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Introduction

The dog clubs for the Icelandic sheepdog (Islenskur fjarhundur) in several European countries have been working together for some time to protect their dogs from all the genetic disorders so common among many other dog breeds. I was asked to join a seminar in Denmark on October 28-29, 2007, to give lectures in basic breeding and genetics, along with a presentation of genetic analyses of dog data gathered from member countries. This paper is a comprehensive report about some of the aspects studied when analyzing the data.
Material
The basic data for analysis has been collected and organized in a text file including 8359 records. Due to the complexity of data gathered from Iceland, Sweden, Denmark, Norway, Finland, Germany and Holland it has been impossible to completely avoid duplicated records of individual dogs. There are also a number of dogs registered with more than one unique registration number. These errors have been partly corrected by automatic functions in the database program “LatHunden 2006” which has been used for further analysis. Thus after elimination of some, but not all of the duplicates and errors, the database includes in all 8290 dogs. All but four of these dogs have information about date of birth. Identity of father is available for 8211 and for mother on 8218 dogs. For 8177 identity is given for both father and mother.
For some of the analysis it has been necessary to build a register of litters. To do so it is necessary to have both identity of mother and birth date for individual dogs. This requirement is met for 8215 of the dogs. A total of 2369 litters were identified with a total of 8246 dogs. It is obvious that there must be some duplicates of registered mothers as the number of progeny in litters is 31 greater than the number having data on mother and birth date. This very small error in such a complex data set will not have any significant effect on the results of the analysis performed. Guðni Ágúistsson of Iceland has been responsible for the gathering and basic organization of the data, and has made it possible to present the analysis in this report.
Registered dogs and inbreeding
In this report all the dogs included in the material are treated as belonging to one coherent population irrespective of country of origin or registration.

Table 1. Dogs born and their inbreeding. 
	Year of birth
	Numbers
	Inbreeding %
	Generations in pedigree

	1985
	140
	13.0
	4.5

	1986
	160
	13.6
	4.6

	1987
	188
	12.8
	4.5

	1988
	190
	9.4
	4.7

	1989
	190
	11.3
	4.7

	1990
	228
	13.8
	4.7

	1991
	317
	10.3
	4.6

	1992
	320
	8.3
	4.7

	1993
	281
	7.5
	4.7

	1994
	410
	7.3
	4.7

	1995
	417
	6.4
	4.7

	1996
	397
	6.1
	4.7

	1997
	449
	5.1
	4.8

	1998
	360
	5.0
	4.5

	1999
	537
	3.6
	3.8

	2000
	482
	2.8
	3.8

	2001
	482
	2.6
	3.8

	2002
	323
	2.1
	3.8

	2003
	402
	1.5
	3.7

	2004
	456
	1.7
	3.8

	2005
	527
	1.6
	3.6

	2006
	116
	3.7
	4.1

	Total
	7372
	5.6
	4.3


In all, 72 dogs were excluded from the table since it was not possible to estimate their inbreeding.

The data in Table No. 1 makes it clear that from the beginning of 1990 there has been a subsequent goal to reduce average inbreeding, although the very low values during the first years of this century are partly due to the shorter pedigree tables from which to calculate inbreeding values.
It is not my intention to make any special breeder feel accused but there are still some rather unhealthy breeding habits within the breed. Among the 643 dogs born later than January 1 2005 in all 61 had coefficients of inbreeding comparable to cousin mating or worse. I’m sorry to say 25 of these dogs had Swedish registration numbers and 11 of them had an inbreeding value corresponding to full sib mating or higher with the worst cases inbred to 36.7 %. These cases might however be due to some errors in registration since they are registered with the same father and mother but with three different birth dates in the beginning of 2006. It should be pointed out that according to new breeding rules, mating full sibs or parent to progeny is no longer accepted by the Swedish Kennel Club.
Breeding base (effective population size, Ne)

