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WO E G REED I C R O D

tie ew Zezland

[

Three traits of dual purpose sacen such as
Romney arc of »aramount importance in contvributling directly to inconec.
Theze are reproductive aviiity and weol proauction of the eus flock
and the growth rate ¢f the lamb produced. Invesiications of methods
of zencuic improveaent of thsese traits is impertant, since such
improvencnt iz nore permanent than thet causcd by environmentz
modification cr the usce of heruoncs. Laprovemecnt of groductive traits

~enetic neans nay be Lrought about {1) by exploiting the

1

differaices vetvecn groups of aninmais wiich Lave bzoen genctically

[

digtinct fer soms vims (bre.ds, strains, =tuds or inbred lines) or
3 o

rence hetween individuzl aninals widhin a

@)

(2) by exploiting the diffe
flock, tios first mctliod dinvolves crosshreeding, wiich way cadnge
production tarou i the introductioir of su; sricr senes or tirou-h
conplex intsractions betucsn zenes (lLeterosis and epistasis). Rae
(1952) raviewad the ficld of crossbreeding and looked at grading up

existing brecds, coribining crossbrecding wita selection tc fora new

(3

-

brecds and exploiting hybrid vigour (hetcrosis). Jith the N.Z. Romney
thls practice iz in fact belny carried out by sone farmers who are
crossing with tie Cheviot (to obtain an animal for a harsh
environaent) or Border Leicester (for a more favourable environment).
In sonic cases taese crossbred animals so produced have been interbred
anld selected to form the two ner breeds Ferendale and Coopworth
respectively. Ior wmany reasons many farmers prefer not to cross their

flocks with animals of another breed and it is then necessary to use

the second method, i.e. to select within the farmers flock, if any gen-



etic improvement is to be acheived. This

factors of importance to within flock sel

study is aimed at studying

ection.

Caaracters may be influenced by environmental factors which

may be zrouped in two classes; external e

snvironuent. The cxternal cnvironmental

likely to affect the mecan value of produc

s
ag

Examples are t affect of region, proper

and disease. Internal fuactors ars tihose

D

> include t

but not toc whols flock. These

)

43 this study is dealing with selection o

(g

effsct (age of dam), typc of birtk, inbre

the internal environmental factors necd b

this is waen records of & characicr ere b
puabsr of ysars, In ezch year tias climat

is diiferent and 50 the year factor amust be considered.

factors may influence estimates of Lowitavilicy

- R Tl T
# 3 At detali wl

RESTS)

Inviron.icntal fasvors thercfor. way obscu

d
between individuals.
relative influence of enviroanment znd gen
so 1t is important to estinate tlie sizgs ©
factors., BSucl: estimates can than be ussad
that zenetic comparisons can be mads wita
Repeatabilities and heritabilities

expected size of gains in characters that

In genstic studiss wo

nvironment and internal

O

3] e

factors arc all thoce that are

¢

tion of a wiole flocik.

ty and managewuent, climate

winicii affect individuals

“e animal's sox, materna

eding and other such factors.
ithin the flock then only

(=3
o

=)
o

o studied. [ue exception to
ing lookad at over a
etc. aifecting toz flocit

Internal

and rereatability
ti in this study).
r¢ geaet.c differences
wish o understand tae

otype oa various charactirs

T wae eifectis of ticse
as corrcction terus so
greater accurracy.

give indications of the

selection will make within

a selected generation of shesp and over succeeding generations of

sheep respectively. Repeatability measur

differences between individuals depend on

¢s the extent to waich

Zenetic and permanent



environnental effects. If repeatability is high then animals 4ill
rank coasistently from rscord tc record sc elimination of low producers
will raisc the liTetime average of thac flock. Heritability measures
the proportion of the variation bhetween intiviiuals walchk arises

frow genes acting additively; it ssiinates; therefors; th: proportion
of the parents' supsriority which will, on the averaze, be passed on

tce the offsprinzg.

Tnis study attempts to look at important aspects of the main
traits; reprodiuctive abllity, ool procuction and growth rate of the
laint produced. Jue asritebility .ias teen calculated for weanin, weigat
which 1s a2 measure of the growth rate of the lamb to wsaning. Both
acritaibilicy anl repsatabilisy are celcoulated for eiznt of lambd
Wweansd whiclh 1s a measurs includin: both the growith rate of the lamb
to weaning and an estimate of tiie cwes reproductive ability. Other
cstinates ¢f bt swes reproductive sbility studied ares tite numbsr

of lawmbs boran per

maced and present 2t lambing; the number of
lanos alive at taelr second day of age per ewe mated and przseanc at
lambing; the number of lambs wouned per eive zated und pr.osent at
lanbing; carreaness (number lambing per ewe uated and present at lamb-

N

ing); aumber of 1

multiple birtis per ewe mated and present at lambing
and tie nuaber ot triplst births per ewe wmated and present at lambing.
Heritability cstimates haves been calculated for eaca of tiaese
measures of reproductive ability and repeatabilities over four
labing seasons 2ave been calculated for the first three. Some
authors cail the measure of the nunber of ewes lambing per ewe mated
and lambing "fertility" instead of "barrenness'" as it has been cailed

in this study. also "prolificacy" is the name sowmetimes given to the

number of lambs born per ewe lambing. Tie remaining character taat has



4.

been studied is Logget greasy flecce weight for which tae heritability
has been calculated. IFor all these ci:aracters estimates of tue
nagnitude of certain envircnmeat il factors are assassed.

.assessiuent of these paraneters is carried out on 3 randonly
bred flock keptyat Massey Univercisyswhich is supposed to be represent—
ive of tie N.Z. Romney: the dominant sheer breed of NHeir Zoaland. .After
tiie revisu of literature tae flock upon wilca tais study nas becn
based has been described bsfore the cetiod of analysis and results

a2ave been set out.
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II. REVIEW OF LITERATURYZE

Lo WHANING WEIGHT
e Environmental effects

(1) The magnitude of eavironmeatal offects

Estimates; from the literaturs, of tne magnituds of ths
eavironmental cffects of weaning weight are given in Table 1., Whcn
age of dam effect is considersd as only two groups (2-year-olds and
maturs cwes) then it can be sceen that the weaning woizhts of lambs
from nature ewes are significantly acavier than those from 2-ysar-old
cwes (Hazel and ierrill, 1945z and 1946a). Results by Donald and
tlcLean (1935) and delson and Venkatachalam (149) further support
tinesge findings. Donald and ..cLean using data fron the dnglish
Leicester brzed, found that lamvs from older ewes were 10.05 1b
neavier tian tnose from 2-tooti swes (77.05 and 67.00 lb). The
correspondin; result from the Southdowns was 3.93 1b advantage to the
mature ewes (63..9 anf 65.06 1b). [hese results were based on only
66 and 57 racords for the DInglish Leicester and Soutiadown respectively.
Nelson and Venkatachalam, on studying five breeds, found, on average,
that the weaning weizht of lambs from mature ewes wore five percent
heavier than those from 2-year-olds.

dhere the above mature category is divided up into single
agesy; or group of ages, a pattern of rising lamb weaning weight with
increasing age of dam can be seen; and if the ewes are kept long

enough these reach a peak and then fall off with further increase in



Table 13 Estimates of environnental 2ffects on weaning weisht
D <)

Oxford Hampshire . New Zealand Romney  Corriedalc
Breed Hampshire Suffolk Dorset Shrcwsiire divijo X A J@wxagggggj __ Columbia RomncletRambouillct
Cheviot Corriedale (inter) (reﬁj Targhec
No records 723 1169 485 810 1506 2655 691 691 1082 1532 2133
71.0
Mcan 68.2 6342 b 59.4 5362 55.7 55.5 73,0 64 o2 69.0
61.8
Std Deviation 9.8 7.3 Thi0 Toail 10.3 L
Av weaning age 120 139 104 720 124
Birtl and rearing type
Single-Twn 8.19 12.32 7.89 8.29 1142 10.24 ] 9.3 1.7 12.56 9,62
Single-TrS 2,60 2.79 7-15 543 2.9 5.68 2.3 2.9 Dol 2. 17 265
Sex of lamb
Ram-ewe 6.18 4,66 4.38 BLBe de4 3,05 10,3 8.3
Reg on age at weaning @w2q 0,13 0PN 4 Os28 0.26 0.26 0.45 G 36 0.41
Reg on % inbreeding 0,302 -0.375

Referenoe (1) (2) (3) (4) (5) (6) (7) (7) (8) (9) (10)

continued overleaf ...
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Table 15 JContinuation. Effect or zgc of danm

Measure Value (Ref) Heasure Value (Ref)

Quferd, Suffolk and Cheviot: (2)|Wavajc Xz (5)

2--vaar-cld -C.40 4 te Tyr - <yr 3,50

3y- 1,54 Jy> .20

ribia 3.08 - 8 to Myr 3,10

bar 1 2

Oy ~@pdie ¥.Z. Porneys (%)

[} £4 -DeH bm - BnE 4475
- 3yv 1.98

N.Z. Homcy (inter) {(wed)s (7) - 4yr 033

4 to Hyr .
T bu - _)‘\):rjj 300 405
I Corriedale, Columbiz & farghees (3)
3y 09 8]

s -y

#ature - 2yr 3.7

Romneléts.  (9)
3 to Hyr - 2yr 2.69
- O+yx 1.032

Rambouillet. (10)

N
2
s

flaturs - 2yr

References: 1. 3aitl and Lidvall (1964); 2. :sltman and l-rnard

(1969)5 3. and 4. 3lackwell anu | snderson (1655)5 S¢ Sidwzll and
Grandstafi (1749); 6. Ch'ang and Rac (1961 ) 7. Chtanz (1967); 8.
Fazsl and Jorrill (194&); 9. Vesely and Tlen (1961); 10. Hazel and

Terrill (i945~)

O




age of dam. This is best seen in tac results of Holtmann and Bernard
(1969) whose euwes reached a peak at four years and declined thereafter.
Ancther very similar result was that obtained by Felts,; Chapman and
Pope (1957) using datz obtained from 32 farm flocks. Taey got values
of ~14.26, 0.03, 4.23, 4.57, 3.735 2.00 aad -C.34 1b deviation from
the overall wmean for tus age oi dam effect increasing from 1 to 7
vears. again tie peak is at 4 years wiicih corresponds to th. 4 to 7
year and 3 to 5 year szroup peaks of Sidwell and urandstaif (1949)

and Vesely and Slen (1961) respectively. Tiae fact taet Ca'ang and
Rae's {1961) sstimates arc still rising; although te a lessening
extent, at 5 years shows thaat tiae peoak is not necessarily fixed at

4 years of az:. Blackwell and denderson (19555), commentinz on their
resulte from grouped Corrisdala, Hampsifire and Shropscire swes,

noted that the c¢ifect of age of dan on weaning weignt of lambs was
curvilinear, reachinz a mausdimun at approximasely 5 ysars of aze.

Scme of tie disadvantazc suffered by thz lambs from tie
Jounger ewes 1s likely to be ducs to a lower initial milk yield of
these sues. (For furtier discussion sse below.)

As well as the results from type of birta znd rsarinsg eifect
given in lable 1 results by Nelson and Venkatachalam (1949) Karam,
Chapman and Pope (1953) and Felts, Ciapman and Pope (1957) also
contain relevant information, alt.uough the first two did not consider
twins rearzd singly. Nelson and Venkatachalain, on studying five
breeds, Tound, on average, that the weaning weight of single lambs
was 17 percent heavier than twins. Karam, et al., studying the lambs
of grade ewes mated to Shropshirec rams, found amongst ewe lambs 145

singles averaged 64.1 1b and 152 twins averaged 56.8 1lb, and amongst

wethers 145 singles averaged 67.6 1b and 151 twins averaged 59.3 lbs



D

- differences in favour of the singles of 7.3 and 3.3 1lbs respectively.
Felts, ¢t al., using data obtained from 32 farm flocks, found pooled
type of birth effects were 7.5. -2.3; 1.95 2.8, -7.1 and -3.2 1bs

for male singles, male twins, male itwire reared as singles, female
singles; female twins and female *twins raiscd as singles respectively.

In all these cases, it can be seen that single lambs are

neaviest at weaning and twins raised to weaning as twins have the
lightest weight - a differeance waich is in the range of 3 to 7 1lb.
Twins reared as singles; in all cases,; lie betwesn the wei: :ts of

the other two groups. Observations reported by 3arnicoat; et al.,
(1949), on the N.2. Romnsy, suggest that the grsater weight of single
lambs at weaning can be zxplained partly by their higher birth weigiht
and partly by tieir oaigoer milk intake., That lambs born twins but
reared singly arc aezvier tian twin-reared lambs is likely to be duey,
largely, to the greater amount of milk available to the twins rgared
singly. DBut, tae fact that twins reared siagly are 1i.ater thzan

+

gingles at Weanilng, snows that tiinning is detrimental to subsequent
growth, even wien post-natzl coaditions are other.ise similar,

Table 1 shows that the male lamb (ram or wether) reaches
heavier weignt at weaning than its ewe lanb couaterpart. In tae
resultsy; givea in the table, tais advantage to the male ranges from
3.0 to 10.3 1b. TFurtuer results b; Doaald and fclean, (1935), on
the Mglish Leicester and Southdown; Helson and Venketachalam (1949);
Karam, et al., (1953), using the Shropshire, and Felts, et _al., (1957)
all support the finding that male lambs wean at significantly higher
veights than ewe lambs. Donald and dcLean do note in their English

Leicester 2-tooths that ram and ewe lamb offspring show very little

difference, but this is only on the results of 23 animals.,
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Table 1 siaows values for the regression of weaning weizht on
age of lamb atv weaning and the rezression of weaning weight on percent
inbreeding. The high values £ r the lzaticr indirate that inbreeding
aas a very detrimeantal et'fect on woeanini weight. Tais roflsets the
coirbined effasct of inbreeding in both tae dam and the offspring,

since the mers Lighly invred ewse generially nave lands with greater

tian aver: & inbreczding.

i i aracti betireen main environmental cffect
ii) Interactions betueen main environmental cffects

abzsnees of intcraciion betwien te main classificavions

=
5=

allows tas estimates of tnz sffects to bs ased as additive correction
factors. For example, if ram lambs differ trom ths average by x, and
twin lambs by y, ticn twin raus are assumed to differ by = + yo
sonscauiently knowledzge of tuw occurrcnce of intzraction is importvant
iz asseseing tus usefulacss of tac estilicates of ths eanvironm:zantal
effects as corrscilon 1acLlors

Ch'ong and Ras (1961), dealing with the J.Z. Rownsy, found
taatl first-oricr iatcractions . gtween yeur, ase 7 daa; birtu rank
and sex ycxg statistically non-significant., 1ais agrocd with the
findings of Fazel and ferrill (1945a), that ihe interaction between
the diffcrent factors (sex; groups; ycars, age of dam, type of birth

and rearins;, percent inbreedinz and age of laab at Wvdﬂlﬂo) were

59
either non-significant or small as compared wita the variation with-
in classcs. Ielts, et al., (1957) assuwocd, because a "significant®
interaction between age of dam and type of birth for 120-day

welght was only found in 3 to 74 flock-ycars, it was unimportantly

small or non-existont. Ch'angz {1967) using weaning weights from 691

lambs found = significant interaction between age of dam and
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type of birth and rearing. Mis interaccicn implied that tae

sub-class mcans werec depcndent not only on tue main effects, four
classes of a.c of dam and thrce classces of type of birth and
rearing, but also on a joint sffect betirzen
two wain cffecis. dhe cvidence gained, wicn asscssing the

significancs of tails interaciion (by comparin: tae Srror Hean Squares

p— . 5
tae Mnterzosion' and "radused! models -2 KC-

Q
&
(=
Q
<
'_l
V]
-
(O]
o)
7
()
(o
(L)
-3
Cu
14
:K
=1
(@}
6

)

and 58.9 rospectively) sugsest that tas ciwezat of departurs from
an and type of birth and rearing has only

a neglizible praciica icance. In <iew of tals interaction;

twro seos of cnvircauontal ctfecis are presaated in rfable 1 for

comparision. i

o

corrcsponding values of the main elfects show

close agrecuent betusen e two scis of cstimates thus proviiding

irnificant interaction does ot

g
NS

furtaer evidencs that thns observed

= S T LT gy Aarnartisan Poaney =dd s s S -
repres -t a serious departurs from additivity.

ang and Ras (1961)

Tound that the

e}

partiticned tue compcuenits of variancs {lable 2) a.d i
envirommental offecis accounted for 47.5 and 53.7 perceat of the
total variance respectively. In both cases; type of birth and
rearing was found to be the most important source of variation.
These two figures agrsc witl the [izare of 50 percent, [or tho
variance in weaning weizZht duc o mcasurabls environmental factors,

obtained by Sidwell and Grandstaff (1949) on the records of 1506

Navajo cross lambs.
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Table 2: Partitioning th: varianceg componcnt:s

Broed of Shceep Rambouillet NeZ. Rounay
Souice of Variance d.fs o total vai. G.fo ;o total var.
Y3are 1 S0 o 2.0
Aze of Damn i 3.1 3 2.1
Birth & Learing Type 2 12.2 2 45.5
Sex of Lamb 1 8.9 1 3,2
Agc at Veaning 1 5el 1 5.3
o Inbreediag 1 6.4
Brror 2174 505 2641 41.9
Refercace (Sce Table 1; (10) (6)

2s Sstinates of acritability an. repeatbability

In gcneral, tiae eetimates oi deritability of weaniiy wei,

within the ranze of 0.05 to 0,45 wita only a few estisaves outside

(1556), in

L=
&
Q@

these limdits. .1 review appears in lable 3.
reviewins Leritability estimates {or weaniwn wieigit. noted that in

tae fine wool brecds; suca as tiie ilerino and Rambouillet, tae
aeritabilicy value appearcd nkizher than e valae for tie meat breeds,
It was sugzested that in tuae mcat breeds grcater emphasis hea

probably been placed on sclection for incrcascd weaning weigint than
on thc fine-wool breeds and possibly tais has resulted in reduction
of the genetic variability present. Table 3 contains many estimates
published aftor 1956. On studyinz these, if can be seen that

although there arc some high estimates for fine wool breeds tiere

are also other estimates of the same order as the meat breeds. The

estimates available for tac J.Z. Romney range from 0.23 to 0.35.
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Estimates of the heritability of weaning weight

I

Table 35
Istimate Breed Remarks Ref.
0.45 inss. ‘wrino(R) 430 d.f., dam offsprinz c.rr. (1)
5 I [ (E) 465 d.f. dan offspring corr. (1)
0,10 e 166 d.1, (sires) PHS. (1)
a5 s (R) 35 sires EHS.(Paternal half-sib) (2)
), J— (B) 80 sires PHS. (2)
0032  semsnscns (R) 377 pairs, dam offspring corr. (2}
028  —mrimen {E) 436 pairs; dem offspring cory. (2)
0.27 BRaizbouillet 2163 lambs, PIS. (3)
(O] Y Qesm— - 892 pairs, 3dam oifspring reg. (3)
(010 o JE— 2183 lambs, 892 pairs, av. 2 methods (3)
(0. Jo Jem— . 33 zires, offsping mean & sire reg. (4)
0.56 Rambouillet & X 1281 pairs, dam offspring corr. (5)
O 105 pairs, nmid-parent offspring rege (5)
0 o R T 19 pairs, sire offspring vey. (5)
(O] it [ e—— 123 pairs, dan offspring reg. (5)
0.59 Corriedale Full sib corw, (6)
0,21 Columbia PHS. (6)
0.40 Targhee type 32 sires, PHS. (1)
Gl = 61 sires, PHS. (7)
.12 PFine wooied 559 la. us, 40 sires, off..ring on (8)
sire reg.
Q) o) J— - 599 lambs, 40 sires, PHS. (8)
ORI e Sae 1711 lambs, 99 sires, 739dam off- (9)
spring pairy, av. 2 methods.
0.28 Romalet 694 dam offspring pairs. (10)
0.35 N.Z. Romney 1441 laibs, 4382 dams offspring reg.  (11)
0.30 —==—-om d.f. 39 sires PHS, (12)
0:23 e 518 d.f. daa offspring regz. (12)
0.34 Shropshire 33 sires; 593 laubs, PHS. (13)
J08= 12— 110 dam offspring pairs. (14)
.04~.06 Sout..down 77 dam offspring pairs (14)
0.10 Ossimi 202 dan offspring.peirs - 4 wonths.  (15)
0029 ——m——m 165 dam offspring pairs - 6 months. (15)

Continved overleaf
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Table 3¢ Continuation

Lstimate Breed Remarks Refs.
0,29 Down breeds 365 lambs, 21 sires. (16)
0.07 Various breeds 734 dan offspring pairs. (17)
0029  —mmmm.- 343 pairs, dam offspring reg. (13)
0042 ——ememm S, (18)
0435 —m——mm Weighted av, of 2 methods. (18)
0:21 e 233 dan offspring pairs. (19)
0602 ——me— £02 dan offspring pairs. (20)
0,15 Unnamed Lreels Data from 32 flocks. (21)

Referencess 1., Youns, ct al, (1965); 2. Pattie (1964); 3. Hazel and
Terrill (1945b); 4 Shelton (1959); 5. Warwick and Cartwright (1957)
6. Botkin (1964); 7. Osman and Bradford (1965); 3. ilolan, at al.
(1969)3 9. Hazel and Terrill (1946b)s 10. Vesely and Slen (19G1);
11. Ch'ang and Rae (1961)s 12. Ch'ang (1967); 13. Karam, et al.
(1953); 14, Ensminger, et 21. (1943); 15. Ragab, et al. (1953); 16.
Boyd and Woolfolk (1964)s 17. Blackwell and Henderson (1955); 13,
Nelson and Venkatchalam (1949); 19. Cockerhan (1949); 20. Butcher,
et al. (1964); 21. Felts, et al. (1957).

