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Abstract 

Concentration on elite breeding lines has endangered a number of traditional dairy breeds. Although 
several of those breeds are known for superior functional traits such as robustness, they are increasingly 
replaced by Holstein cows. A discrete choice experiment with 159 breeders revealed the determinants 
of farmers’ willingness to join a stylized scheme to conserve endangered dairy breeds. Results of 
a random parameter logit model showed that farmers favour short-term contracts and a bonus for a 
collective cattle population increase. By contrast, farmers tend to reject schemes that ban slatted floors. 
The majority of the respondents would be willing to join an entry-level scheme without financial support, 
pointing to an important role of intrinsic motivation present in farmers, which seems to be particularly 
pronounced for small breeds threatened by extinction. If it is the political will to offer such conservation 
schemes, we recommend inclusion of a collective bonus. This finding is also supported by the results 
of a latent class analysis. A collective bonus might change social norms regarding the conservation of 
endangered breeds and provide impetus for increasing the overall population of a specific breed. 
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. Introduction 

nimal genetic diversity is a unique and irreplaceable heritage. Globally, about 20 per cent
f all breeds or livestock populations are considered to be ‘at risk’ 1 and 9 per cent are
lready extinct (The Food and Agriculture Organization of the United Nations [FAO] 2015 ).
ustainability of livestock production systems and future food security require access to a
ide diversity of animal genetic resources (AnGRs). The Convention on Biological Diver- 
ity defines sustainable use of AnGRs as ‘the use of components of biological diversity in a
ay and at a rate that does not lead to the long-term decline of biological diversity, thereby
aintaining its potential to meet the needs and aspirations of present and future genera-
ions’ (Convention on Biological Diversity 1992 ). In environmental ethics, there is a debate
bout whether values in nature should be anthropocentric (human-centred) or eco-centric 
non-human-centred). From an anthropocentric perspective, emphasis may be placed on 
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reserving breeds with high milk yield performance. The eco-centric perspective, by con- 
rast, emphasizes moral arguments for the conservation of genetic diversity that are not 
olely related to human interests (Piccolo 2017 ; Kopnina et al. 2018 ). 
The erosion of AnGRs may be a more significant challenge than the loss of crop varieties 

Rege and Gibson 2003 ). In milk production, the Holstein Friesian breed dominates, raising 
uestions about long-term effects of a genetic drift (Notter 1999 ). In Germany, 85 per cent 
f the 3.8 million heads of dairy cattle belong to the German Holstein (black and red) breed 
BMEL 2022 ). Concentration on elite breeding lines has endangered a number of alternative 
reeds although some of them are known for important superior traits such as their ability 
o adapt to environmental or climate conditions. In the long run, those characteristics can 
e of particular importance when considering agricultural challenges arising from climate 
hange (Tubiello et al. 2008 ; Hoffman 2010 ; Pilling and Hoffman 2011 ). Different livestock 
pecies are also able to provide ecosystem services as a result of adaptation to a variety of 
nvironments, production systems, societal needs, and cultural preferences (FAO 2015 ). In 
ome German federal states ( Bundesländer ), conservation of endangered breeds is supported 
y grants from the EU’s Rural Development Programme. These schemes differ in the type 
f breed promoted, the payment rates on offer, and the animals’ age from which financial 
upport is provided. Although numerous conservation initiatives are in place, the Federal 
inistry of Food and Agriculture stated that there is still considerable need for optimization 

n many areas (BMEL 2020 ). 
Against this backdrop, the present paper aims to: (1) assess which factors affect farmers’ 
illingness to enrol their herds in a stylized endangered dairy breed (EDB) conservation 
cheme; (2) elicit information on the farm-level cost of participation by estimating farmers’ 
illingness to accept (WTA) compensation for joining an EDB conservation programme; (3) 
se the WTA estimates to derive supply curves for two alternative specifications of an EDB 

onservation scheme; and (4) derive policy conclusions for the design of EDB conversation 
rogrammes. To this end, we conducted a discrete choice experiment (DCE) with 159 breed- 
rs throughout Germany, focusing on rare German cattle breeds such as Red Dual-Purpose 
attle or Angler Cattle. The stylized EDB conservation scheme was designed to prevent 
hese farmers from abandoning their breeds. The aim of the scheme thus was to conserve 
xisting stocks rather than enticing farmers keeping high-yielding modern breeds into the 
cheme. 
Section 2 sets out hypotheses based on a review of the literature. Section 3 describes the 
ethodology and provides details of the survey. Section 4 presents and discusses the results,
ollowed by conclusions for the design of cost-effective EDB conservation programmes in 
ection 5 . 

. Literature and hypotheses 

he literature on valuation of genetic resources appears in diverse applications. Ahtiainen 
nd Pouta (2011) reviewed twenty-two studies on the valuation of plant and AnGRs in 
griculture. They concluded that future research should address the costs and benefits of 
aintaining genetic diversity in Europe. The authors pointed out that AnGRs have received 
onsiderable interest during recent years, but valuation studies from Europe are surprisingly 
are. Only two of the reviewed studies originated from Europe: one focusing on an endan- 
ered horse breed in Italy (Cicia, D’Ercole, and Marino 2003 ) and the other on general 
grobiodiversity characteristics on Hungarian small-scale farms (Birol, Smale, and Gyovai 
006 ). Valuation studies associated with genetic resources of cattle are mainly focusing on 
pecific traits of breeds in Africa (e.g. Tano et al. 2003 ; Jabbar and Diedhiou 2003 ; Ouma,
bdulai, and Drucker 2007 ; Zander and Drucker 2008 ; Martin-Collado et al. 2014 ). 
The literature on the design of effective conservation programmes for endangered dairy 

attle breeds focuses on the opportunity costs of participation arising from lower produc- 
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ivity of traditional breeds (Cicia, D’Ercole, and Marino 2003 ). In a cross-country study,
andini et al. (2012) investigated key elements that may affect local breed viability (mea-
ured as tendency to increase herd size) from farmers’ perspective. They found that collabo-
ation among farmers positively influenced on-farm breed viability. A study from France by
auvie et al. (2011) aimed at comparing different approaches to increasing populations of
are breeds. They identified both synergies and trade-offs between conservation and farm 

usiness development. The authors concluded that two complementary objectives, genetic 
ariability and short-term economic profitability, possibly lead to conflicting targets. 
Wainwright et al. (2019) conducted a DCE with 176 bovine and ovine small-scale farmers

rom Transylvania, Romania, to elicit their preferences for AnGR conservation agreements.
ey attributes were scheme structure, i.e. whether contracts would be concluded with indi-
idual farmers or with their communities, provision of assistance and advisory support (yes
r no), and contract duration (5 or 10 years). They found that 89 per cent of the respondents
ere generally willing to keep rare cattle and sheep breeds and 40 per cent of them already
id so at the time of the survey. 
Varela and Kallas (2022) investigated the islanders’ preferences regarding husbandry con- 

itions and the general conservation of the Majorcan black pig (MBP). In their DCE, they
ncluded three different husbandry specifications: (1) most of the time outdoors; (2) 50 per
ent outdoors and 50 per cent indoors, and (3) most of the time indoors. The indoor breed-
ng options received negative preference estimates, indicating that this type of management 
educed the respondents’ utility and that societal support existed for the base level, i.e. tra-
itional outdoor extensive management of the MBP. In addition, the reduction in the risk of
xtinction for the MBP resulted in higher welfare for Majorcan citizens. Respondents were
ore willing to pay a tax for the preservation of the breed than to pay higher prices for
roducts derived from the animal. A latent class estimation revealed that respondents who
greed on paying a tax were generally more concerned about the conservation status of the
BP than other agroecosystem-related aspects. 
In the following exposition, we derive hypotheses on the factors that may affect farmers’
illingness to participate in EDB conservation schemes. The analysis rests upon a review of
he literature on other (mostly environmental) conservation programmes. 

.1 Level of compensation 

Bojkovski, Simčič, and Kompan (2015) compared incentives for the conservation of local 
reeds in 35 European countries and concluded that the current level of financial support
oes not compensate for the loss of income due to lower productivity of traditional breeds.
e thus hypothesize that the level of compensation has, ceteris paribus, a positive effect on

armers’ motivation to join an EDB conservation programme (H1). 

.2 Cost of participation 

he feasibility of required husbandry conditions such as a ban of slatted floors, access to
ree-range area, or pasture depends on farm-specific resource settings, and the cost will vary
rom farm to farm. We thus expect a lower participation rate for farms that require costly
tructural and managerial adjustments to qualify for an EDB conservation scheme (H2).
his is equivalent to saying that farmers who already meet required programme-specific 
usbandry conditions are more likely to participate in a breed conservation programme. 

