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Selection in the nucleus of the Federal Hybrid Crossbreeding Scheme (BHZP) and the traditional 
herdbook system has been compared for the years 1980 to 1985. In the herdbook some 136,000 
performance records on auction boars were available with the traits daily gain (DG), ultrasonic backfat 
(BF), sib index (SI) and a selection index (INDEX). In the BHZP nearly 20,000 performance records on on 
farm’ tested gilts and station tested boars were analysed. Traits are DG, BF and feed conversion 
efficiency (FCE) for boars. Parameters analysed are: selection differentials at time of selection, annual 
selection differentials (ASD) in the offspring group and cumulative selection differentials (CSD). Expected 
monetary gains were calculated. ASD's were in the same order of magnitude for both systems, between 
.57 and .91 standard units for the index in the herdbook and .69 and .97 for the BHZP respectively with 
expected monetary gains per annum of 2.77 DM and 3.96 DM for the herdbook and 5.31 DM and 7.47 DM 
for the BHZP, respectively. CSD does not seem to be a suitable parameter on the herdbook situation with 
a high proportion of immigration. In the BHZP the values for expected monetary gain ranged from 11.72 
DM to 22.42 DM for the total population. Since no data are available on sow replacement in the herdbook 
the overall annual expected gain for the best society was estimated at some 2 DM, while the best line in 
the BHZP produces a gain of around 6 DM.

Running a breeding program is very costly. Much of this expenditure is spent on performance testing. 
Therefore, efficiency control is a necessity. The analysis of realized selection differentials is a direct 
measure of the expected genetic gain. Therefore, this parameter should give a first indication wether 
selection is going to be effective and wether selection response will be of the order expected from 
theoretical calculations.
Two types of breeding programs will be compared. The first is a traditional herdbook system comprising 

the nine herdbook societies in Northern Germany with their respective breeds. The second is the nucleus 
part of the cooperative Federal Hybrid Crossbreeding Scheme (BHZP), a strictly organized breeding 
scheme which is run along the lines of the present state of quantitative genetic theory. Contrary, selection 
in the herdbook is not explicitly on selection index but rather left to the personal decision of each private 
breeder.

The Mariensee Herdbook Information System (MAHIS) comprises data on the herdbook. It covers the 
performance test of auction boars from the whole of Northern Germany comprising some 136,000 
records, which are collected as a bye product during the index calculation procedure, and the sib test at 
the testing stations from the Federal Republic of Germany (Groeneveld 1982). Along with performance 
data parental identification, without date of birth, is collected. From 1980 on all performance data from 
auctions are available. However, nothing is known about the selection process on the female side.

Table 1: Performance test of auction boars

BREED SOC. n BF s DG s SI s
(mm) (g) (score)

GLW 07 5812 13.1 1.8 612 53 3.8 9.6
GLR 01 9656 11.9 1.3 599 53 1.8 10.7
GLR 04 7028 12.5 1.5 581 55 5.3 9.6
GLR 05 16556 12.0 1.3 585 51 4.5 9.2
GLR 06 5805 11.7 1.3 600 58 3.0 11.3
GLR 08 12397 13.8 2.2 623 44 3.7 10.3
GLR 09 6612 13.5 1.8 598 49 1.4 9.8
GLR 10 17654 13.3 2.1 591 49 4.3 10.5
BLR 01 9801 10.7 1.1 573 49 4.0 9.8

PI 02 20288 9.1 1.4 592 51 3.6 8.6
PI 08 3979 10.4 1.8 555 47 4.0 7.7

INDEX s
(score)

103.5 14.7
101.8 14.2
105.2 14.8
104.0 13.3
102.7 15.9
103.6 15.6
104.8 15.0
104.5 16.1
104.0 14.5
103.7 13.6
103.7 15.3
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Table 1 gives means and standard deviations for the analysed traits.The selection index (INDEX) 
consists of a performance part of the boar himself and a second part comprising sib data from the station 
test (in the following called sib index (SI)). The first part is made up of daily gain (DG) and average of 
three ultrasonic backfat measurements corrected for weight on test (BF). This correction is within breeds 
and societies since their average weights vary from around 120 kg to 140 kg. The sib index consists of 
leanrfat ratio, food conversion efficiency (FCE), proportion of valuable cuts and the GOFO value as a 
measure of meat quality (Averdunk 1979). The sib index is based on some 38,000 animals tested at the 
four testing stations in Northern Germany during the period from 1980 to 1985 covered in this report.

