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Abstract
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Vargas Leiton, B., 2000. Bioeconomic modeling to support management and breeding
of dairy cows inCosta Rica.
During the past decades, genetic improvement of dairy cattle in Costa Rica has depended
upon massive importation of germplasm from temperate countries. This may not be an
optimal alternative if genetic x environment interactions are significant or production goals
differ among countries. The purpose of this dissertation was to develop a bioeconomic
model to describe performance of dairy cows under production circumstances found in
Costa Rica. Several studies were undertaken to quantify the effect of genetic and
environmental factors on milk yield and reproduction performance of the local cattle
population. The final model was used to optimize replacement and inseminations policies
for herds with different feeding strategies and to determine the economic values of
production and functional traits to be included in a breeding goal. Finally, a study was
conducted to compare several breeding strategies on the basis of the genetic response
achieved after twenty-five years of selection. When significant genotype x environment
interactions were assumed strategies based on selection within the local population
performed better than strategiesbased onimportation of semen.

Stellingen
1. Dairy farms of Costa Rica need to optimize management and breeding to survive in an
open market.
Thisthesis
2. Breeding cows that are efficient grazers is particularly important in Costa Rica, in order to
usetheabundantgrassresourcemore efficiently.
Thisthesis
3. For Costa Rica, the choice between local- and externally-based breeding programmes
depends mostly onthe level ofGenotype xEnvironment interaction.
Thisthesis
4. "It is not the strongest ofthe species that survive, nor themost intelligent, but the one most
responsive tochange".
Charles Darwin
5. Sustainable animal production systemscan bepursued, butnever attained.
6. Science for the sake ofscience isaluxurythatdeveloping countries cannot afford.
7. Sustainable animal production systems require a vertical integration of research at the
animal, farm andregional levels.
8. The creativity of the Dutch people can be appreciated easily by the infinite number of
systemsto flush the toilet.

Stellingen belongingtothethesis:
"Bioeconomic modeling to support management andbreeding ofdairy cows inCosta Rica"
Bernardo VargasLeit6n
Wageningen, December 13th,2000
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Theimportantthingisnevertostopquestioning.
JL. 'Einstein

General Introduction

General introduction
FRAMEWORK
During the last decades population growth, urbanisation, and income growth in
developing countries are fuelling a massive global increase in demand for food of animal
origin (7).Intheperiodbetween 1971 and 1995,meat consumption indeveloping countries
increased three times faster than in developed countries, while milk consumption increased
twice as fast. During this period there has been a simultaneous growth in production of
animal products in developing countries. This growth, however, has relied mainly on
increasing the size of animalpopulations, rather than increasedproductivity (7).
Despite the fast growth in production, the consumption per capita of animal products in
developing countries is still far from the nutritional optimum (7). The current levels of
productivity do not reach the degree of efficiency required to satisfy the needs of the
increasing population. A large combination of crop-based nutrients could also provide the
necessary aminoacids and trace nutrients to meet nutritional needs, however, this may not
be an option for lowproductive areas indeveloping countries.
Therefore, it is compelling to increase productivity of milk and meat production systems
in developing countries, and this involves important developments in breeding, herd
management and animal nutrition and health. This increase in productivity must also take
into account important issues concerning protection of the environment and sustainable
development. An optimum level of intensification for animal production systems in
developing countries hastobe found making optimum use oftheland available (17,22).
MILK PRODUCTION IN DEVELOPING COUNTRIES
In developing countries, environmental and social circumstances are commonly less
favourable for milk production. Development of breeding programmes in these areas
presents serious difficulties because of major physical and social constraints, low degree of
recording (performance andpedigree), high costs of reproduction technologies, genotype x
environmental interaction (GxE) and loweffective population size (2,4, 12,28).
During the last decades, breeding strategies for dairy cattle in developing countries have
relied mainly on three alternatives: breed substitution, crossbreeding and selection within
local populations (2, 6, 29). Massive importation of exotic breeds and/or germplasm to
developing countries has been performed as an attempt to achieve faster genetic
improvement of the local cattle (14, 23). Artificial insemination has considerably spurred
genetic upgrading as large-scale testing of the progeny of bulls and the subsequent use of
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valuable bulls has become possible (7). However, there is evidence for the existence of
significant GxE interaction (20,25,26,30).
Crossbreeding has been the most widely used strategy to increase productivity in dairy
cattle indeveloping countries. Crossbreeding strategies for genetic improvement ofcattle in
the tropics have been extensively analyzed (4, 5, 6, 27). Economic superiority of crossbred
over purebred dairy cattle has been demonstrated for some areas (9). Nevertheless, the
implementation of some of the breeding strategies and mating systems that have been
suggested stillpresents serious difficulties (29).
Some attempts have been made to implement local selection schemes similar to those
found in developed countries (2). The rate of success has been generally low due to
economical, social and environmental constraints. Lowpopulation size, limited registration
andpoorproductivity of localbreeds alsoput alimit ontherate ofgeneticprogress that can
be achieved.
GUIDELINES
Experts have formulated guidelines for a systematic establishment of a breeding
programme for specialized and dual-purpose production systems in developing countries
(2, 19,28,29).The first step in developing a breeding programme should be the choice of
the most suitable breed(s) and the breeding system to exploit them. The next step would
consist on further genetic improvement ofthebreeding stock tobe used.
The choice of the breed depends on the level of nutrition and husbandry (2). For
specialized dairy production systems with favourable environments, temperate breeds with
high productive potential may be an option. For moderate to poor subsistence
environments, use may be made of crosses of European breeds with zebu dairy breeds ina
rotational crossbreeding system or composite breeds derived from European x zebu dairy
crosses (4, 5, 6, 27). Other alternatives are the use of high productive potential Zebu
breeds, low to moderate grades of European or exotic breeds, or local breeds and their
crosses.
It isalso important to set priorities onthe breeds and the type oftraits to be included ina
breeding programme. For the tropics, the inclusion of adaptability, reproduction, milk yield
and growth performance is of capital importance (19). For Latin America, traits that have
been identified as priorities for inclusion in selection schemes are milk production and
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fertility for intensive dairies; and milk production, fertility and growth for dual-purpose
systems (16,28).
Once the breed(s) and important traits have been defined, it is important to make a
reasonable choice between the different options available for maintaining genetic gain. The
best way to do this is by performing a preliminary analysis on the biological and
economical consequences of alternative selection schemes for a given cattle population (3,
13, 14, 15).From this analysis, itwillbepossible to select the alternative providing the best
results according tocommon interests, giventhepresent and future circumstances.
THE CASE OF COSTA RICA
Dairy breeding in Costa Rica, as for most of the developing countries, has relied mainly
on the importation of germsplasm from USA, Canada, and to a lesser extent, from EU(21,
30). This strategy may not be the best if the effect of GxE interaction is substantial or
production goals differ from those applied in the importing countries. There is already
some evidence of significant GxE interaction indairy cattle of Costa Rica (30).
Ithasbeen stated thatcountries relying on semen importation willhave to switch at some
point in time to more local breeding schemes (14, 23). It might be that this is already the
case for Costa Rica, regarding specialized dairies. Biological and economical evaluation of
alternative breeding schemes is compelling at this point. A comparison has to be made
between strategies relying on continuous importation vs. strategies using local-plusimported genetic germplasm. The aim is to find an optimal situation for the local dairy
population. Such evaluation must take into account resource availability with regard to
infrastructure, organisational capacity, feed sources, sustainability constraints and market
trends.
Previous attempts to establish a localbreeding scheme have failed, probably because they
relied upon external financial support, which is no longer available (1). Local breeders
associations seem unable to cope with the high financial costs associated with starting and
maintaining aselection scheme.
THE ROLE OF MANAGEMENT INFORMATION SYSTEMS (MIS)
Management canbe described as the decision-making process in which limited resources
are allocated to a number of production alternatives (11). Management Information
Systems (MIS) have already been implemented with success in dairy farms of Costa Rica
(18), providing valuable information to assist the farmer in the decision-making process.
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There is still a need, however, for further integration of simulation models into MIS. A
model is defined as a simplified representation of a system, which can be used to predict
the effects of changes in the system (8, 24). The development of simulation models as an
extension of available MIS offers the possibility of providing the farmer beforehand with
insight into the technical and economic consequences of various management decisions
(10). In order to achieve this purpose, simulation models need to consider important
interactions between factors affecting farm productivity (economics, health, breeding and
nutrition) aiming at asustainable animal production.
OUTLINE OFTHIS THESIS
This dissertation has been developed with the general goal of supporting breeding and
management in dairy herds of Costa Rica. In order to achieve this goal, the following
objectives were defined:
1. to determine important factors contributing tothevariation inanimal performance;
2. to quantify genetic differences inlevel and shape of lactation curve and reproduction;
3. to develop amodel describing performance andmerit during lifetime of adairy cow;
4. to determine thebreeding objective taking into account sustainability constraints;
5. todetermine an optimumbreeding strategy for Costa Rican dairy cattle;
6. todetermine an optimum recording scheme for dairy herds of Costa Rica.
The chapters inthis thesis willdealwith one ormore of theprevious objectives. Chapter
1 addresses objective 1by making a general description of the milk production systems in
Costa Rica including aspects related to management, nutrition, breeding, market structure
and biological and economic efficiency. Chapter 2 deals with objectives 1 and 2 by
obtaining variance components for test day yields in Holstein cows and assessing the
degree of genetic variance for production in the current population. Chapter 3 deals with
objective 2by analyzing factors affecting days to first breeding and days open of Holstein,
Jersey and Brown Swiss heifers; using event-time methodologies. Chapter 4 deals with
objective 2 by analyzing data on lactations of Holstein cows, with emphasis on the use of
models describing extended lactations. Chapter 5 deals entirely with objective 3 by using
parameters derived in the previous chapters to develop a bio-economic model that permits
the analysis of interaction between management and breeding aspects in dairy herds.
Chapter 6 deals mainly with objectives 4 and 5, by using the previous model to analyze
possible traits to be included in the breeding goal for dairy cattle in Costa Rica. Finally,
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chapter 7 deals with objectives 5 and 6 by integrating all previous results into general
considerations for breeding of dairy cattle inCosta Rica.
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ABSTRACT
A general description is given of the milk production systems in Costa Rica including
aspects of management, nutrition, breeding, market structure and biological and economic
efficiency. Due to the high diversity of climatic conditions, geography, and availability of
feed resources, different production systems have evolved according to the specific
production conditions of each region. Three main production systems are identified:
specialized dairy farms, lowland dairies and dual-purpose farms. Specialized dairy
production systems have the highest productivity per cow and per land unit, but production
costs arehigher. Lowland dairies anddual-purpose systems are lessefficient but production
costs are substantially lower. Historical developments in the field of breeding of the local
dairy cattle population are described. Past research in the area of dairy cattle breeding
indicated that the increase in productivity levels found in Costa Rican farms have been
caused mainly by improvement of management conditions and to a lesser extent by
breeding. It seems also that Genotype xEnvironment interactions have a significant impact
in these dairies. The important economic and social role of milk production systems in
Costa Rica is emphasized, because they provide milk in the quantity and quality needed to
satisfy the local demand, with some scope for an increased participation in markets within
the region. Perspectives in the area of milk production are briefly analyzed according to
global trends in milk production and market structures. It is concluded that specialized
production systems will need to be transformed into systems that are less dependent on
costly external inputs.
(Key words; dairy cattle,milkproduction systems, CostaRica).
1.1 INTRODUCTION
The dairy sector in Costa Rica has evolved very rapidly during the last decades (24).
Current total production of milk is twice ashigh as it was twenty years ago. The country is
self sufficient in milk production. This rapid evolution has resulted from governmental
policies promoting milk production, which stimulated an increase of the dairy cattle
population together with higher productivity (16). Improvements in the dairy industry and
massive importation ofgermplasmhave alsoplayedanimportantrole.
Despite itsrapid growth, the dairy sector is currently going through a transitional period.
Globalisation of agricultural trading endangers local production and the future of milk
production systems seems uncertain at this point (17). A point of controversy is what kind
of production systems should be promoted given the actual and expected production
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circumstances. Some experts suggest that systems producing cheap milk should be
promoted instead ofmore intensive systems depending on external feed resources (25).
The objective of the present study is to describe the main production systems found in
the dairy sector of Costa Rica, with emphasis in the field of breeding. Current production
circumstances andperspectives for the dairy sector are alsobriefly discussed.
1.2 GENERAL INFORMATION
Costa Rica islocated in CentralAmerica between 10°to 11°north- latitude and 83°to 86°
west-longitude. The country has an extension of 51,000 km2 and a population of
approximately 3.8 millions inhabitants. Despite the relatively small area, twelve different
ecozones have been identified (10), all located between 0 and 3800 m. Temperatures vary
from 3°to 30°Celsius. The country is characterized by its high biodiversity, i.e. more than
10,000 different species of plants and 1553 different kinds of vertebrates have been
characterized.
Costa Rica has been traditionally an agricultural country. In the period from 1960 to
1994the area covered by forest andwoodswas drastically reduced from 3.24 millions ha to
only 1.57 millions ha (Figure 1). Simultaneously, the area covered by pastures increased
from 0.92 to 2.34 millions ha, comprising at the moment almost 50% of the total area. At
the same time, human population almost doubled during the last 20 yr (Figure 2), with
almost 40%ofthepopulation living currently inthe countryside (6).
The agricultural sector provides approximately 17% of the Gross Domestic Product
(GDP) and employs 21.2% of the labour in the country (13). The production of the two
main agricultural products, i.e.bananas and coffee, has increased steadily (Figure 2). Cattle
population, on the opposite, has been decreasing after attaining a maximum of 2.3 millions
heads around the middle eighties. This reduction, however, has occurred mainly within the
beef cattle population; while the dairy population, i.e. specialized and dual-purpose cattle,
are actually increasing due togovernmental policies that supported the dairy sector.
The transformation of the national cattle population from beef to dairy, together with an
increase inthe average milk production per cow,have made the country self-sufficient for
milk products. Within the agricultural sector, the dairy subsector contributes currently
approximately 12% of the GDP. A total of 600,000 TM of milk is produced annually by
approximately 34,469 dairy and dualpurpose farms (6).
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Although no recent statistics are available, the current number of adult dairy cows is
estimated at 460,000, of which 207,000 are specialized dairy cows and 253,000 are dualpurpose cows. Milk consumption per capita is about 152 kg, providing about 20% of the
average protein consumption. This is slightly more than twice the average of all countries
inCentralAmerica (24).
1.3 MILK PRODUCTION SYSTEMS
The high variation in ecological conditions within the country facilitated the
establishment of very diverse dairy production systems. Despite this diversity, three major
production systems canbe characterized (Table 1).These systems are described below:
1.3.1 Specialized Dairy Farms inthe Highlands
This production system is commonly found at altitudes above 1300 mosl. Climatic
conditions in these areas have permitted the introduction of exotic breeds, mainly Holstein
and Jersey, as well as high quality pastures, such as Kikuyu grass (Pennisetum
clandestinum). These systems are highly technical andproductivity levels are close to those
found intemperate countries.Ahighproportion of cows arebredbyArtificial Insemination
(21). Cows are milked twice a day and the feeding of female calves is artificial. Use of
concentrates isrelatively high, representing as much as45%of the total costs. Industrial or
agricultural by-products are frequently used. The production cost per kg of milk is the
highest, butthis system also has thehighest productivity per animal and per unit of land.
1.3.2 Specialized Dairy Farms inthe Lowlands
This production system is normally found below 900 m. Due to the higher temperatures,
the use ofpure European breeds is not common inthese areas. Crossbred cattle with ahigh
proportion, i.e. over 50%, of European breeds are preferred by the farmers. Cows are
usually milked twice a day and feeding of females calves is mostly made artificially.
Feeding of cows relies mainly on low quality pastures with restricted use of concentrates,
though some other supplements, i.e. agricultural by-products, are commonly used.
Production costs per kg of milk are lower than in specialized dairies, but productivity per
area andper cow isconsistently lower (Table 1).
1.3.3 Dual-purpose Farms
Dual-purpose is defined as a system combining beef and dairy with limited or no use of
concentrates. The cows stay permanently on low quality pastures, suckle their calves, are
milked once a day and are occasionally fed low quantities of concentrate. In Costa Rica,
this isthemost common system. Most frequent crosses arebetween Bos taurus breeds such
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as Holstein, Brown Swiss and Jersey, with Zebu breeds such as Brahman and Gyr, or beeftype Bos taurus breeds such as Simental and Charolais. In general terms approximately
65% ofthe income of dualpurpose farms comes from the selling ofmilk and the remaining
35% comes from the selling of calves after weaning at an age of approximately 8 mo.
Economical efficiency within these production systems is highly heterogeneous, because
different degrees of technification and intensification can be found. However, when
compared to specialized dairy systems, higher utility margins per kg of milk and lower
productivity per area and cow are found for dual-purpose systems (Table 1).
1.4 MARKET STRUCTURE
Due to the high diversity of production systems, the market structure for dairy products
inCosta Ricapresents someparticularities.
Considering the origin (Figure 3), approximately 70% of the milk is produced by
specialized dairy farms, almost in equal parts from highlands and lowlands; while the
remaining 30% is produced by dual-purpose farms located in humid and wet/dry lowlands
(9).
Considering the destination of milk, several uses can be identified (Figure 3). The
farmers use an estimate of 10%of the fresh milk for self-consumption or feeding of calves,
another 50%is industrialized by a small number of dairy cooperatives and cheese factories
andtheremaining 40%of themilk iscommercialized asnonpasteurized milk.
One major dairy cooperative process almost 80% of the total milk, while the remaining
20% is processed by 6 other factories (24). Most of these cooperatives and factories are
vertically integrated, i.e. they perform the recollection of milk at the farms and also carry
out the processing and commercialization of products (24). The production of the largest
cooperative isregulated by means ofmilk quotas.The amount ofmilk that canbe delivered
to the cooperative is fixed according to the number of milk-quota shares owned by the
farmer. As a reference, the cost of 1kg of milk quota in 1998 was SUS40 (16). At the
moment, this cooperative is not selling milk quota, although this can be traded among
farmers. The payment system used by local factories is usually established according to
milk quality standards, i.e. content of solidsperkg ofmilk andhygiene norms.
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TABLE 1.Main characteristics ofmilk production systems inCosta Rica1.
Highlands

Lowlands

Dual-purpose

>95

70-85

45-55

Location (m.a.s.l)

1200-3000

0-1200

0-900

Temperature (°C)

10-20

20-30

20-35

% ofincome from milk

Breeds

Holstein

Holstein x Zebu

Holstein x Zebu

Jersey Brown Swiss xZebu Brown Swissx Zebu
Milk yieldper lactation (kg)

3500-6000

1900-2500

Concentrate (kg/cow/d)

3-10

<3

0-2

Age at first calving (mo)

25-30

30-35

30-35

328

>300

210

Lactation length (d)
2

85.3

Calving index (%)

Most commonpastures

3

Stocking rate (AU/ha)
Cost/kgmilk ($US)
Profitability/ kg milk (%)
Kg milk/farm/yr
1

400-1200

63.3

Kikuyu

Ratana

Jaragua

Star Grass

Brachiaria

Natural

Star Grass

Imperial

2-3.5

1.5-2

1.0-1.5

0.23-0.25

0.20-0.22

0.18-0.20

<22

25-30

35-50

40,000-60,000

>20,000

33,000-125,000

Information wasobtained from several studiesonlocalproduction systems (2,9, 12, 14, 16,26, 27,
28,29, 30).
2
Calvingindex:Numberofcalvings/Numberofcows available.
3
Ratana: Ischaemun ciliare; Brachiaria: Brachiaria ruziziensis/bTiza.ntha, Brachiaria
decumbens; Kikuyu: Pennisetum clandestinum; Star Grass: Cynodon nlemfuensis; Natural:
Paspalum notatum;Imperial:Axonopus scoparius.
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FIGURE 3.Originanddestination ofmilkinCostaRica.(Sources:6,8, 12,24,27, 28)
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It is important to notice that the milk that is processed in Costa Rica is produced by no
more than 5000 farms, i.e. approximately 14%of the total number of dairy farms. Most of
these farms are specialized dairy farms, able to cope with the high-quality standards
required by the dairy industry. Another important fact is that approximately 30,800 TM of
milk-equivalent products is exported (6), which is more than 10% of the industrialized
milk. This is proportionally higher than the quantity exported by some of the main milk
producing countries.
The non-pasteurized milk is produced by approximately 30,000 farms, i.e. approximately
86%) of the total number of farmers. These are mainly low and medium size farms
operating under lower quality standards. Commercialization of this non-pasteurized milk
takes place in different ways, either as fresh milk or as transformed products, directly from
the farm of with intermediates (24).This informal sector is by far less predictable and less
stable than the formal sector, however itplays a very important role in the milk production
in Costa Rica.
1.5 BREEDING
Breeding of dairy cattle in Costa Rica has followed the same patterns as for most of the
developing countries in Latin America and the world (4). Before the introduction of
European breeds, the local cattle population consisted mostly of Creole cattle, which
probably originated of the Spanish cattle brought toAmerica by the end of the 15thcentury
(19). These cattle evolved incomplete isolation during almost four centuries. By the end of
the 19th century, the importation of European breeds, such as Friesian, Jersey and
Guernsey, was initiated. After 1930, the introduction of improved pastures was also
initiated, which had an important effect on dairy production. The first Cattle Breeders
Association was created in 1938 and the fist herdbook was initiated in 1945. Introduction
of AI occurred in the late forties, but massive semen imports began after 1960. By the end
of the sixties most of dairy cattle in Costa Rica had already some exotic genes. As a result,
the local dairy breeds have almost disappeared, even though their genes are still present in
the population on a very low proportion. Semen imports in 1982 were 42000 doses (3). In
1983, for the first time, 100 frozen embryos were imported from USA (3). Currently, the
genetic material is imported mainly from USA and Canada and to a lesser extent from
Europe and other countries in the world. Semen imports from USA amounted
approximately half amillion US$ in 1998.
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The effect of germplasm importation on local milk production has not been yet precisely
assessed on a national scale. Preliminary analysis on data from specialized dairy farms
indicates some trends (7,22,23,30).Theseresults are shown inTable 2.
These studies indicate a significant increase in milk yield per lactation during the past
decade. The respective contribution of environmental and genetic components to this
increase isnotclear. Two studies indicate a lowheritability of 0.10 for milk production and
almost no genetic gain (7, 23). Another study based on more extensive data shows
heritability estimates for milk yield in the range of 0.36 for Holstein and 0.26 for Jersey
(30). For the same study the phenotypic increase in milk yield per lactation between the
years 1979 to 1992 was 111.4±5.9 and 91.3±6.8 kg for Holstein and Jersey, respectively.
The increase in PTA was 21.9±0.4 and 12.1±0.7 kg for Holstein and Jersey, respectively.
Thephenotypic and genetic trend for theHolstein breed isshown inFigure4.
These results indicate that the increase in productivity of dairy cows in Costa Rica has
been mainly due to the improvement of environmental conditions, i.e. housing, nutrition
and health management; and to a lesser extent, though not negligible, to genetic
improvement. According to this analysis, the genetic correlation among USA Holstein sire
evaluations and the local estimations were 0.62. This correlation provides some evidence
for the existence of Genotype x Environment interaction within specialized dairy cattle in
thehighlands of Costa Rica.
Similar studies for dual-purpose cattle in Costa Rica are not available at this moment and
they are difficult to obtain, given the high diversity of breed types and the low number of
cattle for each of these types. However, it seems reasonable to expect that the effect of
germplasm imports on productivity is lower on dual-purpose systems and lowland dairies,
where GxE interactions are expected tobe larger.
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TABLE2.
Phenotypic andgenetic trends formilkproduction indairy cattle ofCosta Rica.
Parameter

SotoandAragon

Sotoetal.

(22)'
Breeds

(23)'

Holstein

Vargas andSolano
(30)

Holstein

2

Godinezand
Soto (7)'

Holstein(H)

Holstein

Jersey(J)
84-91

68-90

79-92

75-95

Lactations

128

2479

15648

5286

Cows

103

1055

9797

2315

Sires

29

204

-

27

-

0.10

Years
Data

Herds
h2 (Repeatablity)

1953(689 AI)

340

199

67

0.36 H(r=0.45)
0.26J (i=0.49)

Phenotypic gain

-

93.3

(kg/cow/yr)
Genetic gain
(PTA/cow/yr)
1

111.3(H)

59.2

91. 3 (J)
-

1.1(*)

21.9(**)(H)

1.43(*)

12.1(**)(J)

Godinez and Soto (7), Soto and Aragon (22), Soto et al. (23) used an Animal
Repeatability Model with total unadjusted milk yield per lactation as dependent variable;
herd, year, sire, lactation number and sire origin (USAvs. CR) as fixed effects; cowage
and lactation length ascovariates, andanimal andpermanent environmental random effects.
2
Vargas and Solano (30) used an Animal Repeatability Model with adjusted 305-d milk
yield as dependent variable, herd-year fixed effect and herd-sire, animal and permanet
environmental random effects. Age/season adjustment factors were taken from Vargas and
Solano(29).
*p>0.05;**p>0.01.
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FIGURE 4. Phenotypic(a)andgenetic(b)trendsfor milkyieldofHolstein cowsofCostaRica(30).
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In 1988 the Ministry of Agriculture started a local Dairy Herd Improvement Association
(DHIA), in collaboration with some international organisations and the Dairy Breeders
Association (1). The objective of the project was to implement an Open Nucleus Breeding
Scheme (ONBS) in order to achieve a faster dissemination of superior germplasm. The
programme was stopped after some years when international support ceased.
1.6 PERSPECTIVES
The future of milk production in Costa Rica has to be analyzed taking into consideration
the effect of global trends in agricultural trade. In developing countries, major determinants
for the scope of dairy production are dairy pricing policies, efficiency of marketing
systems, processing options, access to input and services, and the land tenure system (18).
As amember of WTO, Costa Rica has agreed to gradually reduce the tariff barrier imposed
for imported dairy products from 96% in 1999 to 65% in 2001 (15). This measure could
certainly have a major impact on the local production, especially if there is a chance for
importation of milk products at a lower price (17). Currently, the price per kg of milk paid
to farmers is US$0.27 and the price paid by the consumers is US$0.40. These prices have
been stable during the lastyears andare considerably lower thanprices inother countries in
Central America. However, prices of milk in Central America are considerably higher than
other countries in Latin America and the three major producers in the world, i.e. EU, New
Zealand, and USA. This is mainly the result of distorted policies in international trade of
dairy products. An earlier study utilised modelling techniques to analyze the possible
impact that a reduction in tariff barriers to a 20% could have on local production (9).
According to this analysis, local prices of milk would have to be reduced by 10% and
substantial changes at the farm level would have to be made to be competitive with milk
imports. The efficacy of WTO as an international regulator of dumping policies will play
an important role to determine the effect of the reduction in the tariff barriers on milk
production inCosta Rica. Besides, given the important social role and thehigh organisation
level of the dairy sector in Costa Rica, it seems unlikely that tariff barriers will be
completely eliminated.
On the other hand, ifthe country consolidates its condition as exporter within the region,
this may have an important positive effect on local production. This exportation, however,
must be oriented to products with high added value, other than fluid or dried milk, for
which the possibility to compete with high volume international exporters is low. Some
initial steps have been made, with the creation of new infrastructure for milk processing
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and the establishment of international trade agreements with some countries in Central
America andthe Caribbean.
Ifthe international situation evolves positively, aspreviously discussed, there couldbe an
option for a further increase in milk production in Costa Rica. The question remains,
however, on the type of production systems that should be encouraged, and accordingly,
the type of cows that shouldbebred. Onthis respect, there are some other considerations to
be made, including aspects related to social welfare and sustainable development.
Specialized dairy production systems are usually addressed as the less sustainable
alternative, because of the relatively high use of external inputs and increased pollution
(25). On the other hand, this type of production systems contributes largely to the current
state of self-sufficiency. The increase inhuman population in developing countries, and the
reduction inthe amount of land dedicated to agriculture, demand for increased productivity
inanimalproduction systems (5).The specialized dairyproduction systems can achieve the
productivity levels required to satisfy the requirements of local and future international
markets (20).However, the economic and environmental costs involved may be high. This
apparent conflict stillneeds tobe resolved.
Dual-purpose systems and lowland dairies also play a key role in the economy. These
systems are usually seen as more sustainable alternatives for milk production, due to the
relatively low production costs, the increased use of local resources and higher utility
margin per kg of milk. It is the opinion of some experts that production systems providing
cheap food should be given priority (25). In addition, there are some studies indicating that
this system canbe economically asefficient as specialized dairies (11). Itis also evident the
social importance of this sector, which currently embraces more than two thirds of the total
number of dairy producers and provides cheap milk for a very important sector of the
population in marginal areas (27). This sector has made possible the relatively high milk
consumption per capita, among the top three in Latin America and similar to indexes in
some developed countries.
Given the previous considerations, it is clear that all production systems play an
important role in the country. It is also clear however, that producers need to achieve
higher biological and economical efficiency within the constraints set by the local
production circumstances.
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ABSTRACT
Estimates of variance components for test day records in an animal model that considered multiple traits over multiple lactations were calculated using REML methodology.
Test day records were classified into 11 periods within first and later lactations. Missing
ancestors in the relationship matrix were classified in genetic groups. Data were collected
from Costa Rican dairy farms. Estimates of components for total and additive genetic variance were clearly heterogeneous during the lactation. Heritabilities for traits in later parities
were slightly higher than those for traits in first parity. Heritabilities were highest for records of midlactation. Phenotypic and genetic correlations for adjacent test days were close
to one. Phenotypic correlations were lower than genetic correlations. Heterogeneity of
variances during the lactation suggests the adequacy of the multiple-trait test day model to
describe milk yield during the lactation. When missing ancestors were allocated to a single
base population, instead of genetic groups, the estimates of residual variance were lower,
and the estimates of genetic variance and genetic correlations were higher. When standardized records were used instead of actual test day records, the estimates of residual and
total variance were lower, and the estimates of genetic variance were higher. Consequently,
estimates of heritability and genetic correlations were also higher. Use of standardized data
obtained by interpolation procedures is not advised for estimation of genetic variance
components inatest day model.
(Key words: testday yields, genetic parameters, genetic groups).
Abbreviation key: TDM= testdaymodel.
2.1 INTRODUCTION
The use of test day models (TDM) for the analysis of traits related to milk yield has received considerable attention during recent years (8, 10, 12, 17,20, 21,26).Test day modelshave been defined as a statistical procedure that considers all genetic and environmental
effects directly on atest day basis (12). Thismethodology has several advantages compared
with the traditional 305-d model. The TDM maximizes the amount of information to be
gathered for each animal and avoids the use of factors to extend part lactation records (26).
Another important advantage is that TDM account for factors that are specific to each test
day, such as management groups within a herd on a test day (5, 15). In addition, the problem of differences in the amount of information contributing to the 305-d prediction is
overcome (15).

Testdaymodel
Various statisticalmodelshavebeenproposed for theanalysis oftest dayrecords, and the
most widely used model hasbeen the repeatability model (12). Under this model, consecutive test day samples from the same lactation areconsidered asrepeated observations on the
same trait with apermanent environmental effect accounting for environmental similarities
between different test days within the same lactation. A random regression test day model
(RRM) has also been proposed (17). In this model, two sets of regressions of milk production on DIM are performed, one fixed for cows in the same subclass and one random, accounting for deviations of the cows with respect to the fixed parameters in the group. A
version of this model for multiple lactations has also been applied for the analysis of somatic cell score in Germany (14, 15). Recently, a model for multiple traits and multiple
lactations has been suggested that integrates linear functions of test day observations into a
canonical index(8,26),and analternativemodelusedcovariance functions (7).
Some problems of the TDM have not yet been elucidated clearly. A major disadvantage
for the repeatability model isthe heterogeneity of the residual variance during the lactation
(12). The model for multiple traits has been proposed as a solution to this problem. However, the increase in the amount of information, which can be nearly 10 times higher than
withthe traditional schemes,represents abig computational burden (8, 12,26).
Estimates of genetic parameters for testday records havebeen presented previously (6,8,
11, 10, 13,26).Estimates ofheritability were sometimes similar to those reported for 305-d
milk yield, especially for midlactation records, with lower estimates for records at the beginning and at the end of the lactation (6, 8, 26). In general, high phenotypic and genetic
correlations have been reported, being close to 1 for consecutive records (6, 8, 11,26).
However, analysis frequently has been restricted to complete lactations with a minimum
number of test days regularly distributed during the lactation (8, 10, 13). In some cases,
standardized data have been calculated by the use of a test interval method (TIM) which
allows the estimation of testyields atfixedtimes within the lactation (18). The effect of the
use of selected and standardized data on the estimates of variance is not very clear. No
estimates of heritability have been presented using an approach with multiple traits for
actual instead of standardized data, without any previous selection on a minimum number
ofrecords per lactation.
Most of the research on test day models has been carried out in countries with wellestablished breeding programs, official milk recording schemes, and accurate pedigree
information. In Costa Rica, the total number of dairy cattle is relatively small. A local
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breeding program has not yet been established successfully, and genetic improvement has
relied mainly on the importation of semen. Use of local unproven bulls is still frequent.
Official milk recording schemes are only implemented in a small proportion of the population, pedigree information is not always available, and breed variation at the farm level is
high. However, a considerable increase in milk yield of 111.4 kg/yr per lactation has been
reported for Holstein cattle from 1979 to 1992 (24). This increase has been achieved
mainly by the improvement ofnutritional and management conditions. The genetic component seems to have played a less important role (19, 24). Test day models have been suggested as the method of choice for the analysis of milk production traits in order to maximize theuse of allthe available information (12).This result becomes even more important
in countries with few cattle without well-established milk recording schemes. In addition,
the use of a genetic grouping strategy provides apowerful tool to deal with cases in which
accuratepedigree information isnot available (25).
The objective of this analysis is to determine genetic and environmental factors affecting
daily milk yield in Costa Rican dairy cattle using an animal model for multiple traits and
multiple lactations. Given the characteristics of the data file, the effects of using a genetic
grouping strategy and actual instead of standardized data on the final estimates of variance
components andgenetic parameters are also investigated.
2.2 MATERIALS AND METHODS
2.2.1 Data Source
Analysis were performed on data provided by Universidad Nacional de Costa Rica
(UNA). These data were collected from 1980 to 1996 on dairy farms from five regions in
Costa Rica. These farms participate in aproject that focuses on the collection and analysis
of information about health, and productive and reproductive components (2). Test day
milk yields were entered in the software package VAMPP (9) by staff of UNA or directly
by farmers. Cows included in the analysis were of the following breed types: Holstein,
Jersey, Guernsey, Brown Swiss, and combinations of Bos taurusx Bos indicus and Bos
taurus xBos taurusbreeds.
2.2.2 Statistical Model
The following animal model for multiple traits and multiple lactations was used to analyze first parity testdayrecords.
[yi-yiiliiu

=

u+HYSi+ b1(agej) +b 2 (age j 2 )+b 3 (day k ) +A,+ Eijk,

[1]

Testdaymodel
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where:
[Yi~~yu]ijki

=

test

day records for 11 milk production traits analyzed by defining 11

periods within the lactation where trait y, comprised samples obtained
between d 4 and 16 in the lactation, trait y2 comprised samples obtained between d 15 and 31 in the lactation, and traits y3 to y n , represent samples obtained insubsequent periods of 30.4 d;
H

= population mean;

HYSj

= fixed effect ofherd-year-season iinwhichthe sample was taken;

bbb2

= linear and quadratic effects of age atcalving (agej)ontest day yield;

b3

= linear effect ofday ofsampling k (dayk)withinperiod;

A,

= random animal effect for which relationship matrix wasused; and

Eijki

= random residual.

