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ABSTRACT 

Variation due to direct genetic and materaal genetic effects in Canadian 

dairy goats 

Derivat ive fiee restricted maximum li kel ihood (DFREML) was used to caiculate variance 

and covariance components for cumulative milk yield, cumulative fat yield and 

cumulative protein yield, of Alpine, Toggenburg, Saanen and Nubian dauy goat breeds. 

First lactation records of 69 1 Alpine, 64 1 Toggenbwg, 439 Saanen and 433 Nubian goats 

fieshening between 1986 and 2 995, and a combined data set of al1 breeds, were analysed. 

Two basic models, either including or excluding coefficients for phantorn groups, besides 

the randorn and fixed effects, were fitted for each trait and breed. included fixed effects 

were age at first kidding and flock-year for the single breed data sets and an additional 

breed effect for the multiple breed data set. Random effects in sub-models were fitted to  

estimate direct effects (model 1 ), direct and materna1 effects (model 2) and direct efTects, 

materna1 effects and the covariance between direct and materna1 genetic effects (model 

3). 

Solutions for fixed effects were obtained, and estimates of heritabilities (h2) for the 

different breeds were between 0.17 and 0.30 for cumulative milk yield, 0.09 and 0.44 for 

cumulative fat yield and 0.04 and 0.25 for cumulative protein yield. There were marked 

differences between breeds for h2. Values of the matenial genetic variances (m2) were 

srnaIl and statistically non-signifiant for al1 traits for Alpine, Toggenburg and Saanen 

goats. For Nubian the results for m2 were very high and statistically significant (p< 0.05) 

for milk and fat yield and (p< 0.025) for protein yield. M a t e d  effects estimated for the 

al1 breed data set were not significant for rnilk yield, but were significant (p< 0.05) for fat 

and protein yieid. Covariances between direct and matemal effects for al1 breeds and 

traits were not statistically significant. Fitting phantom groups in the model resulted in 

generally higher estimates. Best models to describe the data sets were those only fitting 

direct genetic effects in addition to fixed effects. The F-test reveded that fitting phantom 

groups had no effect in the single breed analyses, but had an effect in the multiple breed 

anal ysis. 



Variations de la production Iaitiére dues aux effets génétiques directs et 

maternels chez les caprins au Canada 
L'utilisation du maximum de vraisemblance restreint et d'un algorithme sans dérivation 

(MVRSD) a été utilisé pour calculer les composantes de la variance et de la covariance 

des rendements cumulatifs en lait, matières grasses et protéines chez les chèvres de races 

Alpine, Toggenburg, Saaaen et Nubian. Les analyses ont été réalisées sur les données de 

69 1 Alpines, 641 Toggenburgs, 439 Saanens et 433 Nubians entrées en première iactation 

entre 1986 et 1995, ainsi que sur un ensemble de données de toutes les races combinées. 

Deux modèles de base prenant en compte les effets aléatoires ainsi que fixés et, incluant 

ou n'incluant pas les c&cients pour les groupes "famômes", ont été ajustés pour chaque 

caractère et pour chaque race étudiés. Les effets fixés pour les données par races étaient 

I'age des individus et l'année du troupeau. De plus, pour les données combinées les  effets 

fixés comprenaient l'effet race. Les effets aléatoires des sous-modèles ont été ajustés pour 

l'estimation des effets génétiques directs (modèle 1), directs et maternels (modèle 2) et, 

directs, matemels, avec la covariance entre les 2 (modèle 3). 

Les solutions aux effets fixés ont été calculées et, les valeurs de l'estimation de 

l'héritabilité (h2) pour les différentes races étaient comprises entre 0.17 et 0.30 pour le 

rendement cumulé en lait, 0.09 et 0.44 pour le rendement cumulatif en matières grasses, 

0.04 et 0.25 pour le rendement cumulatif en protéines. Il existe donc des différences 

marquées de h2 entre les races. Les valeurs des variances de l'effet génétique maternel 

(m2) pour tous les caractères étudiés étaient minimes et non statistiquement significatives 

pour les chèvres Alpines, Toggenburg et Saanens. Pour les Nubians les résultats des m2 

étaient statistiquement significatifs pour le rendement en lait et en matières grasses 

(paO.5) et pour le rendement en protéines (p-O.25), mais les estimés de m2 étaient très 

élevés. Les effets maternels estimés pour l'ensemble des données combinées n'étaient pas 

significatifs pour le rendement en lait, mais étaient significatifs (plO.05)  pour le 

rendement en matières grasses et en protéines. Les covariances entre les effets directs et 

matemels n'étaient pas significatives pour aucun des caractères ni aucune des races. 

L'ajout des groupes "fantomes" au m d e l e  a globalement augmenté les estimés. Les 



meilleurs modèles pour décrire lènsemble des données étaient cewc incluants seulement 

les effets génétiques directs en plus des effets fixés. Le test-F a révélé que l'ajout des 

groupes "fantomes" n'avait pas d'effet sur les analyses portant sw une seule race, par 

contre il avait un effet sur les analyses portant sur plusieures races. 
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1. ZNTRODUCTlON 

The market situation for daisr goats in Canada is not promotional. However, there is a 

great potential for expansion of production to satisfj. the current market. To select 

genetically superior animals, genetic evaluation is availabie to participants in milk 

recording programs. Replacement does are selected mainly according to dams milk 

production (63 %), Litter size (60 %), conformation (55 %), body size at weaning (42 %), 

dams matemal ability (35 %). Bucks are selected according to conformation (69 %), 

dddaughter  milk (45 %), litter size (38 %) and other reasons such as average daily gain, 

sire' s performance for growth, extended pedigree and breed characterist ics (Nadarajah, 

1998). 

Dual-purpose goat breeds are dominant in rnany countries. In Canada, imported European 

breeds such as Alpine, Saanen, Toggenburg, and Nubian have been developed as single 

purpose breeds for milk production. In dahy goats, as in dairy cattle, profitability is 

dependent on the efficiency of milk production. For the development of effective selection 

plans, knowledge of genotypic and environmental parameters is necessary. The phenotype 

of an animal is the product of genetic and environmental effects. The genetic variance 

(effect) itself is composed of additive, matemal, dominance and epistatic genetic variance. 

The dam influences the phenotypic value of her offspnng in two ways; first by wntributing 

a sample half of her genes, and second by providing a maternal environment through 

mot hering and supply of nutrients. Sue, on the other band, contributes to the phenotype of 

the offspring through a sample half of his genes. The biometrical aspects of matemal 

effects in tems of linear genetic models were developed around 1950. Matemal effects, 

nowadays, are known to be present in beef cattle and sheep. Studies (e-g. Meyer, 1992, 

Robinson, 1996) show that h e m  O to 20 % of the genetic variance is contributed by 

the maternal effect and that there are differences between breeds. 

The development of computw programs allows the use of restricted maximum likelihood 

(REML) with animal models to estimate variance components (e-g. Meyer, 1989). The 

objective of this study was to estirnate variance and covariance compomnts due to direct 

and maternai genetic effects and environmental effects for milk production traits 



(cumulative rnik fat and protein yield) using REML procedures under single trait animal 

models with data fiom Alpine, Toggenburg, Saanen and Nubian goats. 

2. LITERATURE REViEW 

Very little research is published on goat breeâing and genetics. As in dairy cattle, the main 

interest is to increase performance in production, reproduction and conformation trait S. 

The literature shows that many factors, environmental and genetic, play a role in affecting 

lactation traits; milk yield, fàt yield (milk fàt content) and protein yield (milk protein 

content). Most environmental influences are difficult to quanti@, but there are known 

environmental effects. They are so consistent in iduencing traits, that researchers have 

developed mathematicai adjustment factors or adjustment p r o d u r e s  to account for them 

(Bourdon, 1 997). 

Table 1. Esampks d Environmental Effccts for w&h Mathaticaï Adjurtmcat Proccdum .ad 

(or) AdjlSCIWnt Factors am avrüaôk (from Bairdoii, 1997) 

Sp"es - Trait -..A..- ~ ~ .-~ .. - -..... . .- 

Cattle (Qiry) MiUr yield 
Miik yield 
Milk yield 
Fat yield 
Fat yield 
Fat yield 
Fat wneaed miik yield 

Age at cal\ing 
Fat vield 

The purpose of such adjustments is 1) to reduce sampling variance, 2) to remove 

systematic biases fiom cornparison of animais or  animal groups and 3) to estimate what a 

specific record would have been if taken at a standard age, season length of lactation etc. 

(Iloeje et al, 1980). 

2.1 Environmcntd and Cenetic Causes of Variation in P d u c t i o n  Traits 

Several genet ic and envi tonmental factors affect production in dairy animais. These factors 

which may cause variation in productivity of dairy goats should be considerd in the 

evaluation and calculation of genetic components. One of the most important is the herd- 



year-season, which includes al1 factors like flock environment (such as nutrition), flock 

management, year of birth and season of production. Year of birth is important, because 

there are existing phenotypic time trends, which could be genetic and/or environmental. 

Another important tàctor is age of doe at 6rst kidding (parity) and the breed useci. Studies 

in the United States indicate that milk yield of daUy goats is highly variable (Iloeje et ai, 

1981; Sheiton, 1978). EEects of age, parity, and season of kidding on milk and fat yield 

were exarnined (Gipson et al, 1989; Kennedy et ai, 198 i), with the purpose of developing 

correction factors for use in genetic waiuaûon of breeding animals. A review of factors 

afKecting production in goats is given by ïioeje et ai, 1978. 

2 1 Nutrition 

Nutrition is the easiest to influence and the fastest responding cause of variation. Al1 

lactation traits are affècted by changing food supply. Comparing da* goats and dairy 

cattle on the basis of the metabolic bodyweight, the calculated requirements for energy 

and protein for maintenance and production are very similar to those for dauy cattle 

(Sutton, 1990). Studies show that a well fed doe has a higher milk production. Research 

corducteci in 1974 with Don goats showed that milk production was phenotypically 

significantly correlated with body weight (Oriyanskii et al, 1974). The correlation between 

milk production in the first lactation and body weight was 0.33 and in the second lactation 

0.43. In the literature the correlation between body weight and miik production ranged 

Corn 0.19 to 0.43. Gall (1973) showed that about 60 % of the variation in milk yield could 

be attributed to body size, rumen volume, skeletal sue, muscle volume, and fat. 

After kidding, high producing does need a high amwnt of energy for milk synthesis and 

secretion in early lactation. Does can lose up to 6 kg live weight, consisting of protein as 

well as fat in early lactation, slowly regaining this weight later. In early lactation stage it is 

very important to supply the animals with the needed requirements, otherwise the doe will 

not be able to produce as much milk as her genotype would aiiow. 

If the genetic potential of a doe is to produce 4 kg of milk per day, but she only receives 

enough nutrients to produce 2 kg, she will only produce 2 kg. Even if just one necessary 

nutrient is missing she will only produce as much milk as the supply of the restricted 



nutrient allows. This is refmed to as 'the principle of the £irst iimiting nutrient' 

(Agriculture Canada, 1989). 

Morand-Fehr and Sauvant ( 1978) stated that energy intake is the most important dietary 

factor influencing milk production regardless of the stage of lactation. The amount of 

energy really consumed by the goat appeared to be the most positively correlateci factor 

with milk production whatever the composition of the diet rnay be (Morand-Fehr et al., 

1978). 

Table 2.Correiath ktnccn intake of -k cncrgy and U r i r y  gort p d o ~  

Correlation berwem intake of metabolisaMe cnergy and 

Miik yield Fat (%) M i n  (%) 
lu-@ w& of iauation 0.752. + 0.0 10 - 0.190 
9h - 1 8h week of lactation 0.794* - 0.121 + O. 188 
1 9&-2aLh week of laciation 0.8730 - 0.157 + 0.123 

[ h m  Morand-Fehr et al. 1978 J 

Ruminants obtain energy prïmarily from fibre, carbohydrates and fat in their ration. 

Studies show that improved energy efficiency tiom dietary fat increases milk production 

(Teh et al, 1994). The correlations between intake of metabolisable energy and trait yields 

shown in Table 2, indicate that rnilk yield increases progressively with advance in lactation 

and more energy is needed. In mid and late lactation fat percentage generally decreases 

whereas protein percentage increases. 

2.1.2 Stage and lcnntb of lactation 

The stage and lengh of lactation is important for genetic evaluation based on cumulative 

milk yield, because with increasing length, the yields increase too. The cumulative milk, tàt 

and protein yieId is the actual amount of milk that a doe gives in her lactation up to a 

certain point and the longer a goat is in lactation the higher is her rnilk yield per lactation, 

al1 other things being equal. Within species and within breed, it is the stage of lactation 

that has the greatest idluence on milk composition (Haenlein, 1995). To get unbiased 

results it is important to make sure that only goats with a complete lactation participate in 

the evaluation. The lactation curve of goats looks similar to that of  âairy cattle and dairy 



sheep. The lactation starts with a high increase in miik yield and reaches a peak after 30 

days for sheep and around 45 days for goats and then declines until next kidding. (LKV, 

1993; Sutton, 1990). 

In literature reports, the averages of lactation length for dairy goats, depending on breed, 

are fiom 21 1 to 238 days (Ali et al., 1983). Ali et al (1983) and Kennedy et al (1982) 

reported a strong relationship between lactation length and lactation yield. 

Sullivan (2988) concluded that if lactation length is determined mainly by environmental 

factors, there would be a large bias by failing to adjust for differences in lactation length 

and if lactation length is heritable, it would be inappropriate to simply adjust yield for 

lactation length. 

I . . .  
/O--- 

Fat % 

- - 

2.5 ' 
30 45 75 105 135 165 195 225 255 285 300 

Days rftw kidding 

Figure 2. Prottia .ad fa# comtent of prts amd bc+p dlk thring Irct.tioa (fmm LKV, 1993) 



Many cornponents, especially fat and protein percentages, are high in ewe and goat 

colostrum, much lower thereafter in miik, and they rise again at the end of lactation 

(Anifantakis et ai., 1980). Fat content in goat rnilk changed fiom 2.7 % in mid lactation to 

4.6 % during the 1 s t  week (42) of lactation, and protein content fiom 3 -0 % to 4.2 % 

(Voutsinas et al, 1990). Simiïar trends were observeci 6om the LKV Germany, (1993), 

which is iiiustrated in Figure 2. 

2.1.3 Season ofkiddiag 

In Canada goats are like sheep in that they are highly seasonai in their breeding. Singh, 

Acharay and Biswas (1970) have found season of kidding to be a very important source of 

variation affecting d k  production. Strong relationships between reproduction and 

production indicate that photo period may have an indirect effect on production traits (Ali 

et al., 1983; Kennedy et al., 1982). In the U.S. goats seem to be seasonal breeders 

(Shelton, 1978; Ali, et al., 1983; Mohammad, 1984; Amoah et al., 1996) and, as in other 

septentrional countries, related to length of photo period. Light introduces the fertile 

oestrous cycles, which generally begin 10 weeks after the longest day of the year 

(Agriculture Canada, 1989). This was also reported by BonDurant et al (1 98 1) where the 

goats showed an endogenous annual rhythm of biological activity, which was responding 

to day length changes. Seasod variation in photo period increased with increasing 

distance from the equator leading to the conclusion that breeding in dairy goats is more 

seasonal at northem than at southem latitudes because of differences in length of photo 

period (Ali et al, 1983; Mohammad, 1984). 

On the other hand, some studies showed that the effect of latitude on reproductive 

performance is minor (Mohammad et ai, 1984) and that even in the most northern regions 

of US, breeding in goats is not highly seasonal. The results suggest that factors other 

than length of photo period may be causing the seasonality of breeding of goats in the 

U. S., in particular, the interaction of feeding regimes, reproduction and management. The 

effects of  season of kidding, lactation yield, temperature and humidity (climate) could 

cause variation in fat and protein content. It is reported that temperature (Johnson, H.D., 

1965; McDonald et al, 1958) and humidity (Ingraham et al., 1979; Johnson J-C. et ai., 



1962) influence the animal directly and cause adjustments in their behwiour which result 

eventually in a decline in milk energy output (Iioeje et al, 1980). However, artificial 

manipulation of photo period alters seasotiality of reproduction and has been known for 

years as a way of controllhg the breeding season (Henderson D., 1985). 

Generally breeding season begins in early Septemba 

northern hemisphere. Arnoah (1983) observed that 

and ends in February or March in the 

there was negiigible ovmian cycling 

mi 
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and reproductive activity in d o a  between April and August. This observation corresponds 

with the breeding season, reporteci in the UK (Henderson D., 1985) and the US.  

Mohammad et al (1984) observeci that the median month of conception was October and 

the five breeds (Alpine, Toggenburg, Saanen, Nubian and Lablancha) kidded most 

frequently in March. SiMlar findings are reporteci by Grossman and Wiggans ( 1980). 

Results on seven dairy goat breeds (Amoha et al., 1996) show that most breeds start their 

seasonai breeding, approximately in lune, reaching a peak in Septernber to November. A 

small number of goats, about 5 YO will cycle 1-2 months earlier or later than their flock 

mates (Agriculture Canada, 1989). Good nutrition will allow these animals to express this 

tendency, but this trait may also be genetic. Differences between breeds are also observed. 

Alpine and Toggenburg appear to be the most seasonal breeds and Nubians are Iess 

seasond than Alpine, Saanen or Toggenburg (Mohamrnad et al., 1984). Another midy 

also found that Nubian goats have an extended (8 to 1 1 month) breeding season (Amoah 

et al., 1996) which could be due to the lack of sensitivity to  climate changes through the 

year, because of their origin in e c a .  Further, it a p p w s  t h t  interactions between age 

and season are significant for fat yield and approached significance for mik (Aldason, 



1980) and that year of kidding, month of kidding and their interaction have a significant 

effect on milk production and lactation kngth (M~Mo~&s et al., 1984). The season of 

freshening affects younger does more than their older flock mates (Iloeje et al., 1980). 

