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Vineyards shape important economic, cultural, and ecological systems in many
temperate biomes. Like other agricultural systems, they can be multifunctional
landscapes that not only produce grapes, but also for example serve as wildlife
habitat, sequester carbon, and are places of rich traditions. However, research and
management practices often focus mostly on individual, specific ecosystem services,
without considering multifunctionality. Therefore, we set out to meet four research
objectives: (1) evaluate how frequently the ecosystem services approach has been
applied in vineyard systems; (2) identify which individual ecosystem services have been
most frequently studied in vineyard systems, (3) summarize knowledge on the key
ecosystem services identified in (2), and (4) illustrate approaches to multifunctionality
in vineyards to inform more holistic land management. For research objective (1), we
identified 45 publications that used the term “ecosystem services” in relation to vineyards,
but found that only seven fully apply the ecosystem service concept to their research.
For research objective (2), we operationalized the Common International Classification of
Ecosystem Services (CICES) for 27 ecosystem services in vineyards, in order to consider
provisioning, regulating, and cultural services through an analysis of more than 4,000
scientific papers that mentioned individual services. We found the six most frequently
studied ecosystem services included (1) cultivated crops, (2) filtration, sequestration,
storage and accumulation by the vineyards, (3) pest control and (4) disease control, (5)
heritage, cultural and (6) scientific services. For research objective (3), we found that
research on these six single ecosystem services is highly developed, but relationships
between single ecosystem services are less studied. Therefore, we suggest that greater
adoption of the ecosystem services approach could help scientists and practitioners
to acknowledge the muiltifunctionality of the agricultural system and gain a holistic
perspective that supports more sustainable land management.

Keywords: vinecology, multifunctional agriculture, ecosystem services bundles, operationalization, wine,
viticulture
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INTRODUCTION

Agricultural landscapes provide a multitude of services and
benefits to people and nature (Lovell and Taylor, 2013; Galler
et al., 2015), including their critical roles in food production,
but also to enhance rural livelihoods and ensure functional
ecosystems (Hart et al., 2016). Thus, many agricultural systems
are examples of multifunctional landscapes, which provide
multiple ecosystem services (Lovell et al., 2010; Bennett, 2017).
Multifunctional landscapes are often more resilient to ecosystem
shocks and disturbances, such as human-induced changes
like deforestation, or climate-induced environmental variation
(DeClerck et al., 2016). They provide a wider range of services,
which can be beneficial when reacting to future challenges, such
as climate change or water scarcity, as they can either buffer
disturbances or offer alternatives to current situations (Lovell
and Taylor, 2013). There is increasing recognition that land
management balancing a wide variety of functions is critical to
meet the Sustainable Development Goals, especially as they may
present trade-offs and interlinkages (Nilsson et al., 2016).

Despite the benefits of recognizing and pursuing land
management strategies that consider the multifunctionality of
the landscape to meet multiple desired human and ecosystem
goals, this is rarely done in practice. So far, the most common
approach is to concentrate on one service (e.g., high crop
yields from high-intensity farming) and ignore the potential for
other ecosystem services in the landscape, such as regulating
and cultural services. For example, many ecosystem service
studies identify, quantify, and evaluate a single identified service,
such as carbon sequestration, without considering the impact
on related services (Seppelt et al., 2011; Lee and Lautenbach,
2016). This single-minded focus, either in scientific inquiry
or management activity, neglects the importance of the range
of services and benefits the land can provide if managed
holistically.

The ecosystem services approach pursues an holistic view
on ecosystems and their benefits to people (Everard, 2015),
which can help to achieve multifunctional landscapes through
recognizing and managing a comprehensive range of ecosystem
services. Land managers often aim to optimize across competing
endpoints, such as maximizing crop quality or production and
minimizing labor or inputs, thereby creating trade-offs among
different ecosystem services and management priorities. This
can overshadow potential benefits of having multiple ecosystem
services if such services are in competition, neglected, or
unrecognized. For example, in the Napa River winegrowing
region of California, USA, maximizing vineyard production area
resulted in the reduction of riparian vegetation, which in turn
reduced the positive benefits of pest and disease control agents
hosted in such habitats (Baumgartner et al., 2006).

While it is likely not possible to achieve all desired ecosystem
management outcomes at a maximal level (sensu Foley et al.,
2005), it may be possible to achieve multifunctional agricultural
landscapes providing a plentitude of ecosystem services. To
date, however, the range of ecosystem services available in such
landscapes is poorly understood, limiting the potential to manage
landscapes to optimize their benefits.

Vineyards are important economic, cultural, and ecological
systems in many temperate biomes (Figure 1). Globally, the 7.5
million hectares of vines produce about 75.7 million tons of
grapes annually, which are used for wine (ca. 45%), as table grapes
(ca. 36%) and dried grapes (ca. 8%) OIV, 2016. In 2016, 258
million hectoliters of wine were produced worldwide and the
total value of exported wines was €28 billion (OIV, 2016). In
some areas in high producing wine countries such as Spain, Italy
and France, more than 20% of the agricultural land is under vines
(EC, 2009). As perennial agricultural systems, vineyards shape
the appearance of whole landscapes, create unique ecosystems
as well as cultural traditions (Daniel et al., 2012). The UNESCO
has conferred the title of World Heritage Site to multiple
winegrowing areas, such as the Piedmont in Italy and Burgundy
in France.