Two seasons were defined according to the ecological region where the farms were located (4).The length of the seasons ranged from 4 to 8mo accounting for climatic characteristics ofthe region.
For later parities, records in different lactation for the same period within the lactation
were treated as repeated records for the same trait (i.e. y12 to y22). To account for repeated
samples on the same animal, a random permanent environmental effect was added to
Model [1] for testday records inlaterparities.
2.2.3 Data Editing
Given the aforementioned definition of traits and effects, the following editing procedures were undertaken. All data from a cow were removed when the breed type could not
be classified in one of the pre-defined groups. Data from one lactation was removed when
theprevious gestation length >295 dor <240 dand when age at calving was <18 mo or >42
mo for the first parity group. Lactation data was also removed when age at calving in later
parities was <28 or >150mo and when the previous dry period was <15 d. A maximum of
10lactations per cow was considered.
A minimum of 5 lactations within each herd-year-season of calving class was required.
When this number was lower, an attempt was made tojoin adjacent seasons of consecutive
years. A maximum of three seasons, when necessary, were joined. If the final number of
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lactations in the newly formed herd-year-season class was still <5, then the respective lactationswere removed.
The number of samples per lactation was not restricted. Test day records within a lactation were eliminated when the day of sampling was <6 or >304 and when milk production
was <4 or >70 kg. When additional samples within a period within parity were available,
only the first sample wasused inthe analysis, andthe others were removed.
2.2.4 Analytical Procedures
Because of incomplete data and pedigree records, a genetic grouping procedure was
used. Missing ancestors were classified ingenetic groups according to selection path, breed
type, and estimated birth year (25). Animals included in the relationship matrix were cows
having own information (n=28,417) and sires (n=1161). Sires comprehended 656 Non-AI
sires, 353 AI sires with at least 5 daughters in the data file and 152 sires of sires. Sires of
sires did not have always an identified sire themselves. Four generations of AI sires were
included in the relationship matrix, when available. Missing sires or sires with <5 daughters inthe data file were allocated to genetic groups.Dams of cows without own information on milk production and dams of sires, although available in some cases, were also
coded asgenetic groups.Following this strategy atotal of 208genetic groups were formed.
The variance-covariance matrix for the 22 traits was calculated by REML using a superlinearly converging quasi-Newton algorithm with exact analytical derivatives as implemented in the REML-VCE software (3).Because of the high number of equations and the
limited computing resources, the following steps were performed to estimate all the elements ofthevariance-covariance matrix:
Step 1.In order to get starting values for REML-VCE, phenotypic correlations were calculated using SASleast squares analysis (16).
Step 2. Subsequently, all traits were analyzed separately using univariate analysis and
Model [1].Inthis way, estimates for residual, genetic, andpermanent environmental variance components were obtained for eachtrait separately.
Step 3. Six groups of traits within parity group were formed (Table 1), five of them with
two traits and the sixth group with one trait. Thirty different REML-VCE runs were performed following a strategy combining two different groups of traits within parity level.
For every run, starting values for the estimates of residual and genetic variance components
were specified based on estimates of variance calculated from the phenotypic correlations
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and the estimates of variance components obtained from the univariate analysis. Five heritability estimates were obtained for every trait using this strategy. Similarly, five estimates
of genetic correlation were obtained for traits in the same group and one estimate for traits
in different groups. Standard errors of the estimates were obtained based on the approximated Hessian matrix produced by the quasi-Newton optimizer implemented in VCEREML.
Step 4. All estimates of heritability and correlations were pooled. When more than one
estimate of heritability or genetic correlation was available, as specified previously, the
respective mean isreported inthe final variance covariance matrix.

TABLE 1.
Groups of testdayrecords' of first andlaterparities comprised inthe analysis.
Firstparity

Later parities

Group

Traits

Group

Traits

1

y,andy 7

7

yi 2 andy 18

2

y 2 andy 8

8

y 13 andy, 9

3

y 3 andy,

9

y 14 andy 20

4

y4andy 10

10

yi 5 andy 21

5

y 5 and y„

11

y 16 andy 22

6

y6

12

y17

1

Traits y, and yl2 are test day records between d 4 and 16 of first and later parities, respectively. Traits y2 and y,3 are test day records between d 15 and 31 of first and later
parities, respectively. Traits y3 to y u and y14 to y22 are test day records between d 30 and
306 of first and later parities, divided into 30.4-dperiods.

Two additional analyses were carried out in asubdataset including only midlactation first
parity traits, y4toy7. One analysis wasperformed inorder to evaluate the effect of the use
of genetic groups on the estimates of variance components. Variance components for the
traits y4 to y7 were calculated for both cases. For first case, the genetic groups were coded
following the strategy previously explained, and for the second case,unidentified ancestors
were coded as missing, i.e., genetic grouping was ignored and consequently all missing
ancestorswerejoined inasinglebasepopulation, asfrequently performed.
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A second analysis of the same subset of data was done to evaluate effects of using
standardized test day records, instead of actual records, for the calculation of variance
components. Standardized records were calculated for the last day of the four different
periods using simple linear interpolation between the two closest records around the fixed
day. Following this strategy, a standardized test day record was calculated for all four periods. In order to be able to calculate standardized yields using linear interpolations, animals
were required to have at least one test day record in or before period 4 and one in or after
period 7. Variance components for standardized test day records were estimated using
Model [1] excluding the covariate. A total of 9648 lactations were used, 76% of them had
records for all four traits analyzed, and the other 24% lacked at least one record in one of
the periods. To enable a good comparison, variance components for actual data test day
record inthis subset were estimated using Model[1].
2.3 RESULTS AND DISCUSSION
2.3.1 Data Description
The number of complete lactations (at least 305 d),represented 52.6% of the total number of lactations in the original data file, before editing. The number of samples was reduced considerably in the editing procedure (Table 2). The mean number of samples per
lactation before editing was 14.2 ± 11.7(SD),ranging between 1and 90.After editing, this
mean decreased to 7.31, which was similar to values recently reported for other countries
(20, 26). The main causes for this reduction were additional samples in the same period,
comprising 35.5%ofthetest dayrecords, and samples taken before d 5or after d305 inthe
lactation, which comprised 10.1%of the samples. A total of 24.6% of the samples pertained to first lactation cows. The mean milk production per lactation, calculated from
40,318 finished and unfinished lactations with more than 250 d was 4427 ± 1685. This
number is substantially lower than the data reported for Holstein cattle in the US and Germany (20,22).
The initial number of breed types was high (Table 2).However, the number of samples
per breed type was very low in some cases. For the analysis, breed types werejoined in
six different groups: Holstein (56.61%), Jersey (19.95%), Brown Swiss (9.20%), Bos taunts xBos indicus crosses (8.06%),Bos taurus xBos taunts crosses (3.83%),and Guernsey
(0.99%>).Most common breed crosses involved Holstein or Jersey and Bos indicus breeds,
such as Brahman.
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TABLE 2.
Structure ofthedata file before and after editing.
Data file
Parameter

Final

Original

Farms included

230

222

Breed types

107

6

Cows

29,702

28,417

Lactations

62,405

57,891

886,253

423,366

Individual samples

Only a small fraction of cows had both parents identified (Table 3), which is common in
countries withrelatively newbreed registration andmilk recording organizations. This fact
is demonstrated by the highproportion of non-AI sires, which was approximately 56.5%of
the total number of sires. However, a total of 54.2% of the cows with known sires were
daughters ofAIsires.

TABLE3.
Number of individuals (cows and sires) inthe relationship matrix according totheexistence ornonexistence of identified parents
Identified parents
Class

Both

Only dam

Only sire
n

n

%

n

%

Cows

3398

11.5

922

3.1

Sires

0

0.0

0

0.0

Total

3398

11.5

922

3.1

None

Total

n

%

n

%

11,924

40.3

28,417

96.1

1.4

736

2.5

1161

3.9

12,598 42.6

12,660

42.8

%

12,173 41.2
425

29,578 100.0

The weighted means for daily milk yield (Table 4) were 14.0 and 16.9 kg for first and
later parities, respectively. Standard deviations for daily milk yield are higher than figures
given in previous research (6, 20), partly because of the high number of breed types included andthe wider range inmanagement practices.

34

Chapter2

TABLE 4.
Total number ofrecords (n),arithmetic mean and standard deviation of test dayrecords '
offirstand later parities.
Later jarities

First parity
Variable

n

X

SD

yi

6410

14.8

4.8

y2

8236

16.1

5.4

y3

11,561

16.0

5.8

y4

11,441

15.4

5.8

y5

10,917

14.6

5.7

y6

10,661

13.9

5.5

y7

10,123

13.3

5.3

y8

9714

12.8

5.1

y9

9088

12.3

4.9

yio

8083

11.7

4.8

yn
Total

6174

11.2

4.6

102,408

(14.0)

X

SD

20,225

19.3

6.8

26,104

20.7

7.5

36,686

20.5

7.7

36,067

19.4

7.5

34,372

18.1

7.1

33,420

16.9

6.7

31,849

15.7

6.3

30,475

14.6

5.9

28,737

13.4

5.5

24,929

12.2

5.1

18,094

11.4

4.8

Variable
yn
yn
yn
yis

y]6
y]7
yis

yw
y20
y2i

y22

n

320,958

(16.9)

1

Traits y, and y,2 are test day records between d 4 and 16 of first and later parities, respectively. Traits y2 and y13 are test day records between d 15 and 31 of first and later
parities, respectively. Traits y3 to y,, and y14 to y22 are test day records between d 30 and
306 of first andlaterparities, divided into 30.4-d periods
2.3.2 Variance-Covariance Matrix and Genetic Parameters
Estimates ofheritability ranged from 0.15 to 0.23 and from 0.13 to 0.24 for first and later
parity traits,respectively (Table 5).The standard errors ofthese estimates ranged from 0.02
to 0.03 for test days in the first parity and were always lower than 0.01 for later parities.
Slightly higher heritabilities were found for midlactation test day records than for those at
thebeginning or end of lactation. In general,heritabilities for daily milk yield are low compared to estimates reported in literature. Higher estimates ofheritability for test day records
in first lactation cows using a sire model have been reported (8, 11, 13). Heritability in
these studiesrangedbetween 0.17to0.27 (8),0.27 to0.39 (11),and 0.10 to0.37 (13).
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TABLE 5.
Heritabilities (diagonal) and genetic (below diagonal) andphenotypic (above diagonal)
correlations of test dayrecords infirst and laterparities.
First parity
y.

y,

y?

y4

y^

y*

y7

yR

y<,

Y,„

y,,

Yi

0.23

0.82

0.78

0.73

0.70

0.68

0.66

0.65

0.62

0.60

0.58

y2

0.81

0.15

0.89

0.85

0.82

0.79

0.77

0.75

0.73

0.70

0.65

y3

0.85

0.96

0.20

0.89

0.87

0.83

0.82

0.80

0.78

0.74

0.70

y4

0.75

0.77

0.88

0.21

0.90

0.87

0.85

0.83

0.81

0.77

0.72

y5

0.71

0.72

0.83

0.92

0.17

0.90

0.87

0.85

0.82

0.78

0.74

y6

0.60

0.54

0.82

0.89

0.90

0.15

0.90

0.87

0.85

0.81

0.76

y7

0.63

0.54

0.79

0.87

0.97

0.99

0.20

0.90

0.88

0.83

0.78

y8

0.72

0.75

0.89

0.86

0.94

0.96

0.96

0.23

0.90

0.85

0.80

y9

0.49

0.76

0.78

0.85

0.98

0.96

0.97

0.97

0.19

0.89

0.84

y.o

0.65

0.75

0.74

0.88

0.84

0.94

0.84

0.90

0.96

0.23

0.87

y.i

0.62

0.77

0.77

0.71

0.78

0.87

0.77

0.60

0.81

0.97

0.16

Later parities
y„

Yn

Yu

yu

yw

y, 7

YlR

y,Q

y,n

y»i

y„

Yl2

0.13

0.85

0.83

0.79

0.77

0.75

0.72

0.70

0.66

0.62

0.56

y ]3

0.93

0.16

0.90

0.87

0.84

0.81

0.79

0.77

0.72

0.66

0.60

yu

0.96

1.00

0.21

0.90

0.87

0.85

0.82

0.80

0.75

0.70

0.63

yu

0.89

0.95

0.99

0.20

0.91

0.88

0.85

0.82

0.78

0.72

0.65

y ]6

0.85

0.93

0.96

1.00

0.22

0.91

0.88

0.84

0.80

0.74

0.66

yn

0.79

0.88

0.93

0.98

1.00

0.22

0.90

0.87

0.82

0.76

0.69

yis

0.75

0.82

0.90

0.94

0.98

0.99

0.24

0.90

0.85

0.79

0.71

yw

0.71

0.81

0.86

0.93

0.95

0.97

1.00

0.24

0.88

0.82

0.73

y20

0.68

0.78

0.82

0.87

0.90

0.94

0.97

0.99

0.23

0.87

0.78

y2.

0.61

0.69

0.76

0.82

0.84

0.87

0.94

0.97

0.99

0.20

0.84

y22

0.55

0.62

0.67

0.75

0.79

0.80

0.89

0.91

0.94

0.98

0.18

' Traits y, andy12 are test day records between d4 and 16of first and later parities, respectively. Traits y2 and y13 are test day records between d 15and 31 of first and later parities,
respectively. Traits y3to y u and y14toy22are test day records between d 30 and 306 of first
and laterparities, divided into 30.4 dperiods.

36

Chapter2

Heritability estimates for test day records using a sire model with multiple traits and a
canonical transformation of the data have been reported (8). The estimates of heritability
reported with this procedure ranged from 0.24 to 0.35, which were considerably higher
than those found in the present analysis. A characteristic shared by these studies was that
lactations were required to have a minimum number of samples, and partial lactation records were sometimes removed. These two restrictions implied the elimination of a large
quantity of data.
Estimates ofphenotypic correlations inthepresent analysis ranged from 0.58 to 0.90 and
from 0.56 to 0.91 for test day records in first and later parities, respectively (Table 5). The
estimates of genetic correlations ranged from 0.49 to 1.0 and 0.55 to 1.0, for test days in
first and later parities, respectively. Standard errors for genetic correlations were between
0.02 and 0.07 for test days in first parity and always lower than 0.01 in later parities. The
estimates of the correlations among dailymilk yield from different periods were conversely
related to the relative distance within the lactation (i.e., a decrease when the interval increased). However, this trend was not always consistent, especially for first parity traits
(Table 5). Genetic correlations presented in the literature are in the range of 0.39 to 0.95
(8), 0.73 to 0.99 (11), and 0.43 to 0.95 (15). Differences in the range of the correlations
between theresults reported inliterature and those found inthepresent analysis may be due
to differences in the model used, the quantity of data available, and differences in definition of test day records.
A previous result has been reported using a similar methodology (26). Estimates of heritability were between 0.14 and 0.23 for first parity traits. Phenotypic and genetic correlations among test day records ranged from 0.20 to 0.63 and 0.50 to 1.0, respectively. These
results are generally in agreement with our analysis; however, the differences between
phenotypic and genetic correlations in the mentioned study (26) were much higher and the
trend in genetic correlations was more consistent. In our analysis, mainly for first parity
traits, the trend in the correlation was not always consistent. As an example, the genetic
correlation among y, and y9was lower than therespective value among y, and y,0. Apossible reason for this result is the use of unstandardized data without restrictions on the number of samples per lactation. In addition, the size of our data file was relatively small, and,
consequently, the estimates of standard errors for genetic correlations of first parity traits in
our analysis were sometimes close to 0.07. As to be expected from the larger number of
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records, the results obtained in our analysis in later parities were more consistent with estimates in literature.
Variances during the lactation were clearly heterogeneous. For test day yields in first
parity (Figure 1), the estimate of total variance for y, and y n were 11.5 kg2 and 8.9 kg2,
respectively. Estimates of residual variance for the same traits were 8.8 kg2 and 7.8 kg2,
respectively. Fortestdayyields inlaterparities (Figure 2),theestimate of total variance for
y12was 19.3kg2,which then increased to around 20.5 kg2for y13and y,4, and decreased toa
value of 13.3 kg2 for y22. The residual variance decreased progressively from 14.8 kg2 for
y12 to 8.0 kg2 for y22. Estimates of residual variance have been reported in the range of 3.5
to 9.5 kg2(5) and 5.16 to 8.31 kg2(8). The higher values found inthe present analysis were
partly due to the lower estimates of heritability and to the use of samples from later lactations.
The estimates of repeatability, defined as the ratio of genetic plus permanent environmental variance, divided by the total phenotypic variance, increased from 0.23 for y12 to
0.42 for y20and then decreased to0.35 for y22. Estimates of repeatability of 0.52, 0.71,and
0.66 for the first, second, and third trimester of lactation have been previously given (6).
However, in that report the permanent environmental effect was defined for repeated observations within the same trimester inthe lactation. This repeatability should be compared
with the phenotypic correlation between test day yields (Table 5) and not the repeatability
across lactations inthepresent analysis.
2.3.3 Genetic Grouping VersusaSingle Base Population
Few animals in the data file had both parents identified (Table 3). In addition, the data
span a relatively long period, and pedigree could not be traced for all animals. A large
proportion of the sires was imported. Assigning missing ancestors to a single base population instead of to genetic groups resulted in a decrease in the residual variance and an
increase inthegenetic variance (Table 6).This trend was the same for all four traits studied
(y4toy7). As aconsequence, heritabilities were alsohigher (Table 7).
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FIGURE 1. Estimates of genetic and residual variance for test day records of first parity
Trait y, comprised test day records between d 4 and 16,trait y2 comprised test day records
between d 15and 31, and traitsy3toy n comprised test day records between d 30 and 306,
divided into30.4-d periods.
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FIGURE 2. Estimates of genetic, permanent environmental, and residual variance for
test day records of laterparities.Trait y,, comprised test day records between d4and 16,
trait y12 comprised test day records between d 15 and 31 and traits y13 to y22 are test day
records between d30and 306,divided into 30.4-d periods.
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TABLE 6.
Variance-covariance components estimates for residual andgenetic effect intraitsy4,y5,y6
and y7' obtainedbyusing actual data with genetic groups vs. actual data with abase population vs. Standardized data with genetic groups.
Actual data-genetic

Actual data-base

groups2
y<

y5

y6

Standardized data-

population
y7

y4

y5

y6

y7

genetic groups
y4

y$

y6

y7

Residual

8.02 8.04 7.74 7.44

7.78 7.54 7.42 6.62 6.52 6.40 6.23 6.09

Genetic

1.96 1.18 1.20 1.41

2.48 1.90 1.68 2.43 2.11 1.94 1.87 1.84

Total

9.98 9.22 8.94 8.85 10.26 9.44 9.10 9.05 8.63 8.34 8.18 7.93

1

Traits y4, y5, y6 and y7 comprised test days records taken in the periods between d 30 to
61, 60to 91, 90to 121and 120to 151inthe lactation, respectively.
2
Genetic groups (n = 208) were defined according to estimated birth year, selection path,
andbreed type.

The effect of the use of a conditional model accounting for selected base animals has
been previously addressed (23). Genetic grouping to account for effects of selection is
more likely to have a major effect on the estimates of variance components when the number of animals lacking pedigree information is high (25), as is the case in our analysis.
When genetic groups are assigned, missing ancestors are allocated to different groups. This
grouping resulted in a decrease in the additive variance, which is a reflection of genetic
differences betweenbreeds andgenetic trend withinbreeds.
2.3.4 Standardized VersusActual data
Some discrepancies have been found among studies in heritability estimates for test day
records. These differences may be due to the use of actual data in some studies instead of
standardized records. Standardized records are obtained by the test interval method (TIM)
which uses interpolation or extrapolation on observed test day records to obtain yields at
fixedpoints intime.
The consequences of using standardized test day records for the calculation of variance
components in a test day model have been quantified (Table 6). Standardization of milk
yield to fixed days in lactation resulted in a decrease in the residual variance and an increase in the genetic variance, compared with the results that were obtained when actual
data were used. Standardization also reduced the total variance, and, consequently, the
estimates of heritability increased (Table 7). Standardization of test day records can be
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compared with averaging actual records flanking the time for which the yield is to be calculated. Residual correlations between subsequent yields are substantially lower than 1.
Consequently, error variance on average is lower than that on a single observation. The
effect on the genetic variance is small when the genetic correlation is high, as is the case
here (Table 5). The results inTable 6and 7are inagreement with these expectations.
The reasons are less obvious for the increase in additive genetic variance because of
standardization. The high correlations between yields might have played a role. The correlations for the standardized data were clearly higher than those for actual data. In calculating the standardized yields in subsequent months, one actual record contributes to two
standardized records, i.e.thepreceding and the following, which introduces an extra source
of covariance. When the interval between actual test records increases, the size of the additional covariance increases.

TABLE 7.
Heritabilities and genetic correlations for traitsy4,y5,y6andy7' obtained by using actual
data withgenetic groups vs. actual data with abase population vs. Standardized data with
genetic groups.

y*
y4

0.20

Actual data-

Actual data-

Standardized data-

genetic groups2

base population

genetic groups

y5
0.89

y6

y7

0.81

0.78

yt

y5

y6

0.2<:\ 0.95 0.93

y7

y*

y5

y6

y7

0.88

0.24

0.99

0.88

0.87

SE (0.01) (0.01) (0.02) (0.01) (0.01) (0.01) (0.01) (0.02) (0.01) (0.00) (0.01) (0.01)
y5
SE
y6

0.13

0.91

0.89

(0.01) (0.01) (0.01)
0.13

0.94

0.20

0.94

0.95

(0.01) (0.01) (0.01)
0.18

0.98

0.23

0.94

0.90

(0.01) (0.01) (0.01)
0.23

0.94

SE

(0.01) (0.01)

(0.01) (0.01)

(0.00) (0.00)

y?

0.16

0.27

0.23

SE

(0.01)

(0.01)

(0.00)

'Traits y4, y5,y6 and y7 comprised test days records taken in the periods between days 30
to 61, 60to91,90to 121and 120to 151inthe lactation, respectively.
2
Genetic groups (n = 208) were defined according to estimated birth year, selection path,
andbreed type.
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2.3.5 Computational Aspects
Available computer resources were not sufficient to solve the model when all traits were
included simultaneously, as previously stated, and, for this reason, grouping of traits was
performed. A model with multiple traits including four first parity test days and using the
Model [1] required in average 19.6 h of CPU time on a HP-9000/735 workstation. This
time comprised 2.78 h (14.2%) setting the mixed model equations, 0.23 h (1.2%) inverting
the equations, and 16.6 h (84.6%) iterating and finding the final solutions. The model allowed for missing observations, which complicated the application of canonical transformations that could have been used to reduce the computing time. A technique has been
suggested to circumvent thisproblem (1)based onthe substitution of the missing values by
their expectations. However, although such atechnique would have reduced the computing
time, itisnot expected toaffect theresults.
2.4 CONCLUSIONS
One ofthe frequently mentioned advantages ofthetest day model is its ability to account
for the heterogeneity of genetic and environmental variances during the lactation (8,21,
22). In our analysis, heterogeneity of variance is clearly demonstrated (Figures 1 and 2).
Previous research (27) has shown that the highest response to selection could be obtained
by using only milk yield during the second trimester of the lactation because the consequences of lower genetic correlations are compensated by a shorter generation interval and
higher heritability. However, those estimates of heritability were obtained using standardized milk yield records. Results shown in Tables 6 and 7 indicate that the use of standardizedmilk yield may inflate the actualvalue ofthesegenetic parameters.
There is still a further question to be answered about the adequacy of a model for multiple traits (8, 26) or a repeatability model (12, 17).The increased computational burden for
estimating breeding values using a model for multiple traits may be reason to use a repeatability model instead. However, the heterogeneity of variances during the lactation and
the patterns in genetic and phenotypic correlations suggest that multiple-trait approach is
more accurate than therepeatability model.Arelatively new methodology basedon the use
of covariance functions (7)hasbeen suggested that could increase the flexibility of a model
for multiple traits and could allow the inclusion of all observations. Rather than applying
models with many traits, the variance covariance structure of repeatedly measured traits
over time ismodeled using acovariate function.
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Conditions in Costa Rica are ideal for the application of the test day model. Genetic and
phenotypic parameters obtained in this paper can be used to develop management tools to
be implemented in on-farm management programs and in the design of abreeding scheme
for local dairy cattle.
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ABSTRACT
Data on the reproductive traits of dairy heifers were analyzed using event-time techniques. Traits analyzed were age at first calving (n =4631), days to first breeding and days
open (n = 1992) during the first lactation. A proportional hazard model was used that included fixed effects of herd-year, year-season, breed type, herd weight and heifer weight.
Body weights were recorded at 390 d of age, on average. The model for days open and
days to first breeding included two additional fixed effects of herd and heifer milk yield at
100 d. A significant effect of heifer weight category on age at first calving was found. The
chance of calving was consistently higher for herds and heifers with higher body weight at
390 d, and decreased linearly from the top tothe lowest quartiles.The effect of herd weight
category on days to first breeding and days open were significant. Heifers in herds with a
higher average body weight were less likely to be bred, and heifers in herds with lower
average body weight were less likely to get pregnant. Effect of heifer weight category on
days to first breeding or days open was not significant. The effect of herd milk yield on
days tofirstbreeding was significant. Heifers inherds with lower yield were more likely to
be bred. The effect of heifer milk yield category on days to first breeding and days open
was significant, but no linear trend was found for the estimates of the hazard ratios. The
chance of a heifer being bred and becoming pregnant was similar among the first three
quartiles and was lower for heifers in the lowest quartile. The probability of a heifer reaching a first calving canbe improved by increasing the body weight at 390 d. Body weight at
390 d did not appear to have a large effect on reproductive performance after first calving.
High milk yield appears not to have a large negative effect on days open, at least for the
milk yield levels analyzed inthis study.
(Keywords:event-time analysis, dairyheifers, age atfirst calving, days open).
3.1 INTRODUCTION
Reproductive performance has a large impact on the economy of dairy farms (3, 14, 18),
and factors that affect reproductive performance of dairy cattle have been extensively
documented (5, 11, 12, 13, 15). Several, mainly linear, regression techniques have been
applied to the analysis of reproductive traits. A disadvantage of these techniques is that
they arenotabletoaccount for heifers thatlack information on the trait under analysis [i.e.,
heifers thatdonothave acalving or conception date (1, 8, 11, 15)].
Several techniques allow a nonlinear analysis, such as logistic analysis, discriminant
analysis, and event-time regression, and are more suitable for the analysis of reproductive

Event timeanalysis
traits. Event-time regression, also known as survival analysis or failure data analysis, enables the use of data on the reproductive traits of cows that have only partial records for a
specific trait [i.e.,cows that did not calve orbecome pregnant by the time at which data for
the study were collected (1, 8, 11, 15)]. This methodology has been employed for the
analysis of data when the outcome variable corresponds to the measure of the time elapsed
from some starting point until the occurrence of an awaited event (11). The length of this
interval may not be known because, prior to the event time, competing events may intervene and preclude further observation, as occurs, for example, when cows are culled or
sold. Additionally, the results obtained from event-time analysis are given in the form of
time-specific probabilities, which can be included in bioeconomic models (15). Timedependent covariates can also be added to the analysis (10) to enable measurement of the
effect of agiven risk factor on aresponse variable aswell as the ability to model this effect
along thetime during which the individual isexposed tothe factor.
An analysis of the effect of body weight on age at first calving using event-time regression has not been documented. Previous results, using mainly linear regression techniques,
seem to agree that the onset of puberty and the chance to get pregnant are more related to
growth parameters (i.e.,body weight and size),than to chronological age (2, 9, 16, 17,21).
Conversely, the relationship between weight at first calving and subsequent reproductive
performance does not appear to be strong (17). However, little is known about the strength
ofthisrelationship attheherd level.
The use of an event-time approach to analyze days open for dairy cattle has received
considerable attention in recent years. Research has mainly focused on the effect of risk
factors such as disease incidence, time-dependent covariates, milk yield category on days
open, or days to first breeding (1, 11, 12, 13).Two studies (11, 12) indicate that 60-d milk
yield has a minimal effect on pregnancy rate, and only cows with a very high milk yield
category had a lower rate of conception than that of their herdmates. A third study (8) has
found that cows in the highest category for cumulative individual 60-d milk yield show an
increase of median days open and a29%higher number of services per conception than do
cows inthe lowest category. Differences inthe available results could be related to the way
in which herd management practices are accounted for in the analysis. Herds with higher
mean milk yields are associated withhigher chances ofconception (11, 12).
In this study, event-time regression is used to quantify the effect of breed type, herd
weight level, and individual weight on the age at first calving. In addition, an analysis is
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performed of daysto first breeding and days openpostpartum toquantify the effect of herd
aswell asindividual body weight andmilk yield.
3.2 MATERIALS AND METHODS
3.2.1 Data Source
The analysis was performed on data provided by Universidad Nacional de Costa Rica
(UNA). These data were collected from 1987 to 1994 on dairy farms in Costa Rica. Farms
participated in a project that focused on the collection and analysis of data about health,
milk yield, and reproduction performance (7) in order to provide advice to farmers and to
identify adequate management practices. Body weight records, reproductive events, daily
milk yield, and herd characteristics were entered in a modified version of the VAMPP
software package (19)bythe staff ofUNA ordirectly by farmers.
Records of body weight were collected at fixed dates every 2 mo by a research team using either an electronic scale or heart girth measurements. Consequently, age at sampling
was not uniform for all heifers. Data on milk yield and reproductive performance were
collected either by the farmer using farm-owned equipment or by the research team. The
frequency ofmilk sampling varied between daily tomonthly recording schemes. The integrity and accuracy of this information were assessed by internal controls available within the
software based on biological feasibility, population parameters, and previous history of the
individual heifer.
3.2.2 Trait Definition and Data Editing
For the analysis of age at first calving heifers were used that had a record for body
weight at 390 d of age. Heifers without records for body weight or heifers that were culled
before 390 dwerenot included inthe analysis.As a consequence, to fulfil the requirements
of event-time regression analysis, the starting point of the measurement period is considered tobe 390 dandnotthe date of birth.
Daysto first breeding postpartum was defined asthe period between first calving and the
first recorded service. Days open was defined as the period between first calving and the
day of subsequent pregnancy. Pregnancy was confirmed by a calving date. Body weight at
390 d of age and milk yield at 100d of lactation were obtained by linear interpolation procedures from the individual observations. Heifers wererequired to have at least two records
for body weight for theperiod from 9to 17mo of age.For the calculation milk yield at 100
d of lactation, heifers wererequired tohave at least 1test day record in the periods 5to 50,
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50 to 100, and 100 to 150 d after calving (i.e., a minimum of three records before 150 d
after calving).
Following the conventions of event-time analysis, all heifers that had a date of first calving, date of first service, or a date of pregnancy were considered to have a failure date;
therefore, this record was considered asuncensored. Heifers that did not have a failure date
were considered ashaving censored records, and the date of censoring had to be available.
As performed in earlier research (11), for thepresent analysis therecord was considered to
have been censored at the last date for which any herd record existed for that heifer. According to the information available in the data file, this date could have corresponded to a
date of sampling (i.e.,bodyweight ormilk yield),areproductive event or a culling date.
3.2.3 Model
A semiparametric Cox proportional hazards model (4) was fitted to the data using the
SurvivalKitpackage (6).Themodel isrepresented as follows:

Ht;x) = Mt)e (x ' 3)
where:
A,(t;x)

=

X0 (t)

= baseline hazard function describing the hazard of event for an hypo-

hazard of event for aheifer attimetwithcovariates x,

thetical situation when allcovariate values are setto zero, and
e(x'W

= Term specific to individuals with covariates x that is always positive
and actsmultiplicatively onthebaseline hazard function.

The model is a semiparametric model because it does not require specification of a distribution for the baseline hazard function. The effects of the covariates on the event times
are of aparametric form.
The set of covariates xwas defined as follows:
HY ;

= Fixed effect ofherd-year iinwhich the sample was taken (i= 1to222),

YS:

= Fixed effect ofyear-seasonj inwhich the sample was taken (j = 1 to 15),

BREED k

= Fixed effect ofbreed type k(k= 1 to3),

H_WE|

= Fixed effect ofherd weight category 1 (1 = 1 to 3),and

C_WE m

= Fixed effect ofheifer weight category m(m= 1 to4).

For the analysis of days to first breeding and days open, two additional effects were
added tothose already mentioned:

[1]
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H_MY n

=

fixed effect ofherdmilk yield category n ( n = 1 to 2);and

C_MY 0

=

fixed effect ofheifer milk yield category o(o = l t o 4 ) .