Studies showed thst does which kidded earlier in the season (January through March) 

produced a higher rnilk yield than their flock mates that fieshened later (Steine, 1975; 

Iloeje et al, 1980). 

There are dso clear seasonal differences in milk composition of the major and rninor 

components (Renner, 1983), but these are confounded with climattic and dietary eflects. 

Winter c h t e  can affect miik yield and composition, and both are negatively correlated. 

Winter feeding usually provides different proportions and qualities of grazing, hay, silage 

and supplements, which infïuence milk composition considerably (Haenlein, 1995). 

2.1.4 Ane at first kidding 

The fertile oestrus, or kat, of a doe starts as early as in her founh month of age. Research 

on dairy cattle concludeci (Iloeje, 1980) that age has no direct biological effect on 

production, but body weight does. In other words, age is an indicator of maturity and 

maturing has a biological effect on production since a growing animal needs a part of its 

energy intake for growth and development. 

Many goat breeders recommend a body weight at first kidding of at least 32 kg. Does may 

reach this weight by 7-9 months (Sutton, 1990; Agriculture Canada, 1989). To some 

extent, breeding maturity (32 kg bodyweight) is dependent on genetic factors, but to a 

larger extent on management and feeding. Bred within 7-9 months, does wouid fieshen, 

after a 5 month gestation period (- 150 days), at 12 - 14 month of age. If does continue 

to grow during their first lactation, their milk production will be steady, but not as high as 

the milk production of fully grown does. For example, does bred at 18 months of age and 

freshening for the first tirne at 2 years of age milk less heavily compared to a second 

freshening two years old, but compared to a first fieshening 1-year-old doe, the older doe 

will have a higher milk production (Agriculture Canada, 1989). Research in dairy goats, 

found that age is a very important source of variation affecting milk production. 



Mavrogenis (1984) demonstrated that age of dam at kidduig had a quadratic relationship 

with aii traits studied except for lactation length. ïloeje (1978) and Rathore (1970) have 

s h o w  that milk yield increases linearly with age until about the third to fifth lactation and 

tends to decrease in the foUowing lactations. Expressed in age, does reach peak 

production at 24 to 50 months of age. 

Results of a study made by Sullivan (1 988) match with these fiom the literature (Finiey et 

a l  1984; Kmedy et al, 198 1 ), except that the quadratic effect of age was not significant. 

Solutions indicate that the effect of age on al1 traits in first lactation was initialiy large and 

positive, but quickly diminishes and eventuaily becornes negative after t w ~  years of age. 

A plot of the age solutions for fira lactation milk yield fiom the study made by Sullivan 

(1988) is given in Figure 4. 
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figure 4. Age soiution curvc ( d i d  lioe) rad unadjusttd means ( O )  by agc suôcluscs for 

first Iactatioa miik yield [înw Sullivan, 19û8) 

2.1.5 Parity 

Within a lifetime production a doe has a certain number of parities and her maximum 

production occurs between 24 and 50 months, which equds second to fourth parity, with 

a mean of about 40 months. Parity eRècts on production in dairy goats are large and 

significant (Ali et al., 1983; Finiey at al., 1984; Kennedy et al., 198 1). Kennedy a al 

( 198 1) calculated a set of factors for four groupings and showed that parity affected 

production. Differences between first and second parities of animais of the same age were 

as high as 217 kg of milk and 7.2 kg of fat. These amounts are about 20 % of the 

production for first parity. Différences among la ta  parities were les.  



Differences due to parity, lactation number or age of animal can be signifiant in gross 

rnik composition, but this is also wnfounded with milk yield level. In sheep, the fat 

content of ewe miUc changed linearly fiom the 1* to the 6& parity from 6.8 to 7.4 % and 

total protein content fiom 5.8 to 6.2 % (Casoli et al, 1989). Similar trends can be expected 

for goats. The cause of parity differences and the negaiive relationship between age and 

production within paxity is unclear and cwld be genetic or environmental (Kennedy a al., 

1982). Finley et al. (1 984) recornrnends that the large effects such as the one between first 

and second parities should not be ignored. 

2.1.6 B d  com~arison for milk ~roduction 

In modern animal breeâing, a '0reed is conceivecl as a defineci population, in which pure 

breeding is the rule and breeding animais are registered by a breeding organisation" (Gall, 

1996). Within goat breeds, different types of goats have been developed or have evolved 

to serve specific fùnctions or for adaptation to specific production or environmental 

conditions (Shelton, 1978). Some breeds developed for dairy purposes, others to produce 

milk and meat or just meat (Table 3). 

Table 3. Types and bi.tcds of goats (hm Skitom, 1978) 

Dairy Saanen Tempcraîe regions (world wi&) Guss (1975). Coky et al. 
Toggenburg Europe and U.S. Guss (1975). Cotby et al. 
Anglo-Nubian Wodd-wi& Guss (1975). Colby et al. 
Ai- Europe and U.S. Guss (1975). Co- et al. 
LaManch U.S. 

M a t  and miUc Nubian Sudan Wendra. ( 1975) 
Damasais (Shami) Syria and aâjoining areas Chovein. (1973) 
Jamnapcui India and Pakistan Singh and Singh. (1974) 
Barbari Inctia and Pakistan Mitral and Pandey. ( 197 1) 

Mat Boer South M c a  Skinner. ( 1972) 



Genetic differences of production yields within breeâs have a wide range and numbers for 

milk, fat and protein yields are presented as rnean values of the breeds as reported in the 

literature. 

The most popular goat breeds used in Canada for milk production are Alpine, 

Toggenburg, Saanen and Nubian. Al1 daj.  breeds (Alpine, Saanen, and Toggenburg) have 

nearly the same milk yield per lactation, Nubians are Iowa in production. A possible 

explanation might be that this breed is a result of cross breeding where dual-purpose 

breeds were involved. Goat milk composition can differ greatly among breeds. For 

example, for mik fat fiom 2.3 % to 6.9 % with an average of 3 -3 %; for rnilk protein fiom 

2.2 % to 5.1  % with an average of 3.4. % (Juarez et al., 1986). A major portion of this 

variation is caused by negative correlation's between milk yield and composition, which 

means that low yields have higher contents and vice versa. (Haenlein, 1995). 

The Alpine is a breed of goat that originated in the Swiss 1 French Alps. It is a 

medium to large goat and more variable in size than the Swiss breeds. Aipine fernales are 

reported as excellent rnilkers; milk yield is around 950 kg with 3,s % fat (-33.5 kg) in a 

259 days lactation perid. (Sambraus, 1994; Gall, 1996) 

The Togdenburg is a Swiss dairy goat fiom the Toggenburg valley of Switzerland. 

They are thought to be oldea known dairy b r d  (since 1802). This breed is of medium 

size and slightly smaller than other Alpine breeds. They give their best performance in 

cooler conditions and they are noted for high rnilk production. Milk yield of 700-1000 kg 

with 3,3 % fat (-2 1.2 kg) in 267 days is cornmon. (Sambraus, 1994; Gall, 1996; Haenlein, 

1996) 

S-en is probably the most developed dairy breed. Among goat breeds it 

occupies the place that the Holstein-Friesian has arnong cmle breeds. The Saanen dairy 

goal originated in Switzerland in the Saanen d e y .  It is of medium to large size with a 

milk yield of 750 to 1000 kg and 24.4 kg fat in 262 days. (Sarnbraus, 1994; Gall, 1996; 

Haenlein, 1996) 

The Nubium goat breed developed in England by crossing British and Swiss goats 

with Zaraibi, Jarnnapari and Chinal goats fiom Pakistan. They are known as dl-purpose 

goats, useful for milk, meat and hide production. It is a relatively large goat and described 



as a not heavy rnilk producer (774 kg), but this breed has a very high fat yield with 44% 

(-35.4 kg). The average lactation length is 237 days, but, as mentioned earlier, their 

breeding season is mucl! longer than that of the Swiss breeds and so it is possible to 

produce rnilk year round. (Sambraus, 1994; Gall, 19%; Haenlein, 1 9%) 

Breeds differences are well reported under different conditions. Knowls and Watkùis 

(1 938) tabulated some breed wmpsrisons under English conditions. Garcia, Castillo and 

Gado ( 1972) reported lactation yields under Venezuelan conditions. Gill and Dev ( 1972) 

reported lactation yields for Alpine and Nubian goats under Indian conditions and 

Dickinson and King summarised milk yield and fat content of U. S. dairy goats (Table 4.) 

Cwrent Vene- 
world Endand ' U.S. zuela' India 

Breed record Milk Fat Milk Fat mik  milk 
fkg) Org) ("/O) 0%) ('m Org) 0%) 

Saanen 3130 1188 4.0 979 3.6 294.2 
Alpine 2194 1136 4.2 970 3.5 232.2 3 10.6 
Toggentnirg 2613 1087 4.5 921 3.3 283.4 
Nubian 2009 839 5.6 817 4.5 154.7 289.5 

" Knowles and Watkiw. 1938 

Dickinson and King 1977 

Garcia et al.. 1972 

* Gill and Da.. 1972 

In al1 four regions, Saanen had the highest milk production. Alpine and Toggenburg had 

similar high yields. Nubian does were lower in milk production, but had the highest fju 

percentages in the milk. Sutton (1990) and Iloeje (1980) made a detailed analysis of breed 

differences in milk yield, fat yield and fat %. Geerts (1975) surnrnarised the performance 

of does of the five major dairy breeds. 

The description of breeds of goats and their origin can be found in Haenlein (1 98 1) and o n  

the Oklahoma University Anùnal Science homepage. Later publications of the aatus o f  

dairy goat s in the U. S. A. can be viewed in Haenlein ( 1 996). 



2.1.7 Others 

A healthy dairy goat population will give a reasonable milk yield. Diseases caused by 

infection, parasites, nutritional and 0th- reasons endanger the miik production of does. 

This variation appears because the animals are not able to rnake Ml use of the nutrients 

given in the ration (Agndture Canada, 1989; Waite et al., 1963). Fortunately these 

factors, which influence the production, are reported in milk recording data, and it is 

possible to adjust genetic waiuations for environmental factors which are known. As it 

happens, there are fùrther effects, but whea not recordeci, we can not account for them in 

a statistical analysis. Besides the aiready mentioned causes of variation, there is, for 

example, in sheep evidence that within the limits imposed by uiherent ability and level of 

nutrition, milk production and the shape of lactation curve are pffected by the sucklùig 

stimulus of the iamb or lambs. (Peart, 1968; Zygoyiannis and Katsaunis, 1984; 

Zygoyiannis, 1994). Also the nurnber of kids bom by a doe has been investigated. Results 

for a Research I d t u t e  Bock indicate that mothers of twins gave proportionately 0.27 

more milk than mothers of singles and mothers of mplas 0.47 more, and it was suggested 

that multiple foetuses led to a higher lactogenic activity, that results in higher milk yield 

post parhim (Hayden, Thomas and Forsyth, 1979). More recent evidence fiom Spain aiso 

shows raised rnilk yields &er multiple births (Subines, Lava, Fernando and Boza, 1988). 

Williams, 1993 on the other hand could not h d  any evidence that the number of kids bom 

affected either s a l e  or persistency, which contradicts the work reviewed earlier. These 

results might be due to the husbandry of the goats surveyed, because housing and 

conserved forage and concentrate food were offered year around. 

Some researchers mention that the number of milkings per day have a significant effect on 

milk production. Henderson et ai (1 983,1985) reported that thrice-daily milking increases 

milk yield imrneâiately and in the long tenn. The immediate increase is believed to result 

from the more m u e n t  removai of a chernical feedback inhibitor, which is present in the 

milk (Henderson and Peaker, 1984) and the long term increase seems to be cauxd by 

either growth or reduced regression of the tiuice-daily milking gland (Henderson et al., 

1985). 



2.2 Commnents of an Individu& Performrncg 

For animal breeders, the most important econornical characteristic of an animal is its 

production or performance. For each performance trait we can observe or mesure a 

certain level which is caiied the phenotype. An animal has as many phenotypes as there 

are traits to be observeci or measured on this animai. In selection it is important to increase 

the phenotypic value which is possible through genetic and / or environmental 

improvement. The basic mathematicai formula for expressing the phenotype is: 

P = G + E  

where P stands for an animai's phenotype, G represents it's genotype and E the 

environmental effects (Bourdon, 1997). Through measuring the phenotype and adjusting 

for environmental effects, (these are aii non-genetic effects) we can estirnate the genotype. 

Accurate information on environmental fàctors helps obtain accurate estimation of the 

geno typic variance. 

2.2.1 Variance Commnents 

Variation is the source of genetic change. If there is little variation in a trait, selection wiii 

be slow, because no animai is really genetically superior to another. To make genetic 

progress it is important for a population to have a wide range of variation. The arnount of 

variation is measured and expressed as the variance. The total variance is the phenotypic 

variance (VP) which is the sum of the genotypic (VG) and the environmental (VE) variance. 

The genotypic variance itself can be divided into additive (VA), dominance (VD) and 

epistatic (VI) variance. The total variance is then: 

Additive vctriPnce is the main cause of  resemblance between relatives and therefore the 

chief determinant of the observable genetic properties of the population and of the 

response of the population to seleaion. It is aiso refemd to as the d i r a  genetic variance. 



Estimates of additive variance are needed to estimate genetic parameters such as 

heritability, repeatability etc. 

Dominance vm*ance is causeâ by within locus interaction. For an accurate estirnate, a 

complete pedigree with many different relationships is needed. 

Epistutic variunce (VI) occurs if the genotypes at different loci show epistatic interaction, 

but interactions involving large nwnbers of loci usually contribute so little variance that 

they can be ignored. 

Environmentcll vhonce is defined as d l  variation caused by non-genetic factors. It can 

have many sources and its nature depends very much on the character and on the animal 

studied. In other words, environmental variance is a source of mors  that reduces 

precision in genetic studies. Most wmmon extemal causes are numtional, managemental 

and climatic factors (Falconer and Mackay, 1996). 

Partitioning the variance into its components allows us to estimate the relative importance 

of various determinants of the phenotype. h other words, we can determine the roie of the 

components in heredity and environment. Estimates of phenotypic and additive genetic 

variances are needed for designing effective breeding programs. Iloeje et al (1981) 

reported variances for flock, year-season, sire, doe, and residual for five US dairy breeds 

(Alpine, Saanen, Toggenburg, LaMancha, and Nubian). Flock effects accounted for 22 to 

3 1 % of the phenotypic variation for rnilk yield, 24 to 25 ?6 for fat yield and 15 to 25 % 

for fat percentage. These results indicated large differences in production from feeding and 

overall flock management. Year-season accounted for 8 to 1 3 %, 8 to 14 % and 10 to 14 

% of the total variation for milk yield, fat yield and fat percentage respectively. Sue 

cornponents contribute 8 to 11 % of variation in these three traits. Because of the usually 

small sizes of goat flocks and only a few does per sire, it is hard to distinguish between 

effects of sire and year-seasons; therefore, some variation attributed to sire may be fiom 

confounding of sire effêct with other effêcts. Doe component was 16 to 25 % of the total 

variation in milk yield, fat yield and fàt percentage, which suggests that sire component 

was overestimated. Residual variances were about 34 % in rnilk and fat yield and 40 % for 

fat percentage. Sullivan (1988) working with Canadian dairy goats used two methods, 



Schaeffer's and Van Raden's, to es thate  variance components. The results are given in 

Table 5 .  

SCHAEFFER'S METHOD 
Component Milk Fat Fat M e i n  Protein Lactation 
(NI * yield yield YO yield 'Y0 L e n N  

F h k - y ~ u -  9837 13.7 .O3 1 9.7 .O062 997 
xason (730) (2098) (3.1) (.O091 (1.9) (.0026) (130) 
Sire 5980 6.1 .O32 4.7 .O050 443 
(933) ( 1709) (2.3) (-O0s) ( 1  -4) (.0017) (168) 
Residuai 56% 10 62.8 .206 W .  1 -0630 38 16 
( 1979) (2249) (2.7) (.010) ( 1.6) (.O0 16) (149) 

VAN RADEN'S METEOD 
Component Milk yield Fat yield Fat % Protein Protein Lactation 
W)* yield 'Y0 Length 
F10ck- GU- 9626 14.3 .O34 9.8 .O063 1 1  19 
sisoi (730) (18 17) (3 -0) ( - 0 w  (1.8) (-0023) (139) 
Sire 39 19 3.8 .O37 2.9 .O060 383 
(933) ( 1687) (2 - 7) (.o07) ( 1  -3) (.0017) (169) 
Rcsidual 48 140 64.0 .202 45.2 -062 1 3805 
( 1979) (2 123) (2.7) (.O 10) (1.7) (.O 14) (141) 

* N= number of levels of flock-ymr-seasons or sires or number of residual degrees of fhxdorn 

The flock-year-season wmponent of variance ranged fiom 8 to 20 % of the total variance, 

which was simiiar to the results of ïioeje (1981). In Sullivan's study, percentage traits 

were less variable across flock-year season than were yield traits, but this vatied depending 

on breed. In general, fat percent was more variable than milk and fat yields across year- 

season. 



2.2.2 Hcritability 

Each somatic cell in a goat's body contains 30 pairs of chromosomes; One half of each 

pair is inherited fiom its sire suid the other half tiom its dam. Each chromosome carries a 

certain number of genes and the nature and position are wntroiiing genetic characteristics. 

During formation of the ovum or sperm cells this genetic material is resortad. This gives 

each gerrn ceIl 30 chromosomes, each with it's required number of genes, but in a 

combination, randorn fiom the original pair. These random combinations rnake genetic 

prediction incredibly complicated and we cannot predict the goat's characteristic with total 

confidence. 

A superior doe can produce good quantities of milk persistently through her total 

lactation, and for rnany lactations. Such doe can pass these quaiities to her offspnng. 