.3 Contract duration 

Ruto and Garrod (2009) investigated farmers’ preferences for the design of agri- 
nvironmental schemes (AES) and showed that long-term contracts require higher com- 
ensation rates than shorter-term contracts. Preference for shorter-term contracts is 
lso in line with findings of Bougherara and Ducos (2006) , Broch and Vedel (2012) ,
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hristensen et al. (2011) , and Latacz-Lohmann and Breustedt (2019) . Shorter contractual 
bligations mean increased managerial flexibility for farmers in responding to changing 
arket conditions. This leads to the hypothesis that the longer the duration of an EDB 

onservation contract, the less likely farmers will sign such a contract (H3) . 

.4 Educational attainment and experience with EDB conservation schemes 
or AES 

eeping and breeding endangered cattle breeds requires experience and knowledge of their 
pecific characteristics and needs. A farmer’s level of educational attainment has often been 
hown to influence adoption decisions because it commonly correlates positively with spe- 
ific knowledge about the technology to be adopted. Also, better educated farmers may be 
ore aware of the importance of a more diverse genetic pool. A farmer’s experience with 
rior scheme participation can also affect decisions, but the findings in the literature are not 
lear-cut.Massfeller et al. (2022) concluded that farmers’ participation in a result-based AES 
as not associated with prior AES participation. By contrast, Reimer and Prokopky (2014) 
ound that experience with conservation programmes led to higher participation rates in 
S conservation schemes. We thus hypothesize that farmers with a higher level of educa- 
ional attainment and those participating in other conservation schemes are more likely to 
articipate in an EDB conservation programme (H4). 

.5 Farmer’s age 

here seems to be consensus in the literature that participation in AES is negatively influ- 
nced by a farmer’s age (Ruto and Garrod 2009 ; Gandini et al. 2012 ). We expect this also to
old for our stylized EDB conservation programme and thus hypothesize that older farmers 
re less likely to participate in such a programme (H5). 

.6 Direct marketing of products from EDBs 

armers use different marketing channels to sell their products. Direct marketing provides a 
ood opportunity to convey a positive image of rare cattle breeds to consumers and recoup 
ome of the extra costs involved. This leads us to hypothesize that farmers who are engaged 
n direct marketing are more likely to participate in a breed conservation programme (H6).

.7 Ideology and emotions 

revious research has established that farmers’ attachment to their animals may depend on 
he species kept and the purpose of keeping the animals (Bock et al. 2007 ). Economic reasons 
learly play a role for running a farm business, but equally important are decisions that are 
haped by non-economic motives such as family traditions or community relations (Gasson 
973 ; Burton, Kuczera, and Schwarz 2008 ). In a study on farmers’ attitudes towards farm 

nimal welfare, Austin et al. (2005) identified two main drivers to enhance animal wellbeing 
n farm: a business orientation and a welfare orientation. Ahtiainen and Pouta (2011) also 
mphasized that research on values of genetic resources should not only address the costs 
nd benefits of maintaining genetic diversity, but also the relative magnitude of use and 
on-use values of genetic resources. Use values refer to productive activities, to their use 
n breeding and further to future uses of genetic materials such as for development of new 

raits (Gollin and Evenson 2003 ; Roosen, Fadlaoui, and Bertaglia 2005 ). By contrast, non- 
se values are associated with the pure existence of a certain breed or are represented by 
 value placed on preserving genetic resources for future generations. Schreiner and Hess 
2017) investigated farmers’ willingness to participate in animal welfare programmes under 
he assumption that non-use values play a certain role for their motivation. We therefore 
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est the hypothesis that farmers who keep endangered breeds for idealistic reasons are more
ikely to participate in a breed conservation programme (H7). 
Programme participation often causes transaction-related costs through conservation au- 

its, management plans, and self-reporting (Falconer 2000 ). Even if farmers do not have to
ay for inspections, the administrative burden adversely affects participation in the pro- 
ramme (Flaten et al. 2010). In a paper about the role of emotions in the choice of indi-
idual decision rules, Araña and León (2008) found that especially negative emotions like 
nger, sadness, or distrust can affect choices. Joormann and Schmidt (2017) mentioned in 
 German study on farmers’ acceptance of biodiversity measures the inhibiting impact of
egative experiences with farm audits on their willingness to participate in voluntary pro-
rammes. Against this backdrop, we hypothesize that farmers who feel annoyed by audits
re less likely to participate in an EDB conservation programme (H8). 

. Materials and methods 

.1 Experimental design 

he empirical analysis is based upon a DCE with 159 cattle breeders in Germany. As we
ere interested in farmers’ preferences for the design of EDB conservation programmes,
e chose to interview only farmers who were already keeping endangered breeds at the
ime of the survey. The conservation scheme was designed to prevent these farmers from
bandoning their breeds, either by switching to modern breeds or by giving up their cattle
nterprise altogether. The scheme’s aim thus was to conserve existing stocks of endangered 
reeds, thereby maintaining minimum viable population sizes and preventing certain breeds 
rom extinction. It would be unrealistic to assume that such a scheme would be attractive
o farmers who keep modern high-yielding dairy breeds. 
In preparation of the survey, we contacted seven German breeding associations with 

reeding programmes for endangered cattle breeds.2 The majority of farmers were reached 
hrough the northern German breeding association Rinderzucht Schleswig-Holstein e.G.,
hich mailed a paper-based questionnaire to 349 farmers. We received 123 fully filled-in
uestionnaires, a response rate of 35 per cent. Another thirty-seven farmers were inter-
iewed face-to-face at three different auctions for Shorthorn (Schleswig-Holstein), Angler 
attle (Schleswig-Holstein), and Yellow Cattle (Bavaria). Because every respondent was 
aced with either six ( n = 116) or seven ( n = 43) hypothetical choices between a conserva-
ion programme and non-participation, we observed a total of 997 choices. 
Table 1 shows the attributes of the stylized EDB conservation programme and their lev-

ls included in the choice sets. Conservation programme requirements for cattle breeders 
ere inspired by existing conservation initiatives in Germany. The payment rate ranged 
rom zero to €250 per livestock unit (LU) and year. As an extra incentive for participation,
armers were offered, besides the regular compensation payment, a collective bonus, which 
ould be paid if the entire breeding population documented in the herd book increased
y 5 per cent in 1 year. This extra incentive was inspired by Kuhfuss et al. (2016) , who
emonstrated that a collective bonus, which would be paid if a certain enrolment thresh-
ld in an AES was reached, can significantly enhance scheme performance. In contrast to
uhfuss et al. (2016) , the bonus in the present study would be paid for a minimum increase
n the herd book population rather than for reaching a certain participation target. 
Regarding husbandry conditions, some conservation programmes require access to a free- 

ange area or pasture, while others additionally ban slatted floors. Some programmes stipu-
ate that farmers participate in the breeding programme of the respective breeding organiza-
ion, which would prescribe the pairing of animals. This is not to be confused with the EDB
onservation scheme itself. Some breeding organizations run internal conservation breeding 
rogrammes with the aim of maintaining their breeds ‘in good shape’. One of the instru-
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Table 1. Attributes and their levels used in the discrete choice experiment. 

Attributes Level a 

Compensation payment 1) €0/LU/year* 
2) €150/LU/year 
3) €200/LU/year 
4) €250/LU/year 

Bonus (population increase by 5%) 1) €0/LU/year* 
2) €40/LU/year 
3) €80/LU/year 

Conservation breeding programme (pairing) 1) No* 
2) Yes 

Keeping conditions 1) No requirements* 
2) Access to free-range area or pasture 
3) Access to free-range area or pasture + ban of 
slatted floors 

Contract duration 1) 0 year* 
2) 1 year 
3) 5 years 
4) 10 years 

a The asterisk (*) marks the minimum level (opt-out). 

Table 2. Example of a choice set. 

Conservation programme Contract 1 Contract 2 No contract 

Compensation payment €250/LU/year €150/LU/year 
Bonus (5% population increase) €40/LU/year €80/LU/year 
Conservation breeding programme Not required Not required 
Keeping conditions Access to free-range 

area or pasture + ban 
of slatted floors 

Access to free-range 
area or pasture 

Contract duration 1 year 5 years 
I would choose: � � �
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ents is to require members to devolve the choice of pairing partners for their animals to 
he breeding organization. The final contract attribute, contract length, was varied between 
 and 10 years. 
The orthoplan procedure of SPSS was used to generate an orthogonal design. The fi- 

al experimental design comprising twenty-five choice sets had a D-efficiency score of 
5.7, indicating a satisfying design (Kuhfeld, Tobias, and Garratt 1994 ). In each choice 
et, respondents were asked to choose among two hypothetical conservation programmes 
nd the opt-out option, meaning ‘no contract’ is chosen. Table 2 shows an example of a 
hoice set. 

