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Abstract: Strategies to stop the loss of biodiversity in agriculture areas will be more successful if
farmers have the means to understand changes in biodiversity on their farms and to assess the
effectiveness of biodiversity promoting measures. There are several methods to assess on-farm
biodiversity but it may be difficult to select the most appropriate method for a farmer’s individual
circumstances. This study aims to evaluate the usability and usefulness of four biodiversity
assessment methods that are available to farmers in Switzerland. All four methods were applied to
five case study farms, which were ranked according to the results. None of the methods were able to
provide an exact statement on the current biodiversity status of the farms, but each method could
provide an indication, or approximation, of one or more aspects of biodiversity. However, the results
also showed that it is possible to generate different statements on the state of biodiversity on the
same farms by using different biodiversity assessment methods. All methods showed strengths and
weaknesses so, when choosing a method, the purpose of the biodiversity assessment should be kept
in the foreground and the limitations of the chosen methods should be considered when interpreting
the outcomes.

Keywords: biodiversity assessment methods; agriculture; case study; on-farm evaluation

1. Introduction

There is little dispute that agriculture is one of the main causes of global biodiversity loss [1]
and that agricultural induced biodiversity decline is accelerated by intensification and expansion of
agricultural land use [2,3]. Several of the factors that can be considered as intensification, such as
increased drainage, irrigation, grazing intensity [4], and the homogenization of landscapes, lead to the
loss of habitat elements. Other intensification factors, such as the increased use of fertilizers, herbicides,
and pesticides, lead directly or indirectly to the death of organisms and their subsequent disappearance
from the landscape [5]. Biodiversity loss in agricultural landscapes was highlighted in an alarming
study that showed a 75% decrease in insect biomass in Germany over a period of just 27 years [6].
However, agricultural ecosystems are themselves dependent on various ecosystem services, such as
water regulation, soil fertility, pest and disease control, and pollination [7]. Ollerton et al. [8] estimate,
for example, that 87.5% of all flowering plants are in need of pollination by animals. Gallai et al. [9]
estimated the economic value of the ecosystem service: “pollination” alone at around 153 billion euros,
which corresponds to almost 10% of global agricultural production.

A wide body of research suggests that agricultural landscapes actually have the potential to
contribute to biodiversity preservation [10] and can self-provide important ecosystem services when
diverse agricultural systems are maintained [11]. Therefore, it is clear that the biodiversity loss in
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agricultural landscapes, which contributes to global biodiversity loss and the associated reduction
of ecosystem services, is a result of insufficient diversity in agricultural systems, or over-intensive
agricultural management, rather than by agriculture per se [12]. Consequently, governments recognize
a global priority to reduce biodiversity loss [13] and agricultural management is often the focus of
political activities that attempt to counteract this loss.

Efforts to stop biodiversity loss in agricultural landscapes can be enhanced by on-site engagement
by farmers [14]. With approximately 40% of land in the European Union under agricultural use [15],
farmers have a great potential to protect or even promote biodiversity with their management decisions,
such as the mode of production they choose for their farms [14]. However, farmers need sufficient
knowledge to make informed decisions, which implies a need for assessment methods to evaluate and
monitor the biodiversity in their particular circumstances [10]. Stockli et al. [16] recommended using
such methods to support farm advisory services.

Farmers need both access to adequate information and the skills to process it if they are to make
informed decisions about goal-oriented land management [10]. However, farmer education rarely
provides farmers with the requisite skills and knowledge to achieve specific environmental outcomes
by appropriate land management [17], so they typically consult with expert advisors. Gabel et al. [18]
concluded that advisory services are an effective means of conveying biodiversity information to
farmers, which reflects the findings of Noe et al. [19] who reported that dialogue with trained biologists
was able to influence farmers’ perceptions and awareness of wildlife. Similarly, Chevillat et al. [20]
found that proposed on-farm biodiversity advice at a whole farm level, when delivered by a trained and
credible advisor, raised the willingness of farmers to implement biodiversity conservation measures.

However, passing the task of biodiversity assessment at farm level to advisors is not without
drawbacks. Smallshire et al. [21], while acknowledging the effectiveness of advice, pointed out that
direct on-farm advice by well-trained advisors is also the most expensive way of disseminating
information to farmers. There are also potential conflicts of interest in which advisors are sometimes
incentivized to help farmers maximize their agri-environmental grants rather than providing them
with the tools to undertake actions with the most environmental benefit [22]. Schroeder et al. [23] found
that advisors tended to take a relatively neutral stance on on-farm biodiversity, which meant they
experienced limited success in motivating farmers to implement biodiversity conservation measures.
Ironically, farmers tend to trust advisory services that are perceived to be pro-farmer, and who
have knowledge of agriculture and agri-environmental grants. In any case, an economical and readily
applicable method for objectively evaluating the state of biodiversity on a particular farm could provide
a useful start to discussions about on-farm biodiversity and may thereby contribute to motivating
farmers to engage.

