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INTRODUCTION
Cattle production is a complex operation in that it involves the effects of 

the physical production environment, cattle, product offtake and the socio
economic environment. The variability of these effects and the interplay among 
them creates the potential for many interactions within any climatic zone and 
across zones the potential for interactions is even greater. The production 
environment includes feed production (range, pasture and harvested feeds) as one 
crop and cattle production as another "crop" and, even though management of 
cattle production systems may be quite unsophisticated, these two "crops" must 
be simultaneously produced in balance. In addition to a balance between the two 
"crops", the demands for reproduction, increasing numbers, and production, 
increasing weight and finish of the cattle, must be balanced. The intended use 
of herd offtake, marketed and nonmarketed, the skills and objectives of the 
manager and other elements of the socio-economic environment, such as financial 
resources and land tenure, have real effects on the efficiency of breeding 
systems. The production constraints that usually prevail in the tropics tend to 
compound the problems of increasing efficiency of beef cattle production systems 
through breeding.

Although the effects mediating the net offtake from a production system 
form a complex network, we as scientists often examine each part separately in 
order to better understand each of the functions. This classical approach, a 
simplifying approach, is effective and necessary to advance science. However, 
when the parts are put together as a whole, a complexifying approach, a 
different approach, is required. Systems analysis is the designation that has 
become generally accepted as the field of science that examines all of the 
inputs and outputs of more or less complex systems.

Systems analysis, applied to a cattle production system, may be described 
as the process of examining the inputs and outputs of a herd by mathematical 
means in order to define its goals or purposes and to discover operations and 
procedures for accomplishing them more efficiently (Spedding, 1979). This 
description implies a method of conceptualizing a cattle herd as a production 
system and modelling it in mathematical terms so that animal functions and 
responses across time and space are closely simulated by a computer program 
(Cartwright, 1979a). That is, a herd level model may be used to examine the net 
effects and interactions among the complex of functions operating in a cattle 
production system and lead to an understanding of how to best fit cattle and 
specific production resources together in a given socio-economic environment.
The greater the magnitude of interactions, the greater the need to design cattle 
production systems so that each one is synchronized with each given production 
location. Because the design options may be limited, all of the components 
should be considered simultaneously; these components include the physical 
production environment, cattle product offtake and socio-economic environment.

In order for systems analysis to be applied to cattle production, several 
kinds of data are required. One set of data is required for development of a 
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cattle model. Depending on the level, detail and nature of the cattle model, 
these data generally relate to the basic biological functions and characteristic 
of cattle. Another set of data is required for validation of the functions and 
structure of the model. Data for developing similar models for the feed 
resource and economic evaluation are also needed. Obviously, all of these data 
are not often available; the lack of basic data or basic knowledge required to 
develop models is one real limitation to the application of systems analysis.
On the other hand, systems analysis, by gathering together knowledge developed 
through basic research into a production model, is a means by which research 
knowledge can be transferred from one area and put into practical use more 
readily and more logically in another area. This benefit is especially 
important for tropical countries because most of the research has been conducted 
in temperate countries and transfer of "production research" per se is usually 
not appropriate.

However, basic data required for model development and validation and the 
production data required for local application and validation are not all 
available in complete or desired form. Two of the most serious limitations to 
herd model development are the lack of sufficient knowledge concerning 
interactions between forage plants and grazing cattle and interactions between 
effects of past and current nutrition and the effects of parasites/diseases on 
the individual animal. Local production data are often not complete especially 
with respect to estimates of amount and quality of forage intake. Nevertheless, 
there is a great need to increase offtake of cattle herds in the tropics and at 
the same time to prevent degradation of the range/pasture resource. We must 
make current decisions regardless of our knowledge base. Herd level models 
adapted to specific tropical areas can add to our decision making competency 
leading toward optimal decisions and preventing decisions that may be 
counterproductive.

