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ABSTRACT 

Reproductive performance, viability and growth performance 

traits of Djallonke sheep and N'D-ima cattle at the Centre 6e Recherches 

Zootechniques, Kolda, Senegal were analysed. These traits were then 

used to build up overall productivity indices for the two species. 

KEY WORDS 

Reproductive performance, viability, growth, Djaflonke sheep, N'Dama 

cattle, Senegal, productivity index. 
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PREFACE 

In Casainance, Senegal Orictal and The Gunbia are 

found nearly 30% of the total N'Daia cattle poptUlation id nearly 

9% of the total Djallonke sheep population of Africa. The Centre 

de Recherches Zootechniques, Kolda is centrally located in this 

region and has been recording information on performance traits 

of these two breeds since 197:. 

In 1981 the Intonational Livestock Centre for Africa (ILCA) 

provided scholarships for two research scientists from the 

Institut Senegalais de Recherches Agricoles (ISRA) to undertake 

over a five month period the e-xtraction, analysis and inter­

pretation of available data in collaboration with the ILCA Nairobi 

breed productivity and trypanotoler~mce team. 

This report presents an analysis of the carefully recorded 

productivity data collected to 1981. The joint colIhiboration has 

enabled data analysis methods to Ic developed that will )ermit 

maidmal -avay use of further information currently hein- recorded'. 
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THE CENTRE DE RECHERCHES
 
ZOOTECHNIQUES, KOLDA
 

INTRODUCTION 

Since its establishment in 1972, the "Centre de Recherches Zootechniques" 

(C.R.Z.) has maintained herds of N'Damn cattle aid flocks of Djallonke sheep both 

of which are trypanotolerant. The two species are kept for meat production.
 

Improved management practices include supplementary feeding and veterinary 
care, 

with selection programnes aiming at genetic improvement. hiformiation has been 

collected on traits relating to reproductive performance, body weight and mortality. 

THE CENTRE AT KOLDA 

The centre at Kolda is situated in Ca.-nance, Southern Senegal, and covers 

an area of 2600 ha, which is subdiv'ded into 18 plots. Kolda is situated at a height 

of 23 m with a climate characterized by a wet season lasting 5 months from June to 

October, and a dry season from November to May. Table 1 shews the monthly 

rainfall from 1974 to 1980. 

The average annual temperature is 27. 7 C with a maximum of 34. 9 C (April, 

May and October) and a minimum of 20.4' C (January and August). The average 

annual relative humidity is 88% with a maximum of 97% (September) and minimum 

of 21% (February and March). 

There are three main types of vegetation on the centre: clear forests and 

dry bushlands with no underground water, fallow land and dry cultivation, and swamp 

areas (river beds, rice fields and wet pastures of ('Ciprau c- or V' , 

ni-gritana). The most important grasses are ,uhno.,>, r,,:'/u,:' . 

Anade .phiaarer,eta and F'Pub PG t: ::/,)rmalw.'P. Meadows of V,,- , ,' /a Sp. 

C'peraceae and And'Zpl:ia sp. have a low fodder yield but stay green for a con­

siderable time during the dry season. The tresence of leguminous plants, e.g. 

StyoSMthe, a racizip and S. iiri7- help to improve the natural grazing avail­

able. The trypanosomiasis risk is subjectively considered as light to medium. 
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Table 1. Monthly rainfall at Kolda from 1974 to 1980 (mm) 

Month Year 

1974 1975 1976 1977 1978 1979 1980 
 x 

January - - - - - - -

February - - - - - 23 3.2 

March - - - - - - - -

April - - - - - - - -

May 15 - 21 - 12 - 1 7.0 

June 43 14 72 92 98 139 37 70.7 
July 412 411 192 105 220 269 203 258.8 
August 274 199 283 149 395 278 175 250.4 
September 206 463 317 259 209 126 159 248.4 
October 89 25 42 56 139 35 27 59. 0 
November 10 - 13 - 24 24 - 11.6 
December .. . . . 

Total 1049 1112 940 661 1097 871 625 

CATTLE AND SHEEP 

Cattle 

The N'Dama breed is medium-sized and compact, with a fairly light 

skeleton. The usual coat colour on the centre is fawn. The foundation herd was 

made up of 123 heifers and 8 bulls bought from traditional breeders from 

Casamance and Oriental Senegal. This herd was established between March 192 

and October 1974. By the 31sL December 1980, the total stock was 362 hepd : 18 

bulls, 5 oxen, 63 bull calves, 145 cows, 85 heifers, 28 male calves and 18 female 

calves. 

Sheep 

The Djallonke has short hair, a thin tail 4nd measures 40 - 50 cms. The 

coat colour varies between white, white and black or white and red. Rams have a 

mane covering the neck, withers, shoulders and chest. The foundation herd was 

made up between November 1974 and September 197,1 and consisted of 91 ewes, 30 
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ewe-lambs, 2 lambs and 2 rams. On the 31st December die total stock was 248 

head: 12 rams, 57 lambs, 104 ewes and 75 female lambs. 

HERD MANAGEMENT 

Cattle 

The general organization of the herd is shown in Figure 1. There are five 

single bull breeding herds (1-5). When cows are in the last months of pregnancy 

they are gathered into one herd in the paddocks near the cowsheds. After calving, 
cows are moved into a dam and calf herd in the cowsheds with calves receivilg"all 

the milk from their dams. At weaning ((; months), the male and female calves are 

placed in two separate herds. The calves are branled at weaning, females remain­

ing in the heifer herd until 18 - 23 months of age when they then move into a breed­
ing herd other than that of their sire. H-eifers that are too small or weak are 

culled. Bull calves go into a collective preselection herd until they are 1 months. 

At this age the best bull calves, chosen by gro.vth anod conformation, are put into 

separate stalls where theIr growth is carefully recorded. The rest of the bull
 
calves are castrated and either used 
 as draught oxen or fattened. At 2. months the 

best 1-2 bulls from the individual preselcction group (selected on growth, con­

formation and spermology) are kept to go into the breeding herds. The remainder
 

are sold to improve stock outside the Centre.
 

Sheep 

Breeding flocks each have one ram and lambing occurs within these flocks. 

When lambs are 4 months they are weaned into separate male and female flocks and 

ear-tagged. At 9 months, ewes are put into the breeding flock if they have reached 

a weight of 16 kg. Those that do not reach 16 kg at 12 months are culled. Until 
1979 rams were selected at 2 years on growth and conformation, the best kept as 

sires and the remainder castrated, fattened and sold. Since 1979 males have been 

selected at 6 months, the best going into a second pre-selection flock, the remain­

der castrated, fattened and sold. At 12 months rams are selected on weight, daily 
gain, conformation and coat colour, the best going into the breeding flocks. The 

remainder are either fattened or sold as rams to improve stock outside the Centre. 
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SUPPLEMENTARY FEEDING 

The animals graze on natural grasslands. The quality and quantity of avail­

able fodder is optimal during the rainy season but the pastures deteriorate during 

the dry season, wvith fodder being least available in May and June. 

Supplementation varies throughout the year and according to the class of 

animal. Table 2 shows the basic quantities of oil cake and cotton seed con-entrates 

fed during the dry5 season (April to June). 

Table 2. Dry season supplementatiun levels 

Supplement 	 Class of stock Amount fed per day (kg) 

Oil cake 	 Adult cattle 1.0 
Weancrs 0.5 
Sheep 0.2 

Cotton seed 	 Cow and calf 2.0 
Sheep 0.2 

Animals are allowed to feed ,off peanut haulm when available anti salt 

mineral licks are distributed. Animals receiving special supplementation are 

cows with calves, ewes with lambs, pregnant cows and ewes, and bull calves in 

the pre-selection groups, especially the individual pre-selection group. There 

have in the past been many problems of feed availability, etc. so that 

supplementary feeding has on occasion been interrupted. 

ANIMAL HEALTH PROGRAMME 

Cattle are routinely vaccinated against pasteurellosis, rinderpest, pleuro­

pneumonia and anthrax. 

Sheep are vaccinated against ovine pasteurellosis, sheep pox and "peste de 

oetits ruminants". 
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Periodic actior, is taken against external and internal parasites of all
 

animals.
 

DATA RECORDING PROCEDURES 

Climatic and animal productivity data are regularly recorded. At birth, 

the date, sire number, dam numher, sex aind weight of the new-born animal are 

recorded. Sheep tnd cattle are numbered at weaning. Service *.ates, abortions, 

deaths, supplenientation, sichknCs ain( treatment, vaccinations etc., i.e. all daily 
activities are recorded. Weights and linear m easurements are regularly collected. 

Linear measurements tknull For cattle are length andI width of head, height at 
wither:s, sCaulo-ischial length, -irth, crcop length, width of haunch and height at 
sternumlL. Linear m/casurencetS tllen for sheep are height at withers, scapulo­

ischial leiigth and gi rth. The frequency of collection of weights and linear measure­

ments is 

Cattle: 0 - 3, months - week, 

- GImonths - fo rtnigitly 

( - 2,1months - monthly 

2 - 6 yea r. - three monthly 

Sheep: 0 - 3 months - weekly
 

3- 6 months - lb ctnightly
 

6 months - mont:lly
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DATA PREPARATION AND ANALYSIS 

DATA PREPARATION 

Individual records were built up for each ewe related te each parturition. 
These gave number, date of birth, origin and type of birth (single or tWin), of the 
ewe herself, and the current parturition date, previous pareturition date, t.pe of 
birth, sex of lamb(s), viability of lamb(s) over I stlges to 12 months of age, lamb 
weights and three linear measUrements at birth, 2, .1,G, 8, 10 iad 12 months,
 
and ewe's own weight and th -ee linlear 01eas'ITebentS :1,
it.p riition anod .Im11onths 
aftec Darturition. From these daLta, the age at first lambing-, lamilIdng inlerval,
 
ewe 
mean weight and three prodhict ivit%' inlico;s were aldditownally comouted. Infor 
mation on sires, and dams of ewes in d sires of p were 


able. Eventual disposal or death of the ewe 


\\ogen\noted whenever avail­

\\'a:
recorded. All availaltle causes 
of death were obtained from periodical rqpcrts and treatment records. 

Cattle
 

Individual records were built tI) for each 
cow related to each parturition. 
These gave number, (late of birth and origin of tile cow herself, and the current 
parturition (late, previous parturition (le, sex of calf, viability cf calf over I
 
stages to 12 months, 
 calf weight and three linear IVSLIrementsit birth, 8, , 9, 
12, 15, 21,18, 24 and 30 months, and ee V's owl weight and thcee liiear Ilenasiure­

ments at parturitior and 6 months after parturition. From theSe (i;tla Ihe age at 
first calving, calving interval, cow ican wei-ht and three JlroduCtivitY indices 
were additionally computed. Information on sires aI (bns of cows amlsi!ues of 
calves were noted when available. Eventual disposal or death of the cow\ was 
recorded. All available causes of death were obtained mini periodical reports and 

treatment sheets. 
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DATA ANALYSES 

All characters were analysed by least-squares procedures (Harvey, 1972) 

using both fixed and mixed models. In the analyses, some parameters were 

measured for fuither study in their own right and some were measured to account 

for variation arising, in order that less biased estimates of other parameters 

could be obtained. Unequal and disproportionate subclass numbers gave un­

balanced factorial designs for which conventional analyses of variance techniques 

were not applicable. 

With both sheep and cattle, a considerable number of foundation animals
 

had no sire or dam records. In addition the 
use of individual sires was often con­

founded with month and year of use, so use could not be made of sire group in
 

analyses at this stage in time.
 

Typical models used included the fixed effects of origin (purchased or born 

on station); parturition number within origin; year of birth or parturition; month 

of birth or parturition; rex of calf; type of birth (single or twin); and the random 

effects of individual cow or .ve, nested within otigin. The specific factors in­

cluded in the model used will be evident when resul-ts are presented for each
 

character analyzed.
 

The residual mean square was used as the error term to test the signifi­

cance of all difference- evaluated, except origin, when cows or ewes within origin 

was used. Linear contrasts of least-squares means were computed to determine 

the significance of differences between groups for all characters where the 

difference among groups was significant in the analysis of vari ice. Move coia­
parisons were made using the least-squares meanis than there are independent 

degrees of freedom for the characters where the group differences were significant 

it the analysis of variance. Therefore, all of the comparisons are not independent 

and the error rate over the entire set of comparisons may be different from that 

indicated by the level of probability. Tests of significance associated with the 

linear contrasts, although not independent, can be taken as guides as to whether 

the observed values could have occurred by chance. Repeatabilities were calculated 

using the variance components between and within cows or ewes. 
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SHEEP REPRODUCTIVE PERFORMANCE 

INTRODUCTION
 

Reproductive performance is 
 a trait of outstanding importance in sheep
 
production enterprises, especially when 
meat production from young animals is 
the chief aim. In general the more intensive the meat production system, the
 
more desirable the production of large numbers ot young per breeding female.
 
Under harsher conditions optimal production levels are achieved by maintaining
 
reasonable levels of performance in the young, 
 while limiting the drain on the
 
resources of the breeding female. 
 The most important comuonents of reproductive 
performance in sheep are age at first lambing, length of lambing interval, litter
 

size, and length of ewe productive life.
 

AGE AT FIRST LAMBING
 

The mean 
age at first lambing for 115 females born on the station from 1974 
to 1980 was 18. 8 t 0.8 months. The significance of environmental influences on 

age at first lambing over this period is indicated in Table 3. 

Table 3. Analysis of variance of age at first lambing 

Source d. f. Mean squares 

Year of birth 6 33912 
Month of birth 11 19460 
Type of birth 1 30382 
Remainder 96 187q6 

Year of birth, month of birth and type of birth had no significant effects on 
age at first lamhing. The estimated least squares means i',r age at first lambing 
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are laid out in Table 4. The coefficient of variation was 24.4%. 

Table 4. Estimated least squares means for age at first lambing (days) 

Variable Number 

Overall mean 115 

Year of birth 
1974 4 
1975 16 
1976 16 
1977 31 
1978 20 
1979 21 
1980 7 

Month of birth 
January 11 
Febru'ary 8 
March 12 
April 6 
May 11 
June 4 
July 5 
August 4 
September 5 
October 10 
November 18 
December 21 

Type of birth 
Single 96 
Twin 19 

Age at first lambing 

575 

545 
572 
624 
546 
638
 

622 
473 

615 
603 
608 
527 
568 
630 
625 
515 
620 
546 
479 
560 

551 

598 

CONCEPTION RATE BY MONTH 

The distribution of 663 conceptions calculated from the recorded lambing 

dates from 1975 to 1980 are indicated in Figure 2. The mean monthly rainfall 

over these 6 years is also shown. 
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Figure 2. Effect of month on conccption rate. 

55% of conceptions, or 11% per month, occurred during the main five 

month wet season from June to October, the remaining 45% or 6. 5% per month 

during the other seven months of the year. 

LAMBING DITERVAL 

The mean lambing interval for 663 records from 1975 to 1980 was :107 ±S1 

days. The significance of environmental and genetic influences on lambing interval 

over this 6 year period is indicated in Table 5. 

The effects of origin of ewe, individual ewes, month of lambing and in the 

case of foundation ewes only, the lambing number, wc siaifi- nt. The esti­

mated least squares means for lambing interval are laid out in Table 6. 

