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Abstract: Extensive livestock grazing has proved to be a valuable tool to reduce wildfire risk in
Mediterranean landscapes. Meat from herds providing wildfire prevention services exhibit sustain-
ability traits that can appeal to ethical consumers and find a suitable niche in local markets. This
study assesses the preferences of a consumer sample in the province of Girona (north-eastern Spain)
for different lamb meat labeling options from herds providing wildfire prevention services. The aim
is to disentangle consumer profiles, providing evidence for improved product labeling. This may
increase the added value and the viability of small farms providing this service. Employing a latent
class modeling approach, we explore how meat consumption patterns and socioeconomic features
may contribute to explain preferences for different meat labeling options. Our results have identi-
fied three consumer profiles: traditional rural consumers relying on trust with producers, younger
consumers more akin to new labeling schemes, and urban consumers that support local butchers
as a trusted information source. Different labeling mechanisms may work in a complementary way
to arrive to different audiences of potential consumers. Geographical indication labels can serve as
a good departure point, complemented with information cues on environmental factors related to
wildfire protection.

Keywords: lamb consumption; lamb labeling; local production; credence attributes; land abandonment;
wildfire risk reduction; latent-class analysis

1. Introduction

Wildfires represent one of the most prominent risks for Mediterranean landscapes,
and they are expected to be aggravated with climate change and increased climatic arid-
ity [1]. Progressive abandonment of marginal agricultural lands triggered a loss of mosaic
landscapes, increasing homogenization due to spontaneous vegetation expansion [2]. This
change in landscape structure made it easier for wildland fires to spread and damage forest
ecosystems, infrastructures and human lives [3].

An increasing consensus arises among practitioners and researchers alike, agreeing
that social-ecological transformation in our patterns of land use, settlement, energy supply,
and ultimately, social values is urgently needed to tackle the increasingly severe wildfire
events [4–6]. Accordingly, orienting management to favor fire-resilient landscapes by
enhancing value chains that stimulate active forest management for the provision of goods
and services beyond wood is increasingly advocated [7,8].

In this context, integrating extensive grazing for the purpose of biomass reduction
and fire prevention emerges as an alternative to increase the resilience of Mediterranean
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forests to wildfires where livestock can reduce biomass and vegetation undergrowth [9,10].
Several initiatives are sprouting in southern Europe incorporating extensive livestock graz-
ing to fire prevention activities based on existing evidence of how adequately managed
herds practicing targeted forest biomass reduction can contribute to wildfire prevention
while reducing the high costs of mechanical treatments [11]. Livestock grazing as a sus-
tainable management strategy in fire-prone ecosystems has also been tested beyond the
Mediterranean basin such as semi-natural heathland habitats in Atlantic Europe frequently
affected by wildfires [12]. In the US, examples abound where targeted grazing could reduce
the potential cost of fighting fires [13], breaking up continuous fuels, reducing rangeland
fuels, and suppressing brush encroachment [14]. Furthermore, the interactive effects of
grazing and fire to restore native grassland species are shown where fire can promote native
forb recovery but grazing is necessary to maintain restoration outcomes [15]. Moderate
livestock grazing decreases the risk of wildfires in semi-arid and arid rangelands [16,17],
supporting the incorporation of herbivory into fuel management practices in areas of high
herbaceous productivity to increase the effectiveness of fuel treatments [18]. Examples are
also found in East African environments where the interaction of fire and cattle prevents the
degradation of ericaceous communities [19]. Extensive livestock farming systems, beyond
their potential contribution to wildfire prevention, are the principal form of management
of high natural value farmland in Europe [20]. However, market forces and technological
innovation have led these systems towards either intensification or abandonment path-
ways [21]. Labor is a critical factor for the sustainability of livestock systems, especially
in the case of small ruminant farming [22], due to its high opportunity cost compared
with other activities, and it may trigger the shift towards less labor-demanding species,
increasing pluri-activity, operation size in order to pursue economies of scale [23–25]
or ultimately, abandonment of the activity. Rendering these extensive farming systems
viable may require a mix of farming conservation policies to compensate farmers for the pos-
itive externalities they provide while simultaneously increasing farm profitability through
added-value products [26]. The latter is especially relevant for lamb since the current trend
to reduce meat consumption [27] is especially affecting it, being gradually replaced by meat
from other species [28]. Since lamb is a high-value product exposed to a highly competitive
market [29], product differentiation has become a key element in ensuring the viability of
production [28]. The increasingly greater value that consumers place on health or ethical
factors related to the production process, and extrinsic factors such as origin or production
method, may constitute an opportunity to develop new products aimed at certain consumer
segments that will allow producers to optimize profits [27,28,30]. Meat from extensive
livestock herds linked to the provision of wildfire prevention services exhibit sustainability
traits that can appeal to ethical consumer profiles and hence may find a suitable niche in
the market for these products in a context of increasing consumer awareness for sustain-
ability dimensions. However, appropriate labeling and differentiation are needed so that
consumers trust the certifying agent or system as credence attributes of lamb.