Some traits are more easily improved through breeding than others, and are spoken of as 

having high heritabilities (Agriculture Canada, 1989). Heritability c m  be defined as "the 

fraction of total phenotypic variation amibutable to genetic differences, and masure the 

accuracy of phenotype as an expression of genotype" (Cue, 1998). In algebraic terms, if p 

= p + g + e, where p is a phenotypic record on an a d ,  p is the population mean, g is 
2 the effkct of genotype and e is the effkct of environment such that a,' = a,f + o. , then 

heritability (h') is defined as: 

assuming no covariance between g and e. 

Heritability can be estimated in a broad and in a narrow sense. In the narrow sense, a,' 

contains only additive genetic variance. In addition to the additive genetic variance, 

heritability in the broad sense, a: contains dominance and epistatic genetic effects. 

Theoretical limits of heritability estirnates are O h2 2 1. Results on heritabilities of rnilk 

yield are in a similar range for dairy cattle and goats (Auran, 1976; Iloeje et al., 1978; 

Steine, 1975). 



Table 6. Hcritabiüty cbimatcr for dUry goat bmxû 

Traits B d  b2 MetbQd Source 
MiIli jield ASTNL.. .2 5 BLüP Boldman et ai. 1983 
Average yield per o p e r a t i d  y u u  Nmwegian .55 Ramhgen,  1965 
for milk yield 
Butterfat % 
Milk yield (moming yield) 
Butter fat % (daily yield) -10 
1 " lactation indianBeetaigoat 3 2  RaLeshet ai, 1971 - 
2* lactation .29 
3* Indation -32 
4& lactation .28 
5" lactation .16 
Miik production ASRJ * .17 * .20 Garcia, 1971 
Fat production -22 f -20 
miik yield in Grst W o n  Indian Beetal poat 2 5  f -08 Singh et ai, f 970 
Unadjusted records ASTN AST' Na MINQUE Kermedy et al, 1982 
M i k  yield .69 30 
Fat yicld -62 -48 
Fat % -52 1.10 
Adjusted records ASTN AST* Ne MINQUE Kennedy et al. 1982 
Mik 'ield -68 .35 
Fat qield -61 -54 
Fat % -54 1.09 
Mik yicld (per lactation) Alpine -60 huillon et al. 1976 
Protein yield (miik) -47 
Protein % -58 
Fat yield -47 
Fat % .48 
Milk 'icld lactation Dairy b r d  -36 Ronningen, 1967 
Fat yield 
Fat % 
Single-&ai t mlysis Murciano- DFREML Analla et al, 1996 
Milk 'irid 
Fat con tcnt 

Fat content -14 
Protcin contclit -22 
A=Aipine, S=Saantri, T=Tmenburgs, N=Nubian, L=Lnmancha 

Hentabilities of dairy goats are summarised by Shelton (1978) and in Table 6. Estimates of 

heritabilities of traits can v q  significantly fiom study to study. This depends on breed, 

population sampled, environmental and management conditions and error, both random 

and systematic, in the estimation procedures. The wide range of heritabilities reported 

would suggest that milk production has a medium heritability and fat and protein 

percentage have a high one. 



2.2.3 Direct and Maternai Eff'ts 

Production traits such as rnilk yield, birth weight and eariy growth rate are determined not 

ody by the animals' own genetic potmtial, but also by m a t d  effkcts. The maternal 

eRect of a dam on her offspring is mostly environmental (with respect to the offspnng) 

and represents mainly the dam's milk production and mothering ability, though effêcts of 

the uterine environment and extra chromosornai inheritance may contnbute (Meyer, 

1992). However, these abilities such as miik production and rnothering are expressed 

according to genotype. The phenotypic ciifferences among dams for the maternal effects 

are expressed in the phenotypic vahies of theii youns i-e. offspring 60x11 good mothers 

have a better development and produce better later on. 

A rnatemal effect defined by Willham (1972) is 'a phenotypic value of a dam measurable 

only as a component part of her offspring's phenotypic value'. These ïnûuences of a dam 

meaurable on her oflSpring are recognised as a special case of the joint action of genotype 

and environment (Robison, 198 1 ). 

Figure 5. A patb cœWiicicnt dirigram sbowiap: the biomctiicd rclathsbip wben a di- and 
maternai effect are iavdved in the pkmMypk espnsrioa d a  traiî [foai Willbm, 1972J- 
Cos: genotypic vduc of X for direct d c c t s ;  Eox: catimmmcntrl value of X for di- f l cc ts ;  h-: 
genotypic vil- d W for t k  materad effecîs; Em: envirrnncatd v.kits d W for tbt aiatcrnd 
effects; Gow: g e w p i c  vdue of W for di- CQTccts; h: gcaotrpic vrkK d X for mateand dfccts. 

Dickerson (1947), Koch and Clark (1955) and Kempthome (1955) developed the 

biometricd aspects of m a t e d  effects. Later, Willham (1963) put the biometrical aspects 



in tenns of iinear genetic models. Falconer (1965) developed a genetic model in which the 

maternai effect was linearly related to the phenotype of the dam. Van Vleck (1971) 

devised selection index procedures for direct and matmial genetic components of traits 

(Willham, 1972). 

The genetic principles behind the maternai effects are easiest to describe with a path 

coefficient diagram developed by Willham, 1972 (Figure 5): 

Px represents the phenotypic value of individual X. For this model we have to assume only 

additive genetic effects and that covariances between genetic and environmental effkcts 

and between environrnental effects (Ew, Eox) are zero. Under this asswnption PX is just 

influenced by the genotypic value of X and by the genotypic value of its dam (W). Effects 

denoted by O are the direct effects and denoted by M are niatemai effects. Then 

px=pox+pMw 

For single traits, the phenotypic value is composed of the sum of genotypic variance and 

environrnental variance accordingly 

p o x = C ~ ~ + E o x  

P S C W ~ ~ W ~ E M H '  

Here GOx and Eox are the genotypic and environmental values for the direct effects and 

Gxfiv and EMW are the genotypic and environrnental values for the matemal effects. 

The total variance of Px is then composed of 
2 V(Px) = dGo + c ~ d ; ~  + nzGin + o 2 E o  + c en, 

Unlike sires, which contribute just through tratlsmitting genes to the ofipring, dams make 

a 'direct' genetic contribution to the offspring through contributing genes and an 'indirect' 

genetic contribution through the environment she provides for the young (rnilk quality and 

quantity, nest structure, Gare of young etc.). This indirect contribution is genetic to the 

extent that these materna1 qualities are heritable in the mother, even though experienced 

by her offspring as an environmental effect (Riska et al, 1985). 

Research on maternai effects has k e n  conducteci mostly on beef cattle, meat sheep, swine 

or mice, where researchers and producers are convinceci that mat- effects play a role. 

The little work done on dairy cattle gave contradktory results. 



Meyer (1992) estirnated variance components for buth, weaning, yearling and tinal weight 

in Austrafian Hereford, Angus and Zebu cross cattle by Restricted Maximum Likeiihood. 

Using six models, significant materna1 effects were found in aii anslyses except for nnal 

weight in Angus. Fitting a permanent environmental dect  increased mode1 fit markedly 

and identified a significant maternai effect contributing 8.3 (Angus) to 10.1 ./O (Hereford) 

of the total variation in birth weight. Estimates of the direct, maternal and total 

ben t abili ties were well wit hin the range of estimates reported in the literature summarised 

by Meyer, 1992. Maternai grnetic effects accounted for approxirnately 4 % (final weight) 

to 14 % (weaning weight). Genetic covariances between direct and matenrai effect were 

essentially zero to very smali (0.128 to 0.758 kg2) for birth weight, -203.1 to 14.7 kg2 for 

weaning weight depending on breed, with Angus having a positive value. Covariance for 

yearling weight was -66.4 to 45.6 kg2, w h a e  again Angus had the positive value. For finai 

weight, covariance's behveen direct and maternal effects were slightly lower and ranged 

fiom -6.7, 3.0 to 4 1 .2 kg2 for Hereford, Angus and Zebu Crosses. Variance components 

estimated by Robinson (1996) were slightly srnalier. Materna1 genetic effects were 7, 9 

and 6 % for birth, weaning and yearling weights, respectively. M a t e d  effect for final 

weight was not significant. Van Vleck et al (1996) estimated direct and m a t e d  effects 

for weaning weight of calves of dams at 2, 3 years of age and older with a derivative-fiee 

REML algorithm. For the three analyses for pure breeds, average proportions of 

p henotypic variance were 34, 3 1, and 27 ./O for direct genetic; 16, 1 5, and 1 2 % for 

maternai genetic; and 18, 20, and 17 ./O for matemal environmental effects. For composite 

breeds, average proportions of phenotypic variance were 44, 46, and 36 % for direct 

genetic; 6, 6 and 5 % for matemal genetic; and 16, 14, and 14 % for maternai 

environmental effects. A study by Eler a al. (1995) on growth traits of Nelore Cattle in 

Brazil, showed that m a t e d  variance accounted for 12, 13 and 10 % of the total 

phenotypic variance and direct additive g d c  variance accounted for 22, 14, 16 % of the 

total variance for univariate analysis of birth, weaning and yearling weight. Covariances 

between genetic and maternal effects were -0.49 for birth weight, 46.38 for weaning 

weight and 75.45 for yearlings' weight. 



Research, using least square procedures, was undertaken to investigate matemal abilities 

on cross breeding sheep. A study made by Vesely et al. (1977) was designed to estimate 

heterosis, general specific combining abilities, maternal and sex-linked effects based on a 

diallel mating system among four breeds of sheep. 

Maternal effects were measured only among progeny of crossbreeding type of mating and 

were found to be an important bar (p<0.01) influencing body weight, weaning weight, 

weight-per-day-of-age and final weight. 

Research on crossbreeding animals (two-breed cross, back cross and 3 breed cross 

progeny) by Holtmann et al. (1969) showed an interaction between mating system and 

maternal effects attained sigdcance with weights at 28 and 120 days and daily gain. 

Lambs raised by )-year, Cyear and 5-year old ewes had highest body weight at 28 and 

120 days of age, indicating that these age groups appeared to be at optimum in terms of 

the mothering ability of a ewe. 

A similar study (Rastogi et al., 1982) also showed that matemal ability is a significant 

source of variation for birth weight, preweaning weight, preweaning average daily gain 

and weaning weight. 

Direct and maternal effects for growth traits of Romanov sheep were estimated by Maria 

et al., (1 993) using restricted maximum iikelihood with an animal model, which included 

fixed effects for year x season, sex, rearing type and litter size, and random effects for the 

direct genetic effect (h2), the maternal genetic effkct (m2), the permanent environmental 

effect (c2) and random residual errors. The estimates for h2, m2 and c2 were 0.04, 0.22 and 

0.10 for birth weight; 0.34, 0.25 and 0.0 for weaning weight; 0.09, 0.01, and 0.07 for 90 

day weight; 0.26, 0.1 7, and 0.02 for preweaning daily gain (birth to weaning); and 0.1 5, 

0.01, and 0.03 for postweaning daily gain (weaning to 90 days) respectively. These 

estimates with sheep are similar to those with beef cattle and indicate that important 

maternal effects exist for birth and weaning weights and preweaning daily gain. Maternal 

effects in dairy cattle have been studied by Van Vleck and Bradford (1966), Van Meck 

and Hart (1966), Gipson and Russel (1978), and Robison a al. (1981). Van Vleck and 

Bradford stated that the apparent pattern for heritability estimates for deviations is that the 

paternal haif-sib correlation is about the same for all lactations but that daughter-darn 



estimates are higher for 6rst lactation records, with a gradua1 drop in second and tbird 

lactation to the level of estirnates derived tiom patexnai half-sib analyses. This result 

suggested a sueable genetic matemal effect in first lactation, which drops in second 

lactation and disappears by third lactation. O n  the other hand Van Vleck and Hart (1%6) 

regressed the actual covariance on the coefficient of additive direct genetic variance which 

gave a correlation of 0.92. These results suggested that in this research oniy additive 

genetic effécts were important for first lactation. Gipson and Russel (1978) showed 

deviations of Ayrshire and Jersey 6om Holstein of 1574 and 1080 kg of milk. Of this, 61 

and 72 % respectively were due to maternal effects. Robison et al (1981) d y s e d  

crossbreeding data, in which the mode1 fitted included breed additive direct, heterotic and 

breed maternal effects. The deviation of Swiss and Ayrshire fiom Holstein were 1333 and 

1 366 kg, respectively . ApprolEimately 36 and 44 % of these deviations were due to breed 

maternal effects. These results suggest that maternai e&ts play a large role in breed 

differences. No research on matemal effects with dauy goats has been reporte& An 

understanding of the genetic variation in matemal effects and the relationship between 

direct genetic effects and matenial effects is essential for forrnulating optimum breeding 

programs (Kobison, 198 1). 



3. MATERIAL AND METHOD 

The final cumulative dk, fat and protein yieIds of the tint lactation of Alpine, Saanen, 

Toggenburg, and Nubian does were used to estirnate: 

1. Basic statistical parameters 

2. Variance components such as additive genetic effècts, materna1 genetic effects, 

and covariance b e e n  additive genebc and matenial genetic effects 

3. Resulting genetic parameters 

Basic statistical parameters were calculated using SAS for OS/2, release 6.12 and variance 

components were estimated using the DFREML package version 2. I for the derivative- 

fiee REML algorithm (Meyer, 1993). 

3.1 Data Source 

A total of 88965 test day records tiom ail registered breeds in Canada, recorded from 

1985 to 1995, were available through the Quebec Dahy Herd Analysis SeMce (QDHAS). 

As with da* cattle, monthly measurements of milk yield are taken, and analysed for fat 

and protein content. These monthly measurements are used to estimate cumulative miUr, 

fat and protein yields. The uiforrnation included in the test day records is: flock, QDHAS 

goat number, testhg program (official or self testing), breed, goat identification number, 

nip letter of goat, sire identification number, dam identification number, nip letter of dam, 

date of birth, lactation number, date of kidding, date of testing, lactation code, test day 

milk, test day fat, test day protein, 305 days milk yield, 305 days fat yield, 305 days 

protein yield, cumulative milk yield, cumulative fat yield, cumulative protein yield, 

handling code. 

Genetic evaluation for dairy goats in Canada is undertaken by the Canadian Centre for 

Swine lmprovement tiom which the pedigree file, containing registered goats fiom ail 

breeds, was received. The file contained 108545 records. Mormation included in the 

pedigree was goat, sue and dam identification number, sex of the animal, name, foreign 

identification number and date of birth. The pedigree was used to extract ancestors and 

build up the relationship rnatrix. 



3.2 Data Editing 

3.2.1 Test drv record* 

Each animal, tested by the QDHAS, had an average nurnber of 8 to 10 monttily 

measurements (or test &y records) per lactation. For a separate analysis of Alpine, 

Saanen, Toggenburg and Nubian data, the test day records were divided into records by 

breed. Alpine had 24265 records on idi lactations, Toggenburg had 23364 records, Saanen 

had 17797 records and the number for Nubian test day records for al1 lactations was 

156 1 1. The rest, wunting 7928 records, belonged to breeds like LaMancha, Boer etc., 

which were excluded fiom the analysis. Data fiom each breed was edited separately. The 

number of records and reasons for editing are summarised for al1 four breeds in Table 7. 

Table 7. Edits pcr b d  

Alpine Toggentrug Saancn 
. .. ... . - -- -. -. . . . ... ... . .. . . . .... N"bi% ..- - -  

TEST DAY RECORDS 2436s 23 364 1 7797 1561 1 

Reg: # O. Sire =O. Dam = O  562 138 624 594 

.Animais wdh just mc d 36 24 13 35 

Animais which have not fmishd l a d m  1626 649 1059 83 5 

aherreasau 628 589 600 1 84 

C l a n  1 s t  &v r d  7094 6858 4798 4463 

NUMBER OF ANIMALS 786 71 1 50 1 534 

Cumulative miik ykld l e s  chan 50 kg 8 4 6 13 

Single pnâdaugtaors 69 3 7  44 74 

Single animal flocks 18 29 12 14 

Finai Numbcr 691 641 439 433 

Test day records missing sire or dam registration nwnber were discarded. The evduation 

in this study was based on first lactation records oniy. Aiter eliminating second and higher 

lactation records, the following edits were based on first lactation test day records: 

Records which had a ciifference larger than 365 days between date of kidding and first day 

of testing were considered to be wrong records and also excluded fiom the evaluation. 

Animais with just one record on th& first lactation were dropped to avoid any wrong data 



and resulting b i s .  Ail animals, which had not finished their lactation, because of selling, or 

nursing reasons etc. were excluded. 

Other reasons to edit records included animals, which were declared to be in first lactation 

but had a lactation continuing far beyond 305 &YS. By rrjanuaiiy checking the records, 

they showed extreme variation considering the lactation curve, such as increasing yield 

over a few months and after the peak the yield decreased until again an increase occurred. 

Furthermore, animals which were younger than 10 months or older than 30 months for 

age at first kidding were exctuded, because does younger than 10 rnonths would have been 

bred at 5 months of age and that is quite unlikely, and after 30 months a doe is probably in 

her in second lactation. Animais with cumuiative milk yield less than 50 kg, single 

granddaughter animals and anirnals which were the only animal in a flock were excluded 

from this study. For anunals without siblings or cousins, or single animal flwks, the flock 

fixed effects can not be separated fiom the sire effm, which means these effects are 

confounded and those animals have to be deleted. 

3.2.1.1 Tirne mriod of test div records 

The numbers of records for breed and year of anirnals' date of birth, which p a s d  editing, 

are given in Table 8. Also given are the numbers of animals for breed and year the 

production was recorded. Animals included in the analysis were bom between 1984 and 

1995, and the tirne period in which the production traits for the animals are recorded is 

fiom 1986 to 1996. 

