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PREPARATION OF THIS DOCUMENT 

This document has been prepared within the framework of the Regular Programme activities of the 
Inland Water Resources and Aquaculture Service of the Fishery Resources Division. The primar objective of 
this document is to outline how inbreeding can be avoided or minimized and thus prevent genetic problems in 
cultured populations of fish at fish farms and fish culture stations. A secondary objective is to outline how 
inbreeding can be used to improve cultured populations of food fish. This document is directed to extension 
personnel, aquaculturists, and those who plan natural resource management programmes. 

The original manuscript was prepared by Douglas Tave of Urania Unlimited, Coos Bay, Oregon, USA. It 
was reviewed by Gary Thorgaard, Daryl Kuhlers, Devin M. Bartley, and Katherine Bruner Tave. The figures 
were prepared by Sally Rader under the supervision of Douglas Tave. 

Tave, D. 
Inbreeding and brood stock management. 
Fisheries Technical Paper. No. 392. Rome, FAO. 1999. 122p. 

ABSTRACT 

This manual, written for extension workers, aquaculturists, and those who work with natural resource manage-
ment programmes, primarily deals with the problems caused by unwanted inbreeding in cultured fish 
populations and describes management techniques that can be used to prevent or minimize inbreeding. The 
manual also describes how inbreeding can be used to improve captive populations of fish. The manual contains 
chapters on: basic genetics and the genetics of inbreeding; how to determine individual inbreeding values 
when pedigrees are known; how to determine the average inbreeding value in a population when pedigrees are 
not known; genetic drift, which is random changes in gene frequency; how inbreeding programmes can be used 
to improve cultured populations of food fish; how to prevent inbreeding depression and loss of genetic variance in 
farmed populations; and recommendations on how to manage cultured populations of fish to prevent 
unwanted inbreeding and genetic drift from depressing productivity, profits, and survival. One of the most 
important aspects of managing a closed population of fish at a fish farm or fish culture station is the 
management of the population's effective breeding number, because inbreeding is inversely related to the 
effective breeding number. Techniques to determine and manage the effective breeding number are described, 
and recommended minimum effective breeding numbers are provided for a variety of farm sizes and fish 
culture goals. A number of culture techniques can affect inbreeding, and ways to modify them so there is 
minimal impact on inbreeding are discussed. Finally, ways to minimize inbreeding during selective breeding 
programmes are described. 
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PREFACE 

I first became interested in the problems of inbreeding (the mating of relatives) in hatchery populations when I 
was at Auburn University working on my dissertation: a study on heritability for growth in Nile tilapia. The 
results were disappointing because the heritabilities were small, so I studied the population's history to see if I 
could explain why the heritabilities were smaller than expected. What I found surprised me. The population 
had been transferred across three continents, and each time the size of the population had been severely 
reduced. I surmised that these reductions in population size produced inbreeding and genetic drift (random 
changes in gene frequency, resulting in the loss of genetic variance), and that this combination ruined the 
population genetically. Subsequent studies by other students found that the population could not be improved 
by selection and that there was no heterozygosity at loci that were examined electrophoretically, which 
confirmed my conclusion the population's gene pool had been severely damaged by improper brood stock 
management. 

At the same time, I discovered "saddleback," a bizarre deformity in the Auburn population of blue tilapia; I 
also saw orders for foundation brood stock that were being filled by collecting and shipping offspring produced by 
a single mating. This led me to the conclusion that inbreeding and genetic drift caused by small hatchery 
populations could explain a variety of problems. 

Ironically, even though the Auburn University population of blue tilapia is highly inbred because it was 
founded by a single female and three males, the saddleback phenotype had nothing to do with inbreeding. But 
research on this phenotype and others has led me on a quixotic 19-year adventure to discover effective ways to 
explain inbreeding and genetic drift to farmers, hatchery managers, and fisheries administrators and to try and 
show them how to manage hatchery populations so that inbreeding and genetic drift do not cause inbreeding 
depression or rob their populations of valuable alleles and genetic variance. This manual is the culmination of 
those efforts. 