Heifers included in the analysis were of the following breed types: Holstein, Jersey,
Guernsey, Brown Swiss, and combinations of Bos taunts x Bos indicus and Bos taunts x
Bos taunts breeds. Because of the low number of records for some of thebreed types, only
three classes were formed (Holstein, Jersey and others). Approximately 80% of the heifers
included in the third breed class were Brown Swiss crosses. Two seasons were defined
according to rainfall profiles for the regions where the farms were located. The length of
the seasons ranged from 4 to 8 mo and accounted for climatic characteristics of the
region(26).
The use of categorized variables was performed in order to look atpossible nonlinear effects and to account for differences in variance within herds. Herd weight category (i.e.,
H_WE) was defined within every breed type by classifying the herds into three classes
according to the average body weight of heifers at 390 d. Herds in class 1(H_WE1) were
those located in the top quartile, herds in H W E 3 were those located in the lower quartile,
and herds in H W E 2 were those located in the second and third quartiles. This classification was intended to stratify the herds according to possible differences in genetic level for
body growth, ordifferences inmanagement during therearing period.
Heifer weight categories (i.e., C_WE) were defined by classifying the heifers within
herds and breeds in four classes according to body weight at 390 d of lactation. Heifers in
the highest category (CWE1) had a body weight that was at least one standard deviation
higher than the corresponding mean. Heifers in the lowest category (CWE4) were those
thathad abody weight thatwas more than one standard deviation below the corresponding
mean.Heifers in categories C W E 2 and C W E 3 were above orbelow thepopulation mean
but deviated less than one standard deviation from the mean, respectively. Body weight at
390 d was first adjusted for the factors breed, herd-year-season, and herd weight and for
significant interactions among factors. Adjustment factors were obtained from a least
squares analysis (22).
Herd milk yield category (i.e., H_MY) was defined within every breed type by classifying the herds in two classes according to the median 100-d milk yield. Herds in class
H M Y 1 werethose above themedian, andherds inclassH MY2 were those located below
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themedian. This classification was intendedto stratify theherds according todifferences in
genetic level for milk yield, ordifferences inmanagement during the lactation.
Heifer milk yield categories (i.e., C_MY) were based on milk yield adjusted for factors
ofbreed, herd-year-season, herd milk yield, and significant interactions. Adjustment factors
were obtained from least squares analysis (22). The categories were defined by classifying
the heifers in four categories according to the 100-d milk yield. Heifers in class C_MY1
were those that had a 100-d milk yield that was at least one standard deviation above the
population mean. Heifers in class C_MY4 were those that had a 100-dmilk yield that was
more than one standard deviation below the population mean. Heifers in classes C_MY2
and C M Y 3 were above orbelow thepopulation mean, but deviated less than one standard
deviation from the mean.
3.2.4 Construction ofthe Final Models
In order to assess the effect of heifer weight and heifer milk yield on the response variables, initial models were fitted tothe data, including allmain effects and relevant two-way
interactions. This model was refined by following abackward elimination procedure dropping progressively nonsignificant effects using the chi-square probability test. The final
model included the effects under analysis, all other significant main effects, and two-way
interactions.
In order to assess the effect of herd weight and herd milk yield on the response variables
a reduced model was also fitted to the data. This reduced model included all effects in the
full model, with the exception of herd-year, which due to the large number of classes,
would also explain the variance due to herd weight and herd milk yield. Thus, results for
test of significance and hazard ratios for herd weight and herd milk yield are given according tothisreduced model.
The Survival Kit (6) pursues the maximization of the -2 log likelihood through an iterative procedure ending at a given convergence criteria, which, in the present analysis, was
setto avalue of 1x 10"8.
Coefficient estimates of the survivor function and hazard ratios were obtained for all
classes within factors included in the final model. An additional analysis was performed
stratifying the data file according toheifer weight and heifer milk yield categories in order
to obtain Kaplan-Meier estimates of the survivor function for the different strata and to
compare thepattern ofthe survival curves among strata.
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3.3 RESULTS AND DISCUSSION
3.3.1 Age at First Calving
The mean age at first calving was 843.7 d(Table 1).A total of 23.5% of the heifers with
a recorded body weight did not have a subsequent calving date. The number of censored
records appears to be large;however, this situation could be due to the large variation and
highmean for age atfirstcalving. Inaddition, onlyheifers with aconfirmed date of calving
were considered as having a failure date. All other heifers were included within the censored population, which consisted mainly of heifers undergoing pregnancy or heifers still
waiting to be bred. A few others heifers left the herd due to disease or death, or were sold
for dairypurposes to other farms.

TABLE 1.
Descriptive statistics ofvariables under analysis.
Factor

Age at first calving

Days to first breeding

Days open

Total records,no.

4631

1992

1992

Right censored records,no.

1087

69

183

Minimum censoring time,d

391

19

19

Maximum censoring time,d

760

436

610

Average censoring time,d

456.1

155.0

183.5

Uncensored records,no.

3544

1923

1809

Minimum failure time,d

541

16

22

Maximum failure time,d

1751

220

338

843.7

76.5

109.8

Herds,no.

73

48

48

Heifers perherd,no.

63

42

42

8

7

7

Average failure time,d

Yearsunder analysis,no.

The range of variation in body weight at 390 d for classes of breeds, herd weight and
heifer weight were 60.2, 65.2 and 95.9 kg, respectively (Table 2). The range of variation
in milk yield at 100-d for classes of breeds, herd milk yield and heifer milk yield were
541.0, 517.8 and 985.9 kg, respectively (Table 2). These values indicate that not only
variation between herds is high, but also the variation among heifers within herds. This
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large variation is likely due to the great diversity in feeding regimes, climatic conditions,
and genetic composition that characterizes dairy farming inCosta Rica (24,25,26,27).

TABLE 2.
Themean and standard deviation ofbody weight and milk yield of individual heifers in
different categories'.
Factor

n

Class

X

SD

Body weight

Breed

Herd weight

Heifer weight

General

4631

252.6

51.8

Holstein

2526

271.5

50.3

Jersey

1269

211.3

34.3

2

Others

836

258.3

41.8

HWE1

1602

277.9

44.7

H_WE2

2241

248.6

49.9

HWE3

788

212.7

41.4

C_WE1

570

307.0

44.8

C_WE2

1838

261.8

46.1

C_WE3

1637

238.3

44.1

C_WE4

586

211.1

41.9

Milk yield
Breed

General

1992

1897.8

540.9

Holstein

1114

2127.8

542.6

592

1586.8

362.9

286

1646.0

387.0

H_MY1

1016

2151.5

521.6

H_MY2

976

1633.7

421.2

C_MY1

288

2482.0

493.3

C_MY2

727

1983.7

474.7

C_MY3

696

1728.6

435.3

C_MY4

281

1496.1

416.1

Jersey
2

Others
Herd milk yield

Heifer milk yield

1

Yieldswithin category were adjusted for variation dueto other factors.
Approximately 80%oftheheifers included inthis class were Brown Swiss

crosses.
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Factors that had a significant effect on the continuous variable age at first calving (Table
3) were herd-year, year-season, and heifer weight category. Breed type was not significant.
Effects of herd weight category, assessed by thereduced model, was significant. Two-way
interaction effects were not significant.

TABLE 3.
Chi-square values for factors included inthefinalmodel for the continuous traits age at first
calving, daysto first breeding, and days open.
Age at first calving
Factor
Herd year
Year season
Breed
Herd weight'

Daysto first breeding

df

x2

221

1187.0

0.01

167

308.8

14

57.04

0.01

12

2

3.88

0.14

2

454.4

0.01

P>0

Herd milkyield
Heifer weight

3

79.14

df

x2

0.01

167

278.5

0.01

8.19

0.77

12

4.25

0.98

2

19.13

0.01

2

14.20

0.01

3

13.66

0.01

3

16.77

0.01

1

9.96

0.01

1

0.49

0.48

3

2.45

0.48

3

3.65

0.30

3

22.17

0.01

3

9.54

0.02

df

1

0.01

Heifer milk yield

Days open

X2 P>0

'These two effects were assessed by fitting a reduced model. The reduced model was the
full modelwithout theherd year effect.

Estimates of hazard ratios for breed type, although not significant, indicated that Jersey
heifers were 1.18timesmore likely to calve than were Holstein heifers (Table 4).The third
breed category, mainly Brown Swiss crosses, was also 1.10 times more likely to calve than
were Holstein heifers. These differences in the hazard ratios might be due to the fact that
Holstein cows in the tropics are more likely to present fertility problems and therefore, a
higherproportion willnot achieve afirst calving (20).
According to the reduced model, effect ofherd weight on age to first calving was significant (Table 3), which illustrates that herd weight explains a significant proportion of the
variation between herds. The hazard ratios suggest that the probability of calving is higher
for heifers pertaining to herds in a higher herd weight category. For example, heifers pertaining to herds in class H W E 1 were 1.18 times more likely to calve than were heifers
from herds in class H W E 2 ; herds in class H_WE3 were only 0.91 times as likely to calve
asheifers inH_WE2 (Table 4).It is likely that heifers pertaining to herds in the top weight

P>0
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categories are reared more intensively, and more attention is dedicated to feeding, disease
control and breeding. Substantial differences in the feeding systems within the population
under analysis have been documented (24). It has been demonstrated that the effect of
environmental factors onsurvivalrate of European breeds raised inthe tropics is afactor of
major importance (20). Differences in genetic level and breeding policies for the herds
included inthis study have alsobeen documented (27).

TABLE 4.
Estimates ofhazard ratios for age atfirst calving for classeswithin factors.

P1

Factor

Class

Breed

Holstein

0.00

Jersey

0.16

Others

Heifer weight

Hazard ratio3

Uncensored failures

1.00

1976

0.08

1.18

952

0.10

0.16

1.10

616

H_WE1

0.17

0.17

1.18

1208

HWE2

0.00

1.00

1806

H_WE3

-0.09

0.17

0.91

530

C_WE1

0.22

0.06

1.25

399

C_WE2

0.00

1.00

1471

CWE3

-0.19

0.04

0.83

1324

C_WE4

-0.35

0.06

0.70

350

4

Herd weight

SED2

1

Regression parameter ofthe survivor function.
Standard error of difference between Pinthis class andthe largest class.
3
Hazard ratios within factor are given relative to the hazard for the largest class, which is
setto 1.0.
"Approximately 80%oftheheifers included inthis classwereBrown Swiss crosses.
2

The most important finding from this analysis was the significant difference in the
chance ofparturition for heifers with different heifer weight categories (Table 3).The trend
suggests that the probability of calving becomes higher for heifers with a higher body
weight at 390 d. For heifers in class C_WE1,the chance of calving was 1.25 times higher
than for heifers in class C W E 2 (Table 4); heifers in classes C_WE3 and C_WE4 were
only 0.83 and 0.70 times as likely to calve asheifers in C_WE2. Other studies (2,9, 16, 17,
21), using different techniques, have also shown that growth parameters are inversely related to age at puberty or age at first calving. Our study shows that the body weight of
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heifers also had an effect on the chance of the heifer to have a subsequent parturition. It is
likely thatonset ofpuberty couldbe delayed and fertility reduced inunderfed heifers.
Theplot of the survivor function (Figure 1)within heifer weight category shows how the
survival curves for heifers inthe third and fourth quartiles are higher than those for heifers
in first and second quartiles. For almost any age, the survival probability (i.e., the heifer
does not have a record of first calving), is higher for heifers with lower body weight. In
other words,the chance ofafailure (i.e.,the heifer reaches parturition), is lower for heifers
with lowerbodyweight. Thisresult is inagreement withthe hazardratios.
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FIGURE 1. Kaplan-Meier estimates of the survivor function for trait age at first calving
within heifer weight strata: C_WE1(«), C_WE2( • ) , C_WE3 (A), andC_WE4 ( • ) .

Event timeanalysis
The irregular shape of the curves (Figure 1)is due to the tendency of censoring times to
be grouped. As stated previously, censoring dates were defined on the basis of the last
recorded event for the heifer. Further analysis of the data set showed that for a large proportion of the heifers, this corresponded to the measurement ofthebody weight, which was
predicted by interpolation at 5-mo intervals,therefore, the stepwise pattern arises.
3.3.2 Daysto First Breeding and Days Open
The unadjusted mean for days to first breeding and for days open was 76.5 and 109.8 d,
respectively (Table 1). The number of records was low because heifers included in this
analysis were required to have information on 390-d body weight and 100-d milk yield.
The number of animals that did not have a first service was 45 for Holstein, 12 for Jersey
and 12 for other breeds. According to the full model, factors with a significant effect on
both continuous traits (Table 3)were herd-year, breed type, and heifer milk yield category.
The effect of heifer weight was not significant. The effect of herd weight, assessed by fitting the reduced model, was significant. The effect of herd milk yield, also assessed by
fitting the reduced model, was significant only for the variable days to first breeding. Twoway interaction effects were not significant.
Estimates of hazard ratios (Table 5) indicated that Jersey heifers and heifers in the third
breed class were 1.64 and 1.73 times, respectively, more likely to have a first service than
Holstein heifers. The ratios obtained for days open for the same breed types were 1.52 and
1.42, respectively. This result seems to indicate, as found with age at first calving, that
Holstein heifers have a lower chance of getting pregnant and also a lower chance to be
bred. The relatively low reproductive performance of European breeds in the tropics has
alsobeen documented inprevious research (20).
According tothe analysis ofdaystofirstbreeding (Table 5),heifers from herds classified
in H_WE1 had a lower chance of being bred. In contrast, results for days open indicate
that heifers in H W E 3 were only 0.68 times as likely to become pregnant as heifers in
H_WE2; thus, heifers from herds with higher body weight at 390 d have more chance of
getting pregnant. This contradictory result could be explained by differences in breeding
policies before and after first breeding. It seems necessary to confirm this result by characterizing breeding policies within herd categories, and thiswas notpossible with the data set
available.
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TABLE 5.
Estimates ofhazard ratios for classes within factors for thetraits daysto first breeding and
days open.
Daystofirst breeding
n1

P2

Holstein

1066

~o~oo

Jersey

581

0.49

Others5

276

Factor

Class

Breed

Herd weight

H_WE1
H_WE2

Heifer weight

Herd milk yield

Heifer milk yield

SED3

Days open
HR4

SED

HR

n

P

1.00

1007

0.00

0.11

1.64

562

0.42

0.11

1.52

0.55

0.21

1.73

240

0.35

0.22

1.42

575 -0.42

0.21

0.66

525

-0.03

0.21

0.98

1.00

1004

0.00

1052

0.00

1.00

1.00

H_WE3

296 -0.10

0.27

0.91

280

-0.39

0.27

0.68

C_WE1

990

0.07

0.08

1.07

943

0.10

0.08

1.11

C_WE2

933

0.00

1.00

866

0.00

C_WE3

243 -0.01

0.06

0.99

223

0.09

0.06

1.10

C_WE4

759 -0.08

0.08

0.93

715

0.11

0.08

1.12

H_MY1

665

0.00

1.00

631

0.00

HMY2

256

0.27

0.37

1.31

240

0.15

0.39

1.15

C_MY1

278 -0.13

0.08

0.88

259

-0.08

0.08

0.92

C_MY2

717

1.00

678

0.00

C_MY3

678 -0.09

0.06

0.92

638

-0.05

0.06

0.95

C_MY4

250 -0.37

0.08

0.69

234

-0.25

0.08

0.78

0.00

1.00

1.00

1.00

' Uncensored failure.
Regression parameter ofthe survivor function.
3
Standard error of difference between Pinthis class andthe largestclass.
4
Hazard ratios within factor are given relative to the hazard for the largest class, which is
setto 1.0.
'Approximately 80%of the heifers included inthis class were Brown Swiss crosses.
2

For heifer weight categories, the values of hazard ratios tended to be linear for days to
firstbreeding, but not significantly (Table 5). The ratios indicate that heifers with a higher
body weight at 390 d of age had a slightly higher chance of being bred after the first calving. For days open, the estimates did not follow the same linear trend and were not significant. These estimates seem to indicate that differences inbody weight at 390 d do not have
a large effect onreproductive performance after calving.

Event timeanalysis
Estimates of hazard ratios for herd milk yield indicate that heifers in the low category
were 1.31times more likely to be bred than were heifers from herds in the high category.
The respective value for days open decreased to 1.15 and was not significant (Table 3).
Another study (12) showed a maximum range of 5% for heifers and 13%for heifers pertaining to herds classified in four categories of milk yield and a higher chance of conception for herds with lower milk yield. This result was similar to the estimates found in the
present study and might indicate that herds with higher milk yield also have a higher incidence ofreproductive problems and, therefore, longer days open.
Significant differences among heifer 100-dmilk yield categories were detected (Table 3).
The estimated hazard ratios (Table 5) show a nonlinear effect of milk yield on days to first
breeding and days open. Heifers in the top three classes had a similar probability of being
bred or becoming pregnant; the chance was much lower for heifers with the lowest milk
yield (i.e., C_MY4). To confirm these results, the survivor function for days open was
plotted for heifers stratified by milk yield categories (Figure 2). This plot shows that the
survival curve for heifers in the fourth quartile (i.e., C M Y 4 ) is consistently higher than
survival curves for heifers in the third, second, and first quartiles, in the same order. It is
important that the main differences are for heifers with the lowest milk yield, as found with
the hazard ratios. The main differences appear only after 100 d from the calving date,
which might reflect thattheseheifers wereprobably no longer being inseminated.
An earlier study (8)has shown thatthe effect ofmilk yield on conception rate is minimal.
Another study (12) has found a lower conception rate for high yielding heifers, but not for
cows. Intheory, cows with ahigh milk yield are expected to havemore days open because
of the negative effect of milk yield on energy balance and reproductive performance. Our
analysis does not fully support this effect because heifers in the highest milk yield category
showed only a slightly lower chance tobe bred and tobecome pregnant, and the difference
among the survival curves for the three first categories are not clear. In contrast to some
results of previous research (12), the chance of calving was the lowest for heifers with the
lowest milk yield, which could be the result of an unidentified management practice, rather
than a result of genetic factors. The effects of management strategies on days open have
been previously documented (9, 23). Farmers likely do not show the same interest in
breeding low yielding heifers.
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FIGURE 2. Kaplan-Meier estimates of the survivor function for trait days open within
heifer milk yield strata: C_MY1 ( • ) , C_MY2( • ) , C_MY3 ( • ) , and C_MY4 (A).

3.4 CONCLUSIONS
Herd differences inbody weight appear tohave asignificant effect on age atfirst calving.
There isalsoasignificant effect ofbody weight of individual heifers at 390 don age at first
calving. An increment in body weight increases the probability that a heifer will reach a
first calving. Body weight at 390 d seems not tohave a large impact on days to first breeding or days open.
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Heifers from herds with higher average body weight at 390 d appeared to have a lower
probability of being bred after calving, but the contrary was demonstrated for days open.
Further analysis is needed to identify management practices before and after breeding that
could cause this effect. Body weight of heifers at 390 d appeared not to have an important
effect on reproductive performance after first calving. Heifer milk yield seemed to have a
nonlinear effect on days open. Heifers withhigher milk yield had a slightly lower chance of
being bred; however, management practices seem to be more important for the situation
analyzed here because the heifers with the lowest yield had the lowest chance ofbeing bred
and getting pregnant. Days open and days to first breeding in Costa Rica are closer to the
goals than in most U.S. dairies. Management practices and production level might explain
this phenomena. The differences in reproduction and performance levels are expected to
have asmall effect ontheresults ofthis study.
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ABSTRACT
Nine mathematical models were compared for their ability to predict daily milk yields
(n=294,986) in standard 305-d and extended lactations of dairy cows of Costa Rica.
Lactations were classified byparity (first and later),lactation length (9to 10, 11to 12, 13to
14, 15to 16,and 16to 17mo) and calving to conception interval (1 to 2, 3to 4, 5to 6, 7to
8, and 9to 10mo). Of the nine models, the diphasic model and lactation persistency model
resulted in the best goodness of fit as measured by adjusted coefficient of determination,
residual standard deviation, and Durbin-Watson coefficient. All other models showed less
accuracy and positively correlated residuals. In extended lactations, models were also fitted
using onlytest-day recordsbefore 305d, which resulted inadifferent ranking. The diphasic
model showed the best prediction of milk yield in standard and extended lactations. We
concluded that the diphasic model provided accurate estimates of milk yield for standard
and extended lactations. Interpretation of parameters deserves further attention because of
the large variation observed. As expected, calving to conception interval was found to have
a negative effect on milk yield for cows with a standard lactation length. In extended
lactations, thesenegative effects ofpregnancy onmilk yield were not observed.
(Key words:extended lactations, lactation curves,dairy cattle,milk yield).
Abbreviation key: DW= Durbin Watson, RSD= residual standard deviation,
RSS= residual sum of squares, LPM= lactation persistency model, MAD= mean absolute
deviation, RLPM= reduced lactation persistency model, CC= calving to conception,
UNA=Universidad Nacional de Costa Rica.
4.1 INTRODUCTION
Modeling of lactation curves has been a subject of extensive study during the past decade
(2, 9, 10, 12, 16, 19, 26, 27). Different models have been evaluated for their ability to
describe the pattern of milk yield as well as the ability to predict 305-d cumulative milk
yield from partial records of lactation. Attention has been focused on the 305-d lactation
period, which implies that information collected after 305 d is usually ignored and that no
attention is paid to milk yield in the period after 305-d in extended lactations. In most
countries, many cows have lactations that are longer than 305 d. For example, in dairy
herds of Costa Rica, more than 25% of cows are dried-off after 330 d of lactation, the
average lactation length being about 328 d. Longer lactations partly result from failures to
conceive at an early stage of lactation. Costs of prolonged calving interval greatly depend
on milk yield in the latter part of lactation (6). This production depends on increase in
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lactation length and shape of lactation curve. Knowledge of lactation curves over the entire
trajectory is a key element in determining optimum strategies for insemination and
replacement of dairy cows (4, 5, 8, 21).An earlier study (9) has shown that lactation length
has a significant effect on estimates of initial yield, peak yield, 305-d yield, time of peak
andpersistency. However, this analysis considered only lactation lengths lessthan 360 d.
Models to describe lactation havebeen classified into twomain groups, i.e., as linear and
nonlinear models (11). In linear models,parameters are linear functions of days in lactation
or are a transformation of it and can be easily computed by simple linear regression
techniques. Nonlinear models cannot be expressed as linear functions of parameters and,
therefore, need iterative techniques to be solved (11). These models have become more
popular during recent years (2, 12, 16, 19, 26, 27), especially because they are able to
describe a relatively wide range of shapes in lactation curves. Iterative procedures for
fitting nonlinear regression implemented in statistical software have overcome the problem
of model fitting. Many existing models show systematic deviations from actual milk yield,
especially at the beginning and end of lactation (9). Multiphasic models have been
suggested as an option to overcome these problems (9). These models were previously
implemented with success to describe growth curves in mice and chickens, and more
recently, to describe standard lactations in dairy cows (3,20).Multiphasic model considers
daily milk yield as the result of an accumulation from more than one phase of lactation,
intrinsically reducing correlationbetween subsequent residuals.
The objective of this study was to compare existing models for their ability to provide
consistent predictors ofpartial and total milk yield innormal and extended lactations and to
subsequently analyze the effect of lactation length and calving to conception (CC) interval
on the lactation curve.
4.2 MATERIALS AND METHODS
4.2.1 Data Source
The analysis was performed on data provided by Universidad Nacional de Costa Rica
(UNA) collected from 1987 to 1994 on dairy farms in Costa Rica. Farms participated in a
project that focused on collection and analysis of data on health, milk yield, and
reproduction performance to provide management support to farmers and to identify
adequate management practices (7). Reproductive events, daily milk yield, and herd
characteristics were entered into an improved version of VAMPP software package (14) by
staff ofUNA ordirectly by farmers.
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The initial dataset consisted of 57,359 lactations of 26,072 cows. A subset of lactations
was selected (Table 1), which included only Holstein cows with dates registered for
conception and drying-off. Furthermore, each cow was required to have at least one testday record in each of the following four periods: 1to 60, 61 to 150, 151 to 240, and after
240 d in lactation. All test-day records between d 305 and the actual end of lactation were
included inthe analysis.
Our main interest was to find a model that provided a good description of the lactation
curve for groups of cows with arange of lactation lengths and CCintervals. Theresults will
be used in abio-economic model to determine optimum insemination strategies. Given this
objective, models were fitted to group mean yields rather than to individual lactations.
Lactations were classified in two groups according to parity (first and later), five groups
according to lactation length (9 to 10, 11 to 12, 13 to 14, 15 to 16 and 17 to 18 mo), and
five groups according to CC interval during current lactation (1 to 2, 3 to 4, 5 to 6, 7 to 8,
and 9to 10mo).Outof 50possible groups (2 x5x 5),onlythose withmore than 1000 testday records were chosen for further analysis, which resulted in a total of 26 groups
(Table2).

TABLE 1.
General description ofthe dataset.
Parameter

Value

Herds

129

Cows

7,608

Lactations
First lactations

13,752
3573

Test dayrecords

294,986

Records/lactation

21.5±12.9

Daily milk yield (kg)

19.6+8.6

Lactation length (d)

328± 61.4

The number of test-day records per group was highly variable because some
combinations of lactation length and CCinterval were less likely to occur. Test-day records
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within groups were classified in 2-wk periods, and for each 2-wk period, average DIM and
milk yieldswere obtained andused inmodel fitting.

TABLE 2.
Means, SD,andextremevalues (Min. andMax.) formilkyieldbyparity, lactation length
and Calving toConception interval (CC).
Milk yield (kg/d)
Lactation length(mo)1

CC(mo)2

X

n

SD

min

Firstpa rity
17.5
9706
3.9
8.0
3.4
9.8
18.2
17,502
6.4
2.8
13.6
1035
4.1
17.4
7.6
16,297
3.5
8.7
17.2
9129
1444
3.9
4.6
13.7
3.7
8.9
17.1
6973
7.4
4492
3.3
14.6
1834
3.4
6.4
12.7
4.2
7.0
16.6
2803
3.8
7.7
16.2
4136
3.2
15.6
5013
9.5
Later parities
10
2
19.6
21,983
6.1
7.5
10
4
5.8
8.9
20.5
53,723
10
6
16.8
5.7
5.8
5363
10
5.1
5.6
8
14.9
1401
12
4
6.7
20.2
39,565
8.1
12
6
19.7
29,624
6.2
8.1
12
4972
6.0
5.9
8
17.1
12
15.4
5.7
6.5
10
1929
14
6
13,912
6.4
7.3
19.3
14
8
6.4
8.3
19.0
15,348
14
10
5.6
6.4
15.7
5143
16
6.0
9.0
8
19.1
5123
16
6.0
10
17.6
8057
7.9
18
10
17.7
8479
6.2
8.8
1
Lactation length classes: 10=9 and 10mo, 12= 11and 12mo, 14= 13and 14mo, 16=15
and 16mo,and 18= 17and 18 mo.
2
Calving toconception interval classes:2= 1and2mo,4= 3and4mo,6= 5and 6mo, 8=7
and 8mo,and 10=9and 10 mo.
10
10
10
12
12
12
14
14
14
16
16
18

2
4
6
4
6
8
6
8
10
8
10
10

max
21.8
22.1
17.4
22.2
21.7
18.6
21.9
19.2
17.6
22.3
21.8
20.4
27.1
27.6
24.2
21.9
29.0
28.1
26.0
24.0
28.3
28.8
24.5
28.3
27.1
28.0
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4.2.2 Model Fitting
Nine different models from the literature were analyzed (Table 3).The Wood model (27)
is a gamma function, in which a approximates the initial milk yield after calving, b is the
inclining slope parameter up to peak yield, and c is the declining slope parameter. The
Cobby model (2) has the particularity that milk yield after peak is modeled as a linear
decline function. The Rook model (16) describes lactation as a combination of a
monotonically increasing growth function, in this case Mistcherlich function, and a
monotonically decreasing death function, which in this case is exponential. The Morant
model (12) assumes thatthe change inmilk yield after peak isnot constant as implied in the
exponential decline function (e'b). The Wilmink model (26) is a modification of Cobby,
and -0.05 isrelated tothemoment ofpeak, which isabout 50 d.
Models based on the logistic function, such asthe monophasic (9) and diphasic (9), were
introduced to overcome the problem of autocorrelation detected in models based on the
gamma function. These models provided smaller and more random residuals (9). The
lactation persistency model (LPM) (10) is also based on a logistic function and was
developed in order to provide additional parameters to measure persistency, which is
defined as number of days during which peak production is maintained. The reduced LPM
model (RLPM) (10) isbased onLPMmodel,but thenumber ofparameters isreduced from
6to4.
Models were fitted to groupmean yieldsby using a Gauss-Newton iterative method from
the SAS Nonlinear procedure (18). Convergence was determined based on change (c) in
residual sums of squares (RSS)between iteration iand iteration (i-1), according to:
(RSS M - RSS;)/(RSSj+ 10"6)=c

^

8

ifc< 10" ,converging criterion ismet, and iterationprocess stops.
Goodness of fit ofmodels was evaluated according to following criteria:
1. Adjusted multiple coefficient ofdetermination [R2adj; (13)]:
R2adi= l-(n-l)/(n-p)x(l-R 2 )
where,R2= multiple coefficient of determination (=1-(RSS/TSS)), RSS=residual sum of
squares,TSS=total sum of squares,n=number ofobservations, and

p=number of

parameters inthe model.
Note that R2 is adjusted for the number of parameters in the model (p) to make a fair
comparison ofmodels.For simplicity, R2adjwillberegarded only asR2.
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2. First-order positive autocorrelation among residuals was assessed by Durbin Watson
coefficient [DW;(13)]:

Tj^et~e'-^2

DW=

1=2
n

2

e

where et = residual at time t, and et_!= residual at time t-1. The observed value of DW
was evaluated against the tabulated critical value to test for positive autocorrelation.
Negative autocorrelation was not tested because a negative autocorrelation coefficient
implies that residuals fluctuate in a strict "up and down" way around the actual curve,
which intheparticular caseof lactationcurves wasnot aproblem.
3. Residual standard deviation [RSD;(13)]was obtained by:

RSD= -sjRSS/(n-p)
For RSS,nandp,see Equation[2].
Models were categorized based onestimates of three criteria: RSD, adjusted R2, and DW.
Four categories were formed, two for models deviating less than one ('+' and '-') SD from
the mean of one criterion and two for models deviating more than one SD ('++' and '--')
where SD represents standard deviation across groups for each of three criteria within
model.
Mean absolute deviation (MAD) across groups for partial and total milk yield was
compared among models. The absolute difference between actual and predicted milk yield
during the specified periods was calculated, and averaging these values over all groups
resulted inMAD.Partialyieldswere calculated for periods 1to 100d, 101to 200 d, 201 to
305 d, and 306 d to end of lactation. Lactation length was set to 305 d (10 mo), 365 d (12
mo), 425 d(14 mo),486 d(16mo),and 547 d(18mo).
Actual daily milk yields within groups were calculated by smoothing actual milk yields
with cubic splines (25) to interpolate actual records indifferent intervals within lactation. A
maximum of 10splines-knots, according to lactation length, were setatd 50, 100, 150,200,

[3]
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250, 305,365,425,486, and 547. This procedure implied that a different cubic spline was
fitted for every interval defined by the knots. Splines were required to have continuous first
and second derivatives and discontinuous third derivatives.
Partial and total actual milk yields within lactation were further estimated by

MYi.n=

Z^>

where MYj.n = milk yield, i = initial day within time period (1 or 101 or 201 or 306),
n = final day within time period (100, 200, or 305) or end of lactation (365,425,486, or
547), and y(t) = yield at day t estimated by a spline function (piecewise cubic polynomial
with 6to 10knots).
Predicted milk yieldswithin groupwere also obtained for everymodelusing Equation [5]
with substitution ofy(t)bythe corresponding model equation (Table3).
The model with best overall performance according to previous criteria was selected,
and residuals were plotted for all groups. Additional measures of functions of parameters
were obtained to evaluate effect of lactation length, CC interval, and parity on parameters
ofthemodel and estimates ofmilk yield.
4.3 RESULTS AND DISCUSSION
4.3.1 Comparison of Models
All models, except that of Rook et al. (16), achieved convergence for every lactation
group. TheRook model failed to achieve convergence in 3of the 26 groups. Problems with
convergence for this model have also been mentioned previously (15). Values of R2, RSD,
and DW coefficient for each model were averaged over the 26 groups (Table 4). Goodness
of fit was high in general, R2 ranged between 0.957 and 0.987, and RSD ranged from 0.42
to 0.87 kg/d. This high level of accuracy has also been reported in previous studies fitting
models on mean yields (1, 17). For all but two values for DW were less than 1, which
indicatedpositive autocorrelation ofresiduals for themajority ofmodels.
The greatest R2 values were found for the diphasic model and LPM, whereas the Wood
model ranked lowest (Table 4). Similar ranking was found for RSD.In this case, LPM had,
on average, a lower value of RSD than diphasic; however, RSD values obtained for the

[5]
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latter showed a lower standard deviation (0.13 vs. 0.26), which reflects a better
performance across groups.

TABLE 4.
Comparison of models according to adjusted multiple correlation coefficient (R 2 ), residual
standard deviation (RSD), and Durbin-Watson coefficient (DW) (mean+ SD between groups).

R2

Rank

Wood

0.957±0.03

-

0.8710.22

Cobby

0.96110.04

-

Wilmink

0.968±0.03

Morant

DW

Rank

--

0.5610.27

--

23

0.7810.28

-

0.9010.48

-

15

-

0.7010.22

-

0.8110.46

-

17

0.97310.02

+

0.6610.17

+

0.8610.42

-

16

Rook

0.96110.03

-

0.8310.19

-

0.7410.27

-

17

Monophasic

0.96510.02

-

0.8010.16

-

0.9110.29

-

16

Diphasic

0.98710.01

++

0.4810.13

++

1.7410.44

++

1

LPM 2

0.98510.03

++

0.4210.26

++

1.7910.60

++

2

0.96910.03

-

0.6910.22

+

0.8510.48

-

15

Model

RLPM

3

Average

0.96910.01

RSD

0.6910.15

] Rank

n DW>0'

1.0210.44

1

Number ofruns (n) outof26with significant positive autocorrelation.
Lactation persistency model- extended.
3
Reduced lactation persistency model.
2

Positive autocorrelation between residuals was detected inallmodels except diphasic and
LPM. Other models presented problems of positive autocorrelation among residuals for
more thanhalf of the groups (Table 4).Problems withpositive autocorrelation have already
been reported for the Wood andMonophasic models (9).Absence of autocorrelation for the
diphasic model isinagreement with Grossman andKoops (9) for standard 305-d lactations.
Additional analysis was performed to check parameter estimates for stability across
groups. Results indicated that LPM, even though with a high general goodness of fit, often
resulted in atypical parameters, e.g., negative values for parameter P (persistency). All
other models seemed toprovide morereasonable estimates ofparameters, even though they
alsopresented awide variation.
Table 5 shows MAD for different periods and models. Models with low MAD were
ranked at the top (++). Predictive performance for most of models was highly variable for

Modeling extended lactations
different periods within lactation. Models with a consistently good performance over all
periods were diphasic and LPM, which isin agreement with earlier results on standard305d lactations (20). The LPM was more accurate than diphasic for 1to 100 d and 201 to 305
d, whereas diphasic was more accurate for 101to 200 dand 306 tothe end of lactation. All
other models performed irregularly, ranking poorly for one or more stages within lactation,
which reinforces the fact that exponential models usually fail to model peak of lactation (9,
20). It is important to notice that differences in accuracy of prediction between LPM and
diphasic compared with other models is especially large for last period of lactation (305 d
to end). For this period, only diphasic, LPM, and Morant models rank positively. This
finding reflects that multiphasic models are intrinsically more suitable to describe extended
lactations.
Further analysis showed that standard deviations of MAD across groups were, in general,
higher for LPM compared with the diphasic model (Table 5). This result might also be
related to the lack of stability observed for estimates of parameters using LPM model and
might indicate aserious drawback of LPM compared with the diphasic model.
Analysis of predicted milk yield using diphasic curves showed some systematic
deviations with respect to actual milk yield. For 1to100 d all models, except diphasic and
that of Wilmink, underestimated milk yield; for 101 to 200 d all models, except the Cobby
and diphasic, overestimated milk yield. For 201 to 305 d all models, except diphasic and
LPM underestimated milk yield for the final period (306 d to end) all models, except
diphasic andLPM overestimated milk yield.
In extended lactations, an additional comparison of models was also performed,
eliminating alltest-day records after 305 d. Models were fitted againto group mean yields.
As expected, R2were higher and RSD lower, in general, because of reduction in length of
lactations. One important result was that the frequency of cases in which a positive
autocorrelation was detected was reduced considerably (29 vs. 122). By considering only
305-d lactations the ranking of models based on MAD changed (results not shown). For
101 to 200 d and 201 to 305 d, diphasic and LPM were still better than the others, but
relative differences werereduced substantially. For 1to 100d, the top 5models were Rook
(31.1), LPM (34.5), Wilmink (34.6), diphasic (36.3), and Wood (41.6), all of them scored
as +. The results of our model comparison, based on standard 305-d lactations, are very
similar toearlier findings (20).
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Modeling extended lactations

From our analysis, it is clear that models that are suitable to describe standard 305-d
lactations are not necessarily adequate to describe extended lactations.
In summary, the diphasic model was found to best describe normal and extended
lactations, showing a high R2, low RSD, uncorrected errors according to DW test, more
regular estimates of parameters for almost every group, and a similar performance along the
whole lactation period. More detailed information on this model is given in next section.