Table 8. Numbtr of rccord~ per year and b d s  for inimds' dite of birtb i ad  year of rccordiw 

Ycar of mcmdhg 

.L\ipinr - 35 94 73 54 60 69 108 49 61 1 5  

Saaun - 18 58 57 41 64 49 49 43 25 32 3 

TOW* - 14 62 44 40 7s 113 72 111 68 40 2 
Nubia - 10 54 53 39 37 43 65 71 27 25 9 



3.2.1.2 Season of kidding 

The months of kidding in the data set used are similar to the seasons describeci in the 

literature. Most of the animals included in the analysis were bom between Januq and 

June (Figure 6). Afier reaching sexual maîurity, these animais were bred, around 

Septernber, October or Novembw and gave birth five month later in January to  April. 

- ALPINE - SAANEN TOGGENBURG NUBlAN 

Figure 6. Daîe of birth distribution of does for fint h c t a t h  rcross 12 -th 

It is interesting that the shape of Figure 6, which is the graph of the number of does born 

in the different month, is similar to that of Figure 7 which represents the number of does 

kidding in the different months of the year. 

- ALPINE - SAANEN TOGGENBURG NUBIAN 



Raw means by breed and months of kidding for cumulative milk, fat and protein yield of 

first parity does are given in Table 9 to 1 2. 

Januaq 25 54 1.80 18.32 16.14 
Febnrary 89 746.60 26.75 22.97 
March 190 750.39 25.44 22.58 
-1 14 1 796.33 27.7 1 24.05 
MW 105 656.54 22-44 19.73 
Iune 16 862.20 30.50 25.94 
July 21 743 -8 1 26.47 22.6 1 
A W F t  II 642.57 25.9 1 21.15 
Septcmber 25 753.68 27.26 24.47 
Oaober 14 602.00 23.81 19.78 
Nme-r 15 6%.27 23.0 20.67 
I)ecember 6 928.17 28.8 1 28.49 
Total 69 1 74û.01 25.74 22.48 

For al1 breeds, most of the animals were bom in March to  May. Almost 63 % of the 

Alpine does, 55 % of the Toggenburg does, 56 % of the Saanen does and 63 % of the 

Nubian does gave birth in these three months. 

Table 10. Numkr dobxrvatioas and mw arcriar by moath of kidding for lactath traits 

(TOGGENBURG) 

month N cum. Milk (kg) cum. Fat (kg) cum Protein (kg) 
kin~ary 27 827. 48 27.33 21.98 
Febniary 77 836.35 26.17 23.55 

Apnl 
May 
J u n e  
July 
August 
Septernber 
Wctôer 
Novcmbcr 
Deccrnber 
Total 641 7%.29 25.46 22.65 



Table 11. Number of obwrvatioas and nw œeaos by month d kiddhg for I .ct . t ion trUta 

month N cum. Mik (kg) c m .  Fat (kg) cum. Rotein (kg) 
January 31 860.06 30.22 26.07 
February 58 953.3 1 30.58 27.64 
March 99 829.91 26.54 24.63 
Ami 82 758.12 23.82 22.73 
May 64 755.16 23.95 22.71 
Iune 27 8 17.% 26.36 21.53 
July 9 808.78 24. 98 24-83 
wiw 6 767.33 27.5 1 22.43 
Sqmmber 13 769.3 1 27.32 23.55 
Oclobcr 22 961.73 30.28 28.59 
November 16 856.69 27.52 25.U) 
December 12 752.25 29.32 24.43 
Total 439 825.68 26.74 24.65 

O b s e ~ n g  raw means, Toggenburg does which gave birth in September had a signifiant 

drop in milk, fat and protein yield. It was not obvious that Nubians were more or less 

seasonai than the other breeds. The highest milk, fat and protein yields were for anirnals, 

which gave birth in September, and the lowest for animais, which were kidding in July. 

Table 1X Nuaiber d okrvit ioos .ad IIW means by mootb of kiddimg for Iactatioa traits 

(NUBLAN) 

lune 
July 

cum. Uilk (kg) cum. Fat (kg) cum. Proiein (kg) 
548.6 1 26.39 20.29 
481.43 22.% 17.13 
529.71 25.07 19.58 
487.4 1 22.49 17.48 
498.66 23.55 18.95 
395.08 20.54 15.22 
334.56 15.12 1 1.74 
4%.50 25.82 18.37 
741.00 37.65 29.33 
502.08 23 .O8 19.07 
130.17 20.14 16.04 
452.60 20.63 17.73 

Total 433 500.6 1 23.74 18.48 



Figure 8. Lerut square mc.ns for moatb of kidding for cumulative milk, fat and pmtcia ,+Id 

Using the combined data set of al1 four breed, the SAS procedure 'proc glm' was used to 

fit a fixed e&ts mode1 with age, breed, month of kidding and flock-year, to estimate 

least-squares-means for cumulative rnilk, fat and protein yields (Figure 8). 

The graph shows just a small difference between months for cumulative milk yield and 

aimost no change in cumulative fat and protein field. This led to the decision that season 

has almost no effect on cumulative rnilk, fat and protein yield and just flock-year instead of 

flock-year-season was fitted latw in the final mode1 and analysis for al1 four breeds. 

3.2.1.3 Ane rt first kidding 

Unadjusted rneans by kidding age for lactation traits for first parity does for Alpine, 

Toggenburg, Saanen, and Nubian are given in Tables 1 3 to 16- Some animals are listed to  

be 9 rnonths old, despite the fact, that it is an editing criterion. These animals were 

manually checked and reintegrated in the process, because they were found to be below 10 

months (9 months and 20 days old). For Alpine, relatively few does were kidding between 

the ages of 16 to 20 months. This is explainable since most does boni between February 

and May would have to conceive outside of the natural breeding season in order to kid 

within these ages (Sullivan, 1988). 



Table 13. Numkr of obrtrvations and a n a d m  means by age at kiddhg for I.rtrtioci triitn 
(Alpin) 

Most of the animats for each breed gave birth at 12 or 13 months o f  age. The general 

pattern for al1 breeds was an increase in cumulative rnilk yield, cumulative fat yield, and 

cumulative protein yield with age. However, for Alpine a drop in milk yield, fat yield and 

protein yield was observeci at 14 / 15 months of age. 

Table 14. Numbcrs of observations and uaadjuded mcras by .gc at kiddiag for iactatioa traits 



The trend that in some months the number of kiddings is reduced was not so clear with 

Toggenburg, but the &op of milk, Fat and protein yields could also be observed for this 

breed. It occurred at the age of 13 and 18 months. 

Tabk 15. Numkrs oî obwrvatioos aed maadjutcd atur by age at k i d d i i  for Iactatioa traits 
(SAANEN) 

Saanen also had a reduced number of does kidding between 16 and 21 months. A drop in 

the milk, fat and protein yield could be observed for 12 and 20 months of age. 

Table 16. Nvmbcrs of obstwatioas and unadjwded means by agc at kidding for lactath tmits 
(NuBLAN). 

.-&(months) N uun milk Meld (kg) aun fat yieid (kg,) cum. prdein ydd (kg) 
10 4 595.25 28.66 21.71 



The miIk, fat and protein yields for 19 month old Nubians, were 32 % less than those of 

anirnals which were 18 month old w h  they gave birth and even 42 % less cornpared to 

animals which were 20 month of age. The reduced nurnber of kiddings between 16 and 20 

months of age was not so clear as with Alpine or Saanen. 

To check whether age has a significant &kt on miik yield or not, SAS was used to fit a 

fixed effects model including age and flock-year, to estimate least-square-means of 

cumulative milk yield for age at first kidding. 

SAS results (Figure 9) showed a clear trend upward, despite some fluctuations, leading to 

the conclusion that age had to be fitted in the model of analysis. 

Rgure 9. Lead square means for agc of first kidding for cumdative milk *Id 



3.2.1.4 Animal. sire and dam distribution mr fiock, mr b d  

Animds 

Table 17 contaias the number and size of flocks per breed. Of 58 Alpine flocks, 18 were 

srnailer than five animals per flock with a minimum size of 2 animals. This equals 3 1 % of 

Alpine flocks. Three of the flocks had 5 1 ,  68, and 80 animais, which equals 29 % of al1 

Alpine does. Toggenburg anirnals were distxibuted in 39 flocks and 45 % of the flocks 

were smaiier than 5 anirnals. One flock had 217 animals, which is aimost 34 % of the 

whole number of animais (641). 50 % of the total number of Saanen flocks (50) were 

smaller than 5 animals and the biggest flock containeci 53 animals. Nubian flocks were 

relatively small. Most of them (78 %) had 2 to 10 anirnals and just a few had higher 

numbers of anirnals wit h a maximum size of 3 5 animals. The average flock size was 1 1.9 1 

animals for Alpine, 16.44 animals for Toggenburg, 8.78 a . s  for Saanen and 8.02 

animals for Nubian. 

Table 17. Numbcr of k k s  aod dincirat sWs pcr b d  

- - - 

c 5 animals 18 17 25 22 
5-10 animals 
11-15 animals 
16-20 a n i d s  

2 1-30 animais 
3 1-50 animals 

51-10 animais 
10 1-200 animals - - - 

Tocal number of flocks 58 39 50 54 

Average # of animals pt flodc 11.91 16.44 8.78 8.02 

Sire - 
The fiequencies of sires and dams per fiock are s h o w  in Table 18 and 19 respectively. 

The average number for Alpine was 3.10, for Toggenburg 3.92, for Saanen 3.1 5 and for 

Nubian 2.78 sires per fiock. Two Alpine flocks had 18 and 28 different sires respectively. 



Toggenburg had one tlock with 32 sires and for Saanen the maximum number of sires per 

flock was 15. The maximum number of sires for a Nubian flock was 13 animals. 

Table 18. Fmqucacy distribution d rim pcr f k k  

Numt#r of sires Alpine Togjpùwg Saanen Nubian 
1 9 4 9 7 
2 11 12 12 14 
3 14 5 8 11 
4 6 3 8 5 
5 7 3 2 8 
6 1 3 2 2 
7 2 1 - 3 O 
8 3 2 3 O 
9 O 2 O 1 

~ d #  of !locks 58 39 50 54 
Average # of sire per flock 3.10 3 -92 3.15 2.78 

Dam - 
Most of the flocks had two to three dams. The average number for Alpine was 8.91, for 

Toggenburg 1 1.67,6.56 for Saanen and 5 .39  for Nubian (Table 19). 

Table 19. Frequency distributioa of dams pcr flock 

Number of âams Alpine Toggenturg Saancn Nuban 
. . . - . . . . . - . . - . . . . - - - . . A . - . - -. -. . . - - - - - . . - -- - - . . - - - - -- . . . . - - - -. . . . - - . - . . - . . - . . . . . . . . . - . . . . - . . . 

2 18 8 13 16 

5 6 2 5 6 
6 7 3 5 8 
7 3 1 O 2 
8 O O 1 O 

9 1 2 1 3 
10  O O 1 1 

1 1-20 5 6 5 3 
2 1-50 6 3 3 3 
>50 1 1 O O 

Total # of fl& 58 39 50 54 
Average # of dams per flock 8.9 1 1 1.67 6.56 5.93 



3.2.1.5 Offs~rinn mr sire 

Table 20 shows the fiequency distribution of numbers of daughters per sire. 46 Alpine 

bucks had just one daughter, which equds alrnost 26 % of ail sires. 10 of the alpine sires 

had from 11 up to 39 daughters. 21 % of Toggenburg sues had one daughter, and 12 of 

the total number of 153 sires had 11 to 3 1 daughters. For Saanen, 30 sires, which e q d s  

24 % had one daughter. Six sires had more than 10 daughters. 44 Nubian sires had just 

one daughter, which equals 29 %, and just three had more than 10 daughters (1 1, 14, and 

16). The average number of daughters per sire was 3 -84 for Alpine, 4.19 for Toggenburg, 

3.57 for Saanen and 2.89 for Nubian. 

Table 20. Freqwncy didributioa of aumbcrs of d q h t e r s  per si= 

Numüer of daughters Alpine Toggenburg Saanen Nu- 
.. - - 

Total # of sire 180 153 123 150 
Average # of Qunbters uer sire 3.84 4-19 3.57 2.89 

3.2.1.6 Of'f's~rinn Dcr dam 

The fiequency distribution of numbers of daughters per dam is surnmarised in Table 21. 

Out of 5 17 Alpine dams, 389 had just one daughter. The maximum number of daughters 

was 6 .  Of 455 Toggenburg dams 323 had one daughter, (71 %) and 1 dam had 6 

daughters. Saanen had a totai number of 328 dams, 76 % of these dams had one daughter. 

Like the previous breeds, just one dam had more than 5 daughters (6). The maximum 

number of daughters per Nubian dam was 5 .  In totai 320 dams were known and 75 % of 

these dams had one daughter. The average number of daughters per dam is 1.37 for 

Alpine, 1.41 for Toggenburg, 1.34 for Saanen and 1.35 for Nubian. 

36 



Table 21. Frrqucncy didribotioa of aiabers of daugbtcrr pcr draa. 

Number of daughters ---- Alpine T o ~ a b u r g  Saanen Nubian 
1 389 323 248 240 
2 95 94 59 5 2 
3 23 27 14 24 
4 8 7 5 3 
5 1 3 1 1 

>5 1 1 1 O 
Tot31 # of dam 5 17 455 328 320 

Average # of daughten pet dam 1.37 1.4 1 3 1.35 

The pedigree file received fiom the Canadian Centre for Swhe Irnprovement was used to 

build up an unique pedigree for each breed. No editing conceming incorrect records had 

to be done. Steps for  building up the pedigrees for each breed is summarised in Table 22. 

Table 22. Sttps for k i i l d i i  up tbc pediirce 

ALPNE - PEDIGREE R d  Zao Biidi drc 

S..tL\'EE: - PEDIGREE RCUX& Za0Biir)ibie 
Anunils w* d 439 O 
E . W d e d  maCstocs 1501 702 
Phr*an plraiLs 532 532 

Xl31-4!!' - PEDIGREE R d  Zcro Bhh &e 
himals  aith rroards 433 O 
~macdridm 180s a39 
Phmlom parans 663 703 

COhfBKNED ALL BREED - PEDIGREE R a a d r  k B i i ( h d l e  
Animais d h  raadr 2204 O 



Difficulties in identifjing anirnals occurred because in the test day records the animal's 

identification is based on an eight-digit number, but in the pedigree me, country-brd 

codes are used in addition to the eight-digit numbei-. Matching with just the number was 

impossible, because some numbers were used more than once in the pedigree. What made 

the animals unique in the pedigree file was the wmbination of country-breed code and that 

eight-digit number. The solution was matching test &y record and pedigree a n i d s  with 

al1 their criteria (goat, sire and dam identification and date of birth) and assigning al1 test 

day record animais the country-breed code found in the pedigree file. Over 95 % of the 

anirnals were successfidiy renumbered without possible mix-up. 

For the pedigree file aü animals, even those with missing parents or date of birth were 

kept. Using FORTRAN programs, ancestors of al1 breeds were extracted fiom the 

pedigree file and for rnissing dams, sires or binh dates phantom parents and calculateci 

birthdates were assigned. Data handting for the pedigree is sumrnarised in Table 22. For 

the use in DFREML, the pedigree input file was sorted in logical order (oldest animals in 

the beginning foilowed by their offspring etc.) and renumbered from 1 to N. 

3.2.2.1 Cenetic nrou~ing 

Under the assumption that knowing relationships (pedigree) account for the effect of 

selection on the related ancestors, there is no need to assign groups when both parents are 

known. In case of having many animals with one or both parents unknown genetic groups 

must be assigned to account for genetic selection and trends. For example, migration of 

animais into a population results in a need for grouping to account for genetic merit of the 

migrant, or selection on parents for which records are not available (Westdl et al, 1988). 

Pollak and Quaas (1983) demonstrated that the need for grouping decreases with 

increasing completeness of the genetic relationship information. To group anirnals, 

phantom parents for aii anirnals with missing sire or dam information were assigned to 

replace each of the wiknown animals. Phantom parents are assumeci to be average 

representatives of the genetic group of animais selected to be parents at the same tirne. 

The concept of grouping by their year of biqh for genetic eduat ion was introduced by 



C . R. Henderson (Henderson, 1973). An alternative approach, developed by Westell 

( 1  984), is to group only those animais missing one or both parents. Animals can be 

grouped by different criteria. Gianola and Fernando (1986) and Howson and Urbach 

( 1 989) forrned genetic groups using nondata-based (dfise) prior information. Gerietic 

grouping based on birth period or selection criteria are proposed by Quaas and Pollak 

( 198 l), Robinson (1 986), Quaas (1988), Westeli et al. (1988) and Van Vleck (1990). 

Principles of assigning phantom parents are developed by Westell, 1 984. 

Consider a case of having a pedigree where not al1 relatives' information is available 

(Figure 10). 

GENERATION 

Both parents are unknown for SI, DI, 4; one parent is unknown for Ds D4, DS and St 

and both parents of S3 and SI are known. Figure 1 1 shows the phantom parents assigned 

in the example of Figure 10 and one half of the effkct of the phantom parent genetic group 

is attributed to its progeny. 



GENERATION 

O 

PD, P l  ,s3, ,Di ,Bs 2 

Figure 11. Assignmcat d phantoai parrats [froa Westell et ai, 19981 

Table 23 shows the assigned phantom groups and the resulting coefficient matrix, which 

will be included in the model to account for missing relatives and resulting bias. 

Table 23. Ptdigrec and c d i i c n t  autris for csampk of Figure 13. 

Pedigree Uiformation 
r 

Animai Si- Dam Cementios 
Dl O O 1 
s 1 O O 1 
D2 O O 2 
S3 S1 Dl 2 
S I  S 3 D2 3 
D5 O D2 3 
D4 S3 O 3 
S2 S1 O 2 
D3 S2 O 3 

Coefficient Matrix 

Sum 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Principles of assigning phantom groups, equivalent mixed model equations and mies for 

calculating coefficients due t o  groups can be reviewed in Westeil et al, 1988 and Westeii, 

1984. 