11 



Table 5. Analysis of variance of lambing interval 

Source d.f. Mean squares 

Orig.-. 1 48441* 
Ewes 190 7706** 
Year of lambinig 5 7409 
Month of lmnbing 11 27767** 
Type of lambing 1 1110 
Number of lambing/foundation 1 43841** 
Number of lambing/born on centre 2 5469 
Remainder 451 5485 

*: < 0.05; *-P < 0.01. 

The effects of year of lambing were not important, but month of lambing 

had a significant effect on lambing interval. Females lambing in December, 

January, February and March had longer than average lambing intervals, while 

those lambing in all other months had shorter than average lambing intervals. 

The monthly rainfall from 1975 to 1980 is illustrated in Table 1, the 

period December to April constituting the mijor dry' season. The correlation 

between lambing interval and rainfall from one month before previous lambing 

date to one month before conception was - 0. 51, while there was a 0. 04 day 

decrease in lambing interval for each additional 1 mm rainfall. 

In the case of foundation purchased ewes whose age was unknown, lambing 

intervals following their first four parturitions on the station were significantly 

shorter than those following their fifth and subsequent parturitions. In the case of 

ewes born on the centre the effect of parturition number was not significant. 

The repeatability of lambing interval (i. e. the correlation between an 

individual's successive records) was obtained from the between anrd within ewes 

components of variance. The value of 0. 11 . 0. 04 is within the range usually 

reported for this trait. 
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Table 6. Estimated least squares means for lambing interval (days) 

Variable Nun.)er 

Overall mean 663 


Origin
 
Foundation (1) 
 474 

Born on centre 
 (2) 189 


Year of lambing 
1975 
 66 

1976 
 122 

1977 
 123 

1978 
 146 

1979 
 107 

1980 
 99 


Month of lambing
 
January 
 45 

February 
 73 

March 
 59 

April 
 40 

May 
 51 

June 
 57 

July 
 32 

August 
 21 

September 
 .12 

October 
 58 

November 8O 
December 105 


Type of lambing 
Single 583 

Twin 80 


Numher of lambin/ongin 1
 
1-4 
 353 

5, 121 


Number of lambing/origin 2
 
1 
 77 

2-
 55 

3. 
 57 


Lambing interval 

307
 

296
 
318
 

:18
 

319
 
305
 
313
 
:30,t 
280
 

30
 
351
 
82.1 
2(;.t 
301
 
)0(;
 

:01
 
2!, G
 
280) 
287
 

297
 
3.1 

"Oi 
309
 

271
 

::1 

::05 

31 ;; 
:38.3 

1:1 



LITTER SIZE 

Tble 6 shows that th,2 6'i3 parturitions recorded from 1975 to 1980 were 

made up of 583 singles and 80 twins, the mean litter size being 1.12. 

ANNUAL 13EPODUCTION RATE 

The annual replroduction rate is calulated as the mean litter size x 365 

lainting interval. Overall this was 1.33 lamihs per breeding ewe per Near. 

LEN(;TI' OF IWE POI)UCT,'E LIFE 

As the firs t records of ewes j)rO(lueed on the station start with animals 

born in November 197.1, itis \ et too e:rly to assess this trait. In August 1981, 

the first ,10 ewes x !-n between No-,ein he r I971 and Januarv 1977 had completed an 

average of 3. 7 pa rturitliurs, with 17 or 12',,still in p roduction. The remaining 23 

or 58'" had died, been culed(Ior lost. Th us until more info rmation is collected it 

might be tentativel', suglested with tile present infornmiation that an ave rage of 5 

pl'Intrit ionS ',ou1lhC pu r UsingMLhit ie . the niean 'unhinginterval of 307 
(lays, ewes would thus re main for :n ave rage of-I. 2 years in produetive life. 

This comlete replacement of the ewe flock each 2 represent-1. \'ears would a 

turnover of 2.1',. When a,e at fi Ist Ilanihing is added to the productive life, the 

average ewe age on completion of p)l'ductive life Would he 5. 8 years. 
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SHEEP MORTALITY 

LAMB MORTALITY 

Mortality data based on 897 lambs born over a six year period were avail­

able, The significance of environmental and genetic hifluences on pre-weaning 

mortaiy, (subdivided into two periods, birth to 3 days and 3 days to 4 months) 

and post-we tning mortality (4 months to 12 months of agd are indicated in Table 7. 

Table 7. Analyses of variance of mortality rates 

Source d. f. Mean squares 
Birth - 3 d - -1m Birth - -1 in - 12 in
3 (l .ti: 3 3 3xl0 x 10 xl0 xl0 

Origin 1 80 59(; .168 11
 
Ewes 
 227 504** 17.1 185 158
 
Year of birth 5 452 
 1(;88'* 2023* * 1173** 
Month of birth 11 373 387** 12(;** 11" 
Type of lambing 1 2976** 151 906 23
 
Sex 
 1 85 26 1 759*
 
Number of lamhing/foundation 1 227 87 
 192 1
 
Number of lambing/lorn on
 

centre 2 190 
 1386 + 1198'* 19 
Remainder 64 7 279 161 179 *I;.


- PP < 0.05; ** P- 0.01.
 

The estimated least sciUares means for mortalities over these periods are 

laid out in Table 8. 

Pre-weaning mortality. The mean mortality rate from hirth to weaning at .I 

months was 33;w. The effects of year of birti, month of birth, single or twin, and 

parturition number ol dam were significant (Table 7). 
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Table 8. Estimated least squares means for mortality rates 

Variable No. Mortality rates (%) 
Birth - 3 days -- Birth - Weaning 
3 days weaning weaning - 12 m 

Overall mean 897 5.14 28.08 33.09 19.39 

Origin 
Foundation (1) 652 5.52 24.84 30.22 18.96 
Born on centre (2) 245 4.77 31.31 35.96 19.86 

Year of bi rth 
1975 86 1.38 13.96 14.98 15.73 
1976 170 6.49 28.15 43.69 40.46 
1977 154 5.31 26.56 31.49 13.41 
1978 189 7.10 46.89 54.07 23.22 
1979 145 3.47 28.83 32.53 18.62 
1980 153 7.12 14.28 21.79 4.91 

Month of birth 
Januar, 73 0.07 20.77 20.96 26.32 
February 92 3.79 13.41 17.48 31.16 
M i rch 86 9.62 25.75 35.16 20.31 
April 56 5.26 19.83 22.75 32.92 
Mry 58 J.95 15.11 20.25 25.23 
June 73 2.63 41.07 43.45 24.41 
July 41 9.96 29.62 39.73 9.45 
August 24 5.86 45.78 51.79 7.03 
September 51 3.43 33.48 36.70 18.37 
October 72 4.99 35.41 40.60 10.45 
November 123 5.14 31.99 37.17 14.34 
December 1.48 6.17 24.70 31.05 12.69 

Type of lambing 
Single 691 2.04 25. 87 27, (7 18.52 
Twin 206 8.25 30.29 38.51 20.26 

Sex 
Male 456 5.51 27.44 32.96 22.84 
Female 41t1 4.78 28.72 33.22 15.94 

Number of lambing/origin 1 
1-4 461 4.25 22.36 26.54 21.17 
5, 188 6.79 27.32 33. 91 16.75 

Number of lambing/origin 2 
1 93 2.79 51.57 54.48 19.56 
2 71 6.38 27.57 34.05 21.79 
34 81 5.13 14.80 19.34 18.11 
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There were marked year of birth effects on pre-weaning mortality rate 

ranging from 15% in 1975 to 54c%- in 1978. 

Month of birth had a significant effect, lambs boll, in March, June, July, 
August, September, October and November having alhovc-a\erige mortality rates, 
those born in the renaining five months below-average rates. The correlation 
between pro-weaning mortality and rainfall over the relevant -i months was 0.42,
there being a 0. 014 7Kincrease in mortality for each additional 1 mm of rainfall. 

Mortality in twin lambs was 18. 5''(, conipa red to 27. 7', in singles. 

There was a 5I. 5'C, mortnlity rate in lambs from first parturition dams,
 
34.1% from second parturition dams and 1. 
 from third and later partumition
 

dams.
 

When pre-weaning' mortality was separated into that, Occurring from hirth 
to 3 days and from 3 days to weaning, a very contrasting picture emerged. 
Table 7 indicates that year and month of birth had no effect on niortallty from
 
birth to 3 days, but major effects fiom 3 days to wealin.. Sin,.ie or twin status
 
had major effects on nior'allity in the first 3 dalys, but no effect from 3 days to
 
weaning. Pa rturition num 4er of dami had no effect 
on ltorftlit' fIrom birth to 3 
days, but major effects from 2t days to weaning.inlly there were highly signifi­
cant differences hetween indih\vidhal ewes in Ia inb m1otalitv from birth to :1days, 

but not from 2 days to weaning. 

Thus lamb mortality in the first three days of life (meai 5. 1') was
 
affected by single or twin status, 2"t 
 of single lambs (ying compared with 8', of 
twins. The significant difference between individual ewes gave a repeatalbility 
estimate for this early mortality of 0. 18 1 0. (MI. The parturition number of the 
darn, reflecting its age, and the \iear and n reflectingmon thIof lai ib1rth, environ­

mental and climatic conditions, had no effect. 

In contrast lamb mortality from 3 clays to weaning (mean 28. 1,'/) wa.: not sig­
nificantly affected by single or twin status and there was no significanrt repeatabilit\ 
estimate for this trait (0. 02 ± 0. 10). The parturition numl)er of ewes horn on the 
centre had a major effect; 51. 6,1 mortality in lanbs from first parturition ewes, 
27.6% from second and 14.8% from third or later. Both \car and month of hi'th 
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had major effects, lambs born in the wet season months of June to November all 

havin a hove average mortality rates (mean 3G1/), those born in the drier season 

Decembr to AM, ha'ing iWiow average mortality rates (m ean 201' ). The 

correlation between Ino talitv fron, :;(ax s to weanieg and the rainfall over the
 

rele':ut .Imonths was 
 0.4I 0, lhere being a 0. 0I:;, increase in mortality for each 

additional 1 i in ot rainfall. 

Pogst-yweLa_in..3!, 't_[it . The ineainmortality rate from .1months to 12 months 

f a1-,e waS I). "YO;NI' Ian month of birth, reflecting environmental and
 

cli m1itic coinilions, had highl significant effects. 
 The very low post-weaning
 

il1ortalit\ for i)sO \k(:s in that when the data were prepared for analysis
bia.sci, a
 

proportion of the minils buirn in ite 1980) had not yet reached 12 months of age.
 

Males had tsignificantlIV higher (1 < . 05) amortality than females. 
 The maternally 

ass(eiated influences sun is single or twin st ius. ewe patnrition number and 

iamlividmal ewe had, as expected, no effects on post-weaning mortality. 

MORITALI''Y RAT ES [N II't'IUN TO G EN E'T'IC IMI'ROVEMENT 

An aplnplpmiate definition of mortality rate in the context of genetic pro­

gress is the percent:age of fenales that die Iefore lanibing. liero, taking account 

of the actuml proportioi of singles and Iwins, it is atproxinm:itely 517,' (.13, - to 12 

months, 8'T from 12 onths to s.8 months . Ti crar ingt)rption is the pro­

portiou of 1 ' :ihat prodce a.'!,L lejia lat survives id is fertile. T rearing 

propo,'tion here is about 0.27. Ibis means thal only once il :.Ii lainhings does a 

ewe produce a fenemle lamlb thai will repr le in Ile f'I.I The average length 

of reprodu( tive life is tenl tat ivelx aken as 5 l:1liings: lhereore, approximatelb 

72' of the lem:mles Ilwoni are r'eqiredas ieplemenls to lmintain fleck size. 

Hligh mortlity rates are inconsisteat with goetie progress, and whei they can be 

reduced, a higher i tensitv of selection can ie alNhi eed. 

Genetic impr'venit tiel unit of tiiiie is inu'e important than per animal 

generation, and high imior'tality rates have a ma eked effect on generationi interval. 

The average age at first lambing is 1S.& months, and tile average lailbing interval 

is 



10 months. To replace herself, a ewe must lamb about 3.6 times; thus, the 
average generation interal is 54. 8 months or 4. 5 years. 

BREEDING EWE MORTALITY 

Data on ewe mortality over the 0 years from 1975 to 1980 are presented in 
Table 9. The overall mortality rate was 14. 8t' per year. 

Table 9. Ewe mortality 

Year Number of ewes Number of deaths Ewe mofrtalitv ( ) 

1975 89 5 5. 6
1976 139 19 13.7 
1977 122 12 9.S 
1978 110 21 19.1 
1979 120 19 15.8 
1980 123 28 22.8
 

Overall 703 
 104 1.1.8 

CAUSES OF DEATH 

The causes of moraility have been grouped into five classes:- diseases of 
the alimentary ,ract; diseases of the respiratory system; other diseases (c.g. 
nutritional, reproductive); accidents, abscesses, ete; and uni(lentified. 

The percentages of animas dying examined within the twowere 

age groups recorded; young (0-8 months) and adult (over 8 months). The mortality 
rates related to each of the five classes are shown in Table 10. 

Thus 30. 5%of mortality i, due to problems connected with the alimentary 
tiact; 27. 5% to respiratory problems, 12' to other diseases; ;. 3,7 to accidents, 
abcesses and skin diseases; and the remaining 2:3 7c undiagnoscd. 

19
 



Table 10. Mortality rate related to cause 

Class 0-8 months 8 months Overall 
No. of % No. of % % 
deaths deaths 

Alimentary 129 28.5 35 32.5 30.50 
Respiratory 123 27 30 28 27. 50 
Other diseases 64 14 11 10 12.00 
Accidents, abeesses, etc. 19 4 9 8.5 6.25 
Unidentified causes 119 26.5 23 21 23.75 

Total 454 100 108 100 

Tables 11 and 12 show the total numbers of animals, the numbers treated 

and the percentage of animals treated for each of the disease classes within the 

two different age groups, by year and month. 

Thble 11. 'I'eatnets in each di,&-a, claL:i by vtar and avith (aninils 0-8 nxlths) 

Period Total Atimentan,, Rle.'pirton' Other Accidents Total 
No. of Treatmentslt atets Treatments Treatments Treatments 

animals No. 'i No. ( No. % No. % No. % 

1975 
1976 

l!77 
1978 
1979 
1980 

51 
110 

116 
158 
96 

133 

14 
25 

46 
101 
41 
-18 

27.4 
22.7 

39.6 
63.9 
42.7 
36.0 

1 
r" 
79 
93 
1.12 

154 

1.9 
56.3 
68.1 
58.8 

117.9 
40.6 

8 
12 
20 
22 
45 
10 

15.6 
10.9 
17.2 
13.9 
46.8 

7.5 

19 
18 
23 
14 
33 
22 

37.2 
16.3 
18.8 
8.8 

34.3 
16.5 

42 
117 
168 
230 
261 
134 

1,2.3 
J06.4 
1414.8 
145.6 
271.9 
100.7 

Jimunry 
February 

March 
April 
May 
June 
July 
August 
September 
October 
November 

10 
111 

117 
111 
109 
114l 
109 
105 
108 
106 
113 

. 
6 

6 
2 
-

2 
3 
2 
4 
4 
5 

3.8 
5.4 

5.1 
1.8 
1.8 
1.7 
2.7 
1.9 
3.7 
3.7 
4.4 

6 
3 

6 
4 
5 

11 
16 
14 

3 
2 
1 

5.7 
2.7 

:).1 
3. 6 
4.5 
9.6 

14.6 
13.3 

2.7 
1.8 
0.8 

2 
1 
2 
4 
2 
1 
2 
0 
2 
2 
2 

1.9 
0.9 

1.7 
3.6 
1.8 
0.8 
1.8 
0 
1.8 
1.8 
1.7 

2 
2 

2 
1 
2 
2 
1 
3 
2 
7 
1 

1. 9 
1.8 

1.7 
0.9 
1.8 
1.7 
0.9 
2.8 
1.8 
6.6 
0.8 

14 
12 

16 
11 
11 
16 
21 
19 
11 
15 

9 

13.5 
10.8 

13.7 
9.9 

10.1 
14.0 
19.3 
18.1 
10.2 
14.1 

7.9 
December 120 6 5.0 2 1.6 1 0.8 2 1.6 11 9.1 
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Table 12. Treatments in each disease class by yeatuind montl (aninauls Over 8 mrmths) 

Period Total Alimentary eOsnrttor' Other Accidents 'I tal 
no. oi Trreatments Treat ment.n Treatments rreatments Treatments 
nlciais No. No. c) No. No. q No. '1 

175 
1976 
1977 

1978 

86 
138 
127 

111 

i5 
23 
1.1 

18 

it 
1.'; 
11..1 

16.5 

12 
13 
-1 
fls 

1H.. 
-t 

331 ; 
62.3 

16 
15 
13 

I 

I9.l 
10.8 
10.6 
10.0 

3-1 
27 
1t; 

22 

39.5 
19.5 
15.5 

20.1 

77 
78 
8.1 

119 

89.5 
56.5 
;8. t 

109.2 
1979 

1988 

10.' 