This manual is a full-sib companion to Selective Breeding Programmes for Medium-sized Fish Farms (FAO 
Fisheries Technical Paper 352). As was the case in that manual, this one arbitrarily defines medium-sized 
farms as those with 2 ha of ponds; small and large farms are obviously those on the lesser and greater side of 2 
ha. Additionally, a fourth category was created for this manual: public hatcheries that produce fish for stocking 
lakes and rivers. 

The goal of this manual is two-fold: The first part is to provide easy-to-understand and easy-to-follow 
recommendations about how to avoid the accumulation of inbreeding and genetic drift so these twin problems 
do not reduce growth rate, viability, fecundity, etc. This manual was written to educate extension agents and university-
trained aquaculturists so that they would be able to understand what inbreeding and genetic drift are and to 
illustrate how uncontrolled accumulations of both can decrease growth rate, fecundity, viability, and survival; 
increase the percentage of deformed fish; and make future selective breeding programmes ineffective. 

Often, what is considered to be "normal" hatchery management is, in reality, the type of brood stock 
mismanagement that causes inbreeding and genetic drift to accumulate to levels that cause problems. The 
biggest culprit is the genetic size of the breeding population, a concept called the "effective breeding number." 
When no selection is occurring, managing a population's effective breeding number is the most important 
aspect of brood stock management, because it is inversely related to both inbreeding and genetic drift. 
Techniques that can be used to manage a population's effective breeding number are described, along with 
recommended minimum effective breeding numbers that can easily be incorporated into yearly work plans. 

Unfortunately, there is an appalling lack of information about how specific levels of inbreeding affect growth, 
viability, disease resistance, fecundity, survival, and other production phenotypes for important cultured 
species of fish. What information does exist has been generated by a handful of studies that, for the most, part 
simply skip across the surface of the sea of knowledge. The prime reason for this lack of information is short-
sighted bureaucrats and administrators who are unwilling to fund long-term studies that will generate the kind of 
data that are readily available to other animal breeders. This is somewhat understandable, because short-term 
projects that provide immediate benefits are needed. However, breeding programmes are long-term
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investments, and they should be funded before they are necessary, so that information will be waiting and 
available when it will be needed in the future. 

The second part of the goal of this manual is to illustrate how inbreeding can be used to improve a population. 
Inbreeding is a powerful breeding tool that has been used to improve livestock and grains, but most fish 
farmers and hatchery managers do not know how it can be used; they only want to avoid it. Although most 
fish farmers and hatchery managers will probably never use inbreeding in their breeding programmes, if they 
know how it can be used, they will have a better appreciation of how it can be prevented or controlled. 

This manual is not a genetics textbook; it is written for aquaculturists who do not have a good background in 
genetics but who are interested in applying genetics and breeding principles to brood stock management. It is 
written in a simple, straightforward manner. I have tried to use as little jargon as possible, but when it was 
unavoidable, I defined each term when it was first used. In addition, there is a glossary that defines many of 
the terms. 

Many of the ideas and recommendations in this manual have to be developed mathematically. In all cases, the 
math that was used is simple elementary-school arithmetic. No calculus was used. All math can be solved 
with pencil and paper or can be done with inexpensive hand-held calculators; every example in this manual and 
the values that appear in every table were derived using a $12 hand-held calculator. It is not necessary to do 
the math or to understand it in order to understand how inbreeding works and to comprehend how it can be 
avoided. The math was provided for those who wanted to see how the recommendations were determined and to 
enable others to create their own recommendations, since they are site-specific and are based on species, 
hatchery size, budget, goals, manpower, etc. 

The manual was written so that each chapter is self-contained. Those who already know a subject or those who 
are not interested in a particular topic can read only those chapters that interest them. 

Chapter 1 is an introduction that explains what the manual is about and gives a brief explanation of what 
inbreeding is, in relation to other breeding programmes. 

Chapter 2 is a totally abridged discussion about selected concepts in genetics. The only topics that are covered 
are those needed to help explain what inbreeding is and to show how it works. 

Chapter 3 explains how individual inbreeding values are calculated. Individual inbreeding values can be 
determined if fish can be marked and if family pedigrees can be determined. Two methods are discussed: path 
analysis and covariance analysis. 