Sidwell and Grandstaff (1949) found a repeatzbility of 0.217
for weaning weight of lambs from the same ewey, when studying the off-
spring of Navajo ewes mated to a variety of rams. Felts, et al. (1957)

attained a repcatability of 0,313, when stulying 32 farm flocks,
3. Sumnary

The environmental factors, age of damy, type of birth and rearing,
sex of lamb, date of birth and year of birth all have significant
effects on weaning weight. T[he Leritability of weaning weight, at
0.05 to 0445, indicates that once the environmental factors have been

corrected for then reasonable gains from selection can be expected,
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B. HOGGET GREASY FLEECE WIIGHT
1. Bavironnental effects

(i) The nmagnitude of environmental effects

a3

Tzblc 4 contains 2 swuiary of toe effcct of anvirownmental
factors on Logret greasy flscce weiszut. Once again, as witi weaning

Ao

weizght, the type of birth and rearing has tae effect of causing

@

single borm negg2ts to proauce hcevier fleecers toan twins, wiile
twins raised as singles agre intermediate. 4 further example; in
the #§.2. Romney breed, is given by Wright and Stevens (1953) who,
on analysing 211 hoggets, found that singles averagod 0.24 1b

1l

heavier than twing.

31 Partitioning tiae conmponents of variance
D e ~m,—-—-—-’v). - - ——— - A o —— —— - —

If the cnvironmental coapenens of variance 1s partitioned the
importance of each factor can b secun. Table 5 denonstratess tahis
and snows thuatl, on averase, tac year eficct 1s the most inportant
source of variation witi tie others (age of dan, type of birth

and rearing, age &t shearing and percent inbreeding) all varying

fron loss than 2 ts 8 percent.

2 Estimates of heritability and repeatability

Sstimates for the heritability and repeatability of hogget
greasy fleece weight arc given in Table 6 and 7. In general, the
estimates of heritability fall in the range 0.25 to 0.65 with
the majority 0.3 to 0.5. While the earlier estimates for the

W.Z. Romney werc far lower than for most other breeds (in the range
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Table 4 Hstimates of enviroamental effects on

hogget greasy i'lcece welgls

Breed Rambouillet Targbee Columbia Havijo & X Rgéiéy
Sex e ram eve rali ewe ram ecwe ewe ewe
No receords 932 499 290 213 406 359 9i7 1075 801
ilean 830 11.64 T.95 10,83 8.72 12,07 T.44 5.48 8.04
Std, Gev. 1,09 1.48 1,23 1.55 1,51 1.84 1,32

gieZ§§n;t 4064 4024 404411-12m  1im13-14m
Type of birt!: and rearing

Single-twin .81 43 .35 .62 1.03 BT .90 .76 .37
Single-TrS .37 oot J68 04y @58 i1 8l pEBd gl

Reg on age o 040 .061 .07 .053 .047 .03 .022 .02

at slhearing

= &
Reg on P

inbresding

~6019 =057 =o032 ~.023 -,022 -.013

.se o1 dam

Hature -- 2yr .58 .40 W43 36 1.04 .92 .20

2-y@zr ' 5.22 T.76
3-.7ear 546 3,10
4-tc S-year 5.63 8,26
T+ yezar 5.61

References; (1) (2) (3) (3) (3) (4) (5) (6) (7)

Referencess 1. Hazel and ferrill (1946Gc); 2. lerrill, Sidwell and
Hazel (1943L);5 3o -=—-m ~ (1947)3 4o —————- (1948a); 5. Price,
Sidwell and Grandsteff (1953); 6. flall, et al. (1964); 7. Tripathy
(1966)

d = days m = months




Table:5:

Partitioningz tle

variancce components

Breed Rambouillet larzhece Columbia Havejo & X H.Z, Romney‘
Sex awes rams cWes ramns cues rams awes ewes ;
Source of variation 4.7, $p  d.f. % def. % dofe PH dofs % duf. % defe % dofe %
Years 1 a 4 24 3 14 4 30 3 16 A 38 2 2.6 6 47

Age of dam 1 3.1 1 a 1 bs) 1 1 b 1 b T 7.7 2 1

Type of B & R 2 6.7 2 1 2 b 2 a 2 b 2 a 2 5.2 2 A

Hge of dam 1 b 1 2 ! 5 1 Yo 1 5 1 a 1 2.9 1 2

% inbreeding 1 a 1 8 1 1 a 1 a2 1 a

Breeding groups 12 21,0

Error 4.f. 924 189 2831 203 397 349 393 739
Variation accounted o . - o ’ " o :

for of total 29 9% 53 39% 25% 455k 4% 514
Reference (1) (2) (3) (4) (3) (4) (5) (1)

less than 2% of total variation
nore than 2% of total variation

ay =
b =
Referencess see the code for Tabhlc 4,

OLL
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Table 63 Estimates of heritibility of nogget greasy fleece weight
Estimate Breed Remarks Reference
0,39 .ust Merino 529 d.f. dawm offspring pairs. (1)
067 —mmmmen 17 rams, 14 d.f. PHS. (1)
0e40 —mmeme Parent offspring reg. (2)
0u8d  mmmmmeem PHS. (2)
0042 e 1495 d.f. dam offspring corr, (3)
0.45 -=— = 15mth 1071 d.f. dam offspring corr. (4)
0043 ——mmmm 15ath 324 d.f. daan offspring corr. (4)
CEBR  mmscen - MMnth 857 d.f. dam offspring corr. (4)
0.4C Ramwouillet 70 dam offspring pairs. (5)
028 smums 162 dam offspring pairs. (6)
(O] SR m—— 29 sires, 23 d4.f. PiS. (1)
0.52 ¢Corriedale 68 dum offspring pairs. (8)
(0] )i | 173 dam offspring pairs. (5)
0.84 Targhee Type 32 sires, PHS. (9)
;7o e— 61 sirss, P:aS. (9)
0,14 Rﬁzgggufllet 213 dam offspring piirs. (5)
0.17 J.Z. Romney 639 d.f. dam offepring pairs. (10)
J10= 15 s 200 dam offspring pairs. (11)
Qo o 163 d.f. offspring dam reg. (12)
0432 s 17 d.f. PHS. (12)
I [ T T e— - Rxtensive data. (13)
e = 503 dam daugbhter pairs re,. (14)
0.34 Havijo 867 daughter daia pairs, (15)
0.40 Mized breeds 233 dam offspring pairs. (16)

References: 1. Morley (1951)3 2. ———— (1955); 3, Brown and
Turner (1968); 4. Younz, Turner and Dolling {1960); 5. Rasaussen
(1942)s 6. Terrill and Hazel (1943)s 7. Shelton (1959 ); 8. Wright
and Stevens (1953)s 9. Osman and Bradford (1965); 10. Rac (1950)3
i, ——=— (1948)5 12, ——ea— (1958)s 13. McMahon (1943)s 14.
Tripathy (1966); 15. Hall, et al. (1964)3;16. Cockerham (1949)
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0.1 to 0.2) the later results are betweer 0.30 and 0.35. Rae (1958),
on discussing his higher results for the N.Z. Romney, commsnted that
the accurracy of the 0.31 and 0,32 cestimates was low and the difference

betwoen tlion and carlici rc

@

ults cousid well Lave bcen due to sampling
Srrors.

"

result of 0.43 for tic hogget fleece

(&)

Tripatiy's (1966)

welsht heritability is toc hizikoest to e cstinmated for tine N.Z. Romney.

dhen he obteined this rosult Liis comment was that it appcarzd to bLe

1ts o a selection experinent foxr

(=
o
%1}
=

in line with preliminary
nogset greasy flosce weight wulch was being carvied outl 2 ilassey

University (Rae, 1964).

Table 75 DHEetimates of repcatability of hoggot sreasy flezce weizht

et B e oty g

Tstinate Breed Remarks Referencs

0.56 DRambouillet 31 cweas st ) floeccs Rasmussens 1942

0.56 Corriedale 158 cuess 18t 3 flesces ——————

0,72 —mmem 68: hogget vith natare Hright & Stevens,
average 1973

0.43 Ronney A 252: 1st 3 fleeces Rasmussen, 1942

Rapmbouillet

0.51 N.Z. Romney  hogget with 2nd dright & Stevens,
fleece 1953

0644 —m—=— hoggzet with sun of 4 ———m——

nature fleeces

0662 —mmmeme hogget with sum of 4  =————-
nature & hogget f1l.

3% Summary

The above on heritability of hogget greasy fleece weight and
the repeatability of greasy fleece weight indicate that the response

to selection of hogget greasy fleece weight will be high (heritability
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0.25 to 0.65) and that this will he carried on through the life of the

L

ewe as the repeatability wetween hoggzt and subsequent fieece weights
is high - 0.45 to 0.70 Greate~ accuracy of seclertion can be obtain 1
if, within each y=ar, correctiocis are made for ithe effcects of agc of

dam, type of birth and recring and the age of the Logget at hogget
9 o € & )

shearing.



Ce REPRODUCTIVE RATE
1. Introduction

=

The farasr wants o raise tie fertility level of ais flock
because he will bhave availavle a greater number of animaliz for zale or
a greater numcer from which to slect his replacesents. In this way
he can ensure a greater sclection differential because tae replaceueats
make up a snaller proportiva of those available for selecticn. Thus the
farier is really interested in the number cf surviving lambs at
weaning or at some subscquent profitable zse.

Whon considerin, fertility in sbesp, until tie progeny reach
a profitable age; it is iaportant o rezilisc taat the officiency of

reproduction depends on a szrizs of avents each of wihich determines

the upper limic of tue suceesdin,; one., dJatil parturition tone

(2) +the number of ova fortilized

nunber of gyzotes carried to term.
Following parturition thoe seriass of events can be furtisr grouped intos
(4) the aumber of lambs survivin, Jjith the daw to a period after
parturition
(5) tie number of lambs surviving with tie dam to weaning or to
a subsequent profitable age.

The number of ova is a cuaracter of the daw while the number of
ova fertilized may conceivably bo insluenced by either the dam oxr the
sire. Thae third stage could be considered to be due to tiae viability
of the zygote but the influence of tis dam and her contribution to

the genotype of tiae zygote(s) must not be overlooked. Similarly, tae
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fourth and fifth groupings are influenced by tic daan waile the
viability of the zygote increases in importince as the znimal zots older.
A8 this series of avents is influeiiced at all stages by
factors within the dan and eavironnental factors external to the
daia, probgbly tis best uieasurs of the fertility of the ewe is t.ae number
of ova sie s.eds., ils, bein; the first stage, does not include tiae
viability of tue youn,; and is least affected by otier factors. It is
impractical for the faruer to measure thz number of ova siaed. It is
nore practical for the farier to measurs tiac number of labs bern
or reaching a speciiic age alive.
41l tlaese characters nientioned arve msasurel on the ewe. Lue ram
has an iafluence in two ways -~ through the genes which ae contrioutes
tc tlie offspring, and taroush a direct sffect of .is libido and cemen
traits.
This review sets out results frou t..e litcrature of tihe sffects

of environiaznt on certain measurzs of reproductive rate. Followiaqs this

estinates of Leritabilitiss and repzatacilitiez and prosress ia
selection czperiuents for revrod.ctive rate are given.
2a ZSnvircnaentzl elffacts

(1) 1% magnitude of environmesatal effects

(a) 4ge of ewe effect

The age of the ewe is tiae most important non-genetic factor to
influence repoductive rate in shkeep. Table 3 contains sonc of the
results from the literature of tie influence of age of ewe on the
number of ewes lambing. Tuis character is sowmetimes referred to as
the measure of thz ewes fertility or as "barrenness". The number of

eWwes not lambing is always Ligh at 2 years of age and tasrcafter
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Table 8: The effest of zgc on the number of cwes barren

Bread Jbe of ? ms Z rrfgne3‘6;g ﬂizr*wgnfzﬁg i R,
Aust. Merino 18.1 13.6 12.4 8.3 8.3 8.5 9.8 11.9 i3.5 (1)
e 35.6 18.5 19.4 17.9 17.8 22,5 30.0 23.8 26.1  (2)
Fine wooled 22 14 12 9 13 10 13 0 (3)
e 7.7 8.2 7.0 7.9 5.7 10.5 (4)
Corricdale 6.6 4.3 2.8 6.4 7.0 5.9 (5)
N.Z. Roraney 155 4.3 86,5 12,5 9.4 (5)
---------- 16,6 11.2 5.3 5.9 6.0 (6)
——————— 25.2 13.5 11,5 10.8 7.1 10.9 7.1 &)
Border Leicester 5.5 3,0 4.1 2.4 2.5 7.6 (5)
Southdon 6.1 4.0 Teo1 3.3 9.1 (5)

arious breeds 13,7 9.2 755 3.4 1C.2 708 10.0 17. 8 (8)

Referencess 1. Turner and Iolling (1969,; 2., Shelton and Ilenzies
(1968)3 3, Terrill and S*oshr (1539); 4. Vesely and Peters (1965);
5. Hart and S-evens (1972); 6, 300t (1952&); 7. Barton (1947); 3.
Sidwell, Everson and Terrill (106“)

decreases with age reaching a low point at 2. 5o C-ryonrs of acc and then
increases 2gaia. The perceantage of bharrenness in older ewes is usually
considerably itclov tuc figurce for 2-year-olds., Thu cnly exception to
this pattern is the result of Vesely and Peters but tue smalil numbers
involved mey be the cause of this. Results from Teodoreanu and Rusu
(1959), De Haas and Dunlop (1969) and Campbell (1962) further support
these findings. Teodoreanu and .tusu, with 1287 Palas Merino ewes,
found the incidence of iafertility was Ligher in younger and older
ewes than in 4- to 8-year-olds. Ie Haas and Dunlop, using reproduct-
ive records covering 4355 ewc-years coming from five strains of
Australian Merino; found in general dry ewes were at a maxinum at 2

years, fell sharply at 3 years and remained relatively constant with
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a hint of an increase at advancing ages (6 to 7 years old). Campbell

found,using approzximately 3300 Rambouillet sihecp, that the percentage

of barren swes was 30.0 at ¢ years of ase, varied betwszsn $.8 and 1
aud was 17.4 te 21.4 at 8 to 10 years. Wallacs
(1958) provides @ furtlise exauple for the N.Z. Romney. Data from
three flocks selected for adighi ana lew fertility and a coatroel
showed that in zeneril the incidence of barren ewes decreased with
increasing agsz. The interssting feature of the study was that

wherasas a3 the percentage of barren euss had

sen higher Tom the high Tertility flock i i itlier tha cor
beenn Ligher fow the nigh Tertility flock an in eitlier tha control

2

7

or low fertility flocks (16 wverses 12.3 and 12.7) the reverse was the

263 uhars there wrere only about half as many dry

awes in the higl fertility {locl.

Mahles @ and 10 cootain sons of ths informaticn available from

iteraturs on the aze of ewe effect on reprcductive rate using

'

various typss of aeasurzment,  liere is characteristic ris< uith

(1

the axe of tis ewe to a amaxdimum usually followed by 3 declins,

Sometines thiz fall nay be only sligit and at othwr tices eires nay

o]

characteristic trend was that recorded by iiullaney and Browa (136))

with australian Merinos. These animals first lambed at 3 years of a
and tisreafter showed a steady decline in nuinber born per ewe joined
to O years. The decline in the first threc lanbings was not as great

as tkhat recorded durinz thc rest of tie lifetimes. The followiag are

further references noting the effect of age of ewe on reproductive
rate and #l1 siow the general trend of a rise followed by a decline
with age of the ewe if tley were kept long enough: Roberts (1921),

Wikoliskii (1933). Sairnov (1935), Biegert (1938), Johansson and

et bs lzept lonyy suough to show this trend. T.e only excspticn to the

e



25e

Table 93 Tie effect of age of ewe on reproductive measures basedé

on the number of ewes joined

Age of dams

Reproductive rate as a %

Breed Ref,
2 3 4 5 6 7 8 9 10
Mo born per ewe joined
sust Merino 8 91 96 105 110 111 110 107 104 (1)
______ 101 100 98 95 90 87 85 (2)
Polwarth 91 98 100 98 (2)
Corriedale 8 89 98 101 102 102 (2)
—_— 112 131 155 147 178 174 (3)
N.Z. Romney 128 158 163 162 171 181 (3)
Border Leicester 146 154 174 177 198 177 (3)
Wensleydale 158 167 189 183 175 172 (4)
Southdown 114 134 136 132 152 (3)
Various breeds 123 136 156 151 164 157 160 145 152 (5)
Multiple births per ewe joined
Just Merino 2 4 8 13 18 20 20 18 18 (1)
N.Z. Romney 19 32 40 42 42 (6)
No born alive per ewe joined .
Fino woolled 73 88 101 113 105 117 101 144 (71
N.Z. Romney 82 112 123 127 131 124 150 (8)
No alive at docking per ewe joined
N.Z. Romney 85 108 119 121 118 (6)
78 94 97 109 100 94 92 87 84 (10)
No weaned per ewe jpined ;
Merino 62 72 771 8 8 8 8 118 711 (1)
75 81 8 18 16 11 56 (2)
Polwarth 69 82 85 87 (2)
Corriedale 59 64 74 79 87 92 (2)
Various breeds 83 98 112 105 110 105 ‘93 99 (9)
-— 106 120 134 132 128 127 120 114 130 (5)

References: 1. Turner and Dolling (1965); 2. Mullany and Brown (1969)
3. Hart and Stevens (1952); 4. Dry (1936); 5. Inskeep, et al., (196?)
6. Goot (1952b); T« Terrill and Stoehr (1939); 8. Barton (1947);