.2 Econometric estimation 

ccording to McFadden’s (1974) random utility theory, an individual n ’s utility U obtained 
rom a most preferred alternative j∗ consists of a deterministic observable part Vnj and a 
tochastic part εn j , accounting for factors that are unobservable to the analyst.3 

Unj = Vnj + εn j (1) 
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The deterministic part Vnj can be described as an additive function of conservation pro-
ramme requirements xj and the decision maker’s socio-economic characteristics zn as per 
quation (2). The conservation programme requirements enter the estimation as a vector of
ttribute levels, including βprice : the compensation payment. The vector of socio-economic 
haracteristics comprises the decision makers n ’s personality traits (such as age, gender, and
ducational attainment) and the farm resource settings (such as farm size, whether it is an
rganic or conventional farm, or whether the farmer engages in direct marketing). 
The attributes of the conservation contract are included in the model as random param-

ters, and the personal/farm characteristics interact with an alternative-specific constant 
SCj (which takes the value of one if farmer n chose a conservation programme and zero
f he or she opted out) because they do not vary across alternatives (Hanley, Mourato, and
right 2001 ). The constant alone captures the average effect of all unobserved factors as-

ociated with the conservation programme (Train 2009 ). Thus, any interaction between 
arm and farmers characteristic and the generic constant measures the effect of the respec-
ive characteristic on the adoption of any EDB conservation programme independent of its
equirements. Thus, the utility of a farmer n is estimated as: 

Unj = βn, 1 ASCj + βn, 2 xj + β3 zn + εn j n = 1 , . . . , N; j = 1 , . . . , J (2) 

The estimated β parameters provide information on the influence of the conservation 
ontract attributes and personal/farm characteristics on the choice probability and can be 
nterpreted as utility weights. A random parameter logit (RPL) model was employed, which
vercomes the limitations of a standard logit model by allowing for random taste variation,
nrestricted substitution patterns, and correlation in unobserved factors (Train 2009 ). As 
he utility weights βn are heterogeneous across farmers, they are specified as: 

βn = β + ηn , (3) 

here β is the average preference and ηn is the individual deviation of farmer n from the
verage. 
By creating interaction terms between farm resource variables and conservation pro- 

ramme requirements, we captured effects on participation when farmers already meet cer- 
ain contractual requirements. For example, farmers who already keep their animals on 
asture will be more willing to sign a contract requiring access to pasture than farmers who
o not. 
We assumed a normal distribution for all conservation contract characteristics (random 

arameters) except for the payment variable, which was assumed to be fixed in the estima-
ion. Assuming random parameters opens up the possibility of both positive and negative
reference towards an attribute. Treating the payment variable as fixed is debatable. On
he one hand, farmers may be assumed to have a monotonically increasing utility function
uch that, ceteris paribus , higher payments are always preferred to lower payments. On the
ther hand, some farmers may be intrinsically motivated to conserve their breed or may
ven object to being paid for it. The latter assumption would argue in favour of treating
he payment as a random variable. We lean towards the monotonicity assumption and thus
reated the payment as a non-random variable in the RPL estimation. In order to cater
or the possibility of preference heterogeneity concerning the compensation payment, we 
ubsequently estimated a latent class model (LCM). 
The estimated coefficients do not have a direct interpretation other than in their signs

nd statistical significance (Burton et al. 2001 ). We used the obtained parameters for the
ontract attribute levels βn, 2 as well as the farm structure variables, attitudinal and socio-
conomic variables β3 to derive willingness-to-accept (WTA) estimates as the negative ratio 
f the coefficients of the attribute variable of interest xj and the compensation payment
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ariable βprice : 

WTA for xj = − βn 2 

βprice 
(4) 

Assuming the payment coefficient to be fixed, the WTA for an attribute is the ratio of 
he attribute’s coefficient to the price (payment) coefficient. The distribution of WTA is sim- 
ly the scaled distribution of the attribute’s coefficient. The distribution of WTA is more 
omplex when the price coefficient varies also (Train 2009 ). These WTA estimates were cal- 
ulated at the sample mean. In order to account for statistical variability in WTA estimates,
onfidence intervals of 95 per cent for mean values were computed using the delta method 
ecommended by Hole (2007) . We further calculated the interaction WTA as follows: 

WTA for xINT = −βn 1+ 

βn 2 + βINT 

βprice 
. (5) 

For computing the variance of the interaction willingness-to-pay (WTP), we followed 
yrengelas et al. (2018) . According to Meas et al. (2015) , the complementary or substitu- 
ion nature can be conveniently determined through the signs of the interaction terms. Two 
ttributes are complementary if the interaction term is greater than zero and substitutes if 
t is smaller than zero. 
To identify sources of heterogeneity among the sample of breeders (also concerning the 

ompensation payment) we further estimated an LCM, which sorts farmers into classes 
ccording to their preferences. Based on the statistical criteria Akaike information criterion 
AIC) and Bayesian information criterion (BIC), we chose a model with three classes, which 
rovides the best fit with the data (Boxall and Adamowicz 2002 ; Pacifico and Yoo 2012 ). 

. Results 

.1 Descriptive statistics, determinants of participation, and WTA estimates 

ummary statistics are presented in the Appendix together with a detailed explanation of all 
ariables included in the model ( Table A1 ). The respondents are on average 47 years old.
lmost 90 per cent run their farm as their main occupation, and half of the respondents 
ave a secured succession. Nearly 60 per cent completed a state-certified training in agricul- 
ure whereas one-fifth hold a university degree or a qualification from a technical college.
he average farm size is 63 hectares of arable land and 58 hectares of pasture land. Twenty 
er cent of the respondents are engaged in organic agriculture and market their products 
irectly to consumers. The largest share of farmers keeps Angler Cattle (39 per cent) and 
ed Dual-Purpose Cattle (27 per cent). Only few farmers breed German Black Pied (11 
er cent), Yellow Cattle (9 per cent), and Shorthorn (7.5 per cent). Only a minority of the 
espondents keep Old Angler cows (4 per cent), a breed that is traditionally located in north- 
rn Germany. One-third of the interviewed breeders keep their animals on straw, whereas 
alf of them keep them on slatted floor. Half of the respondents already participate in AES 
r AnGR conservation programmes. Whereas AnGR conservation programmes aim to pre- 
ent extinction of certain animal species by compensating famers for the lower profitability 
f local breeds (Gandini et al. 2012 ), AES encourage farmers to undertake environmentally 
riendly practices on their land with a specific objective and offer a payment in return. 
On average, farmers are subject to Cross Compliance audits under the Common Agri- 

ultural Policy twice a year. One-third of the respondents consider the audits a nuisance,
hereas the other two-thirds do not feel bothered by the audits. Interestingly, the motiva- 
ion for keeping endangered cattle breeds seems to be split between those who keep them 

or economic reasons (37.5 per cent) and those who emphasize idealistic reasons (40 per 
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ent). To capture the effect of these distinct motivations, we generated a dummy variable
rom the responses, i.e. ‘idealistic reasons’ (1 = idealistic reasons or rather idealistic reasons;
 = any other answer) (see Table A1 in the Appendix). 
In a first step, we estimated an RPL model that contained only the contract attributes