Inbreeding is a measure of loss of genetic variation in a population. What is measured is the relative number of gene pairs in the progeny getting identical genes from father and mother due to common ancestors on both sides of the pedigree. For each pair of genes getting such identical genes another gene is lost, and hence inbreeding causes loss of genetic variation. With long term strong inbreeding the loss of genetic variation eventually becomes so large that the survival of an entire population may be threatened.
It should be pointed out that inbreeding coefficients never tell the entire truth about the real inbreeding of an animal. All calculations of inbreeding have to start at some point in the past. At that point inbreeding is always set to zero. Thus inbreeding coefficients only tell us how much of the genetic variation that was present at the starting point for the calculations has since been lost. If we need to know the real amount of inbreeding, or homozygosity, of a breed it is necessary to analyze DNA.

Effective population size (Ne) is a measure used in population genetics to estimate the continuous loss of genetic variation in a population. It does not correspond to any actual number of animals used in breeding. The effective population is an idealized randomly mated population with equal number of males and females. Calculation of the effective size of a real population is done in two steps. First the rate of increase in inbreeding per generation is calculated for the real population. Then one calculates the number of individuals of an idealized population that would produce the same rate of increase in inbreeding. This number is then the effective population size of the real population. Thus the more intensive inbreeding is in a real population, the lower the effective population size compared to the real number of breeding individuals. In short, closer relation between the breeding animals of a population will result in a smaller effective population size.
Once again it is necessary to point out that although calculations of effective population size are based on calculations of inbreeding, the values tells us nothing about the real genetic variation of a population. As a matter of fact two populations with very large differences in general inbreeding may have identical effective population sizes. The type of information we get from calculating effective population size is thus only at what proportional rate the population is losing genetic variation. This is only dependent upon how many animals are used for breeding purposes and their relationships. It is however an international rule of thumb that when the effective population size is reduced below 50, the entire population is endangered no matter what one tries to do to counteract loss of genetic variation. Random forces are becoming too strong and cannot be controlled any more with certainty by deliberate selection to preserve genetic variation.
All calculations of effective population sizes in this report have been carried out by use of my computer program “LatHunden 2006.” Two values are calculated, “Utilized effective population size” and “Available effective population size.” The first of these values is calculated directly from the pedigrees, i.e., based on the way the breeders have actually used their dogs in breeding. The second value is a simulated value based on the same breeding animals but for two generations ahead. Males and females of the real breeding stock are mated together randomly in the computer to produce a new generation F1. “Animals” from this F1-generation are then mated randomly to produce a second theoretical generation F2. The “Available effective population size” is then calculated from the relative increase in inbreeding between generations F1 and F2 calculated back to the common starting point, i.e., 4 generations for the F1-parents and 5 generations for the F2-progeny.
The idea behind the calculation of “Available effective size” is that breeders often tend to line breed their dogs. Because of the closer relationship between animals within lines the average inbreeding of the entire population may be overestimated and thus the estimate of the effective population size too low. By random mating of all used breeding animals all such line breeding is broken and the true relation between animals of the population is revealed.  In cases of strong line inbreeding in the real population this will cause the calculated available effective size to become larger than the utilized. The reverse will be true if breeding in a small population is based largely on imported and less related animals. The relative increase in inbreeding will then become low, in some cases even negative and thus the estimated utilized effective size will be very large. With simulation of random mating in such populations, the outcome often is that the available effective size is much smaller than the utilized effective size. In such cases we know that continued breeding with the animals present in the population, without any new animals introduced by importation from elsewhere, will cause the inbreeding to increase again and hence the population may lose too much genetic variation to preserve health and viability. Such populations are in need of continuous introduction of new breeding animals. 
Table 2. Utilized and available effective population size of Icelandic sheepdogs 1985 – 2006
              (Ne = effective population size or breeding base)

	Period
	No. of litters
	No. Of dogs
	Utilized Ne
	Available Ne

	1981 - 1985
	161
	511
	9
	31

	1986 – 1900
	321
	957
	9
	64

	1991 - 1995
	513
	1745
	37
	117

	1996 - 2000
	583
	2225
	>500
	159

	2001 - 2006
	505
	1897
	>500
	156


.
As is seen from table number two there was a dramatic shift in breeding habits at the beginning of the 1990‘s and a very rapid growth of the effective population size at the end of that decade. Please observe that the value >500 does not say anything about the number of breeding animals actually used by breeders. It tells only that the increase of inbreeding in the entire population of the Icelandic sheepdog was less than in a randomly mating idealized population of 500 individuals equally distributed on the two sexes.