Chapter 4 explains how the average inbreeding value in a population is determined. This approach must be 
used when individuals cannot be identified. This chapter introduces the concept of effective breeding number. 
When managing a hatchery population, managing its effective breeding number may be the most important 
aspect of brood stock management, because inbreeding is inversely related to effective breeding number. 

Chapter 5 is a brief explanation of genetic drift. Like inbreeding, it too is inversely related to effective 
breeding number. Genetic drift is random changes in gene frequency due to sampling error. In aquaculture, 
this is caused by the transfer of fish from one hatchery to another; choice of which brood fish will be allowed to 
spawn; or sudden decreases in population size because of disease, dissolved oxygen depletion, etc. 

The major thrust of this manual is to discuss inbreeding, explain what it can do to a population when it 
inadvertently reaches high levels, and to prescribe palatable management plans that can be used to prevent 
inbreeding depression (decreased growth rate, etc.). Consequently, some may feel that genetic drift is simply a 
sideline topic and not understand why it needs to be included. Its inclusion is necessary because inbreeding 
and genetic drift are inextricably linked by effective breeding number. Additionally, if you manage only to 
prevent unwanted inbreeding, unwanted genetic drift can cause similar problems. Consequently, a prudent 
farmer or hatchery manager will try and manage both, especially since managing both requires little extra 
effort. 
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Chapter 6 explains how inbreeding can be used to improve a population. Inbreeding is one of the three major 
types of breeding programmes. Although it is not as appreciated as selection and crossbreeding, it has been 
used to produce outstanding animals and plants, and the crops and livestock it produces help feed a hungry 
world. Inbreeding is extremely important in breed or strain development. Inbreeding can be used to improve 
response to selection when heritability is small. And inbreeding is the classic way to improve the results of 
crossbreeding programmes. Consequently, any farmer or hatchery manager who wants to manage the genetics of 
his population should know how inbreeding works and what it can do. In order to use inbreeding to improve a 
population, a farmer or hatchery manager must know how to design and maintain regular systems of 
inbreeding. Several regular systems of inbreeding are illustrated, along with the levels of inbreeding that they 
produce. 

Chapters 7 and 8 are the heart and soul of the manual and are the chapters that will interest most farmers and 
hatchery managers. Chapter 7 discusses ways to prevent inbreeding in hatchery populations and shows the 
methods that can be used to determine the effective breeding numbers that are needed to prevent inbreeding 
from accumulating to levels that cause inbreeding depression and that will prevent genetic drift from robbing the 
population of needed genetic variance. 

The single most important aspect of brood stock management under these circumstances is to prevent 
bottlenecks. A bottleneck is a drastic reduction in effective breeding number. A single bottleneck can cause 
permanent genetic damage to the population by producing high levels of inbreeding and by producing high 
levels of genetic drift. A single bottleneck can ruin years of excellent brood stock management. 

In addition, several spawning and breeding techniques that can be used to increase effective breeding number are 
presented. 

Chapter 8 presents a series of recommendations that farmers and hatchery managers can use to prevent 
inbreeding depression and the loss of genetic variance via genetic drift. This is a key aspect of brood stock 
management when no selective breeding programme will be used to improve growth rate or other phenotypes. 
For most farmers and hatchery managers this means managing effective breeding number at a pre-determined 
size. Recommended effective breeding numbers are made for small, medium, and large farms and for public 
hatcheries. Several recommendations are made for all four situations, based on a farmer's or hatchery manager's 
goals, the type of fish culture that is being done, and the level of genetic risk that is acceptable. The process by 
which a farmer or hatchery manager can determine the effective breeding number that he needs for a customized 
set of goals is also presented. 

Recommendations are also made about mating protocols that can be used to minimize inbreeding during a 
selective breeding programme. Inbreeding is inevitable when a farmer conducts a selective breeding 
programme. Selection produces inbreeding because each act of selection creates a bottleneck; additionally, 
when only the best are allowed to mate, the mating of relatives is inevitable. Inbreeding is of secondary 
importance during a selective breeding programme, because the major genetic goal is to alter the genetics of 
the population in order to improve productivity. However, inbreeding needs to be monitored and it should be 
minimized, or selection will be used only to counteract inbreeding depression. 