Appendix Table A2 ). With the exception of the one-year contract duration, all attribute
ariables had a significant impact on contract acceptance. The compensation payment, the 
ollective bonus, the requirement of providing outdoor access and grazing, and a contract
ength of 5 years had a positive influence on the willingness of farmers to participate in the
rogramme. All other scheme requirements had a negative effect. Specifically, the longest 
ontract term (10 years), the requirement to participate in an internal breeding programme
nd a ban on slatted floors reduced the willingness to participate. 
Table 3 displays the estimation results of the RPL model, with the coefficients estimated at

he sample mean. The table also shows the WTA estimates and their 95 per cent confidence
ntervals. The model has a good statistical fit as indicated by McFadden’s pseudo- R2 value
f 0.334. The bottom panel of the table presents the estimated standard deviation of the
arameter estimates across the respondents. Forty-seven of the 159 breeders (30 per cent)
lways chose a conservation programme, whereas 10 (6 per cent) farmers never chose one
f the proposed programmes. The remaining 103 (64 per cent) farmers chose a conservation
rogramme selectively. 
As expected, a higher compensation payment had a positive effect on participation as

ad the collective bonus, lending support to H1. An annual bonus of €80 per LU and year
or farmers who contribute to an increase in the overall population by at least 5 per cent
llows lowering the assured compensation payment by €30 per annum. Interestingly, the 
ower-level bonus ( €40 per LU and year) was not significant. Of the requirements regarding
he husbandry conditions, only the most restrictive one (i.e. ‘access to free-range area or
asture + ban of slatted floors’) had a negative effect on participation. The requirement to
rovide access to free-range area or pasture alone had no significant impact on choices. The
nteraction term between the requirement ‘access to free-range area or pasture’ and the farm
tructure variable ‘pasture’ (hectares of pasture land on farm) had a positive sign, indicat-
ng that farmers who can make available grazing land for the animals were more likely to
articipate in an EDB conservation scheme with that requirement. The opposite effect can
e observed for the interaction term between the requirement ‘ban of slatted floors’ and the
arm structure variable ‘slatted floors’: As one would expect, farmers who keep their ani-
als on slatted floors were less likely to participate in a breed conservation programme that
equired a ban on slatted floors. These findings confirm H2 and demonstrate that compli-
nce with certain contractual requirements is closely related to the way animals are kept
n farm. Regarding contract duration, our respondents were indifferent between 1 and 
 years but clearly rejected 10-year contracts. This result confirms H3, whereby farmers
alue the managerial flexibility offered by shorter-term contracts. Although not statistically 
ignificant, the negative coefficient of the variable ‘conservation breeding programme’ indi- 
ates that farmers do not seem to like compulsory participation in a breeding scheme that
ould prescribe the pairing of animals. Farmers thus appear to place value on the flexibility
f pairing choices. 
Besides the programme attribute variables, many of the farm structure, socio-economic,

nd attitudinal variables affected farmers’ choices. Interestingly, none of the educational 
ariables had a significant influence. Thus, H3 whereby higher educational attainment en- 
ances scheme participation is not supported by the data. H4 must also be rejected as evi-
enced by the negative coefficient of the variable describing previous participation in AES.
lder farmers were ceteris paribus less likely to participate in an EDB conservation scheme
s they are facing a shorter planning horizon—a finding in support of H5. Conversely, se-
ured farm succession led to a higher probability of programme participation. Interestingly,
armers with larger dairy cow herds were more inclined to participate in an EDB conser-
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Table 3. Estimation results from the random parameter logit (RPL) model. 

RPL model; N = 159 
Log-likelihood: −733.36863; Pseudo- R2 : 0.334 

Coefficient (standard 
error of α or β) 

WTA 

[ €/LU/year] 
(95%confidence 

interval) 

Attributes of EDB conservation programme x 
Compensation payment 0 .014*** (0.002) –
Bonus = €40/LU/year −0 .065 (0.195) 5 ( −19; 29) 
Bonus = €80/LU/year 0 .413*** (0.152) −28 ( −51; −7) 
Conservation breeding programme −0 .154 (0.265) 11 ( −26; 47) 
Access to free-range area or pasture 0 .230 (0.255) −15 ( −49; 18) 
Access to free-range area or pasture 
+ ban of slatted floors 

−2 .278*** (0.418) 165 (93; 235) 

Contract duration = 1 year 0 .271 (0.452) −21 ( −52; 93) 
Contract duration = 5 years 0 .467 (0.496) −31 ( −98; 35) 
Contract duration = 10 years −1 .627*** (0.495) 108 (43; 173) 
INT: Access to free-range area or 
pasture × pasture (dummy) 

1 .322*** (0.295) −88 ( −133; −42) 

INT: Access to free-range area or pasture + ban 
of slatted floors × straw (dummy) 

1 .890*** (0.452) −126 ( −195; −56) 

INT: Access to free-range area or pasture + ban 
of slatted floors × partly slatted floor (dummy) 

−1 .340*** (0.446) 89 (25; 153) 

INT: Access to free-range area or pasture + ban 
of slatted floors × slatted floor (dummy) 

−2 .110*** (0.613) 140 (51; 230) 

Farm structure variables, attitudinal and socio-economic variables z 
ASC × age −0 .688*** (0.017) 5 (2; 7) 
ASC × successor 1 .827*** (0.584) −121 ( −208; −34) 
ASC × agricultural training 0 .233 (1.020) −13 ( −146; 119) 
ASC × state-certified farm manager 1 .278 (0.807) −85 ( −193; 22) 
ASC × technical college or university 0 .998 (0.812) −7 ( −112; 99) 
ASC × farm business 0 .242 (0.858) −16 ( −127; 95) 
ASC × dairy cows 0 .023*** (0.006) −1.5 ( −2.5; −0.6) 
ASC × suckler cows −0 .015*** (0.006) 1 (0.2; 1.7) 
ASC × Shorthorn 0 .713 (1.266) −47 ( −214; 119) 
ASC × German Black Pied −0 .081 (1.390) 5 ( −176; 187) 
ASC × Old Angler Cattle 7 .093*** (2.087) −472 ( −778; −166) 
ASC × Yellow Cattle 3 .790** (1.789) −252 ( −500; −4.4) 
ASC × Angler −0 .292 (1.561) 19 ( −184; 222) 
ASC × Red Dual-Purpose Cattle −0 .090 (1.672) 60 ( −157; 276) 
ASC × access to free-range area 1 .303*** (0.504) −87 ( −159; −15) 
ASC × organic farm −2 .884*** (0.728) 192 (77; 306) 
ASC × direct marketing 3 .833*** (0.808) −255 ( −384; −126) 
ASC × participation in EDB conservation 
programmes 

−3 .667*** (0.849) 244 (118; 369) 

ASC × agri-environmental schemes −0 .736 (0.749) 49 ( −49; 147) 
ASC × grazing 3 .621 (0.809) −241 ( −372; −110) 
ASC × bothering 0 .212 (0.455) −14 ( −73; 45) 
ASC × idealistic reasons −1 .223*** (0.500) 84 (14; 154) 
ASC × other endangered species 2 .631*** (0.760) −175 ( −289; −60) 

Standard deviation of 
coefficients 

95% confidence 
interval 

Attributes of EDB conservation programme x 
Bonus = €40/LU/year 1 .785*** 1.300; 2.269 
Bonus = €80/LU/year −0 .01935 −0.348; 0.309 
Conservation breeding programme 3 .205*** 2.474; 3.935 
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Table 3. Continued 

Standard deviation of 
coefficients 

95% confidence 
interval 

Access to free-range area or pasture −0 .334 −0.692; 0.024 
Access to free-range area or 
pasture + prohibition of slatted floors 

1 .672*** 1.232; 2.113 

Contract duration = 1 year 1 .068*** 0.727; 1.410 
Contract duration = 5 years −1 .344*** −1.732; −0.957 
Contract duration = 10 years 2 .030*** 1.612; 2.448 

* P < 0.1, ** P < 0.05, *** P < 0.01. 
INT: interaction term. 
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ation scheme, whereas the opposite effect was observed for the size of suckler cow herds.
his is surprising since keeping suckler cows is often associated with a negative profit mar-
in and a support scheme could thus be seen as a remedy. Regarding the different breeds, it
s mainly the rare breeds and those threatened by extinction, such as the Old Angler Cattle
r Yellow Cattle, that are more likely to be enrolled in an EDB scheme. By contrast, the
oefficients for the modern Angler and the Red Dual-Purpose breeds are not significant,
ndicating that farmers who keep these breeds are neither more nor less likely than the aver-
ge respondent to enrol their herds in an EDB scheme. These two breeds still have relatively
arge populations. Farmers may thus not perceive these breeds as being endangered. Access
o free-range area, direct marketing of products from endangered cattle breeds (confirming 
6) as well as keeping other endangered species (hens, pigs, etc.) had a positive effect on

armers’ willingness to sign an EDB contract. Organic farmers and respondents who have
trong idealistic reasons to keep endangered breeds were less willing to participate in an
DB conservation programme, a result that would not be in line with H7. We could not
nd evidence in support of H8 that farmer s who feel annoyed by audits are less likely to
articipate in an EDB conservation programme. 