122 

19 

3:1 

16.1 

27.1 

26 

-0l 

17-1.5 

:1:1. f 
1 

i 

13.5 

0. 8 

t. 

16 

11.8 

1:1.1 
255 

91 

216.1 

71.6 

,Janiual' 105 1 0.9 t0 9.5 I 0 1 0 1.1 12 11.4 
Felruattv 

Marel 

106 

105 

1 

1 

0.9 

1,9 

, 

7 

7.5 

6. (; 

1 

1 

0.9 

0. 9 

1 

2 

0.9 

1.11 

1 

11 

t10.3 

10..I 
Ap "1l 

Miay 
112 

116 

2 

1 

1.7 

). ,S 

t; 

.1 

5. 3 

:1., 

1 

1 

0.8 

0.8 

1 

1 

0. i 

0.8 

1t0 

7 

8.9 

6. 0 
June 

July 

117 

1213 
2 

1 
1.7 

0. 1 

5 

10 

4. 2 

H. 
1 

1 

0. 8 

0. 8 

1 

2 

.9, 

1. 6 .I 

7.7 

11.-I 
A,.gest 125 1 0.8 5 1.0 0111,8 2 1.6 11 7.2 
Septemher 

)ctobe 1, 
121 

121 

1 

1 

:1.2 

0.8 

2 

I 

1.f 

2.4 

1 

1 

0.8 

0. 

3 

-1 

2.4 

:l. 3 

lto 

9 

8.1 

7.4 
Novemnbe r 122 2 1.6 3 2.1 2 1.6 1 .9 8 6.5 
December 120 4 3.: :t 2.5 1 0.8 2 1.0 1 8.3 
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SHEEP BODY WEIGHTS 

ENVIRONMENTAL AND GENETIC EFFECTS ON LAMB WEIGHTS 

AT SEVEN DIFFErRENT AGES 

Weights at birth, 2 and 4 months wert available for 360 lambs, at 4, 6 and 

8 months for 298 lambs and at 8, 10 and 12 months for 209 lambs, born in the 

years 1977 - 1980. Analyses of variance, laid out in Table 13, showed origin, 

year and month of birth, type of birth, sex, age of dam and individual dams to 

have significant effects on lamb body weight at different stages. 

Table 13. Anavyses of variance r ' weight at seven different ages using all records available to 12 months 

Source d. f. Mean squares d. f. Mean squa res d. f. Mean squares 
!lirch 2 fu 

xl12 

.i in 

XI02 

I In 
X1t12 

In 
,1 

2 
8uI 
x10 

8 m 
XI(0 

1011 12 t 

Origin I S8o1()* .18(.1 110131' 
° 

I 11"151-* 1086 1732 
° 
2 ­ 7211 - 13 7189-

Ewes 145 181- :133'' 928­ 141 775'* 
° 

1-2' 1211-' 116 877 1121 1392 
Year of birth 3 67* 2117'' i508-i" 3 7 7 * 1662-1 -- 22.151** :3 195-12-' 265t " 28154-' 
Month of birth 
Type of lambing 

10 

1 

258' 

:1186'. 
268 

H39 1 
1252'* 

12-02'' 
11 

1 
1 

1(476-' 
1BM2 

1252 
" * 

1 
° 

185**1o73 

996801 
11 

1 

22'"* 

21390 
1982' 

1543 
2186 

7M3 
Sex 1 9 * t!i; 2 130 I 2952- 111-12­ 17965'* 1 1505 5695' 11912'' 
Numbei of larnling/ 

foundation 1 129 213 175 I 1150 1038 251A 1 5157' 2:162 :19 
Number of lambing ' 

* 
born on centre 2 573"- (768 1101 2 768 93 182 2 387 185 313 

Remaindc r 195 110 222 47 136 542 638 731 72 820 967 1193 

=P O, 05 
°"= I' <8.81 

The estimated least squares means for body weight at seven different ages 

are shown in Table 14. 

Figure 3 illustrates the mean growth of all lambs fi m birth to 12 months. 

The coefficients of variation of weight at birth, 2, 4, 6, 8, 10 and 12 months were 

19%, 22%, 22%, 2U%, 18%, 19% and 19% respectively. 

22 



Thhle 14. Estimated least squares eans for weight at seven different ages 

Variable No. Birth 2 m 4 No. 4 m 6 m 8 m No. 8 m 10 m 12 m 
Overall mean 360 1.59 6.06 8.71 298 8.70 11. 3 13.53 209 14.03 15.93 17.90 

nrci;inFoundation 
Born on centre 

Year of birth 

(1) 
(2) 

225 
135 

1.74 
1.45 

6.hS 
5.65 

9.39 
8.03 

188 
110 

9.-8 
7.92 

12.13 
10.59 

14.24 
12.82 

143 
66 

14.77 
13.30 

16.85 
15.01 

18.63 
17.17 

1977 
1978 
1979 
19P2 

45 
86 

102 
123 

1.48 
1.71 
1.54 
1.65 

6.33 
5.40 
5.57 
6."5 

).15 
6.12 
7.61 

1C.75 

58 
53 
76 
i1 

845 
6.67 
B ­

11.23 

11.15 
8.13 

ii. 8 
1".93 

13.32 
8.99 

14.46 
17.3$ 

7-
38 
51 
48 

11.26 
9.11 

15.84 
19.92 

13.74 
9.78 

18.07 
22.11 

16.08 
11.76 
19.21 
24.56 

Month of birthJanuary 
February 
March 
."prii 
,.ay 
June 

August 
September 
ctoher 

November 
ecezoser 

2-,f lambing 

26 
34 
3' 
21 
28 
29 

6 
_ 
16 
39 
64 
59 

1.74 
1.7$ 
1.48 
1.38 
1.45 
1.0 
1.49 

1.74 
1.56 
1.70 
1.62 

5.59 
6.12 
6.l41 
5.81 
F. 
5.31 
5. 1 

6.50 
5.53 
6.64 
6.26 

0.95 
1.09 
.53 

9.Ci 
9 .f 
5.19 
7.53 

9 E,4 
7.40 
9.66 
9.51 

18 
8 

30 
9 

15 
3L. 

7 
3 

12 
33 
55 
54 

7.4F 
8.7 
9.64 
S.17 
8.1 
7.18 

.33 
1i.81 
9.62 
8.9 
. 
9.8 

9.E4 
11.27 
11.71 
10.4C 
10.28S 
9.C 

y1 
1.7 

±1.81 
11.7 
1 B 

11.87 
12.08 
1.55 
11.73 
12.5 
12.64 
13.08 
19.37 

.93 
13.12 
13.8" 
i.513.5 

18 
23 
33 
9 

1 
25 

11 
17 
21 
29 

1C.71 
12.4 
12.88 
12.80 
122 
13.8 
11.75 
21.6 
15.28 
13.81 
15.W8 
15.76 

11.71 
13.91 
15 

15.77 
.1 

17.2 
18 .7' 
i .98 
18.7C; 
16.40 

14.08 
16.17 
18.31 
19.9 
8.61 

19.27 
12.59 
21.80 
21.11 
14.88 
20.03 
19.49 

Single 
.win 

rez 

272 
88 

1.78 
1.41 

1.01 
5.12 

9.85 
7.56 

225 
73 

9 
.9 

7 
12.E 
10. 02 

14.70 
12.36 

17C 
39 

l
9 
.8 

13.18 
16.61. 
15.24 

8.9 
iv...± 

..ale 
Fec-ale 

198 
162 

1.66 
1.52 

6.22 
5.91 

9.06 
8.35 

151 
147 

9.20 
8.20 

12.31 
10.35 

14.77 
12.29 

96 
213 

I4.53 
13.54 

1E.90 
24.96 

19.30 
16.50 

Number of 
5 

labin/orisin- 93 
132 

1.79 
1.69 

6.69 
6.29 

9.66 
9.13 

80 
108 

10.C 
8.90 

12.68 
11.58 

14.52 
13.97 

78 
65 

16.44 
13.10 

1'.98 
15.72 

18.88 
18.3b 

Numnler of ambing/origin 21 f32 

or 39 
6' 

1.17 

1.52 
1.66 

4.88 

5.5: 
6.54 

6.39 

8.11 
9.10 

21 

30 
59 

6.47 

8.36 
8.94 

10.09 

10.56 
10.97 

12.12 

12.99 
13.35 

13 

19 
34 

1222 . 

1 2.42 19.56 
13.2 1E.52 

15.00 

17.77 
18.75 
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Figure 3. Mean body weights from birth to 12 months. 

Effect ofyear ofbirtjh 

Table 13 indicates that significant year effects existed for weights at all 
ages. Lanbs born in 1980 were significantly heavier at all ages from 2 months 
to 12 months than those bomn in the three other years, while lambs born in 1978 

were significantly lighter. The weight differences between lambs born in these 
.-.vo extreme years at 2, 4, 6, 8, 10 and 12 months were 25%, 53c', 59%, 62%, 77% 

anc, 71% respectively of the mean weights. 

Causes of vaiation between years in this environment can be 

annual rainfall affecting pasture availability, and the disease situation, 

changes in management techniques, genetic progress, etc. Correlations and 
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regressions 	between the 4 year means for weight at each stage from 2 months to 
12 months and the 4 year means for rainfall from birth to each stage are indicated 

in Table 15 (Mean birth date taken as July 1). 

Table 15. 	 Correlations between and regressions of weight (kg) at 6 ages and 
rainfall (mm) between birthi and that age. 

Age Correlation Regressions 

2 months -0.77 -0.003 
4 months -0.91 -0. 009 
6 months -0.82 -0.011 
8 months -0.74 -0.014 
10 months -0.66 -0. 017 
12 months -0.74 -0.018 

Table 15 indicates strong negative correlations between weight at all stages 

and rainfall over the corresponding periods, ranging from 0. 66 to 0.91. The 

regressions of weight on rainfall showed a reduction in weight of 3, 9, 11, 14, 17 

and 18 gm for each additional 1 mm rainfall from birth to 2, 4, 6, 8, 10 and 12 

months respectively. Table 8 showt, the mortality rates from birth to weaning 

and weaning to 12 months for these four years. The correlation between mortality 

rate to weaning and weaning weight of survivor was -0. 91; and between mortality 

rate to 12 months and weight at .2 months, -0. 92. The weights of survivors at 4 
months and 12 months were 142 gm and 237 gm less respectively for each addition­

all 1% mortality that had occurred during these periods. 

Effect of month of birth 

Table 13 indicates that the effects associated with month of birth were 

significant at all ages except 2 and 12 months. Figure 4 shows the weights of 

animals in each of the month of birth groups, corrected for all other effects 

evaluted. 

The effects of month of birth on later body weights are usually related to 

the stage in the wet and dry weather cycle at which an animal reaches a given age; 
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Figure 4. Effect of month of birth on body weight. 



and relative rankings of month of birth groups might be expected to change from 

stage to stage. 

Correlations and regressions between the 12 monthly means for weight and 
the 12 monthly means for rainfall from birth are given in Table 16 for the four 

ages 4, 6, 8 and 10 months where month of birth effect is significant. 

Table 16. 	 Correlations between and regressions of weight (kg) at 4 aqges and 
rainfall (mm) between birth and that age. 

Age Correlation Regression 

4 months -0.10 -0. 001 
6 months -0.29 -0. 002 
8 months -0.39 -0. 001 
10 months -0.46 -0. 005 

Table 16 indicates that the correlations and regressions between rainfall 

and weight at the 4, 6, 8 and 10 month stages were all negati, but small. 

Effect of type of lambing 

Table 1:1 indicates that type of lambing, single or twin, had a significwit 

effect on all weights from birth to S months, twin lambs being 	21'(, 271%,* ... 

21% 160, 	 8% and 5% lighter than singles at birth, 2, 4, 6, 8, 10 and 12 months 

of age respectively. 

Effect o! sex 

Table 13 indicates that the effect of sex was -.4gnificant at all ages except 
2 months. At birth, 2, 4, 6, 8, 10 and 12 months, males were 91/, 5,{, ,',, 18, 

20%, 13% and 17% heavier than females. 

Effect of dam parturition number 

Table 13 indicates that the effect associated with dam parturition numLbr 
was significant at the birth and 2-month stages only. At birth, lambs from second 
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parturition dams were 30% heavier and lambs from third and later parturition 

dams 41% heavier, than lambs from first parturition dams. At 2-months of age 

the respective differences were 13% and 34%. 

Repeatability of early lamb weights 

The repeatabilities of lamb birth, 2 month and 4 month weights considered 
as a characteristic of the ewe are indicated in Table 17. Data are from 360 lambs 

born to 146 ewes. 

Table 17. Repeatability of early lamb weights 

Trait Repeatability s. e. 

Birth weight 0.22 0.07 
2 months weight 0.18 0.07 
4 months weight 0.24 0.08 

Phenotypic correations between lamb body weights at different ages 

The phenotypic correlations available between lamb weights are shown in 

Table 18. These were all positive, with correlations between birth and early 

weights being lower than those between all other later ages. 

Table 18. Phenotypic correlations between lamb body weights 

Trait 2 months 4 months 6 months 8 months 10 months 12 months 
weight weight weight weight weight weight 

Birth weight .41 .29 
2 months weight 
4 months weight 
6 months weight 
8 months weight 
10 months weight 

.78 
.84 .72 

.86 
.85 72 

.86 
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EWE BODY WEIGHTS 

Weights, at lambing and when lamb weaned at 4 months of age, were 
available for 144 ewes, together with the birth and 4 month weights of their 360 
lambs, produced in 316 parturitions. In order to facilitate analyses and obtain 

correlations between ewe and lamb weights, the ewe weights in the -4 lambings 
producing tvdns, used twice in the analyses. The data referredwere to lambings 
over the four years 1977 - 1980. An!ycos of v,:anjcP i~ni( ou in't , 
showed origin, year of lambing and individual ewes to have significant effects on 
weights at lambing, lamb weaning and their meal. Additionally, month of lambing 
had a significant effect on weight at lamb weaning and mean weight. 