9. Sidwell, et al., (1962); 10. Hickey (1960)
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Table 10s The effect of age of cwe on reproductive measures based
on the number of ewes lambing
— Age of cams Reproductive 1.te as a % Rof.
1 e 3 4 5 ® T ®© 9
No born per ewe lambing
Rambouillet “108 “119 “127 *129 129 130 128 123 (1)
Fine woolled 119 142 150 149 148 150 (2)
R 109 116 129 B4 134 139 127 150 (3)
N.Z, Romney 127 143 151 143 151 151 169 150 (4)
Lange 108 126 145 151 156 156 140 142 142 (5)
B.L. x Cheviot 128 180 187 197 196 198 195 (6)
______ 175 186 185 199 196 177 (6)
Wensleydale 181 175 179 196 188 178 177 (1)
Rahraani 112 127 135 141 135 146 (8)
Ossini 111 118 141 117 130 145 137 (9)
Dala & Steigar 148 156 175 174 178 184 (10)
Various breeds 26 131 137 143 145 141 145 (11)
------- 132 144 150 153 154 157 149 (12)
No weaned per cwe lambing
Fine woolled 87 104 121 118 116 103 (2)
B.L. * Cheviot 110 167 171 183 181 i72 155 (6)
ScR— 160 1°'5 169 171 118 168 (6)
Dala & Steigar 107 155 157 163 159 157 (10)
L it Sk e ecsmimrammssoser s —————
Referencess 1. Shelton and Menzies (1968); 2. Vesely and Petcrs
(1965); 3. Terrill and Stoehr (1939); 4. Barton (1947); 5. Mason
and Dassat (1954)3; 6. Yalcin and Bichard (1964a); 7. Dry (1936)3
8. Karam (1957); 9. Ragab and Asker (1954); 10. Gjedrem (1966); 11,
Sidwell, et al., (1962); 12. Valils, et al., (1968)

Hansson (1943), Desai and Winters (1951a), Wright and Stevens (1953),
Wallace (1958), Belic (1958), Riches (1958), Teodoreanu and Rusu
(1959) Sharafeldin (1960); Polach (1960), Bernoco (1961), Maymone and

Dattilo (1962), Hulet, et al. (1962), Campbell (1962), Dhaliwal, et al.
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(1963), Joustra (1964), Sannikov (1964), Polasek (1965), Ermekov and
Hakbuzov (1966), Fehss (1966), Bichard and Cooper (1966) Maijala
(1966), Donald and Rexd (1967). Potanina (1967), Donald; et al. (1968),
De Hzas and Dunlop (1969) and Eikje (1971). These references cover a
wide ranze of brecds and countries.,

(b) Date of lambing within the lambinz season

Reeve and Robertson (1253) when they reviewed ths effect of
the position of birth in the laabing season concludeds

"ere may well be diffcrences betwsen breeds and
between regions in tlke siape of the curve for ciuanges
in fertility with season of birth; due to climatic

and otier factors, but it scaeuis likely that the

ct

mazinwn rate of twinning will be in tze middle rather

than at the beginning of the lanbing season'.
Their review mentioned the results znd conclusions of Heape (1399),
Marslball (1903), Hichols (1924) and Biegart (1938) ukc concluded
that twias tended to be born zarly in the season and Johansson and
Hansson (1243) and damaond Jr. (1944) who found that tie peak, of
lanbs born nor fertils service; occurred near tlie middle of tha lamb
ing season. Hamrond Jr. found that the variation during the lanbing
season could be attributed to a propressive change in ti:e aumber of
ova shed. More recent work by Karam (1957) and Iliason and Dassat
(1954) confirn the trend of a mid-season peak while rasults DLy
Ragab and .isker (1954), Teodoreanu and Rusu (1959) and Potanina (1967),
all reporting a higher lambing percentage in the first half of the
lambinz scasony give support to the alternative proposal. It 1is
interesting to look back on the two possibilities attributed by

Marshall and Potts (1921) to explain tlie observation that twin lambs

were produced mainly in the early part of the lambing season. The
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possible causcs given wers (1) tiz ewes in the best condition would

(l

iaeat and taerefors to lamb first, or (2) the fesd and

~
<o
e
b

tend tc cone
pastures ara more autritious ec»ly in the season -~ad causes producti n
of nore ova by the zwes brad at that time,

I# a roak in the widdle of tie lambiny season is assuned the
nataral situation tusa factors taicis could camouflezcit are (1) the tiie
o flock is mated may be near tie pealt of tuce scrmual cycle so all tae
firet part of tlie natural lawbing season would he remnoved. (oo

;

observer would then cbssrve a carly ,.ish lacbing rate which would su

Scquently decline. (2) IT a fiock is uated near the vegzinning of the

;..1
O
o]

scxual cycle then »resumably tiie eves lambing early in tlie sec
would bhe the more fertile aninals as tlie less fertile aniimals
would vake longer to concelvs. {he less fertile aniwals may begiln cycl-
ater in the season or due bto a lower proportion of ova ey at
season

Bl

first ve less likely to be fertilized. {3) During tae nating
tie nutition may greatly a2ffsct t.e number of ova shed by tuc ewe.
Flushing, which 1s thie increased level of nutition often given the
ewve imucdiately before joininz, has been found to lancrease nultiple
births and decrease barrenness (revieved by Reeve and Robertson, 1953).
(c) =EBffect of the body weight of the ewe.
There 1is evidencs available that the weight of the cwe 1is
positively associated with the nuwber of lambs she produces
(ferrill and Stoshry 1942, with Columbias, Corriedales and Rambouilletss
Coopy 1962 with Corriedales and Romneys; Coop and Clark, 1966 with
Merinos and Halfbreds and Killesen, 1967, with Border Leicester x
Merinos). Cockrem (1967) does not agreec with the interpretation
of the data presented by Coop and Clark which discusses the influence

of livcweight. on reproduction. Cockrem claims that culling on
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liveweight would not overcome the problem of barren ewes to any great
extent. Terrill and Stoehr found tLat ewes waiich were lLeavisr in the
autuivl as yeariings, on the avc rags; weaned more ~ounds of lamb per

ewe-year durin: thisir lifetinie. This advantege of tie lLsavisr eues

n

was due more 10 a Ligher perceat of lambs weancd than to heavier
weaning weigzhts.

Saanikov (1964) and Pclasel (1365) boti: found the twinning
incidence increased {30.1 to 5%9.4 percent and 2.2 t> 45.3 percent

respecitively) witii incrsasing ewe waigit. Similar results iere

~

found by Gis=dren (1906), with Dala and Steigar treads, aeasuring
number born and nuuber weained psr ewe lambing and Pctanina (1967), wita
t:ie Dagestan Mountain Lred; measuring lambing percentase. De ilaas and
Dunlop (1969), on workine wit: ths .ustralian rierinc; found 3 difference
in prenating body weight Las its greatest effect in increasing
multiple birtiis. Host of thilsg comes fron & decrease in single birtias
witl: a leseger contribation from 2 reduction in barrven sues. They
estimeted an additional 0.37 percent incrcase in multiply birt.s per
pound of body weight increase. Coop and Hayman (1052) estimated 0.46
percent additional twin birtas per pound of increascd body weight in
tie Jorriedale breed.

(d) Year cffect

Ragzab and .isker (1954), Karanm (1957), Sharafeldin (1960),
Sidwell, et al. (1962), Vescly and Peters (1965) and Valik, et al.
(1968) all found that tie year of lambing had a significant effect
on various measures of reproductive rate. The breeds referred to were
Ossimi, Rahmani, Texel and groups of five, four and five breeds
respectively. Goot (1952b) found; for tle N.Z. Romney, that the

difference between years was uighly significant for number tailad per
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ewe. nated and was significant for tie number of nulfiple births per

ewe mated.

3. Partitioning thie compoaenvs_of variance

oot (1952a and b), Tunlop (1963), Vesely and Feters (1965)
and De Haas and Dunlop (1968) have given estimates for the partitioning
of the components of wvariance for mcasures of reproductive rate.

able 11 presents toe results of Dunlep anld De Haas and Dunlop.

Table 11: rartitioning t.e variaance conponents for measures of

reproductive rate in ..astralian Merinos

——

due to SZKIZE’EEEE ybhﬁguﬁagg“ ewes birtks births

Locations 1ol 1.5 4.1 g2 0 162 1.9
Tears 0.1 0,7 0 @ 0 0

Strains 0.6 Q.6 )4 I(0) 5 0.4 0.4 {
Loe k ask - - - - 0.7 146 2.5
Loc = yrs 6.1% 4.3° 4.97 8,55 7.2 3.2 0.6
fioe) ) =t 1.2 0.7 0.3 0.3 1e3 1.4 0.5
Str x yrs C 0 0.6 0.2 - - -
Loc x str x yrl.H 0.7 163 0.5 - - -
Brror 39,2 91.5 88.3 33.6  90.5 92.2 9445

References (1) (1) 1) (1) (2) (2) (2)

- significant in 1 of 3 age groups
significant in 2 of 3 age groups
- significant at 15 level

- significaat at 0.1% level

Ao o
)

| References: 1. Dunlop (1963); 2. De Haas and Dunlop (1963)

Both Dunlop and De Haas and Dunlop commented that the most

striking feature was the extrenely large size of the error variance



31

lable 12t Partitioning the variance components for measures of
reproductive rate in .Z. Romneys
e B R
Variance dug to Barrenness Ne t“l;“d / No multi birth
ewe mated / eve mated
Year 10.74
Jac 43,11 72, 3 6.8
Stud 307
Year x age 11.42 10.5 6o
Yoar x stud 7.006 6.6 3.8
.&e X stud % year 27,66 1046 19,6
Referencess Goot 1952a 1952b 1952b

and the small amount of variation ccntrolled oy inain effecte and
interactions., They felt it likely taat the lirge error term was due
in part to tlie ratier coarse ugits in which vilues are measured. As
a rosult of thie large error variance, ot.er classes of variation

are necessarily small waen cxpressed as fracticas of the total. The
results of Vesely and Peters, whe studied four breeds,; were in

general agrsement with the above. They used ewes lambing per ewes
mated (fertility), lambs born per eies lambing (prolificacy), lambs
weaned per cwe mated and weiglit of lambs weaned per ewe mated as their
measures of reproductive ability. Year ceffects were significant

(P . 0.01) for all measures. 2-year-old ewes were inferior (P <. 0.01)
to middle aged ewes in all traits but fertility. However all factors
together (year; age of damy, sex,; type of birth and breed) represented
25 95 4 and 6 percent of the total variability of fertility,
prolificacys; number of lambs weaned and weight of lambs weaned per
ewe mated respectively. These figures give error variances of 98,

91, 96 and 94 percent respectively which are even higher than those
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Ziven for the Australian Merino. Goot wiien he partitioned the
variance components for the N.Z. Roaoney did not consider tize error
terms sc ais percentages were " ased on the total variaance less the
error term. Tie results are given in Table 12.

In both measurces the a2ze of dan is or major lmportance amnongst

the environmental effects.

Istinates of repeatability and heritzbility

LN
o

Instead of measurinsy the Leritability of reproductive ratc
viany autihiors liave coupared tiie nunber of lambs born by single- and
multiple-born ewes. Various sstimates obtained lhave been reviewed by
Reeve and Robertson (1953), Clarke (1363) and Turner (1969).
Multiple--born ewes have generally produced rore lambs tiaan single-
born ewes tlou <k the diff:rences are not ireat, Iwo additional
relerences wiicl furtier cuppoirt tle superiority of the multiple-born
ewes are Dun and Growal (1963) and Sannikov (1964). .is this thesis
does not calculate any comparebls values for ti.e flock beinz
confidered tiie discussion of thks effect of birth rank of tiae dam will

be carried no further.

(i) Repeatability

The repeatability of fertility refers to the consistency of
the reproductive performaince of tihz same ewe at different lambings.
On using the intra-class correlation netiod the estimates are normally
low.
Clarke (1963) and Turner (1969) have reviewed the literature
of repeatability of reproductive ability. In tle following review

the various measures of reproductive ability are arranged in a
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similar order to tlkat used above for looking at the effect of age of
dam.

(a) Barrenness (ewes friling to lamb)

Purser (1965) founi tiat the repeatability of barren ewos per
ewe joined was low for boti: the Scottish Blackface and idelsh slountaian
breeds: 0.09 and 0.08 wespectively. The Scottish Blackface were azed
fron 2- to & yezrs and the Welsh Hountain from 2- to 4-years of ase.
Shelton (1959) estinmated ths repeatability in two flocks of fine
wool slieep to be 0.04 with an actual nezative value in one flcck.

{(b) Number Lorn per ewe joined

t al., (1953), Young, et al., (1963) and Keanedy (1957)

F
=
5
@
3
» @

all give results for the Jdustralisn Merino. Turner; et al., with a
flock of nedium Pepprin lierinos calculated a repeatability of 9,30

over four successive year: for ewes 17ed from T- to 10-years,
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0,05, lhis coupares favourably with
0,CT obtained by Kennedy on Peppin lierinos aged 2- 1. )=years.

[

Reberts (1957) (as quoted by “ouns, et al., 1963) reported an

1

estimate of rspeatability for tle aumber of laibs born to be about

]

0.1 in five strains of Jdustralian ilerinos. The data available for

[

this work were; lowever, limited.

Chtanz (1955) using a tecinique for measurins the amount
of association in discrete data obtained values of 0.12 to 0.25 for
repeatability in the N.Z, Romney.

Purser (1965) obtained repeatabilities of 0.07 and 0.10 with
the Scottish Blackface (2- to 6-years) and Welsh Mountain (2- to

A-years) breeds respectively. These closely agree with Sharafeldin's
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(1960) results of 0,10 and 0.07 (quoted by Yalcin and Bichard, 1964b)
for two strains of Texel. Inskeep, et z2l., (1967) found a wider
ranze (O to 0.21) for various hreeding groups alticu;h the averasze
of 0.11 is cf similar order to tie sstinates of tlhe other workers;

tize age of tliiz swes in this casc veried fron 2- to 11.-years. Desai

and Jinters (1951%) estimated a repeatability of 0.05 for various

breeds.

(c) Humbor woanad por cwe Joined

Results for the dustralian Merino are siven 2y XLeanedy (19567)
and Younz, et al., (1963). Keanedy's result was 0.04 for Peppin

lierinos azed 2- to 5-years. 7Youn,; et al., obtained 2 sligutly

tarze {locks

=

nisher estiuvzte (0.08) when tiey pooled the results o
(thess ram;ed from 0,02 to 0.10), While Scotiish Blackface and

Welsh liountair results ¢ 0.01 and 0,07 obtained by Purser (1965)

rd

¢

woere lower than tle correspoading repeatabilities of {2 aumber born

Inskeep, et al.; ot values ranginy froa 0,03 to 0.22 witl: aa average
of 0,13 for various breeding gooups.

(d) Humber born per cwe lanbing

Johaasson and Hansson (1943) {cuoted by Reeve and Robertson,
1953) obtained various estimates for various breeds. Hhen they
measured repeatability for litter sizeat 2- and 3-years of age as a
correlation they got estimates of 0.15; 0.17 and 0.19 for
Shropshire, Cheviot and Swedisl Landrace brecds respectively. The
correlustion between the average litter sizes at 2- to 3~years and
4- to 5-years of age for the same three breeds werc 0.25;0.26 and 0.28
respectively.

Shelton (1969) estimated the repeatability to be 0.13 in 2
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flocks of fine wool shecp.

Yalcin and Bichard (1964b) estimated repeatabilities on three
flocks of Border Leicester x Cheviot ewes., BHues lambed at aes of
1- to T-yecars. In the flock wiere cwes first lembed as 1-ycar-olds
the repertability was 0.035 wiile in tiie flock wlichk first lanbed as
2-year-oids tlhic repsatability was 0.121., The value obtained in a
tiird flock was 0.033. Purscr (1965) ot valucs of 0.19 and 0.24 for
tize Scettisl: Blackface and Welslh Mountain brecds respectively. Using
four flocks of Polish Merino Knothe (1964) calculated a repeatability
of 0,13,

Karar: (1957), workinsg with the Rahmani breod calculated the
correlation betwecn aay two lanbins records of a cwe between 2- and
T-years of azc as 0.00. 'Thc corrclation between tlic first aand
second laubing was 0,05, When tlic avorare of tlic first and secoad
lambings was correlated wit!h the average of tlie third and fourth
laubinse the repeatability was lacreasad to 0.225,

Rendel (1956) cstimated the repeatability of nultiplc births
aongst Birtos for cwes Laving s lenst five birts . The repeatabiliuvy
¢ obtained foi tic Swedish Landrace, Clieviot, Oxforddown and
Shrepslire were 0,065, 0.15; 0,07 and 0.09 respectively-

Masen and Dassat (1954) estimated a rspeatability of 0.03 for
the Langhe breed werce some ewes lived to 12-years of age.

(e) Number weaned per ewe lanmbing

Yalcin and Bichard (1964b) working with thres flocks of Border
Leicester x Cheviot ewes found repcatabilities of 0.03,; 0.10 and
O. The first flock first lambed as 1-year-olds and thec second as 2-
year-olds. The tiird flock was a separate one. Ewcs lambed at ages
varying from 1- to T-years. Purser (1965) calculated repcatabilities

of 0,07 and 0.10 for Scottisk Blackfacc and Welsh Mountain breeds
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respectively. The animals in thesc two brecds were 2- to 6- and
2- to j-year-olds respectively.

Dstinntes of repeatability obtalaed are usually low. The
estinates based on cwes lanbing ratiier tian cwes mated are gensrally
higher.

ahother ncethod sonctimes used to cstimatz repsatabilities is

tho rogressionol subsequent on early performances. 'Murner (1953) ro-

al -

@

viewg tids. Ihis niothod is net used irn this study,
(ii) Heritability

Revicow of estizates of Leritability for reproductive rate
1ave beon given by Reeve and Robertson (1953), Rae (1356), Clarke (1953)
and Turncr (1969 ): the latier Leiny the nost extensive. On discussing
the estination of tio horititility of roproductive rate furner (1969) |
makes the followinz conmentss

"Estination of the leritability of lambs born or
".‘Y )"V'X’l" 1

B ] “~ e ~a oy iy = e A -~ ~ s
aned by dan-dauzhiter roegressicn oa a single

record 1is conplicated by tlc fact the cwes with

partly cvercone by using half-sib analysis

(thous: tl:is cstiaate is still biased because

tle sires could not come from barren ewes);

by including: more tian one record {cwos continually

berren xe, of course, still excludcd), or Dy con-

finin: thic analysis citlier to litter size or type

of birth (einzle or multiple)."

This review of lLeritability looks at the estimates of the
different mnasures of rcproductive ability in the same order as the re-
peatability estimates werc reviewed.

(a) Barrenncss (ewes failinz to lamb)

Purser (1965) found the heritability of barren ewes per ewe
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joined, using the intra-sire Lealr-sib iethod; was low for boti: the
Scottis!y Blackface (0.0) and Wels: iountain (0.03) breeds respectively.

The Scottislk Blackface were agel froa 2— to H-years and the Jelsh

2

lMountain from 2- tc 4-years of amc. Shkelton (1969); working with
twe fine wecolad flocks, obtaincd a lLeritability cstimatec of 0.17.

(b) Mucber born per owe joined

Boil Kernedy (1967) and Youay et 2l., (1963) lLave siven results
for thic Australian Herino. Kenncdy analyscd 2-year-old Peppin lerinc
eves and arrived at a heritability of 0.20. Youngy ¢t al., obtaiined
values of 0.03, 0.35 and 0.19 for 2-year-oldes, 3-year-clds ani thc
sur: of tlie twu ages, This si:ows a niglier Leritability cstl ate with
an increass in zage of ewe. Results fron anctier fine wotled broed,
tlie Ranbouillet, iave been given by S.clton and Henzies (1963).
They calculated lifatine ralues of 0.21 and 0.25 usin tie paternal
falf-s1b and intra-sire reoressioq actlods respectively.