.2 Exploring preference heterogeneity 

e found significant standard deviations for most of the estimated coefficients (see the
ower panel of Table 3 ). These point to a large degree of preference heterogeneity among the
espondents. In order to identify the sources of this heterogeneity, we estimated an LCM,
hich sorted the respondents into three classes according to their preferences ( Table 4 ).
ased on the BIC, we chose a model with three classes, which provided the best fit with the
ata (Boxall and Adamowicz 2002 )—see Table A3 in the Appendix. For the specification
f membership variables, dummy coding was chosen instead of effects coding. Importantly,
owever, whether effects coding or dummy coding is used will not affect the log-likelihood
alue of multinomial logit models (i.e. the models are statistically equivalent), marginal WTP
r WTA estimates, nor will it affect welfare estimates of consumer or producer surplus (using
he approach proposed by Hanemann 1984 ). 
Farmers belonging to Class 1 had an average probability of choosing an EDB conserva-

ion contract of only 9.9 per cent ( Table 4 ). We thus labelled this class ‘non-adopters’. The
TA estimates reveal that the requirement to provide access to free-range area or pasture

n combination with a ban of slatted floors is the main barrier to participation for these
armers. None of the membership variables that shape the three classes had a significant
ositive effect on being in Class 1, indicating that these farmers do not differ significantly in
erms of farm characteristics from their colleagues in Class 3, which served as a reference. 
Farmers belonging to the other two classes were more inclined to join an EDB conserva-

ion scheme, though for different reasons. The key motivating factor for farmers belong-
ng to Class 3 (with an average probability of participation of 42.3 per cent) was the
ompensation payment. None of the other scheme attributes had a significant impact on
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he choices made by these farmers. ‘Compensation matters’ thus seems to be an appropriate
escriptor for this class of farmers. Interestingly, the compensation payment had a signifi-
antly positive impact on the likelihood of participation across the three classes, indicating
hat there is no preference heterogeneity among the respondents concerning the compensa- 
ion payment. 
Farmers belonging to Class 2 (with an average probability of participation of 37.9 per

ent) valued a high collective bonus for an increase in the population of the respective breed
y at least 5 per cent per annum. A bonus of €80 per LU and year would allow the regular
ompensation payment to be lowered by circa €93 per LU and year, more than the bonus
tself. By contrast, the lower-level bonus of €40 per LU and year was rejected by these farm-
rs. The strong support for the higher bonus and the rejection of the lower bonus could
e interpreted as a preference for a result-based payment. This, in turn, could indicate that
hese breeders are genuinely interested in the programme achieving its objectives, namely 
o secure and strengthen the population of endangered cattle breeds. We thus named this
lass ‘Results matter’. Besides results, flexibility seems to matter for these breeders: the WTA
stimates for contract duration show that these farmers clearly favoured shorter contract pe-
iods. Farmers belonging to Class 2 had strong views on how an EDB conservation scheme
hould be designed. Like farmers in Class 1, they strongly rejected programmes that re-
uired access to free-range area or pasture in combination with a ban of slatted floors. The
orresponding WTA of €570 per LU and year would have a prohibitive effect on partici-
ation. In contrast, they would tolerate or even favour the requirement to provide access
o free-range area or pasture alone. The corresponding WTA estimate indicates that they
ould be willing to relinquish an amount of €210 per LU per year if this requirement was
art of the contract. Only two of the membership variables had a significant effect on being
n Class 1: farmers with a secure farm succession were more likely to belong to Class 2,
hereas organic farmers were less likely to be assigned to this class. 

.3 Supply curves for distinct EDB conservation programmes 

e used the results of the RPL model to derive supply curves for two alternative specifica-
ions of an EDB conservation programme. The first programme (Programme 1) encompasses 
 collective bonus of €80 per LU and year for a 5 per cent (or more) increase in cattle popu-
ation, provision of access to free-range area or pasture, farmers’ participation in a breeding
rogramme including determined pairing, and a 1-year contract. Given the higher bonus,
he less demanding husbandry requirements and the short contract period, we termed this
rogramme ‘entry-level EDB scheme’. The second programme (Programme 2) comprises a 
40 collective bonus for a 5 per cent population increase, provision of access to free-range
rea or pasture combined with a ban of slatted floors, farmers’ participation in the same
reeding programme as in Programme 1, and a 5-year contract. Given the lower bonus pay-
ent, the more demanding husbandry conditions, and the longer contract term, we named
his programme ‘higher-level EDB scheme’. 
We used the results of the RPL model to calculate individual WTA values for each

armer in accordance with Latacz-Lohmann and Breustedt (2019) and Latacz-Lohmann and 
chreiner (2019) . From Table 3 , the sum of WTA estimates for a programme attribute x and
ocio-economic and farm characteristic z was computed by multiplying WTA values by the
ndividual level of the respective variable: 

W TAnji =
J ∑ 

j=1 

W TAj ∗ �x j +
N ∑ 

n =1 

W TAn ∗ �zn 

 = individual farmer; x = EDB scheme attribute levels ( j = 1,..., J ); z = socio-economic
nd farm characteristic ( n = 1,..., N ); i = EDB scheme (entry-level, higher level). 



14 Julia Anette Schreiner and Uwe Latacz-Lohmann

Figure 1. Simulated supply curve for Programme 1 (entry-level EDB programme). 

a  

D
m
o

t
t
l  

F
l
p
f  

r
W
fi
a
f

c
c
p
o
s  

t
p
o
a
o
v
e
t

D
ow

nloaded from
 https://academ

ic.oup.com
/qopen/article/4/2/qoae025/7816392 by U

B Kiel user on 09 July 2026
For continuous variables, WTA estimates were multiplied by the difference between the 
ctual level and the attributes’ base level (the latter is marked in Table 1 with an asterisk).
ummy variables such as ‘successor’, ‘organic farm’, or ‘direct marketing’ entered the for- 
ula with either one or zero depending on whether the respective characteristic was present 
r not. 
As a result, we obtained for each respondent an individual WTA estimate for each of the 

wo EDB programmes under investigation. We sorted the WTA estimates in ascending order 
o plot supply curves for the two distinct EDB conservation programmes. For each WTA 

evel, we added up and plotted the number of cattle kept by farmers within the sample.
igure 1 shows the supply curve for the entry-level EDB scheme, with the individual WTA 

evels shown on the price axis and the total number of animals that would be offered at each 
rice on the quantity axis. Surprisingly, only 39 of the 159 respondents had a positive WTA 

or the entry-level scheme. The mean WTA of the 39 respondents is €153 per LU and year,
anging from €4.16 to €237.50. For the remaining 120 respondents we estimated negative 
TA. The majority of our respondents would thus be willing to join an EDB scheme without 
nancial support other than the collective bonus of €80 per LU and year. This can be seen 
s an indication that our respondents are intrinsically motivated to conserve their breeds 
or their own benefit and that of future generations. 
Figure 2 shows the supply curves for individual breeds. Of the 16,236 animals (dairy 

attle, suckler cows, and fattening cattle) kept by all survey respondents together, 78.5 per 
ent belong to the two largest breeds, Red Dual Purpose (30.5 per cent) and Angler (48 
er cent). The other breeds account only for very small percentages of the total number 
f animals kept by the respondents. These differences explain the different slopes of the 
upply curves: the smaller the population, the steeper the supply curve. More importantly,
he share of negative WTA estimates (below the horizontal axis in Fig. 2 ) indicates the 
ercentage of respondents who would be willing to conserve their breeds in the absence 
f financial support. It is clear from the figure that all respondents who keep Old Angler 
nd Yellow Cattle fall into this category. Of the farmers who keep modern Angler Cattle 
nly for five of the sixty-three WTA estimates (7.9 per cent) are positive, indicating that the 
ast majority of modern Angler breeders would meet the relatively mild requirements of the 
ntry-level scheme without the need for financial compensation. If farmers could be offered 
heir individual WTA, the cost that would be incurred by participation of the five modern 
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Figure 2. Simulated supply curves for Programme 1 (entry-level EDB programme) by cattle breed. 

Figure 3. Simulated supply curve for Programme 1 (higher-level EDB programme). 
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ngler breeders would add up to €209, attracting 418 LUs into the scheme. For Shorthorn
he respective share of positive WTA estimates is 4.4 per cent (7 farms; €733; 618 LUs), for
ed Dual Purpose 10.7 per cent (17 farms; €1,554; 1,244 LUs), for German Black Pied 4.4
er cent (7 farms; €727; 318 LUs), and for Red Highland Cattle 1.9 per cent (3 farms; €314;
6 LUs). 
Figure 3 displays the aggregate supply curve for the higher-level EDB scheme. As expected,

he share of positive WTA estimates is higher than for the entry-level scheme, which means
hat more farmers (57 per cent) would require financial compensation to meet the stricter
equirements of that scheme. If every farmer were offered his or her individual WTA, total
ompensation for enrolling these farms would amount to €1,105,244 per year, attracting 
,110 LUs into the scheme. The higher compensation requirement is also reflected in Fig. 4 ,
hich shows the WTA estimates broken down by breeds. It is only the breeders of Old
ngler Cattle who would conserve their breed under the stricter conditions of the higher-
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Figure 4. Simulated supply function for Programme 2 (higher-level EDB programme) by cattle breed. 