4.3.2 Final Model
Estimates of residuals using the diphasic model were plotted for all groups of lactation
length and CC interval within first parity (Figure 1). In general, residuals were randomly
distributed. Residuals ranged between -1.5 and 1.5 kg/d. Significant positive
autocorrelation was detected only for higher parity cows with a lactation length of 18 mo
(Table 6).For this group, the model had problems in fitting the two phases, which resulted
in inconsistent parameter estimates. A similar problem was found among first lactation
cowswithlong lactations.
Estimated parameters for the diphasic model are given in Table 6. Values still showed a
wide range of variation, which suggests that the shape of the curve greatly depends on
lactation length, parity, and CCinterval. Grossman and Koops (9) introduced the parameter
duration of each phase, defined as days required to attain about 75% of asymptotic total
yield during that phase and computed as 2bj~'. For 305-d lactations of Dutch Black and
White cows, they found duration of 198 and 415 d for the first and second phases,
respectively. This finding agrees closely with our findings for cows with a lactation length
of 12 mo. Duration of the second phase increased with lactation length, and to a much
lesser extent, with CC interval.Duration ofthefirstphase showed adifferent pattern infirst
and second lactation cows.
Based on criteria to measure goodness of fit, it can be concluded that the applied
multiphasic concept for describing lactation also works well with extended lactations.
However, parameters of the model still fluctuate too much with lactation length and, to a
lesser extent, with CC interval. This fluctuation seriously limits application of the model
andmightbepartly duetothe choice ofthelogistic function, which is symmetric.
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Problems observed with very long lactations (Table 6)are likely causedby the symmetric
nature oftheapplied function. Use of anonsymmetric function, such as the Weibull model,
could solve this problem. A second alternative would be to extend the number ofphases of
the model, which would be difficult tojustify from abiological point of view. Finally, one
could try to restrict some of the parameters to achieve more stable values for some of the
parameters. For example, one might want to restrict duration of first peak. Results of this
studymight serve asastarting point for improving interpretation ofparameters.
For cows with a 10-mo lactation, lactation curves with a CC interval of 2 and 4 mo
showed a similar pattern (Figure 2a). Nevertheless, it could be observed that cows with 4mo CC interval have ahigher production during the last part of lactation (after 200 d).The
cumulative difference in estimates of 305-d milk yield is about 4% (Table 6). In previous
research (1),pregnancy had an effect on parameters of the curve related to last part of the
standard 305-d lactation, and a lower milk yield was found when CC interval was lower.
This result is in line with results found in the present study for 2 and 4-mo CC. Lactation
curves for cows with 6-mo CCis considerably lower and flatter than the others (Figure 2a).
This result might be due to the way in which cows are grouped, i.e., we were looking at
cowswith ahigh CCbut arelatively short lactation. Inaddition, differences in management
strategies between herds might have influenced our results. For example, cows with high
CCandrelatively short lactation mightbe areflection of apoorly managed herd.
For cowswith alactation length of 12mo,the increase inCC interval from 4 to 6mo did
not cause a major effect on milk yield (Table 6). On the contrary, when CC increases to 8
mo the curve was significantly lower (Figure 2b). For cows with longer lactations (14 mo
and higher) the general trend was that milk yield (100 and 305 d) decreased as CC
increased. It is certainly difficult to find a biological explanation for this reduction. The
antagonistic relationship between milk yield and reproduction would lead to an increase
rather than adecrease inmilk yield. However, anegative effect ofpregnancy on milk yield
is only expected during the last part of the gestation period and, consequently, would only
affect 305-d milk yield for cows which get pregnant during the first 3 months of lactation
(22, 23,24), as observed in our study. Within lactation length, we did not find a negative
effect ofpregnancy, but we did find itacross lactation lengths.
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(a)

>.

10.0

5.0

150

CC-Z m o / A c t u a l
CC-2 mo/Diphasic

DIM
CC=4 m o / A c t u a l
•CC=4 mo/D iphasic

CC=6 m o / A c t u a l
•CC= 6 mo/Diphasic
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FIGURE 2. Actual yields vs.diphasic curves for first parity lactations grouped by calving
toconception interval (CC) ofcowswith (a) 10-molactation or (b) 12-molactation.
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The way data ispresented certainly has an effect onthereduction observed for cows with
large CC intervals. The number of test day records for extended lactations or larger CC
intervals was much lower (Table 2), as they were more unlikely to happen. Cows with
specific health conditions or special treatments could be included in those groups and could
certainly have an effect on the results. Also, differences in management strategies between
farms might influence our results. Identification of such cases was not possible with this
data set.
As expected, for cows with a given CC interval, there is generally an increase in milk
yield as lactation length increases (Table 6, Figure 3a and 3b). Low producing cows with
less persistent lactations are likely to be dried off earlier than high producing cows with
persistent lactations. Consequently, lactation curves for cows with shorter lactations within
agiven CCinterval tend tobe lower (Figure 3aand3b).
Milk yield beyond 305 d for cows with different lactation length and CC interval, was
very similar in first and later parity cows (Table 6). This finding reflects the effect of a
flatter and more persistent lactation curve during first lactation, which has also been
mentioned in earlier studies (19). Cows with a lactation length of 16 mo produced, on
average, 2200 kg of milk after 305 d, which corresponds to as much as 26% of total milk
yield. This finding arises the question of what the effects are of increased lactation length
on lactation revenues. Economic consequences of a prolonged calving interval greatly
depend onpersistency ofproduction and increase in lactation length with an increase in CC
interval (6). These are factors that can be manipulated to some extent by breeding or
feeding strategies. The effect on milk yield during next lactation must be also taken into
account. Based on data from individual cows we observed an increase in lactation of 0.62
and 0.56 d for each additional day open in first and later parity cows, respectively. Further
research must evaluate theprofitability of extended lactations by using the results produced
in the present study. Our findings could also have implications for the application of testday models for the genetic evaluation of milk production; nevertheless, that is out of the
scope ofthepresent study.
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lactation length (LL) for cows with (a)6-mo or(b) 8-mo calving to conception interval.

82_

Chapter 4

AA CONCLUSIONS
Our results show that the diphasic model adequately fits lactations with variable length
and variable CC interval. Accurate estimates of milk yield at later stages within lactation
canbe obtained. These results willbe used in abio-economic model to determine optimum
insemination strategies, taking into account variation in lactation length between cows.
Modifications are needed to improve consistency of parameters over a range of lactation
lengths.Ranking of models changed when only standard 305-d records only were analyzed,
which supports the fact that further research is needed on modeling of extended lactations.
As expected, CC interval was found tohave anegative effect on milk yield for cows witha
standard (10 mo) lactation length. In extended lactations, these negative effects of
pregnancy onmilk yield areno longer observed.
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ABSTRACT
A dynamic performance model was integrated to a model that optimized culling and
insemination policies in dairy herds using dynamic programming. The performance model
estimated daily feed intake, milk yield and body weight change of dairy cows on the basis
of availability and quality of feed andpotential milk yield. A set of cow-states was defined
by lactation number (1 to 12), calving interval (11 to 16 months), potential milk yield (15
levels) and stage of lactation (months 1to 16). Actual performance was obtained taking
into account potential performance, feed properties, and feed intake constraints. Biological
and economical parameters used in the model represented actual production circumstances
in Costa Rican herds. Eight feeding strategies combining two forages and four concentrate
allocation systems were simulated. Different feeding strategies resulted in maximal
changes of 6.8 mo in optimal average herd-life, US$26.1 in monthly income per cow and
1.9% in replacement rates, while average calving interval was not affected. The main
difference was found between feeding strategies based on flat ratios of concentrate
compared to feeding strategies based on daily milk yield. Feeding flat ratios altered the
course of profitability due to restricting variation in feeding costs between cows and its
effect on animal performance. Average herd-life and monthly income under the optimal
feeding strategy werehighly sensitive tochanges inmilk price,but less sensitive to changes
in price of concentrates or price of forage. Calving interval was not sensitive to any of the
factors. Comparison of optimal policies against actual parameters obtained from field data
indicated that cows are being culled close to the optimal herd-life with calving intervals
longer than optimal. The model is an efficient tool to study interactions between nutrition,
reproduction andbreeding attheanimalandherd level.
(Key words:Dynamicprogramming, dairy cattle,optimization, breeding policies, intake
prediction).
5.1 INTRODUCTION
The theory of optimal culling policies in dairy farming is largely developed (12, 15,22,
24, 26).Somepractical applications have already been introduced incommercial dairies(7,
17). This theory relies on the use of dynamic programming and the principle of optimality
(4).According tothisprinciple, acow of aparticular age should be kept intheherd as long
as her marginal profit is greater than the expected average profit of a young replacement
cow (16).The principle has been extended to determine the optimum time to inseminate a
cow. In that case, the expected present value of the cash flow when the cow was
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inseminated is compared with that if she had been open at the same time (17, 25). A cow
should be inseminated if the anticipated loss from a longer calving interval is less than that
of leaving the cow open andreplacing her later inthe lactation.
Culling and insemination policies have a direct effect on the profitability of the dairy
enterprise (16, 27). Sub-optimal decisions will reduce the profitability of the dairy
enterprise, the degree of reduction may vary according to production circumstances. These
production circumstances determine to some extent the optimumpolicies (17,24,27).
So far optimization of replacement policies is based on animal performance models in
which production determines feed intake. In nutritional models, however, it is often
assumedthattheproduction potential, intake capacity andthe feeding regime determine the
actual intake andproduction. The relationships among production potential, intake capacity
and actual performance is ignored in most models describing the performance of animals
(e.g. Van Arendonk, 23). Knowledge of these relationships is essential to quantify the
impact of different feeding regimes with variation in feed quality on optimal management
strategies for cows.
Dairy farming in Costa Rica is characterized by large variation in production
circumstances, especially with regard to feeding strategies (3, 11, 28). As a consequence,
production costs and productivity also vary among farms. Feeding strategies depend on
factors such as farm location, season, prices and availability of local by-products. Tools for
determining optimal culling and insemination policies are not yet available for these farms
and decisions are currently made in an empirical way. For such a tool to be developed and
applied at farm level, it must be flexible enough to account for all possible variation in
production circumstances, in particular the feeding regime. Recently, an animal
performance model that incorporates relationships between potential production, feeding
regime and actual production has been developed (8, 9). The model uses information on
feed and animals to predict intake of grass and supplements intake, as well as milk yield
andbody weight change indairy cows.
The objective of the present study was to integrate the animal performance model of
Herrero (9) with the replacement model of Van Arendonk and Dijkhuizen (25) into a
Culling and Insemination Decision Support System (C&I-DSS). The model was to be used
to determine the impact of feeding strategy on optimization of replacement and
insemination policies inCosta Ricandairies.

88

Chapter5

5.2 MATERIAL AND METHODS
5.2.1 Information Sources
The study used information on production circumstances on dairy farms of Costa Rica,
although the method can be applied to different situations. Biological parameters required
asinput to C&I-DSSwerecalculated from dataprovided byUniversidad Nacional de Costa
Rica (UNA) and have been reported inprevious studies (9, 11, 21,29, 30, 31,32, 33,34).
Data for these studies were collected from 1985 to 1997 on dairy farms in Costa Rica,
which had participated in a project that focused on the collection and analysis of data
related to health, milk yield, and reproduction performance in order to provide advice to
farmers and to identify adequate management practices (18). Additional data related to
current production circumstances, feed properties, and prices were collected from the local
dairy industry or from governmental institutions.
5.2.2 General Approach
The C&I-DSS is composed of two complementary models (Figure 1). Details on these
two models are described in the literature (9, 23). We will give a general description here
and details on parameters and components that were modified in order to integrate models
and fit local circumstances.
The first model, animal performance model, was a modification of a nutritional model
developed by Herrero (9). This model uses information for a user-defined feeding strategy
for the farm and animal characteristics (e.g., status of cow) to provide estimates of feed
intake and animal performance.
The second model, the replacement model, was a modification of a model developed by
Van Arendonk and Dijkhuizen (25) to optimize culling and insemination policies. Their
modeluses information provided by the animal performance model to find an optimum set
of culling and insemination policies making use of dynamic programming methodology.
The replacement model also uses economic parameters, conception probabilities,
involuntary culling rates and production transition probabilities. Optimum culling and
insemination policies obtained from the replacement model for every herd feeding strategy
were summarized and compared.
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FIGURE 1.General structure oftheCulling andInsemination Decision Support System (C&I-DSS)
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5.2.3FeedingStrategies
Eight different feeding strategies were evaluated (Table 1). These strategies were applied
on a herd basis and were based on information collected in earlier studies (3, 11, 28).
These strategies represent different degrees of nutritional management found in Costa
Rican dairies. The strategies differed inthe type of forage on which cows were grazing, the
quantity of concentrates cows were given and the way the concentrate was allocated during
three different stages of lactation. Two different grasses were considered in combination
with four different concentrate allocation systems.

TABLE 1.
Feeding strategiesused asinput for theAnimal Performance model.
Strategy

Grass3

Stage of lactation
0-100d

101-200d

201 d- end of lactation

BAS

Kikuyu

MC2:l b

MC3:1

MC4:1

COM

Kikuyu

MC3:1

MC3:1

FR3

FIX

Kikuyu

FR6C

FR4

FR2

REL

Kikuyu

MC4:1

MC4:1

MC4:1

BAS2

Star

MC2:1

MC3:1

MC4:1

COM2

Star

MC3:1

MC3:1

FR3

FIX2

Star

FR6

FR4

FR2

REL2

Star

MC4:1

MC4:1

MC4:1

a

Grasses: Kikuyu grass (Pennisetum clandestinum); 600 g NDF/kg DM; 16% CP,
potential degradability of NDF=58%, degradation rate of NDF = 3.8%/h. Star grass
(Cynodon nlemfuensis); 800 g NDF/Kg DM; 7% CP, potential degradability of NDF=
50%, degradation rate ofNDF= 3.0%/h. Degradation rate of soluble carbohydrate= 15%/h
for both grasses. Solubility and total digestibility of CP were estimated at 30% and 80%,
respectively for both grasses.
b
MC:Milk-Concentrate ratio,for each 'n'kg/day ofmilk, 1 kg of concentrate (NDF = 120
g/kg DM, soluble carbohydrate = 570 g/kg DM ofwhich 70%present as starch, CP = 180
g/kg DM, solubility of CP = 33%,Total digestibility of CP = 85%,Fat = 30 g/kg DM)
was offered.
c
FR 2,3,4,6:Flat Ratio. A fixed amount of 2,3,4,5 kg of concentrate, respectively, offered
inthe daily ration.

A basic strategy (BAS) was defined reflecting the most common practice found in dairy
farms in Costa Rica, in which cows are fed according to milk yield (milk:concentrateratio,
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see notes Table 1) in three consecutive stages of lactation (0-100 d; 101-200 d; 201 d-end
of lactation), as described in aprevious study (1).A second strategy (COM) was evaluated
in which concentrate was fed using milkxoncentrate ratios during the first 2 stages in
lactation (0-100 d; 101-200 d) with a fixed amount (flat ratio) fed during the third stage
(after 200 d). Two further strategies were analyzed; one was based on a regular
milkxoncentrate ratio (REL) identified as an optimal strategy in an earlier study (Herrero
et al., 1999); and the other was based on a flat ratio (FIX). During the dry period, all cows
were assumed to eatgrass only.
5.2.4 Cow Status
Status of cows was described by four state variables (Table 2), namely lactation number
(1 to 12),stage of lactation (1 to 16mo),potential milk yield level (0.70 to 1.30, see Table
2)andcalving interval (11to 16months).

TABLE 2.
Description of input and output variables used intheAnimal Performance model.
Variable

Units

Possible values

Input variables
- Lactation number

ltol2

a

mo

1to 16

b

fraction

0.7 to 1.3

mo

11to 16(+ open cows)

-Body weight change

kg/d

dynamic

-Actual forage intake

kg DM/cow/day

dynamic

-Actual concentrate intake

kg DM/cow/day

dynamic

-Actualmilk yield

kg/cow/day

dynamic

- Stage of lactation
- Milk-yield level

- Calving interval classes
Output variables

a

Maximal number of lactation stages depended upon the calving interval class.
15classes obtained asa fraction ofmature equivalent milk production (level 1.0).

b

5.2.5 Structure of theC&I-DSS
Animal Performance Model. The model is designed to predict feed intake, digestion and
animalperformance of dairy cows,consuming grass,grains and other supplements (9).The
rationale behind the model is that a ruminant of a given body size, in a known
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physiological state, and with a target milk-yield level, will have an actual forage intake
determined by physical or metabolic constraints imposed both by feed properties and
animal status (9, 10).Themodel was largely based onthe work onprevious research (1, 13,
14, 19,20);and canbe divided intotwo functional sections.
First, a dynamic section predicts actual feed intake and digestibility as a function of the
nutritional quality of feeds on offer and a range of possible cow states (9). The model
simulates the flow and digestion of feeds through the gastrointestinal tract and consequent
supply of nutrients to the animal. This section uses a series of first-order differential
equations estimating intake, pool sizes of feed fractions in the rumen, small and large
intestines, pools of digested material and excretion of indigestible residues. This intake
section of the model has previously been tested with data from 23 tropical and temperate
forages andthemean prediction error was 7%(9).
Secondly, a static section of the model predicts nutrient requirements and animal
performance, i.e., actual milk yield and body weight changes, on a daily basis from the
estimates of feed intake and nutrients supplied obtained from the dynamic section. Body
reserve tissues are mobilized or deposited, depending on whether the energy balance is
negative or positive. Two pathways controlling intake are used in the model. The first
control is the physical constraint on intake caused primarily by low digestibility, while the
second control is a metabolic constraint, i.e., if the supply of nutrients equals the
requirements, the cow stops eating.This section of animalperformance hasbeen previously
tested on data obtained from Costa Rican farms (9).
Estimates of daily feed intake, milk yield and body weight change are subsequently
summed onamonthly basis,asrequiredby thereplacement model.
Most important input and output parameters of this model are specified in Table 2. For
more specific details, see Herrero(9).
Model specification. Biological parameters used as input to the model were to represent
the situation of the Holstein cattle population in Costa Rica. Mature equivalent milk
production was setto 6392 kg/cow/lactation with 12.1%milk solids,3.6% fat, 3.0% protein
and4.5%lactose (2),produced by an average cow (milk-yield level 1.00) in sixth lactation,
with a one-year calving interval in the absence of genetic improvement and voluntary
replacement. The lactation curve was described by a diphasic model (a, x b, (1-tanh2(b,x
(t-c,)) +a2x b2x (1-tan2(b2x (t-c 2 )),)), which was chosen on the basis of aprevious study
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(34). Parameters a„ b„ c„ a2,b2, c2were set to 436.0, 0.01537, 41.7365, 4590.5, 0.003854
and 154.9 respectively, for first lactation, and 349.8, 0.01894, 37.9415, 5446.8, 0.00409
and 98.7 for second and later lactations (34).Age correction factors for milk yield and milk
components (AppendixAl) were taken from earlier studies (2,30).
To calculate the mean and limits of the remaining milk-yield levels, i.e., below or above
1.00, a normal distribution of production across milk-yield levels was assumed, with a
coefficient of variation of 12% (24). This figure corresponds to the variation expected
within theherd.The range ofvariation comprised 15levels,which ranged from 0.70 to 1.30
timesthe average mature equivalent production.
Body weights of cows atthebeginning of each lactation (Appendix Al) were established
according to a Brody function fitted to growth data of local Holstein cattle, with y
(kg)=578.3(l-.944x exp("0098°) with t= age in weeks (21). Changes in body weight were
restricted to a maximum of 10% of the body weight at the beginning of the lactation. In
addition, body weight change was restricted to a maximum of 0.8 kg/d. These restrictions
were defined on the basis of actual variation inbody weight observed for Holstein cattle in
Costa Rica (21).
Replacement model. Information on feed intake, milk yield, body weight change and
carcass value obtained from the animal performance model, and economic parameters,
allowed estimation of monthly costs and revenues for each cow state. Optimal culling and
insemination policies were obtained using this information by dynamic programming (4).
The model used was based on Van Arendonk and Dijkhuizen (25). With this model, the
objective function to be maximized is the total expected discounted returns of present and
replacement cows over agiven planning horizon. Inthepresent study, theplanning horizon
was set to 180 one-month long stages (15 yr), and the monthly discount factor was set to
0.951"2.
Optimization was performed by iteration on values (15) starting at the end of the
planning horizon, when the value of any cow is equal to her carcass value (24). Using this
information the maximum present value of net returns anticipated from cows and the
corresponding optimum decisions were determined at the start of the preceding stage. The
process was continued backwards, stageby stage,until thepresent timewas reached.
One-month long stages were chosen, in such a way that decision on culling or
insemination could be made at monthly intervals (25). Voluntary replacement or
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insemination of a cow was not considered up to 2 mo. after calving. From mo. 2 to 7 after
calving the optimum decision for an open cow was chosen from 3 alternatives: inseminate
the cow with a calculated probability of success, leave her open, or replace her
immediately. For the remaining months of the lactation of open and pregnant cows the
alternatives were tokeep ortoreplace the cow.
Parameters used in the replacement model are given in Table 3. In addition to
performance and prices, the model needs information on conception probabilities,
transition probabilities and marginal rates of involuntary culling. Marginal conception
probabilities for different months within lactation (Appendix A.2) were calculated from
data on 37,236parities ofHolstein cows in Costa Rica (unpublished data).Production level
of a cow was assumed to remain constant during the lactation and transition occurred only
at the start of a new lactation. Transition probabilities for production level, i.e., the
probability of a heifer/cow with milk-yield level m to have milk-yield level m' in the next
lactation, was calculated as specified by Van Arendonk (24), assuming a repeatability for
lactation production of 0.55 and 0.50 at intervals of one and two years. The marginal rates
of involuntary disposal (Appendix A.2) were calculated from data on 910 culled cows in
Costa Rica (unpublished data). Marginal rates of involuntary disposal for months 1to 10
within the lactation, calculated on the same data, were set to 0.07, 0.03, 0.03, 0.03, 0.04,
0.06, 0.07, 0.06, 0.10, and 0.08. Due to lack of empirical data, the value for later months
(11 to 16) were set to 0, i.e., all culling was assumed voluntary. Reasons for involuntary
disposal were those not related to decision making in the replacement model, such as cow
mortality, disease, mastitis, temperament, or udder and teat problems. Culling for
reproductive problems was included in the decision-making process. Cows that were still
open at the 8th mo of lactation were considered infertile and were included in the
involuntary culling rate, however, these cows remained in the herd until the optimal time
for replacement was reached.
The average optimal herd-life was calculated for an average heifer entering the herd,
based on the probabilities of realization of each state that resulted from the transition
probabilities (production, reproduction and involuntary culling) and the optimal decisions
(25). Distribution of costs and revenues for an average cow in a herd under optimal culling
and insemination policies was calculated in the same way. For further information on the
replacement model, see VanArendonk andDijkhuizen (25).
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TABLE 3.
Description of inputparameters used indynamic programming.
Variable

Units

Age at first calving3
Milk price

b

Forageprice

Possible values

mo

28.0

US$/kg solids

2.23

c

-Kikuyu grass

US$/kg DM

.0342

-Star grass

US$/kg DM

.0479
.16

Concentrate price

US$/kg

Price ofreplacement heifer

US$

1000

Carcass value

US$/kg

1.05

Calves

US$/unit

30.0

d

Sundry costs

c

Discount rate

US$/cow/mo

26

%/mo.

1/12

.95

a

Age atfirstcalving (29,32).
Milk price: According to the local pricing system, producers are paid by kg of milk
solids.
'Estimated according toproduction costs,labourplus fertilisation (11).
d
60%ofmale carcass price (US$1.6), dressingpercentage 52%.
e
From Herrero et al. (11).
b

A comparison was made between herd-life, calving interval and replacement rates for
different feeding strategies, obtained from the replacement model, and actual rates
calculated from field data on910Holsteincows.
5.2.6 Sensitivity analysis
Analysis of sensitivity ofresults to changes inprices ofmilk, concentrate and forage was
performed with results for feeding strategy REL as the basis for comparison. Changes
(+20% and -20%) were done one at a time, keeping all other parameters at their original
value. The effects of these changes on average herd-life, monthly income and calving
intervalwere assessed.
An additional sensitivity analysis was done to assess the effect of cow fertility on
monthly income and average herd-life of a herd under optimal culling policies. Changes in
fertility were associated with changes inconceptionprobabilities (see Appendix A.2). First,
all cows were assumed to have a calving interval of 11 mo by setting conception

96

Chapter5

probabilities at month 2after calving equal to 1.0, while those for months 3to 7were setto
.0. The same procedure was applied for months 3 to 7, changing the conception
probabilities of the respective month to 1.0(see Appendix A.2), while the remaining were
setto .0.Inthisway, fixed calving intervals between 12and 16mo were simulated.
5.3 RESULTSAND DISCUSSION
5.3.1 PotentialversusActual Performance
The use of different feeding strategies had a direct effect on milk yield and body weight
change, as shown inFigure 2for acow in 6thlactation with a 12-mocalving interval. Three
production levels (0.7, 1.0and 1.3) in combination with four diets (BAS, COM, FIX and
REL) are illustrated. Potential milk yield was achieved only when nutrients from feeds
were available in the quantity and quality necessary to fulfil the requirements of a cow. If
the requirements were not fulfilled, the cow showed a decrease in milk yield and growth,
which was the case for strategies REL (Figure 2a,b) and FIX (Figure 2 c,d,e,f). Incase the
requirements were fulfilled, aswith strategies BAS and COM, the cow was able toreach its
potential milk yield (Figure 2 a,c,e) and, when there was a surplus, also gained weight by
fat deposition withinthe limitsimposedbymetabolic constraints (Figure 2 b,d,f).
None of the feeding strategies was able to provide all nutrients required to produce the
potential milk yield for all possible cow-states, as illustrated for milk-yield levels 0.7, 1.0
and 1.3 (Table 4). The frequency of states in negative balance ranged from 2.3%for cows
with low milk-yield level (0.7) under strategy COM, to 100% for strategy FIX2 for cows
with highmilk-yield level (1.3). The absolute reduction inmilk yield averaged across cowstates ranged from 0.9 kg/d for strategy COM with average milk-yield level (1.0) to 9.7
kg/d for strategy FIX2 with high milk-yield level (1.3). Occurrence of negative energy
balance was more likely for cows with higher milk-yield levels (Table 4). Better
performance, i.e. a lower proportion of cow-states with a negative energy balance, was
achieved for strategies using Kikuyu grass compared to strategies using Star grass. This
trend was consistent across milk-yield levels. The reason for this difference is due to the
composition of the two forages. Kikuyu in general terms has a higher quality than Star
grass (Table 1). Star grass has 7% lower protein content than Kikuyu grass and therefore
results in less effective rumen degradable protein, which leads to a lower microbial
production incomparison toKikuyu grass.
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FIGURE 2. Milk yield (a,c,e) and body weight change (b,d,f) of cows in 6th lactation, 12
mo. calving interval and milk-yield levels 0.70 (a, b), 1.00 (c, d) and 1.30 (e, f)
consuming Kikuyu grass plus a commercial concentrate offered in four different
allocation systems (BAS,COM,FIX and REL).
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Star grass also has higher NDF concentration, which together with a lower rate of cell
wall degradation exerts amore pronounced physical constraint on intake and digestion than
Kikuyu grass.As a consequence, the lower quality of Star grass increased in the frequency
of cow-states withanegative energybalance.

TABLE 4.
Percentage of cow-states inanegative energy balance and average reduction (kg/d) in
milk yieldper milk-yield level and feeding strategy.
Strategy

Milk-yield level
Cow-states withnegative balance (%)

Reduction in milk yield (kg/d)

0.70

1.00

1.30

0.70

1.00

1.30

BAS

17.2

8.8

3.5

1.9

1.8

1.3

COM

2.3

12.3

29.17

1.5

0.9

2.7

FIX

28.6

57.5

90.3

1.4

5.3

8.2

REL

72.2

20.4

6.0

4.1

2.7

2.8

BAS2

25.6

17.1

19.7

1.9

1.8

1.1

COM2

4.0

19.1

33.4

2.7

1.4

3.3

FIX2

37.5

92.8

100.0

. 2.3

5.0

9.7

REL2

85.1

75.7

78.8

4.4

2.4

2.4

5.3.2 Change in Parameters Describing Optimal Policies
The effects of feeding strategies on parameters describing optimal replacement and
insemination policies are showninTable 5.
The parameter showing the most variation was average monthly income per cow, which
ranged from US$33.5 for strategy FIX2 to US$59.6 for strategy REL. Strategy REL
resulted in the highest monthly income (Table 5), even though nutrient requirements were
not efficiently fulfilled (Table 4), because the reduction in milk yield is also compensated
by a reduction in feed. An earlier study (11) found that this strategy was also the most
efficient when considering simultaneously the substitution effects between concentrate and
pasture intake, and patterns of growth and utilization of Kikuyu grass in a highland region
of Costa Rica. Overall, this strategy lead to the most efficient use of land, labour and other
resources for meeting milk quotas. Strategy COM resulted in the second highest monthly
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income because of the low incidence of cow-states with a negative energy balance and
lower feed costs compared to strategy BAS. The most common practiced in specialized
dairy herds in Costa Rica, BAS and BAS2, were more efficient in fulfilling nutritional
requirements (Table 4).However, as a result of the low milk:concentrate ratio (2:1) during
the first stage in lactation, there was an excess of nutrients, which made these strategies
more expensive in comparison to COM or REL. An earlier study (3) also showed the
oversupplementation withconcentrates intheseherds.