The Fireflocks project (Ramats de Foc) aims to create fire-resilient landscapes through
innovative support for extensive livestock farming. The project started its activity in 2016 in
three pilot sites in the province of Girona (Catalonia, northeastern Spain). Shepherd-guided
herds graze the understory of forests and shrublands to reduce fuel load, and to create open
spaces in and between forested areas. Grazing takes place in strategic areas identified by
firefighting services as key for firefighters to operate safely and more effectively in wildfire
suppression. Importantly, the project also aims to improve the financial viability of the
small farms that provide this service by increasing the added value of their products and
hence the income received by these farms. Fireflocks takes a step forward through labeling
and promoting meat and dairy products from these farms. The project has developed
a certification scheme for products sourced from the Fireflocks project. The scheme is
accompanied with a communication campaign (website, promotional video and postcards),
to motivate citizens to consume Fireflocks products, while building knowledge of the
advantages of shepherding for fire control.
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This study assessed consumer preferences for labeling lamb meat heralding from
extensive herds providing wildfire prevention services through a sample of consumers in
the region of Girona (Catalonia, north-eastern Spain). To our knowledge, this is the first
study of its kind that aims to cover a gap in the research regarding consumer preferences
for products stemming from production systems that provide wildfire prevention services
as a positive externality benefitting society. The hypotheses underpinning this study were
that heterogeneity among consumers may exist with respect to the preferred labeling and
marketing channel to identify meat products from extensive livestock farming systems that
provide wildfire prevention services. Furthermore, we hypothesized that these differences
may relate to variables such as age or rural/urban place of residence of consumers.

Employing a latent class modeling approach, we explored how meat consumption
patterns and socioeconomic features of a consumer sample may contribute to explain their
preferences for the different labeling options offered. The ultimate goal is to disentangle
consumer profiles, providing evidence for decision-making processes towards improved
marketing and labeling of these products that may add value to the producers and ulti-
mately, increase the future viability of these small farms by providing a key landscape
protection service. Our results indicate that three consumer profiles can be disentangled
according to the labeling preferences for different lamb meat. These profiles range from
traditional rural consumer profiles that rely on a trusting relationship with producers,
urban consumers who place trust in local butcheries, and younger profiles more akin to
new types of labeling schemes.

Previous studies on consumers’ preferences for lamb meat attributes have importantly
focused on the origin, indicating a general preference for local origin [28,29,31] that may
vary depending on the frequency of consumption [28], and also on the size of the mu-
nicipalities where consumers live [30]. Attributes related to production systems, such as
organic production, have also been assessed and found to be related to the frequency of
consumption, with occasional consumers being more concerned towards organic meat [28].
However, the explicit consideration of production systems and their influence in consumer
preferences has been scarcely addressed [32,33], frequently considering pasture grazing as
a proxy for animal welfare [34]. These studies show that consumers prefer mountain to
lowland pasture systems [32], and outdoor pig feeding based on acorns and pasture [33],
respectively. The novelty of our work resides on assessing consumer preferences for la-
beling an extensive production system that, beyond lamb meat, provides specific wildfire
prevention services and addresses consumer preferences for one of the positive externalities
(i.e., wildfire prevention) of extensive livestock production systems. The paper is organized
as follows: The next section presents the study area, data collection process and modeling
approach followed. Section 3 presents the results of consumer survey conducted while
Section 4 discusses these results and compares our findings with those of previous studies.
Section 5 concludes the paper.

2. Materials and Methods
2.1. Study Area and Data Collection

The assessment was carried out in three municipalities in the province of Girona
(Catalonia, Spain) (see Figure 1) where the Fireflocks project sites and the labeling initiative
for meat and dairy products from herds contributing to wildfire risk prevention was taking
place. We selected three different municipalities with big, medium and small size to en-
compass the heterogeneity in consumer preferences that may arise from contrasting urban
and rural towns. The city of Girona is the capital of the province (101,932 inhabitants),
while Torroella is a big town (12,023 inhabitants) and La Bisbal is a small village (11,190 in-
habitants) [35]. The survey was conducted in the study area before commercializing meat
products with the project label as a pilot test.
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Data collection was undertaken face-to-face by anonymous participants in public
places such as markets or public squares in March and April 2017. A total of 20% of the
approached consumers agreed to answer and complete the questionnaire, leading to a final
sample of 304 respondents.

2.2. Survey Design

The consumer questionnaire included 11 questions, divided into four sections. In the
first section, we assessed the respondents’ socio-demographic characteristics (e.g., age, gen-
der, occupation and origin, i.e., place they were raised). In the second section, respondents
were asked to describe their meat consumption habits (frequency of consumption and
type of meat consumed). In the third section, the questionnaire explored the attitudes of
consumers towards meat from extensive reared livestock using three statements that were
evaluated on a 4-point Likert scale (1—Totally disagree, 4—Totally agree). The statements
described meat products from extensive grazing herds as: (i) of superior quality and more
expensive, (ii) of stronger odor, taste and texture, and (iii) local and more trustworthy.