In order to examine an agricultural system that provides
documented provisioning, regulating, and cultural ecosystem
services, we set out to achieve four objectives: (1) evaluate
how frequently the ecosystem services approach has been
applied in vineyard systems; (2) identify which individual
ecosystem services have been most frequently studied in vineyard
systems; (3) summarize knowledge on the key ecosystem
services identified in (2); and (4) illustrate approaches to
multifunctionality in vineyards.

We approach the first two research objectives through
operationalizing the Common International Classification of
Ecosystem Services (CICES; Haines-Young and Potschin, 2012)
framework for vineyards to guide a systematic review of academic
literature. To our knowledge, CICES has not previously been
applied in a comprehensive and consistent way to design a
literature analysis of an agricultural landscape. Using the insights
gained as a starting point, we then synthesize how the identified
six key ecosystem services have been studied to date. Last, we
elaborate how the six key ecosystem services relate to each
other to inform more holistic land management. Our overall
goal was to understand how the ecosystem services concept is
currently applied in studying vineyard landscapes, and examine
the potential for promoting a multifunctional perspective in the
future.

METHODS

In order to achieve the first and second objectives, we conducted
a structured literature search in the Scopus database for peer-
reviewed literature in English including all available publications
until July 2016. Scopus covers publications back to 1823, but
more than 60% of the records are post-1995 (Elsevier, 2016).
For the first objective, we looked for publications that specifically
used the term “ecosystem services” or synonyms in combination
with a variety of possible search terms connected to winegrowing
(e.g., “viticulture,” “vineyard”) in their title, keywords, or abstract
(Figure 2).

However, researchers frequently study one or more ecosystem
services without specifically using the term “ecosystem services.”
A study may for example examine the effect of integrated
pest management (regulating service), without referring to
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FIGURE 1 | Pictures illustrating the six key ecosystem services we identified in vineyards. Top row (left to right): (a) winegrapes (cultivated crops); (b) vines
storing carbon (sequestration); (c) owl box for rodent control (pest control). Bottom row (d) providing habitat for beneficial insects (disease control); (e) grapes motif
decorating 500 years old monastery in Portugal (heritage); (f) vineyards as research grounds (scientific). [pictures: KAN (a); JHV (b,c,d,f); KIW (e)].

“ecosystem services.” For our second research objective, we
selected 27 of the 42 CICES ecosystem services classes most
relevant for vineyards to capture such studies (Figure2). We
excluded the other 15 ecosystem services classes in the CICES
classification (for example, surface water for drinking) because we
deemed them not relevant for vineyards.

In order to operationalize the ecosystem services classes,
we identified search terms for each ecosystem services class
based on our expertise in research on vineyards as an author
team (e.g., Nicholas et al., 2011; Viers et al., 2013; Winkler
and Nicholas, 2016). For example, we started with the CICES
ecosystem services class cultivated crops under the provisioning
section, and developed a list of 15 search terms that were specific
to grape and vineyard crop cultivation, continuing through each
of the 27 classes (Table 1). We then used these search terms to
conduct the literature search in Scopus to identify papers that had
these search terms appearing in the title, keywords, or abstract;
we did not analyze the full text of each publication to ascertain
that the publications really did deal with the specific ecosystem
service in vineyards. We assumed that search terms returning
more than 2,000 hits were too general to be useful and were
therefore refined to be more specific, with the original results
excluded from further analysis.

Our second objective was to identify the most frequently
studied ecosystem services using these keyword searches.
Therefore, we wanted a robust measure for the frequency that

each service appeared in the scientific literature. We assumed that
if the same publication was found twice or more often for the
same ecosystem service using different search terms, it was more
likely that the publication really dealt with the specific ecosystem
service. Because we were able to identify more search terms for
some services than others, and we recognized that the number of
search terms used could bias how many publications were found
for each service, we calculated ratios. We compared the “hits” (the
number of publications returned for each search for the different
ecosystem services in vineyards) in four ways: (1) the number of
hits, (2) a ratio of the number of hits and the number of search
terms, (3) the number of papers that were found at least twice for
one ecosystem service by using different search terms within one
service class (multiple hits), and (4) a ratio between the multiple
hits and the number of search terms. In the end, we judged the
most researched ecosystem services as those ranked high in three
of our four ranking systems.