Table 5. A t -test of differences between farms with positive and negative WTA estimates for the higher-level 
EDB scheme. 

Variable WTA > 0 WTA ≤ 0 

Number of farms ( n ) 90 (57%) 69 
Age of farmer*** (years) 51 46 
Succession is secured*** 27.5% 69.5% 

Herd size in LUs*** 49 90 
Keeping cattle on straw (%)** 37 21 

Breeds 
Yellow Cattle 7 (50%) 7 
Angler** 27 (34%) 52 
Red Dual-Purpose 15 (35%) 28 
Red Highland Cattle 4 (67%) 2 
Old Angler** 0 (0%) 5 
Shorthorn* 9 (89%) 2 
German Black Pied** 15 (88%) 2 

* P < 0.1, ** P < 0.05, *** P < 0.01. 
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evel scheme without financial support other than the €40 bonus per LU and year for a 
ollective increase in the population by at least 5 per cent. 
We conducted a t -test to identify the key differences between respondents with positive 

nd negative WTA estimates, i.e. between those who would require financial support to 
oin the higher-level EDB scheme and those who would conserve their breeds on their own 
ccount. Table 5 displays the results. Respondents requiring support are significantly older,
ave less often a secured succession, keep fewer animals (smaller herds), and keep their 
nimals more often on straw. They are more likely to keep Shorthorn and German Black 
ied, whereas breeders of Old Angler and modern Angler Cattle are less likely to require 
ompensation, supporting the findings in Fig. 4 . 



Saving the breeds 17

5

T  

c
n  

d  

e  

t  

t  

a  

h  

c  

(  

t  

o  

G  

f
 

E  

a  

c  

o  

h  

t  

c
f  

c
t  

t  

t  

a
 

r  

T  

u
O  

d
t  

T  

A  

m  

p
c  

fl

p  

€  

T
w  

c  

f  

D
ow

nloaded from
 https://academ

ic.oup.com
/qopen/article/4/2/qoae025/7816392 by U

B Kiel user on 09 July 2026
. Discussion and conclusion 

his study aimed to: establish the determinants of livestock farmers’ participation in EDB
onservation schemes; elicit farmers’ WTA compensation; derive supply curves for alter- 
ative specifications of a stylized EDB conservation scheme; and draw conclusions for the
esign of EDB conversation programmes. Regarding the first objective, we found that farm-
rs favour short-term contracts, a high bonus for a collective cattle population increase, and
he requirement of outdoor access. By contrast, farmers tend to reject schemes that ban slat-
ed floors. As one would expect, the size of the monetary incentive, be it in the form of an
nnual compensation payment per LU per year or a collective bonus for an increase in the
erd book population, is a functioning stimulus for participation. The positive effect of a
ollective bonus on famers’ participation is similar to the results reported by Kuhfuss et al.
2016) . In their paper, the authors report that no heterogeneity was found with respect to
his attribute. This means that all respondents rate a bonus positively. In our study, this
nly applies to the higher-value bonus of €80. More general, but also similar, is the result of
andini et al. (2012) . The authors concluded that the opportunity of collaboration among
armers is, besides other aspects, positively associated to breed survival. 
The LCM revealed three distinct classes of farmers, with different inclination to join an
DB scheme. Organic farmers are generally less likely to join an EDB conservation scheme
nd are even more disapproving of contracts where pairing is prescribed by a breeding asso-
iation. Also, the way animals are kept on farm (e.g. slatted floors versus straw, availability
f open-access opportunities) has a great influence on farmers’ willingness to enrol their
erd in an EDB programme. The more current husbandry practices are in line with the con-
ractual requirements, the more willing are farmers to join. Structural alterations required to
omply with contractual obligations represent a significant deterrent. Our hypothesis that 
armers who keep traditional breeds for idealistic reasons are more willing to participate in
onservation programmes is rejected (H7). Schreiner and Hess (2017) found that participa- 
ion in animal welfare programmes is not increased by non-use existence values, but that
he opposite is the case. Farmers’ relatively high personal standards may not be in line with
he offered conservation programmes and make them seem unnecessary. In our survey, it
lso became clear that some farmers do not even perceive their breed as threatened. 
Regarding the second objective, the WTA estimates indicate that a large share of our

espondents would be willing to conserve their breeds in the absence of financial support.
his clearly points to an important role of intrinsic motivation, which seems to be partic-
larly pronounced for farmers keeping small breeds threatened by extinction. Breeders of 
ld Angler Cattle would not even require financial support to enrol their herds in the more
emanding higher-level EDB scheme. One possible explanation is that these farmers keep 
heir animals in small numbers and already comply with the conditions of the schemes.
hose who keep the modern Angler are also willing to join an EDB scheme at low costs.
necdotal evidence from the survey suggests that these farmers do not consider their breed
arginalized or threatened. That said, a ban of slatted floors or the requirement to devolve
airing decisions to a breeding organization is considered costly obligations requiring finan- 
ial compensation for many farmers, especially those who would have to invest in alternative
ooring systems. 
The estimated supply curves suggest that a compensation payment of approximately €250 

er LU and year would suffice to entice all farmers into the entry-level scheme, whereas circa
375 would have to be offered to achieve the same outcome for the higher-level scheme.
hese payment rates, however, would result in vast overcompensation of farmers who 
ould conserve their breeds on their own account. A minimum value of €167 per LU was
alculated by Wainwright et al. (2019) reflecting a starting value that is needed for bovine
armer participation in the contractual scheme relative to a baseline contract. A shorter
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ontract length, scheme application support only, and an individually managed conserva- 
ion breeding programme characterize the baseline contract. 
Some important policy conclusions can be drawn from the analysis. First, the large share 

f farmers with negative WTA estimates raises the question of whether governments should 
ffer EDB conservation schemes in the first place. Our analysis suggests that compensation 
ayments would represent a windfall profit for the majority of farmers, particularly Angler 
reeders. One way to enhance the cost-effectiveness would be to target a potential EDB 

cheme on Shorthorn and German Black Pied breeders who, according to our analysis,
re more likely to require financial support than farmers keeping the other breeds. This 
pproach may, however, raise equity concerns. Moreover, the samples of farmers keeping 
hese two breeds include very few observations. It would be useful to expand the survey to 
btain even more valid results. 
If governments choose to offer EDB conservation schemes, these should involve short- 

erms contracts. Both the RPL model and the LCM have unanimously shown that longer- 
erm contracts are detrimental to farmers’ willingness to join. Second, the conservation con- 
racts should not stipulate a ban on slatted floors. If this requirement is part of a contract,
 much higher compensation must be offered to offset the negative effect on participation.
hird, we recommend not to demand in a contract that pairing decisions be devolved to a 
reeding organization. Apparently, breeders place a high value on their free choice of the 
ight pairing partner. A final recommendation relates to the collective bonus, which is not 
art of any of the EDB conservation programmes currently offered in Germany. Unlike an 
nnual compensation paid to individual farmers, a collective bonus has the potential to 
hange social norms concerning endangered breed conservation and might initiate group 
ynamics towards increasing the whole population of the specific breed. Some farmers who 
re generally more likely to accept a contract seem to be willing to take the risk of not 
chieving the goal of 5 per cent population growth and receiving no bonus. We recommend 
hat such a ‘success bonus’ be included in one of the existing schemes in order to test its
ffectiveness in the field. 
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he data that support the findings of this study are available on request from the correspond-
ng author, J.A.S. The data are not publicly available due to their containing information
hat could compromise the privacy of research participants. 

nd Notes 

 According to the FAO report (2015 ), the term ‘at risk’ refers to a breed classified as either critical,
critical maintained, endangered, or endangered-maintained. Menger and Hamm (2021) mention that 
often these breeds are also referred to as old, local, rare, or heritage breeds.

 Originally, the survey aimed at collecting data from breeders of red breeds only. Due to a very small
population in Germany, we decided to broaden our study and included breeders of Shorthorn, German
Black Pied, Old Angler Cattle, Angler Cattle, Yellow Cattle, and Red Dual Purpose Cattle into our data
sample.