The aggregate genotype has a standard deviation of 12.57 DM for the allround populations (German 
Landrace and German Large White (GLR, GLW)) and a value of 14.21 DM for the sire lines Pietrain and 
Belgium Landrace (PI,BLR). The accuracy of the index varies depending on the number and relationship 
of tested relatives around a value of .34. All indexes are adjusted to a mean of 100 and a standard 
deviation of 20 for a performance record on the boar and a test record on one full sib group at the test 
station. However, as can be seen from table 1, the actual variation is much less, depending mainly on a 
reduced variation in backfat. Starting with 1985 the weight for meat quality has been increased from 1 50 
DM to 2.50 DM per GOFO unit.

Most of the boars sold at auctions are used in the production level of the pig industry. Only a small 
proportion is fed back into the herdbook itself. Sire replacement in the herdbook system originates mainly 
from four sources:

1. Boars from auction sales from within each breeding society
2. Boars from auction sales from other societies in Northern Germany
3. Boars bought directly from the breeders
4. Boars bought from areas others than the above,

where data are only available from the first two sources. Therefore, control of efficiency can only be 
exerted on the replacement boars which have been put through a performance test on an auction in 
Northern Germany.
The selection and testing history in the BHZP is fully documented, for both sires and dams - contrary to 

the herdbook situation (Groeneveld 1985). As a futher main difference this system is a closed one with 
strict reproducible selection rules. Selection of boars is done after a performance test at a testing station 
The traits involved are daily gain on test (DGT), food conversion efficiency (FCE) and average ultrasonic 
backfat (BF) again corrected for weight on test. Gilts are tested on farms and selected on an index of daily 
gain (DG) and weight corrected ultrasonic backfat (BF).

The aggregate genotype has a standard deviation of 15.00 DM. The accuracy of the index is about .5 for 
the station test and .29 for the field test for the dam lines 1,3 and 8, and .38 for gilts from sire line 8 
Collection of performance records started at 1980.
From 1982 onward the BHZP lines 1,3 and 5 have been cleared from the halothane positiv gene. This 

ofcourse reduced selection intensity. The effect has been most marked in the last year. Therefore, 
performance data from animals born in 1985 have been excluded. Obviously a certain reduction in 
selection intensity has to be allowed for also in the previous years.
In 1982 boars have been tested for about 6 month on the farm. Thus no FCE was available and selection 

was on an index on BF and DG only. In all 42 sires have been selected from this period. While the field 
records are not included in the averages and standard deviations in table 2 the sires are included in all 
other calculations.

Table 2: Performance test in the BHZP

station test of boars field test of gilts

Line n FCE s DGT s BF s INDEX S n DG S BF s INDEX s
(9) (mm) (score) (9) (mm) (score)

1 1211 2.54 0.21 1000 116 13.8 1.61 99.0 19.8 4712 552 54 11.7 1.7 100.9 18.3
3 800 2.49 0.22 1015 121 14.5 1.93 99.4 22.2 2514 569 59 12.5 1.9 100.3 21.6
5 967 2.52 0.22 958 107 12.9 1.47 99.9 18.0 2063 532 54 11.3 1.6 101.7 18.2
8 575 2.54 0.20 970 100 15.6 1.80 99.9 18.3 1586 536 53 16.0 2.1 101.5 22.4

Methods
Different parameters have been used to describe the efficiency of the selection process. The basis of 

all calculations are deviations from a suitable contemporary comparison. For the BHZP this is a gliding 
average on a within farm (station), within line basis comprising all test records dating 180 days back. In
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five herdbook societies the comparison is the within population average of all boars from the actual 
auction while for the others the average from the previous auction at the same site is used. If less than 70 
animals are available in a subcell the previous auction is added. The different treatment of comparisons is 
due to different computing facilities between the herdbook societies.

The following four parameters were used to describe the effect of selection :

1 .Average selection differentials within each year of selection
2. Annual selection differentials realized in the group of offspring (ASD)
3. The cumulative selection differentials (CSD)
4. Expected monetary response

Since a direct comparison between the two systems is desired the restricted parameters from the 
herdbook have also been turned out for the BHZP data being based on male information only.