Jenny et al. [24] pointed out that it was difficult for farmers to quantify on-farm biodiversity,
which limits their ability to evaluate the outcomes of biodiversity conservation efforts on their farm.
Even for trained ecologists, it remains a challenge to assess or measure biodiversity or biodiversity
loss [25] because biodiversity encompasses different biotic levels: from genes to ecosystems [26], and
cannot be measured as a whole [27,28]. Duelli and Obrist [29] summarized that no single indicator for
biodiversity can exist so appropriate surrogates must be used [30].

A possibility to help farmers recognize biodiversity changes could be provided by biodiversity
assessment methods that can be applied on farms and thereby demonstrate the biodiversity impact
of the farm or different production methods. Several methods have been developed to evaluate
and monitor biodiversity [31-36], but there are fewer methods that can assess farmland biodiversity
at a farm level [37]. Of those that can, there has been little comparative study into their usability,
comparability, or accuracy, and the usefulness of these methods for individual farmers to gain a picture
of their biodiversity conservation performance has not been extensively tested in real-world situations.
Furthermore, many of these methods capture only part of the complexity of biodiversity [10] and it
has not been sufficiently evaluated whether the results provided are valid with respect to the assessed
biodiversity aspect. Primary research, in which these newly developed methods are applied to case
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study farms so that their outcomes and usability can be compared, could shed some light on the
usefulness of these methods.

The aim of this research is to evaluate and compare a selection of biodiversity assessment methods
by applying several methods to each of a set of case study farms. This approach, along with a
measurement-based biodiversity evaluation on the same farms, will inform about the accuracy and
suitability of these methods for assessing farmland biodiversity at the farm level. The methods that
were applied, and the justification for selecting a case study approach, are described in detail in the
methodology section.

2. Materials and Methods

2.1. Biodiversity Assessment Methods

To assess farmland biodiversity at farm level, four different methods were compared: (1) the
credit point system (CPS) [31], which is a scoring system integrating various measures to promote
biodiversity; (2) The Sustainability Monitoring and Assessment Routine (SMART), which is a
comprehensive sustainability assessment tool that covers biodiversity as one thematic area [34];
(3) the Life Cycle Impact Assessment (LCIA) method for farmland biodiversity [32], in which species
diversity on landscape scale is assessed as a potential loss due to land use intensity and deficiency of
landscape structural elements; and (4) a traditional method of species monitoring in which numbers
of individuals are determined and classified [31]. These four methods can be readily applied in
Switzerland because data is either available or readily collectable. However, although these methods
do not produce sufficiently similar values that allow them to be directly compared, they all evaluate
farmland biodiversity and allow within-method farm comparison. The capacity for within-method
comparison means that farms in which the same method has been applied can be easily ranked from
best to worst.

(1) Credit Points System [31]

Within the project “Scoring with biodiversity—farmers enrich nature”, the Research Institute of
Organic Agriculture (FiBL) in Switzerland and the Swiss Ornithological Institute developed a scoring
system to assess species diversity of agricultural farms. Relevant measures, from a list with 32 different
options, most of which derive from the Swiss agri-environment scheme, for improving biodiversity at
the farm level, are evaluated and recorded, which results in an overall score per farm. A particularly
important component of the point system is the percentage of ecological compensation areas (ECA),
which are mainly semi-natural habitats, on the farm. The “ecological quality”, the size and the spatial
distribution of those ECAs are also important [30]. Different in-field options for arable land and
grassland, and farm characteristics, such as average field size, are also included in the assessment [30].
The points are weighted with the help of expert judgements and on the basis of the known benefits
for biodiversity and thus, for instance, larger meadows receive a higher score than smaller meadows
and those with a high ecological value receive more points than meadows with a lower ecological
value [24].

(2) Sustainability Monitoring and Assessment Routine [34]

The Sustainability Monitoring and Assessment Routine (SMART) is a method that was developed
by FiBL to assess the sustainability performance of farms in a comprehensive, efficient and comparable
way. The tool is based on the Sustainability Assessment of Food and Agriculture systems (SAFA)
Guidelines of the FAO [38]. SMART covers four sustainability dimensions (good governance,
environmental integrity, economic resilience and social well-being) which in turn consist of 21 themes
and 58 subthemes. Biodiversity is reflected as one theme that encompasses the subthemes: genetic
diversity, species diversity, and ecosystem diversity. The SMART method is built on a set that includes
up to 327 indicators. A total of 72 indicators are related to the biodiversity theme [34] and are primarily
concerned with possible management measures and factors relating to use intensity. For each indicator,
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the achievement of the goal is measured in a range of 0-100%. The method used in this study was
SMART-farm tool version 4.1.