TABLE 5.
Parameters describing optimal culling and insemination policies for aherd of afixed size
according to feeding strategy.
Parameter

Feeding Strategy
BAS COM FIX REL BAS2 COM2 FIX2 REL2

Herd-life (mo)
Calving Interval (mo)
Replacement rate (%)
-

Voluntary (%)

-

Involuntary (%)

Time to culling (d after calving)
Monthly income (US$/cow)

64.1 63.4 67.4

63.8

63.3

370.3 369.4 368.7 369.9 369.6
18.7 18.9 17.8

63.0

69.8

64.0

369.3 369.5 369.9

18.8

19.0

19.1

17.2

18.8

7.2

8.3

8.7

8.9

6.2

8.2

10.2 10.1 10.6

10.5

10.1

10.2

11.0

10.4

8.5

8.8

247.5 217.0220.0 218.9 235.9
55.7 59.1 48.2

59.6

53.0

211.1 226.1 219.1
55.7

33.5

47.3

Strategies based on fixed ratios, i.e., FIX and FIX2,were lessprofitable because they did
not fulfil requirements ofnutrients for alargeproportion of cow-states (Table4).The large
reduction in milk yield and body weight was not compensated by the reduction in feed
costs. Strategy REL2 also resulted in the second lowest monthly income due to poor
performance on Stargrass,which resulted in ahigher incidence of cow-states with negative
energy balance.
The second parameter consistently affected by feeding strategy was herd-life. Optimal
average herd-life ranged between 63.0 mo for strategy COM2 and 69.8 mo for strategy
FIX2 (Table 5).The main difference in estimates of herd-life was between strategies based
on fixed ratios, FIX and FIX2, and the remaining strategies. When fixed amounts of
concentrate were given in the daily ration, regardless of the production potential of the
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cow, profitability followed a different pattern from the case when cows were fed according
toproduction. Fixation of feeding costs resulted in slightly lower optimal replacement rates
(Table 5),which asaconsequence increases herd-life.
Other parameters were less affected by feeding strategies. The optimal calving interval
ranged between 368.7 for FIX and 370.3 d for BAS (Table 5). This narrow range was
expected because this parameter relates to culling and conception probabilities used as
input to the model (25), and which were kept at the same level for all feeding strategies. A
more realistic approach would have been to reduce conception probabilities for cow-states
depending onthe sizeofthenegative energy balance.
Forherd-life, values of 44mo (25) and 32mo (17) havebeen found for Holstein cattle in
temperate countries. An estimate of 54.9 mo for Holstein-Friesian cattle has been reported
for the south-eastern region of Brazil (6), which is closer to our results. For Holstein cattle
in Costa Rica, however, several factors differed significantly, such as lower mature
equivalent production, lower body weight curves and lower conception probabilities.
Analysis of local data indicated that the actual average herd-life in Costa Rican Holstein
cattle was about 61 mo corresponding to a replacement rate of 19.6%.The average calving
interval was 385 d and cows were culled after 4.7 lactations on average. Comparing actual
data with the results presented in Table 5 show that, regardless of the feeding strategy,
cows were culled close to the optimal time and with a longer than optimum calving
interval. However, this result might also be due to the fact that long calving intervals, i.e.,
above 16mo,werenot allowed inthemodel.
The distribution of costs and revenues for an average cow in a herd of a fixed size after
applying optimal insemination and culling policies is given in Table 6. To obtain these
results the probability of realization of each cow-state is implemented in calculation of
average performance, which provides a better understanding of the interaction between
feeding strategies and culling policies and the final effect on revenues for an average cow
when optimal culling policies are applied.
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TABLE 6.
Averageperformance, feed intake anddistribution of costs andrevenues for acow ina
herd of afixed sizewith optimum culling and insemination policies according to feeding
strategy.
Parameter

Feeding Strategy
BAS COM FIX REL BAS2 COM2 FIX2 REL2

Potential milk yield (kg/mo)

502.8 503.6 502.8 503.3 503.6 503.9 502.0

503.0

Realized milk yield (kg/mo)

502.7 499.7 430.8 492.6 502.7 497.3 381.5

457.4

-Fat (kg/mo)

18.1 18.0 15.4 17.7

18.1

17.9 13.6

16.4

-Protein (kg/mo)

15.0 14.9 12.7 14.7

15.0

14.8 11.3

13.6

Concentrate intake (kg DM/mo) 195.8 165.3 105.2 125.9 196.3 165.5 104.9

125.8

Forage intake (kgDM/mo)

194.7 208.8 218.9 223.1 190.1 203.9 212.5

215.3

Body weight (kg/cow)

583.3 574.1 515.6 549.6 578.4 573.1 509.8

538.1

Milk revenues (US$/mo)

135.4 134.5 115.5 132.6 135.4 133.8 102.2

123.1

Carcass value (US$/cow)

318.5 313.4 281.5 300.1 315.8 312.9 278.4

293.8

Calfvalue (US$)

29.1 29.1 29.1 29.1 29.1

29.1 29.1

29.1

Costsofconcentrate (US$/mo)

31.3 26.5 16.8 20.1 31.4

26.5 16.8

20.1

Costof forage (US$/mo)

6.7

9.1

9.8 10.2

10.3

Sundry costs (US$/mo)

27.3 27.3 27.2 27.3 27.3

27.3 27.2

27.2

10.6 10.8 10.7 11.0

10.8

10.9 10.3

11.0

62.1 65.4 55.9 69.2 59.3

62.0 40.3

57.0

a

Replacement costs US$/mo)
b

Average income (US$/mo)

7.1

7.5

7.6

a

Replacement cost= (Cost ofreplacement heifer -average carcass value)/herd-life.
Income over feed, replacement and sundry costs. Involuntary culling not taken into
account.
b

Potential milk yield was never achieved for all cow-states because of extremely high
yield in some cases together with the effect exerted by metabolic constraints. However,
strategy BAS was close to achieve this potential milk yield because the realized milk yield
was only 0.1 kg/mo lower (Table 6). Milk production traits for cows fed FIX, FIX2 and
REL2 were substantially less than others. Difference between potential and realized milk
yield was over 100 kg/mo for cows given FIX2 rations. The lower quality of star grass
reduced milk yield when the concentrate fed in the ration was insufficient, as occurs with
strategies FIX2 andREL2.
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Milk production traits did not differ substantially among strategies BAS, BAS2, COM,
COM2 and REL. However, the average body weight and feed intake for cows fed BAS,
BAS2, COM and COM2 were consistently higher than for those fed REL. The better
quality of these feeding strategies was used mostly to increase body weight instead of milk
yield. Cows fed a REL ration produced only 10 kg less milk on average and were
approximately 40 kg lighter, but feed intake and costs were also substantially lower, which
translated into ahigher average income. Clearly the relative differences between milk price
plus feed prices, carcass value and replacement costs determine to what extent a given
feeding strategy will result in a higher average income. In this sense, the model
successfully integrates nutritional (feeding strategies) and management aspects
(replacement policies),to obtain a final estimate ofprofitability for aherd in equilibrium.
5.3.3 Insemination Decisions
When strategies based onmilkxoncentrateratios areused, minimal milk-yield level for a
profitable insemination increased asthe cowbecame old.As illustrated inTable 7 for cows
in 3rd and 7th mo after calving. For a cow in first lactation the minimal milk-yield level
required for aprofitable insemination atthe 3rdmo after calving ranged from 0.70 for BAS,
COM and BAS2;to 0.76 for REL, COM2 and REL2. For a cow in 5thlactation the minimal
milk-yield level ranged from 0.80 for REL and REL2; to 0.84 for REL. At 7th mo, the
differences across feeding strategies held, but the minimal milk-yield level required for a
profitable insemination was higher. At later lactations, a profitable insemination was
obtained only for cows with above average milk-yield levels. Earlier studies reported
similar trends (5,6,25).
When feeding strategies based exclusively on flat ratios areused, FIX or FIX2,the trend
is different (Table 7). In this case, cows with relatively low production potentials were still
profitable at later lactations. As mentioned earlier, fixation of costs due to flat ratios of
concentrate had adirect effect onthe course ofprofitability for a cow.Fixed feeding means
that not all cows fully express their potential and absolute differences in milk production
wouldbecome smaller.
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TABLE 7.
Minimal milk-yield level3required for an insemination atmonths 3and 7tobe profitable
for cowsinlactation 1 to 11(LAC)underdifferent feeding strategies.
Month 7

Month 3

LAC

BAS COM FIX REL BAS2COM2 FIX2 REL2

BAS COM

FIX REL BAS2COM2

FIX2 REL2

1

.70

.70

.70

.76

.70

.76

.70

.76

.76

.76

.70

.80

.80

.80

.70

.80

2

.76

.76

.70

.76

.76

.76

.70

.76

.76

.80

.70

.80

.80

.80

.70

.80

3

.76

.76

.70

.76

.76

.76

.70

.76

.80

.80

.70

.80

.80

.80

.70

.80

4

.76

.80

.70

.76

.76

.76

.70

.76

.84

.84

.70

.84

.84

.84

.70

.84

5

.84

.84

.70

.80

.84

.84

.70

.80

.88

.88

.88

.84

.92

.88

.70

.88

6

.88

.88

.70

.84

.88

.84

.70

.84

.92

.92

.92

.88

.96

.92

.70

.88

7

.92

.88

.70

.88

.88

.88

.70

.84

.96

.96

.96

.92

.96

.96

.70

.92

8

.96

.92

.76

.88

.92

.92

.70

.88 1.00

1.00

1.04

.96 1.00

1.00

.70

.96

9

1.00

.96

.76

.92

.96

.96

.70

.92 1.04

1.04

1.12

1.00

1.04

1.04

.96 1.00

10

1.04

1.00

.80

.96 1.04

1.00

.70

.96 1.04

1.08

1.24

1.04

1.08

1.12

1.12

1.04

11

1.30

1.08

.84 1.00

1.04

.70 1.00

1.16

1.30

1.12

1.12

1.16

1.12

1.08

1.12

1.16

a

Milk-yield level isgiven asafraction relative tothe mature equivalent milk yield.

When the production potential of the cow was low, the relatively high amount of
concentrate on offer increased feeding costs. On the other hand, if the production potential
was high, the cow would tend to compensate for lack of nutrients by increasing grass
consumption. When this wasnotpossible,milk yield was reduced with direct consequences
on profitability.
For cows voluntary culled, the optimal time to cull after calving ranged from 211.1 for
COM2 to 247.5 d for BAS. For Holstein cattle, estimates of 234 d (17) and 235.4 (6) have
been reported. For crossbred Holstein x Zebu cattle an estimate of 181 d was found (5).
The actual time to culling after calving for Costa Rican Holsteins was 257 d, which is
higher than the range found for the present study, meaning that the cows are milked longer
than the optimum before being culled. The reason mightbe alack ofreplacement heifers.

5.3.4SensitivityAnalysis
A sensitivity analysis on feed prices wasperformed using the strategy withthe maximum
monthly income, REL, asabasis for comparison (Table 8).
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Decreasing the forage price by 20% caused only a US$1.4 increase in monthly income,
while other parameters stayed unchanged. Increasing forage price by 20% caused a
reduction of US$1.4 in monthly income and a decrease in replacement rate by 1%. The
small changes intheparameters were duetorelatively lowcosts of forage.

TABLE 8.
Sensitivity analysis on effect ofprices of feed andmilk onparameters describing optimal
replacement policies inaherd ofafixed size.
Parameter

Alternative scenarios
Initial

Fonige

Milk

Concentrate

(REL)

Price

Price

Price

-20%

+20%

-20%

+20%

-20%

+20%

63.8

63.8

63.7

67.2

59.7

63.8

64.1

Calving interval (mo)

369.9

369.9

369.9

370.2

369.5

369.9

369.9

Replacement rate (%)

18.8

18.8

17.8

17.9

20.1

18.8

18.7

Voluntary replacement rate (%)

8.3

8.3

7.1

7.1

9.8

8.3

8.2

59.6

61.0

58.2

33.9

85.4

63.6

55.6

Herd-life (mo)

Monthly income (US$)

Milk price was theparameter with the greatest effect onreplacement policies.A decrease
in milk price of 20% caused an increase of 3.4 mo in optimal herd life and decreased the
replacement rate by 0.9%, while monthly income was also reduced by US$26.7. An
increase of 20% in milk price caused a reduction of 4.1 mo in optimal herd-life, while
replacement rate and monthly income were increased by 1.3% and US$25.8, respectively.
No significant changes were observed in average calving interval. These results have also
been found inprevious studies(5,24).
A decrease inprice of concentrates did not change estimates of optimal herd-life, calving
interval or replacement rate, but monthly income was increased by US$4. An increase the
price of concentrates caused a small increase of 0.3 mo in herd-life and reduced monthly
income by US$4. Calving interval and replacement rate were almost unchanged. Similar
results have bee reported previously for changes in feed prices (24). Low sensitivity to
changes in concentrate price inthepresent study canbe due to the fact that the diet used as
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a basis for comparison was REL, which maximized forage intake. In summary, optimal
herd-life, monthly income andreplacement rates showed high sensitivity to changes in milk
price, and low sensitivity to changes in price of concentrates or price of forage. Calving
interval wasnot sensitive to any of the factors.
Results of sensitivity analysis of cow fertility to monthly income and herd-life estimates
are shown in Table 9. Maximum income was achieved with the shortest calving interval
and the lowest herd-life. The reduction inmonthly income when calving interval increased
from 11to 12mo was only 1.3% and increased to 16.8%when calving interval was set to
16 mo. The reduction became larger for longer calving intervals. Comparison of these
results to the estimate of US$59.6 obtained when using actual conception probabilities,
shows that the additional increase in monthly income that can be achieved by further
reduction of the calving interval is somewhere less than US$4. The extent to which this
extra-profit might be cost-effective depends greatly onthe costs needed to increase fertility
levels.

TABLE 9.
Sensitivity analysis oneffect of fertility onestimates ofmonthly income and herd-life
for an average cow inaherd of afixed sizeunder optimalreplacement policies and
using feeding strategy REL.
Parameter

ActualFertility3

Fixed Calving Interval (mo) b

n n n s n i6
Montly income (US$/cow)

59.6

63.37 62.56 60.93 58.65 55.97 52.70

Herd-life (mo)

63.8

65.53 69.71 72.57 77.43 81.23 80.85

a

Actual conception probabilities wereused (seeAppendix A.2).
Fixed calving intervals were assumed by setting the conception probabilities of the
respective column inAppendix A.2 to 1.0,while keeping the remaining at.0.
b

5.4 CONCLUSIONS
The present results indicate that feeding strategies have an important effect on optimum
average herd-life and monthly income. Feeding strategies affect herd-life by changing the
optimal time of insemination, optimal time to culling within the lactation and minimal
milk-yield level needed for a profitable insemination. The course of profitability for a cow
along the lactation clearly varies according to the feeding strategy, especially when
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comparing restricted against production-based feeding strategies. Restricted feeding alters
the normal course of profitability because of fixation of feeding costs and its effect on
production. Individual feeding is not a feasible practice in Costa Rican dairies. Therefore,
the course of profitability for an individual cow within the herd can be far from optimum.
Insemination and culling decisions shouldbemade withthis fact taken into account.
Comparison of the results for optimalpolicies obtained in thepresent study to the actual
situation inCosta Rican Holstein cattle indicates thatactual average herd-life is close to the
optimum, but that calving interval is too long. According to the present results, lifetime
profitability of cows from Costa Rican herds could be raised by increasing levels of
fertility.
The integration oftheperformance and the replacement models provides an efficient tool
to study the effect on cow profitability of interactions between nutrition, reproduction and
breeding at the animal and herd level. These models can be used to find adequate
management practices for a broad range of production circumstances, including suboptimal feeding practices.Further parameterisation ofthe effects of sub-optimal production
circumstances onbiological parameters included inthemodel is still needed.
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Appendix A.1
Multiplicative age adjustment factors for milk components3(fat andprotein) and body
weightbat calving.
Lactation

a

Milk yield

Fat content

Protein content

Body weight (kg)

1

.795

1.015

.951

412

2

.944

1.045

.986

485

3

1.010

1.045

.994

526

4

1.020

1.060

1.000

548

5

1.041

1.000

1.000

548

6

1.000

.998

.999

548

7

.993

.993

.996

548

8

.986

.987

.992

548

9

.976

.979

.988

548

10

.962

.971

.983

548

11

.946

.961

.977

548

12

.926

.951

.971

548

Factors for milk yield were taken from Vargas and Solano (30), fat and protein content
fromAMHL(2).
b
Body weightper lactation from Solano and Vargas (21). Changes inbody weight within
lactation according to thegrowth curve (21)and feeding strategy.
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AppendixA.2
Marginal conception probabilities per lactation and insemination month, marginal
involuntary culling rates(ICR,%) per lactation andreduction in milk production (%) per
lactation caused by involuntary culling.

Lactation

Conception probabilities (mo 2to7)

ICR

Reduction in

(%)

milk (%)

2 rd mo

3*mo

4th mo

5th mo

6th mo

7thmo

1

.37

.45

.41

.40

.35

.35

.08

30

2

.40

.48

.45

.45

.39

.43

.10

32

3

.41

.48

.48

.46

.41

.40

.15

34

4

.39

.51

.47

.46

.40

.45

.13

36

5

.37

.47

.45

.46

.42

.36

.22

38

6

.39

.46

.43

.43

.41

.42

.29

40

7

.38

.45

.44

.45

.40

.41

.31

40

8

.35

.47

.38

.46

.51

.50

.33

40

9

.29

.46

.49

.51

.48

.47

.35

40

10

.27

.44

.47

.49

.47

.45

.37

40

11

.26

.43

.45

.47

.45

.43

.39

40

12

.25

.41

.43

.45

.43

.41

.41

40

Theilliterate ofthe21stcenturywill notBe thosewhocannotreadandwrite, but those
whocannot [earn, unlearn, andrefearn.
JL Tqffkr
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ABSTRACT
Economic values for production traits (carrier, fat, protein, and dressing percentage) and
functional traits (conception rate, survival rate, body weight, and rumen capacity) were
calculated for Holstein cattle of Costa Rica. Economic values were derived using a bioeconomic model that combined genetic potential performance, feeding strategies and
optimum culling and insemination policies to obtain actual phenotypic performance. Three
evaluation bases were considered: fixed herd-size, fixed concentrate-input and fixed milkoutput. With a fixed herd-size economic values were 0.04 (carrier), 5.25 (fat), 3.95
(protein), 0.92 (dressing percentage), 1.30 (conception rate) 2.42 (survival rate), 0.81 (body
weight) and 84.53 (rumen capacity). With a concentrate-input limitation all traits except
body weight and rumen capacity had lower economic values compared to fixed herd-size.
The economic values were, in the same order: -0.02, 3.51,2.83, 0.79, 0.82, 3.11, 0.81 and
84.53. With a milk-output limitation, economic values were also lower than for fixed herdsize. The respective values were -0.04, 3.53, 2.91, 0.88, 0.85, 3.18, 0.51 and 45.59.
Sensitivity analysis indicated that economic values of fat, protein and rumen capacity
increased significantly with higher prices of milk solids. Other traits were less sensitive to
change in price of milk solids. Changes in price of concentrate or forage did not alter
economic values significantly. When a poorer feeding strategy was used, the economic
values for functional traits increased substantially, while those for production traits
decreased. The results of this analysis suggest that genetic improvement of fertility, health
and cow-efficiency traits will have a positive significant effect on profitability of Holstein
cows in CostaRica, especially when feeding conditions arenot optimal
Key words:(Economic values,production traits,functional traits,dairy cattle, Costa Rica).
6.1 INTRODUCTION
Milk production in Costa Rica is an activity of increasing economical and social
importance. Costa Rica isthe only country isCentral America that isself sufficient for milk
production, with a consumption per capita of 152 kg, among the three highest in Latin
America (27). There are currently 35,000 farms producing approximately 600,000 TM of
milk per year, with an estimate of 60% of this milk being processed. Specialized dairy
farms in the highlands are responsible for the production of a significant proportion of the
processed milk. The total number of specialized dairy cows is above 200 000 heads, of
which about 80%areHolstein cows.

Economic values
Although there has been a substantial increase in average milk yield per cow, this has
been achieved mainly by the improvement of management conditions and to a lesser extent
by breeding (32). In the past, breeding of specialized dairy cattle in Costa Rica has relied
mainly on importation of germsplasm from temperate countries. It is important to know
whether there is compatibility among the breeding goal in Costa Rica and the exporting
countries, in order to determine the weight that should be given to information from
imported sires. Besides, there is some evidence of substantial GXE effect on the
performance of imported sires (24, 26, 32). It is compelling, therefore, to evaluate the
possibility for the implementation of a local breeding programme within the specialized
dairy cattle population.
A first step in developing such a programme would be to consider current and future
production circumstances in the dairy sector in order to define the type of cow that will
better suit the future market conditions. A suitable breeding goal for the local population
has to be defined, given emphasis to functional as well as production traits, in order to
achieve a more sustainable production (18). For a sustainable production, traits that have
been identified as important for selection are adaptability, reproduction, milk yield, and
growth performance (10, 18, 19). Some research has been addressed to the analysis of
functional traits such asfertility (4) andcow-efficiency (9, 16,28,35).
The theory of calculating economic values for situations with different selection interests
and production circumstances has been extensively analysed (2, 5, 6, 7, 8, 10, 22). The
economic value of atrait has been defined as the change inprofit of the farm expressed per
average present lactating cow per year, as a consequence of one unit of change in genetic
merit of the trait considered (7). Production circumstances in Costa Rica indicate the
importance of breeding workable cows that are able to efficiently use the abundant grass
available, while still producing at a profitable level. Recently, a bio-economic model was
developed for Costa Rican conditions (11, 12, 34). The model combines aspects of
nutrition, reproduction, production and economics at the animal and farm level, which
makes itespecially suitable for calculating economic values.Themodelpredicts feed intake
and cow performance on the basis of availability and quality of grass and other
supplements; and optimizes insemination and culling policies (34). Costs and revenues are
obtained on the basis of real phenotypic performance, which not only depends on genetic
potential performance, but also onavailability of feed resources and feed intake capacity. In
the past, economic values have usually been estimated with models that derive feed intake
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directly from nutrient requirements only. The use of an integrated model, as developed by
Vargas et al. (34) could have an important impact on estimates of economic values for
production, andespecially for functional traits.
In the present study, biological and economical parameters reflecting the situation of
Holstein dairy cattle in Costa Rica were entered into the bio-economic model by Vargas et
al. (34) in order to obtain estimates of economic values for production traits (milk and
beef), and functional traits (survival rate,conception rate,bodyweight, rumen capacity).
6.2 MATERIALS AND METHODS
This studywasperformed using thebio-economic model developed by Vargas et al.(34).
An additional section was added to calculate economic values, based on previous research
(7, 8). In this paper, this model will be described in general terms. For more detailed
information, readers arereferred toVargas et al.(2000b).
Next, a description is given on the general model, followed by a description of the
method used for calculating economic values. Subsequently, an accurate definition is given
of the traits under analysis, the profit equation being applied, and the production
circumstances for which the economic valueswere calculated.
6.2.1 General model
The present study used a normative approach (data simulation) to obtain the economic
values for the traits under analysis. This approach is regarded as the most suitable when
there is sufficient knowledge of the system under analysis (10). The availability of a bioeconomic model adapted to the local production circumstances (34) provided this
knowledge and facilitated the analysis of different production circumstances. The selection
interest assumed for this analysis wasthemaximization ofprofit at the farm level (10).This
interest was selected because output and input limitations for milkproduction in Costa Rica
areusually imposed at the farm level.Besides, it isnormally the farmer who takes breeding
decisions.
The general structure of the model used for calculating the economic values is given in
Figure 1.Themodel started with agiven genetic potential for milk andbeef production ofa
dairy cow. Next, potential phenotypic performance was defined by a set of cow-states as
defined byVargas et al.(34).
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Initial Situation

Final Situation

Trait

Trait

(base value)

•

T

genetic potential

(1-% genetic increase)

<

Performance model

milk traits
beef traits

u

Potentialphenotypic performance

LA
Dynamic digestion model

I feeding strategy
Lcowefficiency traits

Actualphenotypic performance

fertility

Optimization model

health

(insemination and culling)

economic variables

U
Average herd-life
Average performance

4

Average costs and revenues

Fixed herd-size

I
Economic value 1

Fixed concentrate-input

I
Economic value 2

Fixed milk-output

I
Economic value3

FIGURE 1.General structure ofthemodel used inthe calculation of economic values for
production and functional traits.
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Cow-states were given by four class-variables:milk-yield level (15 classes), lactation number
(12 classes), lactation stage (16 classes) and calving interval (6 classes). Next, the potential
phenotypic performance defined by the cow-states was entered into a dynamic module of
digestion (see 12,34). This module predicted the actual phenotypic performance of the cow on
the basis of potential phenotypic milk production, availability and quality of feeds; and genetic
potential for cow-efficiency variables, i.e. body weight and feed intake capacity. Subsequently,
the information on actual phenotypic performance was entered into a dynamic programming
model to optimize culling and insemination policies at the herd level, given a certain genetic
potential for cow-fertility traits, and economic parameters. From this model, the actual
phenotypic performance of an average cow for aherd in equilibrium was obtained together with
the average costs and revenues on a single-cow basis. This first part of the model was run for
two different situations, i.e. an initial situation where the trait under analysis was set to its
current value within thepopulation, and a final situation in which a 1-% increase in the genetic
merit of the respective trait was assumed. Changes in genetic level were made for each trait
separately, but the final phenotypic changes could involve more than one trait as a result of
interactions between feeding, production, health and fertility.
6.2.2 Definition of Traits
Reference values for traits under analysis in the initial situation, i.e. before genetic
improvement, and final situation, i.e. after genetic improvement, are inTable 1.These reference
values corresponded to aHolstein heifer of average production level in Costa Rica, with an age
atfirstcalving of 28mo and one-year calving interval.
Production traits. This group included milk and beef traits. Milk traits considered in the
present analysis were 305-d carrier (CARR), fat (FAT) and protein (PROT) yield of a Holstein
heifer (see clarifications Table 1). Lactation yield was obtained from the average lactation
curve for Holstein cows in first and later lactations. Lactation curves were obtained by fitting a
diphasic model to test day records obtained from the local Holstein population (33) with age
adjustment factors obtained in an earlier study (31). A total of 15 production levels were
simulated on the basis of the average lactation curve following the methodology described by
Vargas et al. (34). Total protein yield (kg) and fat yield (kg) during the lactation were derived
from total milk yield onthebasis of average protein and fat content obtained from local data(1,
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33).Correction factors for age andstageof lactation for fat andprotein yield were also obtained
from local data(1).

TABLE 1.
Reference values for the initial and final situation of geneticpotential for production and
functional traits considered for calculation of economic values.
Parameter

Code

Reference value
Initial situation

Increase (1%)

Production traits
Carrier (kg)

CARR

5170.303

51.7

a

2.0

Fat yield (kg)

FAT

202.10

Protein yield (kg)

PROT

157.80"

1.6

DRPR

52.40

b

0.52

CR

36.60°

0.40

SR

d

0.92

e

4.1

8.6528

0.087

Dressing percentage (%)
Functional traits
Marginal conception rate (%)
Survivalrate (%)
Heifer body weight (kg)

BW

Rumen capacity (kg DM)

RC

92.0

412.00

"28 mo. old Holstein heifer, one-yr calving interval, producing 5530.2 kg 305-d milk yield,
fat content 3.65%,protein content2.85%.
b
Average dressing percentage for aheifer was52.4%.
c
Marginal conceptionrate for aHolstein heifer, 2ndmo after calving.
Probability of a Holstein heifer not to be culled by mortality, health, disease or udder and
teatsproblems.
e
Body weight ofaheifer (28mo.old).
f
Obtained as0.021 xheifer body weight.

The only beef trait included in this analysis was dressing percentage (DRPR). Average
dressing percentage for the local population was obtained from data provided by
slaughterhouses. Age adjustment factors for dressing percentage were not available for the local
population, therefore, factors were obtained from literature (29). Genetic improvement of this
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trait was assumed by increasing the dressing percentage while keeping body weight at its
originalvalue.
Functional traits. Marginal conception rate (CR) for inseminated cows was selected as a
fertility trait. This trait was defined as the probability of a cow to become pregnant after
insemination, which was dependent upon parity number and month after calving. The
conception probabilities used inthis analysis werebased onlocal data(34).
The trait selected as representative of health status was survival rate (SR). This trait was
defined as the probability for a cow to stay in the herd without being involuntarily culled by
health reasons, e.g. mastitis, diseases, mortality, or udder and teats problems. This probability
was also dependent onparity number. Valuesused inthis study were derived from involuntary
culling rates calculated onactual lifetime records oftheHolsteinpopulation inCosta Rica (34).
The way inwhich cow-efficiency traits were included inthis study deserves special attention.
The traits chosen were body weight (BW) and rumen capacity (RC). Body weight was
simulated first by fitting an age-dependent Brody function to local data from the Holstein
population (23). Secondly, body weight changes within the lactation due to feed intake, or
body-tissue deposition and mobilization, with adjustment for effect of pregnancy, were
simulated onthebasis of a dynamic model of digestion (12).Theuse of this model allowed the
estimation of body weight changes for situations with restricted feeding strategies, as described
by Vargas et al. (34). Genetic increase of heifer body weight was obtained by increasing the
mature body weight parameter of the growth curve by one percent, i.e a shift in the entire
growth curve.
Feed intake capacity of dairy cows depends on three factors, i.e. feed, management and
animal factors (2). Feed factors are those related to feed composition and physical form;
management factors are those related to feeding strategy, i.e. restricted vs. ad libitum; and
animal factors are those related to production level, size, age, physiological stage and genetic
merit for feed intake. Earlier studies calculating the economic value of feed intake capacity for
dairy cows (9, 16) were based on bioeconomic models in which actual feed intake is set equal
to nutrient requirements norms. This assumption is not realistic for the production
circumstances found inCosta Rica, where restricted feeding isthe most common practice.
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Rumen capacity in the present study was defined as the maximum load of dry matter in the
rumen at any moment, as implemented in the dynamic model of digestion (12). This model
estimated feed intake capacity on the basis of the allometric coefficient found earlier (11), in
which dry matter content in the rumen scales to 0.021 xbody weight. Further adjustments are
made taking into account animal factors other than size, i.e. production level and pregnancy;
and feed and management factors. In order to simulate an increase in the genetic merit for
rumen capacity the allometric coefficient was increased, this is assuming that the cow would be
ableto storealarger amount offeed without increasing body size.

6.2.3 DefinitionoftheProfitEquation
Theprofit equation used inthe present analysis was defined following the approach by Groen
et al. (10), i.e. variable and fixed costs were given on a cow and farm basis. The basic profit
equationused inthe calculation of economic values was as follows:
P =R - C

[1]

where:
P

=

farm profit (US$/farm/year);

R

=

farm revenues (US$/farm/year);

C

=

farm-costs (US$/farm/year).

Farm revenues (R) werecalculated using the equation:
R=N x [(KFAT+KPRO+KLAC) xpSOL +KFATxpFAT+
(CALF/LIFxpCALF) +(CAR/LIF xpCAR)]
where;
N

=

number ofpresent cows intheherd (lactating +dry cows);

KFAT

=

fat yield (kg/cow/yr);

KPRO

=

protein yield (kg/cow/yr);

KLAC

=

other solids (kg/cow/yr);

PSOL

=

price per kgofmilk solids(US$);

PFAT

=

extra-priceper kg offat yield (US$);

CALF

=

average number ofcalvesper cowper lifetime;

PCALF

=

price new-born calves (US$);

[2]
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LIF

=

cow herd-life (yr);

CAR

=

average carcass weight culled cows (kg);

PCAR

=

carcassprice (US$/kg).

Costs (C) were derived from the following equation:
C=Nx [cONCxpCON+(FOR+RFOR)xpFOR+REP/LIF+LABxpLAB+SUNC]+

FIXF

where;
CONC

=

intake of concentrate (kg/cow/yr);

PCON

=

price ofconcentrate (US$/kg);

FOR

=

forage intake (kg/cow/yr);

RFOR

=

residual forage (kg DM/cow/yr);

PFOR

=

price offorage (US$/kg);

REP

=

price replacement heifer (US$/heifer);

LAB

=

time contracted labor (h/cow/yr);

PLAB

=

price contracted labor (US$/h);

SUNC

=

sundry costs (US$/cow/yr);

FIXF

=

fixed farm-costs (administration and financial costs; US$/farm/yr).

CONC, FOR, RFOR and REP were variable cow-costs, while LAB and SUN were fixed
cow-costs. Information on prices and costs per unit of production factor used in the present
study isgiven inTable 2.
Forage produced within the farm was given acost according to forage-production parameters
and fertilization practices normally found in highland dairies of Costa Rica (12, 13). Residual
forage (RFOR), e.g. the forage that was not consumed by the cows, was estimated as the
difference in kg/cow/yr between forage available and forage consumed. The total amount of
forage produced at the farm level was assumed as fixed, but the relative quantities of forage
consumed vs.residual forage differed at the cow level. Therefore, this cost was considered asa
cow-variable cost within the profit equation. Rearing costs (feeding, labor, sundries) were all
considered within the replacement costs (REP), assuming an unlimited external supply of
heifers independent of genetic merit.

^
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TABLE 2.
Parameters used inthe calculation of economic values.
Parameter

Value

Pricemilk solids (pSOL,US$/kg)a

2.178

Extra-price kg fat yield (pFAT,US$/kg)

a

0.331

Price concentrate (pCON,US$/kg)
Price forage (pFOR, US$/kg)

0.16

b

0.0342

Pricereplacement heifer (REP,US$)

1000.0

Sundry costs (SUNC,US$/cow/yr)

327.0
c

Fixed farm-costs (FIXF,US$/farm/yr)

9670.0

Pricenew-bom calf (pCALF,US$)

30.0

Number of calves (CALF)

4.77

Carcass price (pCAR, US$/kg)

1.05

Labor costs (pLAB,US$/h)
Production of forage (kggreenDM/ha/yr)

1.20
b

Stocking rate (AU/ha)

20,857
3.5

a

Localpayment system:US$2,178 xkg milk solids+US$0,331x kg fat.
Assuming 2000 kg DM/haper grazing period with 150kg/ha/yr nitrogen fertilisation. Rest
periodbetween consecutive grazing periods setto 35d (see 12,13).
c
Fixed farm-costs: administration costs (US$3744/yr), linear depreciation (US$2238/yr) and
7.0% annual interest rate on investments (US$7432/yr). Production factors (land, housing,
machinery and labor) used for these calculations were only those directly related to
production.

6.2.4 FeedingStrategy andProductionLimitations
As described in an earlier section, the actual performance of the cow also depended on the
feeding strategy. For thepresent analysis, cows were assumed tohave unlimited access to graze
kikuyu grass {Pennisetum clandestinum, 600 g NDF/kg DM, 16% CP, 58% potential
degradability of NDF and 3.8%/h degradation rate of NDF) while offered a supplementation
based on a4:1 milk-concentrate relation. This is, a lactating cow was given 1kg of concentrate
(120 g NDF/kg DM, 570 g soluble carbohydrate/kg DM, 180 g CP/kg DM, 33%solubility of
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CP, 85%digestibility of CP, 30 g fat/kg DM) per 4 kg of potential phenotypic milk yield. This
feeding strategy, denoted from here onwards as REL, was selected on the basis of previous
research (13,34) that identified thisrelation asthemoreprofitable on afarmbasis.
Economic values for the traits described earlier were calculated for three different evaluation
bases: fixed herd-size, fixed concentrate-input and fixed milk-output. Economic values for
different evaluation bases were derived as described inprevious research (2, 5, 6, 8, 9, 10,22).
For the case assuming afixedherd-size,the economic valueswere derived from the equation:
EV=( l / N ) x ( 5 R - 5 C )

[4]

with EV being the economic value for the trait under analysis, N being the herd-size, and R
and Casdescribed inEquation[1].
Next, economic values were recalculated assuming a concentrate-input limitation. For this
case,the economic value ofthetraits was obtainedas:
EV = (P2/N2- P,/N,) +RF x(P2/N2)

[5]

with Pasdefined in eq.l. Thus,P/Ndenoted thenetprofit per cow (US$/yr) with subscripts 1
and 2 standing for the initial and final situation. RF was a rescaling factor (8) introduced in
order to account for a change in size of the enterprise, due to occur when an input/output
limitation apply. This is,concentrate input was assumed fixed at the farm level,but the number
of present cows changed as a result of the increment in the genetic merit for a certain trait. RF
was therefore dependent on the production factor being limited, and can be obtained from the
following equation:
RF = -1 x [(F 2 -F,)/F 2 ]

[6]

where F stands for the factor being restricted, in this case the input of concentrate
(kg/cow/yr) before (1) and after (2) genetic improvement of the trait under analysis,
respectively.
Finally, a situation with milk-output limitation was assumed. In this case, economic values
were obtained from eq. 5.RF was defined as in equation 6, withY\ and F 2 equal to the level of
milk output (kg/cow/yr) before and after genetic improvement of the trait under analysis,
respectively.