A measure directly proportional to the expected rate of selection response per unit time is the annual 
selection differential weighted by the number of offspring (ASD) as reported by Koch (1974):

AS/A = ZnjSj / NA, AD/A = aijdj / NA,

AP/A = (AS + AD) / 2A and A = (SnjAj + ZnjAj) / 2N

with m and nj being the number of offspring of a particular boar and sow in a given year, and si and $ 
being the deviation of the selected above their contemporaries. A and Aj are the average age of a sire and 
dam at the date of birth of their offspring in a particular year. N is the total number of offspring in a given 
year. Obviously in the herdbook data only the male numbers were available. For sake of comparison this 
reduced figure was also calculated - apart from the complete data - in the BHZP.

In the herdbook pedigree data only accumulated via the recording of the performance test, which 
collects amongst others the pedigree and date of birth of the boar tested. Therefore, from boars tested at 
the beginning of the data collection only the ancestors are known but not their date of birth, which is 
required (see formulae above). From this follows that the first generation of parents analysed has also 
come from within the system since only then the necessary date of birth is available. This leads to an 
-asymptotic approach of the true average age of parents over the years (sires in the first year have to be 
young boars).

This is different from BHZP where date of birth of all parents is available, however no own performance 
records. The first generation thus enters the calculations with an assumed superiority of zero, which is 
ofcourse an underestimate.

The cumulative selection differential (CSD) well describes the total effect of selection effort over some 
period of time. It is carried from one generation to the next on the individual basis of each animals 
parents. Starting in the first generation the CSD is the average of the parental selection differentials. The 
CSD of their offspring is the average of its parents CSD plus the average of the parents own selection 
differential (Koch 1974). Summing up the number of ancestors yields the number of generations over the 
period of time concerned. However, this procedure is only meaningful in a closed system, with no 
intermediate immigration of breeding stocks. While this assumption is true for the BHZP it does obviously 
not hold for the herdbook. Immigrating breeding stocks would have a selection differential of 0 (since no 
data are available) and would start with a generation count of 0. To circumvent this problem a 'closed 
population' was simulated, including only offspring from the base generation. This was defined on a 
within society basis, taking in selected boars, proceeding in time, until the first offspring from any one 
boar from the base generation turned up at the auction. In the following only offspring from this base 
generation were taken into consideration.

Accumulated maternal and paternal standardized selection differentials are an indicator of how much 
selection pressure has been built up over the years. The selection indexes in the two sexes do, however, 
have a different accuracy. Therefore, a cumulative figure for the index does not tell us to what a 
proportion it is derived from either types of indexes, which makes it impossible to express the CSD in 
monetary terms. This problem is alleviated by expressing each standardized selection differential at the 
individual level by its expected monetary gain. The further treatment is as described above.

While the procedure of creating a base generation was not necessary for the BHZP, its employment in 
the herdbook produces some undesirable side effects. Firstly, it drastically reduces the number of
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animals analysed, with numbers becoming smaller from year to year. Secondly, it biases down the 
number of generations in later test years. A shorter breeding life of a boar will lead to a faster deletion of 
this line in the data set. The probability of this to happen is a function of the replacement and immigration 
rate. This in turn in later years leads to an increased proportion of offspring which stems from boars with a 

breeding life thus underestimating the true generation count in the population and the directly linked 
CSD. Therefore, results will have to handled with caution.

Only standardized selection differentials allow a direct comparision of different traits with different 
variances. Therefore, most of the results will be presented in the standardized form. Standardization has 
been carried out on a within society/breed basis with the variances being pooled over years. In the BHZP 
standardization was within lines, the variances being pooled over the years and on the female side (field 
test) over farms. Due to test of boars in 1982 in the field, we have a mixture of field and station traits. While 
lLmil 7 Jb?Je9ltimate t0 m'x BF anci INDEX' tflis cannot be done with DG and the zero values for FCE in 
the field. Thus results for boar selection being based on unstandardized data will be biased down slightly 
for DG, due to reduced variance. Since field test records of boars in 1982 have been standardized 
separately by their respective variances, they should be directly comparable to station test data

While selection differentials are a good basis to compare selection efforts they are only related to the 
total selection response via the accuracy of the index. The expected monetary selection response was 
therefore calculated to yield a direct comparison between the two breeding schemes. It is estimated as 
the product of the standardized selection differential and the unsealed standard deviation of the selection 
index. While the latter is the same for each type-of-test/type-of-line subgroup in the BHZP it varies with 
the sources of sib information in the herdbook. Here 10 different sets of index weights are in use reflecting 
different sources of information. Since the testing strategy is different from one breeding society to the 
next a weighted average accuracy of the index was calculated within societies. This in turn entered the 
calculations of expected monetary change.

