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INTRODUCTION 
There are several organizations worldwide, e.g. the Rare Breeds Survival Trust, FAO (Simon, 
1999), which aim to conserve farm animal genetic resources (AnGR). Based on the ‘breed’ as 
unit of conservation, they usually perceive that the more breeds they conserve the more 
diversity they preserve and therefore invest in the most endangered breeds. Given restricted 
funding, this may lead to wrong decisions as will be shown below. Weitzman (1993) calls this 
phenomenon the ‘crowned crane paradox’. He suggested in his approach (Weitzman, 1992) the 
so-called marginal diversity as measure for decision taking. In the following, the basic concept, 
the advantages and perspectives of the marginal diversity as tool for decision taking on farm 
AnGR conservation will be discussed and illustrated with data of 49 African cattle breeds. 
 
MATERIAL AND METHODS 
Cattle breeds. Marker information on 49 African cattle breeds, divided in two groups, were 
used. Group ZZ consisted of 20 zebu and 3 zenga breeds, group TS of 10 taurine and 16 sanga 
breeds, originating from all over the continent. Breed names are listed in Figure 1. Genetic 
distance measures were derived from bootstrap samples using Reynolds’ genetic distance 
(Reynolds et al., 1983). The maximum likelihood tree, present diversity and breed contribution 
(ci) to diversity were calculated according to Weitzman (1992; 1993). Further description of 
the data and calculations are given in Marti et al. (2002), Simianer et al. (2002) and Hanotte et 
al. (2000).  
Extinction probability [zi]. The estimate of the extinction probability for each breed over 30 
to 50 years, given in Figure 1, were taken from Marti et al. (2002) and reflect a number of 
important factors, like the population size and its change over time, the distribution of the 
breed and the risk of indiscriminate crossing, the organization among farmers, the 
establishment of a conservation scheme, the political situation in the countries concerned, the 
special traits of a breed and its socio-cultural importance as well as the reliability of the 
information. 
Expected diversity [E[D]]. The expected diversity of the set S after a given time accounts for 
the present diversity D and the extinction probability zi for each breed i of the set. The 
probability that at the end of the time horizon situation Q arises, where a particular subset of 
breeds exists, while the complementary subset is extinct, is  
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with ki = 1, if breed i is still existing and ki = 1, if breed i is extinct in the set Q. The expected 
diversity after time t is thus 
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Marginal diversity [mi]. The marginal diversity m  of breed i is calculated as follows i
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This definition is taken from Simianer et al. (2002) and differs in the positive sign from the 
original definition given by Weitzman (1992). The marginal diversity reflects the change of 
diversity when the extinction probability of breed i is increased by one unit. Therefore, mi is 
consistently negative. Its value depends on the neighboring breeds in the tree, but not on the 
extinction probability of breed i itself, as shown by Simianer et al. (2002). 
 
RESULTS AND DISCUSSION 
Priority setting. The Weitzman approach aims to maximize the expected diversity and, thus, 
minimizes the expected loss. The marginal diversity as a measure to reach this aim is primarily 
based on the breed’s distinctiveness and, therefore, was highly correlated to ci with an R of 
0.957 and 0.978 for group ZZ and TS, respectively.  
 
Table 1. Ranking of the three breeds with highest priority within each group based on 
extinction probability (zi), contribution (ci) or marginal diversity (mi) 
 

 Ranking  iz  ic  im  

Group ZZ 1. Highland Zebu Madagascar Zebu Madagascar Zebu 
 2. Kilimanjaro Zebu Arashie Arashie 
 3. Ogaden / Iringa Red Gobra Iringa Red 
     

Group TS 1. Sheko Muturu Muturu 
 2. Kapsiki Blonde d’Oulmès Blonde d’Oulmès 
 3. Pedi N’Dama N’Dama 
 
Hence, ranking of the three breeds with highest priority in every group using ci or mi was 
identical for group TS and similar for group ZZ (two out of three breeds). The marginal 
diversity is only secondarily influenced by the extinction probabilities of the breed’s 
neighbors. Although Gobra had a higher contribution in group ZZ, Iringa Red was chosen on 
third stage using mi as criterion, because the Malawi Zebu - which would have to replace 
Iringa Red - had a rather high extinction probability compared to Gobra’s neighbor Maure.  
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Madagascar Zebu
Arashie (Beja) 
Kilimanjaro Zebu
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Muturu 
Ankole 
Afar 
Sheko 
Abigar 
Danakil 
Raya-Azebo 
Baladi 
Pedi 
Nkone 
Tuli 
Mashona 
Tonga 
Barotse 
Nguni 
Afrikaner 
Kaokoland 
Kuri 
Kavango 
Watusi 
Blonde d’Oulmès 
Baoulé 
Somba 
N’Dama 
Kapsiki 
Namchi  

 

 
Figure 1. Maximum likelihood tree and marginal diversity (    ), contribution (    ,  
rescaled to the highest marginal diversity) and extinction probability (     ) of each breed 
for group ZZ (above) and TS (below) 
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The N’Dama-Kapsiki paradox. Assume we only have money to conserve the three breeds 
N’Dama, Kapsiki or Namchi in group TS. Intuitively one would tend to conserve the Kapsiki 
breed, as this is the mostly endangered by far and, thus, deserves our attention and money first. 
Nevertheless, from an economist’s point of view the money should be given to the N’Dama, as 
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lowering the endangerment of this breed by one unit results in almost twice the additional 
expected diversity, as indicated by its marginal diversity. Hence, financing the conservation of 
the less endangered breed yields more expected (or conserved) diversity. According to his 
example, Weitzman (1993) calls this phenomenon the crowned crane paradox.  
 
Assumptions. For our calculations, the following assumptions were made: First, similar breeds 
must be fully interchangeable, and second, lowering the extinction probability by one unit 
costs the same for every breed. 
 
CONCLUSION 
Using the marginal diversity as a criterion for prioritizing conservation activities maximizes 
the overall diversity of a conserved set of breeds, but not necessarily the number of breeds in 
it. Therefore, it allows an optimal allocation of restricted resources to the breeds with highest 
contribution to the overall diversity and the mostly endangered genes. The concept does not 
rely on a stringent definition of ‘breed’, as it maximizes the overall diversity, but the samples 
taken from one breed must be representative. Moreover, the approach is rather general and can 
be applied on different levels, e.g. breeds or species or even habitats/production systems. In 
some cases getting good estimates of the extinction probabilities, which are a precondition for 
reliable results, might be difficult. 
It should be noticed that not only genetic data can be analyzed with this approach, but any 
distance measure, e.g. derived from phenotypic data, may be used. 
Further research needs to be done on extending the approach with utility and cost functions as 
stated by Weitzman (1998) and Simianer et al. (2002). 
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