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INTRODUCTION
Noah had a problem. He was instructed to prevent extinction of the existing animal diversity
on a global scale with limited resources. The major limitation was the space available on the
Ark, so he had to restrict his conservation activities to taking aboard one female and one male
of each species. But even then, the available space certainly was not sufficient to save all
breeds and Noah had to make decisions as to which species to save and which species to
sacrifice.

Farm animal conservationists face a comparable challenge. Of the estimated 6’400 farm animal
breeds worldwide, about 30 per cent are endangered and one to two per cent become extinct
every year (Scherf, 2000). Resources for conservation are limited, not in a physical, but in a
financial sense, though. Hence, like Noah, conservationists have to define priorities for
conservation and make decisions on the optimal allocation of limited resources.

This contribution discusses criteria and strategies of how a rational decision making process
can be designed. It is strongly based on the pioneer work of Weitzman (1992, 1993), but
extends his approach to any kind of well-defined diversity or utility function. It will be argued
that optimal allocation of resources maximizes expected diversity or utility of the set of breeds
considered, and different aspects of this will be illustrated with an example of 26 African cattle
breeds. Finally, perspectives of the methodology and research needs will be indicated. 

METHODOLOGY
Diversity and marginal diversity. The following section describes the diversity concept
introduced into biodiversity conservation by Weitzman (1992, 1993) in a slightly modified and
extended version using the notation of  Simianer et al. (2002).

Let S  be a set of N  breeds and )(SD  be the diversity of this set. This diversity has the three
key features of any well-defined diversity measure:

1. Non-negativity: 0)( ≥SD
2. Monotonicity: )()( SDTSD ≥∪
3. Copy invariance: )()( TSDTTSD ∪=∪∪

where T  may be an additional breed or a set of breeds. 
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For a given planning horizon of say, 50=t  years each of the Ni ,...,1=  breeds in S  has an
extinction probability 10 << iz . This means, 50 years from now breed i  will be extinct with
probability iz  and will still be around with probability iz−1 . 

Let a vector { }ikK =  of length N describe a subset of S , with 1=ik  if breed i  is included in

the subset and 0=ik  if not. Note, that there are N2  different subsets, all of which represent
possible combinations of existing and extinct breeds in the future. The probability that a
certain subset described through a specific vector K  will be found at the end of the planning
horizon is

∏ −+=
i

i
k

i zkKP i ))1(()(

Let )(KD  be the diversity of the subset K . Then the expectation and the variance of diversity
at the end of the planning horizon are

∑
∀

=
K

KDKPDE )()()(

[ ]∑
∀

−=
K

K DEDKPDVar 22 )()()(

The marginal diversity im  for breed i  is the first partial derivative of  )(DE  with respect to
iz , i.e.
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(note that this definition differs from Weitzman’s (1993) definition by the sign).

The conservation model. Resources, financial and others, are most efficiently used if the loss
of diversity is minimized or, equivalently, the  expected diversity at the end of the considered
time horizon is maximized. The simplest mechanism is to assume that by investing a certain
share of the available resources in breed i , the extinction probability iz  of this breed will be

changed to ii zz <* , resulting in )()(* DEDE > . 

It is sensible to assume that the conservation effect 0* <−=∆ iii zzz  is a function of both the
actual degree of endangerment of the breed, iz , and the amount of resources ib  invested in the
conservation of this breed. Based on arguments from population genetics, Simianer et al.
(2002) suggested three types of functions ),( iii bzfz =∆ . For the present study, a function will
be used that reflects two alternatives with respect to conservation strategies:
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• resources are spent on a per head basis in the endangered population, with a multiplicative
effect on effective population size, or

• resources are spent per population, with an additive effect on effective population size.

Simianer et al. (2002) have shown, that both relationships lead to the function type

i
ii

ii
i z

zb
zbz
νγ

ν
2

2
+

−=∆ (1)

where γ  and ν  are model parameters to be chosen adequately.

Expected conservation effect. Let { }ibB =  be a vector describing a fixed pattern of allocation
of resources to a set of breeds. For each breed with 0>ib , the resulting iz∆ can be computed
with eq. (1) and a new )()(* DEDE > can be derived using the reduced extinction probabilities

iii zzz ∆+=* . This increase of expected diversity is the expected effect of the allocated funds.