Economic values
6.2.5 Change inPrices and Feeding Strategy
Additional analysis was performed on the sensitivity of the economic values to changes in
price of milk solids, concentrate and forage. Changes of (-/+)20% with respect to the original
values were considered, under the three evaluation basis: fixed herd-size, fixed concentrateinput and fixed milk-output. Changes were performed one at the time, keeping all other
parameters at their originalvalue.
Economic values were also recalculated for all traits assuming a change in the feeding
strategy. The new strategy was selected on thebasis of aprevious study (Vargas et al., 2000b),
in which feeding strategies were compared on the basis of their efficiency to fulfil nutrient
requirements of dairy cows in a wide range of production status. The strategy with the poorest
performance, i.e. FIX, was selected for the recalculation of economic values assuming a fixed
herd-size base of evaluation. According to strategy FIX cows were fed fixed quantities of 6, 4
and 2 kg of concentrate during 0-100, 101-200 and >200 d of lactation, respectively. As with
strategy REL,cows were assumed to graze onkikuyu grass.
6.3 RESULTS AND DISCUSSION
6.3.1 Initial Situation
After running the model for the initial situation, the average present cow in the herd was
characterized (Table 3).This cow had an average herd-life of 4.92 yr, and was able to produce
5929.4 kg FPCM/yr from a potential phenotypic production of 6055.6 kg FPCM/yr. This
average present cow produced 212.9 kg fat/yr, 176.4 kg protein/yr and 327.8 kg of other
solids/yr. Concentrate intake of the average cow was 1514.5 kg DM and forage intake was
2679.0 kg DM/yr. Given that the energy content of concentrate was approximately 12.00 MJ
ME/kg DM and assuming an average energy content of 6.52 MJ ME/kg DM for kikuyu grass
(12), this would mean that approximately 49.0% of the energy supply was obtained from the
forage. For culled cows, the average body weight in the initial situation was 551.3 kg, with a
carcass weight of 283.5kg.
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TABLE 3.
Initialpotential and actualphenotypic performance ofanaverage Holstein cow, and marginal
changes after 1-%increase ingenetic merit for production and functional traits.
Parameter

Initial Marginal (8)change after 1-%increase ingenetic merit
CARR FAT PROT DRPR CR

Herd-life (yr)

4.92

SR BW

RC

0.14 -0.01 -0.01 -0.01 0.02 0.16 0.00

0.01

Potential FPCM yield (kg/yr)

6055.6 21.36 25.08 12.48

0.12 1.20 -4.92 0.00

0.12

ActualFPCM yield (kg/yr)

5929.4 30.84 25.08 12.24

0.12 1.32 -5.16 9.12 24.84

Fatyield (kg/yr)

212.9 -0.96 2.88

0.36

0.00 0.00 -0.24 0.36

0.96

Proteinyield (kg/yr)

176.4 -0.72 0.72

2.16

0.00 0.00 -0.12 0.24

0.72

Others solids (kg/yr)

327.8

1.70 1.38

0.67

0.01 0.07 -0.28 0.50

1.37

Concentrate intake (kgDM/yr) 1514.5

5.64 6.48

3.36

0.12 0.36-1.20 0.00

0.00

Forage intake (kg DM/yr)

2679.0

1.68 2.40

1.08

0.00 0.24 0.00 24.60 33.12

3286.1

0.00 0.00

0.00

0.00 0.00 0.00 0.00

0.00

Residual forage (kg/yr)

a

Body weight (kg)

551.3

1.26 -0.11 -0.01

0.08 0.08 -0.30 6.36

2.46

Carcass weight (kg)

283.5

0.56 -0.05

2.89 0.06 -0.10 3.26

1.25

0.00

Residual forage (kg/cow/yr) was re-adjusted when herd-size changed as a result of
production limitations.

Initial distribution of farm costs andrevenues isgiven inTable 4. As observed, milk and beef
revenues represent 94.8% and 5.2% of the total revenues, respectively. Variable cow-costs
represent 46.9% of the total costs, with feed costs being the most important variable cost
(24.1%).Fixed cow-costrepresented almost 33.7%,with sundry costs being the most important
fixed-cost (23.6%).Labor costsrepresented about 10%ofthetotal costs.Production costperkg
of milk was about US$0,234. The current price paid to farmers is around US$0.275/kg milk
(15). Therefore, the profit per kg of milk for the initial situation was about 18.0%, without
considering revenues/costs from other by-products. These figures are close to profitability
estimates ofhighlands dairies inCostaRica (36).

Economic values

^

____

6.3.2 Fixed Herd-size
At the farm level, the increase of genetic merit of a certain trait under a fixed herd-size base
of evaluation affected total revenues and variable cow-costs (Table 4).Due to the fixed number
ofcowsassumedunder this approach, fixed cow-costs and farm fixed-costs didnot change after
increasing genetic merit. Therefore, these costs didnothave any effect oneconomic values.The
economic value of a trait under this evaluation base was directly related to the marginal cowprofit.
Our results indicated that CARR had an economic value close to zero (Table 4). Selection on
CARR has an effect on cow-performance and optimum herd-life (Table 3). There is a
significant increase in potential and actual phenotypic milk yield (Table 3). However, this
increase occurred mainly within the non-valuable components of milk. The valuable
components, i.e. fat and protein, actually decreased (Table 3), which is due to the increase in
herd-life and the consequent change in herd composition. The increase in herd-life may be
caused by the fact that culling is performed at a later stage in lactation (216 vs. 206 d), due to
increased production. Despite the decrease in milk and beef revenues, the economic value of
CARR is still slightly positive, due to a significant reduction of replacement costs caused by
decreased replacement rates. As observed in Table 3, there is also an increase in BW. This
increase is caused by a higher availability of nutrients for body weight gain because, as stated
earlier, the increase in milk yield is mainly in volume rather than solids. Economic values for
CARR reported in the literature are usually negative (6, 8, 20, 25, 37). Most of these studies,
however, considered anegative baseprice for milk, and the decrease of replacements costs after
genetic improvement was not included. Nevertheless, the economic value found in our study
was also closetozero.
As expected, FAT and PROT resulted in positive economic values. Selection for FAT and
PROT increased mainly milk revenues, and beef revenues to a lesser extent (Table 4). Increase
in milk revenues was mainly related to an increase in average fat and protein yield (see Table
3). Feed costs also increased as a result of higher concentrate and forage intake, which were
related to increased milk yield. Smaller effects on beef revenues were related to a minimal
reduction in herd-life (Table 3). Notice that calf and carcass values are divided by herd-life in
Equation [3].The change inherd-life also originates the observed increase inreplacement costs
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(see Equation [4]). Earlier studies generally reported higher economic values for protein
compared to fat (6, 8, 20, 25, 37). The opposite situation was observed in our study, and this is
because fat is paid at a higher price than protein in Costa Rica (see Table 2).

TABLE 4.
Initial distribution of costs and revenues per farm per year, and marginal changes and
economic values after 1-% increase in genetic merit for production and functional traits under
a fixed-herd-size base of evaluation.
Initial

Parameter

Marginal (8)change after 1-%increase ingenetic merit

CARR FAT PROTDRPR CR SR B W
Herd-size

RC

50.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Milk revenues (US$/yr)

81430.1 -14.1589.9 353.7

Beef revenues (US$/yr)

0.7 7.9-60.0125.9 347.7

4437.4 -119.1 9.3 8.3 36.1-15.1-18.8 30.2 8.0

l)Total revenues (US$/yr)

85,867.6 -133.2 599.2 362.0

Feed costs (US$/yr)

16,697.3

48.0 55.9

28.6

1.0

5619.3

-2.8 -4.2

-1.8

0.0 -0.4

Replacement costs (US$/yr)

10,160.9 -286.0 22.6

19.0

12.0 -36.0 -27.6 -10.3 -12.0

a) Variablecow-costs (US$/yr)

32,477.4 -240.8 74.3

45.8

13.0 -33.1 -82.3 -10.3 -12.0

b)Fixed cow-costs (US$/yr)

23,358.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

c)Fixedfarm-costs (USS/yr)

13,414.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

2)Total costs(US$/yr) (a+b+c)

69,249.4 -240.8 74.3

45.8

Net effect2 (US$/farm/yr)

16,618.1 107.6 524.9 316.2

23.8 25.9

3.5 166.4 367.7

30,032.1 107.6 524.9 316.2

23.8 25.9

3.5 166.4 367.7

Residual forage costs(USS/yr)

Gross profit (US$/yr)

(1-a-b)

Production cost (USS/100kg milk)
Cow-profit

c

Economic valued(US$/cow/yr)
a

b

23.4

-0.2 -0.1

-0.1

600.6

2.2 10.5

6.3

0.04 5.25

3.95

36.8 -7.2 -78.8 156.1 355.7
3.3 -57.6 42.1

2.9 -42.1 -56.6

13.0 -33.1 -82.3 -10.3 -12.0

0.0 -0.1

0.1 -0.1

0.5

0.1

0.5

3.3

-0.1
7.4

0.92 1.30 2.42 0.81 84.53

Net effect: [8 milk revenues - 8beef revenues - 8 variable cow costs]
Production cost: total costs (US$/farm/yr)/ total milk yield (kg/100/farm/yr)
c
Cow-profit: Gross profit (US$/farm/yr)/herd-size
Economic value: Net effect/ initial herd-size/increment in trait (see eq. 4 and table 1)
b

56.6

Economic values
DRPR had a positive economic value of 0.92 (Table 4). This economic value originates
mainly on the increase in beef revenues as a consequence of the increase in average carcass
weight of culled cows (Table 3).There is also an increase inreplacement costs,which is caused
by the small reduction in herd-life. Due to the low carcass price (US$1.05/kg), the economic
value for this trait is low,but stillpositive (Table4).
CR had a positive economic value of 1.30. In our model, marginal conception probabilities
are added during the optimization process (see Figure 1),therefore CR has an effect mainly on
the optimal herd composition. CR directly affects herd-life and indirectly affects calf value,
carcass value, andreplacement costs (see eq. 2and 3).As aresult of an increase in CR, there is
an increase in average herd-life (Table 3) that results in a decrease in replacement costs and
beef revenues (Table 4).There is also a small increase in average milk yield and milk revenues
(Table 3).This increase is causedby a slightly different distribution of cows within age-classes,
as a result of the increase in herd-life. Methods and definitions used in calculating economic
values for fertility differ substantially in previous research, making the comparison difficult. A
previous study (4) found an economic value for CR that ranged from US$1.14 to
US$2.14/cow/yr per 1-%increase inCR,which isinagreement with ourresults.
SR also had a positive economic value of 2.42. The effect of an increased SR is mainly
exerted through changes in herd composition, rather than changes in individual performance.
When SR increases, the average replacement rate becomes lower and optimum herd-life
increases (Table 3). Although cows are older on average, there are also more cows in late
lactations and dry period, which reduces milk revenues. However, the reduction in revenues
was compensated by a more significant reduction in variable cow-costs, which leads to a
positive economic value (Table 4). This is, cows are more cost-effective, as can be seen from
the positive cow-profit in Table 4. Rogers et al. (21) reported an increase of US$22 in net
revenue per cow per year, after a decrease of 2.9% in involuntary culling rates. Visscher et al.
(37) reported economic values for survival rate in the range of US$1.35 to US$4.9/cow/yr per
1-%increase inSR, similar towhat we found inthepresent study.
Important results of this study were the economic values for traits related to cow-efficiency,
i.e.body weight (BW) and rumen capacity (RC).A lowpositive economic value was found for
BW (Table 4). This value was mainly caused by increases in beef and milk revenues. Beef
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revenues increased as a result of the larger body size, but the marginal change was low as a
consequence of the low carcassprice. Increase inmilk revenues originates inhigher actual milk
yield (Table 3). According to the results of the dynamic digestion model, cows with a higher
BW were closer to their potential milk yield. In this study, intake of concentrate was defined
according topotential milk yield (see earlier section) and remains constant before and after 1-%
increase of genetic merit for BW (Table 3).Therefore, the increase in milk yield was caused by
the increase in forage intake. Large cows eat more than small cows, and this is an important
factor when the production potential of the cow is not fully expressed due to size-related
limitations. The increase in feed costs was caused by higher forage intake, but this increase in
feed costs is counterbalanced by an equal reduction in residual forage costs (Table 4). This is,
the cows consume more forage, and less residual forage is left on the ground (Table 3). In
previous studies, the economic value reported for BW was negative (7, 8, 16, 25, 37). These
studies, however, were based on models that assumed a feeding strategy based on nutrient
requirements only. Therefore, larger cows required more nutrients for maintenance, and the
intake was increased resulting in higher feed costs. Recently, dynamic models of digestion, as
used in the present study, are being developed. In these models, the approach followed is
opposite to models based on nutrient requirements (see 12, 14). These models allow for the
specification of a general feeding strategy for a herd, and the actual performance of the
individual cows is calculated on the basis of feed availability, feed quality and the production
potential of the cow. This characteristic is of great importance when analyzing the effect of
interaction between genetic potential and feeding level (17).For thepresent analysis, cows were
fed based on their potential milk yield using a fixed 4:1 milk-concentrate ratio. This means that
the change in feeding costs after increasing BW was only associated with the increase in forage
intake (potential milk yield does not change with increased BW), and forage is a cheaper food
resource. Some authors stated that large animals have a greater advantage when cell wall
digestion rates are low because of their longer retention time and hence more extensive
digestion; conversely, the shorter retention times of small animals allow a lower extent of
digestion of slowly fermenting forages (14). For the present study, it seems that increasing BW
by genetic means is still profitable for a pasture-based dairy production system under the
production circumstances already described.

Economic values
A genetic increase inRC also resulted inapositive economic value. This value was related to
an increase in milk revenues originated in higher actual milk yield and higher forage intake
(Table 3). The increase inbeef revenues was due to a larger body weight (Table 3), which was
mainly related to a higher intake capacity and lower body weight losses during lactation. The
dynamic model of digestion takes into account changes in body weight on a daily basis,
therefore changes in intake capacity are reflected in the average BW. Feed costs increased asa
result of a higher forage intake,but there was again an equal reduction in residual forage costs.
It isimportant tonotice thatby giving avalue to theresidual forage, the economic value of BW
and RC increases, due to a more efficient utilisation of the forage resource. Similar findings
havebeenpreviously reported (9,35).An earlier study (16) found that economic values for feed
intake capacity reported in the literature ranged between US$0 and US$71.3 cow/yr per 1kg
increase in feed intake. Despite the difference in the way of measuring feed intake capacity
used in our study, the results also indicate a high economic value for this trait, which stresses
the importance of increased feed intakecapacity for pasture-based dairy production systems.
6.3.3 Fixed Concentrate-input and Fixed Milk-output
Increase of genetic merit of a trait under fixed concentrate-input and fixed milk-output
evaluation-bases changedherd-size according tothere-scaling factor (see Equation [6]).
For this study, concentrate intake was directly related to the potential phenotypic milk yield
of the cows. Therefore, with a concentrate-input limitation, a change inherd-size was observed
when the trait had an effect on the potential phenotypic milk yield (and concentrate intake) of
the individual cow (see Table 3). Van Arendonk and Brascamp (30) suggested that economic
values should be calculated from product profitability. For comparison, profit per kg of
concentrate is also given in Table 5. As shown, the economic value for a trait was negative
when the profit per kg of concentrate was lower after increasing genetic merit. This
demonstrates the equivalence between rescaling and product profitability in calculating
economic values.
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TABLE 5.
Initial distribution of costs and revenues per farm per year, and marginal changes and
economic values after 1-% increase in genetic merit for production and functional traits
under a fixed concentrate-input base of evaluation.
Parameter

Initial

Marginal (8)change after 1-%increase ingenetic merit

CARR FATPROTDRPR CR SR BW RC
Herd-size

50.0 -0.186-0.213 -0.111 -0.004-0.012 0.040 0.000 0.000

Milk revenues (US$/yr)

81,430.1 -316.2 240.5

Beef revenues (US$/yr)

4437.4 -135.1

l)Total revenues (US$/yr)

85,867.6

Feed costs (US$/yr)

16,697.3
5619.3

-9.7

172.7
-1.6

-5.7 -11.4

-9.6 125.9 347.6

35.7 -16.2 -134.5 30.2

8.1

-451.3 230.8

171.1

30.0

-14.1

-15.4

-8.3

-0.4

-0.7

14.1

15.4

8.3

0.4

0.7

Replacement costs (US$/yr)

10,160.9 -322.6

-21.0

-3.6

11.3

a)Variable cow-costs (US$/yr)

32,477.4

-322.6

-21.0

-3.6

11.3 -38.4 -305.7 -10.3 -12.0

7008.0

-26.0

-29.9

-15.5

-0.6

-1.7

5.5

0.0

0.0

Sundry costs (US$/yr)

16,350.0

-60.7

-69.6

-36.2

-1.3

-3.9

13.0

0.0

0.0

bJFixedcow-costs (USS/yr)

23,358.0

-86.7

-99.5

-51.7

-1.9

-5.6

18.5

0.0

0.0

c)Fixedfarm-costs (US$/yr)

13,414.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Residual forage costs (US$/yr)

Labor costs (US$/yr)

-27.6 -144.1 156.1 355.7
3.6

42.1

56.6

-3.6 -42.1 -56.6

-38.4 -305.7 -10.3 -12.0

9.4 -44.0 -287.2 -10.3 -12.0
Net effecta (US$/farm/yr)
Grossprofit (US$/yr) (1- a-b)
Cost(US$/100kgmilk)

b

c

Profit per 100kg cone. (US$)
d

Economic value (US$/cow/yr)
a

16,618.1
30,032.1
23.4
39.7

-42.0 351.3 226.4

20.6

16.4 143.1 166.4 367.7

-42.0 351.3 226.4

20.6

16.4 143.1 166.4 367.7

-0.2

0.0

-0.1

0.0

-0.1

-0.1

0.0

0.3

0.0

0.0

-0.02

3.51

2.83

0.79

0.82

-0.1 -0.1 -0.1
0.1

0.2

3.11 0.81 84.53

Net effect: [8 milk revenues - 8 beef revenues - 8 variable cow-costs - 8 fixed cow costs]
Production cost: total costs (US$/farm/yr)/ total milk yield (kg/100/farm/yr)
c
Profit per 100 kg concentrate: Gross margin (US$/farm/yr)/ total amount of concentrate
(kg/100/farm/yr)
d
Economic value: [8 cow-profit + RF x final cow-profit ] /increment in trait (see eq. 5 and
b

table 1)

0.4

Economic values
Similarly, with a milk-output restriction, the reduction in herd-size was observed when the
trait had an effect on the actual milk yield of the individual cow. The economic value for this
situation can alsobe related to theprofit per kg of the limiting factor, e.g. per kg of milk (Table
6). The economic value for atrait was negative when the profit per kg of milk was lower after
increasing genetic merit.
In general, for both evaluation bases, fixed cow-costs are always lower as a result of the
decrease in herd-size. An exception occurs for SR, which causes an increase rather than a
reduction in herd-size. Variable cow-costs and revenues from milk and beef present marginal
changes according tothetraitbeing improved.
CARR had anegative economic value inboth cases (Tables 5 and 6). There is a decrease in
milk revenues that cannot be counterbalanced by the reduction in replacement costs.
Improvement of FAT and PROT significantly increased the potential phenotypic milk yield
(Table 3), and consequently caused a larger reduction in herd-size and marginal changes in
revenues and costs. In our model, DRPR only affected beef production traits, and therefore
there was only aminor change inherd-size after 1-% increase in genetic merit (Table 5 and 6).
Conception (CR) and survival (SR) are implemented within the optimization model, and
consequently only exert a minimal effect on milk yield by changing optimal herd composition
(see Figure 1). Therefore, the change in herd-size after selection for CR and SR was also
minimal (Tables 5and6).
After selection for SR, an increase of herd-size was observed. This increase occurs because
the level of the restricted factors, i.e. concentrate-input and milk-output, is lower after selection
(Table 3).The increase of survival rate may result in ahigher ratio between non-productive vs.
productive days during the lifetime of anaverage cow after the optimization process (see Figure
1);and thismay cause thereduction inboth factors.
Efficiency traits (BW and RC) are implemented within the dynamic digestion model and
therefore exert an effect on actual phenotypic milk yield, not on potential milk yield (Table 3).
Consequently, theherd-size did not change after imposing a concentrate-input limitation (Table
5), and the economic values were the same as those calculated assuming a fixed herd-size base
of evaluation. On the opposite, BW and RC had a significant effect on actual milk yield and
therefore caused areduction inherd-size and economic values (Table 6).
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TABLE 6.
Initial distribution of costs andrevenues per farmper year, andmarginal changes and
economic values after 1-%increase ingenetic merit for production and functional traits under
a fixed milk-output base of evaluation.
Parameter

Initial

Marginal(8)changeafter 1-%increaseingeneticmerit
CARR FAT PROT DRPR

Herd-size

CR

SR

BW

RC~

50.0 -0.259 -0.211 -0.103 -0.001 -0.011 0.044 -0.077 -0.209

Milkrevenues(US$/yr)

81,430.1 -435.4 244.4 185.2

Beefrevenues(US$/yr)

4437.4 -141.4

-9.4

-0.9

l)Total revenues (US$/yr)

85,867.6 -576.8 235.0

Feed costs (US$/yr)

16,697.3

-38.6

5619.3

-0.9 -10.2

-3.2

0.7

6.5

36.0 -16.1 -134.2 23.3 -10.5
24.0

-4.0

4.9

16.4

-13.3

-4.0

-35.0

-37.3

-38.3 -304.9

-25.9

-54.5

-26.3 -137.4

184.3

35.1

-14.6

-5.8

0.6

-0.4

20.8

15.2

7.6

0.1

0.6

Replacement costs (US$/yr)

10,160.9 -337.0

-20.5

-2.0

11.9

a)Variablecow-costs (US$/yr)

32,477.4

-354.8

-19.9

-0.2

12.6 -38.1 -303.9

-44.5 -105.0

7008.0

-36.3

-29.5

-14.4

-0.2

-1.6

6.1

-10.8

-29.2

Sundry costs (USS/yr)

16,350.0

-84.6

-68.9

-33.7

-0.3

-3.6

14.2

-25.1

-68.2

b)Fixed cow-costs (US$/yr)

23,358.0

-120.9

-98.4

-48.1

-0.5

-5.2

20.3

-35.9

-97.4

c)Fixedfarm-costs (US$/yr)

13,414.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

2)Total costs (US$/yr) (a+b+c)

69,249.4 -475.7 -118.3

-48.3

12.1

Net effect a(US$/farm/yr)

16,618.1

-101.1 353.3

232.6

23.0

17.0 146.2 104.4 198.3

Grossmargin (US$/yr) 1-a-b

30,032.1

-101.1 353.3

232.6

23.0

17.0 146.2 104.4 198.3

Residual forage costs (US$/yr)

Labor costs (US$/yr)

Cost (USS/100kg milk)

b

Profit 100kg of milk (US$)
d

c

Economic value (USS/cow/yr)

-43.3 -283.6

23.4

-0.2

0.0

-0.1

0.0

-0.1

-0.1

-0.1

-0.1

10.13

-0.03

0.12

0.08

0.01

0.01

0.05

0.04

0.07

-0.04

3.53

2.91

0.88

0.85

3.18

0.51 45.59

'Net effect: [8milk revenues- 8beef revenues - 8variable cow costs- 8fixed cow costs]
Production cost: total costs (US$/farm/yr)/ total milk yield (kg/100/farm/yr)
c
Profit per 100kg ofmilk:Gross margin (US$/farm/yr)/ totalmilkyield (kg/100/farm/yr)
d
Economic value: [8cow-profit +RF x final cow-profit ]/increment in trait
(see eq. 5andtable 1)
b

-80.4 -202.4

Economic values
All economic values obtained under a fixed milk-output evaluation base were lower than the
obtained for a fixed herd-size and similar to those calculated assuming a fixed concentrateinput. Variation in economic values among different evaluation bases originates in different
efficiencies inthe use ofproduction factors, according totherestrictions being applied.

6.3.4ChangeinPricesandFeedingStrategy
Increasing the price of milk solids under a fixed herd-size base of evaluation caused a
significant rise in economic values of FAT and PROT, and to a lesser extent, CR, BW and
DRPR (Figure 2). Economic value for RC also increased significantly (results not shown).
Conversely, the economic value of SR decreased as the price of milk solids increased (Figure
2). Economic value for CARR did not change (Figure 2). With a fixed concentrate-input the
change ineconomic values for FAT, PROT, SR,BW and RC followed approximately the same
pattern as for fixed herd-size, while CR and DRPR decreased (results not shown). Economic
value for CARR did not change significantly. With a fixed milk-output the sensitivity of
economic values to changes in price of milk solids was lower (results not shown). However
CARR, FAT, PROT, and SR still followed the same pattern. DRPR, BW and RC did not
change; and CR showed aslight reduction. High sensitivity of economic values toprice of milk
solids was expected, as most of farm income comes from milk sales. For this reason the
economic value of the valuable milk components are affected the most. The reduction of
economic values for some traits (SR, CR, and DRPR) can be explained from the results shown
in Table 4, 5and 6. As itwas explained inprevious sections, increase of genetic merit for these
traits may result in a decrease of milk revenues caused by an increase in the number of nonproductive days. This reduction in revenues was even larger when the price of milk solids
increased, which caused the decreasing trend of economic values.
Changes in price of concentrate under a fixed herd-size of evaluation did not have major
effects on economic values of any of the traits included in this study. Minor reductions
happened in economic values of CARR, FAT, PROT, DRPR, and CR, while SR increased
slightly. Economic values ofBW andRCdidnot change.
With afixedconcentrate-input, the changes were also minor (results not shown).With afixed
milk-output only the economic value for RC showed a significant increase (results not shown).
The minor changes in economic values caused by changes in price of concentrate are due to a
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rise invariable costs,with aconsequent reduction of thenet effect. Changes are smallbecause a
major part of the energy requirements of cows are obtained from forage, given the feeding
strategy thatwas assumed.
Inthe same way, changes intheprice of forage under a fixed herd-size base of evaluation did
not alter the economic values of any trait. The same results were found for fixed concentrateinput and milk-output evaluation bases. In this case, the lack of sensitivity was due to the fact
that the residual forage was given the same price as the forage consumed. Therefore, a rise in
price of forage consumed was compensated by an equal reduction in price of residual forage,
leaving the economic values atthe same level.
Economic values obtained under a fixed herd-size base of evaluation with feeding strategy
FIX were compared to the results obtained with feeding strategy REL (Figure 3). Results are
shown for alltraits except RC. Economic value for CARR remained close to zero inboth cases.
Economic value for FAT and PROT were much lower for the poorest feeding strategy (FIX).
This indicates that the genetic improvement ofmilk production traits is less profitable when the
concentrate in the daily ration is limited. In other words, the production potential of the cow
cannotbe fully expressed. Onthe opposite, the economic value for BW (Figure 3) and RC (not
shown) increased with the poorest feeding strategy. Economic values for RC were 84.53 and
189.04 for REL and FIX, respectively. This seems to indicate that genetic improvement of traits
related to grazing capacity is more profitable when there is a restriction in the amount of
concentrate fed in the ration. Economic value of DRPR was not substantially changed.
Economic value of CR and SR also increased significantly with strategy FIX, which indicates
that the genetic improvement of these traits also becomes more profitable under less favorable
environmental conditions.

Economic values

FIGURE 2. Sensitivity of economic values for production and functional traits to
changes inprice ofmilk solids (US$/kg)under afixed herd-size base of evaluation.

FIGURE 3.Economic values for production and functional traits ofHolstein cows grazing
on kikuyu (Pennisetum clandestinum) and fed REL (milkxoncentrate equal 4:1) and FIX
(6, 4,and 2kg of concentrate during stages 0to 100, 101to 200,and > 200 d of lactation,
respectively)..
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6.4 CONCLUSIONS
Results found in this study provide important information about the type of traits that should
be considered in a breeding goal for specialized dairy cattle in Costa Rica. These results can
also be compared against the past and current trends in dairy breeding within this country to
identify possible inconsistencies. The economic values found for milkproduction traits indicate
that a major weight should be given to fat in relation to protein. Currently, most of the semen
entering the country is coming from USA, where the selection index gives twice as much
emphasis to protein compared to fat. This simple fact already shows an inconsistency in the
breeding policies.
From our results it is also clear the importance of survival and conception rates as traits with
positive economic values. Inclusion ofhealth traits within the selection index inUSA was done
only until recently. The economic values for these traits are determined mainly by indirect
effects, such as the reduction of replacement rates (and replacement costs), changes in the
distribution of cows among age-classes or changes in the relative number of non-productive vs.
productive days during the entire life of the cow. Although the importance of breeding for
survival and fertility is clearly recognised world-wide, this becomes even more important in a
developing country, where sanitary controls are less efficient and the incidence of diseases and
fertility problems is higher.
Our results suggest that body weight, and especially feed intake capacity, are both traits with
a positive economic value for production circumstances found inCosta Rica. Inclusion of these
cow-efficiency traits in a selection index is not currently performed in USA. According to our
results, these traits become even more important as the amount of forage in the daily ration
increases, which isthe situation found inspecialized dairies ofCosta Rica. Use ofconcentrate is
not likely to increase in these farms, due to the high costs involved. On the other hand, forage
can be produced at arelatively cheapprice. Therefore, breeding of efficient grazers becomes of
capital importance, in order to make amore efficient utilisation of this abundant feed resource..
On this sense, it is important to define the optimum size of a dairy cow for the production
circumstances found in Costa Rica, in such a way that consumption of forage can be
maximized. Our results indicate that breeding for higher body weight and rumen capacity can
still further increase theprofitability ofaHolstein cow inCosta Rica.

Economic values
Results found in this study also indicate that the model used was able to simulate some of the
important relationships among genetic potential of a cow and its final phenotypic performance.
Important interactions between breeding, nutrition, health and reproduction can be adequately
translated into economical considerations at the farm level. This becomes especially important
when analyzing highly variable and unpredictable production systems, such as found in Costa
Rica. However, further parameterization and refinement of the model are necessary in order to
improve consistency.
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7.1 INTRODUCTION
In this thesis, a bioeconomic model is developed to support breeding and management
decisions in dairy herds of Costa Rica. Chapters 1to 4 provided some general information
and input parameters for the model with regard to production and reproduction
performance of dairy cows in Costa Rican farms. In chapter 5 this information was
incorporated in the model for optimization of herd culling and insemination policies.
Chapter 6 focussed on the use of the bio-economic model in calculating economic values
for production and functional traits.
The present chapter summarises the major findings of the previous analysis, and
discusses the implications of these results for the future breeding of specialized dairy cattle
in Costa Rica. Several alternative breeding strategies will be presented and compared on a
conceptual basis.
7.2THE FACTS
On the basis of the information and results from previous chapters, some statements can
be made regarding milk production inCosta Rica.
From chapter 1 wehave learned that:
•

The milk production systems in Costa Rica currently play an important economic and
social role. They are responsible for the production of milk in the quantity and quality
needed to satisfy the local demand, with some scope for an increased participation in
markets within the region.

•

There is a high diversity of climatic conditions, geographic morphology and
availability of feed resources between different regions within the country. For this
reason, different production systems have evolved to match the specific production
conditions ofeach region.

•

The specialized dairy production systems in the highlands of Costa Rica currently
operate under medium/high cow-efficiency levels. These systems make use of exotic
breeds, mainly Holstein and Jersey, to achieve production levels around 6000
kg/cow/lactation in Holstein and 4000 kg/cow/lactation in Jersey, with an age at first
calving of approximately 28mo and calving intervals around 390 days. These systems
are able to meet the high milk quality standards required by the milk processing
industries.

Final considerations
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The specialized dairy production systems make extensive use of external inputs, that
leads to an increase in production costs. It is not clear whether these specialized dairy
systems will be able to produce at a competitive price when current tariff-barriers
disappear. It is clear that in order to survive in an open market, the specialized
production systems need to concentrate on lowering the production costs by
optimization ofmanagement and atransformation to a system that is less dependent on
costly external inputs, i.e. concentrates. This transformation involves important
changes inthe fields of animalnutrition, health, reproduction and breeding.

•

Past research in the area of dairy cattle breeding indicate that the increase in
productivity levels found in Costa Rican farms has been caused mainly by
improvement of management conditions and to a lesser extent by breeding. It seems
alsothatGxE effects have asignificant impact inthese dairies.

From chapter 2wehave learned that:
•

Additive genetic variance for daily milk yield in dairy cattle of Costa Rica is relatively
low.Environmental factors seemtoplay amore important role within these production
systems. Although AI is a common practice in specialized dairies, there is still a high
proportion ofnon-AI siresbeing used.
From chapter 3wehave learned that:

•

There is an important relation among heifer body weight and age at first calving.
Heavier heifers calve earlier. There is little relation among heifer body weight and
postpartum reproductive performance. Age at first calving seems to be more affected
by environmental factors (herd-effects) than for heifer factors. Post-partum
reproductive performance is alsomainly affected by herd-related factors. There is little
effect ofheifer milk-yield onpost partumreproductive performance. This suggests that
heifer rearing-schemes should aimathigher growthrates.

Fromchapter 4wehave learned that:
•

Extended lactations are common in Costa Rican farms. Traditional mathematical
models used to describe standard lactations do not provide an adequate description of
extended lactations. A diphasic model described extended lactations more precisely.
There is a need to investigate the effect of extended lactations on lifetime profitability
ofdairy cows.
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From chapter 5wehave learned that:
•

Feeding strategies have an effect on optimal culling and insemination policies of dairy
herds. Feeding strategies affect optimum average herd-life by changing the optimal
time of insemination, optimal time to culling within the lactation and minimal milkyield level needed for a profitable insemination. The average herd-life of cows in
Costa Rican dairies is close to the optimum, but the calving interval can be further
reduced to increase lifetime profitability of cows. The interaction between
management practices and genetic potential of cows needs to be given more attention
within these production systems. The developed bio-economic model provides
important insights onthis aspect.

From chapter 6wehave learned that:
•

Genetic improvement of fertility, health and cow-efficiency traits will have a positive
effect on profitability of Holstein cows in Costa Rica. For Costa Rican specialized
dairies it is important to breed strong cows emphasising fat and protein production,
grazing capabilities, fertility and survivability.

7.3 BREEDING PROGRAMME FOR DAIRY CATTLE OF COSTA RICA
Given the previous considerations it is clear that there is a need to explore the
opportunities of different breeding strategies to meet the needs of the Costa Rican dairy
farmers. The main question is whether the current breeding practices, based on importation
of semen, should be continued; or whether there is room for a transition to a more local
breeding scheme. This chapter will address this issue by taking the Holstein breed as an
example.
From a conceptual point of view, importation of semen to improve the local cattle
population isadvised onlyunder the following circumstances (17):
•

Breeding goal for the exporting andimporting populations are similar.

•

Exotic stocks arebetter than domestic stocks for traits inthebreeding goal.

•

GxEeffects arenot important.