 Following Train and Weeks (2005) , the stochastic part εn j is assumed to be an extreme value distributed
with scale σn (normalized to 1).

ppendix 
able A1. Summary statistics ( N = 159). 

ariable Mean (SD) Explanation 

ge 47 (0.99) Farmer’s age 
uccessor 46% (50%) Dummy: 1 = succession is secured 
arm business 87% (34%) Dummy: 1 = farm business is the main occupation 
gricultural training 9% (29%) Dummy: 1 = farmer has completed basic agricultural 

training 
tate-certified farm 

manager 
57% (50%) Dummy: 1 = farmer has completed a state-certified 

training in agriculture 
echnical college or 
university 

21% (41%) Dummy: 1 = farmer has a degree from a technical 
college or university 

on-agricultural 
vocational training or 
study programme 

11% (32%) Dummy: 1 = farmer has completed a non-agricultural 
vocational training or study programme 

arm acreage 63 (53) Hectares of arable land on farm 

asture 58 (126) Hectares of pasture land on farm 

airy cows 84 (45) Number of dairy cows on farm 

uckler cows 29 (30) Number of suckler cows on farm 

attle fattening 47 (62) Number of fattening cattle on farm 

ndangered cattle breeds 99% (8%) Dummy: 1 = endangered cattle breeds are kept on the 
farm 

84 (85) Average number of livestock units (LU) on farm 

13.446 Heads of endangered cattle in sum 

pecific breeds ‘Which breeds do you keep?’ 
7.5% (26%) Dummy: 1 = Shorthorn 
11% (31%) Dummy: 1 = German Black Pied 
3.7% (19%) Dummy: 1 = Old Angler Cattle 
8.7% (28%) Dummy: 1 = Yellow Cattle 
39% (49%) Dummy: 1 = Angler 
27% (44%) Dummy: 1 = Red Dual-Purpose Cattle 

traw 31% (46%) Dummy: 1 = animals are kept on straw 

artly slatted floor 41% (49%) Dummy: 1 = animals are kept on partly slatted floor 
latted floor 11% (31%) Dummy: 1 = animals are kept on slatted floors 
ccess to free-range area 183 (47) Number of days per year 

p.com
/qopen/article/4/2/qoae025/7816392 by U

B Kiel user on 09 July 2026
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Table A1. Continued 

Variable Mean (SD) Explanation 

Organic farm 21% (41%) Dummy: 1 = organic farm 

Direct marketing 19% (40%) Dummy: 1 = farmer engages in direct marketing 
Participation in EDB 
conservation 
programmes 

20% (40%) Dummy: 1 = farmer already receives financial support 
for rare cattle breeds and thus has experience with 
conservation programmes. 

Agri-environmental 
schemes (AES) 

30% (46%) Dummy: 1 = participation in AES 

Grazing 27% (44%) Dummy: 1 = cattle is grazed on conservation area 
Cross-compliance or other 
audits 

2 (1.4) Number of audits during the last 5 years 

Bothering 3.2 (1.4) 
1 + 2: 33% 

4 + 5: 50% 

‘Do you feel bothered by these audits?’ Likert scale: 1 = 

yes; 2 = rather yes; 3 = neutral; 4: rather no; 5 = no 

Idealistic vs economic 3.0 (1.1) 
1 + 2: 
37.5% 

4 + 5: 40% 

‘Are you keeping endangered cattle for idealistic or 
economic reasons?’ Likert scale: 1 = economic 
reasons; 2 = rather economic reasons; 3 = neutral; 
4: rather idealistic reasons; 5 = idealistic reasons 

Other endangered species 14% (34%) ‘Are you keeping other endangered species than cattle 
on your farm?’ 
Dummy: 1 = yes 

Other financial support 20% (40%) ‘Do you receive other financial support (e.g. investment 
aid) for keeping endangered cattle breeds on your 
farm?’ 
Dummy: 1 = yes 

Table A2. Basic model with only attribute variables. 

RPL model; N = 159 
Log-likelihood: −811.83807; 
pseudo- R2 : 0.273 

Coefficient (standard 
error of α or β) 

WTA [ €/LU/year] 
(95%confidence 

interval) 

Attributes of EDB conservation programme x 
Compensation payment 0.008*** (0.002) –
Bonus in €/LU/year 0.007*** (0.003) −0.9 ( −1.83; −0.00) 
Conservation breeding programme −0.561** (0.265) 71 ( −11; 154) 
Access to free-range area or pasture 0.931*** (0.150) −118 ( −190; − 45) 
Access to free-range area or pasture 
+ prohibition of slatted floors 

−2.214*** (0.242) 281 (121; 343) 

Contract duration = 1 year 0.221 (0.158) −28 ( −78; 22) 
Contract duration = 5 years 0.594*** (0.197) −76 ( −157; 6) 
Contract duration = 10 years −1.229*** (0.237) 156 (78; 235) 

** P < 0.05; *** P < 0.01. 

Table A3. Number of segments and Bayesian information criterion (BIC). 

Number of segments 2 3 4 5 

BIC 1,940.6 1,874.3 1,905.2 1,953.4 

Note : We used BIC as the optimal number of segments, since AIC is known to be excessively lenient to additional 
parameters. 
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ojkovski D., Simčič M. and Kompan D. (2015) ‘Supports for Local Breeds in the European Region—an
Overview’, Poljoprivreda, 21: 150597.

ougherara D. and Ducos G. (2006) ‘Farmers’ Preferences over Conservation Contract Flexibility and 
Duration: an Estimation of the Effect of Transaction Costs Using Choice Experiment’, 1. Journée de
’European School on New Institutional Economics (l’ESNIE). Paris, France, p. 26.

oxall P. C. and Adamowicz W. L., (2002) ‘Understanding Heterogeneous Preferences in Random Utility
Models: A Latent Class Approach’, Environmental and Resource Economics , 23: 421–46. 

roch S. W. and Vedel S. E., (2012) ‘Using Choice Experiments to Investigate the Policy Relevance of
Heterogeneity in Farmer Agri-environmental Contract Preferences’, Environmental and Resource Eco- 
nomics , 51: 561–81. 

urton M. et al. (2001) ‘Consumer Attitudes to Genetically Modified Organisms in Food in the UK’,
European Review of Agriculture Economics , 28: 479–98. 

urton R. J., Kuczera C. and Schwarz G. (2008) ‘Exploring Farmers’ Cultural Resistance to Voluntary
Agri-environmental Schemes’, Sociologia Ruralis , 48: 16–37. 

hristensen T. et al. (2011) ‘Determinants of Farmers’ willingness to Participate in Subsidy Schemes for
Pesticide-Free Buffer Zones—A Choice Experiment Study’, Ecological Economics , 70: 1558–64.

icia G., D’Ercole E. and Marino D. (2003) ‘Costs and Benefits of Preserving Farm Animal Genetic Re-
sources from Extinction: CVM and Bio-economic Model for Valuing a Conservation Programme for
the Italian Pentro Horse’, Ecological Economics , 45: 445–59.

onvention on Biological Diversity (1992) CBD. Montreal, Canada, Secretariat of the Convention on
Biological Diversity . < https://www.cbd.int/> accessed Novem 2024 

alconer K. (2000) ‘Farm-Level Constraints on Agri-environmental Scheme Participation: A Transactional 
Perspective’, Journal of Rural Studies , 16: 379–94. 

laten O. et al. (2010) ‘Norwegian Farmers Ceasing Certified Organic Production: Characteristics and 
Reasons’, Journal of Environmental Management , 91: 2717–26.

ood and Agriculture Organization of the United Nations (2015) ‘The Second Report on the State of the
World’s Animal Genetic Resources for Food and Agriculture’. In: Scherf, B. D., Pilling (eds), D. FAO
Commission on Genetic Resources for Food and Agriculture Assessments . Rome: FAO.

andini G. et al. (2012) ‘Farmer’s views and values to focus on cattle conservation policies: the case of
eight European countries’, Journal of Animal Breeding and Genetics , 129: 427–35.

asson R. (1973) ‘Goals and Values of Farmers’, Journal of Agricultural Economics , 24: 521–42.
ollin D. and Evenson R. (2003) ‘Valuing Animal Genetic Resources: Lessons from Plant Genetic Re-
sources’, Ecological Economics , 45: 353–63.

anemann W. M. (1984) ‘Welfare evaluations in contingent valuation experiments with discrete re- 
sponses’, Am. J. Agric. Econ., 66: 332–41.

anley N., Mourato S. and Wright R. E. (2001) ‘Choice Modelling Approaches: A Superior Alternative
for Environmental Valuation?’, Journal of Economic Surveys , 15: 435–62.

offman I. (2010) ‘Climate Change and the Characterization, Breeding and Conservation of Animal Ge-
netic Resources’, Animal Genetics , 41: 32–46.

https://www.bmel.de/DE/themen/tiere/nutztiere/tierzucht/nutztiere-tiergenetische-ressourcen.html
https://www.bmel-statistik.de/landwirtschaft/tierhaltung/rinderhaltung
https://hrcak.srce.hr/poljoprivreda
https://www.cbd.int/