Genetic drift will also occur during a selective breeding programme. In fact, genetic drift can accumulate at a 
faster rate during a selective breeding programme because each act of selection creates a bottleneck and the 
number of families is often reduced. The major effect of genetic drift under these circumstances will be on 
genes that are not affected by the selective breeding programme. Genetic drift will minimally effect the genes 
which control phenotypes that are undergoing selection or that are undergoing indirect selection. The problems 
caused by genetic drift can generally be ignored during a selective breeding programme, because selection and 
conservation of genetic variance are diametrically opposed breeding programmes. 

I did not include any citations in the text or tables. This was not done to slight the contributions by others; it 
was done to make the manual uncluttered and more readable. I have included a list of recommended reading at the 
end of the manual for those who wish to pursue one of the topics discussed in this manual in greater detail. 
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CHAPTER 1. 
INTRODUCTION 
 

Inbreeding is a genetic concept that most aquaculturists have heard about, but few understand what it is or 
know how it can be used or abused. Inbreeding is one of the few natural biological processes that evokes 
deep- seated prejudices and invokes legal sanctions; as a result, it is probably the least understood and least 
appreciated aspect of animal and plant breeding. Most have heard of inbreeding because of legal and moral 
laws against certain consanguineous ("blood-related") marriages and because extension agents and others 
have repeatedly preached about the evils of inbreeding. However, inbreeding is no different from any other 
piece of technology. If used properly, it can improve things; if used improperly, it will make them worse. 
 
Inbreeding has been a concept that has plagued and intrigued humanity for thousands of years. The Torah, 
Bible, and Koran all contain proscriptions against incest. Most societies have laws pre-dating constitutional 
rights that prohibit marriages between certain relatives, although feudal rulers routinely ignored these laws, 
because it was a prudent way of consolidating money, land, and power. 
 
The major reason why inbreeding was considered to be immoral was that no one knew anything about 
genetics, and consequently no one knew how inbreeding worked. It was easy to observe that when close 
relatives mated, some offspring were deformed or were weak and died. Since genetics was unknown, people 
associated the deformities, etc. with the act of incest itself and thus concluded it was evil and the deformed 
offspring were some form of divine punishment. 
 
Our aversion to consanguineous marriages and abhorrence of incest is probably rooted in our evolutionary 
past and is controlled by our genes. Studies with several species of animals have shown that various 
behaviours, such as dispersal patterns-either forced or voluntary-of juveniles who are about to become 
sexually mature prevent parent-offspring, brother-sister, or first cousin matings which produce high levels 
of inbreeding. Since inbreeding produces some subviable or inviable offspring, genetically controlled 
behaviour which prevents such matings will be favored by natural selection. 
 
Prohibitions and prejudices against inbreeding were so deeply rooted in Europe that as recently as 200 years 
ago European animal breeders were told that they should not use inbreeding in their brood stock 
management plans because it was against the Laws of God and Nature. However, animal breeders ignored 
these injunctions when they discovered that inbreeding was a breeding technique that could be used to 
develop new breeds, improve herds, and produce outstanding animals. 
 
Once the science of genetics was established, geneticists were finally able to explain why some inbred 
offspring were deformed and were able to show that this was a problem of heredity, not of morality. They 
were also able to explain how inbreeding produced better animals and plants. An understanding of the 
genetics of inbreeding enabled geneticists to devise regular systems of inbreeding so animal and plant 
breeders could use inbreeding to improve growth rate and other phenotypes in a reliable and predictable 
manner. 
 
Inbreeding is the mating of relatives, or the mating of fish more closely related than the population average 
(which is another way of defining relatives). Some geneticists want to restrict the definition of inbreeding 
and say it is the mating of "close relatives," and that means the mating of two individuals more closely 
related than second cousins. The restricted definition might be more practical as a breeding definition, 
because it is based on the amount of inbreeding in the offspring that are produced by a mating. However, 
the mating of any relatives, whether they are closely related or distantly related, is inbreeding, and it will 
produce inbred offspring. 
 