In the fourth section, we explored aspects related to labeling options. Food labels
represent a marketing tool that may influence consumers’ perception of food quality [36].
Traceability and linked trust provided by appropriate labeling is directly linked to the pro-
duction process [34], and while it does not reduce the asymmetry of information between
production and consumption, it becomes a necessary condition for controlling unobserved
attributes [34]. A central topic of our survey was thus understanding the preference of con-
sumers for different options to label the Fireflocks meat products. Sustainability attributes
such as extensive production system or wildfire prevention services can be communicated
in a variety of ways, which include product packaging claims and labeling, corporate
websites, as well as point-of-purchase information as the most important channels for
communicating sustainability attributes [37–39]. Hence, these respondents that provided
a positive answer to their willingness to purchase extensive livestock meat from herds
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contributing to wildfire prevention were asked to select the option they would best trust to
certify this origin of the meat. They were provided with four options: i. through a trusted
butcher, ii. through a logo approved by firefighters, iii. consulting a website demonstrating
the extensive grazing system, and iv. through a trusted local shepherd.

2.3. Data Analysis

Our aim was to identify different profiles of consumers based on their preferences for
meat produced in extensive grazing systems, and the relationship of their socioeconomic
features and consumption patterns with different types of hypothetical product certificates.
For such an endeavor, we adopted a latent class analysis (LCA) approach [40].

LCA is a statistical tool widely applied in social studies to identify unobserved seg-
ments or subgroups (i.e., latent classes) within heterogeneous populations. LCA assigns
the cases to segments or subgroups considering probabilistic definition of distance, which
allows model selection and optimization based on rigorous statistical tests [41].

Considering a single nominal latent variable x, T response variables yit (indicators).
that in our case are nominal and ordinal, an example of an LC model with three categorical
indicators (T = 3) is (Equation (1)):

P(yi1 = m1, yi2 = m2, yi3 = m3) =
K

∑
x=1

P(x)
3

∏
t=1

P(yit = mt|x) (1)

where
3

∏
t=1

P(yit = mt|x) = P(yi1 = m1|x)P(yi2 = m2|x)P(yi3 = m3|x) (2)

This probability structure (Equation (2)) shows that the indicators yi1, yi2, yi3 are
assumed to be mutually independent given that one belongs to a certain latent class (local
independence assumption).

The conditional response probabilities, i.e., the probability of giving response m given
x, P(yit = m|x) (Equation (3)) are parameterized as follows:

P(yit = m|x) =
exp

(
ηt

m|x

)
∑Mt

m′=1 exp
(

ηt
m|x

) (3)

With ηt
m|x denoting the linear term (Equation (4)) and yielding a multinomial

logistic regression:
ηt

m|x = βt
m0 + βt

mx0. (4)

R numeric or nominal external variables named as covariates zir
cov can be included in

the previous model to predict class membership of the sampled individuals. Considering
the previous model of three categorical indicators and two covariates (zi1

cov, zi2
cov) that

affect x and are used to predict class membership, the LC model is (Equation (5)):

P(yi1 = m1, yi2 = m2, yi3 = m3|zcov
i1 , zcov

i2 ) =
K

∑
x=1

P(x|zcov
i1 , zcov

i2 )
3

∏
t=1

P(yit = mt|x) (5)

As indicated by the previous equation, the distribution of x is dependent on zi1
cov and

zi2
cov, i.e., the indicators are assumed to be independent of the covariates given the latent

variable x.
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The probability P(x|zcov
i1 , zcov

i2 ) is restricted by means of a multinomial logistic regres-
sion model (Equation (6)) to exclude higher-order interaction terms to be able to deal with
ordinal and categorical covariates, yielding:

P(x|zcov
i1 , zcov

i2 ) =
exp

(
ηx|zi1,zi2

)
∑K

x′=1 exp
(

ηx′ |zi1,zi2

) (6)

With (Equation (7)):

ηx|zi1,zi2 = γx0 + γx1zi1 + γx2zi2 (7)

3. Results

The final sample of 304 consumers was distributed in the three municipalities men-
tioned, with 44% of the sample belonging to the city of Girona, 34% to the town of Torroella
(Big town), and 22% collected in La Bisbal (Small town) (Figure 2). From the total sample,
55% were females whereas in terms of age groups, the sample distributed in 32.9% of indi-
viduals below 35 years old, 32.6% between 36 and 45 years, and 34.5% above 45 years old.
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Following the standard procedure, in order to determine the best number of segments
in the LCA model, we estimated models ranging from two to six profiles. The three-class
model (see Table 1) provided the best equilibrium between parsimony, information criteria
on the one hand, and plausibility of the results on the other.

Class 1 was tagged as the rural shepherd confider group, comprising 43% of the sam-
pled respondents. It was composed of consumers who would prefer meat-based products
from herds providing wildfire prevention services being certified by known and trusted
shepherds, while rejecting web-based certificates. Respondents in this group showed
weekly lamb consumption patterns, while consumers who never or rarely consume lamb
were less likely to belong to this group. Respondents in this group showed high agreement
with identifying pasture-based systems as local and more trustworthy. Older respondents
living in small towns were more likely to belong to this group while the opposite applied
for city dwellers. We named this group as the rural shepherd confider group.