Discussion and Results

Simple selection differentials at the time of selection are listed in tables 3 and 4.

Table 3: average selection differentials (herdbook 1980-1985)
b r e ed soc. BF

(mm)
DG SI INDEX 
(g) (score) (score)

Numbers selected 
total on-farm on-auction

GLW 07 -0.5 17 7.5
GLR 01 -0.7 45 11.4
GLR 04 -1.0 35 14.0
GLR 05 -0.8 47 11.2
GLR 06 -0.7 38 11.8
GLR 08 -1.2 31 9.8
GLR 09 -1.1 40 6.5
GLR 10 -1.3 36 11.6
BLR 01 -0.8 35 10.5

PI 02 -0.6 29 9.4
PI 08 -1.3 44 10.1

12.1 335 136 155
19.2 522 186 171
23.3 322 67 114
20.5 333 13 185
20.3 127 2 66
19.5 576 >20 440
18.3 314 46 144
22.6 530 62 373
19.5 362 96 106
16.1 497 142 225
20.8 126 14 68

% sel. total
on auction % I Efficiency
of total sel. sel. ( 1 N D E X )

46 5.6 .82 41
33 5.4 1.35 66
35 4.6 1.57 75
56 2.0 1.54 63
52 2.2 1.28 53
76 4.7 1.25 60
46 4.8 1.22 59
70 3.0 1.40 62
29 3.7 1.34 62
45 2.5 1.18 50
54 3.2 1.36 60

The sources of replacement between societies are quite different. A proportion between 29 and 76% of 
replacement boars are selected on the test result from auctions within the area of Northern Germany 
covered by MAH IS (table 3). Little is known on selection practiced when boars are bought directly from 
the breeder. In society 1 this source even outnumbers the replacement from auction tests. At the farm a 
performance test is also carried out, however, a sizeable selection pressure on the performance data of 
the boar himself seems unlikely, since testing is done on request after a sale has been more or less 
decided.

Obviously in both systems quite some selection pressure has been built up. Standard errors of selection 
differentials for the selection index vary from .61 to 1.61 index score in the herdbook and for the sire 
selection the BHZP from .86 to 1.61 (Allaire 1966). Standardized selection differentials for the index (i) 
range from .82 to 1.57 in the herdbook and from .57 to 1.39 in the BHZP. On average the selection 
pressure seems to be higher in the herdbook (at least for boar selection). This should be so since the test 
population is much bigger.
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Table 4: Average selection differentials in the BHZP, year of test: 1980 -1985, 
( line 1,3 and 5 without birth year 1985)

BOARS GILTS

LINE n-sel %sel I BF DGT FCE INDEX Efficiency n-sel %sel I BF DG INDEX Efficiency
(mm) (g) (score) (%) (mm) (g) (score) (%)

1 275 23 .57 -0.3 36 -0.11 11.3 43 580 12 .96 -0.9 24 17.5 57
3 86 11 .91 -1.0 57 -0.18 20.3 54 562 22 .71 -0.7 26 15.3 52
5 109 11 1.17 -1.0 36 -0.20 21.1 69 391 19 .85 -0.9 24 15.5 60
8 76 13 1.39 -1.1 31 -0.24 25.5 86 248 16 1.29 -1.7 40 28.9 84

Within the herdbook selection differentials are much in the same order of magnitude, about 20 index 
points. Only the GLW population has a much smaller selection differential and to some extent also the PI 
from society 2. Some variation exists in the sib index ranging from 6.5 to 14.0. This does not only reflect a 
different degree of (pre) selection but also a different testing strategy: the respective accuracy of the 
index is .32 and .35 resulting in a different variance of the index. While in society 4 only 5% of all boars 
tested have no sib information the respective figure for society 9 is 17%.