Since the socio-economic effects are largely independent of biological 
cause and effect functions, models integrating the various physical components 
of production can be treated separately initially and interfaced after each set 
of considerations have been examined separately. For the geneticist, this 
approach has the advantage of permitting examination of the effect of each trait 
of a breed, for example, on productivity of a herd compared with another breed. 
Since many data that are needed for a thorough and definitive analysis of beef 
production in any tropical area are often lacking, it is necessary to rely on 
the judgement and intuition of experienced persons. In such cases simulation 
model output that relates directly to the more usual measures of cattle 
production (e.g. weaning weight and percent calf crop) are more readily 
evaluated. Therefore, the accumulated knowledge, perferably as well-documented 
records, from experience can be more fully utilized and, perhaps more 
importantly, the components of the physical production system that are most 
limiting can be more readily identified and sorted out for further research. 
While keeping the cattle herd simulation separate from economic analysis has 
advantages for validating and interpretating results for a given production 
system, decisions relating to increasing net herd income (usually expressed as 
output per unit of input, 0/1) must be the result of integrated economic 
considerations. In general, economic analysis sets the optimal levels 
of inputs (monetary investment) in relation to outputs (herd offtake or sales) 
and evaluates the economic needs and realities of implementation. Also, 
sociological analysis is needed in order to relate to the customs and
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capabilities of the people who must effect any change and to evaluate 0/1 in 
terms of motivations and consequences of individuals and society.

BREEDING FOR THE TROPICAL ENVIRONMENT
Selecting cattle so that the changes brought about actually result in 

increased 0/1, in either physical or economic terms, may be viewed as changing 
the genotype of cattle so that their traits better match or fit the production 
environment and its variability. Animal breeders often refer to selecting for 
adaptability when referring to tropical enviornments, but there is conceptually 
no difference in selecting cattle adapted to production conditions in 
temperature zones. Cattle breeding could be perceived in a more useful context 
if variability among sets of production conditions, and therefore variability 
among cattle that best fit each set within each zone, was more generally 
recognized and appreciated; then, breeding cattle for tropical vs. temperate 
production conditions would be perceived as an extension in thinking to include 
greater variability. Some degree of specialization and some degree of 
generalization of cattle breeds or types and of herds within breeds or types is 
optimal. It appears to be generally agreed that additional development or 
specialization would increase productivity. Animal breeders face the question 
of determining what specific characters should be changed and to what degree.

In order to gain more insight into answering this question for cattle bred 
for the tropics, the general characteristics of the tropical environment must 
first be examined and then include the specific features of each production 
environment. At least at this point, the most useful approach appears to be 
that of examining the major constraints to higher levels of offtake such as 
those attained in temperate zones (however, it is not suggested that temperate 
zone characteristics or levels should become standards of comparison). These 
constraints may be divided into climate/physical environment, cattle and 
socio-economic.

The direct and indirect effects of the tropical climate, in terms of 
constraints, include high ambient temperature, seasonal rainfall pattern, and 
quick maturing, low quality forages. Cattle are large ruminants that produce a 
relatively large amount of body heat and dissipation is often a problem. Also, 
relatively large amounts of available drinking water are required. If body 
temperature regulation fails, grazing time is severely restricted, or if 
drinking water is limited (by distance or amount available), production 
potential may be severely reduced. The indirect effects mediated through soils 
and plants include forages that develop low digestibility and protein values as 
they rapidly mature. Compounding these limitations of forage quality, is the 
prevailing seasonality of rainfall pattern that causes the quantity of forage 
available to also be highly variable. Health problems and mineral deficiencies 
are usually considered to be more prevalent, and often different, than in 
temperate zones.

The second set of constraints relates to the genetic potentials of cattle 
typical of the tropics. These potentials may be divided into two categories 
according to Cartwright (1979): primary or predominant and secondary or 
ancillary characters. The primary characters are body size, maturing rate and 
milk production. These characters have pervasive effects and account for much 
of the variability in net productivity of herds (Cartwright, 1982). For cattle 
indigenous to tropical areas, size tends to be relatively small and associated 
characters, such as growth rate, tend to be low. Maturing rate and milk 
production also tend to be relatively low.
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The traits of tropical cattle for the ancillary characters are less well 
defined and less thoroughly studied and understood. These traits include 
morphological and physiological mechanisms for dissipating body heat and coping 
with high ambient temperature and solar radiation. Also resistence/tolerance to 
prevalent disease/parasites are common though not always present (e.g. tolerance 
to trypanosomiasis). Other adaptability traits often present in tropical cattle 
include ability to walk long distances and the tendency for fat depots to be 
located more in the mesentary area than subcutaneously. Also, there may be 
present physiological mechanisms creating an ability for more rapid or effective 
response to the nutritional surfiet/stress pattern.

