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SUMMARY
For conservation of endangered cattle breeds the strategies cryoconservation of semen (CS), 

cryoconservation of embryos plus semen (CE+CS), live animals in reproducing herds (LA) and the 
combination of live animals plus crvoconserved semen (LA+CS) have been compared with regard to 
discounted costs and accumulated inbreeding for a simulated conservation period of 50 years: Three 
levels of milk production were assumed. In year 50 a population with an effective population size of Ne 
= 50 should be available for immediate use. Due to costs of reactivation CS turns out to be one of the 
most expensive strategies; the combination of LA+CS is the most attractive strategy in respect to costs, 
inbreeding and important other factors. Cattle breeds, which can be used as suckler cows cause lower 
costs or subsidies than breeds with low milk production (3000 kg/year).

INTRODUCTION
For conservation of endangered breeds several strategies can be used (Brem et. al, 1984; Bodo

1990):
- Live animals in reproducing herds,
- cryoconservation of semen , reactivation of a breed by repeated upgrading of a female population 
with crvoconserved semen,

- cryoconservation of embryos, reactivation by embryo transfer,
- combination of live animals and cryoconservation.

In cattle the biological conditions allow the application of each of this methods. Conservation by 
live animals and by cryoconservation have specific advantages and disadvantages; it has been pointed 
out, that a combination of both methods would combine advantages and avoid disadvantages of the indi
vidual strategies (FAO, 1987; Simon, 1993).
Reports on economic evaluations of conservation methods are sparce (Smith, 1984; Brem et al., 1984). 
Conservation of animal genetic resources can be understood as an investment in genetic potential to 
serve future needs of man. However, to our knowledege, no investment appraisal for different conser
vation strategies, which include the costs of reactivation of a breeding population, is available. Here we 
report on a simulation study to compare different conservation strategies with regard to discounted costs 
and expected inbreeding.

METHODS AND ASSUMPTIONS
It is assumed, that cattle breeds are to be conserved for 50 years, in year 50 a breeding popula

tion with an effective population size of Ne = 50, equivalent to maximum increase of inbreeding in the 
order of 1 percent per generation, should be available for immediate use. Correspondingly live animal 
conservation should start with at least Ne = 50, the structure of cryoconservation should allow 
reactivation of a breed of the same size. Effective population size is computed by the formula Ne = 
4NrnNp'(Nrn+Nf) (Falconer, 1989). Four conservation strategies with three levels of milk production of 
cows are compared.
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l.Cryoconservation of semen (CS); reactivation by upgrading
Storage of 113250 doses of semen from 25 males per breed. (8437+2875+919+100+33 -  

12577) * 2 (repeated inseminations) * 3 (storage locations) = 113250 (see table 1). Reactivation of a 
breed: 5 generations of upgrading of a female population with conserved semen starting in year 37 
results in 25 females with 97 % of original genes and with live offspring in year 50. 25 females + 25 
males (semen) = Ne = 50. Fitness factors in percent: Gravity (90), calving plus survival of calfs up to 2 
weeks (85), female sex (48), fertile heifer (90). Success of matings: 0.9*0.85*0.48*0.9 -  0.33, or 3.03 
matings/mates are needed to abtain one fertile heifer.

Table 1 ■ Reactivation from cryoconserved semen
Generation % of original genes Number of matings or females required per generation.

0 0 8437*0.33
1 50 2785*0.33
2 75 919*0.33
3 87,5 303*0.33
4 93,75 100*0.33
5 96,75 33*=0.9*0.85 = 25 females with live offspring

In order to accelerate the process of upgrading and to avoid overlapping generations females are 
used only for one calving season. 8473 females are required in year 37 as mates m order to reactivate 
the population with 25 females with offspring in year 50.

2. Cryoconservation of embryos and semen (CE+CS)
Strorage of 300 embryos and 2500 doses of semen from 25 males per breed. Fitness factors m 

percent' Rediscovery after thawing (89), live embryos after thawing (75), gravity after transfer (45) 
calving plus survival of calf (85), female sex (48), fertile heifer (90), gravity (90), calving plus survival 
of calf (85). Success of reactivation from frozen embryos: 0.89*0.75*0.45*0.85*0,48*0.9*0.9 0.85 
0.084 or 11.85*25 = 300 cryoconserved embryos are needed, to reactivate the original population with 
25 females with offspring.
Number of donors for 300 cryoconserved embryos: According to Schutz (1988) the following as
sumptions are made: Suitability for flushing (0.73), 2 repeated stimulations per donor, reaction to sti
mulation (0.82), 8 embryos per flushing, freezable embryos (0.35). Rate of success: 0.73*2*0.82 8 
0 35 = 3.35  embryos per donor, or 90 donors are required to produce 300 embryos in cryoconservation. 
Reactivation of population: Thawing of embryos in year 47 and transfer of 300 embryos to 300 reci
pients to produce 25 females with offspring in year 50.
For the reproduction of this population 100 doses of semen from each of 25 males, i.e. a total of 2500 
doses, should be cryoconserved. 25 females + 25 males (semen) = Ne = 50.