Finding the optimum allocation of resources. Divide the total budget in bn equal (small)
shares of money β . Then follow the iterative procedure:
1. Set 0=ib for all breeds; start with the first share β .
2. Compute the expected reduction of extinction probability iz∆ for each of the breeds under

the assumption that β  is spent on only this breed.
3. Compute the increase in expected diversity iii mzzDE ∆=∆ ),( β  for each breed.
4. Allocate this share on breed j , for which the increase of expected diversity is highest;

update the extinction probability of this breed from the actual value jz  to jj zz ∆+  and

add β  to jb .

5. Recalculate marginal diversities for all breeds.
6. Allocate the next share, beginning with step 2, until all shares are allocated.
After going through the described iterative algorithm, the vector B  contains the optimal
allocation of the available funding to the set of breeds in the sense that no other pattern of
allocation would lead to a higher quantity of conserved diversity under the assumptions made.

Allocation strategies. In this study, three different allocation strategies were compared for a
given total amount of funding:

1. The ‘watering can’ strategy: each breed obtains an identical share of the total funds;
2. The ‘panic’ strategy: one third of the available funds is allocated to each of the three

breeds with highest extinction probability, respectively;
3. The ‘optimum allocation’ strategy as described above.
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MATERIAL
The methodology will be illustrated with a set of 26 African taurine and sanga cattle breeds.
For a detailed description of the material, see Marti et al. (2002) and Hanotte et al. (2000). For
this set of breeds, Reynolds’ genetic distances (Reynolds et al., 1983) were estimated based on
a set of microsatellite markers. Marti et al. (2002) derived extinction probabilities which were
used to compute marginal diversities (Table 1).

Table 1. Breed names, extinction probabilities zi , marginal diversities mi , and presence
(X) of the special traits trypanotolerance (TRYP), tick tolerance (TICK) and fertility
(FERT)

Special traitsBreed name zi mi TRYP TICK FERT
Abigar 0.47 -0.045
Afar 0.43 -0.081
Africaner 0.30 -0.118
Ankole 0.45 -0.104
Baladi 0.43 -0.117
Baoulé 0.48 -0.113 X X
Barotse 0.57 -0.064
Blonde d’Oulmès 0.47 -0.180
Danakil 0.50 -0.070
Kaokoland 0.57 -0.065
Kapsiki 0.67 -0.078
Kavango 0.47 -0.094 X X
Kuri 0.56 -0.076
Mashona 0.32 -0.054 X
Muturu 0.43 -0.376 X
N’Dama 0.33 -0.181 X
Namchi 0.47 -0.106 X
Nguni 0.20 -0.053 X X
Nkone 0.50 -0.100 X
Pedi 0.63 -0.134 X X
Raya-Azebo 0.37 -0.061
Sheko 0.77 -0.061
Somba 0.50 -0.081 X
Tonga 0.47 -0.052
Tuli 0.32 -0.066 X X X
Watusi 0.57 -0.085

RESULTS
In the given set of breeds, the actual diversity is 2.631. Without intervention, the expected
diversity at the end of the planning horizon is 1.483 + 0.301, i.e. diversity is expected to be
reduced by 1.148 in absolute terms or 43.6 per cent.
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With model parameters 45=γ  and 001.0=ν , the total conservation budget to be allocated
to the 26 breeds was chosen in such a way that the ‘watering can’ strategy assigning 1/26 of
the total budget to each breed, respectively, resulted in a 10 per cent reduction of the diversity
loss, i.e. the resulting  expected diversity was 2.631- 0.9 x 1.148 =  1.598.

In the ‘panic’ strategy, one third of the total budget was spent to conserve the three most
endangered breeds Sheko, Kapsiki, and Pedi. While the respective extinction probabilities
were substantially reduced, e.g. from 0.77 to 0.32 for Sheko, the resulting expected diversity
was only reduced to 1.585, which is equivalent to a 9.1 per cent reduction of diversity loss.
This is even less efficient than the ‘watering can’ approach.