The third set of constraints is socio-economic and although not directly 
mediated by geographical location, these constraints tend to be different and 
more severe in the tropics. These include limited capital or other resources to 
increase the level of inputs. The infrastructure related to supplying inputs 
and marketing products are often limited; the transportation facilities of most 
tropical countries illustrate this constraint. Although certain husbandry 
skills may be well developed, many of the skills and knowledge required for 
change are often lacking. Also, the level of literacy and local or national 
training or service programs are usually inadequate to foster either rapid or 
large changes in production or marketing methods. The social customs and 
traditional incentives may further compound the constraints to change.

APPLICATION OF HERD LEVEL MODELS
The application of systems analysis to cattle breeding in the tropics will 

be treated in the context of the constraints discussed above. It is assumed 
that only limited physical inputs are feasible and that breeding and selection 
programs must be carried out without employing detailed recording of cattle 
performance or parentage. A herd level model, can be used to simulate the 
outcome of herd performance that may be expected (predicted) when some 
production input is changed; i.e., a herd model can, to a degree, substitute for 
some development research and demonstration that might be carried out with 
actual herds. Obviously, land, cattle facilities and funding, as well as 
available trained personnel, are not available in sufficient numbers to carry 
out the research and demonstration required to adequately formulate and 
encourage adoption of more efficient production practices. Other advantages, as 
well as disadvantages, of the use of herd level models in systems analysis will 
be discussed below.

The Texas A&M Beef Cattle Production Systems Model has been used to examine 
beef herd production in the tropics. This model is a comprehensive, general 
model that was constructed utilizing cause and effect relationships as a basis 
for developing the functions and structure. Forage and other feed parameters 
describing quality and availability on a monthly basis and cattle parameters 
describing size, maturing rate and milk production potential of the cattle are 
required. Using the parameters appropriate for a given area, a herd is 
simulated to respond to the environment in a manner similar to that of an actual 
herd placed in that environment (Sanders and Cartwright 1979 a,b). The approach 
for application has been to adapt the general herd model, by use of appropriate 
parameters, to conditions of an existing herd for which sufficient data were 
available to permit validation. The existing herd should be in the geographical 
area and kept under the production conditions of interest. After validation, a 
process which consists of comparing the simulated herd output to the actual herd 
data, the simulated herd output is set as a baseline. An altered practice or 
set of practices designed to improve efficiency (e.g. breed introduction, feed
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supplementation or calving season restriction) can then be simulated and the 
results compared with the baseline performance or simulated results from other 
altered practices.

The validation process is a critical part of systems analysis. The 
validity of the simulation output depends on the appropriateness and validity of 
the parameters used as well as the model functions and structure. Ideally, 
validation and model or parameter adjustments required to attain validation (a 
close similarity between actual and simulated results) should take place 
independent of the actual data set. However, this independence is seldom if 
ever possible because the actual data may not be exactly appropriate (because of 
confounding, missing observations, unknown variables, etc.) or the input 
parameters may not be appropriate (because of estimation or extrapolation 
errors) or, inherent model errors. Adjustment of the feed and cattle parameters 
are usually necessary. This kind of adjustment must be cautiously practiced if 
the validation is to be meaningful. Changes should be made only after careful 
examination of each of the details of simulated output to determine the cause 
or causes of failure. Then, in consultation with those persons most familiar 
with the actual data set, critical points may be re-examined and adjusted if a 
logical presumption for doing so has been discovered. This process, while 
causing some limitation of assumptions about validation, is a useful experience 
for those involved; i.e. interpretation of the actual data set is enhanced by 
the process of examining the simultaneous effects involved so that conclusions 
about each component are consistent with one another and with the final 
outcome.