Class 2 was named as the 3rd party certifier group and it contained 30% of the sample.
Respondents in this group preferred options to certify meat-based products contributing
to wildfire prevention through either web-based information or the firefighting service.
Consumers showing an infrequent consumption of lamb were more likely to belong to this
group while the opposite applies to weekly lamb consumers. Respondents in this group
were more likely to disagree with the local and more trustworthy consideration of grazing
meat production systems. Older respondents were less likely to belong to this group.
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Table 1. Estimates of the latent class model (3 segments).

Cluster 1—Rural
Shepherd Confiders

Cluster 2—3rd Party
Certifiers

Cluster 3—Urban
Butcher Buyers

Overall
Wald

Overall
p-ValueCluster Size 0.43 0.30 0.27

Parameter
(s.e.) z-Value Parameter

(s.e.) z-Value Parameter
(s.e.) z-Value

Certificate 32.352 0.000

Wildfire fighters −0.469
(0.338) −1.386 1.104

(0.483) 2.285 −0.6358
(0.350) −1.816

Local butcher 0.170
(0.667) 0.255 −1.313

(1.183) −1.110 1.143
(0.609) 1.878

Website −1.094
(0.566) −1.935 0.988

(0.561) 1.761 0.107
(0.407) 0.263

Trusted shepherd 1.393
(0.391) 3.566 −0.779

(0.653) −1.194 −0.614
(0.49) −1.250

Lamb consumption 17.364 0.002

Never/infrequent −1.559
(0.535) −2.916 0.628

(0.338) 1.858 0.9312
(0.326) 2.859

Monthly 0.326
(0.299) 1.089 0.006

(0.212) 0.030 −0.3322
(0.237) −1.400

Weekly 1.234
(0.321) 3.839 −0.635

(0.322) −1.972 −0.599
(0.317) −1.890

Local and more
trustful

0.807
(0.208) 3.879 −0.497

(0.179) −2.775 −0.31
(0.165) −1.874 15.178 0.001

COVARIATES

Age 0.3318
(0.198) 1.677 −1.257

(0.347) −3.622 0.925
(0.262) 3.535 14.061 0.001

Residency 15.232 0.004

City −0.815
(0.245) −3.331 −0.418

(0.311) −1.345 1.233
(0.413) 2.983

Big town 0.063
(0.252) 0.250 0.181

(0.340) 0.532 −0.244
(0.483) −0.505

Small town 0.752
(0.377) 1.996 0.237

(0.436) 0.543 −0.989
(0.713) −1.387

Model performance criteria

LL −942.36 BIC 2044.78 AIC 1940.71 AIC3 1968.71

Finally, Class 3 was tagged as the urban butcher buyer group, gathering 27% of the
sample where support was shown toward butchers as the main channel to receive informa-
tion on the production system, while demonstrating rejection to firefighter certifications.
This group showed infrequent lamb consumption patterns and disagreement with the
“local and more trustworthy” statement linked to grazing herds. Older and city dwellers
were more likely to belong to this group.

4. Discussion

This study presents the results of a segmentation of consumers according to their
preferences for labeling extensively raised meat products from herds providing wildfire
prevention services. Meat products from these systems may be able to satisfy increasing
societal demands for sustainably produced food. The assessment of labeling options that
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range from traditional to more innovative approaches together with its focus on meat
products providing environmental services constitute the main novelties of this study.

4.1. Consumer Profiles and Insights on Labeling Options

The segmentation of consumers according to their labeling preferences, consumption
patterns and social features unveiled the heterogeneity of consumers’ demand, showing
that there is a variety of preferences among consumers to verify and receive informa-
tion on meat from extensive farming systems that provide wildfire protection services.
While the small-town dwellers closer to these resources supported shepherds as certify-
ing agents, the city dwellers preferred local butchers as a trusted source of information,
similar to other works that highlight the preference for small retailers as a variable for
consumer segmentation [42].

The results obtained confirmed the project hypothesis that butcheries still play an
essential role in the commercialization of value-added products. Maintaining these local
markets is therefore essential to the lamb value chain. This outcome supports the approach
adopted by the Fireflocks project where the participation of the butchers’ guild in Girona
as partners was considered as crucial already at the project inception phase. Our results
also show that innovative communication channels (i.e., websites) can be considered to
build trust from consumers as identified in Class 2. These findings point to the importance
of market channel diversification to reach different consumer profiles.

Previous studies have characterized food consumers based on sociodemographic
data. Differently from Kihlberg and Risvik [43], who used age as the sociodemographic
variable as a basis for their segmentation, we considered age to predict and define class
membership [44,45]. Sociodemographics are valuable in further describing the identified
consumer segments and therefore determine, to a certain extent, the capability to perform
a particular behaviour [46,47]. In our study, we found that older respondents were more
likely to belong to Classes 1 and 3 and less likely to be part of Class 2, where respondents
showed that the distance either with the provider (shepherd) or the retailer (butcher) can
be overcome by alternative ways of labeling these products and by providing additional
information, either through a website or a certificate provided by firefighters.