Table 19. Analyses of variance of weights of adult ewes 

Source d. f. Mean squares x 10 9 

Weight at Weight at Mean 
1'unbing weaning w4eig-ht 

Origin 1 7142,t** 57971** 6329!)**

Ewes 145 1904" 228,1* 1745" 
Year of lambing 3 12261** 2288(;** 17876** 
Month of lambing 10 682 22:18 * 96** 
Type of lambing 1 566 865 357 
Sex 1 199 56 2,6
Number of lambing/foundation 1 180 106 180 
Number of lambing/born on centre 2 647 431 550 
Remainder 195 475 516 269 

**= p <.01. 

The estimated least squares means for the three neasures of ewe body 

weight are shown in Table 20. 

The mean ewe body weight at lambing was 23. 8 kg, and at weaning of lamb 
23. 3 kg, thus an average of 0.5 kg was lost during the '1 months suckling period. 

The repeatabilities of ewe weights at parturition, at weaning of lambs 
4 months later and the mean of the two, are indicated in Table 21. 
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Table 20. Estimated least squares mems for weights of adult ewes (kgs) 

Variable 

Overall mean 

Origin 
Foundation (1) 
Born on centre (2) 

Year of lambing 
1977 


197 ; 


1979 
1980 

Month of lambing 
January 


Febriary 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Type of lambing 
Single 


Twin 

Sex
 
Male 
Femate 

Number of lambing/origin 1 
1-4 

51 


Number of lambing/origin 2 
1 
2 

3f 


Number 

360 

225 
135 

45 


86 


102 
127 

26 


34 
38 
21 
28 
29 

6 
-

16 
39 
64 


59 

272 


88 


198 
162 

93 

132 


32 
39 


64 

Weight nt 
lambing 

23.82 

25.55 
22.09 

22.94 


22.60 


23.12 
26.62 

24.35 


24.44 
23.80 
23.68 
24.81 


22.68 
22.39 

-

24.83 
23.28 
23.78 


23.99 


23.58 


24.07 


23.72 
23.93 

25.74 

25.37 


21.18 


22.59 


22.51 


30 

Weight at Mean 
weaning weight 

23.33 23.47 

24.88 25. 10 
21.77 21.85 

21.53 22.39
 

21.04 21.60
 

23.29 22.95 
27.46 26.96 

21.14 22.82
 
23.27 23.91 
23.85 23.73 
23.76 23.65 
22.73 23.75
 

22. 06 22.15 
21.31 21.91 

25.57 24.48 
25. 33 23.97 
23.64 23.65
 

23.95 24.20
 

23.03 23.28
 

23.63 23.67
 

23.28 23.36 
23.38 23.59 

24.74 25.29 
25.03 24.92
 

21.05 21.04
 

22.21 22.35
 

22.05 22.16
 



Table 21. Repeatability of ewe body weights 

Trait Repeatability s. e. 

Weight at parturition 0.57 0.05 
Weight 4 months after parturition 0.60 0.05 
Mean weight 0. 70 0.04 

These repeatability estimates were within the range normally reported
 

for ewe body weights.
 

The phenotypic correlations between ewe weights and lanb preweaning
 

weights are shown in Table 22.
 

Table 22. Phenotypic correlations between ewe and lamb weights 

Trait Lamb bi rth Lamb 2 Lamb -1months 
weight months weight weight 

Ewe weight at partuiition 0.20 0.3s 0. 89 
Ewe weight 4 months after 

parturition 0. 06 0. 27 0. 32 
Mean ewe weight 0. 18 0.36 0. 19 

The correlation of ewe weight \%ith lamb pre-weaning weights was al.)out 
double that between ewe weight and lamb birth weight. 
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SHEEP LINEAR MEASUREMENTS 

ENVIRONMENTAL AND GENETIC EFFECTS ON LAMBS FROM
 

BIRTH TO 12 MONTHS OF AGE
 

Three linear measurements, height at withers, scapulo-ischial length, and 

heart girth, together with body weight were available for 360 lambs at birth, 2 and 

4 months; 298 at 4, 6 and 8 months; and 209 at 8, 10 and 12 months. Analyses 

of variance laid out in Table 23 show the significance of environmental and 

genetic effects on the linear measurements and weight from birth to 12 months. 

The general situation is that these effects on linear measurements fairly closely 

resembled their effects on body weight. 

The estimated least squares means for height, length, girth and weight at 

birth 2, 4, 6, 8, 10 and 12 months are given in Thble 24. 

60 - .--- [N f.-------


55 

HG" 

50 

20 

15 

~30 

52- 6.1 

N 2". 6.,. 6L'. 0,I'. 

Figure 5. Mean changes in linear measurements and weight. 
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Table 23. Andlyals of variance of weight and linear easuremlrents at seven differeut age. 
2Source~~~ di.Malqarsx1 } E I G 11 T I 

Source d. f. Mean o10 ea squares x 10 d.f. Man suaren x 102Birth 2 i m 7- 3 tI 10 m 12 . 

Origin I Il4G36A 100761h 3,,155h7 1 30 .1)Wes ' 015 C 327qt, 1 57.0 9892AO 84934145 61410 1015 If 177"l0 14 1Year 113of birth 12 11 11: h IT,. ,1 7 1300 1141Month 0 rth 10 11 1 101 1 110 11 .07l6l 277600Type of la-bing 510 A11 32'" I ' 17,ho'ex of251 1 h 301, p78o,242 , 71'." 51," 1 '!o, ,, 1 202Nuolhe, of lan.'ng/fodat ion 1 1374 51212082 1'' 311ql 1 7813,iu,-.ber of Iamhing/folm 0, orctre 11-' .71 1q'
Penajnder ,1 371195 '2 "12 

77 

soot-se 1.1. lens uatre .1 '-f hdn,,~t11,;, S,,11are' 011 

T-1 I'2Origin 1 1/727'112- E 1 roes *11yC 17"1-5 126IF,Year of birth .1 -1' 31 ,B 21, lit,- ', b'< , ,, , '2 "" Mcrth of birth Ii, 511 1<5 221,
Type of lashing 1 2,1 " 11 7, .23Sex 1 4 14 13 " AJ)lberof baelinlg/folu d io 1 371 .c 107 I

11ur er of C tt,
u, lirlti-g/lot,2 111 .17,1A 3 7Rerrainder i1'5 576 83 17 .1 

5ource d.f. Mean 5[nv; 12Yil ~ 1": I . % m s,.,r,. 

erigin hEwe 1 2 733116"' 1145 , 7 1: ,7-1.1165w 19 ''",J10I 1I1 5 2.2~ iI 1 13521 '1b35s7 

Year of birth 
 3 8.1' It I 'I 

Month of birth 1l. '-12 1, 11 "'. -' I317 
 2I 1'' 

Type of larrling 1 1.131 ,573 1 7327: 1
200 of5 1 1a 117 ] 17 l/)lur'ber of laatcin,/foundation

Nusher of Ia, ing/he,to on ctent rt 
1 
2 I, 011 

'2 '- I 1 "l t ' 511/" ' .¢1P il112 ?,
 
e- nder 195 2 64, 
 . I'Il1I, I'- " 1 "'4271 1' " ' l ," 

Yra: of birth 3 hU m1, 0 ..7-Mocnh of bitht- 10 "7 127,1A,7",'1 
Type of IarL1g 1 311 71'',W' 1)""",A" 1 

lu;l-er of lasblng/foundatlon 1 21 1 1 17'' Il 113,unter of larlltng/b rn,on centre 2 It I I 1 2Pemainder I'7. 1[ 1 7 1193 

l 0 P < 0.05 
n P 0.01 
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Table 24. Estimated least .quaresrneans for weights and linear measurements at seven different ages 

Variable 

Overall mean 

No. 

360 

Birth 

24.9 

2m 

39.61 

4m 

45.2 

L E N G T H
No. 4m 

290 45.1 

(cm)G6m Om 

48.71 52.0 

No. 

209 

Sm 

52.1 

lom 

54.71 

12 m 

50.5 

No. 

360 

Blirth 

27.2 

2m 

42.67 

4m 

48.0 

No. 

295 

4m 

48.3 

6m 

52.64 

Sm 

55.1 

No. 

10'.. 

Sm 

56.0 

l0m 

59.45 

12m 

6i.4 

Foundation 
Born on Centre 

(1) 
12) 

225 
135 

25.5 
2-1.2 

40.33 
3S. 8 

46.2 
44.2 

1E_ 
110 

16.4 
43. 

10.72 
47.71 

53.0 
51.0 

143 
00 

53.0 
51.1 

55.04! 
53.5 t 

57.4 
55.6 

.25 
135 

28.2 
26.3 

43.68 
41.63 

49.5 
46.6 

150 
11o 

50.0 
46.5 

54.00 
51.202 

5. 
54. 

1413 
l 

57.0 
55. 

00.80 
5, 6 

2.5 
0. 1 

Year of birth
1977 
1979 
1979 

1980 

45 
b(3 

102 

127 

24.0 
25.3 
24.9 

24.4 

40.47 
3. 50 
3.93 

40.51 

46.6 
42.3 
4..1 

47.t 

50 
53 
70 

111 

44.5 
43.1 
44.9 

45.1 

48.01 
45.00 
49.06 

52.78 

51.! 
.16.8 
52.7 

56.7 

72 
38 
51 

-is 

4S.-
46.7 
54.1 

58.7 

El.55 
4&..-1 
5f,30 

62. 1 

54. 5 
50.1x 
57. 6 

10 

15 
6 

102 

1,7 

20.3 
27.9 
27.4 

27.3 

43.80 
41.14 
41.66 

43.)9 

'9.5 
44.5 
46.3 

51. 5 

5-
5 

70 

111 

-7.6 
45. 
47.2 

52.0 

52.24 
47. 1 
51.00; 

58.5 

54.5 
4t., 
56. 

2. 

72 
35 
51 

1 4 

51.3 
4'. 
57.7 

,15.5 

55.45 
51. 31 

45 

4 .59 

5.2 
53.­
63.9 

70.2 
Month of birth 
aua.r 

February 
March 
April 
May 
June 
July 
August 

September 
October 
November 
December 

20G 
34 
3S 
21 
2 
29 

16 
39 
64 
59 

23.1 
25.1 
24. 
24.0 
24.3 
24.6 
23.7 

-

24.9 
26.0 
25.0 
24.4 

40.6! 
41.11 
39.G-
39.09 
39..2 
3o. 42 
37.3, 

-

40.53 
38.50 
39.05 
39. . 

13. 7 
-1.-
46. 7 
44. 9 
44.7 
44.; 
43.2 

-

4.-52 
45.14 
-47.1 
40.0 

18 
52, 

30 
0 

15 
34 
7 
3 

33 
55 
54 

45.2 
43.9 
4.9 
.14.4 
45.4 
.;:,.4 
41., 
43.5 

40.9 
47.0 
44.6 
-5. 

45.01 
4 .2 
4!..50 
4. 16 
45.01 
44.1.-
45.70 
51.51 

51. 4 
49.5) 
50.39 
50.17 

19. 5 
51.5 
52.1 
51.2 
40.0 
40.3 
51.0 
5-.1 

55.0 
52.2 
52.2 
52.2 

1b 
23 
33 
0 
4 

25 
0 
3 

11 
17 
21 
20 

47.9 
50.2 
51.1 
51.: 
4b.S 
50.5 
40.2 
60.a 

54. 
52.2 
53.3 
54.0 

40. 26 
53.37 
54. 05 
54.51 
54.9t 
54.4, 
50.07 
60.021 

57.-9 
54.1 
56.*2 
5r.12 

52.0 
54.7 
57.1 
57.3 
56.5 
56.42 
51. -

3. J 

51.3 
54. 
5 b 

2G 
34 
3 
1 

2i 
2 

-" 

1r 
3' 
114 

59 

9.1 
29.5 
27.1 
26.9 
27.( 
27.3 
25.4 

27.3 
26.8 
27.5 
27.6 

42.38 4C.1 
-43.75 49.0 
43.21 49.0 
-11.43 47. 
-43.30 47.4 
43.39 47.3 
39.58 44.5 

4:.11 40.0 
41.51 47.3 
43.87 59.7 
43.71 50.0 

1 
2-
0 

15 
34 

7 

12 
33 

54 

. 
4. 
1 

. h. 
4-.3 
45.8 
42.4 
5 3 1 

30.4 
4t.4 
49.0 
5,).1 

49. t 7 54. 
2 -'13 54.2T '2 

53. '5 55, 1; 
30. 50 
:0. 44 5-1.5 
4.32 54.2 
50.45 5 5. '1 
59.51 7. 

56.79 57.1 
53.2- 55.1 
53. 1 S2. 
53.70 55.9 

1 
23 
M 

14 
-J 

1 
17 

2i! 

*.2.5 
3.3 

51. 

53.4 
5.,-

0. 

St. ; 

5.;. 09 57.1 
57. 5". 5 
5!).7 i2. G 

42.1 
.92 00.3J 

35 Q. 9 
6.3 

0; .- 77.2 

1. 13 65.7 

1 
50.7 0 2 

Type of lambing
Single 
Twin 

272 
88 

25.1 
24.6 

41.23 
37.97 

16.0 
43. 

225 
73 

46.7 
43.5 

50.62 
46.00 

53.4 
50.7 

170 
39 

52.4 
50.8 

55.95 
53.41 

57. 
55.3 

272 28.3 
26.1 

45.03 
40.30 

50.4 
45.7 

225 
73 

50.!, 
407.0 

54. 92 
51. 3 

57.3 
0 

170 57.6 
5.4 

60.74 
56. 1( 

62.0 
CO.1 

Sex
Male 
F'male 

195 
162 

25.0 
24.7 

39.87 
39.34 

45.2 
45.2 

151 
147 

45.5 
44.7 

49.13 
49.29 

53.2 
50.8 

96 
113 

52.4 
51.0 

54.85 
54.57 

57.5 
a.5.5 

19- -
1C2 

27.7 
26.0 

42.01 
42.42 

48.4 
47.6 

151 
1-7 

40.9 
47.7 

53. 
91.00 4. 0 113 

; 
55.7 

0, .1:7 02.5 
21).: 

Numberof1-4 
5-

lambin/origin93 
132 

1 25.27 
25.77 

40.44 
40.22 

4(.78 
45.78 

Sr' 
1119 

47.35 
45.50 

50.83 
48.60 

53.86 
52.32 

78 
65 

55.39 
50.76 

57.65 
54.02 

50.02 
56.27 

93 
132 

29.09 
20.35 

43.62 
43.74 

49.77 
40.22 

00 
10S 

50.90 
49.3,t 

54.78 
53.22 

57.4t 
55.51 

78 
r5 

5. ,5 
54.20 

6370 63.67 
5-. 1.1 C1.4I1 

Numberof lambin/ortgn32 
2 3q 
3- 64 

2 .3 

2.0 
25.4. 

37.29 

38.97 
40.3F 

42.5 

413.8 
46.1 

21 

30 
59 

42.7 

43.6 
45.3 

46.03 

48.50 
48.59 

50.8 

51.2 
51.0 

13 

19 
34 

49.6 

52.2 
51.6 

54.79 

53.20 
52.78 

55.6 

04.7 
56.4 

32 

39 
G4 

24.8 

260 
27.4 

39.11 

41. t'9 
43.35 

44.0 

40.7 
48.6 

21 

30 
59 

43.8 

40.9 
49.0 

50.13 

51.59 
52.15 

51.0 

54.7 
54.0 

13 

10 
34 

52. 