In the beginning the table also shows a marked increase in available effective size. This increase does not however continue in the beginning of the 21st century. That is due to the originally small population from which the present dogs originate. Dogs of the international population are already rather closely related and there are no means to lower that relationship in the future.  However an effective population size of about 150-200 is large enough to stop heavy losses of genetic variation. What are needed are international agreements and cooperation to  exchange breeding animals between countries in such a way that the average inbreeding, calculated for five generations, will not increase more than about 2.0 to 2.5 %.  As was seen from Table 1 the realization of this goal is rather close since the average inbreeding per period for about four generations has been below 2%.  The raise in 2006 is alarming but may be due to an incomplete year and errors in the database as pointed out before.
Effects of inbreeding on fertility
The level of inbreeding of a progeny is always half the relationship between the two parents. In the following the inbreeding coefficient of progeny is named “Fx” and given as percentages. Based on degree of inbreeding the litters were divided into four “breeding types”. 
Table 3. Mating types, inbreeding and litters sizes .

	Type of mating
	Numbers
	Inbreeding%
	Litter size

	I
	412
	1.8
	4.3

	II
	137
	9.2
	4.1

	III
	136
	16.8
	3.8

	IV
	25
	29.6
	3.7


Type I = parents less related than cousins (Fx < 6.25 %)

Type II = parents related as cousins but less than half sibs (Fx = 6.25-12.24 %)

Type III = parents related as half sibs but less than full sibs ( Fx = 12.5 – 24.99)

      Type IV = parents are related as full sibs or parents to progeny ( Fx >= 25 %).
The above table includes only the first litters of the bitches and only litters with two or more puppies. There are two reasons for this reduction of the material prior to calculation of inbreeding effects on fertility. There are age effects on litter sizes such as larger litters up to the third litter and then again smaller litter sizes. This effect of the ages of bitches is reduced when only their first litters are compared. The second reason is that many “litters” show only one puppy because that puppy is the only one imported from a group of litter mates. Litters with only one puppy are thus over represented in the database and will partly hide the true effects of inbreeding on fertility. The values given in table 3 demonstrate clearly, however, the normal loss of fertility accompanying inbreeding with a loss of about half a puppy in highly inbred litters. This might not seem very large, only a little above 10 % in loss of fertility. Loss of fertility is however always an indication of disturbances in the basic gene systems also responsible for normal immune response, so one can foresee an increase in the frequency of infectious diseases and other genetic disturbances.  There will also be an increase in the frequencies of barren bitches, which is not reflected in the figures. The real loss of fertility due to inbreeding is thus always greater than what can be seen from counting the number of puppies per litter.
Generation interval

Changes in genetic frequencies, and thus loss of genetic variation, can only take place between successive generations. Thus the rate of change over time is dependent on the generation interval, i.e. the number of years between the first litter of the parents and the average age of their progeny when they produce their first litters. The average generation interval was 5 years in 1985 and then increased to 5.6 years in 1990 and 1995. The value was reduced to 4.8 generation in year 2000 and 3.9 years in 2005. This is an alarming trend for which one explanation might be that show competition is becoming a stronger force as the base for selection. 
It is recommended that this is subject to further analysis since too strong selection and rapid generation turnover may cause a serious threat to the health and viability of the breed.

Breeding Matadors

The term “Breeding Matador” needs an explanation. “Matador” was a Swedish bull used in the northern part of Sweden on a breed of cattle without horns. The bull inherited testicular hypoplasia (small testicles due to a recessive gene). Due to the very intensive use of the bull this gene was spread in high frequency over the entire population and caused genetic disorders it took decades to overcome. Since that time, any overused breeding male of any species in Sweden is called a “Breeding Matador”.

