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1. Overview
The Conservation planner is an Microsoft Office Excel worksheet for calculating the amount of genetic material (semen and or embryos) needed to store in a gene bank for effective conservation and potential recovery of a population.
The idea behind the planner is that enough material is stored for a complete recovery of the breed. A number of prerequisites (such as the effective population size) can be given as input by the user. There is one input worksheet, and two output worksheets. One output worksheet gives results for the situation when only semen is available for storage in the gene bank, the other gives results if both embryos and semen are available.
Results are computed that guarantee a 98% chance that the aim given is reached. In practice this will mean that generally more material is sored than strictly necessary. However, it is better to be on the safe side, than to run the risk to discover that recovery is impossible when needed.


2. Worksheets
The planner consists of a number of worksheets each with their own function. A description of each worksheet follows.
2.1 Front (Input)
The first sheet is the primary source of input. It is used for the input of population data needed for the computation
2.2 Semen only
Once the input worksheet is filled results for the situation if only semen is available will be presented here. In this situation recovery is only possible by a backcross program. Therefore enough semen will be needed for such a recovery program.
2.3 Incl. embryos
On this worksheet results will be presented for the situation if both embryos and semen are available for a recovery program.
2.4 Standard values
On this sheet a number of standard values for fertility parameters can be seen, which can be given as input in the first worksheet.These are the same values as are used in the scenario of each species.

2.5 Background 
This sheet is used for the actual computations. It is hidden and cannot be changed. It should never be deleted. In case of deletion all computations will be lost and as a consequence the planner no longer can function. 

Details of the computations are given in section 5.

3. 
Input
The figure gives an example of the input worksheet. Each point will be treated in detail in the rest of this section
Figure 1. Example (fictive) of input for the conservation planner
[image: ]
3.1 Breed data
Breed name	The name of the breed for which data will be given
Species	The species the breed belongs to. This field will be automatically filled when scenarios are used
3.2 Population data
In this section data on the population size can be specified. The effective population size will be estimated using these fields.
Population size**	Total size of the population from which material can be extracted.
Number of males*	The number of males selected as donors for the gene bank. 
Number of females**	The number of females per male, with semen in the gene bank, which is available in the original population
* = obligate
** = optional, but one of the two has to be filled in
3.2.1 Estimated effective size
Three fields are available, of which one has to be filled.
Estimated effective size	The estimated effective population size resulting from the given data.
Required effective size	Fill in the effective population size you desire for the recovery program. Important considerations for determining the effective population size are: 1) A larger effective population size will result in less inbreeding during the recovery program. 2) A larger effective population size requires more genetic material (semen and embryos).  You can find how much is needed in the worksheets ‘semen only’ and ‘incl. embryos’.
[image: ]Max. effective size	The maximum effective population size, which is mainly determined by the sex with the fewest animals (usually males). An error message will appear if the required effective size is larger than the maximum: 


3.2.2 General conservation
Required purity (backcross)	Fill in the purity of the population to be recreated with a recovery program. The required purity is a main determinant for the length of the recovery program. For example, to recreate a 99% pure population 7 generations of backcrossing are needed, to reach a 95% pure population 5 generations are sufficient. This will give rise to two extra generations of inbreeding, especially since effective population sizes tend to be small in a backcross program. On the other hand this conservation planner gives guidelines for the amount of genetic material needed to avoid low effective population sizes in a (lengthy) backcross program.
Maximum number of rounds	Here you fill in for how many recovery programs you want to store genetic material. In fact you can decide here how much back up material you want to store. If you fill in ‘1’ all the material in the gene bank will be depleted after one recovery program.
3.2.3 Calculations
Predefined success rate	Here you can fill in the reliability needed for the calculations. In other words you indicate the probability of a successful recovery that you require. More pregnancies are needed for a higher success rate and as a consequence more genetic material in the gene bank. 
3.3 Fertility
3.3.1 General
Litter size	The average number of young alive at birth per female per litter, regardless of the sex of the young.
Life production	The average or expected number of litters of a female during her life time. 
Survival until fertile age	The probability of reaching adulthood for that a young born alive, so that it can be used in a recovery program.
3.3.2 Semen
Pregnancy rate		The probability that a single dose of semen results in a pregnancy.
3.3.3 Embryos
% viable after thawing	The fraction of embryos that is viable and can be used after thawing.
Embryo pregnancy rate	The probability that a single implanted viable embryo results in a pregnancy.
Number embryos/implant	The number of embryos per implant.
Embryos sexed	Here you can fill in whether the embryos are sexed before implantation in the recipient female. Fill in yes or no .