57.5 
54.7 

58.20 

58.20 
57.57 

55.7 

(2.0 
12.8 



Table 24. Estimated least squares means forweights and linear measureme 'ts at seven dtfferent ages 

Variable No. Birth 2 m 4 m 
W E I G H T 
No. 4 m 

(kgs) 
6 m 8 m No. S m 10 m 12 m No. Birth 2 m 4 m 

H E I G H T 
No. 4 m 

(cm) 
6 m 8 m No. 8 m 10n 12m 

Overall mean 360 1.59 6,0 5 .71 298 8.70 11.32 13.53 209 14.03 15.93 17.90 360 28.9 39.36 43.4 29S 43.4 46.83 46.7 209 49.b 51.10 52.2 

OriginFoundation (1) 
Born on Centre f2) 

225 
135 

1.74 
1.45 

6.48 
5.65 

9.39 
8.03 

i6 
11( 

9.4S 
7.92 

12.13 
10.54 

14.24 
12.t2 

143 
6 

14.77 
13.30 

16. 5 
15.01 

1. 9 
17.17 

225 
135 

29.7 
2S.1 

40.03 
38.73 

44.5 
42.2 

18 
110 

44.7 
42.1 

47.74 
75.91 

49.9 
47.6 

143 
66 

49.3 
4'.0 

51.95 
50.24 

53.0 
51.4 

Year of bi rth1977 
1978 

1979 
1980 

45 
06 

102 
"27 

1.46 
1.71 

1.5-
1.65 

6.33 
5.40 

5.57 
;. 95 

10.15 
6.12 

7.64 
10.75 

5n 
53 

7'; 
i11 

s. 
6.67 

.4-l 
11.23 

11.15 

11.0 
14.93 

13.32 
6.991.5 

14.46 
17-.3,; 

72 
30 

51 
4, 

11.26 
9.11 

15.64 
19.92 

13.74 
9.7s 

16.07 
22.11 

16.0S 
11.76 

19.21 
24.50 

45 
06 

102 
127 

26.8 
29.8 

2S.9 
30.1 

30.56 
37. 0 

39.20 
41.97 

43.2 
40.5 

43.1 
46.7 

56 
53 

76 
1il 

-12.1 
46-5 

13.:, 
.17.1 

46.30 
;3.14 

47.01 
56. ,. 

4k. 1 
44.6 

49.3 
53.1 

72 
3-

51 
4 

45.1 
44.6 

50.0 
54. 

48. 07 
45.92 

52.77 
57.62 

51.5 
46.3 

53.5 
57.5 

Month of birthJanuary 
February 
March 
April 
May 
June 
July 
August 

September 
October 

November 
December 

2,; 
34 
36 
21 
26 

29 
r 

1. 
3" 

64 
50 

1.74 
1.75 
1.4-
1.30 
1.45 
1.60 
1.49 

1.74 
1.56 

1.70 
1.62 

5.5: 
6.12 
6.11 
5.64 
6.50 
6.32 
5. o 

-

6._0 
5.53 

6.64 
6.26 

6.95 1 
9.09 2t 
9.53 30 
9.01 0 
9.1! 15 

.36 
7.53 

-

9.64 12 
U.0 33 

.,;
1.5 

7.46 9.6G4 
t.73 11.27 
9. f;4 11.71 

.1 10.40 
S.41 10.26 

37.16.0 
6 . .:;1 

11.; 15.49 
. 62 1:3.57 
. .­ l 

17 

1.- 7 
12.o0 
13.5; 
11.73 
12.5;, 
12.4 
12.0 
19.:3 

14.;,3 
13.12 

13. ­
3.5 

1 
23 
33 

4 
2 

; 
3 

1i 
17 

21 

20.--
12.01 
12. 
12 
12. 
Li.-7 
1! .75 
2!.,i 

15. 
1:.- 1 

15.7-
11.5.7-

1 1.71 
13.91 
15.35 

;.92 
15.;.o 
1.77 
1.41 
17.27 
l . 7(, 
14.9n 

1-.71 
1.41 

14.0-
1'.17 
16.31 
19.49 
16.61 
19.27 
13.59 
21.60 

21.11 
14. 

20.63 
17.49 

26 
3-
36 

21 
LS 
29 
f; 

16 
39 

4 
5 

2.7 
30.1 
2-7 

'!D.0 
2. 5 
2-.4 
27.7 

20.7 
2 7. -

2. 6 

3 
-.- u 4-;1.5 

-4C.17 44.0 
39.00 44.5 
3-.- 43. 
1. 
3 3.1 
37. 7 41.7 

-
4 1.7" 4".9 

67 4-.3 

3 73 44.4 
. 

1 
2-
30 

9 
15 
34 

7 
3 

12 
33 

5-

42.3 
43.3 
44.4 
42.7 
43-

41.-
.10.5 
45.5 
44. 
-3.54, 

43. 
43. 

45.40 
47.3f; 
4-. 0 
4. 
4.57 
44.-1-1 
4-.23 
50.71 

72 
P;. 7-

44. 
4;.f5 

47.6 
47-.7 
49.4 

1S.0 
.;. 
45., 
54.4 
51.4 
4 

4. 
5 

1; 
-3 

33 

-5 

3 
11 
17 

2 
29 

44.9 
4 6.6 
417.4 
45.6 
46.4 
47.2 
46.4 
56.3 
51.6 
50.6 

49. t 
50.5 

4-.6,4 
40.94 
50.43 
4.47 
46.G1 
49.91 
49.17 
55.22 

54.60 
51. 6 

55.49 
53. 00 

48.7 
49.0 
51.1 
49.5 
51.7 
51.8 
51.7 
5G.5 
56.0 
52.3 

54.S 
53.2 

Type of lambingSingle 
T'in 

273 
v8 

1.7 
1.41 

7.(11 
5.13 

.5 
7.5r6 

225 
7 

12.6f5 14.71 
1. t2.:, 

17 
5, 

i 
1 

. 6 ',11-.; 
" 21 17.41 

22 2. 
227.9 

40.62 
3t. 15 

44.7 
42.0 

225 
73 

41.9 
41.0 

47. 
45. 67 

5 
47,2 

o 
3', 

50. 
47.0 

52.15 
50.04 

53.1 
50.5 

SexMale 
Female 

19 
162 

1.66 
1.52 

1.22 
5.91 

.66 

.35 
151 
147 

20 12.31 
.2 

14.77 
12.2; 11 

1 If:.1.!;, 
.6 

19. 
16.5' 

-1 
1r2 

2. 
2 5 

3,. 
3.9 

- 43.' 
,-. 

15! 
147 

41.. 
42.7 

447. 
4,6.02 .1 . 13 44 

54.5 7 
50. 62 

53. 1 
51.3 

Number uf ambing1-4 
5. 

o'rigirn93 
132 

1.79 
1.6', 

;. 
6.'2­

; .' 
0'.12 1. 

1 . 12.;- 14.51 
7..- 1:1.97 

7 
-

F15 1:.11, 
.;417.. 

15.72 
1 
1 

- 3 
.3 1 I 

2 .' -
2i.CIs.'"5 

.i.20 -5. 
42.7 , 

,o 45.7 1- .75 
43.75 -16.74 

5o6.5 
4-.31 

7 
,, 

23 .-6I 
47.65 

54.64 
49.16 

53.8, 
52.24 

Number oflambin,uri-3n 21 32 
9 

3. 6.1 

1.17 
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Figure 5 illustrates the mean changes in linear measurements and weights 

from birth to 12 months of age. The coefficient of variation of each of the three 

linear ncasurements at all stages was about 8%, while that of weight was around 

20%. 

CORRELATIONS BETWEEN WEIGHT AND LINEAR MEASUREMENTS 

Table 25 presents the correlations between weight and height, length and 

girth. All were significant. 

Table 25. Correlations between linear measurements ai;A weight 

Correlations between weight and. 

Age No. Height Length Girth 

Birth 360 0.56 0.43 0.72 

2 months 360 0.7,t 0.80 0.84 

,4 months 360 0.81 0.77 0.91 

,4 months 298 0.81 0.74 0.91 

6 months 298 0.78 0.75 0.89 

8 months 298 0.60 0.86 0.88 

0.888 months 209 0.66 0.82 

10 months 209 0.820.64 0.80 

0.65 0.8812 months 209 0.79 

REPEAT',BILITY OF EARLY LAMB MEASUREMENTS 

The repeatabilities of lamb linear measurements at birth, 2 and 4 months 

considered as a characteristic of the ewe are indicticed in Table 26. 

Table 26. Repeatability of lamb linear measurements 

Height Length Girth 

r s.e. r s.e. r s.e. 

0.21 0.07 0.17 0.07Birth 0.18 0.07 

2 months 0.16 0.07 0.25 0.07 0.32 0.06 

4 months 0.26 0.07 0.18 0.07 0.32 0.07 
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SHEEP PRODUCTIVITY 

INDICES OF EWE PRODUCTIVITY 

The characters of reproductive performance, lamb viability, lamb weaning 

weight and ewe weight were combined to build three productivity indices. Index 1, 

the total weight of weaned lamb per ewe per year, was computed for each ewe 

parturition as thu product of total weight of weaned lamb x 365 -- interval to next 

lambing. Index 2, the tota1 weight of weaned lamb per kg of ewe per year, was 

computed as index 1 ­ ewe average weight. Index 3, the total weight of weaned 

lamb per kg of metabolic weight of ewe per year, was computed as Index 1 - ewe 

average weight .73 Data on 397 ewe parturitions were available from 1977 to 

1980.
 

The significance of environmental influences on the three productivity 

indices is indicated in Table 27. 

Table 27. Analysis of variance cf productivity indices 

Source 
 d. L Mean squares 

Index I Index 2 Index 3 
x10 - 2 xl073 

Origin 1 676** 5049** 3661 ** 
Year of lambing 3 1270** 18474** 10672** 
Month of lambing 11 88 1356 770 
Type of lambing 1 426** 4464* 2857* 
Number of lambing/foundation 1 140 3916* 1928* 
Number of lambing/born on centre 2 499** 7244** 4263** 
Remainder 377 55 889 496 

*=P< 0.05. P < 0.01. 

The estimated least squares means for productivity indices are laid out in 

Table 28. 
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Table 28. Estimated least squares means of productivity indices 

Variable 

Overall mean 

Origin 
Foundation (1) 
Born on centre (2) 

Year of lambing 
1977 
1978 


1979 


1980 


Month of lambing 
January 


February 
March 
April 
May 
June 

July 

August 
September 
October 
November 
December 

Type of lambing 
Single 

Twin 

Number of lambing/origin 1 
1-4 

5+ 


Number of lambing/origin 2 
1 
2 
3+ 


Number 

397 

229 
168 

51 
141 


107 


98 


18 


37 
4.1 
25 


33 

31 


10 


7 
28 

46 


60 
59 

348 

49 

112 

117 


66 
48 
54 

Index I 

11.49 

12.95 
10.02 

13.57 
6.45 


10.78 


15.15 


11.46 


8.90 
11.40 


13.67 


13.28 

10.07 


10.61 


5.61 

12.57 

11.39 


13.59 


12.28 


9.82 

13.16 


13.94 

11.96 


7.25 
9.46 


13.38 


Index 2 Index 3 

465. 84 1103 

505.82 1211 
425.85 995 

566.47 1332 
265.30 626
 

452.19 1060
 
579.38 1394
 

470.43 1117
 
375.07 877 
463.10 1096 
555.59 1316
 

555.74 1304
 
533.10 1259
 

413.84 991
 

230. 81 5415 
500.92 1192 

470.20 1109
 

544.46 1292
 

476.76 1144 

411.81 966
 
519.86 1240
 

558.17 1327
 
453.48 1095
 

324.09 745 
397.14 931 
556.33 1310
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The mean productivity indices were:-

Index 1. 11. 5 kg of weaned lamb per ewe per year 

Index 2. 466 gm of weaned lamb per kg of ewe per year 

Index 3. 1103 ,gm of weaned lamb per kg' 73 of ewe per year. 

Year of lanmbiLg had very significant effects on produtivity. This would 
be expected, following the major year effects previously found on the different 

performance traits making up the productivity indices. 

Type of lambing had an effect on productivity, ewes producing twins being 
34%, 26% and 28% superior to those producing singles, for indices 1, 2 and 3 
respectively. This was in spite of the lower individual weaning weights and higher 

mortality in twin lambs compared with singles. 

The effect of parturition number of ewes born on the centre was highly 
significant, ewes with 3 or more parturitions being 84%, and ewes with 2 
parturitions being 30% superior to first parturition females for index 1. Corres­
ponding figures for index 2 were 71% and 22,c and for index 3, 75% and 24%. 

FLOCK PRODUCTIVITY 

Adjustment of the three ewe productivity indices to account for actual 
twinning rates found (12%) and actual ewe viability rates (85. 2%) give the most 

accurate estimates of overall flock productivity. These are: 

Index 1: 8.7 kg of weaned lamb per ewe per year 

Index 2: 362 gm of weaned lamb per kg of ewe per year 

Index 3: 850 gm of weaned lamb per kg* 73 of ewe per year. 
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CATTLE REPRODUCTIVE PERFORMANCE 

INTRODUCTION 

]Reproductive performance is the trait of outstanding importance in beef 

cattle enterprises, where if there is no calf, then there is no economic return. 

The best cows are clearly those that havu their first calf at an early age, have 

minimum calving intervals, and live a long time. Thus the most important 

measures of reproductive performance in the female are age at first calving, 

length of calving interval, and length of cow productive life. 

AGE AT FIRST CALVING 

The mean age at first calving for 101 females born on the station from 

1973 to 1978 was 39. 8 ± 0.8 months with a coefficient of variation of 14. 1%. 

The significance of environmental influences on age at first calving are 

indicated in Table 29, where year of birth had a major effect. 

Table 29. Analysis of variance of age at first calving 

Source d.f. Mean squares 

Year of birth 5 356804** 
Month of birth 11 12045 
Remainder 84 28987 

** = P < 0.01. 

The estimated least squares means in Table 30 show that age at first 

calving ranged from 47.76 months for animals born in 1974 to 33.19 months for 

those born in 1978. 
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Table 30. Estimated least squares means for age at first calving (months) 

Variable Number Age at first calving 

Ove all mean 101 39. 78 

Year of birth 
1973 5 '10..2 
1974 25 .17.76 
1975 11 4 0. 30 
1976 16 41.73 
1977 
1978 

16 
28 

35.31 
33. 19 

Month of birth 
January 2 41. 26 
February 4 40. 99 
March 6 42. 53 
April 
May 

11 
17 

39. 01 
:39. 83 

June 10 :38. 55 
July 10 410.22 
August 
September 

12 
6 

-11..12 
:17. 37 

October 9 :18. 60 
November 
December 

10 
4 

39. (;0 
37.95 

CONCEPTION RATE BY MONTH! 

The distribution of 357 conceptions calculated from the recorded calvilg, 

dates from 1974 to 1979 are indicated in Figure G. The mean monthly iriifaill 

over the 6 years is also shown. 

48% of conceptions, or 9. V6i: per month, oCCUIrrdo(101i1n. t m,. 1%. 

month wet season from June to October, the remaining 52Q or 7. 1', * 

during the other 7 mon'hs of the year. 
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Figure 6. Effect of month on coneoption rate. 

CALVING INTERVAL
 

The mean calving interval for 357 records from 1974 to 1979 was 
495 ± 16 
days, with a coefficient of variation of 26%. The significance of environmental 

and genetic influences on calving interval are indicated in Table 31. 