In the next section, we will consider a breeding goal for the Costa Rican Holstein
population and this will be compared against a typical breeding goal of a country with a
large breeding scheme. In these calculations, we concentrate on the principles involved in
addressing the issue.Anumber of the input parameters need tobe validated before giving a
final answer.

Final considerations
7.3.1 Compatibility of Breeding Goals
The objective ofthissection isto determine the correlation between thebreeding goal for
Holstein cows in Costa Rica and a typical breeding goal for an exporting country. In order
to perform this calculation we assumed some differences in the traits included in the
breeding goal (H) and selection index of sires (I), and the relative weights given to these
traits in the breeding goal. Three production traits (carrier, fat, and protein) and two
functional traits (rumen capacity, survival rate) were chosen on the basis of the analysis
performed by Vargas et al. (20). It was assumed that selection of sires in the exporting
country is on the basis of performance of 100 daughters for production traits and survival
rate. Selection in Costa Rica was also based on performance of 100 daughters for all traits,
including rumen capacity. In order to determine the impact of differences in the definition
ofthebreeding goal, the selection intensity was assumed equal toone for both countries.
Estimates ofgenetic andphenotypic parameters used inthis analysis are given inTable 1.
These are also assumed equal for both countries. Accurate estimates of heritabilities, and
genetic and phenotypic correlations for all traits under analysis are not currently available
for Costa Rican Holstein cattle, therefore figures were taken from the literature. Economic
values for traits in the breeding goal for Holstein cattle in Costa Rica (Table 1) were
calculated by Vargas etal.(20) assuming afixed milk-output evaluation-base.
Economic values used for the exporting country (Table 1) were partly based on actual
relative weights inthe TPI economic index currently used for selection of Holstein cattle in
USA (7, 23). However, some modifications were made in order to allow a direct
comparison between countries.The TPI index includes production (fat, protein), type (type,
udder, feet and legs) and health traits (productive life, somatic cells score) with relative
weights of 4:2:1. No economic value is given to carrier, and the ratio between protein and
fat within the production traits is 5:2. Rumen capacity (feed intake capacity) is not
considered and productive life is used as an indicator of survival, with a relative weight of
0.9 within the health traits. In determining the economic values for production traits, the
ratio of economic values for protein and fat in the exporting country was set equal to 5:2
and the total value (fat + protein) was assumed equal to the breeding goal for Costa Rica.
An earlier study (20) determined thatthe economic value for survival rate inHolstein cattle
of Costa Rica was in the same range as previous studies in other countries. Therefore,
survival rate was given the same economic value in the exporting country and Costa Rica.
Rumen capacity was assumed tohave an economic value ofzerointhe exporting country.
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TABLE 1.
Phenotypic standard deviations (c p ), heritabilities (diagonal),phenotypic (above diagonal)
and genetic (below diagonal) correlations, and economic values for traits to include ina
hypothetical breeding goal for Holstein cattle inCosta Rica.
Trait

x

ap

Carrier1 Fat1 Protein1 Rumen Survival
2

Capacity

Rate

Economic
3

Value
Costa Rica4 Exporting
country
0
-0.04

CARR 5170.3 1034.0 0.30

0.81

0.92

0.65

0.32

FAT

202.1

50.5 0.73

0.34

0.87

0.65

0.34

3.53

1.84

PROT

157.8

39.5 0.88

0.85

0.31

0.65

0.33

2.91

4.60

RC

8.652 1.003 0.70

0.70

0.70

0.25

0.60

45.59

0

0.64

0.69

0.70

0.05

3.18

3.18

SR

92

12 0.62

1

305-d kg of carrier, fat and protein for a Holstein heifer (28 mo. old), one-yr calving
interval,producing 5530.2 kg 305-d milk yield, fat content 3.65%,protein content2.85%.
Correlations andh2 from Groen (1990).
2
Obtained as0.021 xheifer body weight.Correlations andh2 obtained from Groen (4).
3
Probability (%) of a Holstein heifer not to be culled by mortality, health, disease or
udder and teats problems during one year. Correlations with carrier, fat and protein were
taken from Visscher etal. (21).
4
Economic valuesunder afixed milk outputbase of evaluation (20).

Selection index coefficients (b) were derived using the following equation:
b=P1Gv

[1]

where P is the variance-covariance matrix between traits in the selection index, G is the
variance-covariance matrixbetween traits inthe index and traitsinthebreeding goal,and v
isavector witheconomic values for traits inthebreeding goal.
Correlation between the breeding goal for Costa Rica (Hcr) and the breeding goal in the
exporting country (Hexp) canbe derived as follows (2):

v cr 'Cv exp
V V c r ' C V c r X ^V e x p 'CV e x p

[2]
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with C as the variance-covariance matrix between traits in the breeding goal and v as
defined ineq. (1).Note thatC isequal for both countries.
We can also derive the correlation between the selection index obtained for Costa Rica
(Icr) and the selection index in the exporting country (Icxp) according to the following
equation:

' Icr.Iexp

bcr P bexp

VVPb n x^/b^'Pb^
with P as defined for Equation [1];and bcr and bexp are the vectors with selection index
coefficients for proven sires inCostaRica andthe exporting country, respectively.
After solving Equations [1] to [3] we can compare the efficiency of both indexes for
selection of sires assuming equal selection intensities. These results are shown in Table 2.
The correlation between breeding goals was 0.987 and the correlation between selection
indexes of sires was 0.976. This indicates that the difference in breeding goals between
both countries does notresult inmajor differences inthe ranking of sires when selecting for
any of the twobreeding goals.
Traits with the highest contribution tothe genetic gain areprotein and fat (see ER, Table
2), but therelative importance differs between countries. Fat andprotein account for 61.4%
and 35.5% of the total response in CR, respectively, while for the exporting country the
contributions are 32.5%and 63.6%,respectively. Rumen capacity contributes an additional
8.0% to the genetic response in Costa Rica, while the contribution of survival rate is less
than 4%inboth countries.
A comparison of the differences in breeding goals can also be based on the correlated
response (CR), this is, the economic response in Costa Rica when selection of sires is on
the breeding goal of the exporting country, assuming a genetic correlation of one between
traits inboth countries. The correlated response is shown in Table 2. In this case, the total
genetic response includes the contribution of rumen capacity, which is the correlated
response achieved for this trait when selecting for other traits in the breeding goal. The
correlated response in Costa Rica from selection for the exporting country is 2.2% lower
than the response from direct selection for the Costa Rican breeding goal. The relative
contribution oftraitstothe total economic response isvery similar for both alternatives.
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TABLE 2.
Selection index coefficients (b) for selection of sires, genetic superiorities (GS), economic
response (ER),and correlated response (CR) for breeding goals inCosta Rica and the
exporting country assuming aselection intensity (i)equal to 1.
Parameter

Exporting country

Costa Rica
b cr

Carrier

GS1

ER 2
-16.67

-18.22

3.51

26.11

92.17

56.13

8.71

20.41

93.89

59.39

0.35

15.96

-

0.34

0

15.68

1.77

5.63

0.94

1.78

5.66

5.66

147.6

154.7

97.08

Protein

5.60

19.29

13.39
2.58

Total response (R) (US$/cow/yr)

-0.01

158.1

Standard deviation index (a,)

158.1

147.6

Standard deviation breeding goal (aH)

167.0

156.0

0.95

0.95

Accuracy ofthe index (RIH)

CR 3

0

27.50

4

ER

48.04

416.8

6.98

Survival rate

GS
455.4

-0.07

Fat

Rumen Capacity

bCXp

1

Genetic superiority (GS) = (;'b' G; )/a,. for j= 1to 5, traits in the breeding goal; and
Gj=jth column of G.
2
Economic response (ER) =GSjVj.forj= 1 to 5(traits inthebreeding goal).
3
Correlated response (CR) in Costa Rica when selection is on breeding goal in the
exporting country.
4
Total response (R) = ia, with i=1, R= CT[.

In summary, we can conclude that selection for the breeding goal for the Costa Rican
Holstein population would lead to similar rates of genetic response as compared to
selection for the breeding goal in a exporting country. In practice, the differences between
breeding objectives is not a major factor in evaluating importation of semen and breeding
schemes based onthe local Holstein population.
Besides the compatibility between breeding goals,two other important aspects need tobe
taken into account when comparing local vs. external breeding strategies, i.e. differences in
genetic level and rates of genetic gain between the populations and the effect of GxE.
These factors willbe discussed inthenext section.
7.3.2 Alternative Breeding Strategies
General concept. The objective of the following analysis was to determine the relative
efficiency of alternative breeding schemes for the current Holstein population in Costa Rica
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using deterministic simulation. Three strategies were analyzed: semen importation (SI),
progeny testing (PT) and closed nucleus breeding schemes (CNBS).
Economic values for Costa Rica and the exporting country and genetic parameters were
given in Table 1. Information sources for the selection indexes were defined according to
breeding scheme and selection path. The assumptions made for the different breeding
schemes are described inthe following sections.
Semen importation (SI). For this strategy itwas assumed that genetic improvement of the
local Holstein cattle population relies entirely on the importation of semen from the
exporting country. This strategy has been suggested for situations in which the exotic stock
suits the local production and marketing conditions and there are no major effects of GxE
(17). Genetic resources available worldwide can be used locally at a reasonable price, due
to the increasing number of competitors for this market (10). In the present study it was
assumed that all imported semen was purchased from a single country. This country has a
long-standing progeny testing scheme operating on a large dairy cow population. Cattle
population parameters assumed for CostaRica and the exporting country are given in Table
3. Figures for the exporting country werebased ondata for the Holstein cattlepopulation in
USA (23), which is currently the major provider of germplasm for Costa Rica. Selection
intensities for the different selection paths were derived from these figures. It was also
assumed that all cows in the population were inseminated using imported semen. No
selection wasperformed within the localpopulation, therefore genetic improvement for this
strategy relied exclusively on the genetic superiority of the sires being imported. This is
certainly not a realistic assumption, however the objective was to compare extreme cases,
while the real situation would be at some point in between. Traits included in the selection
index are given inTable 4. Genetic evaluation of sires was based on daughter performance
for production traits and survival, withnomeasurements onrumen capacity.
Calculations for SI were initially performed assuming no effect of GxE and no initial
difference in genetic level between populations. The effect of GxE was further examined
by assuming two different levels of genetic correlations (0.50 and 0.75) between traits
measured inboth countries (the same genetic correlation for all traits). The effect of initial
differences of 1.25, 1.50 and 2.0 standard deviations in overall genetic merit was also
evaluated.
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TABLE 3.

Population parameters assumed for aprogeny-testing scheme for Costa Rican Holstein cattle,
and selection intensities and generation intervals for selection paths sires of sons (SS),sires of
daughters (SD),dams of sons (DS) and dams of daughters (DD).
Exporting country

Parameter

Efficiency
Total population

Costa Rica

Value

Efficiency

Value
200,000

4,400,000

Breeding population -AI+milk recording

50% 2,200,000

35%

70,000

Population of cowsto selectDS

10%

220,000

10%

7000

1

25%

550,000

25%

17,500

First lactation cowsbredbyAI

Number ofyoung bullstested/yr
Daughters/young bull

2

1500

50

100

100

Selection intensity
SS

15/1500

2.66

4/50

1.86

3

45/1500

2.27

8/50

1.52

4

8570/220,000

2.17

286/7000

2.15

5

109/130

0.31

50/60

0.31

SD
DS

DD

Generation interval (yr)
SS

6.0

6.0

SD

5.9

5.9

SS

5.0

5.0

SD

6.0

6.0

6

'All first-parity cows are assumed tobebredbyyoung bulls
Number of daughters = [Number of first-parity cows /number of young bulls] x
conception rate (0.70) x sex ratio (0.50) x survival rate until first lactation (0.90) x rate of
success first-lactation (0.90)
3
It is assumed that imported semen is from sires in the top 10% of the ranking in the
exporting country
4
Number of dams = Number of young bulls / [conception rate (0.70) x sex ratio (0.50) x
survivability (0.50)]
'Average number of heifers = [herd-size x conception rate (0.70) x sex ratio (0.50) x
survivability (0.50)].Number ofheifers +laterparity cows =heifers / 0.25
6
LSD=proportion youngbulls (0.25) x2.5 yr +proportion proven bulls (0.75) x 7yr= 5.9.
2

Progeny-testing scheme (PT). For this strategy, it was assumed that a progeny-testing
scheme was initiated within the local population, with genetic parameters as described in

Final considerations
Table 1. Progeny-testing schemes have been successfully practised for a long time in
countries with a large dairy population. Selection of sires and dams can be performed
directly within the samepopulation tobe improved. Onthe other hand, some disadvantages
of this strategy are the need of a widespread milk-recording scheme and the extensive use
of AI, which are not the norm in a developing country (10). Genetic gain largely depends
on the effective size of the population. Besides, the inclusion of additional traits in the
selection requires the implementation ofarecording scheme.
Assumptions made about the size of the local population and the structure of the
progeny-testing scheme are given in Table 3. Given the low population size, it is obvious
that the number of bulls needed to sire all cows in the base population could be very low.
Therefore, aminimum of four sires tobreed sons and eight sires to breed dams was used to
avoid too high rates of inbreeding. Traits in the selection index and information sources for
this strategy are specified in Table 4. It was assumed that all cows under milk recording
were sired by bulls selected from the local progeny-testing scheme. It was also assumed
that production traits and survival rate were measured on the entire cow population
participating in the breeding program, while rumen capacity was only measured on own
performance ofsires.
Closed Nucleus Breeding Scheme (CNBS). This strategy assumed that a nucleus
breeding-herd was established in Costa Rica. The nucleus herd used Multiple Ovulation
and Embryo Transfer (MOET). MOET nucleus breeding plans have been proposed to
increase rate of gain in dairy cattle breeding by making use of increased female
reproductive rate (11). Some advantages that have been mentioned for this scheme are that
the entire breeding programme is operated as a single herd with a high degree of
operational control over the determinants of genetic progress (10). Besides, generation
intervals are shorter and important characters can be measured at a relatively low cost
under the same conditions. Disadvantages that have been mentioned for this scheme are
possible increase of inbreeding, major risk for spreading diseases, high initial investment
and operating costs;and organisational considerations (6, 10).
In the present analysis, we considered a MOET on adult cows within a closed nucleus.
Potential donors were selected on the basis of own performance during first lactation, and
information on first lactation performance of full-sibs and half-sibs. Selection of sires and
dams was performed only within the closed nucleus herd. Genetic gain in the base
population was, therefore, entirely determined by the genetic gain within the nucleus. Data
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on structure and efficiency parameters assumed for the nucleus are given in Table 5 and
were based on data on real schemes (10). Traits included in the selection index and
information sources are given inTable 4.Note that for this strategy we assumed that rumen
capacity wasmeasured not only onmales,but also in females.

TABLE 4.
Traits included inthe selection index and information sources for breeding strategies based on
semen importation (SI),progeny testing (PT) and closed nucleusbreeding scheme (CNBS).
Breeding strategy

Traits inthe selection index
CARR FAT PROT RC

Information sources
SR

SI
Sires-sires /Sires-dams

X

X

X

x 100daughters

Dams-sires/Dams-dams

X

X

X

x own performance + breeding
values for sire and grandsire

X

X

X

PT
Sires-sons/Sires-dams

Dams-sires/Dams-dams

own performance (rumen
capacity) + 100 daughters
(production traits
and
survival)
own performance (production
traits and survival) + breeding
values for sire and grandsire
(all traits)

CNBS
Sires-sons/Sires-dams

Dams-sires/Dams-dams

own performance (rumen
capacity) + 4 full-sisters and
12half-sisters (all traits)
own performance + 3 fullsisters and 12 half-sisters (all
traits)

Genetic response for this strategy was compared against SI and PT assuming no initial
differences in genetic merit. This is probably not a very realistic assumption, because the
nucleus herd could be selected from outstanding individuals available in the exporting
country (e.g.USA).This means that the initial genetic level of cows in the nucleus is much
higher than the genetic level of the commercial population. The effect of this factor on the
comparison between strategies willalsobe discussed.
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TABLE 5.
Parameters assumed for aclosed nucleusbreeding-scheme (CNBS) inthe Costa Rican
Holstein population.
Parameter

Efficiency

Value

1

Number of cows inthe nucleus herd

256

Number of donor cows inthe nucleus herd

32

2

Embryosper cow

Male and female offspring per cow

16
3

4/4

Number of full sibsperbull candidate

4

Number ofhalf sibsper bull candidate

12

Selection intensity
Males"
Females

8/32

1.52

32/256

1.40

Generation interval (yr)
Males (yr)

3.50

Females (yr)

4.25

1

Cows are assumed to be culled after their second lactation, therefore 130 replacements
areneeded per year
2
Number of embryos assumes 4 flushes with 2surviving males/females per flush
3
Assuming only 60% conception rate after embryo transfer and 90% calf survival after
birth.
4
Eight males are selected from atotal of 128available in the herd, but amaximum of one
male is allowed per full-sib family to minimise inbreeding, therefore male selection is
within families andthe fraction selected becomes 8/32.

Comparison criteria and sensitivity. The comparison criterion used in this analysis was
the total genetic response (R) expressed in US$ per year. This was obtained from the
following equation (16):
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tER>
R=^l
5=1

This is,the stabilised genetic gain per year was equal to the economic responses (ER) in
traits in the breeding goal summed across selection paths (s), and divided by sum of the
generation intervals within selection paths. Economic response (ER) was obtained as
described inTable 1 (see footnotes).
Some simplifying assumptions were made in the calculations. The change in genetic
(co-) variance due to selection (1) and effects of family structure and population size on
selection intensity were ignored. Inbreeding effects were only taken into account by setting
a minimum number of sires to select in the progeny testing scheme and by setting a
restriction of onebull selected per family inthe closed nucleus scheme. The main objective
of the present analysis was toprovide a framework for comparing the results of alternative
breeding schemes.
7.3.3 Results
Initial situation. The genetic response achieved for each breeding strategy and selection
path is shown in Table 6. This table also gives information on selection intensities and
accuracy of selection. Note that the results shown for SI correspond to the correlated
response in Costa Rica when selection is performed in the exporting country, assuming a
genetic correlation of one (no G*E effect), but different economic values for traits in the
breeding goal. Strategy SI resulted in the highest rate of economic response. The response
was 2.9%and 30.3%compared to CNBS and PT (Table 6). Cumulative genetic responses
are plotted in Fig 1 assuming a time horizon of 25 yr and no initial genetic differences
between populations. The genetic distance between populations will increase over time due
tothe differences inrates ofgenetic gain.
The advantage of SI over PT was mainly due, in this case, to the higher selection
intensity for the SS and SD paths in the exporting country. This was, in part, the result of
the differences in population size. The reduced size of the Holstein population in Costa
Rica implies that the number ofbulls that can be progeny tested is very low. The inclusion
of rumen capacity in the selection index for Costa Rica did not produce a substantial
increase in genetic response, due to the relatively low contribution of this trait. As
previously discussed, the economic response is mainly determined by production traits. An

[4]
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earlier study also found a superiority of strategies based onSIover local PTschemes when
genetic correlation between countries was assumed equal toone(13).

TABLE 6.
Economic response (ER, US$/yr) forstrategies based onsemen importation (SI),
progeny testing (PT) and closed nucleus breeding scheme (CNBS) assuming a genetic
correlation of 1.0between traits inthe breeding goal inboth countries.
Path

a,

aH

RIH

I

Genetic superiority 2
CARR FAT PROT

RC

ER

(%)

SR

SI'
SS

147.6 156.0 0.95 2.66

455.4 26.1

20.4 0.34 1.78

68.58 (42)

SD

147.6 156.0 0.95 2.27

455.4 26.1

20.4 0.34 1.78

44.82 (28)

DS

95.4 156.0 0.61 2.17

265.8 17.4

13.0 0.21 1.12

44.26 (27)

DD

95.4 156.0 0.61 0.31

265.8 17.4

13.0 0.21 1.12

5.27

(3)

162.93
PT
SS

158.1 167.0 0.95 1.86

416.8 27.5

19.3 0.35 1.77

49.02 (39)

SD

158.1 167.0 0.95 1.52

416.8 27.5

19.3 0.35 1.77

25.75 (21)

DS

104.2 167.0 0.62 2.15

235.2 18.4

12.2 0.22 1.08

44.85 (36)

DD

104.2 167.0 0.62 0.31

235.2 18.4

12.2 0.22 1.08

5.39

(4)

125.01
CNBS
SS

100.0 167.0 0.60 1.27

260.2 17.0

11.9 0.27 1.18

36.29 (23)

SD

100.0 167.0 0.60 1.27

260.2 17.0

11.9 0.27 1.18

36.29 (23)

DS

109.2 167.0 0.65 1.67

253.7 19.1

12.8 0.24 1.16

42.91 (27)

DD

109.2 167.0 0.65 1.67

253.7 19.1

12.8 0.24 1.16

42.91 (27)
158.40

'The response given for SI corresponds to the correlated response in Costa Rica when
selection isonthebreeding goal of the exporting country.
Genetic superiority isgiven intherespective units of the trait.
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FIGURE 1.Genetic response (US$) for strategies based onprogeny testing (PT), semen
importation (SI) and closed nucleus breeding scheme (CNBS) assuming no GxE effect
and no initial difference ingenetic merit between populations.
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FIGURE 2. Genetic response (US$) for breeding strategies based on progeny testing
(PT) and semen importation (SI) assuming genetic correlations of 1.0, 0.75 and 0.50
between traits inthebreeding goals inthe exporting country and Costa Rica.
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From Table 6, we can also see that the superiority of CNBS over PT mainly originates
from the increased reproductive capacity of females and the shorter generation intervals. As
observed, most of the genetic gain was obtained through the dampaths (54%),while for SI
and PT these two paths only contributed 30 and 40% of the total economic response,
respectively. Superiority of CNBS over PT schemes hasbeen reportedbefore (9, 11, 13).
Effect of G*E. The effect of GxE was evaluated by simulating different degrees of
genetic correlation between traits in the exporting country and Costa Rica. Three levels of
genetic correlations were analyzed: 0.50 and 0.75 and 1.0. The genetic response for these
three levels were compared against the genetic response obtained for strategy PT. The
results are shown in Figure 2. As observed, when the genetic correlation was 0.50, the rate
of response achieved by SI was lower than PT. With a genetic correlation of one, the
genetic response from PTwas 77%of theresponse from SI.This implies thatboth schemes
result in the same genetic response when the genetic correlation is 0.77. As expected, the
strategies SI and PTproduced almost the same genetic response for a genetic correlation of
0.75 (Figure 2). Based on these results, importation of semen is justified from a genetic
point of view when the genetic correlation between countries is higher than 0.75.This is in
agreement withresults found inprevious studies (3, 13).
Initial differences ingenetic merit. For strategy SI, genetic responses were also analyzed
assuming initial differences ingenetic merit ofthepopulation inthe exporting country for a
situation with a genetic correlation of 0.50 between traits in both countries. Results were
compared against strategy PT for a time horizon of 15 yr only, in order to appreciate
differences more clearly (Figure 3).
Initial differences in genetic merit will shift the line of economic response along the yaxis, but the rate of change in genetic response will remain at the same level. When the
genetic correlations are high, the lines for SI and PT willnever cross and SI will always be
higher than PT. When genetic correlations are low, as shown in Figure 3, the line for PT
will start below SI, and will intersect PT at some point in time due to the higher rate of
genetic gain. Thepoint of intersection willbe determined by the initial difference in genetic
merit, and can be obtained as x =IGD/(RSI-RPT), where x is the time in years, IGD is the
initial difference in genetic merit for the index [(1.25 or 1.50 or 2.0) x aH.PT](see Table 2),
and RSI-RpT is the difference in annual genetic responses between SI and PT (162.93 125.01). For the cases illustrated in Figure 3 the point of intersection is located at 5.5, 6.6
and 8.8 yr for 1.25, 1.50 and2.0, respectively.
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FIGURE 3. Genetic response (US$) for breeding strategies based on progeny testing (PT)
and semen importation (SI) assuming initial differences (id) of 1.25, 1.50 and 2.00 genetic
standard deviations inoverall genetic merit for the exporting country and Costa Rica.

Othergenetic considerations. The time between the start of a breeding programme and
the realisation of genetic gain in the commercial cow population will differ between
strategies. SI relies on the importation of semen from selected sires and has a direct effect
on the commercial cow population. Genetic gain in the CNBS will take longer to reach the
commercial population compared to SI and PT. These differences in timing do not affect
the rate of genetic gain. The consequences can be visualised by moving the respective lines
of economic response along the x-axis.
GxE can alsobe present inthe CNBS,where the performance recorded on cows may not
be the same in the nucleus herd compared to the commercial population. In this case, the
samereasoning would apply asfor SI.
7.4 IMPLICATIONS
The present results have clear implications for the design of a breeding programme for
dairy cattle in a small country such as Costa Rica. For this specific case, it seems that the
choice between local vs.externally based breeding programme depends largely onthe level
of GxE, because no major differences in breeding objectives were found. The question
remains, however, on which is the current level of GxE within the population. A
preliminary study found a correlation of 0.62 between breeding values of Holstein sires in
USA and Costa Rica (19). However, the number of sires included in this study was low,
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and the only trait analyzed was milk yield. Other studies performed on AI Holstein sires
from USA used in Latin America show even lower estimates (8, 14, 18).Powell et al. (14)
reported a genetic correlation of 0.42 for Holstein sires evaluated in USA and Bolivia. A
similar study in Brazil found genetic correlations in the range of 0.50 to 0.68 (8). Other
studies, however, report correlations above 0.90 (15). If the estimate of 0.62 found for
Costa Rica isclosetoreality, there isaclearprospect to establish alocalbreeding scheme.
The implementation of a progeny-testing scheme requires the participation of a large
number of farmers in milk recording and artificial insemination. This might be difficult to
realise given therelatively lowparticipation of farms inmilk-recording schemes. Strategies
based on nucleus herd appear as a more sensible alternative. Such a scheme relies less on
the collection of information in the commercial cow population. Previous research
indicates that the major difficulty in establishing an effective nucleus breeding scheme in
developing countries is to operate an efficient MOET programme, which requires very
good nutritional and management conditions to be successful (10). In most cases, such
conditions are rarely attained in developing countries.A few studies reported on the results
of implementation of MOETprogrammes indeveloping countries (12, 22).Results showed
large variationbetween countries, with lowefficiency levels in general.
Apart from the technical comparison of schemes discussed so far, more general aspects
needs to be taken into account when considering the future of dairy breeding in a country
like Costa Rica. Current trends in dairy breeding seem to converge towards the
globalization of breeding programmes. Under these circumstances, it is highly probable
that international breeding companies will continue playing an important role on genetic
improvement of the cattle population in developing countries. Several countries are already
participating in a project for international evaluation of sires, under the guidance of
INTERBULL. Access to information on genetic evaluations performed worldwide can now
be easily gained through the Internet. These transformations will also have an effect on
breeding of dairy cattle in developing countries, because these countries represent a
potential market for international breeding programmes. However, these programmes will
have to meet the requirements of the new markets, which means that the future generations
of sires will have to satisfy the specific demands of specific countries and productive
sectors.
Breeding programmes operating at a regional, rather than at the national level, may be a
more sound option for small developing countries with similar production conditions.
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Breeding companies may play a role in sponsoring these programmes and providing the
necessary expertise to run it efficiently, while still making profit by fulfilling the
requirements of abroader market.
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Summary

