seews Ilikely, however, that oversll losses were greater in
inbred {femnles than in outbred females, thuat heterozyzosity of the polentisl

anbryo mey not ilmprove the litier gizes of inbred femeles, znd that most loszses

in inbred femsles occurred before implantation, The greater extent of pre-

=nd post-implantation losses in dinbred than in onibred cnimelg. is in agresment
with the resuliés of other workers (Hrzenowska, 1955, 1960b; Ilezial, 1959:
Falooner and Roberts, 1960; pigs: Squiers, gt al,, 19543 Pomeroy, 1952
cows: Havke, et al., 1955; Haves, g ol., 1961Db).

Histological examinntion of the overies of line M. femzmles indicatbed that
the ecorpora lutez were not as well developezd by three days after maetling s in
other females ot this atage. %1 reason for this slower developrent could bhe

et}

later owmlation in this line, or slower luteal growih, It vies glso obssrved

that many ova Fron line L4 Tfemeles had not developed to the morula or blustocyst

stage s had ova in other lines gt thres days after nating The delered dovel-
opment of these ova may have been simply o result of later ovulation, but may

also have arisen because of lack of hormone from the under-developed corwnora Iutea.

In view of the cbnormalitics in the ovaries and testes of line 4l zninels,
it seems likely that these could be caused by an insufficiency of gonadotrophins
from the pituitery, It has been shown by Lostroh, Johnson and Jordan (1983)
and Lostroh (1963) that both FSH and ICSH were required for sperratogenesis,
Botl: ¥SH end LI zre reculred for ovulation and corpora lutesl developrient,

Interplay of piifuitery and overisn hormones is alse necessary for the Indtiction

ané maintenance of' lactation, and the poorer lactation of 44 females may a2lso be

;‘n

assoeieted vith pitultary insulficiency,
Tt wos found by Ledoan and Runner (1959) that the number of implantation sites

in pregnant mice could be correlpted with the weight of the dams pituitery,

Baird, Halbandov and Horton (1952) found that UWnes of pigs selected for different

grovth retes differed in their levels of growth hormone per unit weizht of

t iz not clear vhether their lines selccied for high and low growin

b
i}
o+
5‘3
«d
.
i

rate had the seme origzins, or whether ihey differed geneticully before selection

was besun, Bdwerds (1962) reported thet mice selected for large and small hody

e

gize differed in pituitary weight, but pituitery weight per unit body weight was

T4

tentical in boith lines, It ig therefore not clesr whether smaller amimals are

spallier as & vesult of having smaller pifuiteries, or whether the piltultsry has



merely meintained its sise relative to the rest of the body. Iarge and smell
lines in Idwards? (1962) experiment had cqual gonadotrophin polency per unit
veight of fthe pituitery. Thyroid sctivity per unit body welight wes comparable
in both lines and both responded to growth hormone, though the response off the
smoller mice was greater, Doney (1959) suggested that poorer grovth by inbred
lambs wos partly a result of pituitary insufficiency,

It secems that inbreeding may have its primary aection by depressing
pituitary function, In the present experiment it 1s pogsible that pitultary
function hoas been deoressed in both: inbred iines resulting in poorer reproductive
zbilities than were seen in outbred niece, In line 77 animals pituitary proeduct-
ion of growth hormone may have been more severcly depressed so that growth was
poorer, Line Ll females eppeared to suffer from depressed, or improperly
belenced gonadotrophin production resulting in scme failures {o ovulate, slow
growth of corpora luves, and poorer lactation. Orossing of these two iines
resulited in imroved growth, reproduction and lactation in the 31 Progeny.

It is worth noting sterdilify in mice selccted for lavge body size by
Fowler and Edwards (1960) wes caused by lack of 1libido in males, This
effect could be gimilar to male sterdility in the larzer 1ine 4). mdce in this
experiment,  However, they found sterdility in their small line wes charscherised
by delay, or absence of cyclic cesirus, failure to ovulate and failure of ove to
irplant by wwelve days. These symptoms were shown in the present experiment

in the lurger line Xy fercles rotiier then in the smaller line 77 femeles,

Tigease Incidence:

There were differences in the incidence of tapeworm infection in the twe
inbred lines and their F1 progeny, Hunninen (1936) Pfound that mice developed
an absoluie resistance Lo this tapeworn soon after first infection, I+ is
posaible thoat during inbreedins line 44 femzleg have lost the ability to

develop ixmmunity to this tapeworme.
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The two inbied lines of mice (LCN77 and I0HLL) used in thess experiments
had inbrecding coefficients of 966 and 942 respectively. These two lines
viere derived from cormon ancestors, and, ¢t the time of separeiion into two
inbreeding lines, they had 39,6 percen’r,- of thelr genetic material in coraon,
Date were collected over the first Two gestetions and lactetions in a random
breeding population from esch inbred line, ivem reciprocol crosses of ihe
inbred lines, ond from Tsndom metings of the T 4 progeny from each 1’eciprocal
CI'CS 5, Date from these moting systens vwere anelysed bo find vhether inbrecd-
ing had caused the irbred lines to differ from one guother in ferdiliily; nre-

and postengtal morltaliiy; birth welzgbhv; lactational perfeormsnce zs messurad

by litter zgrowth fo twelve days of ege; and growith to veaming, puberly wnd
maE o ‘;y Further comparisons of cach of fthe inbred parent lines with

reciprocal crosses and 331 matings enasbled npewsurement of the extent to which

tvers ond dans affected the above
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Sterili‘@', characterised by falluwre of sgpermategenesis and poor 1ibido vies

.

found in many line L4 males. This catition was not congenital; some malesm,
iy

initie fertile, becane sterile, and some sterile moles regained their
fertility, Sterdility g more common in older rmles, The funcitionel abiliiiy

of inbtersiitisl tissue in the testes of srerile males was not investlgoted,
However, ovarisn abnormalities seen in AL ferales suggested thet mple storiliyyy
in +this line may be a resuli of deficicnt, or dmbalanced gonzdotrovhin product~

ion by the piwitery,

-7

Iine 77 Tensles were plovier to mate at puberiy then L or I 4 Penalesa
ihen concentvion occurted litlter sizes &t birth were similor in femzles oi' doth
inbred lines if Deth bore dnbred, or outbred litters, Outbred livters Lorn
to 5‘1 fereles vere one pup lavger than the inbred litters of inbred dems,
Heterogygosity ol the litiers bomm to inbred dzms ddd not lead o improvencnt

U litter size b first parturition, but second lititers in reciprocal crosses

)

were lerger thoan in inbred matings, Thig difference may have indicaled an
nability of heterozygesity din Ilitders {o express itszell in improved first

o,

itter size hocouse of limitalions immosed Dy the immoturse inbred femcle,

[EETEN



The osccurrance of fewer posit-partum matings in reciprocal crosses may be the
reason for larger second litter sizes in these matings.

ltice were slaughtered during first gestation, and couats of corpora lutea
indicated that F1 females ovulated 0,5 more ova, on average, than inbred
femeles, Losses to implantation, and probably total losses during gestation
were legs in F1 than in inbred females, Accurate analysis of losses during
gestation were not possible because of sterility in 44 males, and insufficient
numbers of animals, It seemed conclusive that F1 Temales had larger litters
than outbred females as a result of higher ovulation rates and fewer pre-
implantation losses, At least in first gestations, following mating at
puberty, heterozygosity of the potential litter did not improve the number
of implantations or number of pups born to inbred femeles,

Line 4 females had a slightly greater ovulation rate than 77 females
although this difference was not significant {0,05¢ P< 0o1), If this
difference was real it may have been related to the heavier weight, or greater
age of 4Ll females mated to 44 males, Histolozical examination revealed the
presence of luteinized unovulated follicles in some i females, The presence
of these may have led to an over-estimation of ovulation rate. Corpora lutea
in 44y femrles were less well developed by three days after mating than in 77
end ¥, femzles, This difference, whether a result of delayed ovulation, or
slow luteinization, was probably responsible for the poorer development of the
ova of line L) females recovered three days after mating.

At birth pups born to line 4y females were lighter than pups born to line
77 females, Tt is concluded that this difference probably arose because of
differences in the amounts of milk in the stomachs of pups suckled by these
dams, Qutbred litters boem to inbred females wiere lighter at second
parturition than inbred litters; probably a result of individual pup weights
being lighter in large litters. A similar depression of pup weight in large
litters was the probable cause of asmaller birth weights in pups born in first

itter 1o EH females,

Despite their larger litiers at second parturition F1 females gave birth
{0 pups equal in weight to the inbred pups, and neavier than the outbred pups
of inbred females, It seemed that when mature F1 fenales were able to provide
a more favourable uterine environment than inbred femzles so that they gave
birth to larger litters of heavier pups.

Both inbred and outbred litters borir to line 44 females suffered a higher
incidence of stillbirths than when born to 77 females, The maternal abilities

of 4. Pemales seemed poorer than the gbilities of 77 females, Heterogzygosity

52
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of litters and of the dam both led to significant reductions in the éxtent of
losses at birth, terozygosity of dams was the only factor which reduced,
significantly, the extent of neonatal deaths, The number of pups surviving
from birth to weaning was greater in 77 females than in L4 females, and
heterozygosity of pups increased their rate of survival over that of inbred
pups; neither of these effects was significant, Outbreeding of the danm
improved, significantly, the survival rate of pups from birth to weaning.