Table 31. Analysis of valiance of calving interval 

Source d. f. Mean squares x 10 

Origin 1 1820** 
Year of calving 5 1732** 
Mcnth of calving 11 331 
Parturition number 3 938** 
Remainder 336 189 

•* - P < 0.01 
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The effects of origin of cow, year of calving and the parturition number 

were significant. The estimated least squares means for calving interval are 

laid out in Table 32. 

Table 32. Estimated least squares means for calving interval (days) 

Variable 

Overall mean 

Oriin 
Foundation 
Born on centre 

Year of calving 
1974 
1975 
1976 
1977 
1978 
1979 

Month of calving 
January 

February 
March 
April 
May 
June 


July 
August 
September 
OcLober 
November 
Decembe-

Parturition numbe 
1 
2 

3 

4+ 

Number Calving interval 

357 495. 0 

286 539.7 
72 450.2 

67 451.1 
36 5:38.8 
52 582.8 
14 419.2 
83 513.5 
75 464.5 

20 518.7 
11 502.1 
14 465.4 
28 510.0 
68 4A2.5 
36 489.1 
26 552.0 
30 555.5 
30 487.7 
41 '158.5 
35 482.3 
18 '155.8 

135 547.1 
97 525.1 
67 4 49.4 
58 458.3 
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Year of calving had a significant effect on calving interval. Cows calving 
in 1974, 1977 and 1979 had a shorter-than-average calving interval, those calving 

in 1975, 1976 and 1978 had a onger-than-average. There was a positive corre­

lation of 0. 56 between calving interval and annual rainfall, with calving interval 

increasing by 0. 2 days for each 1 mm increase in anual rainfall. 

Parturition number had an important effect on calving interval. Calving 
interval decreased from 5,17 days between the first and second parturitions to 449 

between the third and Cour'th and then increased slightly to 458 days for subsequent 

parturitions. 

Overall, foundation purchased heifers had a significantly longer calving
 

interval (540 lays) than those born 
on the centre (450 days). 

LENGTH OF COW PRODUCTIVE LIFE 

As the oldest records refer to heifers purchased in 1972-73, it is too early 
to co'mpletely assess this trait. However in August 1981, the first 40 heifers 

purcbased had averaged 4.3 parturitions, with 23 or 57% still in production. The 
'remaining 17 or 13% had died or been culled. Thus until more information is 

available i' is tentatively suggested that an average of 5. 5 parturitions would be 

achieved per cow. Using the mean calving interval of 495 days, cows would thus 

remain for an average of 7. 5 years in productive life. This complete replacement 

of the cow herd each 7.5 years would represent a turnover of 13.4%. When age 

at first ,iving is added to the productive life, the average cow age on completion 

of productive life would be 10.8 years. 
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CA1TLE MORTALITY 

CALF MORTALITY 

Mortality data based on 516 calves born over a seven year period were 

available. The significance of environmental influences on pre-weaning mortality 

(subdivided into two periods, birth to 3 days and 3 days to 6 months) and post­

weaning mortality from 6 months to 12 months of age 
are indicated in Table 33. 

Table 33. Analysis of variance of mortality rates 

Source d. f. Mean squares x 103 

B- 3d 3d- 6m B- Gm 6m - 12m 

Origin 1 13 92 36 11
 
Year of birth 6 19 211* 
 224 28
 
Month of birth 11 17 116 106 10
 
Parturition number 3 20 183 
 24,4 3
 
Sex 
 1 21 45 4 41
 
Remainder 493 
 23 90 107 19 

* = P < 0.05 

The estimated least squares means for mor alities over these periods are 

laid out in Table 34. 

Pre-weaning mortality. The mean mortality from birth to weaning at 6 months 

was 9.6%, with 2.9% occurring in the first 3 days of life and 6.7% from :3days to 

6 months.' The only significant effect was that of year of calving on deaths from 

3 days to 6 months. The effect of parturition number approached sigmificance, 

calves born to heifers having a higher mortality rate than those born to subscquent 

parturitions. 
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Table 34. Estimated least squares means for mortality rates 

Variable Mortality rates (%) 

Birth - 3 days -: Birth - 6 months -
3 days 6 months 6 months 12 months 

Overall mean 2. 87 6.69 9, 56 1.32 

Origin 
Foundation 1.93 9.21 11.14 2.18 
Born on centre 3.82 4.16 7.98 0.45 

Year of calving 
197,4 1.79 -2.67 -0.89 -0.38 
1975 6.45 -1.00 5.44 -0.32 
1976 1.69 3.88 5.57 -0.43 
1977 0.94 9.21 10.15 -0.13 
1978 3.31 4.75 8.06 5.15 
1979 1.79 13.30 15.08 3.92 
1980 4.16 19.36 23.52 1.41 

Month oi calving 
January 1.26 8.14 9.40 5.10 
February 7.65 2.63 10.28 -1.58 
M.arch 0. 03 -3.62 .-3.59 2.49 
April 5.02 3.00 8.02 0.14 
May 2.83 6.30 9.13 1.36 
June 4.68 9.32 14.00 3.13 
July 2.38 9.35 11.73 1.39 
August 0.54 12.96 13.50 -0.20 
September 0.79 18.89 19.68 -0.29 
October 0.92 4.45 5.36 1.37 
November 4.84 1.65 6.50 -0.15 
December 3.53 7.20 10.73 3.06 

Parturition number 
1 2.79 13.21 16.00 0.63 
2 1.70 4.02 5.72 1.28 
3 1.83 4.78 6.61 0.99 
4+ 5.17 4.73 9.91 2.36 

Sex 
Male 2.22 7.65 9.87 0.40 
Female 3.53 5.73 9.26 2. 24 
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Post-weaning mortality. The mean mortality from 6 months to 12 months of age 

was 1. 3%. There were no significant influences found in the analyies. 

MORTALITY RATES IN RELATION TO GENETIC IMPROVEMENT 

An appropriate definition of mortality rate in the context of genetic progress 

is the percentage of females that die before calving. Here applying the post-wean-

Ing mortality rate of 1. 3% per 6 months, to the period to first calving, it is approxi­

mately 17%. The rearing proportion is the proportion of births that produce a
 

heifer that survives and is fertile. The rearing proportion her,) is about 0. 40.
 

This means that once in 2. 5 calvings a cow produces a heifer calf that N.-ll reach
 

lac',ation in the herd. The average length of reproductive life is 5. 5 calvings :
 

therefore, appro.-matelvy 45% of the females born are required as replacements 

to maintain herd size. High mortality rates are inconsistent with genetic progress, 

and when they can ')e reduced, a higher intensity of selection can be achieved. 

Genetic improvement per unit of time is more important than per alimal
 

generation, and high mortality rates have a marked effect on 
gieiertion interval.
 

The average age at first calving is 39. 8 months, 
 and the average calving interval 

16.2 months. To replace herself, a cowv must calve 2. 5 times; thus, the aver:lge
 

generation interval is 80. 3 months or 6. 7 years, within the normally reported
 

range for tropical indigenous breeds. 

COW MORTALITY 

Data on cow mortality over the 6 years from 1975 to 1.980 are presented in 

Table 35. The overall mortality rate was 3% per year. 

Table 35. Cow mortality 

Year Number of cows Number of deaths Cow mortality (%) 

1975 97 1 1.0 
1976 121 3 2.5 
1977 101 3 3.0 
1978 102 5 4. 9 
1979 143 6 4.2 
1980 151 -3 2.0 

Overall 715 21 2.9 
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CAUSES OF DEATH 

The main causes of mortality in cattle have been grouped into four classes:­

diseases of the alimentary tract; other diseases; accidents; and unidentified 

causes and snake bites. Diseases of the alimenta., tract includes all dilg-stive 

problems such as gastrointestinal parasitism, "other diseases" includes skin 

problems, nutritional problems, tryanosomiasis and diseases of the respiratory 

systems. Over the period from birth to 2? years, the pro)portions of deaths 

falling into each group are shown in Table 36. 

Table 36. Mortality rate related to cause 

Class % (birth to 2. years) 

Alixentary 20 
Other diseases 23 
Accidents 9 
Unidentified 48 
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CATTLE BODY WEIGHTS 

ENVIRONMENTAL AND GENETIC EFFECTS ON CALF WEIGHTS 

Weights at birth, 3, 6 and 9 Inol)ths were available for 403 calves; at 9, 

12, 15 and 18 months for 306 calves; and at 18, 21, 24 and 30 months for 189 

calves, born in the years 1974 - 1980, 197,l - 1979 and 19741 - 1978 respectively. 

Analyses of variance laid out in Table .37 show the significance of effects on calf 

weight at these different stages. 

The estimated least squares means for body weight at the different stages 

are shown in Table 38. 
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Figure 7. Mean calf body weights from birth to 30 months. 
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Table 37. Analysis of variance of weights at different ages 

Source 
 d.f. Mean squares d.f. Mean squares d. f Mean squares
Birth 3m 6 m 9m 9 m 12m 15m 18 m 18m 21m 24m 3 0in

Origin 1 2 109 107 7 1 18 48Cows 6 5 1 7157 11"* 182"* 376** 466** 179 285 33- -Year of birth 6 25** 
- 56 49 - 73 1793 2853170** 1668** 1904** 332
5 2099*4 1263**
cn 899 1494* 4Month of birth 11 1815" 3370** 6973*.*CDam parturition 40** 235** 4029**1196** 554** i 1188"* 74 08*784 1087"* 71* II8*1 2463** 2092**3711* 1517 5356** 

number 3 5 260** 572** 648** 3 1143** 1956** 2004**Sex 1758*
1 49** 227* 3 355 470 12971735** 5916** 1460
1 4847**Remainder 233 8 78 
8358** 14810** 29941** 1 13423** 21143** 17352** 11925**172 246 284 343 450 465 G59 168 605 763 1247 1315 

* = P < 0.05; ** = P < 0.01 



Table 3S. Fstimated least squareS;,eansof weight 
from birth to 30 months (kgs)
 

Variable No. Birth 3 m 6 m 9 n. No. 9 m 12 m 15 m 18 m No. 18 m 21 m 24 m 30 m 

Overall mean 403 17.7 51.4 81.6 95.0 306 98.3 111.5 128.1 144.1 189 144.0 154.F 175.2 209.6 

Origin
Foundation 
Born on centre 

300 
103 

17.6 
17.9 

50.4 
52.-1 

80.1 
82.1 

94.7 
95.2 

259 
56 

98.8 
97.8 

112.3 
110.7 

127.5 
129.2 

144.9 
143.3 

169 
20 

142.5 
145.5 

162.3 
147.4 

188.6 
165.8 

212.8 
206.4 

Year of birth1974 
1975 
1976 
1977 
1978 

1979 

1980 

47 
40 
50 
41 
81 

75 

69 

16.7 
16.4 
18.8 
17.5 
1S.2 

17.4 

19.1 

53.8 
48.5 
47.7 
52.5 
52. 

-

-2.5 

52.4 

80.3 
72.8 
69.8 
88.1 
85:7 

90.5 

8(.5 

96.4 
83.0 
93.8 
101.5 
93.5 

106.2 

90.8 

44 
38 
44 
36 
77 

67 

105.4 
90.1 
92.2 
103.3 
92.6 

105.2 

113.3 
106.( 
110.6 
109.1 
108.5 

121.1 

123.9 
121.1 
1:8.9 
126.9 
130.0 

138.3 

138.6 
131.94 
145.5 
144.1 
150.5 

15.9 

42 
33 
26 
28 
60 

136.1 
131.1 
149.3 
151.5 
152.0 

137.9 
142.1 
156.7 
167.6 
169.8 

150.4 
157.3 
178.1 
191.2 
199.0 

191.3 
196.9 
211.3 
227.2 
221.2 

Month of birthJanuary 
February 
March 
a l 
Jay 
June 
July 

August 
September 
0ctober 
No.ember 
December 

12 
12 
s 

72 
38 
35 

35 
30 
40 

51 
is 

17.0 
16.8 

17.2 
16.0 
16.. 
18.5 
1-.5 
20.6 
19.0 

ls.o 
16.9 

45.7 
-19.9 

S., 
51.5 
54.7 
53.0 
59.0 
53.i 
31.1 
52.1 

50.4 
49.9 

70.7 
83.5 
S7.3 
91.2 
91.6 
83.7 
87.3 

80.6 
76.6 
80.7 

69.7 
-0.3 

91.5 
95.4 

100.1 
102.0 
100.6 
97.7 
97.0 

90.8 
82.9 
93.4 

89.1 
99.1 

11 
9 

14 
25 
63 
33 
21 

23 
27 
35 

30 
15 

I0:.9 
100.8 
104.8 
105.4 
107.4 
9-.9 
13. 

89.2 
5.-

97, 

92.0 
9 

117.4 
106.0 
111.; 
113.; 
110.3 
105.6 
108.2 

106.o 
107.1 
123.8 

11,.8 
2 :. 

121.1 
120.-
126.9 
129.S 
136.3 
136.4 
139.4 

129.5 
126.7 
134.0 

122.5 
117,! 

13'.7 
149.4 
163.C 
161.4 
157.1 
149.9 
152.8 

137.2 
131.4 
139.4 

"1-_. 
123.7 

10 
5 
9 

13 
38 
20 
12 

17 
13 
19 

21 
11 

132.2 
139.2 
167.2 
160.3 
157.2 
154.3 
153.7 

140.1 
126.3 
138.9 

130.1 
128.3 

157.4 
154.1 
172.7 
167.5 
164.8 
155.1 
151.1 

139.S 
123.2 
151.8 

155.3 
165.2 

170.8 
161.0 
200.9 
174.2 
176.1 
los.0 
170.5 

165.4 
;66.6 
188.0 

18.1.8 
178.4 

194.1 
206.4 
248.9 
227.9 
231.3 
220.5 
219.2 

210.3 
188.2 
197.9 

195.0 
175.0 

Numbero.!f- .calvig
2120 

3 

4, 

218 
79 

86 

'5 
18.1 
17.-

17.6 

46.6 
32.3 
53.1 

53.6 

76.9 
82.8 
84.2 

80.-

9.1.2 
98.6 
96.5 

90.5 

98 
94 
60 

54 

90.5 
93.9 

102.0 

102.0 

101 .-' 
1w. 
117.(, 

116.2 

118.0 
! (,. -
133.2 

136.1 

134.2 
1!2.8 
148.8 

150.5 

64 
9 

32 

24 

138.6 
14-,.2 
146.3 

148.7 

119.2 
1521 I 
159.0 

159.0 

168.3 
'. 1 

184.9 

173.5 

198.6 
211.3 
212.2 

216.1 

SexTh'le 
Female 

215 
188 

18.2 
17.3 

52.4 
50.4 

83.8 
78.4 

100.0 
89.9 

156 
150 

102.5 
92.2 

117.0 
106.0 

135.6 
121.1 

15..4 
133.7 

93 
96 

153.1 
134.8 

166.3 
143.4 

185.6 
164.8 

218.2 
201.0 



Figure 7 illustrates the mean growth of all calves from birth to 30 months 

of age. The coefficients of variation of weights at birth, 3, 6, 9, 12, 15, 18, 21, 

24 and 30 months were 15%, 17%, 16%, 16%, 19%, 17%, 18%, 17%, 19% and 17% 

respectively. 