We approached our third research objective by using the
literature captured from the first two research objectives to briefly
describe the six key ecosystem services in vineyard systems,
to capture what is already known about these services and
identify potential research gaps. We also created a visual snapshot
(word cloud) of the key terms associated with each of the
key ecosystem service in vineyards we identified in the second
research objective, based on the abstracts of all of the papers
identified for each ecosystem service.
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FIGURE 2 | Overview of the research process for the first and second
research objective. The first search looked for publications focused on
applying the ecosystem services concept in vineyard landscapes by searching
for a combination of the term “ecosystem services” and winegrowing terms
(e.g., “vineyard*,” “viticulture*,” “wine,” “grape* grow*,” “wine* grow”),
identifying seven papers that specifically focused on vineyard ecosystem
services, which were described in Table 2. The second search looked for
publications researching single ecosystem services by operationalizing 27
CICES ecosystem services classes for vineyards (shown in Table 1) and
generating search terms for each ecosystem service in order to conduct a
literature search for peer-reviewed publications to identify the most researched
ecosystem services (shown in Figure 3).

Last, we selected different ways to research the fourth research
objective, where we wanted to illustrate multifunctionality in
vineyards. First, we looked for papers that appeared in two or
more ecosystem service classes. Since each service had a different
number of publications identified (Table 1), we calculated the
number of papers overlapping relative to each service. In
addition, we draw on the literature and previous knowledge to
elaborate on relationships between the six key ecosystem services,
and also the different scales of the vineyard system they appear in.

RESULTS

Objective 1: Papers Applying the

Ecosystem Services Approach in Vineyards
From the literature search on the term “ecosystem services”
and vineyards, we found 45 publications specifically addressing
ecosystem services and vineyards. We read all of these papers
in full and judged that only seven fully applied the ecosystem
services concept to their research (Table 2). For example, Fiedler
et al. (2008) operationalize the concept studying how habitat
management affects ecosystem services such as pest control, soil
quality, water quality, and aesthetics in vineyards. Six of these
seven papers focused on regulating and maintenance ecosystem
services, particularly pest control, but also carbon sequestration
and soil characteristics. Two articles dealt with cultural ecosystem
services (Fiedler et al., 2008; Winkler and Nicholas, 2016) and
only one directly studied grape yields termed as a provisioning
ecosystem service (Kross et al., 2012). However, most of these
papers discussed regulating and maintenance ecosystem services

as important to allow high crop yields, thereby drawing a
connection to provisioning ecosystem services.

The remaining 38 publications that mentioned the term
ecosystem services in their title, keywords or abstract did
not further operationalize the concept for their research. For
example, Kelly et al. (2016) use “ecosystem services” as a keyword,
but do not use or apply it in the text, which instead focuses on bat
activity in vineyards.

Objective 2: Identifying Most Studied

Vineyard Ecosystem Services

Using the search terms in Table 1, the literature search on
single ecosystem services resulted in more than 32,000 hits,
with the most commonly researched ecosystem services being
cultivated crops and disease control, both with around 4,000
raw hits (Figure 3; Table 1). The regulating ecosystem services
Sfiltration/sequestration/storage/accumulation by  ecosystems
(hereafter called “sequestration”) and pest control, and the
cultural service scientific, each had between 2,500 and 3,000
raw hits (Table 1). To factor in the varying numbers of search
terms, we calculated the ratio between the raw hits and the
number of search terms: the ecosystem service classes scientific,
disease control, and cultivated crops had high ratios, meaning that
regardless of the amount of search terms used, many publications
were identified for these classes. When checking for multiple
hits (papers found at least twice for one ecosystem service using
different search terms), the three service classes pest control,
disease control, and cultivated crops performed well, with more
than 1,000 multiple hits (Figure 3). For the other calculated ratio
(multiple hits per search term), the ecosystem services disease
control and cultivated crops and this time pest control resulted in
high ratios.

There were few studies for most cultural ecosystem services
(entertainment, experiential use, symbolic, aesthetic, bequest,
sacred and/or religious, and physical use), as well as the
provisioning service materials from plants for agricultural use
and the regulating service flood protection, with each class
containing fewer than 410 hits (Figure 3).

In the end, we selected six key ecosystem services as the most
widely studied in vineyard systems (Figure 1), based on their
high ranking in three of our four ranking systems (Figure 3):
cultivated crops, sequestration, pest control, disease control,
scientific, and heritage, cultural (hereafter called “heritage”).
Given that we performed a review of scientific literature, it is
not surprising that we identified scientific as one of the key
ecosystem services commonly studied; this reflects the nature
of our approach and provides further evidence that vineyards
provide compelling agroecosystems for scientific investigation,
especially around the search term climate change.

Objective 3: Knowledge on Key Ecosystem
Services in Vineyards

Provisioning Services

Cultivated crops

Cultivated crops include items for direct human consumption
like cereals, vegetables and fruits. In connection with vineyard
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TABLE 1 | Search terms used to find peer-reviewed papers in Scopus on the three sections of ecosystem services in vineyards and 27 selected
ecosystem services classes within them, following the CICES classification (CICES, 2013).