22 Julia Anette Schreiner and Uwe Latacz-Lohmann

H

J

J

K

K

K

L

L

L

M

M

M  

M

M

N

O

P
 

P  

P

R

R  

R

R

S

S

D
ow

nloaded from
 https://academ

ic.oup.com
/qopen/article/4/2/qoae025/7816392 by U

B Kiel user on 09 July 2026
ole A. R. (2007) ‘A Comparison of Approaches to Estimating Confidence Intervals for Willingness to 
Pay Measures’, Health Economics , 16: 827–40.

abbar M. A. and Diedhiou M. L. (2003) ‘Does Breed Matter to Cattle Farmers and Buyers?’, Ecological 
Economics , 45: 461–72.

oormann I. and Schmidt T. G. (2017) FRANZ-Studie–Hindernisse und Perspektiven für Mehr Biodiver- 
sität in der Agrarlandschaft . Braunschweig: Johann Heinrich von Thünen-Institut.

opnina H. et al. (2018) ‘Anthropocentrism: More than Just a Misunderstood Problem’, Journal of Agri- 
cultural and Environmental Ethics , 31: 109–27.

uhfeld W. F., Tobias R. D. and Garratt M. (1994) ‘Efficient Experimental Design with Marketing Research 
Applications’, Journal of Marketing Research , 31: 545–57. 

uhfuss L. et al. (2016) ‘Nudging Farmers to Sign Agri-environmental Contracts: The Role of a Collective 
Bonus’, European Review of Agricultural Economics , 43: 609–36.

atacz-Lohmann U. and Breustedt G., (2019) ‘Using Choice Experiments to Improve the Design of Agri- 
environmental Schemes’, European Review of Agricultural Economics , 46: 495–528.

atacz-Lohmann U. and Schreiner J. A. (2019) ‘Assessing Consumer and Producer Preferences for 
Animal Welfare Using a Common Elicitation Format’, Journal of Agricultural Economics , 70: 
293–315.

auvie A. et al. (2011) ‘Diversity of Rare Breed Management Programs: between Conservation and De- 
velopment’, Livestock Science , 140: 161–70. 
assfeller A., Meraner M., Hüttel S. and Uehleke U. (2022) ‘Farmers’ acceptance of results-based agri- 
environmental schemes: A German perspective’, Land Use Policy , 120: 106281.
artin-Collado D. et al. (2014) ‘Determination of Non-market Values to Inform Conservation Strategies 
for the Threatened Alistana-Sanabresa Cattle Breed’, Animal , 8: 1373–81. 
cFadden D. (1974) ‘Conditional Logit Analysis of Qualitative Choice behavior’. In: Zarembka,
P. (ed.) Conditional Logit Analysis of Qualitative Choice Behavior , pp. 105–42. New York: 
Academic Press.
eas T. et al. (2015). ‘Substitutes or Complements? Consumer Preference for Local and Organic Food 
Attributes’, American Journal of Agricultural Economics , 97: 1044–71. 
enger A. K. and Hamm U. (2021) ‘Consumers’ Knowledge and Perceptions of Endangered Livestock 
Breeds: How Wording Influences Conservation Efforts’, Ecological Economics , 188: 107117. 

otter D. R. (1999) ‘The Importance of Genetic Diversity in Livestock Populations of the Future’, Journal 
of Animal Science , 77: 61–69.

uma E., Abdulai A. and Drucker A. (2007) ‘Measuring Heterogeneous Preferences for Cattle Traits 
among Cattle-Keeping Households in East Africa’, American Journal of Agricultural Economics , 89: 
1005–19.

acifico D. and Yoo, H. I. (2012) ‘lclogit: A stata Module for Estimating a Mixed Logit Model with 
Discrete Mixing Distribution via the Expectation Maximization Algorithm’, Working Papers No. 17,
Ministry of Economy and Finance, Department of the Treasury, Rome, Italy.

iccolo J. (2017) ‘Intrinsic Values in Nature: Objective Good or Simply Half of an Unhelpful Dichotomy?’,
Journal for Nature Conservation , 37: 8–11.

illing D. and Hoffman I. (2011). ‘Climate Change and Animal Genetic Resources for Food and Agricul- 
ture: State of Knowledge, Risks and Opportunities’, Background Study Paper No. 53. Rome: Commis- 
sion on Genetic Resources for Food and Agriculture.

ege J. E. O. and Gibson J. P. (2003) ‘Animal Genetic Resources and Economic Development: Issues in 
Relation to Economic Valuation’, Ecological Economics , 45: 319–30. 

eimer A. P. and Prokopy L. S. (2014). ‘Farmer Participation in U.S. Farm Bill Conservation Programs’,
Environmental Management , 53: 318–32.

oosen J., Fadlaoui A. and Bertaglia M. (2005) ‘Economic Evaluation for Conservation of Farm Animal 
Genetic Resources’, Journal of Animal Breeding and Genetics , 122: 217–28.

uto E. and Garrod G. (2009) ‘Investigating Farmers’ preferences for the Design of Agri-environment 
Schemes: a Choice Experiment Approach’, Journal of Environmental Planning and Management , 52: 
631–47.

chreiner J. A. and Hess S. (2017) ‘The Role of Non-Use Values in Dairy Farmers’ Willingness to Accept 
a Farm Animal Welfare Programme’, Journal of Agricultural Economics , 68: 553–78.

yrengelas K. G. et al. (2018). ‘Is the Natural Label Misleading? Examining Consumer Preferences for 
Natural Beef’, Applied Economic Perspectives and Policy , 40: 445–60.



Saving the breeds 23

T  

T  

T  

 

T  

V
 

W  

Z  

©
E
C
w
o
r

D
ow

nloaded from
 https://academ

ic.oup.com
/qopen/article/4/2/qoae025/7816392 by U

B Kiel user on 09 July 2026
ano K., Kamuanga M., Faminow M. D. and Swallow B. (2003) ‘Using conjoint analysis to estimate
farmer’s preferences for cattle traits in West Africa’, Ecological Economics , 45: 393–407 

rain K. E. (2009) Discrete Choice Methods with Simulation , 2nd ed. New York: Cambridge University
Press.

rain K. E. and Weeks M. (2005) ‘Discrete Choice Models in Preference Space and Willingness-to-Pay
Space’, In: Scarpa, R., Anna, A. (eds) Applications of Simulation Methods in Environmental and Re-
source Economics . Berlin: Springer Dordrecht.

ubiello F. et al. (2008) ‘Climate Change Response Strategies for Agriculture: Challenges and Oppor-
tunities for the 21st Century’, Agriculture and Rural Development Discussion Paper 42. < https:
//www.fao.org/fileadmin/templates/em2009/docs/World_Bank__2008c_.pdf> 

arela E. and Kallas Z., (2022) ‘Extensive Mediterranean Agroecosystems and Their Linked Traditional 
Breeds: Societal Demand for the Conservation of the Majorcan Black Pig’, Land Use Policy , 112:
105848.

ainwright W. et al. (2019) ‘Conservation Contracts for Supplying Farm Animal Genetic Resources
(FAnGR) Conservation Services in Romania’, Livestock Science , 224: 1–9.

ander K. K. and Drucker A. G., (2008) ‘Conserving What’s Important: Using Choice Model Scenarios
to Value Local Cattle Breeds in East Africa’, Ecological Economics , 68: 34–45.
The Author(s) 2024. Published by Oxford University in association with European Agricultural and Applied 
conomics Publications Foundation. This is an Open Access article distributed under the terms of the Creative 
ommons Attribution-NonCommercial-NoDerivs licence ( https://creativecommons.org/licenses/by-nc-nd/4.0/), 
hich permits non-commercial reproduction and distribution of the work, in any medium, provided the 
riginal work is not altered or transformed in any way, and that the work is properly cited. For commercial 
e-use, please contact journals.permissions@oup.com

https://www.fao.org/fileadmin/templates/em2009/docs/World_Bank__2008c_.pdf
https://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:journals.permissions@oup.com

	1 Introduction
	2 Literature and hypotheses
	2.1 Level of compensation
	2.2 Cost of participation
	2.3 Contract duration
	2.4 Educational attainment and experience with EDB conservation schemes or AES
	2.5 Farmer’s age
	2.6 Direct marketing of products from EDBs
	2.7 Ideology and emotions

	3 Materials and methods
	3.1 Experimental design
	3.2 Econometric estimation

	4 Results
	4.1 Descriptive statistics, determinants of participation, and WTA estimates
	4.2 Exploring preference heterogeneity
	4.3 Supply curves for distinct EDB conservation programmes

	5 Discussion and conclusion
	Funding
	Conflict of interest
	Author contributions 
	Data availability 
	End Notes
	Appendix
	References