3-2.2.3 Phantom n r o u ~ ~  

Selection differentiai may be different between phantom male and phantom fernales, so it is 

usefid to set at least two parailel groups representing phantom sue and phantom dams. 



The decision was made to assign four groups (born before 1966, 1966- 1970, 197 1 - 1975 

and born &er 1975) for phantom sue and four groups for phantom dams by estimated 

date of binh, ending up with eight different genetic groups. The numbers of animais per 

group are given in Table Al (Appdix).  To assip missing binh dates to animals, the 

average generation interval for the four selection pathways (phantom sire of buck, 

phantom sire of doe, phantom dam of buck and phantom dam of doe) were estimated 

(Table 24) of each breed and sex and subtracted fiom the birth date of the oldest 

offspring. 

Table U. Generatioa interval in years 

Path of wkctioa 
Brced DamstoproQce DamstopoQÛe Sire to Sire  to 

Qes k k s  Roducedoes poducebucks 
Alpine 3.28 1.6.) 2.65 3.05 
Toggenburg 3.15 4.46 2.81 3.22 
Saanen 3-48 4.93 2.89 3.32 
Nubian 2.90 4.10 2.93 3.37 
Al1 brceds 3.20 4.53 2.82 3.24 

3.4 Statisticd Anahsis 

SAS for OS/2, release 6.12 was used for to test the data sets for normality. The data sets 

were found to be slightly skewed. 

The Lactation length was quite similar for Alpine, Saanen and Toggenburg and was in the 

range reporteci in the literature. The longest milking period had Toggenburg with 255 days 

followed by Alpine and Saanen. With a lengh of 172 days, the Nubians are significantly 

shorter in lactation than the other breeds (Table 25). 

The number of flock-years was similar for al1 breeds. Nubians had the highest number with 

157 flock years, followed by Alpine 155 and Saanen 146. Toggenburg had the lowest 

number of flock-years with 133. Matemal genetic effects can be estimated in difFerent 

ways with different relationships of the animals in the data set. Probably the most 

important ones are the daughter-dam pairs. These pairs show how many animais have a 

dam with records in the data set. Alpine had the lowest nurnber and percentage of 



daughter-dam pairs and Toggenburg had the highest number. The mean of daughter-dam 

pairs for aii breeds was around 18.4 % of all animals in the data set (Table 25). 

Table 25. Lacîation lcrgtb .ad rirnrber d Iloek-ycar-scamm pcr brced. 

B reed Ladation length Year-sewns Daughter- Dam pairs Daughter- Dam pairs 
(daYs) (N) (%) 

Alpine 247 155 106 15.3 

Toggenburg 255 133 146 22.8 

Nubian 172 157 75 17.3 

3.4.1 Mixeâ Modei uidvsis 

Computations of genetic and phenotypic parameters of cumulative first lactation traits 

were carried out using derivative-tiee REML for estimating variance and covariance 

components for univariate animal models by restricted maximum Iikelihood (Meyer, 

1989). An animal mixed model including additive genetic effects and matemal genetic 

effects as additional random effects was fitted for data sets of the four breeds. The mixed 

model included effects of fiock-year, age at first kidding and regressions on phantom 

groups as fixed effects, and additive, materna1 and residual wmponents as random e k t s .  

Afl known additive genetic reIationships amongst anirnals 

construct the relationship matrix. 

3.4.2 The Modds 

The following basic models (1) and (2) were used for single 

in the pedigree were used to 

breexi data sets: 

@MI) 



For the multiple breed data sets the following basic models (1) and (2) were use& 

With three sub-models depending on which random &ects were included in the basic 

mode], 6 different models were fitted for each data set. 

where: r.e. = Random effccts: 

Model 1 : a. 

Model 2 : a, + mm 

Mode13 : &+mm [G) 

where, Y i u j b p  = the hijklrnnop'" first lactation cumulative milk yield, fat yield or 

protein yield 

= the fixed effect of the hh breed (4 levels) 

= the fixed efféct of the i* flock-year of first lridding 

(Alpine: 1 5 5 Ievels, Toggenburg: 1 33 levels, Saanen 146 levels, 

Nubian: 157 levels, ail breeds 485 levels) 

= the fixed effect of age at first kidduig j, in month 

(Alpine: 2 1 levels, Toggenburg: 22 levels, Saanen 19 levels, 

Nubian: 19 levels, al1 breeâs 22 levels) 

= linear regression coefficients for y on  the sum of phantom groups 

of sires (n = 4) 

W!P& = linear regression coefficients for y on the sum of phantorn groups of 
a dams (n = 4) 

I=l. n 

am = the m" random direct genetic effect, assumed to be nonnally 

distributed with mean O and variance & 



the nh random r n a t e d  genetic eEect, assumed to be n o r d l y  

distriôuted with mean O and variance dm, 

e i j w  the random residual associated with the doe i j k h o p ,  assumed to 

be normally distributed with mean O and variance t& 

c, refers to the covariance between direct genetic and materna1 genetic effects, which was 

included when fitting Mode1 3 only. 

3.4.3 DFREML ~rocedurq 

The DFREML 2.1 package by Karin Meyer (2993) was obtained via ftp fiom the 

University of New England. The DFREML package is a Fortran program using 

subroutines for estimating genetic parameters using denvative-fiee restncted maximum 

iikelihood. Theoretical steps and main computational steps can be summarised as foUows: 

The general mïxed mode1 is 

where Y is the vector of N observations 

b is the vector of NF tixed effects (including regression coefficients) 

u is the vector of NR random effects 

e is the vector of residuals 

X is the NxNF incidence matrix pertaining to b 

Z is the NxNR incidence matrix pertaining to u 

It is assumed that: 

Then: 



The mixed rnodel equations are: 

Under an animal d e l ,  u always contains the vector of animal's direct additive genetic 

effects, a. Matemal additive effects are taken into account by fitting vectors of matenial 

genetic effects (m), if traits analysed are subject to m t d  effects (Meyer, 1 9%). 

with corresponding partitioning Z = (ZA 1 ZM). Further let A denote the numerator 

relationship matrix between animals in the univariate case, 

The likelihood is: 

II 
where - - In 271 is a constant and V is the detenninant of the variance, covariance matrix. 

2 



Restricted Maximum likelihood theory can be reviewed in Meyer (1983), Meyer (1985), 

Meyer (1 986), Meyer (1 989) and Meyer ( 1993). 

For maximising the likelihood function, an initial estimate of the optimum mu* be used, 

and corresponding fùnction values obtained. Itaation must be done und the point of 

maximum is reached, or, in other words, the aim of each iteration is to replace the worst 

point, e.g. for a maximishg problem the point with the lowest fùnction value. The next 

point, which is defining the next sirnplex, is chosen in a direction away fiom the discarded 

point. The procedure d o w s  the simplex to rescaie itself automatically in each iteration, 

changing shape and size amrding to the landscape of the surface king searcheci. This 

adaptability is achieved by a combination of so-called reflectiom, expansion and 

contraction steps. Iterations are repeated until the simplex finds the optimum (Perotto, 

1992) 

3.4.4 Likelihood ratio test 

The likelihood ratio test evaluates the significance of a model containing one or more 

additional parameters, compared to mot her identical model, except for the omission of 

those parameters. The numerical values of the maximum of the likelihood tùnction are 

required under both, the nul1 (Ho) and the alternative hypothesis (HA).  Minus twice the 

difference in the two logL asymptotically has a X2 distribution with degrees of fieedom 

equai to the number of parameters tested, i.e. it can be compared to tabulated 2 values in 

order to decide whether to accept or reject the Ho. (Meyer, 1992) Manual DFREML 

3.4.5 F-test 

The F-test was used to evaluate both basic models as to whether phantom groups have an 

effkct and the nul! hypothesis can be accepteci or mua  be rejected. Animals were seen t o  

be nested within phantom groups and the following equation was used to calculate Fc- 

values. 

SSR 0 - SSR F) /'N 
Fc = 

J E  F) + dA m 



where: SSR CR) = Sums of square for residual from the reduced mode1 

SSR @) = Sums of square for residual fiom the fùii mode1 

& (F) = Error Variance of fidl mode1 

&A (F) = Additive Variance of fidi mode1 

N = Number of phantom groups fitted 



4.1 Basic statistics 

Means, standard deviations, minima, and maxima were calculated. The data given by breed 

for the lactation traits, of first parity does are given in Table 26. 

Table 26. Numbcr d obscrvrtiow (N), uaadjusîcd muas, standard doiatioa, miuimom and 

masimam for tbe M e -  brrcds 

B d  Trait N Mean S. D. Minimum Maximum 
- -  

Alpine Cumulative milk yield (kg) 69 1 740.0 1 37 1.06 50.0 2 182.00 

Cumulative ht yield (kg) 25.74 13.81 1 .52 85.92 

Cumulative protein *Id (kg) 22.48 11.43 1.40 65.6 1 

Toggenburg Cumulative milk yield (kg) 63 1 7%.29 427.67 53 -00 19tl4.00 

Cumulative fat yield (kg) 25.16 14.00 2.36 69.08 

Cumulative protein yield Ocg) 22.64 12.11 1.93 58.20 

Saanen Cumulative milk yield (kg) 439 825.68 442.95 54.00 208 1.00 

Cumulative fat yïeld (kg) 26.74 15.31 1.94 103.30 

Cumulative ptotein yield (kg) 24.65 13.26 1.78 68.98 

Nubian Cumuhtive milk yield (kg) 433 500.6 1 279.67 53 .0 1520.00 

Cumulative fat jietd (kg) 23.74 14.32 2.43 79.79 
- - -- 

Cumulative potein jield (kg) 18.48 10.66 2.20 57.89 

Al1 breeds Cumulative m i k  yield (kg) 2204 726.4 1 JO5.06 50.00 2 182.00 
-- -- 

Cumulative fat yield (kg) 25.46 14.29 1.52 103.30 

Cumulative protein yicld (kg) 22.17 12.03 1 ..u) 68.98 

There were large differences between breeds. Nubian does had a much lower mik yieid 

than that of the other breeds, but they had higher fàt and protein percentages (4.7 and 3.7 

% respectively). Saanen does had the highest mik, fat and protein yields, Alpine and 

Toggenburg had slightly s d e r  yields than Saanen. Milk components of these three 

breeds were aiso similar with 3.5 % fat and 3 .O % protein for Alpine, 3.2 % fat and 3.0 % 

protein for Saanen ond 3.2 % fat and 2.8 % protein for Toggenburg. The milk yield 

differences betwem Nubian and the other three breeds are explainable through the fact 

that Nubian does had a 3 1 % shorts lactation length (average of 172 days) thon Alpine 

(247), Toggenburg (255) and Saanen (246 days). The short lactation length of Nubian 



does agrees with findings in the iiterature, but in this study the lactation length was much 

shorter t hen reported (23 7 days), (Sambraus, 1994). 

The phenotypic means for cumulative milk, fat and protein yieid calculated in this study 

are close to those reported in the iiterature (Sambraus 1994; Gaü, 1996; Haenlein, 19%). 

Alpine had slightly smaller mdk yields (740 kg) than reported (-950 kg). Saanen often 

described as the most developed dahy b r d  had the highest mik yield at 826 kg- Nubians 

are described in the Literature as not heavy milkers, but with a very high fat yield. This 

could also be observeci in this study. Raw means have to be compared carefidy, because 

not each flock contained al1 breeds and these breed ciifferences might be due to different 

flock management. environment. 

The highest variation or standard deviation (S.D.) for al1 traits had the Saanen breed, 

followed by Toggenburg and Alpine. Nubians hrpd the smallest standard deviation of ail 

breeds for milk and protein yield, but had a very high standard deviation for cumulative fat 

yield compared to the 0 t h  breeds. 

In Canada goats are seasonal breeders (Figure 6 and 7). Most of the kiddings occurred 

between January and July. That means they were mated between September and 

December to kid 5 month later, which corresponds with the reported breeding season for 

goats in the northern hemisphere (Sheiton, 1978; Ali, 1983; Mohammad, 1984 and 

Amoha, 1996). Singh, Acharay and Biswas (1970) found season to be a very important 

source of variation affecting milk production, but this was not further investigated in this 

study . 

4.3 Distribution of data 

The distribution of al1 traits in each of the data sets was found to be slightly skewed. In 

statistical analyses, an important assumption is that the data has to be n o d y  distributed 

otherwise results are biased, but previous studies using REML methodology revealed that 

heritabilities and genetic and phenotypic correlation of log transformeci traits were 

unchanged from the untransformed traits (Jairath, 1992). Various authors (Harville, 1977; 



Banks et al., 1985) indicated that REML estirnates may be an appropriate choice even if 

normality does not hold. Based on these hdings, the data sets were not transformed- 

4.4 Fixed effects included in tbe Mode1 

The most limiting factor in this study was the small number of animals with data on 

cumulative rnik, fst and protein yields per breed. Working with nich d l  data sets ( s d  

number per flock-season and age at first kidding groups) gives almost no alternative than 

to accept that the results will be biased. A cornmon fitted effect for dairy cows is the 

combined effect of fiock-year-season (f-y-s), but the numbers of records for each level of 

f-y-s was so small that the decision had to be made either to accept the small numbers or 

to fit just flock-year instead of flock-year-season. The least-squares means showed t hat 

there was a s r d  difference for milk yield between months and almost no ciifference for fat 

and protein yield. Since the final mode1 used was supposed to be fitted for all traits, it 

seamed appropriate to inctude just flock-year as a fixed effect. The ciifferences for age at 

first kidding were clear for al1 breeds and were fitted as a second fixed effect. 

For the combined data set (adi four breeds), just breed as an additional Eixed effect was 

fitted. If there would have been more than one observation per animal, breed nested within 

flock, must have been fitted. 

The relatively s d l  flock size for dairy goats, the few sires used in the average flock and 

the small number of diffierent flocks a sire was used in might result in the possibility that 

differences between sires are confounded with flock effect . 

4.5 Gcacraîised Leut Saurres 1GLS - solutions for apf at fint Lidding 

DFREML obtained solutions for al1 effects fitted for arbitrary values of the (CO) variance 

by direct inversion of the coefficient matrix, afler absorbing random effects. 

When estimates of environmental effects (in this case fixed effects), such as flock, breed of 

animal and age of doe at first kidding are plotted over time, they reveal environmental 

trend-changes in the mean performance of a population. 

Solutions for age at first kidding for cumulative milk yield per breed are shown in Figure 

12a to 12d and for cumulative fàt and protein yield per breed in Figure 13a to 13d. 



Al1 solutions are presmted as deviations from the first level, which is 9 and 10 months 

respectively. The fint age déct  level is set to zero, for a Mer cornparison. Age 

differences in production are given in kg for miik, fat Pnd protein yield. 

Generalised least squares solutions plotted for age at first kidding show for ail traits and 

breeds a stight increase in production with increasing age. Sullivan (1988) had sirnilar 

results, that increasing ages at nrst kidding uused an initial increase in yield and afta a 

peak (26 months of age) the dk, fat and protein yield decreased with age. 

Figure 12a 

Figure lZc 

Figure 128-12d.GLS- solutions for ige rt f irst kiddhg effict on milk yidd per breed 
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Figure 13c Figure 13d 

Figure 13%-13d. GLS- Solutions for age m t  first kidding effect on cumulative fat md protein 
yidd pu b d  

Fixed effects solutions for age at first kidding must be interpreted careflllly in this study, 

due to the small number of animals considered to be a population. Alpine, Toggenburg 

and Nubian solutions show a high initial increase in cumulative milk, fat and protein yield 

and al1 breeds show a final high peak in production, in the last month of age at Grst 

kidding 

Solutions reveai environmental trend changes in the mean performance of a population, 

meaning you get the most representative results for fnced effecis, when the number of 

animals is equally distributed through age groups. in this study, the early age group 



(9months) and the final age group (2630 months) solutions are estimated with maximum 

1 0 animals, which might result in bias. 

The final high peak around 26-28 months, might also be less comparable, caused by 

animals, which are actually in second lactation, but weze Listeci to be in first. Following the 

literature (Sullivan, 1988) an age span between 9 and 30 months of age was cho- but 

rnaybe a closer range (12 to 24 months of age at first kidding) would have been more 

appropriate. 

Figure 14a 

F m  - PmDn 

Figure 14b 

Figure 14a,14b. CLS solutions for age at first kidding effcct on cumulative d k ,  fat and 
protein yidd for tbc combincâ, ail b d  data set. 

The combined data set (dl breeds) demonstrates more clearly the positive effect of age at 

first kidding. The plotted solutions show, that with increasing age the milk yield is up to 

-300 kg higher when first kidding occurs at 24 months instead of at 9 months of age 

(Figure 14a). The trends are similar for fat and protein yield. The age effect increases fat 

and protein yield by approximately 10 and 9 kg respectively (Figure 14b). 

Al1 breeds combined in one data set increased not just the total animal number, but also 

the number of animais per age group, which might explain, why fluctuations in nurnbers 

plotted are less severe than in the single breed analyses. 



4.6 Generd id  Lcrwt Saurres (CLSI - dutioas for bmcd 

Alpin t SPDQ T o w b v g  N h a  

Figure 15. GLS rdutioas for brecd effccts on cumulative milk yield, Alpine sct to O 

Alpine Suna Toggerikrg N h a  

O Fat I Ro tein 

Figure 16. CLS soiutioas for bircd cffccts on cumulative fat .ad proîeia yuld, Alpine to O 

Breed effëcts on mik, fat and protein yield for Toggenburg, Saanen and Nubian wmpsred 

to Alpine which was set to be the operational zero are presented in Figure 15 and 16. 