Section Class Search terms used to identify papers in Scopus Search Raw Multiple
terms hits hits
Provisioning Cultivated crops Yield*, grape leaves, grapevine leaves, crop*, table, grape*, crop load*, 15 4,024 1,036
grape berr*, berry growth, grape maturity, yield component*, fruit
composition, cultivated crops*, wine grape*
Fibers and other materials from Pruning, grape seed*, grape skin*, MegaPurple, color additive*, wood, 7 1,209 76
plants, algae and animals for direct Ravaz index
use or processing
Materials from plants, algae and Pomace 1 149 149
animals for agricultural use
Regulation and Filtration/ sequestration/ storage/ Carbon storage, carbon sequestration, filtration, sequestration, 18 2,724 353
Maintenance accumulation by ecosystems storage, accumulation, GHG, greenhouse gas, N20, nitrous oxide,
sulfur, nitrogen deposition®, fertilizer*, spray, pesticide*, salinization, soil
salinity, salt accumulation
Mediation of smell/ noise/ visual Zoning, spatial planning, smell impact, noise impact, visual impact, 21 1,602 95
impacts smell, planning, land use planning, highway, tractor noise, sulfur smell,
harvest, crush smell, landscape, viewshed, preservation, sound
cannon®, reflectors
Mass stabilization and control of Soil conservation, soil loss*, cultivation practice*, mass stabilization, 23 544 178
erosion rates erosion, erosion rate, erosion model, alternate row cultivation, row
cultivation, disking, mowing, ripping, liming, tree removal, run off,
erosivity, land terrac*, native vegetation removal, vegetation removal,
cover crop, mass flow, tractor*, machinery
Hydrological cycle and water flow Fraction of Transpirable Soil Water, FTSW, infiltration, water deficit, 13 925 281
maintenance water relations, hydraulics, run off, soil moisture, irrigation, fish AND
flows, ecolog* flow*, water security, water stress
Flood protection Flooding, landscape, buffer zone, setback, flood control, flood 8 339 10
protection, wet feet, drainage
Ventilation and transpiration Evapotranspiration, ventilation, transpiration, photosynthesis, 6 453 84
ecophysiology
Pollination and seed dispersal Insect*, pollination, seed dispersal, bee, bird*, starling*, arthropod, 12 899 78
finch*, cover crop, wind pollination, turkey*, sound cannons*
Maintaining nursery populations Diversity, biodiversity, nursery population, habitat, germplasm, 7 1,008 177
and habitats biological resource, gene pool
Pest control Cover crop, pest*, pest control*, rodent control*, beneficial predator*, 21 2,630 1,339
bird box*, owl box*, raptor box*, nest box*, integrated pest
management*, IPM, native plant®, natural enemy, pest management,
pesticide, biological control, arthropod, rodent*, insecticide®,
phylloxera, nematode*
Disease control Red blotch, botrytis, fungal, herbicide, phomopsis, disease®, fungicide*, 14 3,984 1,048
disorder*, eutypa, biological control, fanleaf, mulch, leafroll, corky bark
Weathering processes Soil fertility, nutrient*, soil structure, in situ soil, soil biological activity, 9 859 129
nutrient uptake, mineral®, soil quality, weathering process*
Decomposition and fixing Microbe*, fungi, soil arthropod*, arthropod, mulch, worm*, legume*, 11 1,204 32
processes nitrogen fixing, soil quality, decomposition, fixing process*
Micro and regional climate Latent heat, transpiration, climat* regulation, shade, hydrologic cycle, 9 1,695 58
regulation micro climate, regional climate
Cultural Experiential use of plants, animals Wine tasting, picnic*, eating grape leaves, drink* wine, dolmade*, 12 134 0
and land-/ seascapes in different birding, bird watch*, employment, hot air, balloon ride, limousin* tour*,
environmental settings gourmet tourism, cable car
Physical use of land-/ seascapes in Biking, hiking, horseback rid*, padding, walking 5 8 0
different environmental settings
Scientific Climate change, enology, trial, precision viticulture, scientific 2,947 300
Educational Winemaking, winegrowing, wine seminar, school, university, college, 1,358 68
education, tasting room, environmental education
Heritage, cultural Family winery, tradition, charm, traditional, historical, identity, sense of 11 1,485 205
place, social capital, heritage, local food cultural
(Continued)
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TABLE 1 | Continued

Section Class Search terms used to identify papers in Scopus Search Raw Multiple
terms hits hits
Entertainment Wedding*, entertainment, bachel* part*, winery tour, wine tasting, 24 390 172
concert, theater, music, movie*, film festival, festival, harvest festival,
contest, vintage festival, wine, queen, wine event*, tourism, agritourism,
agrotourism, wine cave, wine tourism, wine tour*, visit, day trip
Aesthetic Beauty, scenery, landscape, winescape, vineyard row, aesthetic, 17 393 14
mustard, poppies, inspiration, wildflower, seasonal change, leaf
change, foliage change, art, gallery
Symbolic Representation, appellation, symbolic, social cohesion, terroir, 13 406 43
uniqueness, AVA, American Viticultural Area, DOC, denomination
origine controlle, denominazione di origine controllata, AOC,
Appellation d’origine controlée, emblem*
Sacred and/ or religious Wedding, yoga, meditation, retreat, spiritual, sacred, religious, religion, 13 77 12
mother earth, inspiration
Existence View, land use, option value, existence, nature conservation, landscape 6 957 104
Bequest Family farming, family winery, inter-generational, stewardship, land 7 15 0