(3) Life Cycle Impact Assessment [32]

The Life Cycle Impact Assessment (LCIA) method of Meier et al. [32] was developed to assess
agricultural land use related impacts on farmland biodiversity. It allows for the continuous assessment
of the effects of various agricultural production intensities (e.g., organic and conventional production)
on biodiversity and includes the local landscape context. For brevity, and for the purposes of this
paper, we refer to the LCIA biodiversity assessment method as the LCIA method or simply LCIA.

The LCIA method is based on regression models that describe species diversity on landscape
level as a function of land use intensity and landscape structure including parameters that refer not
only to the farm under consideration but also to the surrounding landscape. The regression functions
are based on empirical data [39] and are valid for European agricultural landscapes in the lowlands.
The species groups included vascular plants and birds, and the landscape level refers to a square of
4 x 4 km. The model first assesses the impact on the diversity of the mentioned species groups on
landscape level by considering the nitrogen input on the agriculturally used area; the diversity of the
crop rotations within the overall landscape; and the proportion of semi-natural area, with individual
elements converted to an equivalent area value, within a specific landscape. This determines the
overall impact in a landscape due to agricultural land use. The overall impact at the landscape level
is then allocated to a specific farm within the landscape proportionally to the land use intensity and
the proportion of semi-natural habitats on that farm. Semi-natural habitats cover aerial structural
elements, such as permanent grassland, forest, fallows, bogs; and linear structural elements, such as
hedges, tree lines, grassy margins, and solitary trees. The impact on farmland biodiversity is expressed
as the biodiversity damage potential (BDP), which is calculated by comparing the species diversity,
under the given land use intensity and landscape structure, with the species density that would be
expected under a state of minimum land use intensity and 100% semi-natural habitats. The BDP is
normalized to a dimensionless index with values between zero and one in which lower values indicate
land use that is better for encouraging species diversity.

(4) Monitoring plant and species diversity [31]

Biodiversity data were collected during several visits on the five farms throughout the years 2009
and 2015. On each farm, transects with a total length of 2500 m were laid, in which the diversity
(among other things, species number and density) of plants, grasshoppers, butterflies and birds were
recorded. The transects were distributed over the farm so that all ECAs and arable land or grassland
types were covered and the total number of all species on the farm was counted to calculate the species
richness. Species richness simply quantifies how many different species were contained in the dataset.
Calculation of other commonly used indices of species richness, such as the Shannon Index, Simpson
Index, and Berger-Parker index was deemed unnecessary for the purposes of this study However,
species richness is a function of farm size and the farms in this study were not identical in size, so a
density measure, which is independent of the farm size, was calculated by summing all individuals
of each transect and dividing by the farm area. The entire farmland was used for the bird recordings
and all birds, which were heard or seen, have been incorporated. For a precise description of the
measurement-based evaluation of biodiversity, see Birrer et al. [31].

2.2. Case Study Approach

According to Yin [40] a case study is an empirical study that examines a phenomenon in a real-life
context: especially when the boundaries between the phenomenon and the context are not entirely
clear. A central component of case studies, which this study also aims to pursue, is to attract attention
and make suggestions for specific relations [40]. The execution of several case studies should help
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to support either similar or, for predictable reasons, contrasting results [40]. It is not the aim of case
studies to derive generalizations [41].

We contrasted the four methods on each of the five farms to reveal the advantages and
disadvantages in their application as well as their accuracy. To this end, each method was compared
with the measurement-based evaluation of biodiversity. Although indicator-based methods have been
developed with the explicit aim of evaluating biodiversity with less time and fewer resources than
measurement-based methods, both measurement based and indicator-based biodiversity evaluation
methods are quite time- and resource-intensive to apply. These time and resource demands meant that
this comparison study, in which four methods were applied to each case study farm, was restricted
to five farms. Furthermore, remembering that the LCIA method requires calculation of a landscape
structural input parameter, so the biodiversity damage potential (BDP) is usually calculated for the
entire farm within a 4 x 4 km quadrant. In our case, we extended the area to 5 x 5 km landscape
quadrants to make sure that all areas of the farms could be included. Extending the size of the
quadrants was not considered to negatively impact the logic of the method, with the BDP expressing
the influence on biodiversity of the entire farm in the considered landscape. Thus, the results depend
strongly on the respective farm size, with larger farms having a greater influence on the BDP. This
applies to a positive as well as a negative influence on biodiversity.