Inbreeding is, for all practical purposes, the opposite of crossbreeding. While inbreeding is the mating of 
individuals more closely related than the population average (between relatives), crossbreeding is the 
mating of individuals less closely related than the population average (between individuals from two 
populations). 
 
Inbreeding, along with selection and crossbreeding (hybridization), is one of the three major breeding 
programmes that have been traditionally used to improve livestock and plants. While selection and 
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crossbreeding are more widely known and appreciated, inbreeding is a powerful breeding technique that has 
been used to: establish new breeds and varieties; improve the results of selection; create better brood stock; 
and improve the results of crossbreeding programmes. 
 
There is a wealth of information about inbreeding in livestock and laboratory animals and an even greater 
treasure trove for plants. However, comparatively little information exists for farmed fish; most of the information 
that does exist is spotty or consists of warnings about why inbreeding should be avoided and explanations 
about how it can be prevented. 
 
While inbreeding is an important breeding programme that can be used to improve a population when it is 
planned and directed, unplanned and uncontrolled inbreeding can ruin a population through something called 
"inbreeding depression," which is a decrease in growth and viability coupled with an increase in 
abnormalities. Genetic aspects of fish stock management are still in their infancy. Many farmers are still 
raising stocks that are either wild or only a few generations removed from the wild. Most farmers worry only 
about the environmental aspects of management-nutrition, water quality management, disease control and 
prevention-and ignore the genetic aspects. Since the modern science of aquaculture is still in its infancy, 
these management decisions make sense, because the best way to raise a crop has often not been quantified. 
Vast and immediate improvements can be obtained by refinements in fertilization regimens, feeding 
practices, or water quality management. These changes are often very cost effective because the changes are 
inexpensive. 
 
The genetic aspects of fish fanning have received far less attention because they require sophisticated 
managers, are long-term forms of management, require extra facilities, and add additional financial burdens; 
furthermore, the results are often unpredictable. While great improvements are possible, they are usually 
more costly than environmental improvements, and the return is not immediate. 
 
Those who are interested in incorporating genetic improvements into yearly work plans usually want to 
conduct selective breeding or crossbreeding programmes; inbreeding is ignored. There are two probable 
reasons for this: The first is the deep-rooted prejudice against inbreeding. The second is the warnings against 
inbreeding that come from fish geneticists and aquaculture extension agents. 
 
These warnings have been sounded because fish farming is a form of animal husbandry where inbreeding can 
be a more serious problem than it is with livestock. For the most part, fish farmers work with small 
populations. When new stock is acquired, the number of fish acquired is usually small because: shipping fish 
is a lot of trouble; it is costly, especially since water is heavy; and it is difficult to ship fish great distances. 
Consequently, many shipments contain only a handful of fish. Often, the fish that are acquired come from 
one or two matings, which means the genetic size of the population is quite small. Finally, fish are highly 
fecund compared to traditional livestock, which are capable of producing only one to a dozen offspring each 
year. Because of this, there is often a great temptation to spawn as few fish as possible in order to save 
money and labour and to lower the cost per fingerling produced. The fecundity of some fish is so great and 
the size of many farms is so small that a single spawn will often produce enough fish to stock many farms. 
 
A number of warnings against inbreeding have been published because aquaculture is a unique form of 
animal husbandry, in that it produces fish for the sea as well as fish for the table. Many fish culture 
programmes are conducted not to raise food, but to raise fish that will be stocked in lakes, rivers, and oceans 
to help sustain or re-establish fisheries. These programmes are successful only if survival of the stocked fish 
is large enough to improve the creel or if the stocked fish spawn and increase the size of the next year-class. 
Unfortunately, many stocking programmes have not been successful, and a major reason for this is improper 
brood stock management at the hatchery. Brood stock management plans that make fish farming 
economically successful are plans that make stocking programmes unsuccessful. Much of the blame can be 
attributed to the small numbers of fish that are spawned every year which lead to unwanted levels of 
inbreeding that will, in turn, lower survival. 
 
Even when fish are raised for food, the inbreeding produced by small populations can cause problems. If 
unwanted inbreeding occurs, it can reach levels that cause growth rate or other production phenotypes to 
decrease. This means yields will decline unless management is intensified; in other words, the environmental 
aspects of management must be increased to counteract genetic mismanagement. 