One production constraint common to most of the tropics is that caused by 
the seasonal wet-dry effects on forage quality and availability. The 
nutritional stresses caused by this seasonal pattern may be alleviated at 
various levels by means such as increased availability of drinking water, 
lowered stocking rates, deferred grazing areas, establishing forage species with 
more desired qualities, and/or supplementing grazing with by-product or 
harvested feeds. Also, some herd management practices such as controlled 
calving season, weaning age, market age and milk offtake may be employed.
Systems analysis is a useful technique for predicting the effect of any single 
practice or combination of two or more practices will have on herd performance, 
structure and offtake. Implementing a single practice is usually of limited 
value and requires additional adjustments in order to enhance net herd 
productivity. For example, earlier weaning must be coupled with improved 
nutrition for calves in order to increase net cow-herd fertility. Also, any 
change in management practices may also require a change in the production 
potential of t.he cattle in order to be most effective. That is, systems 
analysis can be a useful technique for evaluating optimal selection criteria or 
choice of breed as the environment changes. Baker (1982) demonstrated with 
simulations using the Texas A&M Model that a breed with the genetic potential 
for smaller size, slower maturing rate and lower milk production produced more 
net offtake on a semi-tropical range with a high level of seasonal variability 
than a breed with the genetic potential for larger size, faster maturing rate 
and higher milk production. However, when he simulated improvement of nutrition 
by modest supplementation at critical periods, especially for replacement 
heifers, both breeds increased in 0/1 but the larger increased to a greater 
extent. This breed by feed supplement interaction simulated for a wet-dry 
climate area was quite pronounced as indicated by a reversal of 0/1 (measured as 
kilograms of liveweight sold/kilogram TDN consumed by the herd) order for the
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small and large breeds from 7.80 and 7.56 for the unsupplemented herd to 8.33 
and 8.77 for the supplemented herd, respectfully.

Genetic change may not always be indicated as demonstrated by Gomez (1979) 
using the same model to simulate dual purpose herds in Northern Colombia. The 
rainfall pattern does not produce a prolonged severe dry season and nutritional 
supplementation did not appear to be feasible. The simulations he performed 
using the Texas A&M Herd Model indicated that the best alternative was to limit 
the amount of milk offtake per cow, depending on her age and body condition. 
Under these conditions the breedtype that prevailed in the area appeared to be 
of the optimal body size and milk production potential for maximizing net herd 
income from calf and milk sales. However, if the relative price of milk 
compared to calves had increased substantially, then the cows would lack the 
optimal genetic potential for milk production. If long range projections had 
indicated that the demand for milk was likely to increase, then introduction of 
selection for increased milk production or introduction of some dairy breeding 
was indicated by the simulations.

Breeding cattle for an unknown future with respect to economic or physical 
conditions focuses on another consideration: that of a breeding strategy to cope 
with changes and perturbations that occur much more rapidly than the genetic 
potential of cattle can be changed. Perhaps the most setious physical 
perturbation of the tropics is drouth. Adjustment in stocking rates (sell off) 
and similar measures may be the most effective immediate reaction, but often 
there is a critical need to sustain some minimal level of production for local 
consumption and other purposes. Herd build-up potential after the drouth is 
also important. One approach to determining the traits of cattle that would 
contribute to the best strategy for coping with and recovering frcm drouth is to 
examine historical rainfall data as a basis for developing a stochastic function 
to simulate forage production over a series of years and then simulating cattle 
herd production over the series of years. This approach was taken by Sullivan 
et al. (1980) to examine developing the cattle component for the villagization 
program in the Shinyanga Region of Tanzania. This program allows village 
control of stocking rates and hay making in this area was considered feasible on 
a cooperative village basis. The cattle were limited to the Tanzania Shorthorn 
Zebu available in the area which were considered to be very small (e.g. maximum 
weight .of a mature, fat cow of 280 kg), slow maturing and low milk producers. 
Even so, over a ten-year period simulated with stochastic rainfall, the 
production of these cattle, with modest supplementation of hay, was sufficient 
to meet the goals of supplying milk for.the village and providing modest sales 
of cattle for beef. Since these cattle were well adapted and appeared to be 
capable of meeting basic goals there appeared to be little justification, at 
least at this point, to suggest that cattle with genetic potential for larger 
size, faster growth rate or higher milk production replace the native cattle and 
risk the possibility of more severe losses during adverse years.