2.3. Management Variety on Swiss Farms

Essentially, there are three production systems in Switzerland to which virtually all Swiss farms
belong. Swiss farmers who meet a number of prescribed ecological standards [42] and thereby qualify
for general direct payments are known as proof of ecological performance (PEP) farms. Organic
farming is additionally subsidised, and Swiss law dictates the minimum requirements, including
implementation of at least 12 from a catalogue of ecological measures, that a farm must meet to gain
the organic label and claim further direct payments. A parallel label in Switzerland is IP SUISSE,
which is a joint NGO/ private initiative for integrated pest management, and which is based around a
system of points being allocated to implemented measures, from a pre-defined list, that demonstrate
the ecological performance of the farm. Farmers who achieve sufficient points gain the IP SUISSE
accreditation label and qualify to receive higher product prices from some major retailers. The IP Suisse
label was founded to reward farmers for providing additional services, such as limited use of chemical
sprays and fertilizers, which remain at the heart of the IP SUISSE philosophy. Although the use of
chemical sprays and fertilizers is among the practices that are forbidden in organic production, both
organic and IP-SUISSE-labelled farms have some freedom to decide which measures they implement
to meet standards or gain sufficient points to attain their respective label [37].

Therefore, it can be assumed that the production intensity of an organic or IP Suisse farming
system will be less intensive than a conventional PEP farming system. Gomiero et al. [43] noted that
the biodiversity potential of organic farms is greater compared with conventional farms through a
higher habitat variability, more wild-life friendly farm practices and, although less decisive, by the
renunciation of pesticides. Nevertheless, the production intensities within a production system can
also vary widely, with Weibull and Ostman [44] and Billeter et al. [39] finding that biodiversity in
agricultural ecosystems depends on both landscape heterogeneity and farm management methods.

2.4. Sampling

Remembering that the aim is not to compare production systems, we used a maximum variety
sampling strategy [45] to select farms with different management intensities from within the different
production systems to provide contrasting environments and thereby facilitate comparisons of the
biodiversity assessment methods. Duelli et al. [46] assigned a higher organismal biodiversity to
habitats that are less intensively cultivated, so a prerequisite for the selection of the case study farms
was that they should cover a large variety in management intensity and represent the gradient found
within different production systems.
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The farms were selected so as to be located sufficiently close to each other, in the cantons Bern (two
farms) and Lucerne (three farms), that the LCIA landscape structural input parameter only needed to
be calculated once for each region. The distance between both landscapes was approximately 70 km
but both sites belong to the Swiss lowlands at an altitude of 543-803 m above sea level (Figure 1). An
average precipitation probability of 1100 mm is assumed for all farms. A total of 16.9 ha are farmed on
the smallest farm and 30.2 ha on the largest farm. Further information can be found in Table 1.

Legend~
Borders
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Q2

0 25 50
N ———

Figure 1. Location of the landscape squares in Switzerland (Q1 in canton Bern, Q2 canton Lucerne).

All farms are mixed farms. Originally, all five farms had dairy cows whereby one farm stopped
keeping dairy cows in 2015. In addition, pigs, sheep or horses were kept on some farms. The stocking
density on the farms ranged between 0.8 and 3.16 livestock per hectare. The forested area on the farms
ranged between 0.08 ha and 4.98 ha. Between four and seven different crops are cultivated within the
crop rotation. All farms exceed the 7% ecological compensation area required in Switzerland with the
proportion of ECAs ranging between 10.3% and 13.9%.

Table 1. Overview of farm details.

Farm Farm 1 Farm 2 Farm 3 Farm 4 Farm 5
La::fjﬁi;ﬁ??yt)o " Bern (Rubigen) (RiLcEziE;ih) Bern (Rubigen) (Ri%:ilzigih) (RiLcEzig;ih)
Production system IP Suisse IP Suisse Demeter Bio Suisse PEP

Altitude (m) 543 803 586 702 672
Precipitation (mm) 1100 1100 1100 1100 1100
Agricutural area (ha) 36.9 27.2 23.5 23.4 16.9
Arable land (ha) 30.20 9.8 15 17.48 9.09
Pasture (ha) 5.85 16.38 7 5.94 3.9
Forest (ha) 0.08 4.98 2.18 3.6 3.13
Animals Cows/sheep Cows/pigs Cows, pigs, horses Cows/pigs Cows/Horses
Livestock units per ha 0.8 2.08 1.7 3.16 1.59
Wheat, Barley, rye, Broad Beans, Oats, Sunflowers, Wheat, rapeseed,
Crops rapeseed, sugar beet, Barley spelt Wheat, spelt, peas, potatoes, maize for barley, maize for
peas, sunﬂ(?wer, wheat maize for silage silage, wheat, spelt silage
maize for silage
Crops in rotation 7 4 7 6 5
(Pl time eguivalend 29 28 ! i 1
ECA (ha) 3.8 ha 3.78 3.20 ha 2.6 ha 1.84 ha
% 10.3% 13.9% 13.6% 11.1% 10.6%
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2.5. Analysis Criteria