2



Furthermore, small population sizes produce genetic drift, which is random changes in gene frequency. The 
ultimate effect of genetic drift, particularly in small populations, is the loss of alleles. The loss of genetic 
variation can make future selective breeding programmes ineffective. Selection improves productivity by 
exploiting a population's genetic variance; genetic drift decreases a population's genetic variance. 
 
Inbreeding can occur when a farmer conducts a selective breeding programme; in fact, it is inevitable. Selection is a 
breeding programme that improves a population by allowing only superior animals to produce offspring. 
When this happens, the size of the breeding population is reduced. When only the best are allowed to mate 
and the only criterion for mating is a certain phenotype, relatives are often mated. This causes unwanted inbreeding. 
While inbreeding will be produced during selection and while it can cause some problems, it is of secondary 
importance. The major genetic goal during this type of breeding programme is to improve the population by 
selection. However, inbreeding should be moderated when conducting a selective breeding programme, 
because there is no point in conducting selection simply to counteract inbreeding depression. 
 
Consequently, the loudest and most persistent message that comes from geneticists and extension agents is: 
avoid inbreeding and do what it takes to prevent it from occurring. And that is the major thrust of this 
manual. Most of the manual describes what inbreeding is, what causes inbreeding, how it works genetically, 
how it is measured, and what can be done to prevent it from occurring. These subjects are developed in order 
to compile a list of recommendations that farmers and hatchery managers can incorporate into yearly work 
plans to better manage their populations and prevent inbreeding from ruining the population genetically. 
Since the problems associated with genetic drift and inbreeding are linked, part of this manual is devoted to 
this topic and to management techniques that can be used to minimize the effects of genetic drift. 
 
A manual simply stating that inbreeding is bad and should be avoided would be only partially useful. Since 
inbreeding is an important breeding programme, one that has been used to produce superior animals and 
plants, there is no reason why aquaculturists cannot use inbreeding to produce superior stocks of fish. 
Consequently, one chapter is devoted to the ways inbreeding can be used to improve growth and other 
phenotypes and to the development of regular inbreeding programmes that can be used to produce inbred 
lines which can be used in selective breeding and crossbreeding programmes. 
 
Few farmers will want to or be able to use inbreeding programmes. The decision to conduct any breeding 
programme is one that must be made for each farmer or each fry/fingerling production center on a case-by-
case basis. Breeding programmes are expensive and time consuming. They require a certain level of 
sophistication, because good record keeping is a requirement. This is especially true for inbreeding 
programmes. Inbreeding is the mating of relatives, and you cannot mate relatives if you cannot follow pedigrees. 
Also, these programmes require facilities. Ponds that are being used for inbreeding programmes are ponds 
that cannot be used to raise food. Finally, breeding programmes usually do not produce immediate 
improvements. Improvements are usually not seen for at least one growing season; when inbreeding is used, 
there is often a 2- to 3-generation lag before improvements are noted. Consequently, a farmer must be able to 
incorporate long-term planning into his farm management programme, and he must be patient. As a result, 
within a region, only a small percentage of farmers or fingerling production centers should or will ever conduct 
inbreeding programmes. 
 
But even if few farmers or hatchery managers will conduct inbreeding programmes, an understanding of how 
inbreeding can be used to improve productivity will enable the rest to better understand what inbreeding is; 
how it occurs; what is does; and most importantly, how it can be controlled. 
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For example, if Ne in a population is 100, there are single pair matings (50 males and 50 females), and the 
variance in family size (variance in offspring production) is 5, Ne becomes: 
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The variance in family size reduced predicted Ne by 43%, and yielded an effective breeding population of just 
28 males and 28 females. 
 
When males mate with more than one female and/or females mate with more than one male, there is unequal 
reproductive success for the two sexes, and Ne becomes: 
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Family size often assumes what statisticians call a "Poisson distribution," and when this occurs the mean and 
the variance are the same. If this occurs, mean family size can be used. 