In the BHZP selection differentials for the index varies (amongst others) according to the degree of 
involvement of the lines in the halothane program. Line 8 demonstrates what can be achieved when 
selection pressure can be put solely on the index. The large number of boars selected in line 1 is also due 
to the halothane program. This number also includes boars which never bred, demonstrating nicely the 
limitation of this approach.

"Efficiency" in tables 3 and 4 is a measure of the proportion of selection pressure in fact realized when 
compared to theoretical expectations. It is the average standardized selection differential for the index 
devided by the values from the standard normal tables based on the proportions selected from tables 3 
and 4. The efficiency in the HB ranges from 41% to 75% with the majority around 60%. The respective 
figures for the BHZP are 43% and 86% for sire selection. Here the effect of the halothane program 
becomes especially obvious for lines 1, 3 and 5. The efficiency estimates for line 8 agrees well with 
estimates in the same breeding program from 1970 which were also in the region of 80% (Groeneveld 
1976).

It is worth mentioning that the theoretical selection intensities based on standard normal tables cannot 
be achieved in practice since selection is always within groups of limited size. In the case of the HB this is 
within auctions with 100 or less up to 350 boars and in the BHZP within a batch of boars at the station with 
even less numbers. We are thus in the domain of order statistics with - depending on group size - reduced 
expected selection intensities. Selecting 10 from a group of 1000 yields a intensity of 2.665, while it is 
2.508 if 1 is taken from 100 (Harter 1961, Herrendorfer 1971). This leads to the efficiency in tables 3 and 4 
being slight underestimates (in the order of around 5%) of the true situation.

Annual selection differentials (ASD): Differentials at time of selection become only effective in terms of 
selection response in the population if the selected animals breed and produce offspring. Therefore a 
selection differential weighted by the number of offspring produced and calculated on the basis of a fixed 
period of time is much closer related to genetic changes in a population. For the BHZP the respective 
values are listed in table 5. ASD's have been calculated for each year and line from birthyear (of 
offspring) 1980 through 1985. As indicated above the data collection system started in 1980. 
Performance records of parents from this first year are not known. Since the selection differentials 
operate on the offspring level at any year of their birth, the first year has zero values, while differentials 
increase in the following to the extent that parents of generation 0 fade out of the system. Thus years 
1980 and 1981 are omitted from the averages in table 5, since - with an average age of 600 days - the 
base generation will have been dropped out from birth year 1982 on. Furthermore, 1985 is dropped, 
since this year of birth has not yet completed the performance test. There is not enough room to list yearly 
selection differentials. Therefore averages over the years 1982 through 1984 are presented.

Comparison of table 5 with table 4 demonstrates the effect of the generation interval. While table 4 
gives the average selection differential of ail boars an gilts selected, the values in table 5 are much 
smaller, being based on number of offspring produced per unit time. Judging from the straight selection 
differentials line 1 was much worse than the others. The picture changes when number of offspring and 
average age of parents are taken into consideration: now differentials are much the same for the lines 1,3 
and 5.

The average age of parents at the date of birth of their offspring is quite different between line 1,3 and 5 
with an average of nearly 600 days and 120 days less for line 8. Some of this prolongation is due to the 
halothane program which led to some breeding stocks being kept longer. The main reason is, however,
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that these lines also produce to a certain extent multiplier stocks.

Table 5: Average annual selection differentials for year of birth 1982 to 1984 (BHZP)

SIRES DAMS

line n-sires n-dams n-offsp. age BF
(mm)

DGT
(g)

FCE INDEX 
(score)

BF
(mm)

DG
(g)

INDEX
(score)

1 52.0 182.3 1283.7 593 -.3 29 -.11 13.0 -.5 14 10.0
3 27.7 100.0 1056.3 602 -.5 47 -.11 13.6 -.5 16 10.6
5 26.3 114.7 768.7 575 -.7 25 -.12 13.4 -.6 13 9.7
8 21.0 68.0 423.7 482 -.7 27 -.16 18.4 -1.4 26 23.9

In small breeding populations a certain male/female ratio has to be maintained in order to avoid rapid 
inbreeding. From table 4 this ratio appears to be around 1:4. This results in selection intensities which are 
rather similar for both sexes. In line 8 even a slightly higher selection intensity was realized in the dam 
selection.