Alpine and Toggenburg had similar milk yield, but about 100 kg less production than 

Saanen. Nubian had lowest yield with 250 kg to 300 kg less than the other breeds. The 

breed dflerences for fat yield were much srnaller than observed for milk yield, but 

differences in breed effects on protein yield showed similar trends than those for milk 

yield . 

Values for fixed effects solutions and conesponding standard errors are given in Table A3 

to A 14 (Appendix). 



4.7.1 Alnine 
Table 27. Variance compoacnts .ad multisg parameter esbates for Alpine 

- Basic Mode1 1 Basic Mode12 
Milk ~ Ü l d  i M a  1 Modtl2 M e 1 3  I M a l  Modcl 2 M ~ d d  3 

S.C. 

c2= O , ,  / 6 p  

s-e. 
Log L ' 475.160328 4466.766474 3466.363733 

Fat yicld Modtl 1 Mode12 Mode13 
2, 1 21-51 15.79 24.8 

&i 1 5.58 11 

4 167.172493 -54 10.504087 -54 1 O.229OW 

Mode1 1 Mode1 2 Mode13 
27.24 19.86 30.48 

S.C. I 0.0853 0.1292 1 0.0882 O. 1372 

c2= a&,, / Gp -0.0644 41.0757 

S.C. 0.1366 ' 0.1488 

b g  L ' -2672.44966 -3764.330634 -3764.22 170% i -2493.673349 -3737.6 12 126 -3737.476646 

Protein yield j Modcl 1 Mode1 2 ~ o d ~ i  3 i ~ o d c l  1 Mode1 2 M o M  3 
-, 

O-A 1 16.98 10.1 23.01 i 19.34 8.89 19.84 
1 

& I 6.9 15.2 ! 10.10 17.43 1 l 

S.C. 

m2= / bp 

S.C. 



Estimates of (CO) variance components, resulting parameters such as heritabiiity (h'), 

maternal heritability (n'), genetic covariance, correspondhg standard errors and 

maximum (log) îikelihood vaiues for each trait and basic model for Alpine are given in 

Table 27. Fitting basic model 2 gave, for each trait, slightly higher estimates for o'A, h' 

and l o g ,  and smalla estimates for Q'E. Including materd effécts demead values of 

logL markedly over those for model 1 and reduced estimates for o 2  in both cases. 

Cumulative milk yidd 

With estimates of the maternai hentability of 7.8 and 11.6 % @Ml and BM2 

respectively), the direct heritaôility (h2) was reduced from 30.3 to 22.0 % and fiom 30.9 

to 17.8 % for cumulative milk yield. The change in likelihood values was small compared 

to the models ignoring a ~ .  Estimates of the covariance between direct and maternal 

effects for milk yield were - 14.1 % (BM 1 ) and -1.4 % (BM) of the phenotypic variance. 

The negative covariance caused higher estimates for dA and 0% compared to the models 

ignoring genetic covariance. 

Cumulative fat yidd 

Heritability was reduced by 4.9 and 6.3 % fiom 18.7 to 13.8 % and from 23.2 to 16.9 % 

respectively, fitting models allowing maternai genetic efiects. Estimates of m2 were 4.9 

and 6.3 %. The additional random animal effect decreased the 10% value significantly, 

while reducing ozA wrrespondingly. The genetic covariance between direct and matemal 

effects was moderate and negative and accounted for 6.4 and 7.6 % of the total 

phenotypic variance. Including am in the mode1 reduced l o i  values slightly compared to 

a model ignoring am, but increased a *  and a'E, respectively. The phenotypic variance 

slightly increased through the negative covariance. 

Cumulative protein yield 

Cumulative protein yieid showed sirnilar results to cumulative fat yield. The direct 

heritability was reduced by 8.5 % nom 21 -2 to 12.7 % for BMl and by 12.9 % fiom 23.9 

to 1 1 .O % for BM2, in which matemal effkct was fitted. Maternai effects were estimated 



to account for 8.9 and 12.5 % of the total variance. AUowing for directmatenial 

covariance yielded a negative estirnate arnounting to 13 -5 and 12.0 %. LegL values went 

down by 5 1 % when fitting a'w in the model, but changed very little compared to model 2 

by fitting a A ~  in addition. 

Genetic correlations (rAw) between direct and matemal genetic effects are presented in 

Table 28. Estimates of rkw were high and negative for alt traits. BM2 gave generally 

srnaMer estimates than BM 1. 

These results indicate that the higher the estimates of the direct genetic variance, the 

smaller the estimates of the matenial genetic variance and vice versa. 

Table 28. Cenetic corrclatioa bctnetn di- md materad geactic dccts - Alpiw 

Trait Basic Mode1 1 Basic M&Ï~ 
Cumulative milk geld 4.5388 4.4628 
Cumulative fat yield -0.4522 4.4397 
Cumulative protein yield -0.5906 4.5302 

The Likelihood ratio was used to test the fit for each model for the data set and to test the 

significance of parameters included in the model. Minus twice the difference in the 10% 

values [-2(logl-logz)], has a 2 distribution with degrees of fieedom equal to the number of 

parameters tested. As the smaller log likelihood values for al1 traits clearly demonstrate, 

the data was best describeci by fitting just direct effects (sub-mode1 1). Estimates for 

materna1 effects and covariance between direct and materna1 effect were not statistically 

significant for al1 traits (Appendix Table A16). The iikelihood ratios, were 0.8994, 0.3496 

and 1.1332 for BMI and they were ai l  smaller than the tabulated 2 values for a 

probability level of 10 %. Similar results were found for BM2. 



4.7.2 Tonncaburg 

Table 29. Variracc compoacal3 u d  twuHimg panictcr c a b 8 t a  for T-okiw 

Milk yield 
2 A  

&* 

se. 
c- O*\f / bZI 

s.e. 
Log L 

Fat yield 

& 
3 

a - h l  

S.C. 

c2= / ozF 
s.e. 

Log L 
Protein yield 

9 

0-A 
-, 

0-Lf 

S.C. 

c-= O&,[ / GP 
S.C. 

Basic M d  1 

Mode1 1 Mode12 Mode1 3 

Basic Mode1 2 

Mode1 1 M d  2 Modd 3 



Estirnates of (CO) variance wmponents, genetic pararneters and corresponding maximum 

(log) likelihood values for each trait and each analysis are summarised for Toggenburg in 

Table 29. Result s for direct variance, phenotypic variance and direct heritabilities were 

slightly higher for BMZ fittïng phantom groups, except for Fat yield. Maternai genetic 

variance was much lower with BM2 than with BM1. 

Cumulative mük yidd 

The maternai effect inciuded in BMI decreased the direct variance by 9.5 % fiom 20324 

to 1 840 1. The direct heritabiiity (h2) went down by 1.5 % nom 1 7 to 1 5.5 % and the 

eaimate of the matemal heritability (m2) was 0.96 %, which l a d s  to the conclusion that 

almost no maternal genetic effècts are present for milk yield in Toggenburg goats. 

Fitting a ~ ~ f  increased the matemal genetic variance by just 1.1 % but decreased the direct 

genetic variance by 34 %. The covariance between direct and maternal effects fitted was 

positive and accounted for 3.3 % of the total variance. 

Same trends were observeci for milk yield using BM2, but values were higher for direct 

variance and direct hentability and smaller for n2bf  and o ~ b f .  Fitting just additive direct 

variance in model 1 gave estimates for b2 of 18.7 % of the total variance. Estimates for 

maternal heritabilities were O % and h2 was hardly reduced fitting matemal effects in 

addition. Aliowing for a covariance between direct and matemd effects reduced h2 to 13 

% and increased m' to  0.06 %. Results for a- were smaiier when phantom groups were 

fitted (2.9 % of Log Welihood values decreased with the inclusion of matemal 

efTects, but increased slightly when o ~ w  was fitted in both basic models. 

Cumulative fat yidd 

Direct heritability for fat yield was 20.1 % @Ml) and 19.4 % (BM2). Matemal 

heritability ranged 6om 8.4 % @Ml) to  8.9 % (BM2). A high es3imate of the maternal 

genetic variance resulted in a relatively small estimate for direct genetic variance for BMI . 

Different starting values for the pararneters always lead to the sarne maximum. Basic 

model 2 gave more acceptable results. The estimates for m2 were 8.5 % and 8.6 % of the 

direct hentability. Adding the direct-maternai covariance as an additional random effkct 



(Mode1 3) increased 0 2 ~  and decreased aZA, U'M and ozp .  The covariance between direct 

and mateniai effect wunted for - 5 % of the phenotypic variation in bot h basic models. 

Cumulative protein yitM 

Heritability for protein yield was 16.6 % in BM 1 and 18.9 % in BM2. Fitting mode1 2 

increased logL values for both basic models and gave estimates of 3 -3 % @Ml ) and O % 

(BM2) for matenial genetic effects. The covariance between direct and maternal genetic 

effects was positive but fairly srnail (3.7 and 2.9 % of ozm and changai the likehhood 

values slightly cornpared to models ignonng ~ A . H .  

Genetic correlations between direct and maternal genetic effects are given in Table 30. 

Table 30. Genctic corrclrtioa bctwcca direct rad materad Mkts - Toggabmg 

Basic MoQl1 Basic Mode12 
. . . . . - . . - .. - - -. . . . . - .- . .-. . .. . . . ..-. - -- - .- . . . . - .-. . . -. .. . . . .-. . .. - . . . . . - - - -- - - - - . -. . . - . . . . . . . - - . . . . . --- -. . - - 

Cumulative mik veld 0.9860 O. 9994 
Cumulative fat yield 1.00 0.9974 
Cumulative potein field 0.9960 0.998 1 

Genetic correlations between maternal and direct effects are positive and very high for 

Toggenburg. The results indicate that increase in direct variance results in a corresponding 

increase in maternal variance. 

As with Alpine goats, the log likelihood value of models 1 demonstrate clearly that 

maternal genetic &ects and the covariance between direct and matemal effects do not 

improve the goodness of fit, and that the modeis only including direct effects provide the 

best fit for the data. M a t e d  effects for d l  traits were not statistically significant 

( Appendi - Table A 1 7). 



4.7.3 Saancn 

Table 31. Variance componcn8s a d  rtailtiog patrisctcr cdmatu for Suacm 

S.Ç. 

c'= oA\r / 6 p  

s.e. 
Log L 

Fat vield - 
CA 

Milk yidd 

Log L 
Protein yield 

& 
+hl 

2, 1 I 

f 0.93 4756.31 i f 1.80 21293-36 

Basic Mode1 1 
Mode! 1 Modd 2 Modtl3 

Basic Mode1 2 
Mode( 1 Modtl2 Modd 3 



Estimates of (CO) variance components and resulting hentabilities (rnaternal and direct), 

together with the maximum (log) iikeiihood vaiues for each trait and model are given for 

Saanen in Table 3 1. Basic model 2 (fitting coefficients for phantom groups) gave generally 

higher results for and 02p. 

Cumulative m i k  yield 

No results for model 1 of BM1 and BM2 could be obtained, even &er trying different 

starting values, very srnall step sizes and srnall convergence criteria. The estimates became 

very small and evenhially negative, which caused the DFREML program to fail. 

Basic model 1 gave very small estimates for h2 and m2 for ail sub-models. Including the 

covariance as an efféct increased the estimate of h2 fiom O to 3.6 % and m2 from 1.7 to 

7.7 %. The covariance between direct and matemal effect (out) was negative and 

accounted for 5.3 % of the total variance. Estimates using sub-models of BM 2 were 

slightly higher than with BM1. Better results for direct and maternal heritabilities were 

obtained by fitting the covariance between direct and maternal effms in BM2. The direct 

and matemal genetic effect contributed 15.3 and 24.2 % to the phenotypic variance. The 

covariance between both effects was negative and had a value of 5 and 19.2 % of the total 

variance respectively. Log likelihood values changed with fitting different random effects 

or phantom group coefficients. The highest value was reached with model 2 of BM2. 

Cumulative fat yield 

Heritabilities, for models fitting just additive direct effects were 9.4 % @Ml) and 11.3 % 

(BM.2). Fitting additive materna1 effêcts in addition decreased h2 almost to zero for BM1 

and from 1 1.2 to 0.02 % for BM2. The reductions were attnbuted to rnatemd effects of 

8.8 and 10.1 %. Likelihood values decreased significantly by including rnaternal effects. In 

addit ion the covariance increased likelihood values only slightly, but gave higher estimates 

of b2 and m2. Neither value of h2 (6.6 and 27.2 %) seems very. Matemal heritability 

estimated with sub model 3 accounted for 23.7 and 33.7 % of the total variance. The 

covariance between direct and rnaternal effects was negative and relatively hi@ (12.6 and 



26.1 % of ozn. Changes of Io& were high when fitting matenial effects in addition, but 

changed t hen very little wit h the covariance kluded. 

Cumulative protein yidd 

Estimates of genetic parameters for cumulative protein yield showed a trend similar to fat 

yield. For both basic models iikelihood values decreased with included r n a t e d  genetic 

efFects and increased the covariance between direct and m a t e d  effects. The two 

estimates of b2 for protein yield were 4 and 9.6 K. Fitting maternai effects gave higher 

resubs for m' (6.7 %) than for h' (CF%) (BMI), but on the other hand, the direct 

heritability (9.6 %) estimated with model 2 (BM2) declined when matenial effécts were 

included. Allowing for the covariance between direct and maternal effects gave higher 

results of h2 (9.7 and 14.7 %) and increased m2 estiznates to 13.3 and 28 %. Covariance 

estimates were negative and accounted for 7.7 and 19.7 % of the total variation. The 

highest log likelihood value was obtained with model 1 of BM2. 

Genetic correlations between direct and maternai genetic effects are given in Table 32. 

Basic Mode1 1 Basic Mode1 2 
Cumulative m i l '  yield -0.9994 -0.9999 
Cumulative tal yield -0.9999 4.8622 
Cumulative protein yield 4.6736 -0.96% 

Genetic correlations between direct and maternal effects for Saanen were found to be high 

and negative. 

Minus twice the difference between the maximum log likelihood values [-2(logi-logz)] of 

the two models gives answers in how good the model fits the data set. It is demonstrated 

clearly t hat maternai genetic &i t s  and the covariance between direct and materna1 effects 

included in the model decrease the tikelihood vaiues, hence the 'best' models are just 

fitting direct genetic effkts. Estimates for matenial genetic effects were not statistically 



significant. Al1 calculated 2 - values were srnaller than the tabulateci ones for a 10 % 

probability level (Appendix Table A1 8). 

Al1 result s obtained for Saanen appear somewhat questionable. Matenial heritabilities were 

al1 small and close to zero, but so were the estirnates for direct heritability. Reason for 

doubting these results are also the very high standard errors and the structure of the data 

set used. Saanen had the srnallest pedigree, and the smallest number of sires and grand 

sires with progeny records. in addition, the number of dams in total was relatively smaii 

and the number of single comection parents relatively large compareci to the other breeds 

(Table A2 - Appendix). Single comection parents are animais, which usually provide no 

information. The missing or small number of animal relationships might be the reason why 

estimates are different than expected or could not be obtained at dl. 



4.7.4 Nubir 

Table 33. Var 

0 
iamc coanpoacats amd rr#ltiog pananter uîimrtes for Nabian 

-- -. . . -- 
1 
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Variance and covariance components, resdting parameter estimates and maximum log 

likelihood values for Nubian are given in Table 33. LogL values were generally smaller for 

basic mode1 2. 

Cumulative milk yidd 

Fitting phantom groups in the model (BM2) increased estimates for o'A by 19.7 % and 02p 

just slightly. Estimates for b2 were 25.6 % without phantom group coefficients and 29.7 % 

with coefficients included. Fitting matemal genetic eflFects in the model changed the 

importance of direct and matenial effects totally. Direct heritability had estimates close to 

zero and for m' the results were 29.2 and 30 % of the total variation. Including the 

covariance between materna1 and direct effects increased direct hentability and decreased 

m2 slightly. The covariance was small (4 and 3.1 %) and in both cases it was not 

statistically significant . Fitting phantom groups did not change the estimates for h2 and m2. 

L o d  values changed very little with the covariance included as an additional effect. 

Cumulative fat yidd 

Results for fat yield showed similar trends than for milk yield. Direct heritabiiity estimates 

of 43.7 (BM 1 ) and 46.3 % (BM2) seem to be reasonable. Standard errors were relatively 

large, but were expected because of the small number of animals in the data set. Including 

matemal effects in the models resulted in smail estimates for h2 and large ones for m'. 

Adding a 2 A  and 0 2 ~  together yielded almost the same value for 0 2 ~  when 0 2 ~  fitted alone 

in sub-modell. The estirnates for the covariance fitted in the models were positive and 

counted for 10.7 and 7.8 % respectively. LogL values changed very little when am was 

added as an in the model, but decreased significant when materna1 effects were included in 

addition to direct effkcts. 

Cumulative protein yidd 

The direct genetic effect accounted for 25.1 (BMI) md 29.1 % (BM2) of the total 

variation. including matmial e f f i s  reduced r 2 E  but increaseâ 02p in both basic models. 

Direct heritability estirnates were again close to zero, and matemal heritability estirnates 



were high (30.2 and 3 1.1 %). Including the covariance between the two effects in the 

model changed values for ozA and 0 2 ~  v a y  linle. Estimates for the d a n c e  were small 

and negative for BMI, high and negative for BM2 and were not statisticdly significant. 

Log likelihood values indicete, for al1 traits, that Model 1 (jus fitting direct genetic effkcts 

in addition to fixed effects) described the data set best for Nubians. 

Genetic correlations between direct and r n a t d  gmetic e f f i s  for cumulative milk, fat 

and protein yields are given in Table 34. 

Basic Mode1 1 Basic Mode1 2 
~umulabve miik ykld 0.984 0.9984 
Cumulative fat yield 0.9995 0.713 1 
Cumulative m e i n  yield -1.0000 4.9982 

The genetic correlations between direct and maternai effefts were very high and positive 

for milk and fat yield. For protein yield, the correlations were afso very high but negative. 