Beef cattle production on the Western High Llanos of Venezuela is very 
extensive with little control of breeding or other husbandry practices. The 
cattle are generally criollo mixed with Brahman. Bulls of breeds such as Santa 
Gertrudis and Brown Swiss have been introduced. Although the cattle are 
heterogeneous, there is a general type that can be identified as the prevailing 
type. Utilizing data collected from cattle on three ranches and published data 
on forages of the area, supplemented with personal communications of scientists 
working in the area, Ordonez (1978) examined the productivity of cattle in the 
area. He used the Texas A&M Production Systems herd model to evaluate the
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production from cattle of the current breeding and to compare these results with 
changes that would be expected from introduction of sires of different breeds. 
After adaptating the model to the area and cattle using appropriate parameters 
from published literature, validation was completed using data for approximately 
12,000 cattle weights and 9,000 palpations that had been collected from the 
three ranches. The simulated effects of different genotypes and management 
alternatives upon production efficiency, defined as liveweight of cattle sold 
per kg of dry matter consumed by the entire herd, including slaughter animals 
and replacement heifers, were examined. Average cow size potential was 
considered to be 450 kg for a mature, fat (25% of body weight consisting of fat) 
cow; very few cows attain this weight but it was used to characterize genetic 
potential. Average milk production potential was considered to be 9 kg for a 
mature cow at her peak point of lactation with adequate nutrition. The 
simulated results are given in Table 1.

In the simulated environment, increases in potential mature cow size beyond 
450 kg decreased simulated efficiency, because larger cattle were unable to 
consume an adequate level of nutrients to meet their requirements due to 
restricted availability of forage. A reduction in cattle size below 450 kg also 
decreased simulated efficiency, because a larger proportion of the nutrients 
consumed was utilized to fulfill maintenance requirements. The average milk 
production potential of 9 kg/day again represents a genetic potential that few 
cows attain. Increased milk production potential over 9 kg decreased 
productivity, because cows, unable to meet their maintenance and milk production 
requirements from their forage intake, reduced their overall fertility.
Reduction of milk production potential below the 9 kg level reduced growth rate 
of calves and fertility of the young cows which resulted in reduced efficiency. 
Since none of the changes in genotypes examined augmented production efficiency, 
it appeared that an increase in the plane of nutrition would be required to 
allow exploitation of larger size and higher milk production potential.

Ordonez also simulated management alternatives that included changes in age 
and time of weaning calves and selling steers, timing of the breeding seasons, 
culling policy of cows, and feed supplementation, and the combination of 
successful single alternatives. He found that sale at the end of the rainy 
season of steers averaging 23-35 months of age was the most efficient selling 
alternative, but the single most effective management practice was the palpation 
of cows after the breeding season and selling of only dry open cows. Changing 
the breeding season toward the rainy season decreased efficiency, because plane 
of nutrition prior to the breeding season was low thus reducing fertility of the 
cows and increased mortality of the calves born during the rainy season. An 
early breeding season for heifers and dry cows increased fertility because of 
increased conception rate of lactating cows. Weaning all calves May 1st at the 
beginning of the rainy season and supplementing them after weaning until 7 
months old, was the best weaning alternative tested, because it allowed 
increased reproduction of the cows and insured appropriate level of nutrition to 
the calf after weaning. The optimal combination of alternatives that Ordonez 
examined resulted in a 7% increase in 0/1 and a 15% increase in kg of liveweight 
sold per cow exposed.