To examine the usability of the different biodiversity assessment methods, a set of criteria was
established which describes the basis of the methods and can provide guidance in selecting the
appropriate methods for the different purposes. The selection of the analysis criteria was based on
criteria that have been used in an overview of biodiversity assessment methods for LCIAs [47] or in
an analysis of sustainability assessment methods in food systems [48]. The following analysis criteria
were selected:

e  The biodiversity aspect describes the part of biodiversity that is covered by the various methods
(e.g., species biodiversity, genetic diversity or functional diversity).

e  Since it is not possible to measure biodiversity as a whole [49], the methods depend on the use of
biodiversity indicators. Biodiversity indicators can be samples (e.g., plant richness) or indirect
measures (e.g., semi-natural habitats), which provide information to express the size, extent or
degree of biodiversity [50].

e To compare biodiversity, it is necessary to use a benchmark. This is referred to as the reference
situation for the investigated methods.

e  The spatial unit refers to the reference value on which the biodiversity assessment is based on
(e.g., product, plot, field, farm).

e  Geographical scope refers to the geographical context in which the methods can be applied. It
can be distinguished, for example, whether the methods can be applied regionally, nationally
or globally.

e Primary purpose means the originally intended use of the method. Examples of this are research,
advice, evaluation, etc.

e  The duration of the assessment describes the time required to generate a result with the methods.

e Data availability refers to the sources of the data that are required for the application of
the methods.

A comparison of different methods is difficult because of the different ways they describe
biodiversity. For the CPS method, the system focusses solely on species diversity, while the biodiversity
theme in the SMART method is subdivided into species diversity, ecosystem diversity and genetic
diversity. The LCIA method covers the biodiversity aspect: ‘species richness’ on a landscape scale and
also indirectly covers ecosystem diversity. All methods are indicator based.

Furthermore, the reference point in each of the methods is different. The CPS compares with a
reference point of 0 points, the SMART method refers to a 100% percent goal achievement, and the
LCIA method refers to a potential maximum number of species. Despite different reference points,
one way of comparison is to rank the farms according to the outputs from the different methods.

3. Results

3.1. Overview of the Analysis Criteria

These criteria provide useful guidance when selecting the most appropriate method to choose
in specific circumstances. In particular, they indicate the relationship between the selected method
and the purpose for which the evaluation is being conducted. The results also indicate the resource
commitment required for them to be applied, which may be decisive in many situations. Furthermore,
it can be seen that each method requires a degree of expertise and so may be beyond the ability of
farmers to implement self-assessment on their farms.

3.2. SMART

The SMART method provides an overall score for the thematic area of biodiversity, which is
expressed as a percentage of the goal achievement. The percentage is calculated from the average of
the results for the subthemes ecosystem diversity, species diversity and genetic diversity (Table 2).
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Table 2. Results of the Analysis Criteria.

Method CPS SMART (Version 4.1) LCIA Measurement
Biodiversity S . Species d1ver1ty,. Species diversity (indirect ~ Species richness, species
Species diversity ecosystem diversity ! .

aspect R . Ecosystem quality) density
genetic diversity,
32 measures options to Land use intensity
enhance biodiversity on parameters (Land use
Biodiversity the farm (“TOSt of them 72 biodiversity intensity m'dex N—mput, Number of individuals,
o3 base on options of the o and crop diversity) and . oo .
indicator . - - indicators identified to species level
Swiss agri-environment landscape structure
scheme. Management parameters (Share of semi
measures) natural habitats)
R'efere'nce O Points (although 0 points 100% goal achievement maximum pOSS}ble None. It is not
situation is extremely unlikely) number of species comparative
. . Area (Farm) (can be
Spatial Unit Area (Farm) Area (Farm) Area (Farm), product calculated per hectare)
Geographical Switzerland Clobal Pr1r.nar1ly temperate Clobal
scope regions (lowlands)
Sustainability Assessment of farmland