Fitting phantom group effects in the model reduced estimates just slightly. 

The proportions between direct and matemal heritabiîity, estimateci for Nubians, are very 

unlikely and it rnay be that matemal and direct & i s  should be san as two random 

effects, which are vety closely related to explain these results. Genetic correlations 

indicated that increase in a2A, dm caused an increase in a 2 M ,  but maybe the second 

random effect will be just a constant part of the other animal effect. 

As with other breeds, the best models to describe the data set are, models just fitting direct 

efTects in addition to the fixed effects. The covariance between direct and matemal effects 

was not statistically signincant in both basic models. Estimates for maternai effécts were 

statistically signincant for rniik and fat yield on a probability level of 5 % and for protein 

yield on a 2.5 % probabiiity level (Appendix Table A1 9). 



4.7.5 Combineâ data set - ALL BREEDS 

Table 35. Variance Coaiponeotr and redtimg paCI.ICICr estima- for coœbi data set (.U 
bmYlS). 
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The estimates of (CO) variance components and genetic parameters for cumulative mi14 fat 

and protein yield, for the combined data set, are presented together with the maximum 

(log) likelihood values, for each analysis in Table 35. 

For al1 traits and both basic models, ignoring m a t e d  effécts (Model 1) resulted in 

substantially higher estimates of ozA and h'. Estimates of afA and log likelihood values 

were higtier using models in which phantom groups were fitted. 

Cumulative milk yieid 

Fitting maternal effit (Model 2) decreased values of loÿ markedly over those for Model 

1. Heritabilities of 17.3 @MI) and 18.9 % (BM2) were reduced to 10.7 and 12.6 % 

respectively when matenial effects were included. M a t e d  effects accounted for 5.7 and 

5.3 % of the total variation in cumulative milk yield. Values of G~~ and a 2 ~  were reduced 

correspondingly . Estirnates of the genetic covariance between direct and matemal effect s 

were very small (2.3 and 1 -8 %) and changed the likelihood values Little compared to 

models ignoring o ~ f .  Fitting phantom groups resulted in a slightly smailer value for o ' ~  

and am. 

Cumulative fat yidd 

Heritabilities of 20.5 and 21.9 % were obtained with both basic models, fitting just 

additive direct genetic effkcts in addition to the fixed e&ts (Ml). Including matemal 

e k t s  resulted in 10 and 9.9 % of the total variation being cmtributed by m2, which 

reduced h' to 9.3 and 10.6 % respectively. These reuilts suggested that m2 constituted a 

bigger portion of the total heritability for cumulative milk yield than h2. Allowing for 

maternal effects (Model 2) decreased logL by 27%. On the other han4 including Q- in 

the model increased 10% values just a little compared to  models ignoring the covariance 

between direct and materna1 effect. 

Estimates of the genetic covariance, were small (4.8 and 4.7 %) compared to dp, but 

were of similar size to b2 (5.6 and 7.0 %) and m2 (5.9 and 6.0 %). 



Cumulative protcin yidd 

Results for cumulative protein yield showed same trends as cumulative milk and fat yield. 

Ignoring m a t e d  effects resulted in hi* estimates for h2. For both basic models, values 

for m2 of 9.2 % of the total variation r e d u d  h2 from 15.9 to 5.3 % for BM1 and fiom 

17.4 to 6.9 % for BM2. These results suggest again that m a t e d  heritability contribute a 

bigger part to the total heritability than the direct heritability. Allowing for covariance 

between matemal and direct effêcts reduced estimates for a'* and a2M.  The estimates for 

~ r r ~  of 1.5 and 1.3 % were just a srnail part of the total variance a2p. 

Genetic correlations between direct and matemal genetic effects for cumulative milk, fat 

and protein yields are given in Table 36. 

Table 36. Cenetic comlrtioa bctwecn direct rad materaal p;coctk cfiects 

-- - - -- 

Basic M d 1  1 Basic Mode1 2 
Cumulative rnik yield 0.1087 0.2729 
Cumulative fat yield 0.8330 0.7290 
Cumulative protein yieid 0.2653 O. 1826 

The genetic correlations between direct and maternai effects were positive and s d l  to 

high for al1 traits. 

As with the single breed analyses, the best model to describe the data set is the one fitting 

just direct genetic effects in addition to the fïxed effects. Included m a t e d  effects and 

covariance between direct and m a t e d  effects decreased maximum likelihood values and 

decreased the goodness of fit. Materna1 e f f i s  were not statistically significant for milk 

yield, but significant (p<O.OS) for fat and protein yield. 

4.8 Best estimates 

"Best estimates", are results calculated with the most appropriate model. Within models 

the best model to describe the data set is just fitting additive genetic variance. The F-test 

was used to determine if phantom groups have an &kt or not. Calculated F-values are 

aven in appendùc Table A2 1. Results demonstrated clearly, that just for the multiple breed 



andysis, phantom groups had an effect and the nul1 hypothesis could be rejected. 

Parameter estimates and calculateci standard errors fiom the 'best' mode1 for each breed 

and trait are summarised in Table 37. 

Tabk 37. Heritdï i îks  for mük, faî .ad p d  yKld by bircd 

-- 

Alpine ~ i c y i e l d  
Fat yield 0.187 i0.128 

m e i n  ~ le ld  0.212 z 0.126 

Toggcnbu rg Milk yield 0.171 ~ 0 . 1 5 3  

Fat yield 0.201 = 0.139 

Rotein yield 0.166 = 0.148 
Saanen Milk yield f *  

Fat yield 0.094 = O. 162 
Protein yïeld 0.040 = o. 184 

Nubirn Milk field 0.256 = 0.2 16 
Fat yield 0.437 = 0.197 

Rotein yield 0.251 = 0.196 
All bmeds Mik yield o. 189 = 0.068 

Fat yield 0.220 = 0.066 
Protein jield 0.174 2 0.068 

*f = estimation failed 

Estimated heritabilities are well within the range of estimates fiorn the literature 

summarised in Table 6. Boldrnan et al. (1984) found a similar heritability (0.25) using 

Alpine, Saanen, Toggenburg, Nubian and LaMancha goats with the BLUP method. Even 

Garcia ( 197 1 ) who used a smail number (a high standard errors) of the same dairy breeds, 

found similar results for milk (0.1 7 * 0.20) and fat production (0.22 * 0.20). Kennedy et al 

(1 982) divided genotypes into dauy breeds and dual purpose breeds and analysed the data 

separately with the MINQUE method. They reported very high estimates for milk and fat 

yield (0.69 and 0.62) for the dairy breeds, whereas estimates for Nubian (0.32 and 0.5 1) 

correspond with the results obtained in this study. A study with Canadian dairy goats on 

first lactation reported heritabilities of 0.3 8 * 0.1 0 for d k  yield, 0.29 * 0.1 4 for fat yield 

and 0.3 1 * 0.10 as an average for al1 breed (Sullivan, 1988). A study using only Aipine 

does reported very high heritabïilities for milk yield, fat and protein yield (0.60, 0.47 and 

0.47). Possible reasons for different results can have many explainable. For example 



management, number of lactation, age at nnt kidding and/or through difFerent statistical 

met hods used etc. 

Alpine results are in this study the most appropnate estimates for the single breed 

analyses. The distribution of animais per flock was good and they had the largest number 

of flocks. Sire and dam distribution per flock was similar to Toggenburg, but the 

Toggenburg data had one weak point, i.e. that 34 % of the animals with records came out 

of one Rock- 

In general, each heritability estimate is based on the degree of resemblance among related 

animais vs. non-related animals in a popdation. if relationships exist betweem animals and 

are not recorded, estimates will be biased downwards (Massey, 1 993), which explains why 

heritability estirnates for al1 traits for Saanen are unexpectedly low. In this study, Saanen 

and Nubian data sets were very small, but Nubians had the advantage of a more complete 

(bigger) pedigree file, which resulted in more acceptable results than Saanen. Also a 

failure to account for environmentai contributions might reduce the estirnates of 

heritability . 

The estimation of variance components for the combined data set was made under the 

assumption that aU breeds have the sarne genetic variation. Results of the single breed 

anaiyses showed that there are differences conceming variance components, which might 

resufts in a bias, when al1 breeds are combined together. Genetic evaluation in Canada is 

undertaken with a data set containing ail registered breeds, only as breed as an additional 

fixed effect. For fùture evaluations and when more data are available, we should wnsider 

analysing goat data separately by breed, similar to dairy cattle. 

4.9 Matcrnd effkcb 

Studies show that maternai effects are present in beef cattle, and sheep. Using - twice the 

log likelihood value and cornparhg it to the tabulatecl 2 values, gave the following results; 

materna1 effects for Alpine, for al1 traits and for both basic mode1 were not statistically 

signifiant ( Appendix Table A 1 6). 

Same results for Toggenburg, maternai effects for al1 traits and both basic models were 

not statistically significant (Appendix Table A 1 7). 



For Saanen materna1 effects were not statistically significant for al1 traits and both basic 

models (Appendix Table A 1 8). 

Nubian is the only breed where the estimates for matemal effects on milk, fat and protein 

yields were highly significant ( d k  and fat p<O.OS and protein pc0.025) (Appendix Table 

A1 9). The sigdicance levels found, indicate that there are m a t e d  effkcts in Nubian, but 

the high estimates for m2 obtauied in this study are doubtful and further investigation 

based on large numbers is warranted. 

The combined data set containing ail breeds indicates similar results. M a t e d  effects on 

milk yield for both basic models are not significant (p<0.25), but maternai effects on fat 

and protein yield are signrticant at a 5 % probability level (Appendix Table NO). 

Van Vleck and Bradford (1966) using Holstein data found within-flock estimates of 

heritabilities tiom records expressed as deviations fiom flock-mate avenges of 0.37, 0.30, 

and 0.24 from daughterdam regressions for the fh t  three lactations, and corresponding 

estimates fiom half-sib correlation of 0.24, 0.2 1, and 0.23. DEerences between these 

results suggested a large maternal effect in first lactation, a srnaller one in second lactation 

and almost no effect in third lactation. 

A second study made by Van Vleck and Hart (1966) used covariances among first 

lactation milk records expressed as deviation fiom flock mate averages of Holstein wws 

related as cousins of varying degree, as daughter-dam, as hl1 and maternai sibs, and as 

aunt-niece of varying degrees, to examine whether matemal genetic effêcts are important. 

Results suggested that only additive genetic effects were important for milk yield. 

Kirkpatnck et al. (1 988) agreed with Reed and Van Vleck's (1 987) conclusion, i.e. that 

there is no infiuence of cytoplasrnic genes on lactation traits, therefore assuming no 

maternai infiuence on lactation. 

More complicated models, which include maternal genetic effects and persistent 

environmental effects, couid have been used to account more adequately for source of 

variation (Riska et al, 1985). Using such models would have complicated the analyses 

without changing the results since materna1 genetic effkts would have contnbuted 

equally to heritabiiity estimates (Kirkpatrick et ai, 1988). 



Critical for this kind of analysis is that, the data set is large with relationships arnong the 

anirnals. Willharn ( 1 x 3 )  stated that cousins are the best relationships to test for maternal 

effects. 

Ln this study, insufllcient numbers of records were available to  give reliable results. These 

results indicate that îùrther research, is necesSacy to find reliable estimates for maternal 

hentabiiity. 

Including coefficients for phantom parents in the mode1 resulted in generai siightly higher 

results. This was a somewhat expected result, because of small data sets and the short- 

recorded time period (1 8 years) for Canadian daiw goats. 

In this study the missing parents were grouped by assigned birth dates calculated using the 

four different pathways for genetic intervals. The s m d  nurnber of animals and the fact that 

milk recording for Canadian da* goats started in 1980 and just a few phantom parents 

had to be assigned &er 1980 led to the decision of using 4 groups for sire and 4 groups 

for dams. Reports of rules on how many groups should be assigned without over 

parameterisation were not found. Caiculations done earlier with 23 sire and 23 dam 

groups, each of the 23 groups representing one year, gave fixed effkcts solutions for the 

groups which were unrealistically high (200000 kg for milk yield). Westell (1 984) using a 

data set of 1,074,97 1 animals in her study assigned 12 sire and 12 dam groups. The point 

is that grouping phantom parents rnight be sensible only in a large population, so that 

groups can represent the population mean in their tirne period more accurately. 

Ffsire 17. GLS solitian for Y re rad âam plutaai groups for Alpioc 



Figure 18. GLS solutioa for sire and dun phmom gmps for Toggcaburg 

Figure 19. GLS sdutb for si= rad dam pbutom groups for S.racn 

Figure 20. GLS dutioa for sire and dam pbutom groups for Nubiia 

Fîgnrr 21. GLS solrtioa for sire .ad dam phantom graipr for .II brrcdr 



A good agreement between solutions for groups and the mean yield would indicate that 

the group accurately reflects the mean gmetic merit of the animais constituting them. 

(Golden et al., 1 994) 

Group solutions plotted for milk yield and by breed in Figures 17 to 21 indicate no 

particular trend, but show the effect of each group on the milk yield. Values plotted for tàt 

and protein yield are not included in the results, because they show a similar pattern 

though on a lower Ievel (Apjmdix). Further shidies have to be made to Uivestigate the 

connection between the number of assigned groups and the accuracy of the resulting 

estimates. 

Solutions for phantom groups with standard errors for mi&, fat and protein yield are given 

in Table A- 1 5 (Appendix). 



5. CONCLUSIONS 

o Results on estirnates of variance components indicate that estimates of the covariance 

between direct additive and matenial additive genetic effects are srnall and not 

statistically sigruîicant for cumulative rnilk yield, cumulative fat yield and cumulative 

protein yield in al1 Canadian dairy goats used in this study. Materna1 effects seem to be 

significant for Nubian and the ali breed combined data set. Heritabilities are moderate 

to high for Alpine (0.23 to  0.3 1 ) and Toggenburg, (- 0.19), and high for Nubian. (0.29 

to 0.46). Information on Saanen daûy goats was not su8icient to provide useful 

estimates. If m a t e d  genetic effects exist heritability would be biased. 

O Genetic evaluation for dairy goats in Canada is made under the assumption that 

genetic variances are the same in al1 breeds. This study reveals that the variances are 

different for each breed and fùture evaluation, when more data are coUected should be 

done separately . 

a Appropriate statistical models should be used to account for ali known important 

environmental effects tike, age at first kidding, tlock-year or even genetic trends to get 

unbiased estimates for genetic parameters such as herîtabilities. Phantom groups are an 

efficient way to make results more accurate through accounting for selection. For 

effective genetic improvement, and more reiiable databases, more data on dairy goats 

and their pedigree has to be collected. 

O Before using phantom parent grouping in genetic evaluation in dairy goats, fùnher 

studies should ensure that the grouping does not introduce systematic errors (such as 

over parameterisation) into current analyses. Milk recording for dairy goats started 

1980 and the last animal assigned to a group was fiom 1986. It is doubtfiil that there 

was a lot of  genetic progress to account for in six years, and maybe genetic grouping 

based on phantom parents was not necessary. 



o Estimates of materna1 effects and covariance between direct and maternai effects were 

not statistically signifiant. Further studies have to be camed out to invesbgate these 

uncenain îrends in this study. If evidence for negative correlation between direct and 

maternai effects were to be found, methods of selection accounting for both direct and 

materna1 effects would result in pater economic response to long term selection than 

selection based only on direct genetic effects. 
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1. Phantom Grouns 

Table Al. Numkr of .ahda adgeeâ per phamtom grooip per b d  
Phaniorn group Nwnber of Animais assigned per group 
sire Yeiu Alpine Toggenburg Saanen Nubian AI1 breeds 

PSI* 1957-1965 202 153 142 164 462 
PS2* 1966- 1970 307 197 194 2 14 763 

PS3* 1971-1975 205 8% 128 184 51 1 

PSI* > 1975 60 37 72 10 1 277 

Dam Year Alpine Toggenburg Saanen Nubian Al1 breeds 
PDl* 1957- 1965 249 199 177 19 1 587 
PD2* 1 !Mi- 1970 3 15 1 86 2 10 230 779 

PD30 1971-1975 162 73 102 166 483 

P m *  > 1975 84 48 91 10 1 33 1 

*PS = Phantom Sire groups 

*PD = Phantom Dam groups 



Table A2: Data Structure: Oflipring-Parent combinations 

SO. OF RECORDS IN DATA 

SO. OF PEDIGREE RECORDS 

AtERaGE b B E D W G  COEFFICIENT 
NO. OF I'iBRED A.. ! IhW 

... W'lTH AVJZRAGE [NBREEDM 
COEFFiCEYT 
no. of animais wih p w s )  

no. of "base" mimals 

no. of minaab m the dp. 

no. of sires : 
... in taal 

... u-iIh pmguly in Che daa 

... whidi arc also s k i  

... uiiich also bave -y raardr 

... palunal hali-s~b r e a d  pairs 

... av. no. pmgp>y r e c s i s k  

no. oî dams : 
... in 1-1 

... wiib progaiy in the daa 

... with  m n  reuud as w-dl 

... dam-otkprkg d pairs 

... wiiidi are also grad  dirm 

... *hich a h  havc p - y  d 

... wiîh cmn raud as w d  

... matunal haIf-sib remrd pairs 

... av. no. p r m y  &dam 

n a  oî aaternai grand dm : 
... in total 

... with progcriy in Uicdilr 

... quarier-sib ramd pairs 

... av. no. p m y  m c d g m d  sire 

no. of materad rrmd dm : 
.-- in total 

... wilh progeiy m Uic d m  

... qu;vlusib rcrwd pairs 

... ab*. no. p m p y  raisigrmd sire 

no. of grand si- tmctkr : 
... in tdal 

... with  progais in thc dii 

... quarts-ni rccad pürs 

[... av. no. progrny sire 3.75 - - -  



Table A2: Data Structure: Msprhg-Parant combinations . .,.continuation 

...wdhprogply i n t h c h  

... wiih owa ranrd as wdl 
- -  graud dun-o~gTOCOI<1prirs 
... quuter-sib raard pairs 
... av. no. progaiy d g a d  dam 

... gnnd durroffspri,grecOrdpUIJ 

.-. quvra-ub ronird pairs 

... av. no. -y d g m d  &III 

m. of vrand d u s  towtkr : 
... in tdal  

... w-iih ptoga>g m the dril 

... wnh cma resord as well 

... p d  damofï . .g  reoad pairs 

... quarts-sib mami pairs 

... 3v. no. progmy &grad dam 



Table A3: GLS - soîutiona for age at fUt lOdding - A l p k  - cumuiative dk fat uid 

protein ynld (Basic Modd 1). 