Previous studies have signaled the increasing demand for local food as being under-
stood as food distributed and marketed directly by the producers [42]. Results obtained
for consumers in Class 1 align with these findings, where meat from extensive rearing
management systems can respond to those demands. The preference for local food is also
linked with increased trustworthiness and factors like environmental friendliness, support
for local rural communities and local producers, and increased food safety [48]. Consumers
in Class 1 align with these findings and positively considered lamb from extensive rearing
systems as “local and more trustworthy”.

Sustainability labels are increasingly regarded as key tools in informing consumers of
the impacts of their food choices [49–51]. Labels can indicate sustainable management along
the supply chain and simultaneously generate higher incomes for sustainable producing
farms [52]. However, sustainability is a credence attribute, i.e., consumers cannot evaluate
it personally and hence it requires a traceability system to verify the integrity of the label
information [34,53] so that the social and/or environmental performance during the whole
production process is guaranteed [39,54]. Consumers should place trust in the source
that claims sustainability [55], and this is key, especially where information is hard to
assess or complex [56], such as in the wildfire prevention role played by grazing. Aligned
with these insights, our results showed that the profiles of consumers identified displayed
trust in different labeling mechanisms, either in relaying on short value chains where
producers and consumers are connected (Class 1: Rural shepherd confiders), counting on
local butchers to pass on the information (Class 3: Urban butcher buyers) or opting for
new types of certificates and virtual networks (Class 2: 3rd party certifiers). The diverse
options presented to consumers in our study may work in a complementary way to arrive
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to different audiences of potential consumers, enabling a wider audience to consume these
products for their sustainability extra added value.

Additionally, since labels can often generate confusion among consumers, the combi-
nation of certification paired with trusting relationships with producers creates a positive
tandem to communicate the added value of Fireflocks products. Previous research showed
that consumer preferences are affected by their support of local farmers [57] and social
embeddedness patterns [58]. Social embeddedness relates to the social relationships be-
tween the actors in the local food system based on reciprocity, trust and shared values [59].
The preference of respondents in Class 1 for shepherds as the certifying agent, while
holding positive views of this type of meat as local and trustworthy, can be seen as an
expression of social embeddedness that, unsurprisingly, was shown in respondents living
closer to the herds and landscape in small towns. This result aligned with previous studies,
where preferences were shown to be influenced by the respondents’ place of residency [60],
as well as their engagement with the farmers and the rural community [58,61].

4.2. Recommendations for Labeling Development

The increasing willingness of consumers to support small local producers [62,63]
and to obtain more information about environmental factors in product labels [30–32,64],
together with higher societal preference for pasture-fed meat [31] and animal welfare
gaining prominence in the hierarchy of social issues [65], may represent an opportunity for
market differentiation of Fireflocks products to secure the long-term viability of involved
farms and linked landscape conservation initiatives [28]. As consumers increasingly value
sustainability attributes, they also tend to be willing to pay a premium for sustainability-
labeled products [39], therefore, there is the challenge to develop commercial strategies to
adapt to such demand [32].

In designing appropriate labeling options for Fireflocks products, the current system
of geographical indications can serve as a good departure to raise market awareness
while also advocating for the conservation value that this type of management delivers
to society [52], adding heritage and culture dimensions as credence attributes in labeling
formation [66,67]. Origin is also a highly ranked attribute in meat consumption [68];
localness can be connected with qualities linked to the materiality of the product (including
sensory aspects as well as health and safety), and to a number of immaterial (credence)
qualities that cannot be inferred from the product itself, but are closely related to its history
and how it was produced [42].

Regarding environmental factors related to wildfire protection, Bernués et al. [30]
found that information cues on those were highly relevant for many consumers. Further-
more, the contribution to wildfire prevention may appeal to altruistic reasons that likely
lead consumers to pay price premiums [58]. Greater consumer sensitivity towards envi-
ronmental and/or social aspects implies greater purchasing motivation towards products
that reflect environmental and/or social commitment, because consumers will seek to align
their values with the products that they purchase [69].

4.3. Limitations and Future Research Directions

The focus of this study on assessing consumer preferences for marketing channels for
lamb meat from herds that provide fire prevention services presents some limitations that
namely reside in the survey approach adopted. Our survey did not consider preferences
for standard lamb meat, and in that sense, outcomes of this study do not allow disentan-
gling whether the attributes that define the preference for standard lamb meat differ from
those that influence the preferences for lamb with environmental added value. Similarly,
our survey does not allow to unveil whether different consumer profiles can be ascertained
linked to these different types of productions. Our study does not address the role played
by search attributes (i.e., those used by the consumer at the point of purchase to make
selections) [70] or experience attributes such as flavor or texture that have been found to
strongly influence purchase decisions [71]. Furthermore, questions related to food choices,
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and lifestyles that have been found to significantly explain food choices [72], were not
included in our study, limiting the characterization of the consumer segments identified.

Accordingly, future research following-up our findings will aim to cover these gaps
and gain further understanding on consumer perception of specific labeling options as well
as on contextual variables, such as values and attitudes of consumers, that have shown
their potential as predictors to explain consumer decisions [73]. Future research will also
focus on assessing the linkage between a wider range of consumer traits and attributes that
motivate purchasing lamb with unique characteristics [74]. This will also involve the use
of discrete choice modeling methodologies to assess the trade-offs that consumers make
among different attributes of meat products (e.g., [74,75]).