Lactational performance, as measured by litter weights atiwelve days,
improved in all lines at second lactation, ILine } females had a poorer
lactational performance than line 77 females, This was observsd with both
inbred and outbred litters and it appeared that the lacteting ability of line
I famales was more severely affected by inbreeding than that of 77 females,
Hybridisation of inbred lines restored lactational gbility and F1 females had
heavier litters at twelve days that any other line,

At weaning litter and pup weights of the various lines maintained the
same ranlking as at twelve days so that the litters of FH females were heavier
than those of 77 females which were heavier than the litters of 4 females,

Females of both lines reached pubercy at the same age, but, despite
their lighter weight at weaning, line Ll females were heavier at puberty
than line 77 females, EH animals from the reciprocal crosses reached puberty
at the same age and weight in spite of differences in their weights at weaning,
At puberty F1 females were younger than inbreds and heavier than the mid-weight
between the weights of the two parent lines at puberty, Inhred animals were
more variable in their age at puberty than outbred (FH) enimals, In these
experiments neither growth rate or weight per se appeared to control the
ocnset of puberty,

Comparigons of the weights of mature females indicated that inbreeding
had led to separation of low (line 77) and high (line L)) body weight lines,
Crossing of these lines resulted in F, animals with mature weights equal to
thoge of the heavier pgrent line, DifPferencss between lines in age, and
reproductive and lactational history would have contributed to these differences,

Line 4), females were found to suffer from a higher incidence of tapeworm
parisitism than 77 or F, females,

It seems probable from these experiments that, at least in early
reproductive life, limitations imposed by the inbred dam are responsible for
restricting litter size, birth weight and growth end survival to weaning,
Differences in preweaning nutrition did not affect age, or weight of females
at puberty., The observed differences in growth and matermal abilities of

inbred lines, and abnormalities found in the reproductive organs of line I}
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animals have been discussed in relation to the hypothesis that the pituitary

was a primary target of inbreeding depression,

A number of aspects requiring further study are apparent from the present

results,

(1)

An examination of the histological abnormalities of ovaries and testes in
line 44 animals, A useful starting point in the male would be a study
of the accessory reproductive organs, e.g. ventral prostate or seminal
vesicle weight, to determine if the interstitial tissue of the testes

is functional, The levels of {17~kketo steroid exeretion by male animals
could be inveétigated to ascertain if differences between males are
related to total androgen production, The responses of sterile males
to exogenous androgzen or gonadotrophins could assist in establishing the
causes of mele abnormality. ILikewise the responses of females to
exogenous gonadotrophins could give evidence as to whether pituitary
deficiences are the causes of ovarian abnormalities, Determination

of the times of ovulation in the two inbred lines, and an investigation
off the effect of exogenous progesterone on ovum development and
implentation may reveal why the ova of 44 females were less developed
at three dgys after mating then the ova of other lines, and indicate

the pogsible cause of preimplantation loss in inbred females,

{ii) Repetition of slaughter experiments with sterile males excluded, and

(iii)

(iv)

with larger numbers of mice is necessary to accurately assess differences,
if any, in gestationsl losses of inbred and outbred embryos in inbred
dams, Transplantation of inbred ova to outbred females could alse be
ugsed to find if inbreeding of the dam is the main factor limiting intra-

uterine survival,

Further examination of the phases of the cestrous cycle, readiness to
mate, and the occurrence of ovulation following puberty would resolve
certain of the possible differences between lines and crosses reported

here,

The genetic cause, if any, of the apparently greater susceptability of
4y femnles to parasitic tepeworms could be investigated, There may well
be a significant relationship betwoen susceptibility to parasites, and

growth and reproductive performance.
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The above diagram shows the matings used to establish two inbreeding lines
{NCN77; NMCN4L), vhich were homozygous for c¢innamon coat colour, from the
original cinnamon male (CIN o) and his full sib (CHOC %),

At the time of separation into two separate lines these two lines had,
theoretically, 39.6 percent of their genetic material in common., To
the time of the begimning of the present experiment, when each inbred
line was expanded inte a random breeding population, thirteen and ten
generations of brother-aister mating had occurred in lines NCH77 and
NCHY) respectively, This inbreeding together with the inbreeding which
occurred in establishing the two lines resulted in Sewall ¥right co-
afficients of inbreeding of .966 (line 77) and 942 {line 44).