The results of the study by Ordonez (1978) illustrated the importance of 
simultaneous consideration of the production resource and management system in 
formulating selection criteria for breeds with respect to the primary characters 
of size and milk production. Although increases could be attained in single 
measures or individual animal performance, the interactions or counter-balancing
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Table 1. Productivity Of Herds Of Different Genetic Potential For Body Size And 
_________ Milk Production Simulated For The Western High Llanos Of Venezuela3

Simulated
herd

performance

Genetic potential for size(kg) and milk production(kg/da)b

375 kg 450 kgc 575 kg
measure 7. 5 kg/da 6.75 kg/da 9 kg/dac 10. 5 kg/da 11.75 kg/da

Calves born, % 58 57 56 55 52
Calves weaned, % 54 50 53 52 43
Av. wn. wt., kg 137 133 147 155 150
Av. 18 mo. wt., kg 209 195 221 231 210
Composition of sales, %

Males 48 41 45 46 34
Females 52 59 55 54 66

Kg liveweight sales/
100kg DM comsumption 4.84 4. 75 4.96 4.86 4.63

a Adapted from Ordonez (1978) to illustrate changes in net herd productivity
simulated as effects of genetic change.

b Genetic potential for body size and milk production potential were 
characterized by maximal, mature value for cows; e.g. 450 kg represents 
genetic potential for size and growth and is based on a mature cow with 25% of 
body weight consisting of fat (simulations resulted in cow weights of 400 kg 
at 3 years of age and 427 kg at 7 years), and 9 kg/da represents production 
potential of a mature cow at the peak point of location.

c The simulation for this genetic potential was considered as the baseline; e.g. 
cows of this potential were considered to be representative of the three 
actual herds on which the validations were based.

effects tended to result in lessened effect on net herd productivity (Table 1). 
His study illustrated that only small, though important, increases in 0/1 may be 
expected with extensive cattle production and that, at least for the conditions 
be examined, little improvement should be expected from breeding changes without 
other changes.

A somewhat similar study had been conducted earlier in Botswana using the 
same model and general approach (ILCA, 1978). The cattle simulated were the 
indigenous Tswana and, although the effects of change in size and milk 
potentials were not simulated, other studies indicated that the Tswana were well 
suited to the production condition, and similar conclusion were drawn. Both of 
these studies were possible only because data had been consistently collected 
and carefully recorded on the cattle and forage production over a period years 
and properly analyzed so as to be available for use. Although application of 
systems analysis techniques may substitute for lack of research to a degree, a 
data base is essential. Of course, the accuracy of the simulated results depend 
on the correctness of the data in representing the cattle and production 
resource. The use made of the data collected in Venezuela and Botswana for 
system analyses of beef production illustrates the value of descriptive data 
collection. Further, the process of application of systems analysis assisted 
the representatives of the multiple disciplines involved in decisions related to 
data collection for use in application to production system as a supplement to 
their individual discipline interests.
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On the other hand, these applications illustrate some of the limitations of 
the application of the Texas A&M herd model in the tropics. Three major 
deficiencies are the lack of (1) an interactive forage component, (2) an 
interactive veterinary component and (3) experience in application and use of 
results. The first two will require additional time and research and will 
probably be developed at least to initial stages within the next few years.
There appears to be less research resources in the veterinary area devoted to 
development of interactive models than in the forage area. The interactions 
among the effects of disease/parasite morbidity and mortality and the effects of 
cumulative and current nutritional status is an especially important area not 
well understood in quantitative terms. Perhaps addition of each of these 
components will, like Ordonez* research, illustrate how increments of 7 to 15% 
can be added to herd 0/1. Experience in application of systems analysis in the 
tropics must relate not only to conducting systems analysis studies but must be 
integrated with the activities of those organizations and individuals who are 
responsible for decisions affecting 0/1 of beef cattle herds.