Desai and Jinters (15951b) deteriined Leritability by the intra-
sirs refression of the lacbing recovds of the dauriiters on tlhose
of tihelr dams. Usiny two diffeient acthods of arourin; tle records or
the dans and their dawshters ti.ey arrived at averase neritabilities
of 0.03 and 0.C7 for various breeds. Sharafcldin's (1960) cstiuates
for tic heritability of the lLeizcl brecd ranged from 0.03 and .17
and averaed 0.03. e used tLc intra-sirc regression of daushter on
dan. Karam and Ragab (1953), also using tl.e Texel breed, obtained
threc cstinates of heritability 0.266; 0.538 and 0.293 by daughter
dam rcgression, intra-sirc regressicn of daughter on dam and by
half-sib correlation methods respectively. It was fclt by the

authors that the first method ostimate was the most reliable.

Purser (1965) using thie intra-sire half-sib method, found the



heritability for Scottisi Blackfarce (2— to 6-year-olds) and Welsh
HMountain (2-- to 4-year-olds) breeds were O and 0,07 respectively.

Chtang and Rac (1970), vorking with ¥.Z. Ponneys, calculated
heritabilities for the following tieasures of fertilitys the number of
lanbs born perv cwe &t tiie first lambliag
of lambs born per eve over the first two (Fert 2) and tliree (Fert 3)
lanbings. Usirg; the paternal half-sib correlation nethcd thc
rospective values were 0.05, 0,12 and 0.03 and calculating by the re-
gression of daughter cn dan the values were 0.05, 0.11 and 0.27,
Kengzasniemi and Tioon on calculating lheritabiiity of Finnish Landrace
sigep vy different wethods found tihe heritability of lifetire per-
fornances to e C.3C to 0.5C whkiclh is Nigi in comparison to other
results. {Kansasnieni and Tison, 1965),

(¢) Number weanad dor cire joined.

Once azein Keanedy (1967) and Youns, et al., (1963) uave
aloidated results for the Australian ilerino. Kennody's result
of 0.00 was calculated for 2-year-old Peppin Merino ewes. Young;
et _al., shuinel results for 2-year-olds; 3-year-c.ds and tLe sum
of 2-- and 3--year-clds of 0.03; $.15 =2nd 0.09 respectively. Once
2gain a Sigheor lLeritability adt an older age can be noted. Shelton and
Menzics (1963) working witl: t:e Ranbouillet calculated lifetime
Leritabilities of 0.22 and 0.27 using tiie paternal half-sib and
intra-sire regression mctilods respectively.

Purser (1965), using the intra-sire Lalf-sib method, found the
tleritability for Scottish Blackface (2- to 6-year-olds) and ilelsi
Hountain (2- to 4-year-olds)brecds were O and 0,03 respectively.

(d) Number born per ewes lanbing

Johansson and Hansson (1943) made weaning weisglt calculations



30

on their litter size work. In tlie Cheviot breed tliey obtained a

resression of dauzhters on dam of 0.022 at 2-years of agc. This gives

> 3

2 Leritability of 0.C44. .gain, using the resression of daugaters o

dams to look 2t 3 laubinss 2t 2- to G-yzars of age,; they obtuined
heritabilities of 0.17, Ge2G, Ou10 zn1d C.23 for tie Oiforddoim,
Shropsiire, Cloviot and Swedis:: Landracc rcspectively. Thicy also
calculated t'ic correlation ucticen cewes from tlc sans sire for the
averase litter size at 2~ and 3-years. Tor Shropshires and Cicviots
the intra-group correlation was 0.04Y wihicy :ave e heritabilivy of
0,196,

Purser (19C5), using tlie iantra-sire half-sib corrclatiosn of
daughters lambiny perforiiance calculated leritabilities for tle Scottish
Blackfice (azed 2- to G-years) and lelsh IHountain (aged 2- to j-years)
breeds o Le 0.14 z2d 0,16 respectively. 4 furtlier analysis was
made for eaclh aze of ewe separately i1.c. using one record per
daugiiter at a tine., It was found that tic lLeritabilities of litter-

ize slhowed a teandency to lncrease witl aze o cwes in both flocks,

0N

. d

althoug. t.is was sinificant (et tle 1% level) on.y in the case of
tie Wels!: lountain flock., Tus lidishiest heritability estimates were

at the tiird laubins for tle Jels._ lountain ewes (0.32) and at the

fourtl: lambing for the Scottish Blackface ewes (0.31).

Valik, et al., (1963) used tiic paternal half-sib correlation
to obtain a leritability of 0.21 from twe flocks of slicop
(Rambouillet, Hampsuire, Suffolk, Columbia and Corriedale; and
Columbia and Corredale) which contained individuals age up to d-years.

Gjedren (1966) using the paternal half-sib method estimated the

heritability to be 0.03 for the Dala and Steigar breeds.
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(e) Single or multiple birtias

Rendel (1956) estimated heritabilities of 0. 22, 0.04, 0.09
and 0.03 for thc Clieviot, Shrop uire, Swedish Land—ace and Oxford—
down brecds respectively. Th:asg results wcre calculated on ewss that
nad lambed at least fivc tiucse

Sidwell (1955) estinmatad heritabilities for tie Havajo and
Havajo cross bred tc be C.12 and 0.22 for mature zninzls and vilen
based only on 2-ycar-olds recorded estiaates to be 0.40 and C.035.

Ragab and asker (1)54) estimated tlhe .ocritability for twinning
in the Osziml Lred by the intra-sire regression of lambing averases
of dausliters on tliose of tliie daus based oa tie first two lanbings,.
Ihe value cobtained was 0.036. Karam (1957), working with the
Rahnani Lreed; estinmated t..e type of bairtl of tie offsprin: on tiat

of the dam tc be 0.04. This sives a heritability of twinning of 0.0d.

,.
®

Shelton (195)), using tue fine wool breeds and tiie patcrnal
half-sil znalysis, obtaineld 2 heritebility esinate of 0,121,

(£) Number veaned per cwe lambins

Gjedrem (1365) using the patornal half-sib netiod estinated
tac reritability to be 0,03 for ti.e Dala and Steigar breeds. Purser
(1965) obtained ieritabilities of 0,05 for bot.. tlie Scottisi Black-
face (2- to G-years of age) and lels: Hountain (2- to 4-years of aze)

breeds using the intra-sire half-sib correlation of daugliters

lanbing perforiiances.

5o Sunmary

It is obvious from looking a2t the effect of environmental
factors that thie age of ewe at lambinz nust be taken into account

when consideringzg reproductive rate. ZIstimates of repeatability were



generally low and as repeatavility sets the upper limit for Leritability
it is not suprising: to find the heritability of reproductive rate was
also low. The repcatability of nunber Dora is usually estinmated as
lying within cthe range off 0.0 to 0.3C. ieritabilitices are usually less
than 0.20 altliough a few estinates are hijlicr than tiis. Gains throush
selection in tkxe currcnt flock depond cn repeatabilitys +losc in future
zenerations depend on Leritability. If ¢ihe aim vere to increasc the

S

reproductive rate within a breed then the low leritabilities and
repeatatilitics suggest that prozress wili Le slou,

But it was seen by Younz et al., (1763) and Furser (1965) that
the aze of the ewe affected the value of _eritability. In both
cases it wias lov at the first l2aobing but for later lanbings
sufficiently “izier to predict tlat there would bs a rsspouse to
selection. Youny st al., found tis loritability cstisate of nuuber
born for wustralian nieriacs roge for 0,03 at 2-yecars of 23e to 0,35 at
3-years ¢f aze. Purser found; wi.en e analyssd cach agze oroup of the
Scottisl. rlickface and Yelslk fountain bresas tiat the 1t2bility
ross wit: age and tlhe hilest cstirate were reaclizd at tie fourth
lambing for tle Scottish Blackface (0.31) and thz third laubiay for the
Welsl: bicuntain (0.32). Ci'an: and Rae (1270) found t.e astimates of
neritability rose w.en tliey coasileres t.e first, t.ae first two, and tlc
first three laubin:s (0.045; G.111 and 0.205 respectively) if they
calculated tlc Leritability by tlic re_ression of dausiiter on dan.
This was not the case if tlhie heritability was calculated by paternal
half-sib correlation (0.053. 0.121 and 0.032 respectively). Taierefore

for tlie ii.Z. Nomney greater zain per generation can be expected if

selection is based on the sum of tlhe first two lambings rather
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than the first lawubing alone. YounzZ, et al., also found taat the
heritability of the swz of tiiz first twolambings was Lilher than tle
first lambing alone (0.19 versus 0.03) but was not as Ligh as for th»

second lambin: alonec (0035)° It seciis, tlien, that while thc serit-

=

ability of tliz initial lamving or lifetiiic lanbing way be low

s

lambings at coertaein azes may Lave Lizler Leritztilities and worth-
while gains frou selection nmay e attainable,

Wiere corrssvondin: valuss cf eritzbilitics ezist for both
nuabers born and nuzbers weancd (whether it is based on ewes ated or

isier for numbers bora. (Purser,

(@]
®

cwes lambed) tlie values appear to !
155655 Kennedy, 19067, Toung; et ale, 1563 Lut Shelton zand lMenzies,

1965 found no differencs). This can be explained by t2e addicional
envircnmentel effects on lanbs beitvesn tirth and weaningZ., .S this

)

i3 tlie cz2ze tlhen more pro..ress cail we sxpected I

N
|

ron selectin~ for

nuitber born ratihier than number weaned altlioush with the latter prooress

Results from tie literature suz est that the repeatability and

heritability of barrenness is low (Purser, 19655 Zhelton, 19069 ;
althou:: the eritanility of the latter was 0.17). Supportinzg tiis

is the work of lurner (1966) who classed eves as lambing or failing

to lanb at 2-years of aze 2nd comparcd tihc laubing performances of
daushters subsequently born to t..ecn. Slie found no significant
difference; in fact, dau hters of tic ewes whicl failed had slizhtly
more lambs bLorn per cwe joined. Ihe repeatability and heritability of
litter size (tie number of lawbs bowrn per ewe lanbing) is hizher and
it would appear that more can be /jained by selecting for litter size
than azainst barrenness.

The fact that selection for nultiple birtlis is possible is

borne out by progress reports from two sucl experiments (Wallace
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1953 and 1964 with tie ¥.Z. Romncy and Turner; et al., 1962, Turner
1962, 1964 and 1363, with the .ustralian Merino). Turner (1263)
lookings at results for bhotli selection flocks estimated tihe difference
in multiple birtzs between higlh and low roups in eaci: h2ad increased by
0.023 per year in tie Australian llerino and 0.011 in the d.Z. Homney.
In Lotii Lrecds selection for nultiple birtis lhas had some effect in
lowering tie number of dry ewes. furner, ot al., (1962) has also
mantioned anotler small flock of sustralian Merinos founded on

aninals from a comnercial flock selected for multiple births. dnimals
from tais group have performed even Letter tlan tlie iz group already
nentioned., Ons probable reason for tiae success in t.e Australian
Merino flocks advanced by Turaer, et al., (1962) is tie fact tlat

the environmeat 1o favourable to twinning,; since sclection for any

characteristic is most lik~ly to be successful in an enviroanent

which allows it to be fully cupressed.
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D. WEIGHT OF LiMB WEANED

e measure "eiziut of "amb weaned" used in tuils thesis may

=

be considzred as 4 nmeasure of

cr
(')

e dam's Torvility althouszl fertility
is not the only clhiaracter crcompassed by this measure., as tiell as
includiny information on the numozr of lambs reared per ewe it
summarises thc milkins and motherin, ability of tic ewe. To obuain
t.1es2 measurss ¢ic wezaninyg el it of all laubs are corrected Tor the
eficct of awve of thz lanb ¢t weaning, sex and birti and rearins rank.
The correction factors used in tais thesis zare thosc calculated by
Clarke (1967) and later used,; witl: one cuansig by tiace sNzational Flock
Recordins Scliene (of New Zealand). These are detailed in Chepter dui.
Clarize's estimabtes make 1t necesszary to consider cach ave of dan
rroup Witaln eac.. year scparately wlereas tie Natioanal Flock Recordinsg
Scheme corrects for aze of daw cffects s0 all dans within a year can

'
De comparsd. The dans wvelrht of lanb weaned value for tie scason is

1

the corrected weanir welat of her lamb or tae sum of the corrccted
wveaning weigiits of her lambs i: siie had more tian one lamb.

Very little information from the literature is available on
welsl:t of lamb weaned. Blackwell and idenderson (1955),working with
a mixed flock of Corriedale; Dorset, :ampsiiire and Shropshire
sneep, estimated tic wei-ht of lamb weaned for tie total welziit of
thae first lamb or lambs born to a2 eve. The .eritability of tais
measure of weanins weignt performance of ewes was based on the records
of ewes that had weaned lambs wihich in turn also became dams with wean-
inz weight data available for tiaeir offsprinz. 195 dams were used

and tihis gave 195 dam offsprin~ pairs. The estimated heritability

was 0,18 # 0.338. The repeatability of this trait was estimated to be
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0.078. Thais could not be the true situation since repreatability

is the theoretical upper limit of Leritability. There were
approximately three times as m ny desrees of freedon for ewes in
estimating repeatability as there were for estimatinz heritability of
tais trait. Part of tais discrepancy misshit be due to samplin: or to
the method of znalysis. The weania- weiwhts used in estinating both
the heritebilities and repeatebilitie-~ were first adjusted for years,
age of dam; z.,e of lamb, sex, and in the case of tiie Dorset for

season of birth as well. Tiae adjustsd weishts of twins wers added

=<

toyetlier to make a 3in le obsarvation for tlhe ewe.

Knothe (1954) workins with data from pedisree flocks of
Polis: Merinos calculated tiae repeatability of wei.zat of laiuibs per
etie At weanin as 0.15. Tue analysis was done within flock; year of
birth and sirce and records were adjusted for sex.

Hullet; et al., (1969) ussz t.e neasure wei- it of laab weaned
and cumulztive weicsht of laub weaned and state that the latter is
probably thie wmost important lamb production traits. The year of
birth, type of birta and inbreedinzg of the ewe were included as
independent variables in the mat.zmatical model. Records werc made
witiin a<e zroups and also accumulated by are zroups. Brcanbrack,
et al., (1963) discussed the rentic progress obtained usin: a selection

index whick included weizit of lamb weaned.
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III. SOURCZE OF Da&ATA

The data used in this study was obtained from a random
flock cf Hew Zealand Kowuney suaccp kept at ilasscey University. The
garliest deta used vere hozget fleces ucigits recorded in 1956 on the
1955 crop of lamvs. .1s age of dan of these hoggets is considered,
the data tuue refer back bto dans Lorn as carly as 1950, as these
werc full neouth dams to the 1959 crop of lambs. The latest
records considcred wvere lambing records in 1966, This flock has
been described by Ch'ang (1955 and 1267), Rac (1958), Clarke (1963)

and Tripatky (1959).

ie AISTORY AlD MLalaGImIT OF THE FLOCK

This flock wras originally establisied in 1944 to investigate
the inlicritance of wmany fleece 20nd carcase caara: “eristics or tuc
dew Zealand Romney breed. Information oa otaer characters, including
the lambing purformaince of tuc eues, was collecied as a part of this
investigation, Iwes were purcuaased in 1944 and 19495 and frou tiaen
on all ceie replacenients werz bred in the flock. Up until and including
1948 this flock was run on tie Paiziatua Block of the kassey
University sheep farm. DZarly in 1949 tae flock was transferred to the
Tuapaka Farm where it was mainly run on the flats.

Barly in 1956 (before mating) a random selection of ewes was

taken from the flock to start a separatc selection experiment. In

1966 (before mating) the flock was divided at random into two units,
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the "intensive'" and "control'", which were run at a high and low
stocking rate respectively. .lthougn both are still randorily ered the
"econtrol" unit is ossentially ~ continuation of the original flock.
Hence,; only the data from it has been used in 19066,

The aln of this flock i1s to have available for study « flock

of randonly bred ani.als. Qo lkeep tais flock randoni certzin

any are cullel at readoin. .fter four laabing seasons the ewes are
all culleca 2nd seld or zo into other sxperinental flocks; as do tihc
culled 2-tootius. The wether lambs are slaughtered.

(2) HMach yeur tas flock was randonly diviisd aong tae rams
available for wating wit: tus proviso tuat tuc four a.e JLroups of ewes
ware overnly dissributed amoar thas raas.

(3) Trom 1950 to 1252 inclusive the saue seven racs vere ased. .t

tais stage 1t was the policy to use tac sane ran for tarse consecutive

sgagons and tuacn chanze tawn. Tasse seven raus all cans fro:: difierent

studs in the Hanauzatu-Wairarap. . This volicy 2li wed tue assunption
to be made that inbreeding ras noc an iaportant source of variation
in this floclt. .gain frou 1953 to 19595 inclusive seven rans werc
used, but in 1955 one was replaced and anotier was added in to make
eigat. Only four of +thosc were wought in (including one of the extra
ones in 1955) and the other five were all from the ilassey Rouney Stud.
In 1956 four of tae 1955 rams were again used {three of Massoy
breeding and one bought .in). In 1957 and 1953 four Massey stud rans
were used for the two scasons. From 1959 ou all the rams used cane
froix the P.1's and Massey stud flocks. The rawms were changed each

year and thne nuiaber of rams usad gradually increased froaw five in 199
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to ten in 1967.
(4) Up until and includinz 1965 mating groups wore confined to their
respective paddocks for a perind of six to eoight wacks. Since 1965
the ewes at mating time have beeon run witlk two vascctonmised raas.
Ewes marked by a vasectomised ram wers hand nated te an eatirs ran

and tihen vlaced in o scecond wmon with anotisr vasectoulsed rwii to
note 1f thsy returned agaian. If tuoy did ton taey wore again
hand ated with an entire rain,. or tue rost of tas yelr tus wob uas
run tojetlior except durin:lanbing wihen itac eves ware drafted into
tirel a0bs; garly, il and late according to lambing date. Except
voere tis matiny policy unecessitaced tiwe dividing ianto natiag roups
tag .anazsaent of taz flocl tias ty.acal of tie lianawatu district,.

One furt.er ciceptiion is that no effort was uwade to ;ive pra:fercantial
trcatnont to iudividual aiimesle, Iv uas aoped in iois vz, to avoid

B

any cavironincavally inducc.. correlavions between parents and off-

~ B

soring and between nenbers of half-sid gTro.ups.
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B. DALY AND DATL COLLECTION.

(1) T annuszl lambing lists supply information ons

(a) the date tke lamb was born
(

b) the birth rank of the lamb: single, twia or triplat
(c) ssx of tiz lainb; ran or eve

P
Q.

N—”
I
iS5

deaths ocourring from hirtl tc weanirg

>

1

(@) g castas awiter of e Faw.
(2) fas annual mating list suppliss the nuaser o the sira to
1

which the dam was mated.