ethic, bequest

Individual search terms that resulted in more than 2,000 hits were rephrased. These search terms are crossed in the table. The table shows the number of search terms, the number of
raw hits revealed and the number of papers with multiple hits (papers found at least twice between different searches). The six key ecosystem services are shown in red and italics. An
asterix (*) indicates a wildcard for searching that would find all variations on that term (e.g., yield* would include yield, yields, yielding). The six key ecosystem services we identified from

the literature review are shown in italics.

systems, they mainly include table and wine grapes harvested
from vineyards, as well as vine leaves used for eating in some
Mediterranean cuisines (Figure 4). Wine growers aim to increase
or stabilize both the quality and quantity of the grapes (Kross
et al,, 2012). While a high yield is one goal, quality aspects
such as fruit composition and taste are also important for
most grape growers, as quality can contribute to a variation in
price of over 10-fold for the same grape variety grown within
320km (Nicholas, 2015). Nevertheless, the ecosystem service
cultivated crops is easy to measure, and various vine and wine
associations from the global to regional level publish annual
harvest numbers (e.g., OIV, 2016, 2014; UKVA, 2012; Wine
Institute, 2013).

Regulating and Maintenance Services
Filtration/Sequestration/Storage/Accumulation by
Ecosystems

This ecosystem service describes bio-physicochemical filtration,
sequestration, storage, and accumulation processes that help to
fix pollutants and organic compounds in the soil as a result of
a combination of biotic and abiotic factors (CICES, 2013). Like
all long-lived perennial systems, vineyards play a role as potential
places to sequester carbon, with vineyard research in this category
focusing especially on soil (Morandé et al., 2017; Figure 4).
Naturally, with their lower biomass, vineyards store less carbon
than woody wildlands (Kroodsma and Field, 2006). However, the
management of vineyards can increase the amount carbon stored
in soil and as perennial wood up to 90% (Galati et al., 2016). At
the landscape scale, a mixed land cover in vineyards with vines
and native natural vegetation increases carbon stocks in the soil,
compared with monocultural vineyard management (Steenwerth
and Belina, 2008; Williams et al., 2011).

Emissions of nitrous oxide (N,O), a greenhouse gas 298
times more potent than carbon dioxide (Forster et al., 2007),
are found in agricultural systems including many vineyards due
to mineral nitrogen fertilizer applications. There are strategies
that can be employed to reduce the level of N;O emissions in
vineyards. The most commonsense strategy to mitigate N,O
emissions is to adopt a sustainable nitrogen fertility program.
Practices can include spatiotemporal accounting of nitrogen,
specific N,O limitation through timely manure management,
use of N-fixing legumes as cover crops in place of synthetic
fertilizers, and management of soil carbon and alkalinity to
limit undesirable biochemical reactions (Dalal et al., 2003).
Further, it has been shown that increased soil C and microbial
biomass can elevate N retention in soils (Steenwerth and
Belina, 2010), suggesting synergistic benefits from holistic soil
management.

Pest Control
Pest control describes natural processes provided by ecosystems
that help to reduce and limit pests in the ecosystem. As
for all agricultural landscapes, pest control is important in
vineyards to protect the vines from damage caused by
animals attacking the growing vines (e.g., nematodes feeding
on grapevine roots, or grapeleaf skeletonizers attacking the
leaves), or eating or damaging the crop (e.g., passerine bird
damage in New Zealand is a serious economic problem, where
up to 83% of a vineyard’s crop have been damaged (Kross
et al., 2012). Considerable effort and financial resources are
dedicated to pest control in vineyards, often using pesticides (as
appearing in Figure 4), especially since pests can easily spread in
monocultures.

However, there is mounting evidence that vineyards can
benefit significantly from the pest control services provided
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o Result: multiple ecosystem service goals can decrease

agriculture’s dependence on ‘substitution” methods such as

agro-chemical inputs

by natural enemies (e.g., parasitoids, predators, antagonists,
pathogens) of grapevine pests living in the vineyard landscape
(Kross et al.,, 2012). Many vineyards provide good habitat for
pests, but provide only minimal food or shelter for natural
enemies.

Vineyard management using knowledge of conservation
biology and integrated pest management (IPM) can contribute
to the reduced need for chemical pesticides (Campos and Zhang,
2004), as well as herbicides used against weeds that compete
with the vines. For example, creating habitat to meet the
needs of certain animals and plants can strengthen food webs
and native biodiversity (Fiedler et al., 2008; Tompkins, 2010;
Jedlicka et al., 2011; Orre-Gordon et al., 2013). Integrated pest
management aims to reduce the usage of synthetic chemical
inputs using existing knowledge of the grapes and possible pests,
while enhancing ecosystem services including the cultivated
crops of the vineyards. This method works by promoting
conditions for natural pest control; for example, mulching
supports beneficial organisms like arthropods (Addison et al.,
2013). However, IPM must be practiced carefully, as including
native plants can also intensify pest problems (Danne et al,
2010).