IO 17 18 50 1 3 a r i  - 1 0 2 7 1 ~ ~ 7  8  mu 
I l  45 21 27 35 W82 -1 1 70527527 8 1S77OtB 
12 l 10 24 I l  83 1511 -11 941Pa197 7 8S977535 
13 1 23 20 35 WnOI  -II WSS9162 8 0207U12 
14 55 U 67 41 5074 -II IiZ10590 8 1577071 
15 49 20 87 38 L -11 3997170b 8 loB781B8 
14 Y 28 02 20 W -10 19154905 8 21090aJ8 
I I  37 29 51 2Bm -1 1 Ol0700SS 8 2 lHb788 
18 2s 21 62 20 0139 -9 -57% 8 3 2 U a l 6  
1'3 17 24 S5 13 7105 a SISBYT19 85047729 
20 IO 2347 12821 1 -7 8527031 8 T W m 3 5  
21 IO 23 74 15 5253 a oIao3P 8- 
22 35 3047 27 gP2 -7 OMOTlos 8 24eûioW 
23 SI 27 02 37 m l 3  -0 I W l o o l  8 1?2B111 
24 23 20 20 203751 -5 mm 8 372-7 
25 13 2908 IO Y)9 -8 .iYn52'W 8- 
20 4 45 bl 3U98  IO StQ2W7o 9 90167- 
27 3 3329 2 SU 3 00mS901 10 3185032s 
28 2 2% 70 lba9 -5 n 1 12703 1 1 13220954 
29 I 1978 O moi a ~ 3 2 0 ~ 8 2  13 0 2 2 . ~ ~ 2  

Protcln'kll 
AGE X U K  W U ! !  OlACOWU C U  - SOCL'TIOWS ST. UMO 
9 7 I L U  52807 -13 OYW)9JJ 7- 

1 0 17 la I O  130215 -7 -22218 7 18061511 
1 1 45 18 75 Y 9a78 -8 86135597 b 83275432 
12 1 10 20 80 80021 -9 08670088 O 58722040 
13 L 23 23x9 84 8947 -8802%ll 6 72135579 
1.1 55 20 35 Y) 3 2 u  -8 20oWUl8 o c a u S I 2  
15  ~9 nu 37 om a m 5 1 m  a & < t ~ ~ 9 8  
l O 34 2S 82 25 850 - 0 S 7 8 2 1 l ~  O 5Q21Po74 
17 37 26 23 ?il 0017 -7 dguJ4 0 m S I  
18 25 23 10 10 4941 -8 05'WQOO.l O o717a8U 
19 17 21 53 13350t -532-2 7 1CfM352 
20 l O 21 32 12- -5 C710T020 7 18311081 
2 I 19 10 45 15 IYU -4 62632921 7091U1803 
22 35 25 07 27 1- -4 f82ila2 1 b!uE.~&a 
2.3 =se Y 7 M  4 701-2 O &l2Sa7 
2 4 25 23 70 19 8575 -3 Y1943915 7 01-4 
25 13 25% IO 132 -6OS914751 73475%W 
20 4 39 1 3 2819 100fa07W2 8-54 
27 3 28 93 24320 29m90789 8 o l l ~ 1 2  
ZS 2 2500 l m  -3u59951a9 P n t ~ l l t l l ~  
20 1 2572 0 8 0 0  -5 7H7OdU 113809579 



Table A4: GLS - solutions for age at fbt kidding - Toggeaburg - cumulrtive milk, fat 

and protein yidd (Basic Modd 1). 

a39 57 
632.10 
033 85 
-2s 
075 95 
91270 
81207 
a791 
a 2 3 3  
89033 
m a  
932n 
IOZ-llS 
&UU 
857 71 
IO31 95 
deBo0 
707 13 
ma, 
i19200 



Table AS: GLS - solutioas for .gc rt firt kiddhg - Suncn* - cumulative milk, fat rnd 

* values of GLS solutions and standard errors for milk are obtained using model2, 

because mode1 1 did not yield in estimate results. 



Table A6: GLS - solutions for ige rt fist kidding - Nubirn - cumddivc mik, fit md 

proteia yKid (Basic Modd 1). 

29 3 20 11  10257 8 4913455 13 B53211t% 

Rotcin ridd 
AGE NREC MEAN DiAûONU GLS - SOLUTION SLERRORS 

IO 4 21 71 3 15% -7 0168703s 7 WI 1325 



Table A7: GLS - ~oiutiona for bncd - Ali breeâa - cumulitive milk, fat and protein 

Milk vuld 
BREED NREC MEAN DIAGONAL GLS - SCLUTION SLERRORS 
Alpine 69 1 740.01 164.83 -373.799 250-8489 
Saanen 439 825.68 118.56 -278.0 1 14 255.03 16 

Toggenburg 641 7%.29 124.24 -350.0 127 254.925 1 
Nubian 433 500.6 1 149.52 4 0 0 . 0 ~  252.89 

Fat vield 
BREED NREC MEAN DIAGONAL GLS - SOLUTION St.ERRORS 
Alpine 69 1 25.74 142.85 -14.96744 9.173017 
Saanen 439 26.74 103.65 -12.24453 9.289337 

Toggcnburg 641 25-56 107.3 -16.03895 9.32 1726 
N u W  43 3 23.74 13 1.89 -16.75097 9.245225 

BREED NREC MEAN DIAGONAL GLS - SOLUTION Si. ERRORS 
Alpine 69 1 22.48 177.14 -12.10SU 7.592 172 
Saanen 439 24.65 126.83 -9.275795 7.688577 

Toggenburg 6 4 1  22.64 133.8 1 -12.05526 7.715756 
Nubian 433 18 -48 159.12 -16.0279 7.65500 1 



Table AS: GLS - solutioas for rgc at iirt kidding - AU breeâs - cumulrtive milk, fat 

I I3 15UWI 
la3 o W l N  
101 S39Pll 
102.0810757 
102.9a9l2119 
la3 Km'mB 
IW3U21911 
104 80675 
107 1389257 
1 0 7 3 d 9 3 4  
IO7 070TIl1 
10s wxss7 
lai 5 L l m  
101 -17 
105 bm02 
1 1 1 928- 
121945313 
1% 8038070 
16Z99a1251 
IBO 73369% 

10 44 21 19 U 4s76 3-1273 3 1 1  1027a 
I I  131 21 27 100 2- l a m o n  3 70U3Uo 
12 293 22 01 -4049 3 gn47503 3 a8f570aB 
13 M 23 76 217 11D 3UI776W 3 7-1947 
14 217 23 21 la1 803 3 9S9UZûlo 3 73917188 
15 IR 27 M llo3Ol 5 0- 3 m24128 
la 117 27 30 Ba 7539 5dJ79J915 3 lm95103 
17 Il9 289s 88357 SdnSl7€ii 3 80718478 
18 80 27 33 07 3703 Saloü2407 389010an 
IQ 70 27 rn ~s 8716 7-0 3 898055% 
20 in 27 25 04- 098155Qa 3 91027031 
21 94 25 18 715529 6- 3m79SO.U 
22 123 29 70 oj 2793 10 Ml l5lql 3 mm 
23 145 27 95 Il l  JI09 9 253 10735 3 7924293 
2 4 105 27 15 604404 8 28943357 3gUBOQn 
25 50 31 22 39521 10 aulU-U 4 -5528 
20 25 20 39 20 2239 122TJo7013 4 S3575303 
27 Io 2329 130149 3 37W 1837 4 893991 18 
2s O =a 49173 7 ozolam 5 91 393271 
29 5 2S 1 1  3 9176 9 9S74isCn O 575977% 
Y) 2 24 JO 1 0222 8 72019153 9 8004%31e 

Pmt@in y k l l  
AGE W R E C  UtWu DUaXUL CW-SOCCICION SEPMIP 

9 13 15 68 O O O 



IV. GLS - solutions and standard errors for i t  fint kiddinr BM2 

Table Ag: GLS - soiutioos for at firt kiding - Aipi# - cumubbe mük, fat and 

protein yidd ( B d c  Madd 2) 



Table AIO: GLS - solutions for age d fi* kidding - Toggaburg - cumulritive d k ,  

29 2 EU96317008 

Fat Y k i d  



Table A l  1: GLS - solutions for rge at fist kiddiog - S u i n n  - cumd.tiVe miUr*, fat 

and protcin yidd (Basic Modd 2). 

* values of GLS solutions and standard errors for milk are obtained using mode1 2, 

because mode1 1 did not yield in estirnates. 



Tabk A12: CLS - solutions for rge at fist kidding - Nubirn - cumuiative milir- fit 



Table Al3: GLS - solutions for brccd - Ali b n c b  - cumulative milk, fit and p r o t e  

Milk yicld 
BREED NREC MEAN DIAGONAL GLS - SOLUTION StERRORS 

Alpine 69 1 7N.O 1 O O O 
Saanen 439 825.68 110.6955 86.105529 52.36280325 
Toggenburg 641 7%.29 115.257 17.9O.)(u726 59.57778728 
Nubian 433 500.6 1 140.2825 -236.15 17426 50.4256807 1 
Fat yuld 

BREED NREC MEAN DIAGONAL GLS - SOLUTION St-ERRORS 
Alpine 69 1 23.74 O O O 
Saanen 439 26.74 97.883 2.56282659 1.95832369 
Toggenburg 641 25.46 100.861 -1-18516168 2.2203795 
Nubian 433 23.74 124.9537 - 1.8268579 1 1.88578661 
ProStin lvicld 

BREED NREC MEAN DIAGONAL GLS - SOLUTION St.ERRORS 
Alpine 69 1 22.48 O O O 
Saanen 439 24.65 118.22 1 2.61 1365 17 1 S6598083 
Toggenùurg Ul 22.65 123.85 15 4.08750305 1.7852 1 1 1 )  
Nubian 433 18.48 149.1345 4.16368 184 1.50%01139 



Table A14: CLS - sohations for age at fist kidding - AU breeds - cumdative d k ,  fat 

Fat ,vkll 
ACE SUK M U W  DhaJNAl. W-- SLEUOCI 

9 13 17 19 0 0 0 



Table AlS. GLS - soluiio~u for group eoefficicnts by trait and b d  

SOLUTION SERROR SOLUTION SeRROR SOLüïïON SeRCK)R 

S k  
1 -1aQ20930R 25tX87903-l J I  Ia992llS 90%0570281 490999709 75 5136fUo 

2 -9% IJ6QTJ) 231529a9*) -2S.SSnO55 Q 7938149 4l02911917 09acSYl9S 
3 -1 103023O38 2202385294 -17 8aBo323s 79 807023 -38 94172454 rn k520117a 
4 -902bn6413 1 8 1 9 ~ 1 1  -B 71312126 aSaEW1219 -24 -51 5459eWM2 

Dam 
1 -1008977R 2155 7(38152 -l408189350 78 OJNOIC -8 Z'ltgBSY oJ90Sï99U 

2 -1E9U86.101b 1%7219û27 4261- 71 1 ~ 4 1 1  -31426x023 59 1 O 2 1 ~  

TOI;CEIBuRC .Hllr F.1 hdd~ 
sue 

1 1709 799224 2~85010941 $7 ITRJ722J9 K7 03Q7g&lS 18 BU05120 75 M l 9 3  

2 1x14 20~67s ~ 6 0  13s2û8 31 m-71 n 1 9 . ~ 1  I u w 1 m 5  o a w ~ 2 6 2 ~ 1  
3 1507S93S.n 22tQ 270675 YI 1&91873 TJRPUII a Ua8LUI 03 %S21905 

4 11 1 CU2055 lm1 9TJ395 20m96209 0139I530J9 19 191oOU7 S32005966( 

Dam 
1 -7156802882 2227 28a03 I l  W15101 533oo.œ.m 13 038R8M 03 @a521 

2 -fLU 92M3.42 1826 a113 10 2613131 b 59582518 -1 JmZ12032 51 09176299 

3 -23 5037- I773bU33-l 21 49J597-U S7 &O790 13 77lMl7J Y) l9S1SZU 

4 1 5 0 1 ~ ~ 3 5  179937575 d) SB -01 18 49 212â124 Y) 923357% 

SA,LYLl MYCr'l Fi1 ?rach 
Sire  

1 52J 819027S 3203 7U931 -36.800Y714 Il5 1- -8aaB213ggB lm SWSOY 

Sire 
1 
2 
3 
4 
Dam 

1 
2 
3 



Table A16. EStini.tcs for Modd 2, dM set to zero. Signikmce M - Al- 

BasicModel 1 Basic Mode1 2 
Milk -*Id / Modd l Modcl2 (HA) Modd 2 (Et) Modd l M& 2 M&2 : 

O a ' ~  Ilrd i u2w fiscd I ' 26329.4 1 oz,% 19135.87 26329.32 I 26934.65 1531757 I 26934.66 1 
2 683 1.1 O - 1 ûûûZ.56 O 1 C M  1 I 

Log L / 4375.160328 4466.766474 -5467.116161 : 4167.172493 -5410.304û87 -541 1.382603 

-2[FIa - HA] 1 0.8994 i 1.7 572 
Fat yield 1 Modd 1 Mdd 2 0 ~ d d  2 (&) / Modd 1 Modtl2 M d 2  ; 

1 fi~d , e2* n ~ n l  , 
oz* 1 21-51 15.79 21.52 1 27.24 19.86 27.24 1 



Tabk A17. Estiratm for Mode1 2. & set to ara S i r p i i r ~ . r c  tat - ToggemLurg 

Milk 

O.OIS2 
Modd 1 M U  2 (HA) Modd 2 (B) Fat 



Table Al8. Estimates for Modd 2, d ,  ut to ara. Significmce test - Suaen 
i Buic Modd 1 1 Basic Moâd 2 

Milk Modeil M*l2(&) ~ o d d 2 ( i t ) ;  M&I Modtl 2 Md12 * 

a'u îistd 02w I I S ~  r 

a z A  1 r 0.93 P 1 P 1-80 e 1 

2 
Cr 51 1 2307.97 f , 5861.61 f 

-2l& - BA] ' f 
Fat Md11 Modcl2(K\)  M+2(n.> 



Tabk A19. Esthates for Modd 2, a2M set to zero. Significmct test - N u b h  



Table AZO. Estimates for Modd 2, a'~ set to zero. Signifieance test - AU b d  

- 

Basic Model 1 - -- - ---- Basic Model 2 --- 
Milk Mode1 1 Mode12 (BA) ~ d e l  2 (Eb) / M M  1 Mal 2 Modd 2 

u'M h c d  i d u  fl~d 

a 2 A  
I 

' 17065.17 10504.2 1 17065.14 / 18721.49 12458.69 187 27 .n  ' 



W. Estimates for statisticah sinaificrnt test (F-tesa 

Table Ml. Suma of Squares for d u a i ,  .dditive variance, error vuiuice d crilcul.ted 
F -V~WS 

&ecd / Trait 
---- -- - - =O !3fm (BI d r  O &O r n ~ r l d t  FCV- 

hIYE 30543419.84 3 1228898.39 60521.12û92 26329.«)902 8 508 0.w~ 

Fat 45806.23777 48199.89475 93.41064873 21313487 8 508 %58U2mM 

P h  3 13 1 1.69951 32584.74617 63.14m288 16.97686676 8 508 1 .%!mm69 

T g l c r k r l  =O (RI dr  O 8~ 0 n raur i r t  F,- 

M m  463703 10.44 48098989.52 96604.72943 2226837369 8 480 l m 7  7ff776 

Fd 4880 1 A4868 4941 9.03832 1 O 1.6700898 24.48886366 8 480 0.61 1718ûI8 

Prut& 37055.89465 38550.02347 77.19976538 17.95579254 8 480 1.%274!W3 

s1.icr SSR O (RI d~ O A0  rf r a ~ r i r t  F~- 

S l f  f f f f r f r 
Fat 38380.85248 39490.02438 143.7485 1 12 18.27790747 8 267 O.SSS702969 

Pmtch  30017.79798 3 1700.83237 1 12.42620% 12.00739238 8 267 1.-41 

N U W ~  =O S R  (RI dr  09 d~ O rt rdki l r r  ~ ~ v i l r  

31Plr 10444573-36 1 1018969.51 41786.29342 1763037503 8 250 1517313W1 

Fit 2 1936.4908 23055.27553 87.745%32 75.72180305 8 250 OsJMoBi7 

P& 15328.66025 16209.43941 6 1 . 3  1461098 25.17604û29 8 250 127293931) 

~ b &  =O S R  (RI 21 O d~ O rr r r i ~ r l d r  F=V.L~ 

!Ml& 1370360 18 1396471 50.8 80 184.9 1399 1872 1.49429 8 1709 3360001511 
F a  175261.330 1 178398.8928 102-55 18789 28.84236029 8 1709 2 . W 4 6 7 9  

pmbh 128363.1557 13065 1.1 136 75.1 l m 9 7  15.83008755 8 1709 3.1Uü66475 

Fc - value = calculated F - value 

(hm Steel and Tome. 19W] 