The Ne that has been calculated in the previous examples is that for a single generation. It is important to 
determine Ne for every generation, because the values are not independent. The average Ne for a series of 
generations is determined by calculating the harmonic mean:  
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where: Ne mean is the mean effective breeding number over t generations; and Ne1, Ne2, and Net are the 
effective breeding numbers in generations 1, 2, and t, respectively. The math needed to determine mean Ne is 
fairly simple and can be done "by hand"; however, inexpensive hand-held calculators are preprogrammed to 
determine inverses (the "1/x" key), so their use reduces this formula to simple arithmetic. 
 
Because the mean is determined by the harmonic average, the generation with the smallest Ne will have a 
controlling influence on average Ne. This means that if a disease or other calamity reduces Ne, subsequent 
increases in Ne will have little effect on increasing the average. 
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This breeding programme will create herds that are highly inbred, so some farmers use several herd bulls to reduce the 
level of inbreeding and thus minimize inbreeding depression. The inbreeding that will be produced by this inbreeding 
programme can be determined by the following equation: 
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where: number of males and number of females are the number that produce viable offspring. The formula shows that 
inbreeding is controlled by the sex that is least numerous, so the rate of inbreeding is governed by the number of herd 
bulls. For example, if 50 females are used, the inbreeding that will be produced per generation when 1, 2, 3, 4, and 5 
herd bulls are used is: 
 

Number of herd bulls 
mated to 50 females Inbreeding per generation

1 12.75% 
2 6.50% 
3 4.42% 
4 3.38% 
5 2.75% 

 

Inbreeding to expose and cull detrimental recessive alleles 

Inbreeding can be used as an extreme form of progeny testing to expose detrimental recessive alleles  
and eliminate families that carry these undesired genetic bombs. Progeny testing is a selective breeding programme  
that is often used to accomplish this, but progeny testing is usually used to eliminate only one recessive allele.  
Progeny testing is a breeding programme where fish with the dominant phenotype are mated to a test fish (one  
that is homozygous recessive) to identify and cull the heterozygotes and to identify and save the homozygotes. 

By mating relatives and developing highly inbred families, a farmer can unmask many detrimental recessive  
alleles simultaneously and cull families that carry many hidden genetic defects. Since most animals carry 
several to several dozen detrimental recessive alleles that are hidden in the heterozygous state, this type of 
breeding programme is a severe form of progeny testing, but families that exhibit no problems are genetically  
superior and defect-free. Because this type of breeding programme is so severe, many inbred families must be 
 created in order to identify and save the few that will be defect-free. Although this is costly, it is a breeding 
 programme that will produce outstanding animals, in terms of qualitative phenotypes, within a few generations. 

Inbreeding to improve the results of between-family selection 

Inbreeding can be used to improve the results of selection when the h2 for a trait is small. When h2 is ≤0.15, it  
is difficult to improve the population by individual selection, because most of the phenotypic differences that  
can be measured are not heritable. When this occurs, between-family selection is more efficient because this  
selective breeding programme magnifies the heritable differences (those due to VA) by minimizing  
environmental effects (VE). 

When h2 is small, inbreeding can be used to create inbred families which will further magnify the heritable differences 
among the families. Inbreeding makes it easier to assess the heritable differences among families, by minimizing 
some of the non-heritable sources (VD, VI, and VE). Inbreeding does not change the absolute amount of VA; it changes 
relative amount, which improves the breeder's ability to identify and save families which are superior because of VA. 
This makes between-family selection more efficient. 
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Parent-offspring inbreeding programme 

A breeding programme of parent-offspring matings is an inbreeding programme that is traditionally used to  
quickly produce highly inbred animals. A single generation of parent-offspring mating will produce fish with  
F = 25%, and three generations will produce fish with F = 50%; eventually, F will approach 100%. A parent- 
offspring inbreeding programme is illustrated in Figure 24. Five generations of parent-offspring matings, along  
with the inbreeding that is produced, is illustrated. The inbreeding that is created by a parent-offspring 
inbreeding programme is contrasted to that which can be created by other regular systems of inbreeding in  
Table 3. 

This type of inbreeding programme is simple and requires the fewest numbers of individuals in each  
inbred family. Only two individuals are needed in each generation-a parent (usually the younger parent) and an 
offspring. Consequently, this is the least expensive regular inbreeding programme. The major liability of this 
inbreeding programme is that it is often difficult to mate parents with their offspring generation after 
generation. A number of fish species spawn only once and then die. When this happens, the only way parent- 
offspring matings can occur is by using cryopreserved gametes. 