(3) [he annual weaning lists supplys

<

iG

(@]

(a) the dats ths lambs = veancd. Irom 1955 to 1956 this

was always in ths range 25t November to 12th December

55 ditsell wien it was on ¢z 17th Soveaber

{b) +ths weight of tirs lawb when it wes weaned to thw nearest

(c) a racord of ac lambs actually wcaned.
(4) The annual bogzet shear:.? lists provide 1. weight of the

hogzet greasy Tlecce to tiie nearest tenta of a pound. In tiie years

Q
—

1756 to 1956 tlis shearing took place in early October (1st to 19th)
when tae ho,gets wcre Jjust cv.r a year old. The danimals had

previously been shorn as lawbs after wcuning. OConsequently hoszget

flesece wcight reifers to ten months growth.
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Ce THE CASE CF 143 INPERTILS RIS USED I 1962

In 1962 six raas were used; each anated to approzinatecly &4
wes. At lambing time it was found that, of the 37¢ ewes present
207 or 55.3 percent were dry. Considerins tae lanmbings from 1355 to
1966, excludinz the 1962 lanbing; 2528 eves wore present at aating
and lasbing aad only 421 or 14.4 porcent of tiese vwzre dry. The
individual ram performances in 1582 erc:

Ram 13 25 dry out of 62 present 46.3; dry

Ram 2@ 61 dry out oi 51 presecat = 100.0p dry
Ram 32 35 dry out of 60 prosent = 53.04% dry
Ran 4¢ 36 dry out of €) prescat = G60.0» iry
Raw 53 11 dry out of 60 pressat 2 13.3% dry

Ram 61 32 dry out of 60 present = 53,36 dvy

Consequantly; bccause of ths markcdly rcduced fertility of

zcluded from

1

f
1]
@]
(]
©
33
@

Euce raws in btals year, toe 1962 lamoing data

toe calculations of fertilicy cstimates,
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v THE H&8ASUREHEIZTS USED IH ©4dE STUDY

Ao CORRECTION FACIORS FOR ESTTHAITIG WiLoHl OF L.aMB WELTED

ITh this thegis the

f 3 = e 7o SRS S
considersd asz a nmeasure of tic

)
Q

i8 not tie oaly chara

is a measurs workoedout for sach danm at the weaninz of her lambs. If
is caleulated using th. fisures of {larke {1957) who said of it:-

Il

"Iais includes the infornation on the nunber of lambs
%

reared per eve plus iaformation on the milkin; and

motoering ability of tae eie. It can be measurod only

-~ - = o 1 - oy 1 rreineealy A2 e
to brezd daushters with high lamb produciion comcs
o S . i. .. D N - . CIpR,. W o) = » ;
TX0LL T3 LEXIoXLaiice 01 JLAZ Len&als I'Siadltlved. ( soc )

v 1s olearly affected by differences betwesen

i bels Sesording

cifects 1s achieved by
deviation from 26 msaa of

4-1.

0.2

2
“

tle year-agce group class to which damn belongs. 1t

©

is also nocossuiyy to correct for the age of tixe lamb
at weaning, sex; birth rank, and rearing rank. The
following correction factors are being useds

Siiy ie lamb reared as singles No correction

Sinzles lanb rezred as twin: Add 10 1b

Twin reared as twing Add 10 1b
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Twin reared as single: Add T 1b
Triplet reared as triplets Add 15 1b
Triplet reared as twin: Add 12 1b
Triplet reared as singles .dd 10 1b
To correct for sex: 4add 4 1b to the weaning
welght of the swe lamb to adjust to ram lamb
basis.
To correct for age at weanings Add or subtract
0.3 1b for every day under or over a standard
age of 100 days.
"The latter correction may under estimate tine growth
rate of lambs uader some situations. However, if it is
in error,; t..c error is in tic risht direction since it
venalizes the late lamb and praises tiic carly lamb,
wiich is in ling with the reguircmentis of most breeders."
The reasons for using Clarke's figurces is that they are used
by the National Flock Recording Scheme operated by the Sheep and
Wool Division of the He. Zealan.. Department of Ag.iculture. [he
only difference is they add 5 and 2 1b to a lamb born to a 2-tootl
and 4-tooth respcectively so as to pool all thc cwes together
(Manual National Flock Recording Scheme) whereas Clarke recommended
to consider cach age group scparately. The latter is the mothod

followed in this thesis.
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B. THE MEASUREMENTS OF REPRODUCTIVE RaTE

In this thesis three measures of ewe fertility are used. 'The
first "number of lambs born" cerresponds to stage 3; as discussed in
the review of literature {Jh:;ter 2C). The second measure "number of
lambeg alive at day two' ccrresponds to staze 4 and the tiaird "number
of lambs weaned" to sta,e H which is a profiteble age for many New
Zealand farisers. Wien considering ineasurcs of reproductive ratc in
the literaturc, tie number of lambs at any stage is usually coiapared
to a base of "ewcs wmated" or "ewes wated and present at lambing" or
"ewes lawmbing". In this tlesis "ewes mated and preseat at lawmbing" has
been used as tiae base becausc this includes all those ewes wiaich have
a caance to shou their potential. To have used the number of eves
nated as base would iave reant, in casocs wiz:re a ewe 2ad diea aiter
mating but before parturition, tuat some ewes u.c were unable to
display taeir potential would l.ave been classed zs Laving been "dry™.
Similarly considerin, only "ewes lanbing" would have ijsnored all the
dry ewes and thus would n.t give a true sumnary of tiie flocks ability.

The "number of lambs born (alive and dead) per cwe mated and
present at lambing" (No. Born) is the first expression of the ewes
fertility that is measurable by tlie farmer. Bach ewe at eaci lamving
is given a score of 0 (for drys); 1,2,3 or 4 (in one case only).

Where a ewe aborted or has an obviously premature lamb this was taken
as none borny, as the No. born is a measure of the ewes capability to
carry zygotes to the full tern.

The "number of lambs alive at day two per ewe mated and present
at lambinz" (A4.D.2) is a measure of the number born less those that
are born dead or die at birth and siaortly afterwards., In other words

it includes all those that have survived their first day after

parturition.



544

The "number of lambs weaned per cwe mated and present at
lambins" (No. weansd) includes all those lambs which are still
present on their mothers at weznin time. lhere a lamb kad to be
fostered on to anotier ewe tiis was treated as if it Lad died and was
deleted from the credit »¢ *2~ ewe in both the .i.D.2. and No. Weaned
cases. Weanin. is impor=ant as it is not only an are at which sale
of surplus stocit comnuoaly takes place but also aarks tue cnd of one
biolo=zical ere ia the 1ife of tias offsprin- and its dan.

Three further fertility characters, all of taen special cases
of No. Born, are analysed in tuis thesis. They are "Barrenness',
"Multiple Birtus" and "Triplet Births", Tae Yewss not lambing but
mated and present at lambin' (Barrenness) is measured by =ivin~ dry
ewes a score of 0 and tlose with one or more lambs born (alive or
dead) & score of 1. Multiple births is s measure of tie ewes who
are ...vsd and present at lambin~ wlo have two or wore lambs born
(alive or Jead). Those ewes with none or one lamb born arec ziven
a score of O and tuiose witi: two or .iore lambs born are zZiven a score
of 1. 'Triplet Births is =z measurc of the ewes who are mated and
present at laabine who have tirec or more aambs born (alive or dead).
Phose cwes with none one or two lanmbs born are ~iven a score of 0 and

those with three or more lanbs born are ziven a score of 1.
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Lo ESTIMATICH OF ENVIRON:IEWT.AL EFFECTS

Waen numerical data is being analysed in oraer to malis a genetic
assessnent of a quantitative character, it is csscntial to know to
what extent various environmental :.ctors influciice the character,

once tuc cifects of these factors are esvimated then it.:e records for

f
zacil sheep can be adjusled so that tiue variation caused by thesas
known environmoental fact rs is rumoved and a wmcre accurate nicture
of tlie sheep's geuetic worth is obtained. Roviewing the available
litercture on eaci character gives a good idea of liizely sources of
environmental effects, By analyeing a model incorporating taesc
factors,; the magnitude of thie effect of tiic varicus cnvironuental

\

factors can be cstimated.

e Least squares .odel

Yates {1534) put forward thc method of least squares for tle
analysis of .wltiple classification tables with disproportionate
subclass numbers. Hazel (1946) extended Yates' ethod to include
indepcndent variables. The method usad in tiis study is siiailar to
that of Hazel (1946) and Kempthorne (1952) aided by the czamples
presented by darvey (1560).

The ciaracters studied, and for which cnvironmental factors
are evaluated; arc weaning weigit, floeccec weignrt,; No. Born, AD2,
No. wcaned; Barrenness, Multiple Births, ‘U'riplet Birtihs, and Weight

of Lamb ‘Jeaned (Wt.L.W.). Of thesec the model for woaning weizht is
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the most complex 2and so it will be considered in detail first, and
somg calculations involving it set out in an appendix, as an exzaunple.
From thac review of literaturc tic snvironmental factors appcaring

Mt

nmost lilkely to bec of importance in aTfeocting weaning weisnt are year
of birth, age of dam, typc of birth and rearing; sex of lamb a2nd the
age of the ilzmb at weaning. Percentage inbreeding was not coasiderel
as this flock w.s randouly tred and of sufficient size that inbreceding
levels were likely to be low. The data used in studying the
environnzntal sifects on weaning welgiht vsrce based on anioals born
over tie period of ten yeawvs froa 1956 to 1265 inclusive.

The woael used to represent a rcecord of the weaning sieight
of a lamb was:

Iijkliz =%+ B + a5 + D+ o1 + A jklu + Gijklm

i 1 o2 SR 7

Il

j :‘-1;29-..;(1
ke = 1:250685T
l :1,270-n7f')'

192y...9n

{

i3kl

: . thoL L . _th
The yjjk1.: is the record of the m individual born in the 1

year, reared by the j'C age group of dam and belonging to the

th
I8
_— . . th

type of birtli and rearing class and tac 1 Sex.

o<is ths overall mean when xjjklm = O.

The ti is an effect common to all records of a character

o . . .th . - .

2easurcd on individuals born in the i~ ycar. The effect is a
measure of the variation of the data casued by the environmental
conditions Peculiar to each year. This measure is similar to the

meaning one conveys when speaking of a good or bad season wiaere

all environimental effects are combined and summarised. 4s well as in-
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cluding the osvious factors of rainfall, temperature, ctc., stocking
rate, management, parasiics; ctc.; alse are involved.

ihe aj is the effect duc to tue aje of dam. Tae four ages
present in the flock wore aq = 2-year-olds (2-tooths); ap = 3--year-
olds (4-tooths), aj = 4-year-olds (G-tooths); and g = S-year-olds
(full .aoutas).

i1e b is the effect duc to typc of birti and rcarin which

0
(0]

has thrce classess bqy = singlc lamb rcared as a single, by = twin
rcased as a single and by = twin rcared as a tvin. In thc data

vere 26 triplet births and cne guadruplet birti. Because of their
very snall numban they were included as twins.

The ¢y is tho effect due to sex of the lamb where ¢q = wother
(castrated at 2-3 weciks) and cp = ewc lanbo.

— . : - N — ] . th . o

Tuc 7 ey 18 the date of birth (in days) of tiae « — individual

. Ltk th
born in ‘the 1 ycar, rcarcd b, tie j a:¢ group of dam and belonging

to the 1 tb type of birth and rcariag class and tle lth sex. lug
d is a lincar partial rc.ression cozfficient mcasuring tie average
changge in value of yijklm Lfor t.ac difverence of one day of agc.

To obtain‘ﬁ, tic oveorall mcan wuasn cqual subclass nuimbors
cxist, tho equation)ﬁ = & + 3% is usod, whaore X is the aritiometic
mean of the X§ jklme

The ef jk1m 1s tac crror peculiar to cach datum. It is tho
difforcacc botwoon thc ozpecied valuc calculated from the
environiicntal c¢ffccts of the model and tizs actual valuo obtaincd.
It is duc to other effects not taken intec account by tuie model
including the effoct due to sire. The ofjklm are assumed to havo

zoro nmcan, constant variance and a normal distribution.

In practice; the matrix of coefficients of the least
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squarss cquations is obtained by countins thie number of tines each
paramcter occurs in tiic subclass totals for cach subclass in the data.
The number of lambs in cach of thc classificatiors for sicaniny weigk:s
can be secn in Matriz 1 (table 13).

Matrix 2 (table 14) was ussd to detormine tie environnental

factors for .ogzct greasy flcocc weight., The data in this model

camc fron cight years, 1955-1962 inclusivc. The year in cach casc

!

rofors to the year the hogoots werc born not the following year in
which thc tflescce wieigiht mcasurcrcnt was takcn. Oace again tac year
effect is a measure of the variation in the data caused by snvironmcntal

conditions, up until tiac hogzet 1s sziiorn, »eculiar tc eac year.

of the cffect of environiacntal

o
H
cT
1)

-
O
(@]
<
(]
i
<
I
o+
}_l.
O
=

Tio model used
factors on tlz hogzet grcasy weight wvass

Tijkl = of + By = aj + by + dxijkl + 04 jk1°

The parameters of tiuc model arc similar to tiicse for veaning
welgzxht with tiig eiception tiiat the cy tora {(for scx offcct) is not
includcd as the data were only talienr from cwc hoggets,

Matrix 3 (table 15) contains tiic data for d:ctermining the
cnvironnental factors effecting Ho. Born, .D2, No. icancsd Barrcnness,
Multiple Births, Triplct Births and dt.L.W. The model used to
estimate thcsc characters iss

yijklzlu + ti - aj + eijk'

) th . . .

The ¥ijk 18 the record of tiac k  observation in the i year
occurring in a ewe of j  age.

The p is the mean of all rccords of a character when cqual
frequencics czist in cach subclass.

The ti is an effect common to all rccords measured on tic

.  th .
ewe as a dam in the i  year. Reccords were taken in eleven years from



Table 13: Matrix 1:

Least-squares cquations

for weaning welght

& § 0% % 0% % % % g g g by By By 8 5 3y 8 8 5 d RN

o3 2904 164 167 263 207 259 334 206 422 449 433 1348 221 1335 1401 1503 640 763 783 713 77028 160,320
t1s 164 164 84 18 82 79 85 35 44 46 32 3755 10,773
to: 167 167 109 22 36 16 91 31 42 38 56 3544 11,296
t3: 263 263 93 20 150 129 134 58 61 90 54 6998 149358
t4: 207 207 89 20 38 103 104 41 62 55 49 5776 11,213
t58 259 259 162 17 80 133 126 57 61 64 77 5338 13,895
t6s 334 334 112 28 194 172 162 73 92 86 33 10078 15,064
t7: 206 206 8 7 113 85 121 37 44 68 57 8551 10,337
t8: 422 422 180 34 208 213 209 94 115 112 101 12222 23,139
t9: 449 449 200 31 218 217 232 111 124 118 96 12335 25,848
o 433 433 233 24 176 194 239 103 123 106 101 8377 245397
bi: 1348 84 109 93 89 162 112 86 180 200 233 1348 663 630 203 284 405 456 34276 81,086
bps 221 18 22 20 20 17 28 71 34 31 24 221 99 122 65 47 64 45 5763 12,621
b3s 1335 62 36 150 98 80 194 113 208 218 176 1335 634 701 372 437 314 212 36989 66,613
c1: 1401 79 76 129 103 133 172 85 213 217 194 668 99 634 1401 315 339 384 363 37594 795598
cos 1503 85 91 134 104 126 162 121 209 232 239 680 122 701 1503 325 429 399 350 39434 80,722
a1: 640 35 31 58 41 57 73 37 94 111 103 203 65 372 315 325 640 16332 355,900
apt 168 44 42 61 62 61 92 44 115 124 123 284 47 437 339 429 768 19805 42,734
a3: 783 46 38 90 55 64 86 68 112 118 106 405 64 314 334 399 733 20150 43,990
agt 713 39 56 54 49 71 33 57 101 96 101 456 45 212 363 350 713 20741 375696
a,77028 3544 5776 10078 12222 3377 5763 371594 16332 .,.20150 .+ 2472622

’ 3759 6998 5338 3551 12385 34276 36939 39434 19805 20741 4,072,599

°65



Table 14s Matrix 23 Least-squires equations for fleece weighit

ISR
o
o))

=
k.

892 160 64 82 110 100 122 137 117 401 79 412 234 267 229 162 24,194  180,119.3

160 160 69 10 31 52 59 37 12 4462 1053.8
64 64 32 8 24 12 13 19 15 1324 478.2
82 82 52 15 15 31 19 16 16 1721 61749
110 110 35 9 66 17 39 33 21 2771 873.2
100 100 44 N 45 24 22 36 18 2761 620.5
122 122 19 8 3% 34 34 3123 2321 326.6
137 137 45 12 80 33 34 35 35 4070 1098.4
117 17 45 6 66 31 42 22 22 4764 10£2.4
401 69 32 52 35 44 79 45 45 401 143 120 80 53 10657 3009.8
79 10 8 15 9 11 g 12 6 19 21 20 19 19 1970 56249
412 81 24 15 66 45 35 80 66 41270 127 130 85 11567 3038.3
234 52 12 31 17 24 33 33 31 M3 2 70 234 6394 164640
267 59 18 19 39 22 4 3 42 120 20 127 267 7241 199443
229 37 19 16 33 36 31 35 22 30 19 130 229 6029 1701.9
162 12 15 16 21 18 23 35 22 58 19 85 162 4030 1268.3

24194 4462 1324 1721 2771 2761 2321 4070 4764 10657 1970 11567 6394 7241 6029 4030 808,699 180,032.3

009



Table 153 Matrix 3: Least-squares equations for neasures of reproductive rate

o A A ~ A A A A ~ o~ A A~ A ~ ~ A No No Multi
< t1 t2 t3 t4 t6 't5 't7 't8 t9 't10 't11 111 a.2

23 ay heli AD2 - Wte.L.W. Barren Trip

oKs 2926 398 172 227 238 247 302 320 420 321 219 62 313 764 736 613 3518 3108 2828 179,032.6 2505 988 28

t4 398 398 181 115 383 19 477 414 365 22,977.0 352 125 1
tos 172 172 52 45 42 33 199 181 164 11,404.3 145 53 1
bty 227 227 84 54 46 43 217 186 167 11,545.1 173 45 O
tgs 238 238 64 G2 51 41 324 238 264 16,753.3 215 108 1
tgs 247 247 87 61 5§ 45 256 225 206 12,936.7 182 74 1
tgs 302 302 109 31 57 52 317 285 258 15,126.4 249 66 6
tqs 320 320 102 35 30 53 421 362 333 19,128,1 274 136 7
tgs 420 420 134 112 96 78 521 456 420 26,490.8 360 152 8
tgr 321 321 126 107 88 425 379 351 23,5308 292 130 3
t10t 219 219 120 99 272 254 225 14,024.9 202 71 0
tqq8 62 62 62 39 18 715 5,110.,2 61 28 0
ags 813 181 52 84 64 87 109 102 134 313 173 647 596 34,836.5 626 145 6
apt 764 115 45 54 32 61 84 85 112 126 TEm 904 1786 T16 455613.5 664 231 12
a3t 736 83 42 46 51 54 57 80 96 107 120 736 988 903 814 52,587.7 661 318 3
ags 613 38 33 43 43 35 52 33 3 88 99 62 613 853 772 702 45;977.1 554 291 7

*19



62,

1955 (on ewes born in 1950 to 1953) to 1966 (the ewes born in 1961
were the last to have records collccted from them — as 2-ycar-olds
in 1963, 3~year-olds in 1964, 4-ycar-clds in 1255 and 5-ycar-olds in
1966) inclusive with the excoption that 1962 data were cxcluded for
reasons already given (Chipt. IIIC).

Tha a; is the effeect due to the age of the cue at which ihc
record was taken, whers aq is a 2-year-old, ap a 3-year-olds, a3 a
4-ycar-old and 84 @ 5-year-old,

Izch matriz has a right hand margin (KHM) for cach character
being assesscd by the metrix. In the Rl ticre is a value for esach
subclass egquation. This valuc is the sun of the measurcnents of

the character over all the data belonging to the subclass.

2o Solution of cquations

ccausc tic subclasses have disproportionatce nucbers; tie
method of fitting constants by the least squarcs procedurc was uscd
to calculate the effects specified by the model. Kempthorns (1952)
described thc principle of leact-sguaros analysis and Harvey

(1960) set out the steps to take, Jave nuncrous exanples, and
discussed all altcrnativec steps.

Hatrix 1 now stands thec aum of the coefficients for the

>
(5
@

A

ti equals the coefficient for& in the o cquation and the sum of the
RHM's for the tj equations equals thc RHM for the & cquation.
Similarly for the sum of the ococfficicnts for the 3j, Ek and 81 and
the aj, bk and o) equations. Sincc tais is true onc cannot solve the
cquations until some rcstriction has becen imposed on thc constants

as there are more cquations taan indepcendent constants. The

rostriction used in this study,; although not the only onc available,
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was to lot i%- = 58 = i%k :é'él = 0., then this restriction is
i-1 JJ k¥ T 1

inposed, tic cocfficients of onec cquation in the t;, say t (and

D
similarly one cquation frim aj, by and cl) must be subtracted from
otier cecfficicnts by columns and rows. Thc subtraction of the %p
coefficicnts is donc only within thc %i columns of coefficients.
after completion of this subtraction by columas, the cocfficients
and RAM in tac rosulting tp egquation arc subtracted from tlic
corrosponding coarficients and the RHI's in thc other t5 cgquations,
Similarly for thc ags by and cg ceguations.