5. Conclusions

This study assesses consumer preferences for lamb meat labeling options from ex-
tensive herds that provide wildfire prevention services. It is framed within the Fireflocks
project, which aims to increase the added value of these extensive livestock meat prod-
ucts, and hence the long-term viability of extensive farming systems through innovative
labeling and marketing that highlight their contribution to providing wildfire prevention
services. The ultimate goal of the project is to create wildfire resilient landscapes for society
as a whole.

Despite abundant studies assessing consumer preferences for different production
systems, our focus on production systems that provide wildfire prevention services is
a distinctive novel feature of our survey. Our study identified three distinct profiles
of consumers according to their preferences for labeling lamb meat from these herds.
Our findings show that different labeling mechanisms may work in a complementary way
to arrive to different audiences of potential consumers; these findings can support both
current and future initiatives aiming to increase the added value of farming systems that
provide distinctive environmental services.

The practical suggestions stemming from our findings recommend the development
of labeling initiatives that highlight attributes common with geographical indications,
such as the local origin and traditional dimension of lamb meat associated with extensive
production systems. However, our results point out the necessity to complement these cues
to build trust and understanding among consumers on the role of livestock as a wildfire
prevention agent. Since consumers are heterogeneous, trust-building should undertake
different strategies depending on the type of municipalities where consumers live. Local
butchers in cities can be engaged as trust agents to communicate with consumers about
the benefits of this type of production. Local administrations in smaller municipalities can
facilitate contacts between shepherds and consumers to enhance short-value chains through
farmers’ markets, while virtual platforms may help to engage younger consumers. These
are three complementary alternative pathways that may expand the share of potential
buyers, which can help generate more inclusivity as we work toward creating resilient
landscapes to wildland fire.

Author Contributions: Conceptualization: E.S.-M.; Data curation: E.S.-M., K.U. and E.V.; Formal
analysis: E.V.; Funding acquisition: E.S.-M.; Methodology: E.S.-M.; Writing—original draft: E.V., K.U.
and N.P.-G.; Writing—review and editing: E.V., K.U., N.P.-G. and E.S.-M. All authors have read and
agreed to the published version of the manuscript.

Funding: K.U. was supported by a Marie Skłodowska-Curie ITN (PyroLife-860787).

Institutional Review Board Statement: The study was conducted following the Pau Costa Founda-
tion’s GDPR guidelines in accordance with the REGULATION (EU) 2016/679 OF THE EUROPEAN
PARLIAMENT. All participants of the survey were anonymous; no personal data were collected.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data from interviews contains personal information and is not publicly
available; for any queries contact corresponding author.



Land 2022, 11, 700 11 of 13

Acknowledgments: We thank the survey participants and the partners of the Fireflocks project
(Catalan Fire and Rescue Service, extensive livestock farmers, Gremi de Carnissers i Xarcuters
artesants de les comarques Gironines, butchers, and restaurants), Fundación Daniel and Nina Carasso,
the founders of the pilot project as well as everyone that has contributed to the project.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Krawchuk, M.A.; Moritz, M.A.; Parisien, M.A.; Van Dorn, J.; Hayhoe, K. Global Pyrogeography: The Current and Future

Distribution of Wildfire. PLoS ONE 2009, 4, e5102. [CrossRef] [PubMed]
2. Agnoletti, M. Rural Landscape, Nature Conservation and Culture: Some Notes on Research Trends and Management Approaches

from a (Southern) European Perspective. Landsc. Urban Plan. 2014, 126, 66–73. [CrossRef]
3. Loepfe, L.; Martinez-Vilalta, J.; Oliveres, J.; Piñol, J.; Lloret, F. Feedbacks between Fuel Reduction and Landscape Homogenisation

Determine Fire Regimes in Three Mediterranean Areas. For. Ecol. Manag. 2010, 259, 2366–2374. [CrossRef]
4. Castellnou, M.; Prat-Guitart, N.; Arilla, E.; Larrañaga, A.; Nebot, E.; Castellarnau, X.; Vendrell, J.; Pallàs, J.; Herrera, J.;

Monturiol, M.; et al. Empowering Strategic Decision-Making for Wildfire Management: Avoiding the Fear Trap and Creating a
Resilient Landscape. Fire Ecol. 2019, 15, 31. [CrossRef]

5. Lasanta, T.; Nadal-Romero, E.; Arnáez, J. Managing Abandoned Farmland to Control the Impact of Re-Vegetation on the
Environment. The State of the Art in Europe. Environ. Sci. Policy 2015, 52, 99–109. [CrossRef]

6. Moreira, F.; Ascoli, D.; Safford, H.; Adams, M.A.; Moreno, J.M.; Pereira, J.M.C.; Catry, F.X.; Armesto, J.; Bond, W.; González, M.E.
Wildfire Management in Mediterranean-Type Regions: Paradigm Change Needed. Environ. Res. Lett. 2020, 15, 11001. [CrossRef]