3. Live animal conservation in reproducing herds (LA)
64 cows and 16 bulls, i.e. a total of 80 breeding animals are kept in 16 herds, each with 4 cows 

and 1 bull. 64 fanalw + 16 males = Ne = 51,2. Animal use for breeding: Bulls for 2 years, cows for 4 
years. Planned mating.; of bulls from different herds in order to minimize the genetic relationship among 
mates. No reactivation necessary, the population is permanently available.

4. Combination of live animals and cryoconservation of semen (LA+CS)
Population size: 35 cows + 4200 doses of semen of 20 males = Ne = 50.9. Stayability of cows 

until fourth calving = 90 %, other fitness fectors assumed as in live animal conservation and in 
cryoconservation of semen. Reproduction of females in successive generations by rotation of bulls 
(semen) to minimize inbreeding as described by Simon (1993). Reactivation is not necessary.
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Economic conditions
All costs and returns are expressed in German Marks, DM. Heifers are rented for one gravin' 

for 500,- DM in generation 0 of reactivation from CS and from CE+CS. Costs for other live animals 
are calculated as subsidies necessary to compensate for additional costs compared to keeping high 
producing cattle, as follows (per year):

Dairy cow with 3000 kg milk yield/year DM = 1.068,-
dairy cow with 5000 kg milk yield/year DM = 121,-
suckler cow DM = 149,-
heifer DM = 446,-
bull DM = 243,-

Fixed and variable costs of running the form are not included. Due to health regulations in the EU it is 
assumed that the equipment of commercial AI stations can not be used for collection and crvoconser- 
vation of semen and embryos. These investments are completely attributed to the conservation costs of 
one single breed.
Costs and returns arising during 50 years of conservation are discounted to year 1. The capital value of 
investment CV is calculated according to (HILL, 1971):

50cv=x
r=l

Ct-Rt
(1 + / /

with C — costs, R = returns, t = year, i = interest rate.

An interest rate of 5 % is used in calculations.

RESULTS AND DISCUSSION
The results of discounting costs and of estimating the increase of inbreeding during 50 years of 

conservation for the four (eight) conservation strategies are presented in tables 2 and 3

Table 2: Discounted costs of conservation strategies resulting in a population with effective
population size Ne = 50 after 50 years of conservation, in DM per breed..

Cost
position

CS
Cryoconserva- 
tion of semen

113250 doses 
from 25 bulls, 
reactivation by 

upgrading

CE+CS
Cryoconservation of 
embryos and semen

300 embryos from 90 
donors, 2500 semen 
doses from 25 bulls, 

300 recipients

LA
Live animals

64 cows + 
16 bulls in 16 
reproducing 

herds

LA+CS
Combination of live ani
mals and cryoconserved 

semen
35 cows and 42000 

semen doses from 20 
bulls

Setting up 114.100 326.400 133.248 88.660

Maintainance 53.919 2.866 M0 245.068 M0 150,940
M3 1.295.440 M3 738.142
M5 212.313 M5 133.049

Reactivation 1.251.902 14.099 - _
Total costs 1.419.921 343.365 MO 378.316 M0 239.600

M3 1.428.688 M3 826.802
M5 345.601 M5 221.709

Production level of cows: MO : suckler cows, no milking
M3, M5 : 3000 or 5000 kg milk yield per cow/year, respectively
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The conservation strategies show extrem differences in the relative magnitude of costs for setting up the 
conservation programme, for maintainance and for reactivation. Initial costs are highest for cryoconser- 
ved embryos and lowest for live animal conservation plus cryoconservation of semen LA+CS Costs for 
reactivation are not necessary in live animal conservation programmes LA and LA+CS but are extremly 
high in cryoconservation of semen. This situation shows that discounting is essential for a meaningful 
comparison of costs of conservation strategies.

Table 3: Increase of inbreeding (AF), generation intervall (L), number of generations (G), and
accumulated inbreeding (F50) in 50 years of conservation for four conservation strategies.

CS CE+CS LA LA+CS

AF (%) 0,61 0,64 0,98 0,98
L (years) 10 50 3,625 27,875

G (numbers) 5 1 14 1.79

F50_______ 3,06 0,64 12.88 1.76

Cryoconservation of semen CS is economically attractive only if the costs of reactivation of a 
breeding population are neglected; if these are included CS - together with live animal conservation with 
low milk production (3000 kg)- turns out to be the most expensive strategy (approx. 1.4 Million DM 
per breed). Live animal conservation LA with suckler cows or with reasonable milk production (5000 
kg) and cryoconservation of embryos CE+CS cause far lower costs (approx. 0.38 Million DM), where 
LA leads to the highest value of inbreeding. Cryoconservation of embryos plus semen CE+CS is 
attractive in costs and low' inbreeding, but it may be difficult to find 90 donors of the endangered breed 
(Simon and Buchenauer, 1993). The combination of live animals and cryoconserved semen LA+CS is 
characterized by lower costs and much lower inbreeding than live animal conservation LA; in respect to 
costs and inbreeding the combination of live animals and cryoconservation of semen turns out to be the 
most attractive conservation strategy. Additional advantages are permanent availability of the breed for 
further evaluations, for adaptation and for the attraction of people.
The number of assumed breeding animals in LA and LA+CS are relatively small, they have been de
cided on to minimize costs, given an effective population size of Ne = 50. Higher numbers of five 
animals will increase the costs of conservation.
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