Intended Purpose

Biodiversity Assessment
and Advice on farm-level

assessment for research
and business contexts

biodiversity of agricultural
products in the framework
of a LCIA

Biodiversity assessment
at a farm level

A half day, 3-6 times per

3—4 h, but including an Depends strongly on the season, with
Assessment evaluation of other availability of processed i’
. 2h PRSI . approximately one day
duration sustainability indicators ~ data (especially the in the laboratory per
other than biodiversity. landscape data) animal/plant t)?]plz
Partly on the farm
Data availability On the farm available On the farm available available, additional On the farm
landscape data needed
High expertise in biology =~ Moderate expertise. Lay . .
Expertise needed  and knowledge of subsidy  people require some High expertise in GIS E;glgge;perhse m

system

training

The results of the farms for the biodiversity theme ranged from 46 to 66% (shown in Table 3). The
highest and lowest values were achieved by farms 3 and 1. Farms 4 and 2 were ranked second and
third respectively, while farm 5 was ranked fourth. Farms 1 and 3 retain their position in the ranking
for all three sub-themes. On the other hand, the results of the other three farms at the subtheme level
did not remain constant, but were quite different for the individual sub-themes. The theme values
were used in the comparison with the other biodiversity assessment methods because they give the
broadest assessment of biodiversity.

Table 3. Sustainability Monitoring and Assessment Routine (SMART) theme and subtheme results.

Farm Farm 1 Farm 2 Farm 3 Farm 4 Farm 5
Production system IP Suisse ~ IP Suisse  Organic (demeter)  Organic PEP
Farm size (ha) 36.9 27.2 23.5 23.4 16.9
Theme Biodiversity 46% 56% 66% 61% 55%
Subtheme Ecosystem diversity 43% 50% 61% 56% 57%
Subtheme Species Diversity 48% 57% 70% 70% 54%
Subtheme Genetic Diversity 47% 60% 68% 57% 55%

3.3. CPS Method

The CPS scoring system for the five different farms results in scores between 13.4 and 26.8 points.
Farms 3 and 2 were ranked highest with scores with 26.8 and 26.7 points respectively. Farm 4 was
ranked third with 18.8 points and farm 5 was ranked fourth with 15.4 points. Farm 1 was ranked worst
with 13.4 points.
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3.4. LCIA Method

The results of the assessed farms using the LCIA method reflect the relationship between farm
size and biodiversity impact (Table 4). The BDP of farm 1, for example, is the largest, since it also
clearly has the largest farm area. Accordingly, the smallest farm 5 has the least negative impact on
biodiversity and its size is less than half that of the largest farm. Farm 2 can also be grouped according
to the farm size. There is a difference from the ranking according to the farm size only for farms 3
and 4, which are similar in size, with the results showing that the slightly larger farm 3 has a lower
BDP than the slightly smaller farm 4. These reversed places in the ranking can be explained by the
comparably lower intensity of farm 3 and the very small difference in size (0.1 ha) between the two
farms. For the outcomes of this method to give more than an indication of farm size, it was necessary
to calculate the BDP per hectare and these results are shown in Table 4. The ranking according to
BDP per hectare shows that farm 3 has lowest BDP per ha, which was followed by farm 1, which was
ranked second. Farm 4 was ranked third in both BDP and BDP /hectare, while farm 5 was ranked
fourth. The fifth place in the BDP ranking was farm 2, which has the greatest negative impact on
biodiversity in the landscape per hectare. The BDP /hectare values were used in the comparison with
the other biodiversity assessment methods because they are independent of the farm area.

Table 4. Results of the Life Cycle Impact Assessment (LCIA) biodiversity damage potential on farm.

Farm 1 Farm 2 Farm 3 Farm 4 Farm 5
Production system IP Suisse IP Suisse Organic (demeter)  Organic (Biosuisse) PEP
Farm size (ha) 36.9 27.2 23.5 23.4 16.9
LCIA BDP/farm 73x107% 6.6 x 1073 4.4 x 1073 47 x 1073 35x%x 1073
LCIA BDP/ha 1.97 x 1076 243 x 107° 1.86 x 107° 2.01 x 1076 2.06 x 1076

3.5. Monitoring Plant and Animal Biodiversity

In Table 5, the rankings of the individual numbers for species richness and density have been
added to form an overall ranking for both measures. While the largest farm in the species richness
ranking scored relatively well to rank second, this changes within the density ranking where the farm
has the worst rank. The smallest farm, which clearly scored the worst in the species richness ranking,
was ranked fourth in species density, while the second largest farm 2 was ranked first in both rankings,
although in the density ranking, this place was shared with farm 3. Farm 4 was ranked third in both
rankings. The density values were used in the comparison with the other biodiversity assessment
methods because they are independent of the farm area.

Table 5. Results of the biodiversity recordings on the farm 2015.

