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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,



p1s)

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,



H

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),



12

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,



9.

11,
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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,