To maintain the level of effective size of a population one needs at least 20 males and about 3-5 females per male. Thus a male should never produce more than 5 % of the puppies produced during the years he is active as a breeding male. The generation interval is for many breeds about 5 years. Five percent of the puppies during 5 years is equal to 25 % of all puppies produced a normal year. Any male dog producing more puppies is classified as a “Matador” in my computer program “LatHunden 2006”. As there is a potential for any individual to have twice as many grandfathers as fathers the number of grandchildren of any male should not exceed twice the number of his children. If this number is exceeded the male will again be classified as a “Matador”.
It has to be pointed out that the figures used to classify “Matadors” are not to be confused with the ideal number of progeny from a breeding point of view. They are maximum values that should not be exceeded. If possible one should have the goal of keeping the number of progeny below 2 % of all offspring produced in the breed during a period comparable to the generation interval of the breed. That is the same as to say that one should aim at no less than at least 50 breeding males used as equally as possible in every generation.
Based on the above definitions the number of “Matadors” among Icelandic sheepdogs were 27 in 1985, 22 in 1990, 7 in 1995,4 in year 2000 and 3 in 2005. At the beginning of the period the “Matadors” produced 74 % of all puppies and were grandfathers to 84 %. In 2005 these figures have changed to 4 % of the puppies and grandfathers to 12 %. The number of males used for breeding has increased from 106 to 203 as an effect of the rapid growth of the registered population. Although the trend in the figures is very positive it is of course still not satisfactory when a small fraction of all the males used are responsible as grandfathers for over 10 % of all puppies produced 2005.

The maximum absolute number of progeny recommended for a single male is 88 in year 2005 and the ideal number is not more than 35 and again not more than twice those numbers as grandfather. The actual maximum numbers for a male that year were 100 puppies and  255 grandchildren. But again, only three males were classified as “Matadors.”  In 1985, when the recommended maximum number of progeny should have been 25 and number of grandchildren 50, one male had 117 progeny and another 385 grandchildren. Again there must be a reservation due to possible errors in the database due to mix-up of registration numbers.

The second generation problem

It is fairly easy to state rules for the maximum number of progeny sired by a single male. To make rules regarding the number of grandchildren is a lot more complicated if even possible at all.  The only way I can see to avoid overuse of males and females as grandparents is rapid and free communication of information to all breeders. Without information the breeders will never know in time if a specific male is already used above recommended limits. This has not been a large problem to overcome in Sweden since all pedigree data of any breed is freely available to any breeder or breed club. The gathering of data from many different countries, as has been done for the Icelandic dog, is, as far as I know, unique. If this initiative is continued the data will constitute an invaluable source of information for all breeders of the breed all over Europe.  
Age at first litter 
The ambition to win at show exhibitions will tempt many breeders to use their dogs for breeding at an extremely early age.  Now there seems to be lack of consequence in too many cases in the database as far as registered birth date is concerned.  Therefore, no reliable conclusion may be based on these figures. As a general comment however it is important to realize that proper breeding includes as complete information as possible about the individuals selected for breeding. Dog are not mature until 2-3 years of age and cannot be judged with certainty before that time. As a general rule one should avoid breeding from individuals less than two years old in any breed. This is especially important if a breed is suffering from genetic disturbances that do not show until the dog has grown up.
Veterinary data 