Figure 1 shows the development of the gain of expected diversity as a function of the stepwise
allocation of the budget following the optimal strategy. Expected diversity with optimum
allocation of the total budget is 1.663, corresponding to a 15.7 per cent reduction of the
diversity loss. This means, that optimum allocation is 57 per cent more efficient than the
‘watering can’ approach. Or, similarly, to achieve the same conservation effect, it is sufficient
to spend only 53 per cent of the funding used in the ‘watering can’ approach, if the budget is
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Figure 1.  Gain of expected diversity in per cent by allocating  conservation funds in an
optimum way compared to ‘watering can’ and ‘panic’
allocation of the same budget
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allocated in an optimum way. Figure 2 shows the resulting optimum allocation pattern  (black
bars) together with the maximum likelihood tree for the set of breeds. With this algorithm, 35
per cent of available funds are assigned to Muturu, the genetically most distant breed of the set.
In total, only nine breeds receive some funding, among which are the three most endangered
ones Sheko (receives 7 per cent of total funding), Kapsiki (8 per cent) and Pedi (16 per cent).
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Figure 2. Maximum likelihood tree of the 26 breeds and optimum allocation of
conservation funds maximizing expected diversity (black bars) or expected utility (white
bars)

BEYOND DIVERSITY – UTILITY
The methodology as presented by now focuses on conservation of between breed diversity. It
accounts in no way for specific properties of certain breeds, which may make one breed more
‘valuable’ or ‘worthwhile conserving’ than another breed.  Such differences may be reflected
by ‘special traits’ present in some of the breeds. In the current study, trypanotolerance,
tolerance to tick-borne diseases, and high fertility were considered as such special traits. Table
1 lists which breeds are reported to show one or several of these traits.
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One could argue, that a subset of breeds is of limited utility, if one (or several) of these special
traits is no longer represented in this set, i.e. to be useful, at least one breed should survive that
shows the respective special traits. This was implemented by defining the utility )(KU of a
subset K  of all breeds as follows: An indicator variable ijs  is 1 if breed i  has special trait j
and is 0 otherwise. For a given set K  of breeds, the variable

( )∏=
j

iji
i

skS max

is 1=S , if  there is at least one breed in the set for each of the j  traits, and is 0=S  if at least
one of the special traits was lost in the set. For the present data set and the three special traits
considered, S  was found to be zero in 5.27 per cent of the 864'108'67226 = possible sets of
breeds. Using this variable, the utility )(KU  is defined
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Based on this definition, expected and marginal utility can be calculated along the same lines
as was demonstrated for diversity. Similarly, an optimum allocation of resources can be found
that maximizes expected utility. The result is depicted in Figure 2 (white bars). 

Breeds receiving more funding under the ‘maximum utility’ criterion, i.e. Pedi, Nkone and
Kavango (the latter being not on the list if the decision is based on diversity only) all show
some special traits. Their additional funding was taken from other breeds, like Kapsiki, Kuri,
and Watusi, which do not show any of these special traits. Also Baoule loses some funding
although it is known to be both tolerant to trypanosomiasis and to tick-borne diseases. On the
other hand, the Tuli, which is the only breed showing all three special traits, receives no
funding neither under the ‘maximum diversity’ nor under the ‘maximum utility’ criterion,
which probably is due to its low extinction probability and marginal diversity (Table 1).

CONCLUSIONS
The presented framework incorporates different sources of information, namely the genetic
structure of breeds (through the distance information included in the diversity/utility measure),
the degree of endangerment (through extinction probabilities), and in the utility approach some
of the special features of the breeds. This information is often collected with enormous effort
and costs. It seems evident that such information should be combined in a conceptually well
justified way to make efficient use of limited resources for farm animal conservation purposes.

What cannot be answered is, how much should be spent for conservation purposes in total,
since this is a decision which has to be made on the political level among competing
objectives. Smith (1984) has argued that under the perspective of insurance against future
changes, conserving farm animal biodiversity is an excellent investment. However, if a
decision has been made on the budget available, rational allocation patterns have to be found.
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As demonstrated in the present study, about 50 per cent more diversity can be saved per
conservation Dollar or Euro spent if allocation follows a well-designed pattern. 

Nevertheless, designing optimum allocation patterns is a task which has to be completed under
a considerable lack of information. While information on genetic structures of sets of breeds in
some cases is available, information on factors contributing to extinction probability, special
traits of breeds, commercial value of animals and products etc. is often scarce. Conceptually,
the major research needs for a practical implementation of the presented methodology are:

• an evidence based definition of functions between conservation investment and return
in terms of reduced extinction probability;

• relative economic valuation of within species diversity, actual production values of
breeds, and option values of special traits of breeds;

• extension of the approach to consider both within and between breed diversity.

With this information becoming available for the major farm animal species, the suggested
framework may serve as a useful decision support tool for farm animal conservationists, the
modern Noahs.
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