Effect of year of birth 

Table 37 indicates that significant year effects existed for weights at all 

ages except 15 months. The weight differences between extreme years at birth, 3, 

6, 9, 12, 15, 18, 21, 24 and 30 months was 15%, 129o, 26%, 17%, 14%, 13%, 150/ 

217, 28% and 17% respectively of the mean weights. 

Causes of variation between years in this environment can be annual rain­

fall affecting pasture availability, annual rainfall affecting the disease situation, 

changes in managev, cnt techniques, genetic progress etc. Correlations and 

regressions betveen the 7 year means for weight at each stage from 3 months to 

30 months and the 7 year means for rainfall from birth to each stage were all 

negative and non-significant. 

To determine any linear trends in body weights from 1974 to 1978 for 21, 

24 and 30 month weights; from 1974 to 1979 for 12, 15 and 18 month weights and 

from 1974 to 1980 for birth, 3, 6 and 9 month weights; the regression of the least 

squares constants on year of birth (represented as 1 - 5, 1 - 6 and 1 - 7) were 

calculated (Table 39). 

Table 39. Correlations and regressions of the least squares constants for weight 
on year of birth 

Trait Correlation Regression 

Birth 0.65 0.30 
3 month weight 0.23 0. 30 
6 month weight 0.51 1.84 
9 month weight 0.38 1.48 
12 month weight 3. ., 1.28 
15 month weight 0.87 2. 67* 
18 month weight 0.84 4.40** 
21 month weight 0.97 8.91** 
24 month weight 0.98 13. 09** 
30 month weight 0.92 8. 99** 

*P=< 0.05 **P = < 0.01 
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The regressions were significant from the 15 month stage onwards and 
indicate that weight for age increased at each stage by the amounts listed In Table 

39, per year over the relevant period. 

Effect )! month of birth 

Table 37 indicates that significant month of birth effects existed for weights 
at all ages except 12 and 24 months. Figure 8 shows the weights of animals in 
each of the month of birth groups, corrected for all other effects evaluated. 

The effects of month of birth on later body weights are usually related to 
the stage in the wet and dry weather cycle at which an animal reaches a given age; 
and relative rankings of month of birth groups might be expected to change from 
stage to stage. This situation is clearly illustrated in Figure 8. 

Correlations and regressions between the 12 monthly means for weight and 
the 12 monthly means for rainfall from birth are given in Table 40 for the seven 
ages, 3, 6, 9, 15, 18, 21 and 30 months when the effect of month was significant. 

Table 40. 	 Correlations and regressions of weight (kg) at seven ages and 
rainfall (mm) between birth and that age. 

Age Correlation Regression 

3 months 
6 months 

0.84 
0.86 

0.011 
0.019 

9 months 0.68 0.013 
15 months 0.74 0.019 
18 months 
21 months 

0.80 
0.55 

0. 029 
0.028 

30 months 0.79 0.046 
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Figure 8. Effect of month of birth on body weight 



Table 40 indicates that the correlations and regressions were all positive 

and significant at these stages. 

Effect of dan parturition number 

Table 37 indicates that the effect associated with dam parturition number 
was significant at all ages from 3 months to 18 months. Table 38 shows that at 3, 
6, 9, 12, 15 and 18 month,;-alves from P4rst parturitior cows were 12%, 7%, 6%, 
12%, 10% and 9% lighter than the mean weight of calvc- from the three other
 

parturition groups.
 

Effect of sex 

Table 37 indicates that the -ffect of sex was significant at all ages from
 
birth to 30 months. At birth, 3, 
 6, 9, 12, 15, 18, 21, 24 and 30 months males
 
were 5%, 40, 7%, 11%, 10%, 11%, 14%, 15, 12% 
 and 8% heavier than females. 

Repeatability of early calf weights 

The repeatabilities of calf birth, 3 month and 6 month weights considered 
as a characteristic of the cow are Indicated in Table '1. Data are from 403 calves 

born to 158 cows. 

Table 41. Repeatability of early calf weights. 

Trait Repeatability s. e. 

Birth weight 0.15 0. 06
3 month weight 0..:36 0.06 
6 month weight 0.33 0. 06 

Phenotypic correlations between calf weights at different ages 

The phenotypic correlations available between calf weights are shown in 
Table 42. These were all positive with correlations between birth and early 

weights being lower than those between all other later ages. 
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Table 42. Phenotypic correlations between calf weights 

Trait 3 m 6 n 9 m 12m i15 18m 21m 	 24m 30m 

Birth .43 .37 . :30
 
:1 11 .72 .61
 

SIn .81
 
9 i .80 .70 .72
 
12 in 
 .78 .67 
15 m .86 
18 in .84 .72 	 .81 
21 in .86 .78 
24 m .76 

COW BODY WEIGHTS 

Weights, at calving and when calf wealed at 6 months, were available for
 

103 individual cows over 165 parturitions. Only cows that had complete data on
 

their linear measurements were used in this analysis so numbers were rather
 

small. 
 Analyses of variance laid out in Table 43 show the significance of effects 

on cow weight at the two stages. 

Table 43. Analysis of variance of cow veight', at calf birth and weaning (6 months) 

Source d.f. 	 Mean squares 

Calving Weaning 

Origin 1 7176* 6425* 
Cows 102 	 1443** 1364** 
Year of calving 5 	 648* 654 
Month of calving 11 	 702** 1131** 
Parturition calving number 3 	 325 67 
Sex 1 	 321 92 
Remainder 41 235 349 

* P < 0.05; **P < 0.01. 
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The estimated least squares means for the two cow body weights are shown 

in Table 44. 

Table 44. Estimated least squares mean of cow weights at calf birth and calf 
weaning at 

Variable 

Overall mean 

Orign
Foundation 

Born on centre 


Year of calving
 
1975 

1976 

1977 

1978 

1979 

1980 


Month of calving 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Parturition number
 
1 

2 

3 

4+ 


Sex of calf 
Male 
Female 

6 months (kg) 

Number 

165 


103 

62 


7 

26 


6 

59 

46 

21 


3 

6 


11 

23 

36 

14 

13 

15 


14 

11 

13 


6 


48 

49 

34 

34 


92 

73 


Weight at calf birth 

232.26 

220.36 
244.15 

209.82 
221.16 
216.58 
232.16 
235.72 
278.09 

265.70 
211.70 
221.01 
212.18 
221.7-i 
224.10 
220.88 
217.56 


240.59 
244.,47 
221.88 
285.27 

225.63 

233.64 
238.11 
2:30.65 

229. t44 
235.07 

Weight at calf weaning 

235. 21
 

223.95
 
24;. .47
 

216.32 
229.54 
253.62 
226.43 
2,16.94 
238.40 

218.57 
266.66 
250.50 
244. 64
 
268. .12
 
2 31.2,1
 
2,14.93
 
222.14 
231.88 
220.99 
169.66 
222.!9; 

222.96
 
231.58 
239.84 
2,16.'45 

235. 72
 
233. 70
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The mean cow weight at parturition was 232 kg and at weaniag of calf, 

235 kg, thus an average of 3 kg was gained during the 6 months suckling period. 

The repeatability of cow weight at parturition was 0. 78 ± 0. 06 and at calf 

weaning 0. 67 ± 0. 08. The phenotypic correlation between cow weight at parturition 

and calf birth weight was 0. 37. 

58 



CATTLE LINEAR MEASUREMENTS 

ENVIRONMENTAL AND GENETIC EFFECTS ON CALF LINEAR 

M EASUR EM EN'TS 

Three linear measuremrents, height at wthers, scapulo-ischial length, and 

heart girth, together with body N'eight were available for .40: calves at birth, 3 and 

6 months; 306 at 9, 2 and 15 months; and 189 at 18, 21, 24 and 30 months. 

Analyses of variance laid out in Table 45 show the significance of effects on the 

linear measurements and veight from birth to 30 months. 

The estimated least squares means for girth, height and l,,ngth from birth 

to 30 months are given in Tables 46, 47 and 18. Table 38 lays out the correspond­

ing 'east squares means for weight. 

140 GIRTH 

130 

LENGTHI0 

110HEIGH 

100 200 

to ISO 

70 140E Oto-16 

120
60 
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Figure 9. Mean changes in linear measur
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Table 46. Estimated least squares 
means of girth from birth to 30 months (cms)
 

Variable No. Birth 3 m 6 m 9 m No. 9 m 12 m 15 m 18 m No. 18 m 21 m 24 m 30 m 

Overall nean 403 60.6 86.6 100.8 111.7 306 108.5 113.3 116.7 123.8 189 122.8 126.4 130.7 140.7 

Origin
Foundation 
Born on centre 

300 
103 

61.0 
60.1 

86.5 
86.7 

100.6 
101.0 

115.2 
108.3 

250 
56 

108.9 
108.1 

113.7 
112.9 

117.7 
115.7 

124.1 
123.4 

169 
20 

123.0 
122.6 

128.1 
124.6 

133.6 
127.8 

140.3 
141.1 

Year of birth 
1974 
1975 
1976 
1977 
1978 
1979 

47 
40 
50 
41 
81 
75 

61.1 
59.7 
61.5 
58.9 
61.8 
59.2 

89.0 
85.1 
84.7 
86.8 
86.8 
86.3 

100.6 
97.8 
96.4 
103.8 
103.7 
104.0 

128.4 
119.0 
108.1 
116.5 
100.3 
100.6 

44 
33 
44 
36 
77 
67 

111.6 
107.2 
107.4 
109.9 
105.9 
109.2 

115.1 
112.4 
112.8 
112.9 
110.5 
116.1 

115.5 
115.6 
117.0 
114.4 
117.4 
120.4 

112.2 
119.4 
121.1 
125.7 
125.7 
138.5 

42 
33 
26 
28 
60 
-

121.9 
119.8 
123.4 
124.9 
123.8 

-

124.1 
122.9 
125.4 
128.2 
130.3 

126.6 
126.0 
131.5 
133.3 
136.2 

139.5 
136.0 
141.5 
143.9 
141.8141. 

1980 69 61.8 87.5 99.3 109.2 - - _ 

Month of birth 
January 
February 
March 
April 
May 
June 
July 

12 
1' 
2" 
32 
72 
38 
35 

59.8 
60.1 
58.5 
57.9 
58.6 
58.9 
61.5 

84.2 
86.6 
82.6 
85.4 
87.8 
88.6 
91.2 

95.8 
104.6 
104.9 
104.6 
104.9 
100.7 
102.8 

120.7 
118.: 
87.9 

117.4 
117.7 
104.1 
103.1 

11 
9 

14 
25 
63 
33 
21 

110.9 
109.8 
113.4 
111.1 
110.9 
106.9 
109.4 

115.9 
113.0 
113.4 
114.1 
113.1 
111.1 
112.1 

115.8 
114.7 
115.7 
116.9 
117.7 
118.9 
120.5 

117.7 
122.3 
122.1 
124.3 
125.7 
123.0 
133.6 

10 
5 
9 

13 
38 
20 
13 

120.5 
124.6 
128.5 
128.7 
126.9 
125.4 
125.4 

129.3 
124.6 
131.9 
128.5 
129.6 
125.9 
125.2 

129.6 
125.9 
135.2 
130.6 
131.7 
127.0 
128.7 

137.9 
141.2 
148.4 
146.4 
146.5 
142.1
142.1 

Pugust 35 62.2 89.6 100.9 106.9 23 10S.9 111.2 118.7 119.4 17 120.9 121.6 127.6 140.8 
September 
October 
November 
December 

30 
40 
51 
18 

64.8 
62.7 
62.5 
59.3 

86.5 
86.9 
85.4 
84.3 

98.8 
99.4 
95.7 
96.5 

109.0 
133.1 
105.6 
116.7 

27 
35 
30 
15 

102.6 
108.2 
105.9 
107.5 

111.0 
116.5 
115.1 
113.3 

1i5.9 
117.6 
115.2 
112.9 

144.5 
119.6 
116.6 
116.2 

11 
19 
21 
11 

117.4 
120.0 
118.2 
116.9 

116.7 
125.1 
128.2 
129.8 

129.4 
135.3 
135.6 
132.1 

135.5 
137.8 
137.1 
132.2 

Number of calving
1 
2 

3 

120 
118 
79 

60.4 
60.6 
60.6 

84.2 
86.5 
88.0 

99.8 
101.7 
101.7 

96.8 
104.5 
116.9 

98 
94 
60 

105.7 
108.9 
109.6 

109.9 
112.8 
115.7 

115.3 
117.0 
116.4 

128.6 
123.1 
122.3 

64 
69 
32 

121.9 
122.4 
123.5 

124.9 
126.3 
127.3 

130.3 
131.4 
131.7 

138.1 
141.8 
141.5 

4+ 86 60.8 87.8 99.9 128.7 54 109.9 114.8 118.1 121.2 24 123.3 127.0 129.4 141.4 

Sex 
Male 
Female 

215 
188 

60.7 
60.5 

87.2 
86.0 

101.4 
100.1 

110.8 
112.6 

156 
150 

210.0 
i07.1 

114.9 
111.7 

119.2 
114.2 

125.1 
122.4 

93 
96 

125.3 
120.3 

128.9 
123.8 

133.1 
128.4 

142.4 
138.9 



Table 47. Estimated least squares means of heizh to withers froi:mbirth to 30 months (,7m) 

Variable No. Birth 3 m 6 m No. 9 m 12 M 15 m No. 18 m 21 m 24 m 30 m 

Overall mean 403 58.7 74.3 83.4 306 88.9 92.4 94.4 189 97.7 99.3 102.1 105.0 

Origin
Fo, ndation 
Born on centre 

300 
103 

58.7 
5S.7 

74.2 
74.4 

82.9 
83.9 

250 
56 

88.4 
89.5 

92.1 
92.7 

94.1 
94.7 

169 
20 

97.3 
88.1 

99.9 
98.7 

102.7 
101.5 

105.8 
104.1 

Year of birth 
1974 

1975 
1976 
1977 
1978 
1979 
1980 

47 

40 
50 
11 
81 
75 
69 

57.6 

57.1 
59.6 
57.7 
58.3 
59.6 

61.1 

74.9 
73.6 
73.0I 
73.9 
74.3 
75.2 
75.4 

82.9 

82.6 
82.7 
84.6 
83.4 
85.9 
81.9 

44 

38 
44 
36 
77 
(,7 
-

89.3 

88.1 
88.4 
88.9 
87.1 
91.7 

-

92.8 

93.4 
91.8 
91.5 
90.3 
94.7 

-

95.0 

95.4 
94.9 
91.6 
94.9 
94.4 

-

42 

33 
26 
28 
60 
-
-

96.7 

97.1 
98.6 
97.6 
98.5 

-

-

98.6 

97.5 
98.9 
100.3 
101.2 

-

101.8 
100.6 
101.5 
103.2 
103.5 

I(15.0 
103.1 
104.9 
106.3 
105.7 

Month of birth 
January 
February 
March 
April 
May 
.lune 
July 
August 
September 
Ovtober 
November 
December 

12 
12 
2 
32 
72 
38 

35 
35 
3(0 
40 
51 
is 

59.1 
57.3 

2 
57.5 
5(.5 
58.4 

58.4 
60.6 
59.6 
60.8 
tO.3 
5S.9 

74.8 
74.3 

17 .' 
7,.1 
7-.0 
75.4 

76.1 
75.9 
70.7 
76.1 
75.1 
7 . 2 

79.6 
2.9 

84.9 
86 0 
F .6 
85.1 

85.0 
S..2 
S2.9 
83.9 
81.3 

11 
9 

14 
25 
63 
33 
21 
23 
2 
35 
30 
I 

S' 
89.3 

90 
89.9 
92.0 
89.2 
89.4 
86.4 
F8.2 
87.9 
87.9 

1.22 1 
92.9 

0 
9.S93.9 
91 .9 
92.8 
922 
92.8 
90.1 
93.-7 
92.4 
91.9 

94.5 
93.1 
95.1 
96.1 
93.9 
96.0 
92.2 
95.8 
93.5 
95.3 
94.4 
92.6 

10 
5 
9 

1o 
38 
20 
13 
17 
13 
19 
21 
11 

97.1 
94.8 
98.9 

100.8 
99.5 
99.9 
98.9 
98.4 
95.3 
97.0 
95.7 
93.9 

99.S 
97.6 

lull .2 
101 .8 
99.(, 
100.8 
00.5 
)1.0) 

.3S 
98.1 
98.o 

1()1.8 
99.6 
01(04.4 

105.5 
103.6 
10 1.5 
ll.8 
1((2.3 
08.o. 