Disease Control

The ecosystem service of disease control describes the natural
reduction or limitation of diseases caused by pathogens.
Grapevines are subject to infection from a variety of diseases
caused by viral, bacterial, or fungal infections. Disease control is
often closely related to pest control, as vineyard pests spread many
diseases. For example, the glassy-winged sharpshooter is a vector
for the deadly bacterium Xylella fastidiosa responsible for Pierce’s
Disease, and the dagger nematode spreads the grapevine fanleaf
virus.

Careful vineyard management can provide the service of
disease control (Figure 4). For example, maintaining natural
habitat or a diversity of agricultural crops near vineyards can
help provide from disease control services in vineyard systems
(Shields et al., 2016). Management practices to increase the
biological degradation of vine debris can decrease harmful fungus
abundance (Jacometti et al., 2007). Pruning, leafing, and other
grapevine canopy management strategies improve air circulation
and light penetration, which is beneficial for disease control. Some
growers believe that their efforts to increase the soil quality and
improve vine health strengthen the plant’s ability to withstand
disease pressure, for example phylloxera (Nicholas and Durham,
2012).

Fungal diseases, such as downy mildew, are often correlated
with warm and damp weather conditions that favor the growth
of rots and molds. Controlling such diseases involves careful
weather monitoring to only spray control material when it
is most necessary and effective. The powdery mildew Risk
Assessment Index program in California, where growers can
look up the disease risk online in real time based on local
weather conditions and plan their fungicide spraying schedule
accordingly, has successfully reduced spraying fungicides by 2-
3 times per year, with equally effective disease control (Gubler
et al., 1999).
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FIGURE 3 | Comparison of publications found for single ecosystem services in vineyards (research objective 2), identified from the full literature review
using search terms from Table 1. We compared the “hits” (the number of publications returned for each search for the different ecosystem services in vineyards) in
four ways: (1) the raw number of hits, (2) a ratio of the number of hits and the number of search terms, (3) the number of papers that were found at least twice for one
ecosystem service by using different search terms within one service class (multiple hits), and (4) a ratio between the multiple hits and the number of search terms. We
identified six key ecosystem services as the most widely researched, based on their high rating in at least three out of the four methods (indicated with *).

Cultural ecosystem services

Heritage

Ecosystems provide not only tangible services, but also non-
material ecosystem services such as heritage and cultural
traditions. These can be preserved in physical landscapes and
also in historic records and traditional knowledge. In many wine-
growing areas, such as Champagne, France, or Napa, California,
vineyards are a dominant land use that characterize not only the
local landscapes but also local cultural traditions, heritages and
identities (Figure 4; Winkler and Nicholas, 2016). The wines as
well as the vineyard landscape act as trademarks for the whole
region (Daniel et al., 2012; Orre-Gordon et al., 2013). Especially
the emphasis on wine production as part of the regional
tradition can contribute to symbolic positions that are useful for
marketing wine or the wine region (Beckert et al., 2014). The

United Nations Educational, Scientific and Cultural Organization
(UNESCO) has designated multiple vineyard landscapes as
World Heritage Sites, including Piedmont Vineyard Landscape
in Italy and the terroirs of Burgundy in France (UNESCO,
2016).

Furthermore, beside the natural conditions such as soil
composition and regional climate, heritage and cultural services
in the form of the regional traditions of wine production
contribute to terroir, the “taste of place” that many wine
aficionados prize. Terroir reflects the unique aspects of a growing
region with its typical winemaking traditions (Trubek, 2008).
The existence of labels for protected appellation of origins, such
as the Appellation d’Origine Controlée (AOC) in France and
Switzerland, show the significance of heritage for the terroir of
wines.
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Cultivated crops

Disease control

Sequestration

Heritage

FIGURE 4 | Word clouds for the six key vineyard ecosystem services we identified in existing research. For each word cloud, the abstracts of the
publications (raw hits) of the CICES ecosystem service class shown in the title were used. The size of the font is determined by absolute frequency of the word in the
abstracts of this ecosystem service. Provisioning services are shown in orange, regulating and maintenance in green, and cultural in blue.