The general goal of this dissertation was to develop a bio-economic model to support
breeding and management in dairy herds of Costa Rica. Specific objectives were to
determine important factors contributing to the variation in production and reproduction
performance and to make use of this information to develop a model describing
performance and merit during lifetime of a dairy cow. The resulting model was used to
compare optimum replacement and insemination policies in a dairy herd used different
feeding strategies. The model was also used to determine optimum recording schemes and
breeding goal for Holstein cattle of Costa Rica on the basis of the relative economic values
of production and functional traits.Alternative breeding strategies using this breeding goal
were compared onthebasis oftherate ofgenetic response achieved.
In chapter 1 a general description was given of the milk production systems in Costa
Rica for aspects related tomanagement, nutrition,breeding, market structure and biological
and economic efficiency. Due to the high diversity of climatic conditions, geography, and
availability of feed resources, different production systems have evolved according to the
specific conditions of each region. Three main production systems are identified:
specialized dairy farms, lowland dairies and dual-purpose farms. Specialized dairy
production systems have the highest productivity per cow and per unit of land, but
production costs are the highest. Lowland dairies and dual-purpose systems are less
efficient, but production costs are substantially lower. Past research in breeding of dairy
cattle indicated that the increase in productivity levels found in Costa Rican farms have
been caused mainly by improvement of management conditions and to a lesser extent by
breeding. It seems also that Genetic x Environment effects have a significant impact in
these dairies. Milk production systems in Costa Rica play an important role by providing
milk in quantity and quality needed to satisfy the local demand, with some scope for an
increased participation in markets within the region. Perspectives in the area of milk
production were briefly analysed according to global trends in milk production and market
structures. It is concluded that specialized production systems will need to be transformed
into systems that are less dependent oncostly externalinputs.
In chapter 2variance components for test day yields inHolstein cows were calculated in
order to assess the degree of genetic variance for milkproduction inthe current population.
Estimates of variance components for test day records were calculated with an animal
model that considered multiple traits over multiple lactations, using REML methodology.
Test day records were classified within first and later lactations. Missing ancestors in the
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relationship matrix were classified ingenetic groups.Data were collected from Costa Rican
dairy farms. Estimates of components for phenotypic and additive genetic variance were
clearly heterogeneous during the lactation. Heritabilities for traits in first parity ranged
between 0.15 and 0.23, and for later parities between 0.13 and 0.24. Higher heritabilities
were found for midlactation records. Phenotypic and genetic correlations for adjacent test
days were close to one. Phenotypic correlations were lower than genetic correlations.
Heterogeneity of variances during the lactation suggested the adequacy of a test day model
for multiple traits to describe milk yield during the lactation. When missing ancestors were
allocated to a single base population, instead of genetic groups, the estimates of residual
variance were lower, and the estimates of genetic variance and genetic correlations were
higher. When standardized records were used instead of actual test day records, the
estimates of residual and total variance were lower, and the estimates of genetic variance
were higher. Consequently, estimates of heritability and genetic correlations were also
higher. Therefore, the use of standardized data obtained by interpolation procedures is not
advised for estimation ofgenetic variance components inatestday model.
In chapter 3 an analysis was made on factors affecting reproduction performance of
dairy cows of Costa Rica. Traits analysed were age at first calving, days to first breeding
and days open during the first lactation of Holstein, Jersey and Brown Swiss heifers. Use
was made of event-time methodologies. A proportional hazard model was used that
included fixed effects of herd-year, year-season, breed type, herd weight category and
heifer weight category.Body weights wererecorded at 390 dof age on average. The model
for days open and days to first breeding included two additional fixed effects of herd and
heifer milk yield at 100 d. A significant effect of heifer weight category on age at first
calving was found. The chance ofcalving was consistently higher for herds andheifers with
higher body weight at 390 d, and decreased linearly from the top to the lowest quartiles.
Effects of herd weight category on days to first breeding and days open were significant.
Heifers inherds with a higher average body weight were less likely to be bred, and heifers
in herds with lower average body weight were less likely to get pregnant. The effect of
heifer weight category ondays tofirstbreeding or days open was not significant. The effect
of herd milk yield on days to first breeding was significant. Heifers in herds with lower
yield were more likely to be bred. The effect of heifer milk yield category on days to first
breeding and days open was significant, but no linear trend was found for the estimates of
the hazard ratios. The chance of a heifer being bred and becoming pregnant was similar
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among thefirstthree quartiles, and lower for heifers inthe lowest quartile.It was concluded
that the probability of reaching a first calving can be improved by increasing the body
weight at 390 d. Body weight at 390 d did not have a large effect on reproductive
performance after first calving. High milk yield appears not to have a large negative effect
ondays open,within theproduction levels analysed inthis study.
In chapter 4 nine mathematical models were compared on their ability to predict daily
milk yields in standard 305-d and extended lactations of Holstein cows of Costa Rica.
Lactations were classified according to parity, lactation length and calving to conception
interval. Of thenine models, the diphasic model and lactation persistency model resulted in
the best goodness of fit as measured by adjusted coefficient of determination, residual
standard deviation and Durbin-Watson coefficient. All other models showed a lower
accuracy and residuals were positively correlated. In extended lactations, models were also
fitted using only test day records before 305 d, which resulted in a different ranking. The
diphasic model showed the best prediction of milk yield in standard and extended
lactations. It was concluded that the diphasic model provides accurate estimates of milk
yield for standard and extended lactations, although the interpretation of parameters needs
further study due to the large variation observed. As expected, the interval calving to
conception had anegative effect on milk yield for cows with a standard lactation length. In
extended lactations, these negative effects of pregnancy on milk yield were no longer
observed.
In chapter 5parameters calculated in the previous chapters were used to develop a bioeconomic model thatpermits the analysis of interaction between management and breeding
aspects in dairy herds. The bio-economic model was the result of the integration of a
dynamic performance model and a model that optimized culling and insemination policies
in dairy herds using dynamic programming. The performance model estimated daily feed
intake, milk yield and body weight change of dairy cows on the basis of availability and
quality of feed, potential milk yield, and feed intake constraints. A set of cow-states was
defined by lactation number, calving interval, potential milk yield and stage of lactation.
Biological and economical parameters used in the model represented actual production
circumstances in Costa Rican herds. Eight feeding strategies combining two forages and
four concentrate allocation systems were simulated. Different feeding strategies resulted in
maximal changes of 6.8 mo in optimal average herd-life, US$26.1 in monthly income per
cow and 1.9% in replacement rates, while average calving interval was not affected. The
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main difference was found between feeding strategies based on flat ratios compared to
feeding strategies based on daily milk yield. Feeding flat ratios altered the course of
profitability due to the restriction of feed costs and its effect on animal performance.
Average herd-life and monthly income under the optimal feeding strategy were highly
sensitive to changes in price of milk, and less sensitive to changes in price of concentrates
or price of forage. Calving interval was not sensitive to any of the factors. Comparison of
optimal policies against actual parameters obtained from field data indicated that cows are
being culled close to the optimal herd-life with calving intervals longer than optimum. The
model is an efficient tool to study the interactions between nutrition, reproduction and
breeding atthe animal andherd level.
In chapter 6thebio-economic model was used to analyse possible traits tobe included in
the breeding goal for dairy cattle in Costa Rica. Economic values for production traits
(carrier, fat, protein, and dressing percentage) and functional traits (conception rate,
survival rate,body weight, and rumen capacity) were calculated for Holstein cattle of Costa
Rica. Three evaluation bases were considered: fixed herd-size, fixed concentrate-input and
fixed milk-output. With a fixed herd-size all traits had a positive economic value. Traits
with the highest economic values were rumen capacity and fat yield; followed by protein
yield, survival rate, conception rate, dressing percentage and body weight. Economic value
for carrier was close to zero. With a concentrate-input limitation all traits except body
weight and rumen capacity had significantly lower economic values compared to fixed
herd-size. Economic values for body weight and rumen capacity did not change. With a
milk-output limitation, economic values for alltraits were significantly lower than for fixed
herd-size. Sensitivity analysis indicated that economic values of fat, protein and rumen
capacity increased significantly with higher prices of milk solids. Other traits were less
sensitive to change inprice of milk. Changes in price of concentrate or forage did not alter
economic values significantly. Theresults of this analysis suggest that genetic improvement
of fertility, health and cow-efficiency traits will have a positive significant effect on
profitability ofHolstein cows inCosta Rica.
Finally, inchapter 7ananalysis wasmade to compare alternative breeding strategies for
Holstein cattle in Costa Rica. At first, a local breeding goal was defined on the basis of
results found in chapter 6. This breeding goal was compared to a typical breeding goal for
an exporting country. Efficiency ofbreeding goals for selection of sires was assessed on the
basis of genetic response in economic units, assuming equal selection intensities, accuracy
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of selection, and genetic parameters for traits in the breeding goal and selection index.
Differences in genetic response were less than 3%, and the correlation between breeding
goals was 0.99. Therefore it was concluded that the differences between breeding
objectives is not a major factor in evaluating importation of semen and breeding schemes
on the local Holstein population. An additional analysis was performed to assess the
possible effect of changing the current trends in breeding of local dairy cattle, based on
semen importation, against alternative breeding strategies based on selection within the
localpopulation. Local strategies considered inthis analysis were aprogeny testing scheme
and a closed nucleus breeding scheme. Selection intensities and accuracy of selection were
defined according to actual population sizes and reproduction efficiency parameters. When
genetic x environment interactions were ignored semen importation was the strategy with
thehighest genetic response, 2.9%above closed nucleus breeding scheme and 30.3%above
progeny testing. Genetic x environment interactions were considered by defining a
correlation between breeding values in both countries lower than one. This resulted in
permanent effects on the relative efficiencies of breeding strategies, because of the
reduction inthe rate of genetic response when imported semen was used. When the genetic
correlation was assumed lower than 0.77, the genetic response achieved with semen
importation was reduced at the same level as local progeny testing. When an initial
difference in average genetic merit of the populations was assumed, this only had a
temporal effect on the relative ranking of strategies, which is reverted after some years of
selection because the rate of change in genetic responses remain unchanged. Given that the
actual levels of genetic correlation between countries may be around 0.6, it is concluded
that a local breeding scheme based on a nucleus herd could provide better results than the
current strategy based on semen importation. However, the current trend towards
globalisation of breeding programmes may result in more attractive alternatives within the
nextyears.
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Het algemene doel van dit proefschrift was de ontwikkeling van een bio-economisch
model voor beslissingsondersteuning op het gebied van genetische verbetering en
management van melkveehouderijen in Costa Rica. Specifieke doelen van dit proefschrift
waren de bepaling van factoren die een belangrijke rol spelen in de variatie van produktie
en reproduktie van melkkoeien, en het gebruik maken van deze informatie voor de
ontwikkeling van een model dat de prestatie en waarde van een melkkoe gedurende haar
leven beschrijft. Dit model werd gebraikt om optimale strategieen voor vervanging en
inseminatie van melkkoeien te vergelijken, afhankelijk van verschillende voersystemen in
de melkveehouderij. Het model werd eveneens gebruikt voor de bepaling van een optimaal
registratie-systeem en de definiering van het fokdoel voor Holstein koeien, afhankelijk van
de economische waarde van produktie en functionele diereigenschappen. Verschillende
fokprogramma's diegebruik maken vanhet voornoemde fokdoel werden ook vergeleken op
basis vandegenetische respons.
In hoofdstuk 1 is een algemene beschrijving gegeven van de verschillende
melkproduktie systemen in Costa Rica, in relatie tot management, voeding, fokkerij, markt
structuren, en de biologische en economische efficientie. Omdat er veel verschillen zijn in
klimatologische omstandigheden, geografische omstandigheden, en de beschikbaarheid van
voedselbronnen, zijn er, afhankelijk van de specifieke omstandigheden van elke regio,
verschillende produktiesystemen ontstaan. Er worden drie algemene produktiesystemen
gei'dentificeerd: het gespecialiseerde melkveebedrijf, melkveebedrijven uit lage landen en
dubbeldoelbedrijven. Gespecialiseerde melkveebedrijven hebben de hoogste produktiviteit
per koe en per eenheid land, produktiekosten zijn echter hoger. Melkveebedrijven uit de
lage landen en dubbel-doel produktiesystemen zijn minder efficient, maar de
produktiekosten zijn behoorlijk lager. Eerder onderzoek op het gebied van genetische
verbetering van melkvee levert het bewijs dat de toename van de produktie op
melkveebedrijven in Costa Rica voornamelijk het resultaat is van de verbetering van
management omstandigheden, meer dan van genetische verbetering. Ook bleek dat
genotype x milieu-interactie een significante invloed heeft op de produktiviteit van deze
produktiesystemen. Melkproduktiesystemen in Costa Rica spelen een belangrijke rol in de
produktie van melk van hoge kwaliteit, die noodzakelijk is om in de lokale behoefte te
voorzien, met enige ruimte voor toenemende participatie in andere markten binnen de
regio. Mogelijkheden voor de toekomst van melkproduktie in Costa Rica werden kort
geanalyseerd binnen de context van wereldwijde trends voor melkproduktie en de structuur
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van de melkmarkt. Conclusie is dat het noodzakelijk is de gespecialiseerde melkproduktie
systemen van Costa Rica te transformeren, zodat afhankelijkheid van kostbare
produktiefactoren vanuit hetbuitenland wordt geminimaliseerd.
In hoofdstuk 2 werden variantiecomponenten voor de dagelijkse melkproduktie van
Holstein koeien geschat om de mate van additief genetische variantie binnen de populatie
voor melkproduktie te bepalen. Variantiecomponenten werden geschat met een diermodel
voor verschillende kenmerken over lactaties, gebruikmakend van REML-methodologie.
Dagprodukties werden geclassificeerd binnen de eerste en overige lactaties. Onbekende
voorouders in de relatie-matrix werden geclassificeerd binnen genetische groepen.
Gegevens werden verzameld van melkveebedrijven uit Costa Rica. Phenotypische en
additief genetische variantie was duidelijk heterogeen voor de verschillende periodes in de
lactatie. Erfelijkheidsgraden voor dagelijkse melkproduktie binnen de eerste lactatie lagen
tussen 0.15 en 0.23, en voor overige lactaties tussen 0.13 en 0.24. Hogere
erfelijkheidsgraden werden gevonden voor melkproduktie in het midden van de lactatie.
Phenotypische en genetische correlaties voor aangrenzende dagelijkse melkproduktie
waarnemingen lagen in de buurt van de een. Phenotypische correlaties waren lager dan
genetische correlaties. Heterogeniteit van variantiecomponenten gedurende de lactatie
betekent dat een dagproduktie model geschikt is voor het beschrijven van melkproduktie
tijdens de lactatie. Wanneer onbekende voorouders werden meegenomen als basis
populatie, in plaats van in genetische groepen, waren schattingen voor de rest-variantie
lager, en schattingen voor de genetische variantie en de genetische correlaties waren hoger.
Wanneer gestandaardiseerde melkproduktie werd gebruikt in plaats van veldgegevens,
waren de schattingen voor de restvariantie, de totale variantie en de genetische variante
hoger. Daarom wordt voor het schatten van genetische variantie het gebruik van
gestandaardiseerde melkproduktie, berekend met behulp van interpolatie methoden, niet
geadviseerd.
In hoofdstuk 3 is een analyse gemaakt van de verschillende factoren die belangrijk zijn
voor debepaling van vruchtbaarheidvanmelkkoeien in Costa Rica. Kenmerken die werden
geanalyseerd waren leeftijd van eerste afkalving, het interval afkalven-eerste inseminatie en
het interval afkalven-conceptie van Holstein, Jersey en Brown Swiss melkvaarzen. Gebruik
werd gemaakt van 'survival analyse' methoden. Een 'proportional hazard' model werd
gebruikt met daarin 'fixed' effecten van bedrijf-jaar, bedrijf-seizoen, jaar-seizoen, ras,
gewichtsniveau van het melkveebedrijf binnen de gehele populatie, en het gewichtsniveau
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van de individuele vaars binnen het bedrijf. Individuele lichaamsgewichten werden
gemeten op een leeftijd van ongeveer 390 dagen. Het model voor het interval afkalveneerste inseminatie en het interval afkalven-conceptie had twee extra effecten;
melkproduktieniveau van het bedrijf en melkproduktieniveau van de individuele vaars
gedurende de eerste 100 dagen van de lactatie. Er werd een significant effect van het
individuele gewichtsniveau van de vaars op leeftijd van eerste afkalving gevonden. De kans
op een eerste afkalving was hoger voor vaarzen van bedrijven met een hoger
gewichtsniveau, en voor vaarzen met een hoger eigen gewichtsniveau. De kans op een
eerste afkalving nam lineair af voor de lagere gewichtsniveaus.

Effecten van

gewichtsklasse van bedrijf op het interval afkalven-eerste inseminatie en het interval
afkalven-conceptie waren ook significant. Vaarzen van bedrijven met een hoger
gewichtsniveau hadden een lagere kans om gemsemineerd te worden, terwijl vaarzen van
bedrijven met een lagere gewichtsniveau een kleinere kans hadden om drachtig te worden.
Er werden geen significante effecten van individueel gewichtsniveau op het interval
afkalven-eerste inseminatie en het interval afkalven-conceptie gevonden. Een significant
effect van produktieniveau van het bedrijf op het interval afkalven-eerste inseminatie werd
ook geconstateerd. Vaarzen van bedrijven met een lager produktieniveau hadden een
kleinere kans om drachtig te worden. Het effect van individueel produktieniveau van de
vaars op het interval afkalven-eerste inseminatie en afkalven-conceptie was ook significant,
hier werd geen lineaire trendgezien. Dekans op inseminatie of conceptie waren gelijk voor
de eerste drie produktieklassen, maar lager voor de laatste. Conclusie was dat de
mogelijkheid op een eerste afkalving groter kan worden met een verhoging van het 390
dagen lichaamsgewicht van de vaars. Het gewicht van de vaars heeft geen effect op de
vruchtbaarheid na het eerste afkalven. Een hogere melkproduktie bleek geen belangrijk
negatief effect te hebben op het interval afkalven-conceptie, tenminste niet binnen de
produktieniveaus diehier zijn onderzocht.
In hoofdstuk 4 werden negen mathematische modellen vergeleken op basis van
geschiktheid voor het voorspellen van de dagproduktie van standaard 305-dagen lactaties
en lactaties langer dan 305 dagen van Holstein koeien uit Costa Rica. Lactaties waren
geclassificeerd volgens lactatienummer, lengte, en interval tussen afkalven en volgende
conceptie. Modellen met de beste 'goodness of fit' waren het 'diphasic' model en het
'lactatie-persistentie' model, volgens de gecorrigeerde determinatie coefficient, rest
standaard deviatie enDurbin-Watson coefficient.
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De overige modellen hadden een lagere precisie en een positieve correlatie tussen de
residuen. De modellen voor lactaties langer dan 305 dagen werden ook gebruikt met alleen
dagprodukties onder 305 dagen, met een andere rangschikking van de modellen als
resultaat. Het 'diphasic' model resulteerde inde beste voorspelling van melkproduktie voor
beide, 305 dagen lactaties en lactaties langer dan 305 dagen. Conclusie was dat het
'diphasic' model nauwkeurige schattingen van dagproductie voor standaard en verlengde
lactaties geeft, hoewel verdere studie noodzakelijk is voor de interpretatie van parameters
die een grote variatie hadden. Zoals verwacht, het interval afkalven-conceptie had een
negatief effect op de dagproduktie voor koeien met een standaard lactatielengte. Voor
lactaties langer dan 305 dagenwerden dezenegatieve effecten nietmeer gevonden.
In hoofdstuk 5 worden de parameters die waren berekend in de vorige hoofdstukken
gebruikt voor de ontwikkeling van een bio-economische model, dat geschikt is voor de
analyse van interacties tussen management en genetische verbetering in melkveebedrijven.
Dit bio-economische model was het resultaat van de integratie van twee bestaande
modellen, een dynamisch model voor de voorspelling van opbrengst van de melkkoeien, en
een model dat ontwikkeld was om de vervanging en inseminatie tactieken van een
melkveebedrijf teoptimaliseren doormiddelvan dynamischprogrammeren.
Het opbrengst-model geeft schattingen van dagelijkse voeropname, melkproduktie en
lichaamsgewicht van een melkkoe, op basis van beschikbaarheid en kwaliteit van voer, de
potentiele melkproduktie van de koe, en beperkingen in voeropname. Een set van
toestanden waarin een melkkoe zich zou kunnen bevinden, werd gedefinieerd met behulp
van lactatie nummer, tussenkalftijd, potentiele melk produktie en lactatiestadium.
Biologische en economische parameters die in dit model gebruikt werden staan voor reele
produktie omstandigheden op melkveebedrijven uit Costa Rica. Acht verschillende
voederstrategieen, een combinatie van twee grassen en vier verschillende allocatie
systemen van krachtvoer, werden gesimuleerd. Verschillende voederstrategieen
resulteerden in een maximaal verschil van 6.8 maanden in de optimale leeftijd van de
aanwezige koeien op het melkveebedrijf, US$26.1 in maandinkomen per koe en 1.9% in
vervangingspercentage, terwijl de tussenkalftijd niet werd be'rnvloed. Het belangrijkste
verschil werd gevonden tussen voederstrategieen die gebaseerd waren op een vaste
hoeveelheid krachtvoer en strategieen die afhankelijk waren van de dagproductie van de
koe. Het voeren van vastgestelde hoeveelheden krachtvoer verandert het normale verloop
van de economische opbrengst van een koe gedurende haar leeftijd, doordat de
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voederkosten waren beperkt en dit effect heeft op de opbrengst van de koe. De gemiddelde
leeftijd van de koeien op het melkveebedrijf en het maandinkomen met de optimale
voederstrategie had een hoge gevoeligheid voor veranderingen in de prijzen van melk, en
was minder gevoelig voor veranderingen in de prijs van kracht- en ruwvoer. De
tussenkalftijd was niet gevoelig voor deze factoren. De vergelijking van optimale
strategieen met reele parameters die geschat werden op basis van reele gegevens van
melkveebedrijven laat zien dat de afvoer van koeien bijna gelijk is aan de optimale
gemiddelde leeftijd, terwijl de tussenkalftijd langer is dan de optimale tussenkalftijd. Het
ontwikkelde model is een efficient stuk gereedschap voor het bestuderen van interacties
tussen voeding,vruchtbaarheid en genetische verbetering van het niveau van de individuele
koeien en melkbedrijven.
In hoofdstuk 6werd het bio-economische model gebruikt voor de analyse van mogelijke
kenmerken die kunnen worden bijgevoegd in een fokdoel voor melkkoeien uit Costa Rica.
Economische waarden voor produktie kenmerken (carrier, vet, eiwit, uitslachtingspercentage)

en

functionele

kenmerken

(drachtigheidskans,

overlevingkans,

lichaamsgewicht en pens capaciteit) werden geschat voor Holstein koeien uit Costa Rica.
Drie verschillende produktie beperkingen waren gesimuleerd: een vast aantal koeien op
melkveehouderij, een vaste krachtvoerhoeveelheid en een vaste hoeveelheid geproduceerde
melk. Bij eenvast aantal koeien opmelkveehouderij situatiehadden alleeigenschappen een
positieve economische waarde. Eigenschappen met de hoogste economische waarden
waren pens capaciteit en vetproduktie, en vervolgens eiwitproduktie, overlevingkans,
drachtigheidskans, uitslachtings-percentage en lichaamsgewicht. De economische waarde
voor carrier was bijna nul. Bij de situatie met een vaste krachtvoerheelheid, hadden alle
eigenschappen, behalve lichaamsgewicht en pens capaciteit, lagere economische waarden.
Economische waarden voor lichaamsgewicht en pens capaciteit veranderden niet. Bij de
situatie met een vaste hoeveelheid geproduceerde melk waren economische waarden voor
alle eigenschappen lager. Een gevoeligheidsanalyse wees uit dat de economische waarden
voor vet, eiwit, en pens capaciteit stijgen als melkprijzen stijgen. Andere kenmerken waren
minder gevoelig voor veranderingen van de melkprijs. Veranderingen in de prijs van
kracht- of ruwvoer had geen effect op de economische waarden. Deze analyse laat zien dat
de genetische verbetering van vruchtbaarheids-, gezondheids- en efficientie-kenmerken een
positief effect hebben opderentabiliteit van Holstein koeien inCosta Rica.
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Tot slot, is in hoofdstuk 7 een vergelijking gemaakt tussen verschillende
fokprogramma's voor Holstein koeien in Costa Rica. Eerst is een lokaal fokdoel
gedefinieerd op basis van de resultaten uit hoofdstuk 6. Dit fokdoel werd vergeleken met
een typisch fokdoel voor een exporterend land. Efficientie van het selecteren van fokstieren
voor beide fokdoelen werd vergeleken aan de hand van de genetische vooraitgang in
economische eenheden, onder aanname van gelijke selectie-intensiteit, selectienauwkeurigheid, en genetische parameters voor eigenschappen in het fokdoel en selectieindex. Het verschil in genetische vooraitgang was minder dan 3% en de genetische
correlatie tussen beide fokdoelen was 0.99. Conclusie was dat de verschillen tussen beide
fokdoelen geen belangrijke rol spelen bij het evalueren van lokale fokprogramma's en het
importeren van sperma. Verder onderzoek werd gedaan naar de verandering van huidige
genetische trends, gebaseerd ophet importeren van sperma en gebaseerd op selectie binnen
de lokale populatie. Lokale fokprogramma's waren een nakomelingen test van proefstieren
en een gesloten nucleus-programma. Selectie-intensiteit en selectie-nauwkeurigheid werden
gedefinieerd vervolgens dereele grootte van depopulatie en de reele reproductie efficientie
parameters binnen de populatie. Wanneer genotype x milieu-interactie niet van toepassing
was, was sperma import de strategic met de hoogste genetische vooraitgang, 2.9% boven
het gesloten nucleus-programma en 30.3% boven de nakomelingen test van proefstieren.
Genotype x milieu-interacties werden nagebootst door de correlatie tussen fokwaardeschattingen van beide landen lager te maken dan een. Het resultaat was een blijvend effect
over de relatieve efficientie van de verschillende fokprogramma's, omdat de genetische
vooraitgang werd verminderd wanneer geimporteerd sperma werd gebruikt. Wanneer de
correlatie tussen landen minder dan 0.77 is, werd de genetische vooraitgang voor sperma
import gelijk aan de nakomelingen test. Wanneer er een initieel verschil tussen de
gemiddelde genetische waarde van beide populaties werd verondersteld, is er een tijdelijk
effect op de relatieve efficientie van de verschillende fokprograma's. Dit wordt echter
opgeheven na enkele jaren van selectie omdat de genetische vooraitgang van beide
fokprograma's altijd hetzelfde is. Gegeven dat de reele genetisch correlatie tussen landen
ongeveer 0.6 is, is de conclusie dat een lokaal fokprogramma gebaseerd op een gesloten
nucleus een beter resultaat zou kunnen geven dan het importeren van sperma. Alhoewel de
actuele globalisatie van fokprogramma's andere aantrekkelijke alternatieven zou kunnen
brengen binnen dekomendejaren.
Acknowledgement: Special thanks toAbe Huisman for his assistance inthis translation.
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Elobjetivo general deesta disertacionha sidodesarrollar unmodelobioeconomico como
herramienta de apoyo para el mejoramiento genetico y el manejo de hatos de ganado
lechero en Costa Rica. Los objetivos especificos fueron determinar los factores que
contribuyen a la variacion en comportamiento productivo y reproductivo del ganado
lechero, desarrollando posteriormente un modelo que describe el comportamiento y merito
de una vaca lechera a lo largo de su vida productiva. El modelo es utilizado inicialmente
para determinar politicas optimas de reemplazo e insemination de vacas lecheras bajo
distintas estrategias de alimentation. El modelo se uilizo ademas para determinar rasgos
productivos y funcionales de importancia economica para ser incluidos en el genotipo
agregado y ser incorporados en futuros sistemas de recopilacion de information. Se
analizan tambien diferentes estrategias de mejoramiento genetico basadas en el genotipo
agregado determinado con anterioridad. Estas estrategias son comparadas sobre la base de
latasa derespuesta genetica.
En el capitulo 1 se presenta una description general de los sistemas de produccion
lechera en Costa Rica incluyendo aspectos de manejo, nutrition, mejoramiento genetico,
estructura de mercado y parametros de eficiencia biologica y economica. Debido a la gran
diversidad de condiciones ambientales y a la disponibilidad de variados recursos
alimenticios se han desarrollado diversos sistemas de produccion de acuerdo con las
condiciones especificas de cada region. Se identifican tres sistemas de produccion mas
importantes: lecherias especializadas de altura, lecherias de bajura y sistemas de doble
proposito. Los sistemas de produccion de lecheria especializada presentan la mayor
productividad por vaca y por unidad de area, pero los costos de produccion son mayores.
Las lecherias de bajura y los sistemas de doble proposito son menos eficientes, pero sus
costos de produccion son considerablemente menores. Estudios anteriores indican que el
incremento en productividad de los hatos lecheros costarricenses ha sido causado
principalmente gracias almejoramiento de las condiciones de manejo y en un menor grado
debido a mejoramiento genetico. Estos estudios indican ademas que el impacto de
interacciones genetico-ambientales en estos sistemas es de importancia considerable. Los
sistemas deproduccion de leche en Costa Ricajuegan un papel importante ya que proveen
leche en lacantidad ycalidadnecesaria para satisfacer lademanda local, con tendencia aun
incremento en participation dentro de otros mercados dentro de la region. Las perspectivas
en el campo de la produccion de leche en Costa Rica se analizan en el contexto de las
tendencias globales y las estructuras de mercado. Se concluye que los sistemas de
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production de lecheria especializada de necesitan ser transformados para disminuir su
dependencia de factores deproduction externos altamente costosos.
En el capitulo 2 se realiza un analisis para determinar el nivel de varianza genetica
aditiva para production diaria de lechepresente en lapoblacion actual de vacas lecheras de
Costa Rica. Los componentes de varianza se calcularon utilizando un modelo animal que
incluyo rasgos ylactancias multiples y lametodologia REML. Los registros de production
diaria de leche fueron clasificados dentro de la primera y posteriores lactancia. Los
ancestros desconocidos en la matriz de parentesco fueron clasificados dentro de grupos
geneticos. Los componentes de varianza fenotipicos y aditivos obtenidos fueron claramente
heterogeneos a lo largo de la lactancia. Los estimados de heredabilidad para rasgos de
primera lactancia oscilaron entre 0.15 y 0.23. Para lactancias posteriores los estimados
fueron entre 0.13 y 0.14. Se encontraron estimados de heredabilidad mas altos para
production de leche en la mitad de la lactancia. Las correlaciones geneticas y fenotipicas
para rasgos adyacentes fueron cercanas a 1. Las correlaciones fenotipicas fueron menores
que las correlaciones geneticas. La heterogeneidad de varianza a lo largo de la lactancia
sugiere la conveniencia de un modelo basado en produccines diarias en vez de production
total. Cuando los ancestros desconocidos fueron incluidos dentro de una unica poblacion
base, en vez de grupos geneticos, los estimados de varianza residual fueron menores y los
estimados de varianza genetica y correlaciones geneticas fueron mayores. Cuando se
utilizaron producciones diarias estandarizadas en vez deproducciones reales, los estimados
de varianza residual y total fueron menores, mientras que los estimados de varianza
genetica fueron mayores. En consecuencia, los estimados de heredabilidad fueron tambien
mayores. El uso de datos estandarizados obtenidos a traves de procedimientos de
interpolation no se recomienda para la estimation de varianza genetica aditiva en un
modelobasado enproducciones diarias.
En el capitulo 3 se realiza un analisis de los factores que afectan el rendimiento
reproductivo de vacas lecheras de Costa Rica. Los rasgos analizados fueron la edad al
parto, el intervalo parto-concepcion y el intervalo parto-primer servicio de vaquillas
Holstein, Jersey y Pardo Suizo. Se utilizo la metodologia del analisis de supervivencia con
unmodelo deriesgos proporcionalesque incluyo efectos fijos de hato-ano, ano-epoca, raza,
categoria depromedio depeso entre hatos y categoria depeso de lanovilla dentro delhato.
Los pesos corporales fueron estandarizados a 390 d de edad. El modelo para intervalo
parto-concepcion e intervalo parto-primer servicio incluyo los efectos fijos adicionales de
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nivel de production de leche del hato y de la vaquilla durante los primeros 100 d de
lactancia. La probabilidad de alcanzar un primer parto fue mas alta para novillas
provenientes de hatos con niveles mas altos de peso corporal a 390 d y decrecio en forma
lineal de las categorias mayores a los menores. La misma tendencia se observo para los
pesos individuales. Las vaquillas pertenecientes a hatos con un nivel de peso corporal mas
alto tuvieron menor probabilidad de ser servidas, y las vaquillas de hatos de menor peso
promedio tuvieron menor probabilidad de prefiarse. El efecto del nivel de peso de la
vaquilla sobre el intervalo parto-primer servicio e intervalo parto-concepcion no fue
significativo. Las vaquillas pertenecientes a hatos de menor production promedio tuvieron
una mayor probabilidad de ser servidas. El efecto del nivel de production de la vaquilla
sobre el intervalo parto primer-servicio e intervalo parto-concepcion fue significativo, pero
no se encontro ninguna tendencia lineal en los estimados de riesgo. La probabilidad de una
vaquilla de ser servida yprefiarse fue similar en las tres categorias superiores y menor para
la categoria inferior. Se concluyo que la probabilidad de alcanzar un primer parto puede
incrementarse mediante el aumento delpesocorporal alos 390d. Elpeso corporal alos 390
d no tiene mayor efecto sobre el rendimiento reproductive despues del primer parto. Altas
producciones de leche no parecen tener efectos negativos substanciales sobre el intervalo
parto-concepcion, dentro delosniveles deproduction incluidos eneste estudio.
En el capitulo 4 nueve modelos matematicos fueron comparados sobre la base de su
eficiencia para predecir producciones diarias de leche en lactancias estandares de 305 d y
lactancias extendidas de vacas Holstein de Costa Rica. Las lactancias fueron clasificadas
segun numero de parto, duration total y longitud del intervalo parto-concepcion. Entre los
modelos analizados, elmodelo difasico y elmodelo depersistencia resultaron con la mejor
bondad de ajuste, segun los criterios de coeficiente de determination, desviacion estandar
residual y el coeficiente Durbin-Watson. Los demas modelos mostraron una menor
precision y presentaron correlation positiva entre residuales. En lactancias extendidas, los
modelos tambien fueron ajustados utilizando solo las producciones anteriores a los 305 d,
dando comoresultado unajerarquia diferente. Seconcluyo que elmodelo difasico provee la
prediction mas precisa de production de leche en lactancias estandares y extendidas, pero
la interpretation de los parametros necesita de mayor estudio debido a la gran variation
observada. Elintervaloparto-concepcion tuvoun efecto negativo sobreproduction de leche
para vacas con lactancias estandares. En lactancias extendidas, sin embargo, este efecto
negativo de laprefiez sobre laproduction de lecheno seobservo.
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En el capftulo 5 losparametros obtenidos en los capitulos previos fueron utilizados para
el desarrollo de un modelo bioeconomico que permite el analisis de interacciones entre
aspectos de manejo y mejoramiento genetico en hatos lecheros. El modelo bioeconomico
fue elresultado de laintegration de dosmodelos dinamicos. Elprimer modelo determina el
rendimiento animalyelsegundo optimizapoliticas de inseminaciony reemplazo.
El modelo de rendimiento estima consumo diario de alimento, produccion de leche y
cambio de peso de vacas lecheras sobre labase de laspropiedades del alimento disponible,
potencial genetico para produccion de leche y limitaciones fisicas. Los posibles estadios de
produccion de la vaca se definen segiin numero de parto, el intervalo entre partos, el
potencial genetico para produccion de leche y la etapa de la lactancia. Los parametros
biologicos y economicos utilizados en el modelo representan las circunstancias de
produccion actuales de los hatos lecheros de Costa Rica. Se simularon ocho estrategias de
alimentacion combinando dos forrajes y cuatro sistemas de suministro de concentrado. Las
diferentes estrategias de alimentacion resultaron en cambios maximos de 6.8 meses en
longitud optima de la vida productiva, US$26.1 en ingreso mensual por vaca y 1.9% en la
tasa de reemplazo, mientras que el intervalo entre partos promedio no resulto afectado. Las
principales diferencias se encontraron entre las estrategias de alimentacion basadas en
raciones fijas de concentrado comparadas con estrategias de alimentacion basadas en
produccion diaria leche. La alimentacion basada en raciones fijas altera la curva de
rendimiento economico de la vaca, debido a la restriction de los costos alimenticios y asu
efecto sobre la produccion. El promedio de vida productiva y el ingreso mensual por vaca
cuando se utilizo la estrategia de alimentacion mas rentable fueron altamente sensibles a
cambios en el precio de la leche, y menos sensibles a cambios en el precio de los
concentrados y el forraje. El intervalo entre partos no fue sensible a ninguno de los
anteriores factores. La comparacion de las politicas optimas de reemplazon e inseminacion
contra los parametros actuales obtenidos en hatos locales indica que las vacas estan siendo
desechadas cerca del momento optimo pero con intervalos entre partos mas largos del
optimo. El modelo es una herramienta eficiente para estudiar las interacciones entre
nutrition, reproduction ymejoramiento genetico anivelde animalyhato.
En el capitulo 6 el modelo bioeconomico fue utilizado para analizar posibles rasgos por
incluir en un genotipo agregado para mejoramiento genetico del ganado lechero de Costa
Rica. Se calculo el valor economico de rasgos de produccion (componente liquido, grasa,
proteina y rendimiento en canal) y de rasgos funcionales (tasa de conception, tasa de
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sobrevivencia, peso corporal y capacidad luminal) en ganado Holstein de Costa Rica. Tres
distintas limitaciones de produccion fueron consideradas: tamano fijo de hato, ingreso fijo
de concentrado y cuota fija de produccion de leche. Con tamaflos de hato fijo todos los
rasgos analizados presentaron valores economicos positivos. Los rasgos con los valores
economicos mas altos fueron capacidad ruminal y produccion de grasa; seguidos por
produccion de proteina, tasa de sobrevivencia, tasa de conception, rendimiento en canal y
peso corporal. Elvalor economico para el componente liquido fue cercano a cero. Cuando
se asume una limitation en el ingreso de concentrado los valores economicos de todos los
rasgos, excepto peso corporal y capacidad ruminal, se reducen. Los valores economicos
para peso corporal y capacidad ruminal no cambiaron. Cuando se asume una cuota de
produccion de leche los valores economicos para todos losrasgos fueron significativamente
menores. Elanalisis de sensibilidad indicoque losvalores economicos de grasa,proteina,y
capacidad ruminal aumentan cuando el precio de solidos se incrementa. Los demas rasgos
fueron menos sensibles al cambio en el precio de la leche. El cambio en el precio del
concentrado o el forraje no altera significativamente el valor economico de los rasgos
analizados. Los resultados indican que el mejoramiento genetico de la fertilidad, la salud y
la eficiencia alimenticia tendria un efecto positivo considerable en el rendimiento de vacas
Holstein deCosta Rica.
Finalmente, en el capftulo 7 se realiza un analisis para comparar estrategias alternas de
mejoramiento genetico para ganado Holstein en Costa Rica. Enprimera instancia, se define
el genotipo agregado de acuerdo con los resultados encontrados en el capftulo 6. Este se
compara contra un genotipo agregado tipico para un pais exportador de material genetico.
La eficiencia de los relativa de ambos genotipos agregados para la seleccion de sementales
se determino sobre la base de la respuesta genetica en unidades economicas producida por
ambos, asumiendo la misma intensidad y confiabilidad de seleccion, y los mismos
parametros geneticos para los rasgos considerados. Las diferencias en respuesta genetica
fueron menores del 3% y la correlation obtenida entre ambos genotipos agregados fue de
0.99. Se concluye que la diferencia entre genotipos agregados no es un factor determinante
a la hora de comparar estrategias de importacion de semen contra estrategias locales de
mejoramiento. Se realizo un analisis para determinar el efecto de un posible cambio en la
tendencias actuales de mejoramiento basadas en la importacion continua de semen, contra
estrategias alternas basadas en programas de seleccion locales. Las estrategias locales que
se consideraron fueron un programa deprueba de progenie y un esquema de mejoramiento
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basado en un hato nucleo. La intensidad y confiabilidad de selection fueron definidas de
acuerdo con los tamanos reales de las poblaciones y a los parametros de eficiencia
reproductiva. Cuando las interacciones genetico-ambientales son ignoradas la importation
de semen es la estrategia con la respuesta genetica mas alta, 2.9% mayor que el esquema
de hato nucleo cerrado y 30.3% superior a las pruebas de progenie. Las interacciones
genetico ambientales tambien fueron consideradas en el analisis mediante la definition de
correlaciones menores que 1entre valores geneticos en ambos paises. Esto tiene un efecto
permanente en laeficiencias relativas de las distintas estrategias, debido alareduction enla
tasa de respuesta genetica cuando se utiliza semen importado. Cuando la correlation
genetica se asume menor que 0.77, la respuesta genetica lograda mediante la importation
de semen se reduce al mismo nivel que el programa de puebas de progenie. Cuando se
asume una diferencia initial en el merito genetico promedio de ambas poblaciones, hay un
efecto en elranqueo initial de las estrategias, el cual serevierte despues de algunos afios de
selection, debido a que las respuestas geneticas no son alteradas. Dado que los niveles
actuales de correlation genetica parecen estar alrededor de 0.60, se concluye que una
estrategia local de mejoramiento basada en un hato nucleo podria proveer mejores
resultados que la estrategia actual basada en la importation de semen. Sin embargo, la
tendencia actual hacia laglobalization de losprogramas de mejoramiento podria resultar en
otras alternativas mas atractivasen losproximos afios.
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