102.1) 
1u.o 
1(112.8 

103.3 
104.9 
117.8 
107.5 
106.9 
106.8 
105.)) 

115.0 
1)1.3 
102.9 
(3.2 

105.3 

Number 
1 

2 
3 
4. 

of calving 
120 

118 
79 
86 

59.1 

58.6 
58.8 
58.4 

73.9 
74.1 
7.1.0 
75.0 

82.5 
83.1 
8.1.1 
84.1 

98 
94 
60 
54 

87.6 
9C.5 
89.9 
87.7 

90.9 
92.8 
93.7 
92.2 

92.9 
94.7 
95.4 
94.7 

64 
69 
32 
24 

96.8 
96.8 
9&.2 
98.9 

98.2 
99.2 
99.7 

100.1 

1() .2 
1J2.j) 
102.7 
102.6 

1(4 .2 
If,.l 
10 
(1-., 

Sex 
Male 
Female 

215 
188 

58.8 
58.6 

74.7 
73.9 

84.2 
82.7 

156 
ISO 

89.5 
88.3 

94.1 
90.8 

95.8 
93.0 

93 
96 

99.2 
96.2 

101.1 
97.5 

103.1 
G6O.8 

106.4 
1)3.6 



"lable 48. Est imated least s(u:,res sears, the scapulo-i schial length f 1e;:: :t 3 thst (cr:) 

Variable No. Birth 3 ,m 6 m No. M, 12 .No. Is mt 21 m 24 Mn 30 m 

Overa I mean 

OriginFoundation 
B'orn on cenzre 

41 

300 
103 

5 54.5 

53.9 
55.1 

77.4 

76.7 
78.1 

S9.4 

88.9 
89.7 

306 

250 
56 

96.2 

96.2 
96.2 

100.3 

101.3 
99.4 

189 

169 
20 

108.1 

108.2 
108.0 

111.2 

113.0 
109.4 

114.9 

11.7 
113.1 

122.4 

122.7 
122.2 

Year of birth197S 
1975 
1977 
1977 
1978 

1979 

1980 

47 

40 
50 

41 

81 

75 
69 

49.7 

54.1 

55.1 

53.8 

55.4 

53.8 
59.8 

76.4 

73.7 

735 

78.5 

79.8 

79.4 
SO. 

87.3 

84.4 
83.2 

9i.4 

9 q.8 

93.7 
1.5 

44 

3 
44 

36 

77 

67 
-

96.5 

91.6 

92.0 

98.6 

97.3 

101.1 

9R.7 

96.3 

97.9 

102.7 

100.6 

105.9 

42 

33 

26 

28 

60 

-
-

104.5 

102.8 
109.9 

111.9 

111.4 

-
-

105.4 

105.5 

111.3 

115.4 

116.4 

108.2 

110.4 

11(6.2 

1.9 

121.7 

116.4 

119.3 

125.2 

126.3 

124.9 

MIonth of birthJlanuary 

February 

March 
April 

oay 

Aure 

August 

September 

October 

November 

December 

12 

12 

28 
32 

72 

38 

3uly35 
5 

30 

40 

51 

is 

54.7 

55.2 

51.4 
52.8 

53.1 

52.8 

52.5 
56.3 

56.8 

57.2 

56.3 

55.4 

74.3 

76.8 

74.9 
75.2 

77.8 

77.1 

83.0 
80.1 

78.3 
78.3 

77.5 

74.7 

84.3 

8).16 
9 .1 
90.8 

93.5 

94.5 

91.9 
87.7 

89.0 

89.8 

85.5 

84.9 

11 

14 
25 

63 

33 

21 
23 

27 

35 

30 

15 

96.9 

97.1 

97.4 
9.1 

98.5 

97.(, 

96.9 
94.5 

91.7 

96.5 

94.4 

95.6, 

10.7 

98.0 

99.5 
100.8 

1011.7 

100.3 

99.9 
98.9 

98.2 
103.0 

101 . 

10 .1 

10 

5 

9 
13 

38 

20 

13 
17 

13 

19 

21 

'1 

105., 

105.8 

110.7 

111.4 

110.1 

111.~ 

109.2 
107.7 

1(14.3 
107.1 

1;6.9 

1(06.3 

111.: 

109.2 

113.1 
114.2 

112.0 

112.8 

112.5 
109.1 

106.6 
110.7 

110.2 

112.1 

113.3 

113.1 

118.6 
117.1 

116.0 

114.6 

113.4 
114.3 

112.2 
113.9 

115.3 

116.3 

118.0 

19.0 

126.9 

128.0 

125.8 

125.4 

123.8 
123.8 

119.4 

120.5 

120.4 

118.2 

INumber of calving2 
2 

4+ 

Sex 
cl]le 

rema Ic 

12120 
118 

79 

86 

215 

18R 

5.955.9 
54.8 

53.9 
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Figure 9 illustrates the mean changes in linear measurements and weight 
from birth to 30 months of age. The coefficient of variation of each of the three 
linear measurements at all stages was about 7%, while that of weight was around 

17%. 

CORRELATIONS BETWEEN WEIGHT AND LINEAR MEASUREMENTS 

Table 49 presents the correlations between weight and height, length and 

girth. All were significant. 

Table 49. Correlations between weight ;mid linear measurements 

Correlation between weight and
 
Age No. 
 Height Length Girth
 

Birth ! 2 0.51 
 0.52 0.62
 
3 months 403 0.61 
 0. 74 0.85 
6 months 403 0.70 0.76 0.88 
9 months 306 0.40 0.80 0.90
 
12 months 306 0.63 
 0.80 0.89 
15 months 306 0.36 NA 0.65
18 months 189 0.79 0.85 0.91
 
21 months 189 0.81 0.83 
 0.91 
24 months 189 0.77 0. 83 0.91 
30 months 189 0.74 0.85 0.89 

NA = not available 

The repeatability of calf linear measurements at birth, 3 and 6 months, 
considered as a characteristic of the cow, are indicated in Table 50. 

Table 50. Repeatability of calf linear measurements 

Age Height Length Girth 
r s.e. r s. e. r s.e. 

Birth .18 .06 .06 .06.13 .03
3 months 0 .28 .06 .34 .06
6 months .30 .06 .06 .06.28 .37 
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Heart girth is widely recognised as the most satisfactory single linear 

measurement for estimating body weight. An evaluation of its use at the 12 and 

24 month stages is indicated in Table 51. The overall regression equations for 

calculation of 12 and 24 month weights obtained from the data in Tables 38 and 

46 are: 

12 month weight: = - 170.45 , 2.50 x 

24 month ',-,ight : y = - 278.83 + 3.43 x 

The difference in the estimated weight aid the actual weight recorded 

was calculated as a percentage of the actual weight for the 306 animals at 12 and 

189 at 24 months of age. The munber of animals whose weights were estimated 

to within two, five, and ten percent at each stage are presented in Table 51 

together with the mean deviations and standard errors. 

T'tble 51. Frequency of percentage differences in actual/estimated weights at 
12 and 24 months. 

Age Frequency Mean SE of 

<2% 2- 5% 5- 10% >10% 
deviation deviation 

12 m 40 91 104 71 8.2 0.4 
24 m 32 45 55 57 15.5 1.1 

At 12 months of age the estimated weight came within two per cent of the 

actual weight in 13% of the cattle (40 out of 306); to within five per cent in 43% 

of the cattle (40 + 91 out of 306); and to within ten per cent in 771, of the cattle 

(40 + 91 + 104 out of 306). At 24 months of age, the corresponding values were 

177, 41% and 70%. 
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CATT6.E PRODUCTIVITY 

INDICES OF COW PRODUCTIVITY 

The characters of reproductive performance, calf viability, calf 9 month 
weight and cow weight were combined to build three productivity indices. Index 1, 
the weight of 9 month old calf per cow per year, was computed for each cow 
parturition as the product of weight of 9 month old calf x 365 -- interval to next 
parturition. Index 2, the weight of 9 month old calf per 100 kg of cow per year, 
was computed as index 1 cow average weight x 100. Index 3, the total weight of 
9 month old calf per 100 kg of metabolic weight of cow per year, was computed as 

Index 1 - cow average weight*73 x 100. Data on 280 parturitions were available 
from 1974 to 1980. 

The significance of environmental influences on the three productivity indices 

is indicated in Table 52. 

Table 52. Analysis of variance of productivity indices 

Source d. f. Mean squares 
Index 1 Index 2 Index 3 (10 -2) 

Origin 
Year of calving 

1 
6 

1998 
5122** 

76 
879** 

26 
168** 

Month of calving 11 2333** 360** 70** 
Number of calving 3 3425** 184 53 
Sex 1 964 143 29 
Remainder 257 880 149 28 

** P < 0.01. 

The estimated least squares means for productivity indices are laid out in 

Table 53. 
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Table 53. Estimated least squares means for productivity indices 

Variable Number 

Overall mean 280 

Origin 
Foundation 
Born on centre 

(1) 
(2) 

224 
56 

Year of cahing 
1974 
1975 
1976 
1977 
1978 
1979 
1980 

22 
23 
49 
41 
68 
57 
20 

Month of calving 
J tnuaij, 
February 
March 
April 
May 
June 
July 

August 
September 
October 
November 
Decemocr 

10 
10 
17 
25 
65 
27 
17 

20 
21 
26 
29 
13 

Number of calving 
1 

2 

3 

75 

78 

66 

4f 61 

Sex 
Male 

Female 
157 

123 

Index 1 

70.1 

65.2 
75.1 

95.7 
66.7 
63.2 
82.5 
66.3 
74.4 
42.1 

61.4 
60.1 
89.6 
83.7 
78.2 
66.9 
73.9 

54.4 
55.1 
80.2 
73.6 
64.3 

56.7 


66.7 


77.1 

80.0 

72.1 


68.2 


Index 2 Idex :i 

29.1 127 

28.2 
30. 1 

122 
133 

38.7 
27.8 
26.2 
34.7 
29.5 
30.0 
16.9 

171 
121 
114 
151 
127 
132 

74 

26.4 
22. 5 
35.8 
33.6 
32.4 
29.2 
30.2 

22.6 
24.7 
34.7 
30.1 
27.3 

114 
101 
158 
1,18 
142 
126 
133 

99 
105 
150 
132 
119 

26.0 

28.4 

30.7 

31. ,1 

110 

123 

136 

139 

29.9 

28.4 
131 

124 
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The mean productivity indices were:-

Index 1. 70. 1 kg of 9 month old calf per cow per year 

Index 2. 29. 1 kg of 9 month old calf per 100 kg of cow per year 

Index 3. 127 kg of 9 month old calf per 100 kg*73 of cow per year. 

Year and month of calving had very significant effects on productivity. 

This would be expected, following the major year and month effects previously 

found on the different performance traits making up the productivity indices. 

The effect of calving number was significant on index 1 only, cows with 

three or more calvings being 15% more productive than second calvqrs and 27% 

more productive than first calver,3. 

HERD PRODUCTIVITY 

Adjustment of the three cow productivity indices to account for cow 

viability (97. 1%) give the most accurate estimates of overall herd productivity. 

These are: 

Index 1: 67. 6 kg of 9 month old calf per cow per year 

Index 2" 28. 1 kg of 9 month old calf per 100 kg of cow per year 

Index 3: 123 kg of 9 month old calf per 100 kg" 73 of cow per year. 
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SUMMARY 

Analyses were carried out on the productivities of Djallonke sheep and 
N'Dama cattle at the Centre de Recherches Zootechniques, Kolda, Senegal. Data 
available from a range of performance traits covered the period 1974 to August 
1981. Both species were maintained for meat production. Environmental and 
genetic effects relatir- to origin, month and year of parturition or birth, 
parturition number, sex, type of birth, individual cow or ewe, etc., were evalu­

ated as appropriate for each performance trait. 

In sheep, age at first lambing was 18. 8 months, lambing interval 10 
months, litter size 1. 12 lambs, and ewe productive life 4. 2 years in the breeding 
flock, 5.8 years in total. Lamb mortality rates of 33% from birth to weaning at 
4 months and 19% from weaning to 12 months showed a positive correlation with 
rainfall. The breeding ewe mortality rate was 15% per year, and the average
 
generation interval 4. 5 years. 
 Lamb growth was 60 gm per day from birth to
 
weaning at 4 months and 45 gm per day from birth to one year of age, 
with negative 
correlationL between growth and rainfall at all stages. Ewe mean body weight
 
was 23. 5 kg. Three linear measures of animal height, length and girth were
 
analysed and correlated with body weight. 
 The charncters of reproductive per­
formance, ewe and lamitb viability, and ewe and lamb body weights were combined 
to build three productivity indices. The overall flock productivity was 8. 7 kg of 
weaned lamb per ewe per year; 362 gm of weaned lamb per kg of ewe body weight 
pe-: year; and 850 gm of weaned lamb per kg of ewe metabolic body weight per 

year. 

In cattle, age at first calving was 39. 8 months, calving interval 16. 2 
months and cow productive life 7. 5 years in the breeding herd, 10. 8 year: in 
total. Calf mortality rates were 9.67%from birth to weaning at 6 n'onths and 1. 3% 
from weaning to 12 months. The breeding cow mortality rate was 2.9% per year, 
and the average generation interval 6. 7 years. Calf growth was 0. 36 kg per day 
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from birth to weaning at 6 months and 0. 21 kg per day from birth to 30 months of 

age. Mean cow body weight was 234 kg. Three linear measures of animal height, 

length amid girth wiLe analysed and correlated with body weight. The characters 

of reproductive porforin.ace, cow and calf viability, and cow and calf body weights 

were combined to build three productivity indices. The overall hera productivity 

was 67. 6 kg of 9 month old calf per cow per year; 28. 1 kg of 9 month old calf per 

100 kg of cow body weight per year; and 123 kg of 9 month old calf per 100 kg 

cow metabolic body weight per year. 
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Centro Intemacional de 
Agricultura Tropical (CIAT),
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Centro Intemacional de 
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(CIMMYT), Mexico: maize and 
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Centro Intemacional de [a Papa
(CIP), Peru: potato. 
International Centre for 
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International Crops Research 
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Tropics (ICRISAT), India: 
chickpea, pigeon pea, pearl 
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and farming systems.
International Livestock Centre 
for Africa (ILCA), Ethiopia: 
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International Rice Research 
Institute (IRRI), the Philippines:
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Intemation'I I-..titute of 
Tropicz: - iculture (IITA),
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(ISNAR), the Netherlands.
 
International Food Policy

Research Institute (IFPRI),

USA: analysis of world food
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