Table 6 shows the average annual values for the herdbook populations. The average number of sires in 
each year of birth of their offspring varies - amongst others - according to the population size between 22 
and 96.5. The respective figures for the BHZP are 21 and 52, which is not such a big difference as one 
might have assumed. In the herdbook calculations, however, only those sires are included, which have 
previously produced a performance record themselves. This proportion varies between 29% and 76% 
(table 3). Accordingly, the total number of sires will be larger in each population. As one would expect the 
average age of sires at date of birth of their offspring is higher in the herdbook ranging from 616 to 794. 
The respective figures from the BHZP are 493 and 533 (table 7), which for the sake of comparison is 
based on the male side of the population only. Due to the process of data generation which requires an 
own performance test of the boar the average age will increase asymptotically to its final value, which has 
not been reached in all breeding societies. The values in table 6 will therefore probably underestimate the 
average age of sires in the societies with - already now - a high average age.

Table 6: Average standardized annual selection differentials in the Herdbook

year breed soc. n-sires n-offsp. age
(days)

BF DG SI INDEX m exp.gain
(DM/a)

82-84 GLW 07 39.7 609.3 659 -.31 .35 .30 .63 .35 2.77
82-84 GLR 01 43.7 655.3 639 -.31 .50 .62 .83 .34 3.54
82-84 GLR 04 25.0 414.0 717 -.43 .45 .71 .87 .34 3.71
82-84 GLR 05 52.0 1187.3 733 -.34 .50 .77 .91 .35 3.96
82-84 GLR 06 23.0 329.3 616 -.29 .31 .65 .71 .34 3.07
82-85 GLR 08 89.0 1023.3 685 -.40 .40 .58 .78 .35 3.42
82-85 GLR 09 29.5 396.3 653 -.37 .43 .62 .88 .32 3.56
82-85 GLR 10 96.5 1386.8 756 -.40 .36 .55 .72 .35 3.12
83-85 BLR 01 23.3 371.7 794 -.40 .19 .49 .57 .37 2.97
83-85 PI 02 74.3 1364.3 789 -.26 .39 .64 .68 .36 3.50
83-85 PI 08 22.0 315.0 718 -.29 .27 .77 .73 .37 3.88

Standardized ASD's in the herdbook are quite sizeable with values ranging from .57 to .91 for the 
selection index. The respective range in the BHZP is .69 to .97 which is the same order of magnitude. It 
can thus be stated, that there is no major difference in ASD's between the two breeding schemes.

The expected monetary gain in the herdbook exhibits quite a variation between populations, the 
minimum value being 2.77 DM/a and the maximum 3.96 DM/a. There are however big differences in the 
accuracy of the index between the two breeding schemes, with a value of around .34 for the herdbook 
and .5 for the BHZP. Its effect on the expected monetary response from selection on the male side of the 
population can be seen from tables 6 and 7 producing about twice the response in the BHZP. The 
superiority of the BHZP is therefore mainly due to the more efficient testing scheme and not so much due
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to a more efficient use of data.

Table 7: Average standardized annual selection differentials from
1982 to 1984 (BHZP) based on sires and male offspring only.

SIRES

line age
(days)

BF
(mm)

DGT
(9)

FCE INDEX
(score)

m exp.gain
(DM/a)

1 493 -.28 .38 -.58 .74 .508 5.70
3 533 -.34 .48 -.55 .69 .508 5.31
5 517 -.57 .28 -.63 .87 .504 6.66
8 518 -.44 .27 -.79 .97 .508 7.47

The contribution of the female side to total expected gain can be derived from table 8. Due to the 
reduced accuracy of the test the expected monetary gain is only half of what can be expected from sire 
selection. But still it is about the same of what is to be expected from sire selection in the herdbook. In the 
BHZP the total expected monetary change is thus in the range of 3.52 DM/a for line 3 and 6.39 DM/a for 
line 8.