7. Verkerk, P.J.; Martinez de Arano, I.; Palahí, M. The Bio-Economy as an Opportunity to Tackle Wildfires in Mediterranean Forest
Ecosystems. For. Policy Econ. 2018, 86, 1–3. [CrossRef]

8. Varela, E.; Pulido, F.; Moreno, G.; Zavala, M.Á. Targeted Policy Proposals for Managing Spontaneous Forest Expansion in the
Mediterranean. J. Appl. Ecol. 2020, 57, 2373–2380. [CrossRef]

9. Riedel, J.L.; Bernués, A.; Casasús, I. Livestock Grazing Impacts on Herbage and Shrub Dynamics in a Mediterranean Natural
Park. Rangel. Ecol. Manag. 2013, 66, 224–233. [CrossRef]

10. Robles Cruz, A.B.; Ruiz Mirazo, J.; Ramos Font, M.E.; González Rebollar, J.L. Role of Grazing Livestock in Sustainable Use,
Fire Prevention and Naturalization of Marginal Ecosystems of Southeastern Spain. In Agroforestry in Europe. Current Status and
Future Prospects; Rigueiro Rodríguez, A., Mc Adam, J., Mosquera Losada, R., Eds.; Springer: Berlin/Heidelberg, Germany, 2008;
pp. 211–231.

11. Varela, E.; Górriz-Mifsud, E.; Ruiz-Mirazo, J.; López-i-Gelats, F. Payment for Targeted Grazing: Integrating Local Shepherds into
Wildfire Prevention. Forests 2018, 9, 464. [CrossRef]

12. Rosa García, R.; Fraser, M.D.; Celaya, R.; Ferreira, L.M.M.; García, U.; Osoro, K. Grazing Land Management and Biodiversity in
the Atlantic European Heathlands: A Review. Agrofor. Syst. 2013, 87, 19–43. [CrossRef]

13. Bruegger, R.A.; Varelas, L.A.; Howery, L.D.; Torell, L.A.; Stephenson, M.B.; Bailey, D.W. Targeted Grazing in Southern Arizona:
Using Cattle to Reduce Fine Fuel Loads. Rangel. Ecol. Manag. 2016, 69, 43–51. [CrossRef]

14. Huntsinger, L.; Barry, S. Grazing in California’s Mediterranean Multi-Firescapes. Front. Sustain. Food Syst. 2021, 5, 291. [CrossRef]
15. Hernández, E.; Shaw, E.A.; Aoyama, L.; Brambila, A.; Niederer, C.; Weiss, S.B.; Hallett, L.M. Fire versus Grazing as Tools to

Restore Serpentine Grasslands under Global Change. Restor. Ecol. 2021, 29, e13353. [CrossRef]
16. Davies, K.W.; Bates, J.D.; Svejcar, T.J.; Boyd, C.S. Effects of Long-Term Livestock Grazing on Fuel Characteristics in Rangelands:

An Example From the Sagebrush Steppe. Rangel. Ecol. Manag. 2010, 63, 662–669. [CrossRef]
17. Porensky, L.M.; Perryman, B.L.; Williamson, M.A.; Madsen, M.D.; Leger, E.A. Combining Active Restoration and Targeted

Grazing to Establish Native Plants and Reduce Fuel Loads in Invaded Ecosystems. Ecol. Evol. 2018, 8, 12533–12546. [CrossRef]
18. Starns, H.D.; Fuhlendorf, S.D.; Elmore, R.D.; Twidwell, D.; Thacker, E.T.; Hovick, T.J.; Luttbeg, B. Recoupling Fire and Grazing

Reduces Wildland Fuel Loads on Rangelands. Ecosphere 2019, 10, e02578. [CrossRef]
19. Johansson, M.U.; Granström, A. Fuel, Fire and Cattle in African Highlands: Traditional Management Maintains a Mosaic

Heathland Landscape. J. Appl. Ecol. 2014, 51, 1396–1405. [CrossRef]
20. Beaufoy, G.; Cooper, T. Guidance Document to the Member States on the Application of the High Nature Value Impact Indicator; Institute

for European Environmental Policy: Brussels, Belgium, 2008.
21. Cooper, T.; Hart, K.; Baldock, D. Provision of Public Goods through Agriculture in the European Union; Institute for European

Environmental Policy: London, UK, 2009.
22. Olaizola, A.M.; Ameen, F.; Manrique, E. Potential Strategies of Adaptation of Mixed Sheep-Crop Systems to Changes in the

Economic Environment in a Mediterranean Mountain Area. Livest. Sci. 2015, 176, 166–180. [CrossRef]
23. García-Martínez, A.; Olaizola, A.; Bernués, A. Trajectories of Evolution and Drivers of Change in European Mountain Cattle

Farming Systems. Animal 2009, 3, 152–165. [CrossRef]
24. Muñoz-Ulecia, E.; Bernués, A.; Casasús, I.; Olaizola, A.M.; Lobón, S.; Martín-Collado, D. Drivers of Change in Mountain