It has not been possible at this time to gather veterinary data from all the countries. There is however complete data for some traits in the Swedish data base. With so much interchange of breeding animals over the years on might suppose that the Swedish subpopulation is representative for the entire breed.
Hip dysplasia (HD)
Milder forms of HD do not affect the dog in a serious way. HD is however strongly inherited as a polygenic trait (many genes are involved). In such cases the values for the progeny tend to fall approximately equally on both sides of the parental average. Due to this one cannot recommend breeding from dogs affected by HD although it might be of a mild form.  There is a potential risk that such dogs will produce a larger proportion of affected dogs of which some will get HD to a degree that is injurious.  
The frequency of hip dysplasia in the Swedish population has been rather unchanged around a value of about 20 % with a maximum of 28 % in the year 2001. During the last few years the frequency has been reduced to values about 20 %.  Such high frequencies makes it necessary to continuously monitor the situation and to be careful not to breed from affected dogs. There is no need for complicated breeding programs. In a herd of German shepherd dogs owned by the Swedish Dog Training Centre we managed to reduce HD from above 50 % to below 10 % withing ten years by adopting some very simple breeding rules. Animals affected by HD were not allowed for breeding. They had to be the progeny of HD-free parents and at most one of their litter mates could have HD and only in a milder form. These were the only rules for selection against HD and it had very rapid effect on the frequency of HD in the herd. There is no need for complicated breeding indexes such as those applied to some breeds in Germany. Breeding indexes have their main value when selecting for traits with low heritability. The general heritability of HD is about 40 to 50 % and in such a case simple and straight forward selection programs are fully sufficient to produce rapid effects. They also have the great advantage that any breeder will understand exactly what he or she is doing and thus can avoid the problem of weighing their own knowledge about their dogs against figures for which they do not really understand the calculations.
Eye data

There are in all 251 dogs subjected to eye inspection in the Swedish database. 16 of these dogs have notations about cataracts. The tested dogs may not be representative for the breed as the number of tested dogs is small. Several of them may have been taken to veterinary inspection due to sight problems. There is thus no need to be alarmed by the eye data. It might be of interest however to make some comments about selection against single, often recessively inherited, genes. 

There is no tendency whatsoever for deleterious genes to spread by themselves in a population. On the contrary, natural selection forces will normally reduce the frequency of deleterious genes. There are only two ways through which inherited defects and diseases can increase in frequency. In small populations inbreeding becomes unavoidable. All sort of genes are then duplicated due to inbreeding and some of them will cause genetic disorder.  The other possible way for deleterious genes to increase in frequency is bad breeding habits and selection traditions among breeders. 
The solution is very simple. Again there is no need for complicated selection programs against a number of unwanted genes. There is no possible way to get in control of 30-40 thousand gene pairs by applying selection programs to all of them. In nature deleterious genes are kept at low frequencies with much simpler methods. Avoid close inbreeding, and do not allow any animal to produce a large number of progeny.  But also in nature the effects of too small population will easily get out of control and the populations are eradicated. I am sorry to say that breeders of many pet breeds violate all the simple rules of nature to keep populations healthy and viable. 
Mental data

The working dog club of Sweden has been testing dogs since the end of 1980’s according to a standardized scheme named MH-description or mental description of dogs. It is not a testing system to find out which dogs perform well or less well. The intention is just to describe reactions to standardized test situations. The descriptions are transformed into a scale of scores ranging from 1 to 5, where 1 is a low intensity in behaviour and 5 a high intensity. This is not to say that a higher score is better than a low one, it all depends upon what type of reaction is studied and the goal of breeding for the breed in question. There are however some reactions of general interest for any breed, reactions of aggression and fear. Both should be avoided as far as possible in most breeds, especially in breeds kept as pet or companion dogs.
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Diagram 1. Mental description of 104 Icelandic sheepdogs,
The diagram is what is called a spider diagram. The green ring in the middle corresponds to the average for all working dogs. The blue area reflects the reactions of the Icelandic dogs at each of the testing situations.  Generally speaking the dogs show an excess of reactions to sharp noise, gun shot and the noise of a metal chain dragged over a corrugated sheet of iron. The show a less degree of investigating behaviour and they are also less active in all sorts of play. This is a pattern not uncommon in herding breeds such as collies. It might have had some value in herding sheep but in modern society these types of behaviour are less useful and in some cases they may even be painful to the individual dog who is easily scared by ordinary sounds in the surroundings.
Our studies in Sweden demonstrate moderate heritability for most of the tested reactions. To avoid future problems with the mental status of dogs it is thus recommended that some scheme of mental testing is adopted and generally used in the selection of breeding animals.

Sprötslinge October 25, 2006
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