SUMMARY

Systems analysis techniques utilizing herd level models provide an 
additional dimension for the systematic examination of cattle breeding programs 
and the limitations to production efficiency that prevail in the tropics. Beef 
cattle production systems are complex with many components that create a basis 
for extensive genotype by environment interactions. Beef production in the 
tropics is largely dependent on forage production that is highly seasonal 
because of wet-dry climatic patterns, and there is little capability for 
supplemental feeding and other measures to ameliorate these effects. Also, 
tropical countries usually have more limited resources for beef cattle research 
than temperate-zone countries whose production or applied research results are 
not usually directly transferable. Herd level models provide an appropriate 
method for coping with complex systems with interacting components and for 
transforming specific research results into a collated form than can be usefully 
adapted to beef production problem of the tropics. Breeding cattle to increase 
production efficiency (output/input or 0/1) in the tropics is, in part, a matter 
of synchronizing the genetic potential with the production environment so that 
the genetic potential for various traits tends to be optimal. The traits of 
breeds indigenous to the tropics, presumably as a consequence of the direct and 
indirect effects of the tropical climate, tend to be relatively small size, slow 
maturing, and low milk production. These traits for these primary characters 
may approach optimal levels for seasonal wet-dry tropical areas unless the level 
of nutrition is increased especially during the dry season stress period. It 
appears that as the nutrition source improves, the optimal genetic potential for 
size, maturing and milk production increases. Although herd level models may 
assist in transferring knowledge for logical application and in substituting for 
some research, these models also assist in pointing out the need for a careful 
data collection in representative production areas. Also herd level models help 
iritegrate the efforts of the multiple disciplines related to beef cattle 
production by providing a vehicle for the separate disciplines to contribute in 
an organized and recognized manner to the overall goal of properly defining and 
increasing 0/1.

RESUMEN
Las tecnicas de analisis sistematico que utilizan modelos de niveles 
de rebafios ofrecen una dimension adicional para el examen sistema
tico de los programas de mejora de ganado vacuno y de las limitacio 
nes en la eficacia de la produccion que se dan en los tropicos. Lo¥ 
sistemas de produccion de ganado de ca'rne son complajos y presentan 
numerosos componentes que constituyen una base para un genotipo ex- 
tensivo sujeto a interacciones ambientales. La produccion de carne 
en los tropicos depende en gran medida de la produccion de forrajes,
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tropicos. La cria de ganado vacuno para aumentar la eficiencia de la 
produccion )out-put o 0/1) en los tropicos, es cuestion en parte de 
sincronizar el potencial genetico de los distintos caracteres tienda 
a ser optimo. Los caracteres de las razas indigenas de los tropicos, 
probablemente a consecuencia de los efectos directos e indirectos del 
clima tropical, tienden a ser: tamano relativamente pequeno, lento 
desarrollo y baja produccion lechera. Los rasgos de estos caracteres 
primarios, pueden acercarse a niveles optimos para zonas tropicales 
estacionalmente h u m e d a s - s e c a s , salvo que el nivel de nutricion aumente, 
sobre todo durante el periodo mas acusado de la estacion seca. Parece 
que a medida que la fuente de nutricion mejora, el potencial genetico 
optimo para el tamano, el desarrollo y la produccion de leche aumenta. 
Aunque los modelos de niveles de hato pueden contribuir a la trans- 
ferencia de conocimientos para aplicaciones logicas y a la sustitu- 
cion de algunas i n v e s t i gaciones, estos modelos ayudan tambien a destacar 
la necesidad de una cuidadosa recogida de los datos en las zonas de 
produccion representatives. Asimismo los modelos de niveles de hato 
ayudan a integrar los esfuerzos de las multiples disciplines relacio- 
nadas con la produccion de ganado de carne, ofreciendo un vehfculo para 
que disciplinas independientes contribuyan de manera organizada y reco- 
nocida al objetivo general de definir y aumentar adecuadamente el 0/1. 
que es altamente estacional a consecuencia de los modulos climatolo- 
gicos, existiendo escasas posibilidades de alimentacion suplementaria 
y de otras medidas para mejorar estos efectos. Los parses tropicales 
tambien cuentan normalmente con recursos mas limutados para la inves- 
tigacion del ganado de carne que los de las zonas templadas, cuya pro
duccion o resultados de investigacion aplicada, normalmente no son di- 
rectamente extrapo l a b l e s . Los modelos de niveles de establo, represen- 
tan un metodo adecuado para la interpretacion de sistemas complejos 
con componentes intera c t i v o s , y para la transformacion de los resulta
dos de la investigacion especifica en una forma correlacionada que pue- 
de adaptarse eficazmente al problema de la produccion de carne en los
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