Hatrix 4 (Tablc 16) was produced from iiatriz 1 by imposing
the rcstriction %%i ::%33 = E%k = §81 = O. Once tac simultaneous
squations in the rcduced ilatrii arc solved, the values for the
subtracted factors arcobtained by equating, caclh set of factors to
56T0. The velue of i is obtained by using thc formulaﬁ =&+ ?1:‘.
already giveu. The values tiius obtained arc the values for the
flock wean and the cstimates of thz cffect of ocavironnental factors.

Tiie metliod uscd to solve the sinwmltancous equations was to
use i coiputer program tiat found tic inversc of tlie matrix,
multiplied it by the RHM,zand so produccd the constant cstimates,.
These could bz checited by substituting thesce values back into the
equations and comparing the answer witia the corresponding Riii.

The rcduction in S.S. ducs to fitting <, t, a, b, c and d
or R(e¢;t5a,b;c58) which is used later may be computed from all
constant cstimates and the original RHM'ss
R(%%;t,a,b,c,d) =XYeue. + ?1Y1... + oee *lprp + ees + ai%«:lmDijkleijklm
wherc the Y's are the summed weaning weight values for each equation:

they are the values in the RHM of the matrix. When the restriction

has been imposed then R@i,t,a,b,c,d) may be computed more easily from



Table 16: Matrix 4s Reduccd leasi-sguares cecquations for weaning weizht
x %% o % % % 0% % % 5 5 & & 5 35, @ mm

oG 2904 -269 =266 -170 =226 174 =99 -227 11 16 13 =111, =102 =73 55 70 77028 164320
LPL =269 597 433 433 433 433 433 433 433 433 =35 108 39 14 A 2 1618 -13624
t2= -266 433 600 433 433 433 433 433 433 433 16 138 30 =27 =36 =23 -4333 -13101
' t3= -170 433 433 696 433 433 £33 433 433 433 =114 22 40 2 =15 31 -=1379 -10039
t =226 433 433 433 640 433 433 433 433 433 66 74 44 =10 -5 1 -2601 -13184
t5= =174 433 433 433 433 692 433 433 433 433 25 35 52 =22 =33 -13 -3039 -10502
tgt =99 433 433 433 433 433 T67 433 433 433 -139 ~-14 55 =12 -13 =2 1701 -9333
tor -227 433 433 433 433 433 433 639 133 433 -8 4 9 -22 =35 6 74 -14p60
tgs =11 433 433 433 433 435 433 433 855 433 85 -2 49 -9 -3 6 3345 -1258
by 16 433 433 433 433 433 433 433 433 d32 -75 =35 30 13 6 17 4003 1451
bt 13 =35 16 -114  -66 25 -139 =34 -85 -75 2833 1335 55 413 =397 -153 -2713 14473
by -1114 108 138 22 14 89 -14 46 =22 -35 1335 1556 44 =140 —223 =83 -31p26 -53992
cq: -102 39 30 40 44 52 55 9 49 30 55 44 2904 =23 =103 =28 -1340 -1124
aqr =13 =6 | %2 2 =10 =22 =12 =22 -9 13 413 -140 =23 1353 7i3 713 -=4409 -1796
ans 55 <171 =36 -15 9 =38 -13 =35 I 6 =357 =223 =103 713 1481 713 936 5038
ayt 70 2 =23 31 1 16 =2 6 6 17 =153 =83 =28 713 713 1496 =591 6294
s 77028 -4618 -4833 —1379 -2601 -3039 1701 174 3845 4008 -2713 -31226 -1840 -4409 -936 -5912472822 4072599

ot9
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the constant cstimates and the reduced RHM's
~ ’

~ la)
R, t,a,5,0,0) = X¥ooue + 5 (L oo~ 00e) +oeo +d € Disic T,
EReY T ijklm 1jklmijkln
Mat gs 2 and 3 ara solved ir the sane manner es has been describe

for Matriz 1,

3. Vestirs ; Zor sa Inboraction beltween Age of Dam and Birth and
Rearing Bifect for Weaning Weight and Hogget Fleece Weight

Po test fer an interaction between age of dam and cvirth and
rezxing wfiest on weaning swreignt the follewing icdel is used:

Fijilm =%+ ti + aj+ b + (ab)jr + c1 + A%kl + 24 jiln
whers the (ab)jk iz the interaction associaved with tiae j zge of

dam and k iypc of birth and rearing. fals type of intsraction

4
'_l
|_l
@
<
'X—J
[
=
l_l
Fh
[©)

tyva of birth aul rearing effect haes different
o3 ¢of dans. TFor example and interaction

Nl

would Occur if tiie differeice betwecn twing rearcd as twins and

twine reared as singles was greater Tor the 2-yezr-old aze group
than for t atler azs groupgs., Ji this wyere the casc then the
madin effects «: and by would not be additive. For this reascon it

is impcrvans to first test for such an interaction as the aain

purposce tae main cenvironmental sffects were calculated was to uso

toer as additive correction factors to reduce the amount of

environmental variance in the data prior to genetic analysis. The

numbexrs invclved in eaclh subcless are arranged in a matriz and to
»n ~ i

solve this matrix the restrictions €% = €85 = & = &8 = £(ab) ik =
e J k 1 J

”~

i(ab)jk = 0 were first imposed. The Sum of Squares dus to ti.c

interaction between age of dam and birth and rearing effect (4.B

Interaction S.3.) is found from the difference between the

reduction in Sum of Squares due to fitting all the constants,
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R(K,t,a,byab,c,d), and that due to fitting all the constants except
the interaction effect, R{X,t,2,b,c,d) (this is tic reduction from
the original model above). Th. Error S.S. was c-lculated as the
difference betwe2n the Raw S.S. (the 2904 individual weaning weiThts
2ll squared and swmed) and +he reduction in S.S. due to fitting all
constants. Tho interaction d.f. are 2qual to (q -- 1)(r - 1) and tie
error defes— Nosse + I' + G = Tq — D 8. 43 I tezt wes used for a test
of significance.

A sind lar procedurs was used vo test for tac interaction between
age of dam ard tyoe of birthn and rearing effect Tor hogget grzasy ficece
weight. The neodel veed incurposating the interaction effect; was:

Tigkln=K+ b3+ 25 ¢ b + (3b)ge + A% jrant O jkam

The results obtained, on testing for the interaction, are

sumniarised in Table 17.

Tablc 17¢ Testing for the intevraction cotween age of dam and birth
{ (=] D

and rearing effect for veaning weight and bozget fleecc weight

Source of Variation d'ate MoSe .

Weaning wei bt

Interaction 6 33.823 1073 nos,
Error 2387 31.520

Hogzet Flesce Weizht

Interaction 6 0.03116 0.055 n.s.
Error 878 1445915

s the interaction tested for in both cases was not significant
the original model proposed is taken as suitable for calculating the
effects of the environmental factors. The interaction between the age

of dam and birth Aand rearing effect was the only interaction tested
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for as results of other workers discussed in the review of literature

indicated it was likely to be the most important,

de analysis of variance of environmental effects and partitioning

the variancce components,

The reduction in S4S. duc to fittini all the constants,
R(x,t;2;by0,d) (for weaning weight), was obtained from the estimates
of the effects (detailed above). ‘Thie various S.S. for the tests of

significance of the effects were obtained in the followinz waye

Error S.S. & ij%clmyijklm = R(°<9t9a9b909d)
YOaI‘ SoSe = R(dgt’8.9‘b909d) ) R(“;a;b;c;d)
.gc of dam S.S. = R(,t,a,b5¢,d) = RE¢,t,byc,d)

Birt: and rearing S.S. = R(% t;2,by¢,d) = R(K;t5a,c,d)

Sex S.S. = R(X,tyu;b5c,d) = R(X,t,a5b,d)

|

Regression S.S. = R(e<,t,3,U;c,1) - R(X,t,a5b,c)

Taese additional reductions arc derived from the model used
when all constants are fitted cxcept toat the rows and colunins
corresponding to the factor being tested crc dropped out. For cach
reduction the linear model is set up, the restrictions are imposed
and-then the simultaneous equations zre solved by matrix mcthods,
Instead of cach time seottinz up tic linear model and imposing the
restrictions the restricted matrix can be obtained directly from the
restristed matrixz where all constants are fitted (Table 163 Matrix 4)
by simply omitting the terms being tested as required. The restricted
matrix required for the reduction - R(®$a,b,cy;d) - necessary for
calculating the Year Effect is shown in Matrix 5 (Table 18) as an

example. .4ll the equations for t; have been deleted by row and

colume
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the analysis of variance of the weaning weight year ceffcct.

Table 18:¢ Matrix 5:¢ Reduced least-squares equations nccessary for

& b} b5 C a4 ap a3 el RHM
s 2904 13 SE1Q -2 @ 558 T 77,028 160,320
bys 13 2633 1335 55 =413 =397 =153 -27113 14,473
by =1114 1335 1556 44 =140 =223 =83  -31,226 -53,992
cqe =102 55 44 2904 ~23 =103 -28 -1840 -1124
aqs -73 =413 =140 =23 1353 713 1713 -4409 -1796
a5 55 =397 =223 =103 713 1431 713 -936 5033
ay3 70 -153 =33 =28 713 713 1496 -591 6294
ds 77028 -2713 =31226 -1840 -4409 =936 =591 2,472,822 4,0725599

after estimatin environiaeatal effects an ahalysis of the

variance components is carried cut to esti.ate tue relative iwmportance

of each effect on the various traiis.

These variance comgvonent

estimates are cbtained by equatin, the lsast-sjuared S.8. or H.S. to

taeir corresponding expectations and solvinz tuas resulting equations.

For we:siing veight the Expected 1M.S. (E.lM.S.) are as followss-

Source of Variation def, B.M.S.
Years (1-p) oéQ " k4g%2
Age of dan (1-q) 02 + k3032
Birth and rearing (1-r) 0.2 + kpoy?
Sex (1-1) Gez + k10§2
Regression 1 s Z I kooaz
Irror difference 052

N-ooo"'1

by Harvey (1960) were used.

To find the k values; the metiods of Henderson (1953) as set out

The direct method of Harvey was used to



find k¢, kpand ky while the indirect nethod is used to find kq. These

methods and the computation cf the k values are set out in .ppendix 2.

Se Results and discussion

The magnitude of the environmental effects, for tie various
caaracters, as calculated by lceust-sguares analysis, 2re presented in
Tables 19a and 19b and their tests of significance have been sumiiarised

in Tables 2da =nd 20b.

Table 19a: HMagnitude of snvironmental effects as deviations
from the mean.

Character Bgzn AD2 WGgied Barren. ggiii giiih WteLoWs

Hean 1,22  1.07 0,98 0.36 0.35 0,008 §2.80

Year effect :
1955 2 0Y .08 203 205 ,05 005 2.24
1956 .06 06 =002 -.01 .04 002 12,96
1957 -.19 -1 —=,19 =09 -,10 =.004 -9,06
1958 .16 .16 205 S0k A2 =,006 11,48
1959 ~e18 =e13 =e09 =07 =,03 =,013 =9,36
1960 -.26  =e19 =17 =04 =619 010 =10,39
1961 .16 011 011 .00 012 015  =,02
1963 011 «09 009 .03 .06 012 4,70
1964 .06 <05 206 .02 030 .001  5.90
1965 -09 =06 =-,07 .03 =11 -,005 -8.80
1966 .06 .04 .10 .07 .01 .02 o34

A7e of dam effect
2-th ~e26 =28 =24 -=,08 ~,17 =,003 -18.53
4-th -.05 =.,06 =,05 .01 -.06 006 =3,63
6-th 013 015 13 04 .09 -=.005 9,60
F.i. .18 .19 o 16 004 14 0002 12,56
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Table 19bs

Mamnitude of environmental effects 235 deviations

from the mean.

Character Neapinﬁ Flgece
. Jzizht Welglkt
Moan X 56410 7.82
- 56032 Te 3T
Year effecct
1955 ~e 15
1556 T.71 ~o12
1957 8,02 -o01
1958 e38 .51
1959 =117 -1.21
1960 -5.90 ~aQ6
1961 -8,43 .63
1962 292 176
1963 -o01
1954 2:05
1965 -2033
oo of dan offect
2-th -3,1€ ~-¢38
4—th »02 203
6-th 1,33 012
F.M. 1,81 0208
Type of birth and rearins effect )
Single 4e44 033
Twin reared sinély «83 -.20
Twin =5.27 ~s14
Sex effect o
Ren 1.74
Bwe -1.74 .
Regression on date of birth _-e37 . 9017
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Table 20as .nalysis of variance of weaning weight and fleece weight
Character Wleaning weisht Flecce weight
Source of variation “defa M.S. d.fo M.S.

Years 9 6,343 7 9643512

age of dan 3 3,2422 3 15,0792

Sex of lamb 1 8,7552

Birth and rearing 2 28,5632 2 23.038%

Res on ase at measurnent 1 44,5562 1 31,5822

Brror 2837 31.59 878 1.460

a = significance at 1% level

Table 20b: .nalysis of variance of characters measuring

reproductive rate

Character No born AD2 No weaned Barrenness
Source of variation d.f. M.S. M.S, M.S, M.S.
Ycars 10 6.,0213% 4,2333% 3,9812%  ,9824%
ize of dam 3 24478192 25,0435% 21,3906 2,16562
Error 2912 o 4231 4753 «4547 <1174
. Multi Trip :
PParacter Birth Birth WteLoWe
Source of variation d.f. M.S. M.S. M.S.
Years 10 2.2315%  ,0201° 24,1242
Aze of dam B 12,43872 .0174° 129,218%
Error 2912 .2034 .0094 1839
a = significance at 1% level
b = significance at 5% level

]

not significant

The tests of significancc agrec with most other workers resultse
All the effects studied for each trait are highly significant except
for the effect of years and age of dam on the number of triplets

born per ewe matede As they have significant effects these sources



of environmental variation nust be eliminated if an accurate assessment

of a sheep's genetic worth is to be obtained.

126

Tables 21a and 21b,

which are calculatod from Tabl-s 19a and 19b, shov the size of the

differcnce within classes of environmental effects for the various

characters,

Table 21a: The

maanitude of effects between subclasses of
environmental factors

Character

Weaning weisht

Ileece weisht

o

a7e of dam effect

FoI"{o C 2tl‘.

L

- 6th

Birth and rearing cffect

Sinasle - twin
~ twin reared sinsly
Sex of lanb effect
Ram - eire
Reer

on date of virth

4,97 .66
1,30 030
i3] .15
9672 47
307 95
3649
0 366 016

'™e ragnitude of the effect of different azes

‘rarious moasures of reproductive ratc

of dam on

Character Bﬁin AD2 Weﬁged Barrcnness %?i:i WteLoeWs
F.M. - 2th o43 46 .40 »120 « 31 31,09
- 4th 022 25 21 .028 «20 16019
- 6th «05 .04 .03 .002 .05 2,96

Results for weaning weight

mostly agree with other published results,

and hogget srcasy fleece weight

As would be expected

lambs born and reared as singles shear the heaviest fleeces and this
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agrees witl: other published results. Within the twins those reared
as sinsles produce lighter fleeves than those reared as twins.
Tripathy (1966), workinz witlk “he same flock of ¥.Z. Romncys as thic
authory, found, as otlier autliors have donec, tiat those twins reared
as sinwles produced heavelr flecces than those reared as twins. Iio
good explanation for this result can be sursested.

The effect of increasin: wel~lts with a-je of dam on weaninz

weizht and hormet greasy fleece welght is in line with otisr

o
r

estimates (Tatles 1 and 4). The cwes in tiis study h2ave not beon
kept lon~ enourzly tou sec wien the aze of dam effact on weanin:
weizlit reaches z peiak.

With one cxception ths figures obtained Lerc compare
favourably with those used by tie Nationzl Floclt Recordins Scliciae,

e exception is in consi lering correction factors for birth and

B

reariny effects. Using a einglc lamb reared as a single as their

basis tiie Nalionzal I'lock Recordin-s Scnene adds 10 1b to a lamb born

and raissd a tuin and 7 1t to a twin lamb rearcd 2s a sin~le, Tle

9.7 1b valuc obvtained in tais scudy for tlzz difference vetvesn a single
and a twin arrecs well but tiae 3.5 1b difference noted betwsen o single
and a twin reared singly does not. The Recordinz Sciieme fisures

were used in this study to calculate weixiit of lamb weancd. ihis was
done to calculate the repeatatilities and aeritabilities that would
apply to a farner using this scheme. TFor this flock if the values
obtained for the weaning weight environmental factors had been used in
calculating weirht of lamb weaned t.en different values of

heritability and repeatability may have been obtained.

The effect of age of dam is not siznificant for the

character "triplet births". For all other measures of reproductive
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Table 22¢ The variance components as a percentase of total wvariance

Source of . . Ho , No _ " e
Variation e¥e F.W. Born £4D2 weanUdBarren Multi Trip WteL.W.
Years 2/;.‘055 7060 2.08 2@67 2e06 2061 033 1060
are of dam 4,96 3.41 8,02 6,36 2,47 7.98 .12 9.17
B &R Type 12.54

Sex 21,44

Reg on ame  2.35

Error 34,16 83¢99 89,90 90,97 95.47 8941 99,55 89422

ability a markced trend of incrscsin reproductive rate with increas—
inz ase of the ews can be noted for tie four years lambing tize flock
is studied. uuwbers of lambs at 21l ages; numbers of wultiple birtlis
and aisht of lanb weaned all increase., The number of ewes lanbing

a oy ' - PR N ~ oy -~ 7 3
; barrennszss decreases, IMzss results arc all in ace-

The variance components are presented in labls 22 as a per-
centare of thae total variance. The most strilkdng feature of these
results is the largze size of t..e error variance :or tle measurcs of
reproductive ability., Therefcr:zs the recosnised environmental
effects only cont:ol a small aumount of variation (these agresc with otler
published results: Tables 11 and 12). Both Dunlop (19$563) and De Haas
and Dunlop (1969) considered that this was partly due to the broard
units the characters were weasured in. While weiszht of lanb wenaed
does consider weirht of lamb this is imposed on top of a discrete

scale for number weaned so it is not suprising that its error variance

is so larze.
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B. ESTIMATION OF REPELILBILITY.
1. Introductian and method of analysis

L characteristic, suckh as flecce wsight, vill vary fron
one period to apcthsr if nmeasurcd at different tiues in an aninals
life. llany facteore such as age of swe, season, preghancy and
lactation can effcect measurements of a trait, so changes in thasc
traits frou neriod to period arc likely to be dus tc changes in
enrironient.

Wit some characters it is found that if an aninal is near tuc

top of tiz scals at once puricd then at & subsequent period it will

with ctiier characlters, later obscrvations dc not agrec so closely
with the fivst,

noeclecting aninzle, toe intention is to choose tiienm for
superiority early in life; and o to gain increesed production
because tiiey retain tiat superiorit: throuzhiout life. Repeatabilit:-
is a neasure of sae extent to whickh this is likcly to happen. 4
nigihly repeatable caaracter does nct nmcan that tie aninal :7ill lave
exactly the samc mecasure:ient every year but it will rank
consistently no nmatter how wmuch the average value of the
measurement nay cnange.

If several measurenents on each individual of a group are
considered wmorc light is shed on the nature of repeatability. The
value of the character measured can be analysed into a component

within individuals, measuring the difference between the performances

of the same individual; and a component between individuals,; measuring
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thic permanent differences between individuals. The within-individual
compouient is cntirely environmeantal in origzin, caused by temporary
diflerences of ownvircnuent betiieen successive performances. Tic

between-individual coapenent is partly cnviroanental and partly

genetic, the cavircnuental part beinz caussi by circumsiances
afflect the icdividual periazently
Tie repeatability (t) of the character, exipressed in terms of

variance, is thc ratio of the betiwgen-individual variaince component

to the total plenotypic variance.