3.4 Use of Scenarios
For ease of use a number of so called scenarios are available. With the help of these you can automatically fill standard values for the fertility data. 
Follow the following steps to use a scenario:
1) [image: ]Click under the tab ’Data’ on the ‘What If Analysis’ icon and then on the menu item ‘Scenario Manager…’ (In excel 97 choose in the menu ‘Tools’ item ‘Scenarios’)

2) Select from the pop up menu the animal species for which you want to use the conservation planner
[bookmark: _GoBack][image: ]

3) Click the ‘Show’ button at the bottom of the menu (In excel 2007 to the right of the menu)

4) Click on the ‘Close’ button at the bottom of the menu (In excel 2007 to the right of the menu)

The fields in the fertility part of the input worksheet are now filled, as well as the name of the species. You can adapt these values if they are not to your satisfaction. Calculations will be carried out with the adapted values.


4. Output
4.1 Semen only
In this worksheet a summary can be found of the recovery program and (of course) the number of doses of semen to be stored for each available male (see figure 2). 
The idea is that females will be inseminated generation after generation with the stored semen. In the calculation the possibility of ‘bad years’ are taken into account so that the minimum number of females to be kept will ensure at least the required effective population size is realised. However, the number of fertile females available in the program will generally be larger so that some selection can be possible.
The same applies to the number of doses of semen per male animal (rounded off to the nearest tenfold above the estimated number), which is calculated so that enough material is available to ensure the required number of fertile adult females with the required probability as given in the front worksheet.
Figure 2. Example of output for the conservation planner for the ‘semen only’ case
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4.2 Including embryos
This worksheet summarises the expected results of a recovery program based on conserved embryos, possibly supported by cryo-conserved semen.
Some ideas behind the numbers given in this worksheet are as follows: 
•	When  embryos are sexed all embryos in the program are supposed to be female. This automatically requires support by cryo-conserved semen (at least for the first generation). The number of males per generation is in that case equal to the number of males of which semen is stored.
•	When embryos are not sexed the expected number of adult males is equal to the expected number of adult females. In this case there is in principal no need for cry-conserved semen, and the given stock can be considered a strategic reserve. 
•	The ‘Required Ne’ gives the effective population size as given on the input. In reality not everything goes exactly according to plan (e.g. more males and less females can be born than expected). So on average the effective population size will end up below the value given. This is the expected effective population size. The difference between required and expected effective population size depends on the predefined success rate in the front worksheet. The closer this success rate is to 1 the smaller the difference.
Figure 3. Example of output for the conservation planner for the ‘including embryos’ case
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5. Methods and definitions
5.1 Effective population size
The effective population size is a number derived from the inbreeding rate per generation. The definition is Ne = 1/(2 ∆F), with ∆F being the inbreeding rate per generation. Thus if the inbreeding rate is 1% the effective population size is 1/0.02 = 50.
The effective population size can bes een as a population where the number of males and females is exactly equal (e.g. in the example above this will be 25 and 25) and each animal has an equal probability of contributing to the next generation. Moreover, mating should be at random.
In real populations the male female ratio tends to be skewed. In which case the effective population size can be calculated by:

Where M is the number of males and V the number of females. The smallest of the 2 will influence the Ne most. Therefore, the number of available males will in most cases in animal breeding determine the effective population size more than the number of females.
5.2 Recovery program
Here a recovery program is defined as a program for when a breed has gone extinct and has to be bred from material stored in the gene bank.
Material in the gene bank can be used to support the existing population as well. However, it is advisable to always keep enough material in stock for at least one recovery program.
Two situations are present in the conservation planner: a gene bank with semen only and a gene bank with both semen and embryos.
In the first case (semen only) the only possibility for a recovery program is to backcross: Females of another breed will be inseminated with semen from the gene bank. Females of the next generation of crossbreds (being 50% required breed and 50% unrequired) will be inseminated with semen of the gene bank as well, and this will be repeated far as many generations that are needed to reach the required purity. Each generation the contribution of the unrequired breed will be halved. A purity of 100% can never be reached, to reach a 95% purity will require about 5 generations, 99% purity about 7.
Storing embryos in a gene bank is still a costly business, certainly in comparison with storing semen. There are, however, a number of advantages. The main advantage is that 100% pure animals will be the result. The other advantage is that this can be reached in one generation.
5.3 Dealing with chance events
The calculations take into account that the realized number of animals can deviate from the expected number of animals. Therefore you are required to give the predefined success rate on the Front worksheet. The fact that an event takes place with a probability of 0.5 does not imply that out of 10 times this event will always occur 5 times . For example it is possible that with 10 calvings 8 times a bull calf is born and only twice a heifer.
Given this uncertainty we can compute in what percentage of cases we realize 5 female calves for a certain number of calvings. For example, with 15-20 calving at least 5 female calves will be realized in 90% of the cases. On the other side this implies a 10% chance on less than 5 female calves. To decrease this percentage more calvings are needed. With 30 calvings the risk that less than 5 female calves are born is less than 99% (or 0.99).
In the planner the predefined success rate is used to compute how many pregnancies are needed to get at least the number of fertile females required for the recovery of the population. The higher the predefined success rate the higher the required pregnancies. It is, however, not the case that if the success rate is 90% there is a 10% chance of failure. The risk more that you will not realize the targets, especially the effective population size will often not be realized. In this light a success rate of 90% can be completely acceptable.
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