Agriculture: A Thirty-Year Analysis of Trajectories of Evolution of Cattle Farming Systems in the Spanish Pyrenees. Agric. Syst.
2021, 186, 102983. [CrossRef]

http://doi.org/10.1371/journal.pone.0005102
http://www.ncbi.nlm.nih.gov/pubmed/19352494
http://doi.org/10.1016/j.landurbplan.2014.02.012
http://doi.org/10.1016/j.foreco.2010.03.009
http://doi.org/10.1186/s42408-019-0048-6
http://doi.org/10.1016/j.envsci.2015.05.012
http://doi.org/10.1088/1748-9326/ab541e
http://doi.org/10.1016/j.forpol.2017.10.016
http://doi.org/10.1111/1365-2664.13779
http://doi.org/10.2111/REM-D-11-00196.1
http://doi.org/10.3390/f9080464
http://doi.org/10.1007/s10457-012-9519-3
http://doi.org/10.1016/j.rama.2015.10.011
http://doi.org/10.3389/fsufs.2021.715366
http://doi.org/10.1111/rec.13353
http://doi.org/10.2111/REM-D-10-00006.1
http://doi.org/10.1002/ece3.4642
http://doi.org/10.1002/ecs2.2578
http://doi.org/10.1111/1365-2664.12291
http://doi.org/10.1016/j.livsci.2015.03.012
http://doi.org/10.1017/S1751731108003297
http://doi.org/10.1016/j.agsy.2020.102983


Land 2022, 11, 700 12 of 13

25. Aubron, C.; Noël, L.; Lasseur, J. Labor as a Driver of Changes in Herd Feeding Patterns: Evidence from a Diachronic Approach in
Mediterranean France and Lessons for Agroecology. Ecol. Econ. 2016, 127, 68–79. [CrossRef]

26. Varela, E.; Kallas, Z. Extensive Mediterranean Agroecosystems and Their Linked Traditional Breeds: Societal Demand for the
Conservation of the Majorcan Black Pig. Land Use Policy 2022, 112, 105848. [CrossRef]

27. Grunert, K.G. Future Trends and Consumer Lifestyles with Regard to Meat Consumption. Meat Sci. 2006, 74, 149–160. [CrossRef]
28. Bernabéu, R.; Rabadán, A.; El Orche, N.E.; Díaz, M. Influence of Quality Labels on the Formation of Preferences of Lamb Meat

Consumers. A Spanish Case Study. Meat Sci. 2018, 135, 129–133. [CrossRef]
29. Gracia, A.; De-Magistris, T. Preferences for Lamb Meat: A Choice Experiment for Spanish Consumers. Meat Sci. 2013, 95, 396–402.

[CrossRef]
30. Bernués, A.; Olaizola, A.; Corcoran, K. Labelling Information Demanded by European Consumers and Relationships with

Purchasing Motives, Quality and Safety of Meat. Meat Sci. 2003, 65, 1095–1106. [CrossRef]
31. Font i Furnols, M.; Realini, C.; Montossi, F.; Sañudo, C.; Campo, M.M.; Oliver, M.A.; Nute, G.R.; Guerrero, L. Consumer’s

Purchasing Intention for Lamb Meat Affected by Country of Origin, Feeding System and Meat Price: A Conjoint Study in Spain,
France and United Kingdom. Food Qual. Prefer. 2011, 22, 443–451. [CrossRef]

32. Hersleth, M.; Næs, T.; Rødbotten, M.; Lind, V.; Monteleone, E. Lamb Meat—Importance of Origin and Grazing System for Italian
and Norwegian Consumers. Meat Sci. 2012, 90, 899–907. [CrossRef]

33. Díaz-Caro, C.; García-Torres, S.; Elghannam, A.; Tejerina, D.; Mesias, F.J.; Ortiz, A. Is Production System a Relevant Attribute in
Consumers’ Food Preferences? The Case of Iberian Dry-Cured Ham in Spain. Meat Sci. 2019, 158, 107908. [CrossRef]

34. Burnier, P.C.; Spers, E.E.; de Barcellos, M.D. Role of Sustainability Attributes and Occasion Matters in Determining Consumers’
Beef Choice. Food Qual. Prefer. 2021, 88, 104075. [CrossRef]

35. IDESCAT Statistical Institute of Catalonia. Available online: https://www.idescat.cat/?lang=en (accessed on 4 May 2022).
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71. Banović, M.; Grunert, K.G.; Barreira, M.M.; Fontes, M.A. Beef Quality Perception at the Point of Purchase: A Study from Portugal.

Food Qual. Prefer. 2009, 20, 335–342. [CrossRef]
72. Lyerly, J.E.; Reeve, C.L. Development and Validation of a Measure of Food Choice Values. Appetite 2015, 89, 47–55. [CrossRef]
73. Carfora, V.; Conner, M.; Caso, D.; Catellani, P. Rational and Moral Motives to Reduce Red and Processed Meat Consumption.

J. Appl. Soc. Psychol. 2020, 50, 744–755. [CrossRef]
74. Resano, H.; Olaizola, A.M.; Dominguez-Torreiro, M. Exploring the Influence of Consumer Characteristics on Veal Credence and

Experience Guarantee Purchasing Motivators. Meat Sci. 2018, 141, 1–8. [CrossRef]
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