2
0s
t = .
- e
(O
¥
In this study repeatabilities ar:c calculated for the

The first three of

clieracters Jo. Born, 4iD2, No. Veaned ai
these cuaractess are discrete with only a few classas of ooservations
(0,152, or 3 lambs). Thesc characters have an underlying continuity
with a "thresiold" which imposes e ulscontinuity on tae visibls
expressicin of the cliaracter. Wt.L.J. 1s & character with contin.ious
observaticns. .nalysie of varicnce can be used to estimate
repeatability in botl ths continucus and discrete caaracters.,

- S 4 . .th . .

:diere 1t is assumed tiat ths record of ths i aniaal talken

. - . 1 .
in the '@ year ias:

= M+ S; + bj + e

Jij i ij

where u = population mean

. _pr e, <th -
8; = ffect due to the i animal
bj = effect duc to the Jt‘ year
ejj = error
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Tie analysis of variance for this iodel is of the form:

The analysis of variance of n animals with k records per animal
Sourcc of variation i M.S. (MS)
Betwoen Years k=1 MS 662 + LO&Z
Between wniuals n-1 MS,, 5;2 + kﬁéz
e , 5o

Within .nimals (k=1)(n-1) nSe o

1he ropectabiliity is calculated ass

o . . (usg - MSy)/k
MSg + (MSy - MS.)/k

(=}

o

= Up2
In this study ag the cewes upon whicl. ths nmcasuremcnts werc taken
zere born over a nuinber of years i1t is necessary to conbine estinatecs
from several zroups, Suis of sguares and degrees of frecdon are sinply
pooled in an analysis, nd the resultant M.S. are eguated ic their
szpected values,.
ihen the nunbsr of aninzls is large, the appropriate standard

error iss  _o _ (=t ) 1l el j B)

where kK = no. of reccrds per anim=l.

Records of a ewe were only used where she was prescnt for four
lambings, IZigat groups of cwes were available, They were ewes born
in 1953 to 1956 and 1961 to 1964, The intermediate years data were
left out as they all included the 1962 lanbing which was not used for
reasons explained in Chapter IIIC. The records of 375 ewes were
included ziving 1500 lambing observations. The same ewes were used in

estimating the repeatabilities for all four characters.
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2 Results and discussien

Table 23: lLepeatability estinates

Character Ne. born 41D2 No. icancd WteLolo
Repeatability 191 2178 » 169 . 187
Utz .027 027 .025 .027

Teble 23 shows the estimated repeatability results, Llhesc
values seenm to be slizhtly Ligher than sinilar measures (No. Born
and No. Weaned por ews joined) from the literaturc. Purser (19695)
measured the repezatability of Ho. Born per cwe mated, barren ewes per
ewe mated and litter size per eue mated on Scottisi Blackfacc and
Wwelsh Mountain breeds and noted that repcatabilities measured at wean—
ing were avout half thooe neasured at bvirth. s the lambs hecone
older they zre subject to additional environiental effects and this
nay tend to lower the repeatability. Inskecp, et al.;(1967),
Yzlcin and Bickard (1964b), Youns, et al., (1963) all measured
repsatabilities at bota lawmbing and weaning and anonc of then found a
decrease in valuc with the increase ia age of the lamb, The values
obtained in this paper for No. Borny .D2 and No. Weaned suaow omly a

very sliglht decline with advancing age cf the lanb,
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Ce ESTIM..TION OF HERIT.BILITY
1, Introduciion and ethod of analysis

Heritability of a trait measurcs the rronortion of the difference
betveen individuals which: are additively ~enctic in oxizin,.
Heritabhility measures tlie extent to vhich the superiority of a parent
for a character is passcd on to its offapring.

Heritability is defined as the ratio of additive genetic

variance to plcnotypic variances

“

The symbol hz stands for tae Leritavility itself and not for its

-~

sguare. The »uenotypic variance, dp‘ ;, 1s tic total variance,

.y

Variation fro. wlditive zonetic offocts, cg2 ; arisez {rom thc

<

suinacd affects of i1adividual ~enes, and so coantributes directly to
the resamblance betwesin parents and offspring. So heritability is
i

the additive senstic variance as a fraction cof the total. Yo

estimate 22 estimates of sz and oiz are required; Gi? can be
obtained diresctly from a population, wiilc 552 can only be cstinated
frowm t.2 correlation between relatives. Tha sets of relatives nost
comuionly used for estimating heritability in animal breeding and
those used in this study ares
(a) Parent-offspring. 4is one male is usually mated

to a nuaber of females, the parent is usually

the dam. Regression and correlation tech-

nigques are used.

(b) Half-sib. The analysis of variance is used

in estimating it.
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2o Dan-offspring relationship nethod

Tiere are several nctlods of estimating heritability baced
on dam-cffsprine covariance. . Ccv{parent :z offwpring) = of (approx).
One disadvantaze with this valuc is that naternal effects uay be

inclulded in tlie oatimate, In this study weaning weight of tlhe lanb

wag the only character dirsctly effccted by maternal environuent,

o

The remainin: caaracters were all expressced vy the individual after
veaninz and thercfsre could Zc influcncod Ly the maternal eavironment

only if carryover wmaternal effects exist. For tlids reason o

e to astimate tihe heritability cf weaning weight

£

attenpt vas ma
from the dam—offspriny relationslhiip. In fact the cnly character

vhose heoritabilitics were estimated by tlis metihod was Wt.L.W.

9

oxr wei 'kt of laabh weaneod cacih weanin g record was awjusted
for sex, Lbirtii and rearing rank and date of birth using the fisures
of tiie dational Flock decordin: Schene except that ase of dawm was
not corrccted {or. In decidiny to use thcese fimures, the ead use of
tlie esti.ate caloulated waz censidered, IT the heritability was
to bLe used to predict the accuracy of sclection in this present
flock then it would have bezn best to adjust for the effect of
environnmental factors by usiny correction factors estimated for
weaning weisht for thic flock. But because tle main interest was in
a heritability estinate that will predict tlie accuracy of selection
under comnercial conditions, the correction factors of the National
Flcok Recordiny Scheme were used, This will ,rive a more realistic
estimate of thc progress expected by a member of this schene.

The regression of daughter on dam ignoring sires was used,
When,; as in this casc, matings are at random and when all sire groups

are run tozether, the betwesecn sire components in the covariance
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analysis have zerc cecxpectaticn and tie analysis can be simplified by
ignorinz sires and calculating the rezression coefficient directly.
Various rearession valucs were worked out on the shcep. Iirstly

L oa;e in the dan was cowpared with thz corresponding age in the

daushter, Then the first, the sui of the first two, the sum of the

first threc and tle total lambin of the dam were cach conpared with

—

the performaace for the four years totzl for the dauishters., For each
heritability the cwes were studied in a numier of (rroupindgs, sach
srouping consisting o1t dams and daug.ters born in a certain pair of
years., The re,ression lines for thc differeant croupings are tiicn

tested for squality and if therc is no significant diffcrsnce they

arc all pooled to zive a cowmon resression line,

3 Poternal half-sib metlhod

An analysles of wvariance 1s used in estinating tue variance

corponsints osa and oge uscd in calculatin:y the lLieritability by the
paternal half-sibt aeztlhod. Usin, reaning weilzzt as an exauple tic
mathenatical model including si.e as follous is uceds

Yijklan = X+ ti + 8y +aj + bg + c1 + dKigklmn + € klan

1 =1g:0009 D
J::19 6009
EE 1, oo0ss
12‘-19 .-a,S

1n=19 aoogt

n=190

°9 0§ 5Klm

were nijkln is the number of observations in the ijklmtll subclass.

Theo(, ti’ aj,bk, Cys xijklmn and d are respectively, the
mean viien X = Oy year of birtik,; age of damy, type of birth and
rearing, sex of lamb, date of birth and the partial liner regression

coefficient on age. These elements have tlie same meaning as those



described for the model used in studing the environmental effacts,

The S is the effect common 1o records of all Jdzushiters of tic ith

sire group. Irow the natrix based on tliis mcdel the reduction duc tHo

fitting 211 constants H@x,tigsm;aj,by,sl,d) was obtained. The between

LR

sires S.S. was computed as the difference between R(K,t.8;3,b;¢;d

that due to sitting all except tie sire effect RE&t;a,b,¢,d). The

a difference between the raw S.S. (each

[04]

error S.9s was obtained

I

individual weaning weisht squared and summed) and that due to fitting

21l constants.

in) g 2 \ e e 2 " rhoras T = -
ﬁ(ijklmnb i35kimn) = 8 * Feaes (045 + 0,°) vhers Heeso equals

Fal

tiz total nuat sr of observations.

I R(E%t,8,a,b50,d) = 8 ~ Nooo,déQ+ (sainooicf.)ééz whers

’

g a o g 2 n

8,1nc.d.fs 15 1lL: total denress of Ireelionm of

remeniberin. that as sires zrs nested within years

8 = the number of sires,

E BX;t,2a,0,6,d) = 5 + Kog© + (suexcaiofv)db2 wisre S.excsd.f.

is the total d.f. of the factors in the mgd

o

whers the d.f. fore<+ tjequals the number of yeais and X is the
coaitTiciant for tie varianse componeat in tlie zeduction in thse suu
all except tle sot veinyg conelderaid.
Therefores

Error S.5. = (Neveo -- s,inc.dofa)o‘e2

Between sires S.S. = (Heneo - K)ozl

Error S.S
Error M.S. S

N’ooeo - SQinCedofo

:O’éz

Between sires S.S.

Between sires M.S. =
s.inc.d.f. - s.exc.d.f.

1 - K
%2 i .L‘Teooo ¥ 2

@)

Seinc.d.f. - s.exc.d.f.

S|
“

o
o

vhe factors in tho wodel

+ (Suinc:adefo - SoexCodst)U.e

2



o)
=g + kcéz
Noeoe - K
',]he"‘-a k oo e — ° S -

b 5 T n
SeincCod.fa - s.2x%.4.T,

is known as the cosfficient for fhe variance ccuponent. The problem

(3}

ok K51 §

W
(o]
=
[

lics in findins a valuec his 1s accoiplisiwed best by

ugin~ the indirect metiod of Henderson (1353) wiaich is ably sev out
with czauples by Harvey (1960). Appendix B shous tie calculation of
this for weaaing weighb.

Sicilariy So calculate tlo teritability of iwczget grzasy f{lcece

e

hogret sreasy fleece welglht. 87 1s the effect common to all
individuals wicth tiie 17 eire.

i c¢haracters o, Born, .D2, N&. Weaned, Barrenncss and
Multiple Birtis are 211 Jdoscretc clhiaractors but cae can imaginge
that for exel tiers is a normally Jdistribubed background, whkich 13
a gumhination of ~cneltic and environnentas effects; equivalent to
tiie distributions of tle phenotypes ol < coatinous variable. The
discrete observations result from a nuaber of thiresliolds which

divide tze distribution into scctions, and tlic puenotypic sxpression

can only be clianged when a threshiold is passed. Ilence discrete variables

may be ccnsiderced as a special type of continous variable with
coarse classification. It thus seeuns reascnable to use analysis
of variance for estinating heritability for both types. The model
used for these five claracters and Ht.L.W. iss

Ajl =M+ % + % + a5 + ejk

here puy; % and aj are the same as wien tiiey were previously
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defined for calculating tae cnvironmental effects of the characters
and sk is tie effect common to all ewes of tlie same sire. Tie two way
nested a2nalysis of variance with unequal subclasses was used to find
the Between Sires and Within Sires variance and the heritabilities were
calculated witiiin age sroup of dame Thus for cach character four
heritabilities instezd of one werc found.

Lltousz in thic 2-tooths and (-tootas in two pairs of years

similar sires were used and in tic 6-tooths and full mouths in one

]
<

pair of years similar =izes were usod they were treated for the purpose
of ease of calculation as if thiese were different sires in different

years,

e hcritability estimates are given in Tables 27 and 25,

Table 243 Heritabiiity sstimates by paternal Laif-sib method

Character (a.f.) Heritability

Weaning Wis (45) - 348

Ho;get FoW. (34) N2

= === e e mm w2 e che e o ems e e e ams e R S Wt e e evee e mie e W s wees  ecmes W et —-‘
age of dam 2.l 1—th 6-th Foli,
e L -
No Born (41) 409  (42) .0106  (43) 0164  (43) .0363
AD2 (41) 0523  (42) .022  (43) .0497  (43) 0298
NoWleaned (41) .0583  (42) 0663 (43) —~——— (43) +0262
WteLoWo (41) 0639 (42) 0616  (43) .0121  (43) .0055
Barrenness (41) «1347 (42) 0171 (43) =——  (43) .0841
Multiple Births (41) .0314  (42) 0169  (43) .0125  (43) 1200

The heritability of weaning weight is in close agreement with
those obtained by Ch'ang and Rae (1961) and Chiang (1967) for the

N.Z., Romney. They were calculated on the same flock as this but
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Table 258 Heritability estimztes for Wt.L.W. by dam-cffspring
regression

Heritabilities between . No, of Significance >

Dai Daughiter e Zroups betueen regs b

2-tl: 2-th 602 26 ORI .079
d=th d-th 518 26 Noets «195
6-th 6-th 431 26 AREE .033
F.¥. F.M, 334 24 1% > 158
2Rl Total 131 16 NeSe 0034
2=gd~-tls Total 137 2 NeSH » 327
2= 5=, 6t Total 82 3 NeS, +549
tctal Total 59 T NeSe 0 352

in different years., The heritability cbtained for hogzet grcasy fleece
weight lies between the earlier and :ore recent results of Rae (1948
and 1950, 0.10 to 0.175 znd 1958 0.31 t00.32) and others (McMalion,
1943, 0,10 to 0.15 and Tripathy, 1966, Ced3)e

Heritabilities for tlhe traits ieasuring reyroductive ability
are wniforcly low whiere they are salculated by the paternzal half-sib
nethod. This wethod of estimation is considered th. most accurate for
calculating lieritzabilities for reproductive traits. This is because
when nunbers of lambs are considered using the dam-daughter regression
on a single record ewes with a zero record Lave no daughters. If to
overcone this problen more than cne record of the ewe is included then
the ewes continually barren are still excluded. Using half-sib analysis
partly overcomes this problem but the results are still biased as rans
cannot come from barren ewes.

The results for weight of lamb weaned which are estimated by
daughter-dan regression do show that selection based on the second

lanbing has a higher heritability than that based on the first
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lanbine (0,195 versus 0,079)c If the total of the first, the first

two and tihe first three lambings of the dan are considerei then the
first is tho rorst and the latter tiwe best iieasure to seiecct on if

tiie 2inm is to incrscse the lifetimo production of ihe daushter. The
bheritability between the dans first two lambings and the daughters
total lanbings iz C.327 and the nexitability between tho dans first
three lanbings and the daughters tctal laubing is 0.547. A year in
tinc could Lo saved il the selection is based on the first two lanmbings
of the dan and thien the next year and subscquently the first viree

<8

larbings considercd. It is vetter to include tie sun of the first

4+ 1
L

two or threc lawmbings ther individual lenbing resulis alonce
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SUHNHARY

Thiis tliesis ccntains results of studices of certain characters
nmade on a flock of ranlomly bred H.Z. Rouney sliecep kept at lMassey
University, Palicrston Hortli. Tie characters studied were Weaning
welght, Ho.rjet sreasy flecce welslit, Weight of 1laml weaned (Ht.L.W.),
and various measures of reproductive ability (¥o. borny number of
lanbs alive at their sceconld day of age, .D2; No. weaned; Multinle
birtls; Barrenness and Triplet birtls. all tlese ueasurcs were
Lased on ewes nated and present at lanbing). WteL.W. as well ac
bein: a measure of the si/es rerroductive abtility also includes the
effect of tlie ewds motherin; znd nilkin, ability. It was calculated
using the corrections of ti¢ ¥atiovnal Flock Recordin.: Sc-cme (of ¥.2.)
witli the eiceptiun tlat eucl. 2.;e of dam was treated separately
instead of being corrected for and poolad,

It was found,; on studying tie enviroanental factors, tiat the
effects of year, aze of Jdaii, type of birt. and rearing and date of
birtl: all l.ad ..ishly significant effects on Weaning weisht and
Homzet fleece weight. The sex effect alsc :ad a hijiily significant
effect (at tie 1% level) on Weaning wei:ht: only ewe lLoggets were
involved in studying grecasyfleece weisht. .11 the reaaining
characters (withi the exception of Triplet births) were found to be
hizhly sisnificantly aifectod by age of dam and year effect: tle only
two effects looked at. For Triplet births the effect of year was
significant. (at the 5% level) but the effect of age of dam was not
significant.

For Weaning weight and Hogget fleece weight all tlie estimates
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of tie mapnitude of the eanvironumental effects were similar to results
obtained by otlisr autlors witl: tl.e exueption that fleece welrhts from
A

tving reared singly were found *o be sligitly lizhteor than those of

twins rearea as tiiins. This is the reverzc of the exwpected vcozult

and no srpleaxtion for it is availakle 'or the characters veasur-
ing reproductiis rate (excluding Treiplet births) tlere was an increase
7 / . s d i

in lanmb nusbers (and a decrease in barronness) as tle age of the ewe

increased from 2- to S-years. 4 sindlear increose was found for

Very hizl: values of error variance (all sreater than )9%) were
found Tor tle claracters measurin» reproductive rate and Wi.L.ile,
vhen the toval varisence was partitivacd ianto its ccupenents, It is
considerel thils is due to the broadi units the clharacters ars ncasured
in. Values were clso calorlaved for Veaning weight and Hogset
fleece weighte

Repeatability estimates are calculated for No. born, aD2,

Hoo weaned and iit.L.Jd. Tlese were calculated by tlic intra-ciass
correlation netlod using tie result of those owes itk four lambing
recovds aveilable. The rosults obtained wuere 0,191, 0173y G162
and 0,137 respentively.

Heritabilities were calculated by both the dan-offspring
relationsiip and paternal half-sib rniethods., Tae dan-offspring
method was unly used for calculating Wt.L.W. heritabilities.
ileritaliilities of 0.079, 0,195, 0.033 and 0,150 were obtained when
dam and daughter mairs were compared at similar ages (2-tooths,
4-tooths, 6-tooths and full mouths respectively) . Following this
the first and the sum of the first two, first thrce and all four

lambinzg results of the dam were compared witl the results of the four




o
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lambings for tie daughters to give heritabilities of 0.034, 0.327,
0,549 and 0.352 respectively.

Using the paternal Lalf-sid method, values of 0.35 and 0.23
were obtained for tlie Leritability of Weaning weisht and Hojgzet flecce
weight respectively. Tor tlie characters No. born, .D2, o. weancd,
Multiple birt_.s; Barrenncss and Ut.L.¥W. leritabilities were calculated
witlin age of dam. A4ll estimates were witain ti.e ranze 0 to Q.03
witl: the ezxcoeption of tl.c barrenness 2-tooth result and tie HMultiple

birtiis full moutl result whichk were 0.13 and 0,12 respectively.
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LAPPENDICES

APPENDIX .t A WLALYSIS OF [HE V.RTL.WCE COMPCHNINTS FOR WILNING WZIGHT

Tie variance com, onent estimates are obtained by equating
the least-squares sum of squares or mean squares to their corresponding
expectations and solving the resulting equations. For uveaning weight

the analysis of variance is as follows:

Source of d.f. S.S. E(MS)
Variation

Years 1-p R(e<,t;2,b,c,d) - R(KX;a,byc,d) oéz + k40t2
ige of Dan 1-q  REC,t,a,0;0,d) - R(eGt,b,0,d)  0p° + kyon®
B&R Type I1-r R(ct,2,m,0,4) ~ R(e<,1;a,c,d) 062 + kchg
Sex 1-s  R(«,t,a,b,0,d) — kot t,a,b,d) 052 + kqoge
Regression 1 R tya,b56,d) = R(OK,t,a,0,e) 037 + koog°

Error difference E‘ya - R(X,t5a3byc,d) 0“02

ii™Arm

Nosoo=1

To find the k values the method of Henderson (1953) is used
and this has boen ably explained and ussd by Harvey (1960). The
"direct method" is used to find kq,ky and ki as these have only a
small number of degrees of freedom, 1,2 and 3 respectively, while
k) dealing with 9 degrees of freedom is easier estimated by the
"indirect method".