Table 8: Average standardized annual selection differentials for year of birth 1982 to 1984 (BHZP) 

s ir e s  d a m s

line BF DGT FCE INDEX iTI exp.gain
(DM'a)

BF DG INDEX m exp.gain
(DM/a)

1 -.30 .29 -.52 .68 .508 5.24 -.34 .29 .56 .288 2.45
3 -.32 .43 -.49 .63 .508 4.85 -.30 .28 .50 .288 2.19
5 -.50 .25 -.55 .78 .504 5.97 -.40 .26 .55 .384 3.21
8 -.48 .31 -.85 1.05 .508 8.09 -.74 .51 1.07 .288 4.68

Cumulative selection differentials (CSD): Table 9 presents figures on the CSD's in the BHZP. The last 
column reflects what can be expected in monetary terms from the total selection effort during the years 
1981 through 1984. Since the monetary CSD is based on individual selection differentials weighted by 
their respective accuracies, differences in accuracy between different types of test are automatically 
accounted for. It can thus be stated that animals born in 1984 have accumulated a selection differential of 
22.42 DM for line 8 and 11.72 DM for line 3, with intermediate values of 13.57 DM and 16.61 DM for line 1 
and 5 respectively. Accordingly the maximum average number of generations accumulated in birth year 
1984 are 2.3 and 2.9 for sire and dam selection respectively in line 8, whereas the lowest figures are to be 
found in line 3 with 2.27 and 1.6 generations. The latter figure being mainly due to the multiplier function of 
this line. The CSD is the relevant figure to estimate the total effect of selection in a defined period of time. 
The values should correspond to ASD, while it has to be clear, that ASD's - the way they are calculated - 
are based on 365 days, i.e. we get ASD's always for a complete year, whereas the CSD only spans the 
actual period of time between the start and the last animal born. From this follows that adding up ASD 
tends to overestimate the cumulative effort. Multiplying the average ASD's for expected monetary 
response in table 9 by 3.5, which is the average number of years in the CSD's, we get the values 13.48, 
12.32,16.06 and 22.37 DM for the four lines, which are in good agreement with CSD's.

Table 9. Cumulative selection differentials in the BHZP, total population 
birth year 1981 to 1984

n-gen
line n-offsp sires dams BF DG(T) FCE INDEX exp.gain

(DM)

1 3535 2.25 1.92 -1.21 1.21 -0.76 2.27 13.57
3 1808 2.27 1.60 -1.07 1.37 -0.71 1.91 11.72
5 2075 2.27 2.03 -1.66 0.84 -0.87 2.43 16.61
8 1338 2.30 2.90 -2.29 1.37 -1.42 3.83 22.42
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It should be kept in mind, that the four traits listed are joint figures reflecting both, male and female 
selection. This makes it difficult to interpret them on their own.

Table 10 presents figures on CSD's in the herdbook. From the total of 117,921 analysed records only 
15,497 satisfied the condition for inclusion in the cumulative study. This results in higher errors of 
estimates apart from possible biases (see above).

The column 'n-sires (base)' lists the number of sires in the base generation from which all the analysed 
offspring descended, whereas 'n-sires (1984)' gives the number of sires from the terminal year 1984 on 
which the CSD is based. The typical pattern of number of sires involved in each year can be seen from the 
numbers of offspring in society 10 in the German Landrace: in 1980 166 offspring from the base 
generation consisting of 106 sires were born, with 1119, 1112, 606, 435, and 100 for the following years 
1981 through 1985 and 69, 62, 48, 35 and 18 sires in each birth year respectively. Obviously the 
proportion of animals from the base generation drops. Since the CSD is based on only one year, 
depending solely on the values of the sires in this year, it is clear that only for populations with reasonable 
numbers a meaningful statistic can be expected. Except for the bold lines in table 10 all others have to be 
discarded, since only between 2 and 9 sires are left in 1984. That is why expected monetary responses 
have not been calculated for them.

Under the assumption of a correlation of zero between the index of a sire and the length of his 
breeding life the CSD in table 10 should yield an unbiased estimate. This is, however, only true with no 
immigration taking place. Depending on the rate of immigration and the generation interval both the 
number of generations since the base year and the CSD will be underestimated from the last years data 
(see methods). This leads to the change of order between society 5 and 8, the main reason probably 
being the higher immigration rate of around 44% as compared to 24% in society 8. The annual values 
from table 6 are 3.96 and 3.42 DM/a for society 5 and 8, respectively, which would lead to CSD's over a 
period of 4.5 years of 17.82 DM and 15.39 DM. The CSD for society 8 of 21 DM, well exceeding the 
respective value from the ASD's of 15.39 DM is probably due to sampling error since it is based on only 
28 sires.