Pest control

Scientific

Scientific

The ecosystem services class scientific comprises the idea that the
ecosystem is subject for research (CICES, 2013). Complementing
the heritage and cultural services that they provide, vineyard
systems are also an important subject of scientific research.
Winemaking may date back as early as 10,000 BC, with
grapevine cultivation beginning between 4,000 and 6,000 BC in
the mountains near present-day Turkey (Unwin, 1991). Over
this long history, the study of winegrapes has spanned diverse
research fields, with applications to many other areas. While
the practice of grafting vines with desirable fruit onto locally
adapted rootstocks was known since ancient times, it became
popular in the 1870s to fight the vineyard pest phylloxera in
France (Campbell, 2004) and has since become widespread in
horticulture for many cultivated perennials, from roses to apples.
In the mid-1800s, Pasteur used wine to describe the fermentation
processes and necessary steps to manage it. More recently, wines
have become an important focus for sensory science, e.g., in the
study of more than 1,000 volatile compounds found in wine, and
their interaction to produce aroma perceived by the consumer
(Polaskova et al., 2008). Vineyards have been examined as a
model system for sustainable agriculture integrating ecological
and agricultural practices (Viers et al., 2013), as well as for

climate adaptation, due to their high climate sensitivity as well as
high potential for innovation and adaptation to climate change
(Nicholas and Durham, 2012).

Objective 4: Relationships and

Multifunctionality in Vineyards

Correlations among Services

We checked how many papers from the full Scopus literature
review were found in more than one ecosystem service class.
About 60% of the papers were found in at least two ecosystem
service classes, and 32% were found in more than three ecosystem
services classes. One explanation for the rather high numbers
could be that some search terms were used for multiple ecosystem
services. We used for example “landscape” as search term for
services including mediation of smell/noise/visual impacts, flood
protection, aesthetic, and existence (Table 1).

When looking at correlations among the publications
identified for two single ecosystem service classes, we found that
the single service classes most likely to appear in a publication
with another service class were cultivated crops (28% of the
papers that studied cultivated crops also studied another service)
and scientific (22% overlap; Table 3, Supplementary Table 1).
Not surprisingly this reflects the importance of crop production
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TABLE 3 | Percent overlap between publications across the six key ecosystem service classes we identified in vineyards, with darker shading indicating

greater overlap between the two ecosystem service classes.

In % Cultivated crops Sequestration Pest control Disease control Scientific Heritage
Cultivated crops 25 19 23 27 19
Sequestration 20 22 20 15 9
Pest control 17 24 22 9 5
Disease control 23 25 25 19 16
Scientific 25 17 17 23
Heritage 8 5 2 7 11

Numbers indicate the percentage of the ecosystem services of the column that can also be found in the ecosystem service class of the row. For example, 19% of the publications
identified through search terms for the ecosystem service class heritage were also found in the publications identified using search terms for the ecosystem service class cultivated
crops, while only 8% of the publications for cultivated crops were found in heritage. Total amount of publications (raw hits) varies for each ecosystem services class (Table 1) and thus

relative values vary also between ecosystem services classes.

in agricultural landscapes within our target of scientific
publications. These numbers are a bit lower for other services
within the six key services we identified (Table 3). Especially,
publications found in heritage rarely study other ecosystem
service classes. This seems to imply that research on heritage in
vineyards pursues another research branch than the research that
covers viticulture topics (e.g., cultivated crops or disease control).

Multifunctional landscapes provide multiple ecosystem
services that are interlinked. Looking at vineyards, the six key
ecosystem services are also connected (Figure5). Much like
the complexity of a fine wine and the human appreciation
of its “bouquet,” the interplay of ecosystem services and the
ability of science to identify and assess such linkages increases
our understanding and appreciation. Disease control and pest
control increase the yield of cultivated crops because only healthy
plants can maximize productivity. The vines grown to produce
the cultivated crops (grapes) also conduct photosynthesis, and
thereby carbon sequestration in the vineyards. Lastly, winegrape
production and the vineyard landscape foster a special cultural
heritage. Without winegrapes and vineyards, large parts of the
Mediterranean, and other global wine regions, would lose a
key defining element of cultural identity. We have highlighted
some of the most obvious relationships between the six key
ecosystem services, but many other ecosystem services are highly
connected, like pollination and pest control or erosion control,
and weathering processes.

The six key ecosystem services we identified are provided
at a range of scales (Figure5). At a small scale, the vines
themselves provide cultivated crops and sequestration. Scientific
services are provided at the vineyard scale (e.g., studying
vineyard agronomy), while heritage results from a combination
of the vineyard and larger surrounding landscape scale. Disease
control and pest control may be provided from habitat within
vineyards as well as the surrounding habitat (e.g., hosting natural
predators) at the landscape scale. This shows not only that most
ecosystem services in a landscape are connected but also that a
multifunctional landscape can provide ecosystem services at a
range of scales that need to be considered.

DISCUSSION

We found a wide range of ecosystem services in vineyards.
Nevertheless, a few services like pest and disease control as well as

the cultivated crops are in the center of interest: visible ecosystem
services that influence the performance of the agrarian system
and the marketable good produced. This does not mean that
other ecosystem services do not exist or are of less importance
for vineyard systems. Review studies on ecosystem services show
that ecosystem services that are difficult to quantify are less often
studied (Seppelt et al., 2011). Hence, there is a need for a greater
acknowledgment of the range of services provided by ecosystems
including vineyards.