The direct method of computing the coefficient for the major

variance component in each category in the E(MS) uses the
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formulas

k=1 (g -l 2"

n i defei]

where d.fs is the number of de~rees of freecdom for that category in
the analysis of variance and nm is the nunter of classes. The
superscript on Z identify the elements in the matrix-inverse to the
square synuetrical segment from tiie variance-covariance inverse
natrix.

To estimate the k values for weaning weight thc inverse of the
variance-covariance matrix when all effects are included (Table 13:
Matrix 1) is needed.

(a)the sex effect.

For kq the inverse uatrix to the 2 segnents of the complete natrix

is as follous:

-1 -1
2, = [-00034749209)
= [2377.76334]
ky = 3(2377.76334)
= 1438.33167

(b) type of birth and rearing effcct.

zb-1 ) [ . 00096736618 _.oo11021927]‘1

0011021937 +0022017161
2403.2615  1203,0376
1203,0887  1056.4648

4(2403,2615 + 1056,4648 ~ £(1203.0876 + 1203.0887))

%

= 752.21273
(c) the regression
zd"1 = [.0000030366274] =i
=[29,312.7
k= 1(329,312.3)

329531243



102,

(@) age of dam effect.

_.0011653583 -.0003474303.  ~,0003745085 -
-1

2.~ = [-.0003474304  .0010217131  -.0003097462
-.0003745078  ~.0003097458 0010013952

[1260,2360 63045525 66643508
63045517 139545191 66T.4728
| 66643497 667.4719 1454,2717

ky = g(1260.2360 + 13955151 + 1454.2717 - $(630.5525
+ 66643508 + 630,5517 + 667.4728 + 6663497 + 567.4719))

= 3(4110,0268 - 5(3928.7494))

700.1109

it

(e) ycar offoct.
The indirect method for computing k's is well explained by
Harvey (1960). The estination of Lh

is as fellowss It is first nccessary to comput the coefficient for

; uslng tie indirect method,

the variance component in tie appropiate wcduction in the sum of
squares. his is done by computing the >ross products between
corresponding elenents of two square matrices. The first matrizx
requires is tae inverse of ta:z variance-covariance matriui for the
model 3 jklm =X+ aj + o+ + dxijklm + €5 jkln which is the aodel

for all tie effects ezceiit for years which are being computed. The

Variance~Covariance llatriz for all weaning weight effects exeept years

J
out in Table 18, The.inyorse of this matrix is shown in Tablc 26,

after the restriction Eéj :-iﬁi = f&l = 0 L:ave been imposed is st

In this inverse natrix (H"1) B are tho olenents.

The "associated suns" matrix is tho sccond square matrix
roquired for this indirect method and is computed from the natrix
nultiplication NN' where N is the segment of the original complecte

set of lcast squared cqu-tions which contains the cocfficients
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Table 26: The inverse of the reduced least-squares equations for

weaning weight for 211 offocts ciicept the sct for years

R by 23 51 4

3.1 32 78.737

&3 2,3506091E-3 =5.1516579E-4  C.3010860L~4  3.,58928995~5
~7.73903808-5 =6.55251183-5 =T.26651341~5 ~6,34532785-5

b1s =5615165385~4  9.5443915E~4 ~1,0972012E-3 -1.44967395~5
1.51075248~4  5.5914913E-5 =3,6692101E-5  3,5103170L-6

byt 3.3010831E~4 =1,0972013E-3  2.1856270E-3  1.3153202E-5
—8113964965-5 5.2452633E-5 —1452598015-5  442159200E-7

Cq% 3458926695 —~1,4497042E-5  1.3153253E-5  3.4606797E-4
=3.9246959E-6  2.7850823E-5 =44952735TE-6 =645377190E=T

aqs =T7890243%-5 1.51077515-4 =8.18947901-5 =8,9222403E-6
1.1633532E-3 =3,47964105~4 =3,7288779B-4  3440464095-6

apt =649520079E-5  5.59126245=5  5.2452940E-5  2,7851753E-5
-3.4796451E-4  1.0192349E-3 =-3.06735435-4  2,4776246E-6

a3t =Te2665105E-5 =3.,6692634E-5 -1,5255952E-5 =4,95789431-6
-3.7283700E~4 -3,0673596F~4  9.9165486E-4  144329599E~6

ds —=6,3453291E-5  3,5103420B-6  4,2157417E=7 =06.5377383E~7
3.4046509E-6  2,47762375-6  1,48295685-6  2439716251-6

associating thc cffccts under consideration with all others in
the modod.

164 34 18 6 79 85 35 44 46 39 3759
167 109 22 3% 76 91 31 42 38 56 3544
263 93 20 150 129 134 58 61 90 54 6998
207 89 20 98 103 104 41 62 55 49 57716
259 162 17 80 133 126 57 61 64 77 5338
33¢ 112 28 194 172 162 73 92 86 83 10078
206 86 T 113 8 121 37 44 68 57 8551
422 180 34 208 213 209 94 115 112 101 12222
449 200 31 218 217 232 111 124 118 96 12385
433 233 24 176 194 239 103 123 106 101 8371

L

Nt




355,050 438,502 69,832 446,576 461,622 493,428 215,531 256,163 254,397 228,959 25,100,320
208,380 31,954 198,253 211,146 227,146 99,073 117,594 115,577 106,343 11,224,609

5,423 32,505 34,031 35,351 15,673 18,303 18,54 16,360 1,834,428

215,813 216,445 230,131 100,785 115,766 120,274 105,751 12,041,233

223,359 2375763 104,199 123,365 122,907 110,651 12,150,149

W = 255,665 111,332 132,298 131,490 113,306 12,550,171
43,944 57,986 57,249 51,352 5,526,901

69,116 67,378 61,183 64599 913
The off-diagonals on
AR 5
the left are onitted 525505 50,765 657635150

555659 6,010,347

*Y01
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This 11 x 11 nmatrix was rcduced to an 8 x 8 matrix by subtract-
ing b3y o and 3; by rows and columns, (Instead of recducing the NN'
matrix one could Lave built up the B! matriz from an 8 x 8 to 2
11 x 11 natrix by setting §3j = §ﬁ1;= féi = 0; this being the
restriction that was originally imposeds)

955,050 —7984 ~376,694 31,806 -13,428 27,204 25,430 25,100,320 ]
275577 17,004  =2614 -2309 -2769  =5294 -816,674
156,226 11,366 3779 ~12,072 -12,837 -10,206,855

The off-diagonals on 3998 524 =176 =326 -800,022
the left are onitted 1899 1110 791 ~333,437

2409 1539 689,566
2634 752,803

L 685,143,764

The cocfficient for the variance component in the reduction
in sum of squares duc to fitting all effeccts cxcept years is given
by ngijNij i.c. conputing tihe sun of the cross products between

corresponding clements of the two squarc matrices.

(4002350691)(9555050) + (=400051516579)(=(984) + «.. +

i

i

401496044
The coefficient for the variance component in the E(MS) of
the analysis of variance is Ziven by:
k =(FHevee — f%]@jNij)/d.f.for years
= (2904 - 401.96044)/9
= 278,004
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Table 273 The analysis of wvariance with the MS ezpectations

Source of Variation drifis M.S. B(MS)

o A A 2 . 3 ) 2
Years 9 0,343.311 0o + 273.0040%,
ige of dan 3 3,242,836 o2 + 700.1110,2
Birth & rearing 2 205,565,171 652 + 752.2136%2
Sex 1 857550180 032 + 143040810,2
Resrossion 1 44,556.958 032 + 329,312,303°
Error 2887 31592 02

2904 92,479
032 = (28,563,171 = 31,592)/752.213 = 37.937
7,2 = (8755.180 ~ 31.592)/1438.332 = 6,063
0,2 = (3242.886 - 31.592)/700.111 = 4.587
012 = (63434311 = 31,592)/278.004 = 22,704
03° = (11445566950 = 31.592)/329,312.3 = 0.136
o2 = 314592

Table 28: Variance conponents as a percentage cf total variance

Source of variation %
Years 22,04
Age of dan 4445
Birth and rearing 36,83
Sex 533
Regression 0.13
Error 10,(7

100,00
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PPENDIX Bs MSTIM..TION OF WRE.NING JEIGHT HuRIL.BILIIY BY THE

PLTERNAL H.ALP--SIB METHOD

1a Iistimation of the k value

In this case the k value is obtained from a value K wliich is
in turn obizained in a similar manner tu thiat used to find the Kl
value fcr year effect in Lppendix ... This was the indirect mefhod.
To compute the coefficient for the variance component in the
appropriate reduction in sums of squares, K; twe square matrices
whiose corresponding elements 2re multiplied tozether and summed are
neecded. The first matrix is the inversc of tlhe variince-cuovariance
matrix for the medel of all effects cxcept the sire effect. Tie
"associzted sums'" matriz is the second square matrix reguired and
is conputed from thiec matrix multiplication NN'y where N is the
sesmont of tic oriwinal complete set (including sire effscts) of
least squares cequations wiilclh contains thc ceefficients associating
the effects under consideratior with 211 others in the mcdel. The
first 17 = 17 (plus one RHM) matrix was then built up to a 21 x 21
(plus onc RHM) matrixz by letting E?Cl = Sgk = igl = $3. = 0. This

1 k 1 jJ
is the restriction that wzs originally applied to obtain the first
matrix required,

Tie cocfficient for the variance component in the reduction
in sums of squarcs due to fitting all effects except sires is
given by multiplying the corresponding elements of the two square
matrices together and summing. .11 this is similar to obtaining the

k4 value for year effect in ..ppendix ue It is found that

K = 544.93447
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The coefficient for the variance component in the Z(HS) of

the analysils of variance 1s given Dy

l/-_ E“I.B..—K
Se 1nCs dofe - S. €xC. d.fe

wnere %inc d.f. is the d.f'. of tlie mathoematical model with sires
included rememberiny that as sires are nested within yjears the d.f.

for < + t + 5 equals tae number of sires. Tie d.f. for s. inc

-
d.T. are thercforc o+ t; + s, =55, ¢ =1, b =2;,a=3andd =1
wiich is a total of 62. S. exc. d.f. is the d.f. oi ithe matiiematical
model with sires excluded rensubering that the dof. for o<+ t4 equals
thc number of years. Taerefore ¢. cic. dofe =10 + 1 + 2 + 3 + 1

totaling to 17. N...eo, the number ol individual weaning veight

observations, is egual to 2904.

k = (2904 - 514.93447)/(62 - 17)
= 2359.06553/45
= 52.4236
2. Estimation of "Sires Included" reduction

Ic esvimate the Leritability .f reanin,; weil 2t by the
paternal half-sib method four figures must be estimatad from tue
data on weaning wei.ht and all these are detailed in tiaeir calculation.
These figures are the cocfficient for tiie variance compornent, kj
tie sum of all the squared observationai;ilm;;2jklm; the reduction
due to fitting all except the siie effects, R(%,t;b,c;a,d); and the
reduction due to fitting all, including tae sire effects, R@%yt,s,b,c,aﬂﬂ.
The only one that has yet to be esticzated is the reduction due to

fitting all effects and to calculated this is a complicated proceedure

which will now be detailed.
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T..e watrix from w.iich tais reduction i estimated is a square

matriz of 76 egquations (1 for 2, 10 for year eifects; 55 for sire

by
X

effects, 3 for birth and reariiz effect; 2 ior sex effects; 4 for uze

of dam effects and 1 for the regressicn of aze at veaning) with one
RifM. 48 it is tiais matris after the restrictions have been imposed
iz still far too large to be endily and correctly inverted and
solved b, the computer pregrams avallatle.

Uy applying an avscrption srocedurs this large matrix can
be greatly rsduced in size. L3 sires are nested within years we can
in this instance write Eim = o€+ i o+ Eipe This in fact deletes
tie first 11 columns and rows of the matrixz. (It can be shown
for a one way classification that the equations for &+ t; are |
identical wita the equations fcr ty . Whan e< iv conbincd with the
T3 it is unnecessary to impose 2 restriction on the t; since there
are p d.f. asscciated witi theo¢ + % but only p-1 d.f. associated
with %5 alone. By carrying this 2 step further we can, as sires
are nested uitiin yzurs, combine eaci: year equation witi the sire
equations for that year and instead of having t (for sires) - p

(for years) d.f. associated with Sy @lone have t d.f. associated

With ot + 4 + Shn') How we can ebsorb the S

. ; .
im equations into the

equations for by, cj, a5 and d. To do this we zet up 3 tables

whickh are then used in setitin; up a fourta table whaich is the required
matrix vith o¢, t; and sy absorbed. The first table (Table29 ) is

the segnent from the full matrix which includes the‘ﬁc, 31, aj, a.and
Il portions of the g&m equations, The second table is ths first
table wita each row divided by the corresponding gim diagonal

clement. (Divisions were carried out to 6 decimal places to stop

errors accumulating.) The third table (Table30 ) is tuat szgment
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A 3‘:1
and Q§’~ include
- elementl7 (sires i

%  diagon ae full
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v % -
of tlie
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UT Se,;f;‘s.len

A ”\‘ Fj a and
Clsy 3j

ot
ing weigh
) weaning w

~

?

~

A

A

RAM
; = 35
~ a';_ )
e 8 155 5%49
by & » o " A il 29417
b o 2 .2 1 Te ol
B 2 e 1 9 2712
slen_ by o 14 M9 7 35
ion Diag 2 25 3 1319 21 9 10 11 15 749 2093
et 36 19 4 20 22 23 12 8 9 15 912 120
= 43 = o T % 1 12 3 11 b 2 10
593 44 2Q 9 6 29 13 10 17 193 3184
S14 38 23 16 19 7 15 25 13 1?9 3617
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Table 30: Taed , 8,2, 3 and RHM segment of thie b , ¢ , 2 , and d cquations of tlic full (sircs included)

weaninzs welght model

oy
3

o2

~
(&)

S
o>
0>

Equaticn b, 5 3 ] 5 ] > 3 a, RHM
b, 1348 = - 663 630 203 2341 405 156 34,276 31,036
b, - 22 - 99 122 65 T 64 45 5763 12,621
by = - 1335 634 701 312 431 34 212 365939 665613
¢, 568 99 634 1401 - 315 3395 33; 363 37559 795598
¢, 630 122 701 - 1503 325 429 399 350 39,434 30,722
a, 203 65 372 315 325 6:10 - - - 1€.332 355900
ay. 284 47 437 339 429 - 763 - - 19,305 42,734
ay 405 64 314 334 399 - - 783 - 20,150 435990
a, 456 45 212 3063 350 = = - 713 20,741 37,596

d 34,276 5763 36,939 37,594 39,434 156,332 19,305 20,150 20,741 2,472,322 4,0725599

‘Ll



Table 31: Mll (sires included) woaning weisht n~trizc withedy t3 and s, cquations .abaorbed
- . n A 2 A ~ ~ ~ ~ ~ ~
iZguation D4 by by Cq Co 29 2o %3 an d RHIT

§71.232700 -5634542330 ~234473460 -70,117371 117.7:33225 5361.008245

by ~-102.281052 23474716 ~90.553C11 +24334560 -134,43577¢
964 304027 7.3310::2 ~104761402 -10.ui362.33 239.073794

% 198,536.145 ~74331022 174234374 40413675 81,075676
5654255736 16.143933 - 30.330213 -106900 ~5500,030565

by —1541:2696 734315356 7297203 13407390
~703.515655 =31.3374.13 20927124 2431.225575

¢ 703.917951 36570116 64992495 312692372355
703.910174 - 31.433858 =20.926133 ~24344225051

o) ~3.953857 ~6.991131 -312,930095
~165 40794442 ~1534524041 6124533323

A 4924334027 -1704123353 ~5704533171
5596124119 -136.216096 3454003733

P -203..533150 =575.417T175
a ~1004.;27 352 S02.56:446:

3 5044391272 ~3224795459
., 5304262740 ~1767435.,555

=4 1565.207595
; 106,039.031337

J\19507-//1775

‘ChE
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from tie full matrix wiich includes the Gk’ 31, Ej, 3 and RHM portion
of the by, c1, aj and d equations. The fourth table (Fable 312
Matrix 6) is the same gize as the third and for eaci: postion is

built up by taking the eleuent 1a that postion in the third table

and subitracting from it tiwe suw of ti:z crosg products of thc two
columns (one from tie firssc and the other from the second table)
which by name signifies that position.

For example tae element in the ty by position eguals
1348 - 25(25/36) - 19(19/41) and so on down tlie pair of columns.
Likewise tuc elemeat in tae bqbp position equals O - 25(3/36)

- 19(4/41) = «es o All elemeats including the RHM are computed in
this way.

Tals aatrix is syumetrical and so 1t is only necessary to
compute tie elements on onc =side of the diazgonal. To test the
accuracy of the computed elemenis check the 0 = biby + bybp + bqby
= b101 + b1c2 = etc.

To solve tlie matrix the restrictions tnat‘?gk =%C, =$2. =0

K f 11 JJ
are applied and tue constants estinmated in a similar way as in
obtaining the weaning weigit eavironaental constants.

Bstimates of theo oK + ti + 8

ip &re obtained by simply solving

. . . . . . , ~ > A
the equations in tie original matrix using the constants aj, bk’ Sy

A
and d computed.

(2435 + 275.787601 - 433.533001)/36

]

Qe §;1 e + t1 + S11

63.2570472

etce
The required reduction was obtained by multiplying all
tiese estimates by tiieir corresponding RHM's to give

R@‘,t,sgb,c,a,d) = 9,067,630.165959
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3 Estimation of the weaning weight heritability by the paternal

half-sib method

Now available are the four wain figures taat are necessary to
estimate the heritability of weaning weight.

k = 52.4236784 (Calculated from K = 544.93447)

ijkin yfjklm = 9,150,922
R(oK5550y652,8) = 95055,716.697431
R(¢,t,8,b,c5a,d) = 9,067,730.165959
Brror S.S. = 95,150,922 - §,067,630.165959

= 83,291.834041

Between Sires S.S. = 9,067,630.195959 - 9,059,716.697461

75913.468498

. 2
But E(ijilmﬁjklm) =S + Heuow (®&° + ‘fe%
(eees total number of observations = 2904)

BR(, t,5,05C525d) = S + Newee0s? + (Seincedef.)ogl

(s.inced.f. = 62 - see ippendix B(1))

ER(%t,bycya,d) = S + Ko‘é;2 + (sue:-;c‘.d.f.)d‘e2
(svexc.d«f. = 17 - see Appendix B(1))

EI‘I‘OI‘ SoSu = (No..- == ScinCedofc)O-ee

(2904 - 62)0;2

Zrror M.S. = Error S.S./(2904 - 62)

83,291,35340409/2842

2
%

Between Sires M.S. = Between Sires S.S./(s.inc.d.f. - s.exc.d.f.)

7,913.4634984/45
175.8543555
but Between Sires S.S. = (Ne... - K)o + (62 = 17)0, 2

il

Between Sires M.S. = ((N.... - K)O"s2 + 450@2)/45



il

1

(A

29.30747151 + 52.42367840%

but tais = 175.8548555

|

(175.8543555 — 29.30747151)/52.4236784
247954426
4 x 2.7954426

2C.30747151 + 2.795445

343
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