An estimate for the average age of sires would be the number of generations in birth year 1984 divided 
by 4.5 years. The resulting 727 days is above the respective average value of 685 days from table 6 but 
in the same order of magnitude.

Table 10: Cumulative standardized selection differentials in the herdbook
Soc. Breed n-sires

(base)
n-sires
(1984)

n-gen. BF DG SI INDEX exp.gain
(DM)

07 GLW 49 8 2.28 -1.12 -.16 .79 1.24
01 GLR 57 7 1.67 -2.00 1.65 1.34 2.83
04 GLR 37 7 1.61 -2.27 1.36 1.14 2.47
05 GLR 94 19 1.30 -0.48 1.91 1.95 2.37 10.12
06 GLR 31 3 1.07 -.59 .28 1.34 1.32
08 GLR 91 28 2.26 -2.22 2.51 3.67 4.79 21.03
09 GLR 31 2 1.78 -1.25 1.08 1.22 2.55
10 GLR 106 35 1.76 -1.14 1.26 0.96 2.09 9.07
01 BLR 70 21 1.12 -0.79 0.45 1.27 1.39 7.24
02 PI 30 9 1.51 -1.04 .96 .62 1.49
08 PI 16 8 1.56 -0.98 1.30 1.62 2.18

Taking the CSD in society 8 at its face value it is in the same order compared to the same parameter in 
table 11, which is based - alike the herdbook - on male offspring only. Comparison of table 9 and 11 
demonstrates the great proportion female selection contributes to expected monetary response, since 
the expected gain from table 11 has to be halved to give the contribution of the boars. The difference to 
table 9 is then due to dam selection.

Table 11: Cumulative selection differentials in the BHZP, birth year 1981 to 1984 
based on sires and male offspring

line n-offsp n-gen BF DGT FCE INDEX exp.gain
(DM)

1 863 2.59 -0.88 1.52 -1.98 2.41 18.56
3 550 2.26 -0.99 1.66 -1.58 2.06 15.86
5 746 2.20 -1.91 0.82 -2.00 2.85 21.83
8 389 2.29 -1.48 0.84 -2.69 3.23 24.87
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Conclusions : ASD are very much alike in the herdbook and in the BHZP. While the presented values 
reflect the true situation in the BHZP, they are probably an overestimate in the herdbook. Despite the 
large number of performance tested boars only a proportion of 29 to 76% of replacement are selected 
from this pool. It can be assumed that selection differentials are in the same order for boars bought at 
auctions from outside sources. This still leaves a proportion of up to 41% (society 7) of replacement boars 
selected on an on-farm on-request basis. This leaves practically no selection intensity on the boars own 
performance. Only the constituent parts of the sib index are known in advance. Thus it seems fair to 
assume a selection differential for this group somewhere between 1 and 6 index points, which is the 
average sib index of all auction boars. In the worst case the true selection differential for the total boar 
selection might be up to 40% below the values found in this survey. No data were available on female 
selection. Performance testing is however done on the farm. But since the average herdsize is around 20 
sows possibly from 2 or more breeds (ADS 1984) it is clear that only small groups of gilts with relatively 
unaccurate contemporary comparisons can be selected from. Thus only rather small selection 
differentials can be expected. For society 5 which has a proportion of on farm test of only 4% the value of 
3.96DM per annum is possibly realistic for the whole sire selection. Assuming little or no selection 
differential on the female side with a generation interval similar to that of the boars this would result in an 
overall ASD of around 2 DM, a figure comparable to those from line 1 and 3 in the BHZP. This is, however, 
comparing the best from the herdbook with the lower end of the BHZP. It is clear that with regard to 
expected genetic gain the BHZP is superior to the herdbook.

The CSD is a good parameter to assess the cumulative effect of selection in a closed breeding program 
over some period of time. However, in a situation like the herdbook, where considerable and different 
amounts of immigration take place, it biases down estimates of number of generations and thus also the 
CSD itself. It therefore does not seem to be a suitable parameter in such an environment.
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