In order to promote a multifunctional landscape, we must
better capture a full range of ecosystem services and their
connections. However, one of the current challenges in ecology
is that there is only limited knowledge on these relationships,
requiring future research (Bommarco et al., 2013; Birkhofer et al.,
2015). A better scientific understanding of this multifunctionality
can help to support maximizing the total benefit of a multitude
of ecosystem services instead of maximizing one or two single
ecosystem services at potentially high cost to others (e.g., Foley
et al., 2005; Lovell et al., 2010).

A next step would be the consideration of how ecosystem
management choices affect the provision of key ecosystem
services. So far a broader perspective on a landscape, by
e.g., adapting an ecosystem services approach, is often lacking
(Bommarco et al., 2013). Based on the logic of Foley et al. (2005),
adapting a land management strategy that aims to maximize a
bundle of ecosystem services could promote a broad perspective
on an agricultural system that will support a more long-term
sustainable use of the land.

The ecosystem services concept can help to go beyond a
narrow way of looking at the system and enlarge it by pointing
out the multifunctionality of the land (Partelow and Winkler,
2016). The CICES classification includes 42 ecosystem services
in three sections. In our case, we identified 27 of the 42
ecosystem service classes as relevant for vineyard systems. Our
results indicate that ecosystem services in all three sections
are studied, with a much stronger focus on provisioning and
regulating and maintenance services than cultural services.
The ecosystem services concept promotes inclusion for less
studied or obvious services. The exercise of going through
the whole list of ecosystem services to operationalize it in
a specific ecosystem highlighted the multifunctionality of the
system. This said, so far most publications on ecosystem
services concentrate on one or two very specific ecosystem
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FIGURE 5 | Multifunctional vineyard system showing some relationships between the six key ecosystem services we identified (see text). The scale of
ecosystem service provision varies from the vine, to the vineyard, to the surrounding vineyard landscape. (Underlying graphic from Viers et al., 2013; used with

services (Seppelt et al., 2011) and many assessment methods can
be criticized for their methodological narrowness (Silvertown,
2015). However, the research field is evolving: the use of broader
valuation and assessment methods benefits the ecosystem
services concept (Schroter and van Oudenhoven, 2016) and
bundles of services are increasingly a topic of research
(Queiroz et al., 2015; Renard et al, 2015; Mouchet et al.,
2017).

Producers could use the ecosystem services approach to assess
and promote the multifunctionality of their managed land and
thereby choose to create multifunctional landscapes (TEEB,
2015; DeClerck et al., 2016). For vineyard systems specifically,
they can adopt ideas like vinecology, which combines practices
of ecology and viticulture (Viers et al, 2013): for example,
creating wildlife habitat like hedgerows and vegetation strips
in the vineyards to attract wildlife including pollinators, to
enhance natural pest control, and to increase the aesthetic
value to people (Jedlicka et al., 2011; Orre-Gordon et al,
2013). While voluntary actions in vinecology, such as set-
asides for natural habitat and improved water management
techniques, enhance and support ecosystem services, the
economics to sustain such practices are often only realized
when coupled with a robust market and targeted marketing
strategies.

Limitations and Further Research

To our knowledge, this is the first effort to operationalize the
CICES classification for a specific ecosystem (vineyard), and to
do a systematic review if and how the resulting ecosystem services
are researched. Other studies reviewing ecosystem services of one
ecosystem did not stick to one classification, but rather merged
different classifications schemes or stayed on the section level
(e.g., provisioning, regulating, cultural; e.g., Liquete et al., 2013;
Luederitz et al., 2015). We tried four different approaches to
guide our search in order to meet the goal of discovering the full
suite of relevant publications even if they did not use the specific
term from the classification system.

While we believe this captures the most widely researched
services, future studies could use a more methodically approach
(see e.g., Schmidt et al., 2017). This goal could be achieved by
e.g., using machine learning, or a broader and more formal expert
elicitation, to select the search terms, to ensure the most relevant
search terms are selected and avoid repetition of search terms
between classes. This would help limit the subjectivity inherent
in such an exercise of selecting search terms. In addition, we
recommend considering balancing the number of search terms
for each service studied, to avoid biasing the findings. A method
comparison on the sensitivity of approaches for such a literature
search would be useful to guide future efforts.
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Despite these methodological limitations, we see great
promise in operationalizing CICES to study specific ecosystems,
as the comparability is a major purpose of the framework. Finally,
this study can serve as a model for how one can do a first
assessment of ecosystem services in a specific (agro) ecosystem.
We hope our study can lay a base for future studies in order to
be able to compare other production systems, and better study
natural systems as well.

CONCLUSION

Our findings show that the ecosystem services concept has not
often been used in research on vineyards. However, research
exists on a plentitude of single ecosystem services, although
it is typically not framed in the ecosystem services language.
Vineyards are mainly considered as agrarian landscapes with
a focus on visible ecosystem services such as pest and disease
control and grape production. This limited focus is likely true
of many agroecological systems, reducing our ability to manage
for multifunctionality of the landscapes and thus for benefits
for both people and nature. While it remains unclear why
multifunctional studies have not been published more often,
we believe that the ecosystem services approach could help
scientists and practitioners to gain an understanding of the
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