Farm Farm 1 Farm 2 Farm 3 Farm 4 Farm 5
Production system IP Suisse IP Suisse Organic (demeter)  Organic (Biosuisse) PEP
Farm size 36.9 27.2 23.5 23.4 16.9
Species richness Butterflies 22 26 24 26 18
Species richness plants 205 185 160 166 129
Species richness birds 35 25 24 23 21
Species richness 8 13 7 6 ”
grasshoppers
Ranking species richness 8 6 13 13 18
Density plants 695.579 925.723 1051.633 791.437 596.752
Density Grasshoppers 82.441 229.363 163.416 88.982 95.773
Density Butterflies 60.45 178.859 364.894 382.726 203.576
Density Birds UZL 3.25 2.205 0.852 0.427 1.179
Ranking Density 15 9 9 13 14

Note: Species richness refers to the number of species per farm. Density refers to the number of individuals per ha.
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3.6. Comparison of Rankings According to Evaluation System

The combined results are shown in Table 6.

Table 6. Overview of the different method results (ranking in brackets).

Farm Production Farm Size Bio‘ﬁxl:esrsi ty Bi:;?::::;?yezgeoal LCIA Methode Species Density

Systems (ha) . . (BDP/ha) (Individuals/ha)
(Points) Achievement)

Farm 1 IP Suisse 36.9 (1) 13.41 (5) 46% (5) 1.97 x 1076 (2) 15 (5)

Farm 2 IP Suisse 27.2(2) 26.71 (2) 56% (3) 243 x 107° (5) 9(1)

Farm 3 Organic (demeter) 23.5(3) 26.77 (1) 66% (1) 1.86 x 1070 (1) 9 (1)

Farm 4 Organic (Biosuisse) 23.4 (4) 18.79 (3) 61% (2) 2.01 x 107 (3) 12 (3)

Farm 5 PEP 16.9 (5) 15.37 (4) 55% (4) 2.06 x 107° (4) 14 (4)

A comparison of the three biodiversity assessment methods with the species recording data of the
farms shows that the CPS scoring method corresponds reasonably closely to the density data. There
is the restriction that in the species density ranking results the first place was given twice and farm
2 and 3 are thus equal and there is, therefore, no second place in this case. There is also agreement
between the rankings of the LCIA method and the density values for the farms 3, 4 and 5, which
occupy the first, third and fourth places respectively. The farms 1 and 2 show the same deviations as
for the CPS scoring method. The SMART ranking is also very similar to the density ranking and is in
agreement with it on the ranks 1, 4 and 5. Farm 4 scored in the SMART rating: one place better than in
the recording data, and ends on the second place. The highest deviation from the ranking with the
density values can be found for farm 2, which comes third in the SMART method after the two organic
farms 3 and 4.

The best evaluation in all four methods is given to the farm 3. With one exception, the ranks
obtained with the CPS scoring method and the SMART method matched. In the CPS evaluation, farm
4 was ranked third with farm 2 ranked second, while the SMART method ranked farm 4 scores slightly
better in second place with farm 2 in 3rd place. (The subtopic genetic diversity in the SMART method
shows exactly the same order of the farms as the CPS score). For the LCIA method with BDP /ha,
the ranking corresponds to the CPS method in the farms ranked first, third and fourth. However,
in contrast to the other two methods, farm 1 was ranked second rather than fifth, while farm 2 was
ranked fifth.

4. Discussion

Compared to the other two methods, relatively few input parameters are decisive for the
evaluation of farms with the LCIA method. Possibly this is also the reason that this method showed
a different picture of biodiversity than the other methods for two of the five farms. It could be that
crop diversity plays a too large a role in the LCIA method because the two farms that showed a clear
deviation from the rankings of the other farms, differ most from each other. While farm 1, as a seed
producing farm, has up to 7 crops in its crop rotation, only 4 different crops are cultivated on farm 2.
This might also be the case for the animal stocking density, where farm 1 performs clearly better than
the other farms (first place with farm 4 in 4th place). It may, however, be that differences occur because
the LCIA method applies a model that focusses on species diversity at the landscape level in which
intensity and landscape structure in the remaining landscape are also considered. Further research
with a larger sample would be needed to explore this possibility.