Table 3. Percent inbreeding produced by regular systems of inbreeding: parent-offspring; full-sib; half-sib; double 
first cousin. There are two half-sib inbreeding programmes: a single male is mated to two half-sisters each generation 
(A) (Figure 26); a single male is mated to many half-sisters each generation (B) (Figure 27). Generation 1 is the first 
generation in which inbreeding is produced. 

 

Generation 
Parent- 
offspring 

Full- sib Half- 
sib (A) 

Half- 
sib (B) 

Double 
first cousin 

0 0.00 0.00 0.00 0.00 0.00 
1 25.00 25.00 12.50 12.50 12.50 
2 37.50 37.50 25.00 21.88 18.75 
3 50.00 50.00 34.38 30.47 25.00 
4 59.38 59.38 42.97 38.09 31.25 
5 67.19 67.19 50.39 44.87 36.72 
6 73.44 73.44 56.84 50.92 41.80 
7 78.52 78.52 62.45 56.30 46.48 
8 82.62 82.62 67.23 61.09 50.78 
9 85.94 85.94 71.58 65.35 54.74 

10 88.62 88.62 75.28 69.15 58.37 
∞ 100.00 100.00 100.00 100.00 100.00  

After: Wright, S. 1921. Systems of mating. II. The effects of inbreeding on the genetic composition of a 
population. Genetics 6:124-143. 

Full-sib inbreeding programme 

Full-sibs are brothers and sisters that share two parents. This regular system of inbreeding is as effective in producing 
inbreeding as parent-offspring matings, and it is equally simple and inexpensive. A breeding programme of 
full-sib matings is illustrated in Figure 25; five generations of full-sib matings along with the inbreeding that is 
produced is illustrated. As was the case with parent-offspring matings, full-sib matings produce F = 25% in the 
first generation and F = 50% after three generations; eventually, F will approach 100% (Table 3). 
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BOTTLENECKS 

All of the recommendations that were made in the previous section were based on maintaining minimum constant 
Ne's. Unfortunately, it is difficult to maintain a constant Ne generation after generation. Anyone who  
has ever managed a population of fish knows all too well that it is difficult to maintain a steady-state 
population. Many factors conspire to occasionally reduce population size. Sudden drastic decreases in 
population size are called "bottlenecks." The genetic effects of bottlenecks can be devastating and can have long-term 
repercussions. 

As was described in Chapter 4, the mean Ne over a series of generations is the harmonic mean, not the simple 
arithmetic mean. Consequently, the generation with the smallest Ne has a disproportionate influence on the 
average value. This means that a bottleneck can dramatically lower mean Ne, which in turn will dramatically 
increase inbreeding and genetic drift. 

For example, if a farmer wants to maintain a constant Ne of 100 for 10 generations but experiences a bottleneck 
of 20 in generation 6, the mean Ne that he produced is: 
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Ne mean can be determined by using the "1/x" button on a hand-held calculator. 

Ne mean=71.4 

The arithmetic average for this series of Ne's is 92, so mean Ne is 22% smaller than would be expected. If there 
were two bottlenecks of 20, mean Ne would have dropped to only 55.6. 

Bottlenecks can have severe and long-lasting effects on inbreeding, because once inbreeding occurs, it lowers 
future Ne's, as was described in Chapter 4. The impact that bottlenecks have on average inbreeding depends on 
the size of the bottleneck and how many there are. A population which is poorly managed and which experiences 
multiple bottlenecks where the population is reduced to relatively few males and/or females will be quite inbred. 
On the other hand, a well-managed population that experiences a single bottleneck will be far less affected. A 
single bottleneck will produce an immediate increase in inbreeding and the average inbreeding may increase for a 
generation or two (the amount depends on the size of the bottleneck), but if the population is properly managed to 
minimize inbreeding before and after the bottleneck, the average inbreeding will plateau a few generations after 
the bottleneck, and the damage due to inbreeding might not be severe. 
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