When comparing the SMART method with the CPS method, there is only one difference in the
ranking of the two: organic farm 4 is rated one place better (second place) with the SMART method
than with the CPS method. This means that both organic farms are ranked best with SMART. One
reason for this, which has already emerged in other comparative studies between organic farms and
conventional farms using the SMART method, is that possibly too much importance is attached to
the use of synthetic pesticides (which are forbidden on organic farms). In addition, in the SMART
method so far only the type and number of pesticides used have played a role, but not the amount and
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number of sprays used on the farm. In this case, farm 2, which uses pesticides sparingly, was probably
overly penalized. The clear advantages of the SMART method, however, are the comparatively low
workload, the global applicability and the fact that, in addition to the biodiversity result, many other
sustainability issues are also covered by the method. Although Smallshire et al. [21] pointed out
that direct on-farm advice by well-trained advisors is also the most expensive way of disseminating
information to farmers, none of the methods tested in this study are readily implemented without a
reasonably high degree of expertise, so advisors are necessary for their implementation.

There were some limitations of the study: the most important of which was the small sample
size that was necessitated by conducting four resource intensive methods of assessing biodiversity
on the case study farms. Further study with a larger sample would be recommended to confirm
the results of this exploration. Sample size notwithstanding, this study provided validation for each
evaluation method in some aspects of biodiversity, and could show the strengths and weaknesses
of the selected methods. With five evaluated farms, we cannot make statistical statements about
significant differences and we are aware of Hays’ [41] caution that a case study design is not intended
to meet in generalizations.

The approach of to using a ranking system to compare farms is also potentially problematic in that
the difference between the ranking was sometimes very small. For example, the difference between
the second (1.97 x 107°) and fourth (2.06 x 107°) ranked farms according to the LCIA method
was 0.000006. Indeed, most farmers might be challenged to interpret, or qualify, these numbers.
However, despite these challenges, ranking is how biodiversity assessment is typically carried out in
the real world. This can be a ranking of a particular set of farms, or an indication of change with an
individual farm in which biodiversity is evaluated at different points in time. As the results of this
study have shown, it is quite possible to generate different statements about biodiversity by applying
different methods to the same farms. We argue that the approach of ranking avoids giving a false
picture by maintaining a methodological consistency, and allows qualification of the results by means
of comparison.

Buchs [49] and Duelli and Obrist [46] each pointed out that biodiversity, in its entirety and
complexity, is not readily measurable and there can be no all-encompassing indices that could be
derived for it. These statements were supported by the results of this case study in which no method
was able to make a definitive statement about the actual state of biodiversity on the different farms.
For example, even the method in which species richness was measured on site by trained ecologists,
there was variation between farms, with the farm that had the highest density of birds also found
with the lowest density of grasshoppers and butterflies. Furthermore, for the attempt to determine
the accuracy of the methods, we made a comparison of the methods with the species recordings
on the farm, but it has to be clear that the species recordings also only represent one specific aspect
of biodiversity. In this case, the measurement method represents the species density aspect for a
few indicator species (birds, plants, butterflies and grasshoppers). We do not have any indication
for genetic and ecosystem diversity on the farms, which Purvis and Hector [26] suggest would be
necessary for an evaluation of biodiversity. However, these methods can each be understood as
indications or approximations to this state or at least for one or more aspects of the state and thereby
deliver the information demanded by Clergue et al. [10]. If the possibilities for making statements are
clearly defined or limited from the beginning, and the appropriate analysis criteria for the particular
circumstances are considered, they can be helpful in deciding which method is most suitable.

5. Conclusions

When selecting a method to apply, and given that the methods compared within this study
all exhibit strengths and weaknesses, with no method producing results that are overwhelming, a
farmer might be advised to choose the evaluation method that is the least effort. The CPS method was
developed especially for the Swiss context (even especially for lowland farms) and mainly integrates
Swiss agri-environmental measures. It appears to provide an accurate picture of the species diversity
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on Swiss farms, but is not globally applicable and therefore might not allow a comparison of farms
from different regions of the world. It is only suitable as a self-evaluation tool for farmers and advisory
support in Switzerland if they have a sufficient level of expertise in biology and knowledge of the
Swiss subsidy system.

The SMART method was found to be the least resource intensive and requires the least expertise
while also producing a reasonably accurate picture of the on-farm biodiversity. The SMART method
would also be preferred if the farmer saw biodiversity within the frame of a more complex view
of sustainability, because biodiversity is one of several sustainability aspects considered within the
SMART tool. The LCIA method appears to be more suited to an evaluation of biodiversity that is
connected to a product comparison or in cases where it is not possible to visit the farm in person.
Traditional measurement by counting individuals has a high degree of credibility, but is resource
intensive, requires a high level of expertise, and is time-consuming. This method appears to be more
suitable for confirming the accuracy of the faster and cheaper indicator-based methods. In summary,
none of the methods is capable of giving a clearly better estimate of actual on-farm biodiversity than
any other. Choice of method would best be made in light of the purpose of the evaluation.
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